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Abstract
Background—Emerging evidence showed that resistin induces vascular smooth muscle cell
(VSMC) migration, a critical step to initiating vascular restenosis. Mechanistically, adhesion
molecule expression and cytoskeletal rearrangement have been observed in this progress. Given
that matrix metalloproteinases (MMPs) also regulates cell migration, we hypothesized that MMPs
may mediate resistin-induced VSMC migration.

Materials and Methods—Human VSMCs were treated with recombinant human resistin at
physiological (10 ng/mL) and pathological (40 ng/mL) concentrations for 24 hours. Cell migration
was determinate by Boyden chamber assay. MMP and TIMP mRNA and protein levels were
measured with real-time PCR and ELISA. MMP enzymatic activity was measured by zymography
on precast gels. In another experiment, neutralizing antibodies against MMP-2 and MMP-9 were
co-incubated with resistin in cultured VSMCs. The regulation of MMP by protein kinase C (PKC)
was determined by εV1–2, a selective PKCε inhibitor.

Results—Resistin-induced SMC migration was confirmed by Boyden chamber assay. 40ng/mL
Resistin increased SMC migration by 3.7 fold. Molecularly, resistin stimulated MMP-2 and -
MMP9 mRNA and protein expressions. In contrast, the TIMP-1 and TIMP-2 mRNA levels were
inhibited by resistin. Neutralizing antibodies against MMP-2 and MMP-9 effectively reversed
VSMC migration. Furthermore, resistin activated PKCε and selective PKCε inhibitor suppressed
resistin-induced MMP expression, activity and cell migration.

Conclusions—Our study confirmed that resistin increases vascular smooth muscle cell
migration in vitro. Mechanistically, resistin-stimulated cell migration was associated with
increased MMP expression and activity, which was dependent on PKCε activation.
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Introduction
Obesity continues to pose significant public health problems in the developed nations and is
steadily increasing in the developing world. Patients with obesity are at an increased risk of
developing cardiovascular complications [1, 2] including atherosclerosis [3, 4] and
restenosis [5–8]. Ngo et al [6] demonstrated the relationship between obesity and aortic
stenosis. Nikolsky and colleagues [7] confirmed that obesity was a significant risk factor for
restenosis and major adverse cardiac events following bare-metal stent placement in the
TAXUS-IV trial. Other studies showed increased resistin levels in obese patients [4].
Recently, Owens et al [8] reported that decreased adiponectin and elevated resistin levels are
associated with poor outcomes following lower extremity revascularization with autogenous
vein. Several adipokines, such as adiponectin and leptin, were implicated in connecting
obesity to vascular complications. Resistin is a newly-identified adipokine that was found
increased in obese/diabetics patients. The pathological plasma concentration of resistin is
around 40ng/mL while its normal level is around 10 ng/mL [8–14]. Accumulating evidence
suggested that resistin may play a role in the development of vascular complications [8, 15–
17]. However, little is known about the mechanisms.

Vascular smooth muscle cell (VSMC) migration is involved in initiating neointimal
hyperplasia [18–20] and ultimately restenosis. Two pieces of evidence from scrape-wound
assay showed that resistin promoted the VSMC migration [17, 21]. Mechanistically, matrix
metalloproteinases (MMPs), particularly MMP-2 and MMP-9, are known to be involved in
VSMC migration [22, 23] and protein kinase C (PKC) can regulate MMP expression [24].
We, therefore, hypothesize that MMPs may be involved in resistin-mediated VSMC
migration and that PKCε, one detectable PKC isozyme in VSMCs, might modulate MMP
expression. In this study, we used Boyden chamber assay, an alternative migration model, to
confirm that resistin at high (pathological) concentration can stimulate VSMC migration.
We also examined the effects of resistin on the expression of MMP-2 and -9 and activation
of PKCε. The involvements of MMPs and PKCε in resistin-induced VSMC migration were
further confirmed using specific blocking antibodies.

