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Abstract

Background: Aortic dissection(AD) is an acute process of large blood vessels characterized by dangerous
pathogenic conditions and high disability and high mortality. The pathogenesis of AD remains debated. Matrix
metalloproteinase-12 (MMP-12) participates in many pathological processes such as abdominal aortic aneurysm,
atherosclerosis, emphysema and cancer. However, this elastase has rarely been assessed in the presence of AD. The
aim of the present study was to investigate the expression of MMP-12 in aortic tissue so as to offer a better
understanding of the possible mechanisms of AD.

Methods: The protein expression levels of MMP-12 were analyzed and compared in aorta tissue and the blood
serum samples by reverse transcription polymerase chain reaction(RT-PCR), Western blotting, immuno-
histochemistry, fluorescence resonance energy transfer ( FRET ) activity assay and enzyme-linked immuno sorbent
assay ( ELISA ), respectively. Ascending aorta tissue specimens were obtained from 12 patients with an acute
Stanford A-dissection at the time of aortic replacement, and from 4 patients with coronary artery disease (CAD)
undergoing coronary artery bypass surgery. Meanwhile, serum samples were harvested from 15 patients with an
acute Stanford A-dissection and 10 healthy individuals who served as the control group.

Results: MMP-12 activity could be detected in both AD and CAD groups, but the level in the AD group was higher
than those in the CAD group (P < 0.05). MMP-12 proteolysis existed in both serum samples of the AD and healthy
groups, and the activity level in the AD group was clearly higher than in the healthy group (P < 0.05). For AD
patients, MMP-12 activity in serum was higher than in the aorta wall (P < 0.05). MMP-12 activity in the aortic wall
tissue can be inhibited by MMP inhibitor v (P < 0.05).

Conclusion: The present study directly demonstrates that MMP-12 proteolytic activity exists within the aorta
specimens and blood samples from aortic dissection patients. MMP-12 might be of potential relevance as a
clinically diagnostic tool and therapeutic target in vascular injury and repair.
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Background
Acute aortic dissection(AD) is the most common aortic ca-
tastrophe. The overall in-hospital mortality rate for acute
aortic dissection in China is 17.7%, with most of the deaths
occurring during the first week [1]. In the United States,
aortic dissection and aneurysms rank among the 15 leading
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causes of death for all Americans [2], and are responsible
for nearly 14,000 deaths each year [3]. Patients with acute
type A dissection require emergency surgery, as the death
rate in acute dissection may be as high as 1% per hour dur-
ing the first 24 hours [4]. The basic pathological change of
AD is degeneration of the aortic media. Matrix
metalloproteinases (MMPs) are a major family of enzymes
that degrade various components of the extracellular matrix
and basement membrane of the aortic wall, but the key ef-
fectors and mechanism of its action remain unknown [5].
A large number of metalloproteinases have been identified
in degenerative aortic aneurysms [6], but relatively few
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studies have focused on the role of MMPs in AD. Several
investigators, applying both immunohistochemical tech-
niques and zymography on acute dissection specimens,
have reported increased MMP-9 and −2 expression at the
site of the initial tear in patients with aortic dissection [7,8].
A recent study by Akiyama and colleagues showed that
MMP-2 and MT1-MMP might be involved not only in the
degeneration of aortic dissection but also in tissue remodel-
ing [9]. Tissue inhibitors of matrix metalloproteinases
(TIMPs) are the dominant inhibitors of MMPs and are able
to control MMP-mediated ECM breakdown by binding ac-
tive or latent forms of MMPs in a 1:1 molecular ratio [10].
The balance between MMPs and TIMPs are critical for the
eventual ECM remodelling in human aortic tissue [11,12].
In contrast, the former researchers [13] showed that the ex-
pression of MMP-2 and TIMP-2 in aortic samples from pa-
tients with acute aortic dissection were significantly lower
than in aortic samples from patients undergoing coronary
artery bypass, implied that an imbalance between TIMP-2/
MMP-2 and TIMP-2/MMP-9 might play an important role
in the onset of aortic dissection.
Considering that MMPs play a central role in matrix

degradation and aneurysm progression, it seems that
these proteinases constitute attractive targets of drug
treatment. Over the past few decades , selective inhibi-
tors of MMPs have been developed, but in most cases
these compounds have not met the promise and expec-
tations in clinical trials [14-16]. A multicentre clinical
study [17] found that a long-term treatment with doxy-
cycline, a synthetic tetracycline derivative known to in-
hibit MMPs nonselectively, was associated with reduced
plasma MMP-9 levels in patients with small asymptom-
atic abdominal aortic aneurysms. Therefore, administra-
tion of doxycycline is expected to be an attractive option
for aneurysmal disease pharmacotherapy.
MMP-12 (matrix metalloproteinase12), also known as