Materials and Methods
Materials and reagents

Human coronary artery smooth muscle cells (HCASMC) and SMC growth medium were
from Genlantis (San Diego, CA). Cells came at passage 2 and were used at passages 5–8.
Recombinant human resistin was obtained from EMD Biosciences Inc (San Diego, CA).
Polycarbonate membrane transwell inserts (pore size 8.0 µm) and plates for Boyden
chamber assay were from Corning Inc (Corning, NY). The Protein and RNA Isolation
System (PARIS) kits were obtained from Ambion (Austin, TX). 10% zymogram precast
gels for MMP activity detection were purchased from Bio-Rad (Hercules, CA). Antibodies
against human MMP-2 and MMP-9 were from Abcam (Cambridge, MA). The enzyme-
linked immunosorbent assay (ELISA) kits for human MMP-2 and MMP-9 were from
Calbiochem (San Diego, CA). The high capacity RNA-to-DNA kit and power SYBR Green
PCR master mix were from Applied Biosystems (Foster City, CA). DAPI (4, 6-diamidino-2-
phenylindole), trypsin, and non-specific immunoglobulin (IgG) were from Sigma (St. Louis,
MO). PKCε antibody was from Millipore (Billerica, MA). Selective PKCε inhibitor εV1–2
was from Dr. Daria Mochly-Rosen’s laboratory.
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SMC migration
Boyden chamber assay was employed in this study as an alternative migration model to
scrape-wound assay. Serum-starved HCASMCs (1×105 cells/well) were placed into the
membrane-embedded insert with 1 mL of DMEM. The bottom chamber contained 2 mL of
DMEM. Resistin (10 or 40 ng/mL) was added to medium in the bottom chamber. After 12
hours of incubation, non-migrated cells were scraped off from the top side of the insert
membrane. Migrated cells on the bottom side were fixed in 4% formalin in PBS, stained
with DAPI and checked under a fluorescent microscope. Migrated cells in each well were
counted in four high-power (400×) fields. In addition, resistin at 40ng/ml was added to both
top and bottom chamber to examine its chemkinetic effects on VSMCs.

Pharmacological interventions
Drug intervention on resistin-induced cell migration was tested using a Boyden chamber
with the addition of anti-MMP-2 and MMP-9 antibodies, or PKCε-selective inhibitor, εV1–
2 [25]. Anti-MMP-2, MMP-9, or non-specific IgG (10µg/mL) was added in the bottom
chamber and pre-incubated for 2 hours with SMCs before introducing resistin (40ng/mL).
PKCε inhibitor (1µmol/L) was also pre-incubated 2 hours before the addition of resistin.
Migrated cells in different treatments were counted in the same way as mentioned above.

Real-time polymerase chain reaction (Real time RT-PCR)
Total RNA from HCASMCs was isolated with the PARIS kit as instructed by the
manufacturer. Complementary DNA (cDNA) was generated by reverse transcription from
messenger RNA (mRNA) with the high capacity RNA-to-DNA kit. The power SYBR green
PCR master mix was used for Real time RT-PCR reaction. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) housekeeping gene was used as an internal control to account for
variations in sample loading. Human MMP-2, MMP-9, TIMP-1, TIMP-2 and GAPDH
primers were listed in Table 1. Real time RT-PCR was performed in a Mastercycler RT-
PCR detection system (Eppendorf, Westbury, NY). The thermal cycle conditions used for
reverse transcription were as follows: 5 minutes at 25°C, 60 minutes at 37°C, and 5 minutes
at 95°C. The conditions used for RT-PCR were as follows: 3 minutes at 95°C, 40 cycles of
20 seconds at 95°C, and 1 minute at 60°C. Controls were performed with no reverse
transcription (mRNA sample only) or no mRNA (water only) to demonstrate the specificity
of the primers and the lack of DNA contamination in samples. The relative level of target
(MMP and TIMP) mRNA in each group was normalized against internal housekeeping gene
GAPDH using the calculation formula of 2 [Ct GAPDH-CtMMP]. The target mRNA levels in
drug treated groups were further normalized against the control group.

Enzyme-linked immunosorbent assay (ELISA)
Total cell lysates were collected and the quantification of MMP-2 and MMP-9 proteins was
carried out with the ELISA kit according to the manufacturer's instructions. The assay was
quantified with a spectrophotometric microplate reader (iMark, Bio-Rad) at a dual
wavelength of 450/595 nm. Data were presented as a percentage of controls.