macrophage metalloelastase, was first identified as an
elastolytic metalloproteinase secreted by inflammatory
macrophages 30 years ago [18]. MMP-12 is synthesized as
an inactive zymogens (54 kDa), and is quickly activated
through autolytic cleavage in the propeptide domain to
yield a proteolytically avtive 45 kDa form, which then
breaks down to the common 22 kDa form [19]. Although
the major substrate for MMP-12 is elastin [20], which is
abundant in the lung and arterial wall, MMP-12 is able to
degrade a broad spectrum of ECM components such as
collagen type IV, fibronectin, laminin, vitronectin, proteo-
glycans, and plasminogen [20]. Increased activity of
MMP-12 from inflammatory macrophages is associated
with abdominal aortic aneurysm [21], atherosclerosis [22],
and emphysema [23].
Although there are substantial numbers of reports on

the localization of several MMPs in aortic aneurysms, little
is known about the roles of MMPs in the pathogenesis of
AD. In this study, using immunohistochemical and bio-
chemical methods, the expression of MMP-12 and its roles
in AD was examined in the aorta and blood serum sam-
ples of patients with AD. The results present new evidence
that MMP-12 is involved in the development of AD.

Methods
The institutional research ethics committee of Kunming
Medical University approved the study, and written
informed consent was obtained from each subject. This
study was conducted in accordance with the ethical
requirements.

Materials
Intraoperative aortic samples were obtained from 12
patients with Stanford Type A acute aortic dissection as
experimental group. These patients received Bentall oper-
ation in the period from April 2010 to June 2011 at the
No. 1 Hospital Affiliated to Kunming Medical University.
9 were male and 3 were female (mean age, 44.7 years); 8
patients (66.67%) had a history of hypertension and 7 pa-
tients (58.33%) used to smoke. All of them had a color
Doppler ultrasonic examination and computed tomog-
raphy and all were diagnosed as acute aortic dissection
Stanford A. Control aortic tissues were obtained from 4
cases of CAD without aorta wall damage who underwent
coronary artery bypass surgery; samples were taken by
punching a hole on the aortic wall tissue with a hole
punch. All patients with CAD were male, aged 65.5±3.3; 2
patients had a history of hypertension and 3 patients had
a history of smoking. Both groups were ruled out of the
possibility of inflammation of the chest cavity, Marfan
syndrome, bicuspid aortic valve abnormalities, cardiom-
yopathy, chronic pulmonary heart disease and infectious
endocarditis possibilities.
Serum samples were obtained from 15 patients with

Stanford type A acute aortic dissection as the experi-
mental group. All patients were hospitalized in the
period from April 2010 to June 2011 at No. 1 Hos-
pital Affiliated to Kunming Medical University. Ten
age-matched healthy people were included as a con-
trol group.
Recombinant human MMP-12 (GenBank: AAI43774.1)

was obtained in our laboratory. Briefly, the prokaryotic
plasmid pET -17×b - MMP-12 was constructed and trans-
formed into E. coli strain BL21 (DE3). The recombinant
protein expressed in E. coli consisted of 455 amino acid
residues from Leu17 to Cys470 (Figure 1), including the
prodomain, catalytic domain, the junction between cata-
lytic domain and hemopexin domain, and the hemopexin-
like domain. Recombinant human MMP12 (54 KDa ) was
expressed in the form of inclusion bodies. After refolding,
it underwent self-activation to generate two active forms
with molecular weights of 45 KDa and 22 KDa.



Figure 1 The domain structures of human MMP-12. The latent form of human MMP-12(top), the active form of MMP-12 with molecular
weight 45 KDa (middle), and the catalytic domain of MMP-12 with molecular weight 22 KDa (bottom) are illustrated. The precise amino acid
residues are known from protein sequencing.
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Reverse transcription-polymerase chain reaction
Aortic wall tissues (400 mg) was ground to a fine powder
using a mortar and pestle in liquid nitrogen, to which a
certain amount of Trizol (Gibco Brl, Rockville MD, USA)
was added to extract RNA according to the manufac-
turer’s instructions. Approximately 1.5 μg of total RNA
from each sample was used to conduct reverse transcrip-
tion reaction in a 50 μl volume using the RNA PCR
KitVer.3.0 (Takara Biotechnology, Dalian, China). The re-
action mixture was incubated at 42°C for 2 h and the reac-
tion was terminated by heating to 99°C for 5 min. The
synthesized cDNA was used for PCR amplification or
stored at −80°C for further analysis.
PCR primers (GenScript, Nanjing, China) were designed

to amplify MMP-12 cDNA. The forward primer 5'-CGA
TGAGGACGAATTCTGGACTAC-3' is situated in the
exon 4, and the reverse primer 5'-GGTTCTGAATTG
TCAGGATTTGGC-3' is situated in the exon 6. The pri-
mer sequences correspond to residues Asp211 to Pro292
in the catalytic domain of human MMP-12. The PCR reac-
tion was performed in a 50 μl volume containing 0.5 mΜ
of each primer, 5 μl PCR buffer, 0.5U Ex-Taq DNA poly-
merase (Takara Biotechnology, Dalian, China). Reaction
conditions included initial denaturation at 94°C for 2 min,
followed by 35 cycles at 94°C for 1 min, annealing at 55°C
for 1 min and extension at 72°C for 1 min, followed by a
10 min final extension at 72°C. PCR products were sepa-
rated on 1.0% agarose gels and visualized by Gelview
(Bioteke,Beijing,China) staining.
The quality of the total RNA was determined by
RT-PCR for the house-keeping gene GAPDH (glyceralde-
hyde-3-phosphate dehydrogenase). The primer sequences
were as follows: GAPDH sense, 5'-CCCATCACCATC
TTCCAGGAGCG-3'; anti-sense, 5'-GGCAGGGATGAT
GTTCTGGAGAGCC-3' (GenScript, Nanjing, China). The
PCR reaction contained 10.0 μl of cDNA, 0.5 μM of
each primer, 5 μl PCR buffer, 0.5 U Ex-Taq DNA poly-
merase in a final volume of 50 μl using the following
conditions: 95°C for 5 min, 34 cycles of 94°C for 30 s,
55°C for 30 s, and 72°C for 1 min, with a 10 min final
extension at 72°C.