Gelatin zymography
Equal amounts of cell lysates (20 µg protein per lane) were analyzed by gel zymography on
10% zymogram precast gels. Protein-embedded gels were incubated in 2.5% Triton X-100
for 30 minutes. Gels were then incubated in the developing buffer (50 mM Tris-HCl, pH 7.8,
200mM NaCl, 5 mM CaCl2 and 0.02% Brij 35) for 16 hours at 37°C to enable MMPs
cleaving activity. After rinsing in water, each gel was stained with Coomassie blue for 2
hours and destained in 10% ethanol, 5% acetic acid for 24–36 hours. Proteolytic activities of
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MMPs were detected by clear bands which indicated the lysis of the substrate. MMP activity
quantification was performed with NIH ImageJ software program.

Membrane-bound PKCε determination
Activation of PKCε, as measured by its translocation to the membrane fraction was
determined by Western blot of the membrane extraction of HCASMCs. Briefly, 80–90%
confluent HCASMCs were starved in serum-free DMEM for 24 hours. Starved cells were
then treated with vehicle (0.9% normal saline), resistin (40ng/mL), or resistin plus PKCε
inhibitor (1µmol/L, 2 hours prior to resistin administration) for another 24 hours. Cellular
membrane extraction and western blot were conducted as described by Christopher et al
[26]. The dilution ratios of PKCε primary antibody and corresponding secondary antibody
were 1:1000 and 1:5000 respectively. Immunoreactive bands were visualized with the use of
a chemiluminescence reagent (Pierce ECL Western Blotting Substrate, Pierce; Rockford, IL)
according to the manufacturer’s protocol. Densitomitric analysis was performed using the
NIH Image J program.

Statistical analysis
Concentration-dependent data from RT-PCR, ELISA and cell migration were compared by
one-factor analysis of variance (ANOVA); drug interference data from antibody blocking
and PKCε inhibitor experiments were analyzed using two-factor ANOVA. Statistical
significance was considered if the P-value was < 0.05.

Results
Effect of resistin on HCASMC migration

The effect of resistin on SMC migration was studied in the Boyden chamber assay. Cells
were counted and averaged from four randomly observed fields. As shown in Figure 1, the
average numbers of migrated SMCs in the control, 10 ng/mL of resistin, and 40 ng/mL of
resistin groups were 9.4 (±1.5), 11.7 (±0.7), and 35.0 (±2.3) respectively. This reflected a
1.2 fold increase in cell migration after treatment with 10ng/mL resistin (P>0.05) and a 3.7
fold increase after treatment with 40ng/mL resistin (P<0.001). We used TNF-alpha as a
positive control, which significantly induced cell migration at 10ng/mL (P<0.001).

Effect of resistin on MMP-2 and MMP-9 expression in VSMCs
SMCs were treated with 10 or 40 ng/mL of resistin for 24 hours. Cellular MMP-2 and -9
were measured on both mRNA and protein levels. As shown in Figures 2A and 2B, resistin
induced an increase in MMP mRNA expression in a concentration-dependent manner. The
MMP-2 mRNA levels after 10 and 40 ng/mL of resistin treatments were 130.3% (±4.5%)
(p<0.01) and 159.7% (±21.7%) compared to the control (P<0.001); the post-treatment
MMP-9 mRNA levels were 124.2% (±7.1%) (p<0.01) and 132.8% (±5.4%) compared to the
control (P<0.01). The effects of resistin on protein expression are shown in Figure 2C and
2D. MMP-2 protein levels after treatments were 121.6% (±3.6%) and 128.7% (±3.1%)
compared to the control (P<0.01); the MMP-9 protein levels were 111.1% (±3.0%) and
130.6% (±3.3%) compared to the control (P<0.01). Regression analysis showed positive and
significant correlations between resistin concentration and MMP expression. The correlation
coefficients between resistin concentrations and MMP-2 and MMP-9 protein levels were
0.73 (p<0.01) and 0.96 (p<0.001), respectively.

Effect of resistin on TIMP-1 and TIMP-2 expression in VSMCs
As shown in Figure 3, after 24 hours incubation with VSMCs, resistin induced a decrease in
both TIMP-1 and TIMP-2 mRNA expression. The TIMP-1 mRNA levels in 10 and 40 ng/
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mL resistin treatment groups were 76.1% (±0.5%) (P<0.001) and 87.9% (±2.6%) (P<0.05)
compared to the saline control; and the TIMP-2 mRNA levels were 82.5% (±2.5%) (P<0.05)
and 77.3.0% (±3.0%) (P<0.01), respectively. Regression analysis showed a negative and
significant correlation between resistin concentration and TIMP-2 (R=0.63; P<0.01).

Effect of MMP-2 and MMP-9 antibodies on HCASMC migration
Neutralizing antibodies against human MMP-2 and MMP-9 were used to pre-treat the cells
for 2 hours before adding resistin. Nonspecific IgG was used as a sham control. As shown in
Figure 4, the average number of migrated cells in the vehicle control, resistin alone, resistin
plus non-specific IgG, anti-MMP-2, anti-MMP-9 and anti-MMP-2 plus MMP-9 groups were
9.4 (±1.5), 35.0 (±2.3), 32.3 (±4.0), 19.3 (±1.8), 12.4 (±1.4), and 11.1(±0.4) respectively.
The data again showed that resistin at 40ng/mL significantly increased cell migration and,
MMP-2 and MMP-9 antibodies at a concentration of 10 µg/mL effectively blocked resistin-
induced SMC migration (P<0.001). Nonspecific IgG showed no similar blocking effect.

Effects of PKCε on MMP, TIMP expression and HCASMC migration
Resistin at 40ng/mL activated PKCε, as characterized by a significant increase in
membrane-bound PKCε protein levels (121% of control, P<0.01) (Figure 5). Addition of
selective PKCε inhibitor εV1–2 significantly suppressed resistin-induced PKCε activation
(104.4% of the control) compared to the resistin alone group (P<0.05). The increases in
MMP-2 and MMP-9 mRNA expression triggered by resistin were completely blocked by
εV1–2 (For MMP-2, from 141.2% to 93.4% of the control, P<0.001; for MMP-9, from
122.3% to 66.0% of the control, P<0.001). Interestingly, εV1–2 did not affect resistin-
induced inhibition on TIMP mRNA expression (Figure 6). To confirm the overall effect of
PKCε inhibitor on resistin-associated MMP activity, zymographic analysis was conducted.
As shown in Figure 7, resistin-induced increases in MMP-2 and MMP-9 activities were
completely blocked by PKCε inhibitor. Morphologically, the migratory effect of resistin on
HCASMC was abolished by this inhibitor. The average number of migrated cells decreased
from 35.0 to 8.4 (P<0.0001) (Figure 8).

Discussion
Long-term success of vascular bypass and angioplasty procedures is limited by neointimal
hyperplasia and ultimately restenosis, particularly in obese and diabetic patients [27, 28].
Matrix metalloproteinases are well known to be involved in facilitating VSMC migration, a
key initial step in neointimal hyperplasia formation. In this study, we demonstrated that
resistin, an elevated adipokine in obese patients with type 2 diabetes, increased vascular
SMC migration through mediating MMP-2 and MMP-9 expressions, which themselves may
be modulated by PKCε activation. Our study provides additional evidence that resistin can
induce vascular SMC migration. Relevant mechanistic data on MMP and PKCε deepens our
understanding on resistin-induced migration in human VSMCs and suggests a potential
therapeutic strategy for this population of high-risk patients.

Obesity increases the risk of cardiovascular diseases. Adipose tissue releases a large number
of bioactive mediators including resistin and leptin, which may be responsible for those
complications. For instance, Mu and colleagues showed that resistin induced vascular
endothelial cell migration in a dose- and time-dependent manner with the maximal effect at
40 ng/mL and that resistin-induced endothelial cell migration could be effectively blocked
by resistin-neutralization antibody [29]. Jung et al used the scrape-wound model to assess
the migratory effect of resistin on VSMC and found that resistin at 10 ng/mL had no
migratory effect whereas concentration of >=50 ng/mL stimulated cell migration [17]. In
this study, we used the Boyden chamber as an alternative migration model confirming the
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migratory effect of resistin. Consistent with Jung and colleagues’ observations, we found
that resistin stimulated vascular smooth muscle cell migration at a higher concentration of
40 ng/mL while the lower, physiological concentration of 10 ng/mL failed to produce that
effect. Considering the facts that HCASMC migrated toward the chamber with higher
concentration of resistin in the Boyden chamber assay, we postulated that resistin functioned
as a chemoattractant. Unlike scrape-wound model, Boyden chamber assay is suitable for
chemotactic analysis. However, when resistin was present at equal concentrations in both
top and bottom chambers of the Boyden chamber, increased migration was also observed,
which indicated chemokinetic effects of resistin on VSMCs. Further studies on the motility
mechanisms are warranted.