Immunohistochemical staining
Aorta wall tissues (4 cm)were obtained at the aortic dis-
section site, The blood was washed from the newly
obtained sample with 0.9% sodium chloride, dipped the
sample into 10% Formalin solution for 24 h for serial
sections of 4 μm thick, then, stained with hematoxylin
for observation. The antibody for MMP-12 (Epitomics,
Inc, CA, USA) was a rabbit monoclonal antibody gener-
ated by immunizing rabbit with the synthetic peptide
corresponding to residues on the C-terminus of human
MMP-12; After incubating with Biotin-conjugated goat
anti-rabbit IgG (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) for 15 min at room temperature(RT), the
streptavidin-alkaline phosphatase-biotin complex solu-
tion was applied to all sections for 15 min according to
the manufacturer’s instructions. Positive results of im-
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munohistochemistry indicated yellowish brown or brown
particles presented in the cytoplasm. A random selection
10 fields were viewed under a 400× microscope and calcu-
lated the percentage of positive cells was calculated. Rating
criteria: no positive expression scored 0 point (negative),
positive expression less than 25% scored 1 point (weak
positive), positive expression higher than 25% and lower
than 50% scored 2 points (positive) and positive expres-
sion higher than 50% scored 3 points (strong positive).

Western blotting
Aorta wall tissue (400 mg) was obtained and ground into
powder in liquid nitrogen, to which 4 ml Trizol was
added and mixed, then it was centrifuged at 11,000 rpm
for 15 min. The supernatant was then spun for an add-
itional 10 min and collected. The protein (15 μl) from
the tissue samples was immersed in boiled water for 15
min. The total protein was separated on 12% gels. The
proteins were transferred to polyvinylidene fluoride
(PVDF) membranes. Recombinant human MMP-12 was
used as positive control. Briefly, after blocking for 1 h at
37°C in 10 mM Tris–HCl pH 7.5, 100 mM NaCl,
triethanolamine-buffered saline (TBS) containing 3% bo-
vine serum albumin and 0.1% Tween 20, the membrane
was incubated with an antibody (rabbit anti-human
MMP-12 mAb, Epitomics) at 1:1000 dilution for 2 h at
RT . After repeated washes, the membrane was incu-
bated with Biotin-conjugated goat anti- rabbit IgG
(Santa Cruz, American) at 1:1000 dilution for 1 h at RT ,
followed by incubation with Streptavidin-alkaline phos-
phatase (R&D, USA) for 1 h at RT. Finally, the mem-
brane was incubated with BCIP/NBT (Calbiochem, Bad
Soden, Germany) in the darkness.

MMP-12 FRET activity assay
The activity of MMP-12 was assessed using a peptide-
based FRET assay (EnzoLyte MMP-12 Assay Kit,
AnaSpec, Inc, Fremont, CA,USA) in accordance with the
manufacturer’s protocols and fluorescence intensity was
determined using a fluorescence analyzer (Fluoroskan As-
cent 2.6, Thermo) at excitation/emission wavelengths of
340 nm/490 nm. Briefly , aorta wall tissues (200 mg ) in
assay buffer(0.5 ml component D, AnaSpec) were ground
in liquid nitrogen, centrifuged at 12,000 rpm for 10 min at
4°C and the supernatant collected and stored at −70°C
until use. The blood samples(5 ml, no anticoagulant
added) were centrifuged at 3000 rpm for 20 min at 4°C
and the serum collected and stored at −70°C until use.
Samples were incubated with APMA (4-aminophenyl-
mercuric acetate, in component C, AnaSpec) at a final
concentration of 1 mM in the assay buffer for 2 h at 37°C
to activate MMP-12 prior to the experiment. After acti-
vating MMPs with APMA for 2 h , blood samples were
incubated with 1 μM MMP Inhibitor v (Merck KGaA
Frankfurter Str. 250 64293 Darmstadt, Germany), an orally
active non-peptidyl hydroxamate compound that acts as an
effective broad-spectrum inhibitor against MMP-2, -3,-8,-9,
-12, -13, for 1h at 37°C. The assay was carried out in black
96-well microplates. Fluorescence intensities were recorded
using a Fluoroskan Ascent fluorimeter at an interval of 5
min over a period of 1 h until peak fluorescence was
achieved. The total volume of the assay was 100 μl assay
buffer (SensoLyte TM 490 mmp-12 Assay Kit, ANA SPEC)
containing various optimized sample volumes.