Generally speaking, there are three factors directly affecting cell migration: intracellular
cytoskeletal rearrangement, membrane molecule adhesion and extracellular matrix
degradation. The first two factors were recently reported to participate in resistin-induced
VSMC migration [21]. MMPs are a family of structurally related, zinc-containing enzymes
that degrade the extracellular matrix and connective tissue proteins. Among them, MMP-2
and MMP-9 appear most closely involved in VSMC migration in vitro and intimal
hyperplasia in vivo. Selective gene silencing of MMP-2 inhibits migration of rabbit VSMCs
[30] and human saphenous vein smooth muscle cells [31]. Interruption of MMP-2 gene
expression [32] by chemical inhibitors also suppresses VSMC migration. Similarly, the
blockade of MMP-9 expression, either by gene silencing or chemical inhibitors, leads to the
suppression of cell migration in human [31, 33, 34] VSMCs. On the other hand, MMP-9
over-expression enhances SMC migration as showed by collagen invasion and Boyden
chamber assays [35]. In our study, we found that resistin induced MMP-2 and MMP-9
expressions in HCASMCs at both mRNA and protein levels. Our antibody blocking
experiments demonstrated that resistin-induced VSMC migration could be suppressed by
anti-MMP-2 and anti-MMP-9 IgG, confirming that these two MMPs were involved in
resistin-induced cell migration. It is interesting that activations of MMP-2 and MMP-9 are
involved in smooth muscle cell migration in our in vitro model where the extracellular
matrix was absent. We postulate that MMP-2 and -9 may facilitate migration of VSMCs
through degrading non-matrix substrates. However, the significance of MMP-2 and MMP-9
activations remain to be determined. Our study also showed that resistin at lower
concentration (10ng/mL) induced MMP expression but not VSMC migration. It is possible
that molecular changes are generally more sensitive and response earlier than the phenotypic
change of the cells.

TIMPs are specific endogenous inhibitors that bind MMPs in a 1:1 stoichiometry [36]. The
N-terminal domain of TIMP folds as a separate unit and is capable of inhibiting MMPs.
Although TIMP-1 and TIMP-2 binds both MMP-2 and MMP-9, TIMP-1 preferentially binds
MMP-9 and TIMP-2 preferentially binds MMP-2. Since the biological relevance of MMP
expression is substantially affected by TIMP expression, we also measured relative TIMP-1
and TIMP-2 mRNA levels after resistin treatment. We found that while stimulating MMP
expression, resistin inhibited TIMP expression. It is possible that resistin-induced increases
in MMP-2 and MMP-9 levels in the VSMCs were partially due to decreased TIMP.
Relevant mechanism remains to be established.

PKC is known to be involved in the regulation of MMP expressions in the vascular system.
For example, activation of PKC results in an increase MMP-2 in human [37] endothelial
cells. Harja and associates found that activated PKC-beta and increased MMP2 occurred
simultaneously in the atheroma in apoE (−/−) mice [38]. Similarly, PKC-alpha activation
induced MMP-9 secretion in human vascular endothelial cells [39]. Recently, Inagaki K et
al. found that, sustained inhibition of PKCε using εV1–2 reduced perivascular fibrosis and
MMP-2 activation in a hypertension-induced heart failure model in rats [40]. εV1–2 is a
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water-soluble small peptide of eight amino acids that selectively inhibits PKCε activation by
preventing the translocation of inactive PKCε from cell cytosol to cell membrane where
PKCε transforms into the active form. In this study, we explored the potential involvement
of PKCε and εV1–2 in modulating MMP expression stimulated by resistin and
demonstrated that both PKCε activation and MMP expression occurred after 24 hours
incubation with resistin. Furthermore, selective PKCε inhibitor blocked resistin-induced
MMP-2 and MMP-9 mRNA expression. Our study provided the first evidence that resistin-
induced VSMC migration was mediated, in part, by increased MMP-2 and MMP-9
expressions which, in turn, were modulated by PKCε activation.

Interestingly, we found that εV1–2 had no effect on resistin-associated inhibition of TIMP
mRNA expression, which indicated that PKCε was not involved in resistin-induced
inhibition of TIMP production. However, PKCε mediated resistin-induced MMP-2 and
MMP-9 expressions and activation. Our data suggested the complex mechanism of resistin-
induced VSMC migration and that PKCε was one of the upstream modulators regulating the
effects of resistin.