Enzyme-linked immuno sorbent assay
Protein samples were prepared by the methods mentioned
above. An ELISA kit for MMP-12 detection is commer-
cially available from EIAab (Wuhan EIAab Science Co.,
Ltd,China). This assay employs the quantitative sandwich
enzyme immunoassay technique. An antibody specific for
MMP-12 had been pre-coated onto a microplate. Stan-
dards, samples and the antibody that is bound by horse-
radish peroxidase were pipetted into the wells, which were
then incubate and washed. Peroxidase can catalyze the
oxidation of (3,3',5,5'-tetramethylbenzidine)TMB into two
colored products. The first product is a blue which, if
sufficient acid exists, the blue product will be further
oxidized to a yellow diimine, that is stable in acidic condi-
tions and has a maximal absorption wavelength of 450
nm. The depth of the color is positively correlated with
the concentration of MMP-12. Samples were diluted with
the appropriate amounts of sample dilution buffers pro-
vided with the kits. All tests were performed in duplicate
for each sample. The optical density OD was determined
using a microplate reader set to 450 nm, the average OD
was calculated for each set of standards.

Statistical analysis
Analysis was performed by using SPSS version20.0. De-
scriptive statistics analysis was done. An independent sam-
ple t test was used to find out the difference between the
means in two groups. Values were given as mean±s.e.m. If
the difference is P<0.05, then there is statistical significance.

Results
Reverse transcription-polymerase chain reaction
mRNA were isolated from human aorta and then cDNA
were synthesized by reverse transcription using the first
strand cDNA as templates. The target DNA sequence was
amplified by PCR (polymerase chain reaction) with the
primers that primed amplification of an 250-base-pair
(bp) segment of the MMP-12 gene and a 410-base-pair
(bp) segment of the GAPDH gene. The authenticity of
amplified PCR products was confirmed by nucleotide se-
quence analysis. MMP-12 and GAPDH mRNA had been
detected by RT-PCR in ascending aorta specimen from
AD and CAD patients (Figure 2A~B).



Figure 2 Agarose gel electrophoresis analysis of PCR fragment
obtained from human aorta. MMP-12 gene fragments were
amplified from human aorta wall by RT-PCR. PCR amplifications were
then analyzed by electrophoresis using 1% agarose gel stained with
Gelview. The gel was viewed on a Tanon 3500R Gel Documentation
System and recorded. (A) cDNA corresponding to MMP-12 in
human aorta was PCR-amplified using primers for MMP-12. (B) cDNA
corresponding to GAPDH in human aorta was PCR-amplified using
primers for GAPDH. Lanes 1–2: Aorta wall of coronary heart disease
patient; Lanes 3–10: AD; Lane M: DNA ladder; Lane 11:
negative control.

Figure 3 Immunohistochemical staining. Ascending aorta specimen in t
labeled with MMP-12 antibodies as indicated. Sections were developed wit
and counterstained with hematoxylin. Total cells and positive cells were co
positive cells, A (magnification×200), B, C, D (magnification×400).
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Immunohistochemical staining
The culprit lesion was obtained from a typical patient
who underwent aortic replacement. Representative
micrograph of MMP-12 immunostained specimens are
shown in Figure 3 (A~D). The aorta wall tissues are
of loosely structured and disordered. The elastic fibers
are broken and disintegrated with inflammatory cells
infiltration in the aortic wall. The majority of MMP-
12–positive cells were located in deeper parts of the
entry site of the dissection.
Western blotting
Recombinant MMP-12 with molecular weights of 45
KDa and 22 KDa could been identified by Western
blotting (Figure 4). MMP-12 with molecular weight of
22 kDa could be seen clearly in three cases in the AD
group on the basis of calibrated molecular weight
markers and recombinant MMP-12, but no expres-
sion is found in the CAD group. MMP-12 with
molecular weight of 45 kDa is expressed in both
groups, yet the expression of MMP-12 with molecular
weight of 45 kDa is comparatively lower than that of
22 kDa MMP-12 in the AD group.
Enzymatic assay of MMP-12 activity using the FRET peptide
Comparing with recombinant MMP-12 which exhibited
the highest activity in 5 mM CaCl2 (Figure 5), MMP-12
activity levels in induced ascending aorta specimen from
he entry site of the dissection from a AD patients were sectioned and
h alkaline phosphatase anti-alkaline phosphatase (APAAP) techniques
unted under the microscope. Arrows indicate examples of MMP-12