Admittedly, the in vivo effect of resistin was not examined. However, in this mechanistic
study, we confirmed that resistin at a pathological concentration stimulated vascular smooth
muscle cell migration in vitro. Our data also supported the hypothesis that resistin
contributed to the intimal hyperplasia through modulating PKCε signaling pathway and up-
regulating MMP expressions. Selective PKCε inhibitor, εV1–2, may potentially be a more
effective therapeutic strategy in decreasing resistin-induced vascular restenosis.
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Figure 1.
In vitro effect of resistin on human coronary artery smooth muscle cell migration in Boyden
chamber assay. Two concentrations of resistin at physiological (10ng/mL) and pathological
(40 ng/mL) concentrations were tested. TNF-alpha was used as a positive control. Values
are expressed as the number of migrated cells, and each bar represents the mean±SEM of
quadruplicate determinations.
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Figure 2.
Effect of resistin on MMP-2 and MMP-9 expression in human coronary artery smooth
muscle cells. Resistin was tested at physiological (10ng/mL) and pathological (40 ng/mL)
concentrations. Left panels, MMP-2 mRNA and protein data; right panels, MMP-9 mRNA
and protein data. Values are expressed as percentage of the control, and each bar represents
the mean±SEM of triplicate determinations in 2–3 independent experiments.
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Figure 3.
Effect of resistin on TIMP mRNA expression in human coronary artery smooth muscle
cells. Resistin was tested at physiological (10ng/mL) and pathological (40 ng/mL)
concentrations. Left panel, TIMP-1 mRNA data; right panel, TIMP-2 mRNA data. Values
are expressed as percentage of the control, and each bar represents the mean±SEM of
triplicate determinations in 2–3 independent experiments.
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Figure 4.
Effect of MMP-2 and MMP-9 antibodies on resistin-induced cell migration of human
coronary artery smooth muscle cells (Boyden chamber assay). The migratory effect of
resistin was exerted at the concentration of 40 ng/mL. Anti MMP-2 and MMP-9 as well as
nonspecific IgG was tested at the same concentration of 10µg/mL. Values are expressed as
the number of migrated cells, and each bar represents the mean±SEM of quadruplicate
determinations.
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Figure 5.
Effects of resistin on PKCε activation and PKCε inhibitor (εV1–2) on resistin-induced
PKCε activation. Values are expressed as percentage of the control, and each bar represents
the mean±SEM of duplicate determinations in 2 independent experiments.
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Figure 6.
Effect of PKCε inhibitor on MMP and TIMP mRNA expressions in human coronary artery
smooth muscle cells. Resistin was tested at the concentration of 40 ng/mL. Top panels,
MMP mRNA data; bottom panels, TIMP mRNA data. Values are expressed as percentage of
the control, and each bar represents the mean±SEM of triplicate determinations in 2
independent experiments.
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Figure 7.
Effect of PKCε inhibitor on MMP activity in human coronary artery smooth muscle cells.
Resistin was tested at the concentration of 40 ng/mL. Left panel, MMP-2 activity; right
panel, MMP-9 activity. Values are expressed as percentage of the control, and each bar
represents the mean±SEM of duplicate determinations in 2 independent experiments.
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Figure 8.
Effect of PKCε inhibitor on resistin-induced cell migration of human coronary artery
smooth muscle cells (Boyden chamber assay). The migratory effect of resistin was exerted
at the concentration of 40 ng/mL. Values are expressed as the number of migrated cells, and
each bar represents the mean±SEM of quadruplicate determinations.
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Table

The primer sequences of human MMPs and TIMPs for real-time polymerase chain reaction

Gene name GenBank number Forward Reverse

MMP-2 NM_004530 CAACTACAACTTCTTCCCTCGCA GGTCACATCGCTCCAGACTTG

MMP-9 NM_004994 GCATAAGGACGACGTGAATGGC CGGTGTGGTGGTGGTTGGAG

TIMP-1 NM_003254 AAGGCTCTGAAAAGGGCTTC GAAAGATGGGAGTGGGAACA

TIMP-2 NM_003255 CCAAGCAGGAGTTTCTCGAC GACCCATGGGATGAGTGTTT

GAPDH NM_002046 TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG

GAPDH, Glyceraldehydes-3-phosphate dehydrogenase; MMP, matrix metalloproteinase; TIMP, tissue inhibitor metalloproteinase.
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