Figure 4 MMP-12 expression in the human aorta wall. Lysates
from tissues samples collected from AD and non-AD patients were
separated on 12% SDS-PAGE gels and were analyzed by
immunoblotting using an antihuman MMP-12 monoclonal antibody.
Recombinant MMP-12 expressed in E. coli was used as positive
control. Lane 1 : molecular weight markers; Lane 2–7: Western blot
products from the aorta walls of AD patients; Lanes 8–9 : Western
blot products from the coronary disease patient’s aorta walls; lane
10: Recombinant human MMP-12.
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12 AD, 4 CAD, and serum samples from 15 AD and 10
healthy patients were assessed using a FRET assay. Kin-
etic analysis verified that MMP-12 proteolysis existed in
both aortic specimen and serum samples from patients
with or without aortic dissection. The result further
showed that the concentration of MMP-12 was higher
in the aortic wall tissue of the AD group than in CAD
group (P <0.05, Figure 6A). Meanwhile, the level of
MMP-12 was higher in serum samples of the AD group
than in the healthy group (P <0.05, Figure 6B). A com-
parison of MMP-12 levels in aortic wall tissues and
serum samples of the AD group showed that MMP-12
activity was higher in serum samples than in aortic wall
Figure 5 Effects of different concentration of Ca2+ ions on MMP-12 ac
FRET substrate ( AnaSpec, Inc, Fremont, CA,USA) .A total of 100 μl reaction
Ca2+ ions (0-40 mM) and 50 μl of buffer ( AnaSpec, Inc, Fremont, CA,USA)w
wavelengths = 340 nm/490 nm for 60 min. RFU: Relative Fluorescence Uni
tissue (P <0.05, Figure 6C). MMP-12 activity in the
aortic wall tissue could be inhibited by MMP inhibitor
v (P <0.05, Figure 6D).

Enzyme-linked immuno sorbent assay result
MMP-12 concentrations measured by ELISA were used to
assess the levels in ascending aorta specimen from 12 AD,
4 CAD, and serum samples from 15 AD and 10 healthy
patients. Higher MMP-12 concentrations were detected in
aorta specimen and serum samples of the AD group com-
pared with aorta specimens of the CAD group and serum
samples of healthy controls (3.7±0.9, 0.6±0.16 vs. no de-
tectable quantity of MMP-12, 0.05±0.03ng/ml, P<0.05,
P<0.05, respectively) (Figure 7).

Discussion
Acute aortic dissection is the most common catastrophic
aortic condition but lacks an effective pharmaceutical
therapy. The aortic wall consists of 3 layers: the intima
(inner layer made of endothelial cells), media (containing
muscular elastic fibers), and adventitia (outer connective
tissue). In the human aorta, the elastin-to-collagen ratio
decreases in progressively distal regions making the
aorta most flexible at proximal regions [24]. Acute dis-
section is believed to begin with the formation of a tear
in the aortic intima, permitting entry of blood to a dis-
eased underlying media characterized by elastic degene-
ration and smooth muscle cell loss [12,25]. In recent
years, the increasing importance of elastine for the de-
velopment of aortic dissection has come to the fore
[12,26]. MMP-12 mRNA was detected in aorta walls by
RT-PCR in both the AD and CAD groups. The result
tivity. The MMP-12 assay was based on the MMP-12 hydrolysis of
mixture consisting of 1 μl (100 ng) MMP-12, different concentrations of
ere incubated at 37°C for 10 min. Fluorescence was read at Ex/Em
t.



Figure 6 Continuous assay for MMP-12. Continuous fluorometric assay of MMP-12 in (A) aortic specimen from AD(n=12) and CAD(n=4), (B)
blood serum sample from AD (n=15) and healthy(n=10) , (C) aortic specimens and sera from AD, (D) aortic specimen from AD incubated with
MMP Inhibitor v. Assays were performed at RT in a total of 100 μl assay buffer containing various optimized sample volumes, by activating MMPs with
1mM APMA , inhibiting MMPs with 1 μM MMP Inhibitor v, or 100 ng of recombinant MMP-12 served as a control. Fluorescence was
read at Ex/Em wavelengths = 340 nm/490 nm for 60 min. RFU: Relative Fluorescence Unit; AD: aortic dissection; CAD: coronary
artery disease.
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demonstrated that the MMP-12 gene is expressed in the
human aorta. This observation is consistent with the study
by Mohamed and colleagues [27], who compared dissected
and normal aortic wall by quantitative reverse
transcription-polymerase chain reaction (qRT-PCR). They
found a number of matrix metalloproteases (MMP-19,
MMP-12, MMP-9) were differentially expressed in acute
aortic dissection patients. MMP-19 was upregulated and
MMP-12 and MMP-9 were downregulated. Weis-Müller
and colleagues [28] also compared tissue from dissected
aorta with normal aortic tissue using microarrays andcould
not detect MMP-12 expression in the array, but observed
Figure 7 MMP-12 levels in the aortic specimens and sera. MMP-12 lev
the aorta wall. Cases 1–10 are the aorta tissues of AD, and Cases 11–16 are
sera of AD, and cases 16–25 are sera of healthy patients.
a higher gene expression of the matrix metalloproteinases
MMP-11, MMP-14 and MMP-19. A possible explanation
is that our gene expression studies considered the entry
site of the dissection and not the whole aortic wall . we
also detected MMP-12 mRNA in ascending aorta speci-
men obtained from patients operated on for coronary ar-
tery bypass surgery. Previous human studies [29,30] have
demonstrated that MMP-12 is minimally present in early
lesions of atherosclerotic arteries, and strongly expressed
in advanced atherosclerotic plaques.
Western blotting confirmed that the 22 kDa MMP-12

was present in the lysate of damaged aorta walls. This is,
els were measured using ELISA as described. (A) Level of MMP −12 in
aorta tissues of CAD. (B) level of MMP-12 in sera. Cases 1–15 are the
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however, not surprising because MMP-12 is secreted as
a pro-enzyme and undergoes self-activation through
autolytic processing [31]. Thus, it is likely when aorta
walls were damaged, MMP-12 became totally activated
and processed into the 22 kDa active form. Recombinant
rabbit MMP-12 has been shown to activate other MMPs
such as MMP-2 and −3, suggesting that once MMP-12
is activated, there is a cascade of activation of other
MMPs that leads to ECM degradation [32].
Clinical and basic studies have implicated changes in

MMPs activity in aortic Dissection, but the key effectors
and mechanism of action is presently unknown.
Kurihara and colleagues [33] recently reported that

MMP-9 was significantly elevated in blood samples from
acute aortic dissection patients than in those from the
patients with nonruptured chronic aortic aneurysm or
healthy volunteers. The acute phase of thoracic aortic
dissection is characterized by a prominent increase of
MMP-8 plasma levels [34]. Smooth muscle cells in the
dissected media increased MMP-2 production, which
could promote elastin degradation in thoracic aortic dis-
section [35]. Low levels of plasma MMP8 can rule out
acute aortic dissection in a minority of patients[36].
However, the performance of MMP-12 for the ocurrence
of AD is presently unknown.
Accordingly, through the combined use of a fluoro-

genic substrate and ELISA, the present study demon-
strated that a continuous fluorescent signal and the level
of MMP-12 could be detected from serum samples of
AD. These results indicate that an ambient level of
MMP-12 proteolytic activity exists within the blood cir-
culation. With the occurrence of AD, serum MMP-12
activity was transiently increased. Thus, this study dem-
onstrated for the first time that MMP-12 activity exists
in the serum of AD. We also identified the presence
and activation of MMP-12 within the entry site of aor-
tic dissection, so, the results of the present study set
the stage for future mechanistic studies especially in
MMP-12 induction and activation on the development
of AD.
Conclusions
These data reported here demonstrated that MMP-12 ac-
tivity exists in the serum and aorta wall of AD. This new
information adds to our understanding of the pathophysi-
ology of the dissection. Measurement of serum MMP-12
levels with a peptide-based FRET assay or ELISA in AD is
a simple and relatively rapid laboratory test, that can be
used as a biochemical indicator of aortic disease. Further
studies are required in order to draw precise conclusions
on the clinical significance of serum levels of MMP-12 in
diagnosis and prognostic applications in the treatment of
this deadly disease.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YS and YHX contributed equally to this work. ZHM, RWM , YHX, and YS
conceived and designed the study and wrote the manuscript. ZHM and YHX
designed the primers and constructed MMP-12 expressive plasmid . RWM ,
YS, FL and QL collected tissues. RWM, YHX, FL, CZ carried out the
immunoassays. CZ, RY, SB, QFY, JXW implemented purifcation and
characterization of human MMP-12. FL and HBW performed reverse
transcription-polymerase chain reaction. FL, CZ and RY carried out FRET assay .
RWM, YHX, QL and YS participated in the experimental data collection and
analysis. YS, YHX and FL performed the statistical analysis. All authors read and
approved the final manuscript.

Acknowledgments
This work was supported in part by grants (30860278 and 81160025) from
the National Natural Sciences Foundation of China, Leading Talent Program
of Yunnan Province of China (L-201203), the grants (2011CI057 and
2006C0071M) from the Department of Science and Technology of Yunnan
Province, and the grants (2007C0001R and 2012FB005)from the Joint Special
Funds for the Department of Science and Technology of Yunnan Province-
Kunming Medical University, the grant (ZD2010007) from the Department of
Education of Yunnan Province and the grant(2011JY38)from Kunming
Medical University.

Author details
1Laboratory of Molecular Cardiology, Department of Cardiology; The First
Affiliated Hospital Of Kunming Medical University, Kunming 650032, China.
2The Department of Cardiovascular Surgery, The Second Hospital of Yunnan
Province, Kunming 650032, China. 3Department of Computer Science, The
Faculty of Basic Medicine, Kunming Medical University, Kunming 650031,
China.

Received: 6 January 2013 Accepted: 30 April 2013
Published: 3 May 2013

References
1. Li Y, Yang N, Duan W, Liu S, Yu S, Yi D: Acute aortic dissection in China.

Am J Cardiol 2012, 110(7):1056–1061.
2. National Center for Health Statistics: Centers for Disease Control and

Prevention. United States Department of Health and Human Services. In
United States: Deaths, percent of total deaths and death rates for the 15
leading causes of death in 10-year age groups by race and sex; 2005. Available
at:http://www.cdc.gov/nchs/data/dvs/LCWK2_2001.pdf. Accessed May 3.

3. Kung HC, Hoyert DL, Xu JQ, Murphy SL: Deaths: final data for 2005. Natl
Vital Stat Rep 2008, 56:33.

4. Hiratzka LF, Bakris GL, Beckman JA, et al: American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines; American Association for Thoracic Surgery; American College
of Radiology; American Stroke Association; Society of Cardiovascular
Anesthesiologists; Society for Cardiovascular Angiography and
Interventions; Society of Interventional Radiology; Society of Thoracic
Surgeons; Society for Vascular Medicine: guidelines for the management
of patients with thoracic aortic disease. Circulation 2010, 121:e266–e369.

5. Visse R, Negase H: Matrix metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function and biochemistry. Circ Res 2003,
92:827–839.

6. Hobeika MJ, Thompson RW, Muhs BE, Brooks PC, Gagne PJ: Matrix
metalloproteinases in peripheral vascular disease. J Vasc Surg 2007,
45(4):849–857. Review.

7. Schneiderman J, Bordin GM, Adar R, Smolinsky A, Seiffert D, Engelberg I,
Dilley RB, Thinnes T, Loskutoff DJ: Patterns of expression of fibrinolytic
genes and matrix metalloproteinase-9 in dissecting aortic aneurysms.
Am J Pathol 1998, 152(3):703–710.

8. Ishii T, Asuwa N: Collagen and elastin degradation by matrix
metalloproteinases and tissue inhibitors of matrix metalloproteinase in
aortic dissection. Hum Pathol 2000, 31:640–646.

9. Akiyama M, Ohtani H, Sato E, Nagura H, Tabayashi K: Up-regulation of
matrix metalloproteinase-2 and membrane-type 1-matrix
metalloproteinase were coupled with that of type I procollagen in

http://www.cdc.gov/nchs/data/dvs/LCWK2_2001.pdf


Song et al. BMC Cardiovascular Disorders 2013, 13:34 Page 9 of 9
http://www.biomedcentral.com/1471-2261/13/34
granulation tissue response after the onset of aortic dissection. Virchows
Arch 2006, 448(6):811–821.

10. Dollery CM, McEwan JR, Henney AM: Matrix metalloproteinases and
cardiovascular disease. Circ Res 1995, 77:863–868.

11. Knox JB, Sukhova GK, Whittermore AD, Libby P: Evidence for altered
balance between matrix metalloproteinases and their inhibitors in
human aortic diseases. Circulation 1997, 95:205–212.

12. Galis ZS, Khatri JJ: Matrix metalloproteinases in vascular remodeling
and atherogenesis: the good, the bad, and the ugly. Circ Res 2002,
90(3):251–262. Review.

13. Manabe T, Imoto K, Uchida K, Doi C, Takanashi Y: Decreased tissue
inhibitor of metalloproteinase-2/matrix metalloproteinase ratio in the
acute phase of aortic dissection. Surg Today 2004, 34(3):220–225.

14. Nuti E, Tuccinardi T, Rossello A: Matrix metalloproteinase inhibitors: new
challenges in the era of post broad-spectrum inhibitors. Curr Pharm Des
2007, 13(20):2087–2100.

15. Tu G, Xu W, Huang H, Li S: Progress in the development of matrix
metalloproteinase inhibitors. Curr Med Chem 2008, 15(14):1388–1395. Review.

16. Yiotakis A, Dive V: Synthetic active site-directed inhibitors of metzincins:
achievement and perspectives. Mol Aspects Med 2008, 29(5):329–338.

17. Baxter BT, Pearce WH, Waltke EA, Littooy FN, Hallett JW Jr, Kent KC,
Upchurch GR Jr, Chaikof EL, Mills JL, Fleckten B, Longo GM, Lee JK,
Thompson RW: Prolonged administration of doxycycline in patients with
small asymptomatic abdominal aortic aneurysms: report of a
prospective (Phase II) multicenter study. J Vasc Surg 2002, 36(1):1–12.

18. Banda MJ, Werb Z: Mouse macrophage elastase. Purification and
characterization as a metalloproteinase. Biochem J 1981, 193:569–605.

19. Shapiro SD, Kobayashi DK, Ley TJ: Cloning and characterization of a
unique elastolytic metalloproteinase produced by human alveolar
macrophages. J Biol Chem 1993, 268:23824–23829.

20. Gronski TJ, Martin RL, Kobayashi DK, Walsh BC, Holman MC, Huber M, Van
Wart HE, Shapiro SD: Hydrolysis of a broad spectrum of extracellular
matrix proteins by human macrophage elastase. J Biol Chem 1997,
272:12189–12194.

21. Curci JA, Liao S, Huffman MD, Shapiro SD, Thompson RW: Expression and
localization of macrophage elastase (matrix metalloproteinase- 12) in
abdominal aortic aneurysms. J Clin Invest 1998, 102:1900–1910.

22. Scholtes VP, Johnson JL, Jenkins N, Sala-Newby GB, de Vries JP, de Borst GJ,
de Kleijn DP, Moll FL, Pasterkamp G, Newby AC: Carotid atherosclerotic
plaque matrix metalloproteinase-12-positive macrophage subpopulation
predicts adverse outcome after endarterectomy. J Am Heart Assoc 2012,
1(6):e001040.

23. Hunninghake GM, Cho MH, Tesfaigzi Y, Soto-Quiros ME, Avila L, Lasky-Su J,
Stidley C, Melén E, Söderhäll C, Hallberg J, Kull I, Kere J, Svartengren M,
Pershagen G, Wickman M, Lange C, Demeo DL, Hersh CP, Klanderman BJ,
Raby BA, Sparrow D, Shapiro SD, Silverman EK, Litonjua AA, Weiss ST,
Celedón JC: MMP12, lung function, and COPD in high-risk populations.
N Engl J Med 2009, 361(27):2599–2608.

24. Halloran BG, Davis VA, McManus BM, Lynch TG, Baxter B: T: Localization of
aortic disease is associated with intrinsic differences in aortic structure.
J Surg Res 1995, 59:17–22.

25. Jacob MP: Extracellular matrix remodeling and matrix metalloproteinases
in the vascular wall during aging and in pathological conditions. Biomed
Pharmacother 2003, 57(5–6):195–202. Review.

26. Barbetseas J, Alexopoulos N, Brili S, Aggeli C, Chrysohoou C, Frogoudaki A,
Vyssoulis G, Pitsavos C, Stefanadis C: Atherosclerosis of the aorta in patients
with acute thoracic aortic dissection. Circ J 2008, 72(11):1773–1776.

27. Mohamed SA, Sievers HH, Hanke T, Richardt D, Schmidtke C, Charitos EI,
Belge G, Bullerdiek J: Pathway analysis of differentially expressed genes in
patients with acute aortic dissection. Biomark Insights. 2009, 4:81–90.

28. Weis-Müller BT, Modlich O, Drobinskaya I, Unay D, Huber R, Bojar H, Schipke
JD, Feindt P, Gams E, Müller W, Goecke T, Sandmann W: Gene expression
in acute Stanford type A dissection: a comparative microarray study.
J Transl Med 2006, 4:29.

29. Morgan AR, Rerkasem K, Gallagher PJ, Zhang B, Morris GE, Calder PC,
Grimble RF, Eriksson P, McPheat WL, Shearman CP, Ye S: Differences in
matrix metalloproteinase-1 and matrix metalloproteinase-12 transcript
levels among carotid atherosclerotic plaques with different
histopathological characteristics. Stroke 2004, 35(6):1310–1315.

30. Scholtes VP, Johnson JL, Jenkins N, Sala-Newby GB, de Vries JP, de Borst GJ,
de Kleijn DP, Moll FL, Pasterkamp G, Newby AC: Carotid atherosclerotic
plaque matrix metalloproteinase-12-positive macrophage subpopulation
predicts adverse outcome after endarterectomy. J Am Heart Assoc 2012,
1(6):e001040.

31. Nar H, Werle K, Bauer MM, Dollinger H, Jung B: Crystal structure of human
macrophage elastase (MMP-12) in complex with a hydroxamic acid
inhibitor. J Mol Biol 2001, 312(4):743–751.

32. Edelstein C, Shapiro SD, Klezovitch O, Scanu AM: Macrophage
metalloelastase, MMP-12, cleaves human apolipoprotein(a) in the linker
region between kringles IV-4 and IV-5. Potential relevance to lipoprotein
(a) biology. J Biol Chem 1999, 274(15):10019–10023.

33. Kurihara T, Shimizu-Hirota R, Shimoda M, Adachi T, Shimizu H, Weiss SJ, Itoh
H, Hori S, Aikawa N, Okada Y: Neutrophil-derived matrix metalloproteinase
9 triggers acute aortic dissection. Circulation 2012, 126(25):3070–3080.

34. Li Y, Shao AZ, Jiang HT, Dong GH, Xu B, Yi J, Jing H: The prominent
expression of plasma matrix metalloproteinase-8 in acute thoracic aortic
dissection. J Surg Res 2010, 163(2):e99–e104.

35. Wang L, Zhang J, Fu W, Guo D, Jiang J, Wang Y: Association of smooth
muscle cell phenotypes with extracellular matrix disorders in thoracic
aortic dissection. J Vasc Surg 2012, 56(6):1698–1709.

36. Giachino F, Loiacono M, Lucchiari M, Manzo M, Battista S, Saglio E, Lupia E,
Moiraghi C, Hirsch E, Mengozzi G, Morello F: Rule out of acute aortic
dissection with plasma matrix metalloproteinase 8 in the emergency
department. Crit Care 2013, 17(1):R33.

doi:10.1186/1471-2261-13-34
Cite this article as: Song et al.: Expression of matrix metalloproteinase-12
in aortic dissection. BMC Cardiovascular Disorders 2013 13:34.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Materials
	Reverse transcription-polymerase chain reaction
	Immunohistochemical staining
	Western blotting
	MMP-12 FRET activity assay
	Enzyme-linked immuno sorbent assay
	Statistical analysis

	Results
	Reverse transcription-polymerase chain reaction
	Immunohistochemical staining
	Western blotting
	Enzymatic assay of MMP-12 activity using the FRET peptide
	Enzyme-linked immuno sorbent assay result

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

