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Abstract
Matrix metalloproteinase-7 (MMP-7) deletion has been showed to improve survival after myocardial
infarction (MI). MMP-7 has a large array of in vitro substrates, but in vivo substrates for MMP-7
following MI have not been fully identified. Accordingly, we evaluated the infarct regions of wild-
type (WT; n=12) and MMP-7 null (null; n=10) mice using a proteomic strategy. Seven days post-
MI, infarct regions of the left ventricles were excised, homogenized, and protein extracts were
analyzed by two-dimensional gel electrophoresis and mass spectrometry. Of 13 spots that showed
intensity differences between WT and null, the intensities of eight spots were higher and five spots
were lower in the null group (p<0.05). Fibronectin and tenascin-C, known in vitro substrates of
MMP-7, were identified in spots that showed lower intensity in the null. Immunoblotting and in
vitro cleavage assays confirmed reduced fibronectin and tenascin-C fragment generation in the null,
and this effect was restored by exogenous administration of MMP-7. Lower levels of full-length
peroxiredoxin-1 and -2 and higher levels of the full-length peroxiredoxin-3 were detected in the null
group, suggesting MMP-7 deletion may also indirectly regulate protein levels through non-enzymatic
mechanisms. In conclusion, this is the first study to identify fibronectin and tenascin-C as in vivo
MMP-7 substrates in the infarcted left ventricle using a proteomic approach.
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1. Introduction
Matrix metalloproteinases (MMPs) are a family of proteolytic enzymes that regulate
remodeling of the left ventricle (LV) after myocardial infarction (MI) by processing
extracellular matrix proteins. MMP-7, also called matrilysin, is secreted as a 28 kDa pro-
enzyme and is activated upon the removal of the pro-domain to generate a 19 kDa active
enzyme.1 Unlike the majority of other MMPs, MMP-7 lacks a hinge region and a C-terminal
hemopexin-like domain, making it the smallest MMP identified to date.2 Macrophages and
cardiomyocytes are rich sources of MMP-7,3, 4 and increased MMP-7 levels are detected in
both the remote and infarct regions after MI.5 In vitro, MMP-7 cleaves a wide array of
extracellular matrix (ECM) proteins, including collagen IV, fibronectin (Fn), laminin and
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tenascin-C (TN-C);6-9 and non-ECM proteins, including tumor necrosis factor-α and other
MMPs.9-11 However, the identification of in vivo substrates for MMP-7 following MI has not
been reported.

Fn is a polymorphic glycoprotein that exists in a soluble form in plasma and an insoluble form
in tissue.12 After MI, Fn levels increase in both plasma and the infarct region.13, 14 TN-C is
normally undetectable in the adult heart , but TN-C expression increases rapidly after MI and
is mainly localized to the border zone.15 Recently, Imanaka-Yoshida and colleagues
demonstrated that TN-C null mice have reduced end-diastolic pressure and dimension and
decreased myocardial stiffness compared to wild-type (WT) mice after MI, suggesting TN-C
may mediate adverse LV remodeling.16 Although Fn and TN-C are in vitro substrates of
MMP-7, whether they are cleaved by MMP-7 in vivo after MI has not been addressed.

In this study, we used a proteomic approach to identify differences in protein quantities in the
infarct regions of MMP-7 null (null) LV compared to WT LV. We identified two known in
vitro substrates of MMP-7, Fn and TN-C, which validated the use of our approach method to
identify in vivo MMP-7 substrates. We also observed changes in levels of different
peroxiredoxin isoforms in MMP-7 null mice, suggesting MMP-7 may indirectly regulate
protein expression in the MI setting.

2. Methods
Male C57/BL6 WT (n=12) and MMP-7 null (n=10) mice, 4-6 months of age, were used for
this study. The MMP-7 null mice were a gift from Dr. Lynn Matrisian (Vanderbilt University).
17 All animal procedures were conducted in accordance with the “Guide for the Care and Use
of Laboratory Animals” (NIH Publication No. 85-23, revised 1996) and were approved by the
UTHSCSA Institutional Animal Care and Use Committee. MI was induced by coronary artery
ligation, as described previously.5 At seven days after MI, the mice were anesthetized with
2-5% isoflurane, the coronary vasculature was flushed with saline, and the hearts were excised.
The LV was separated from RV and weighed. The hearts were stained with 1% 2,3,5-
triphenyltetrazolium chloride (Sigma) and photographed to measure infarct size. The infarct
tissue was excised from the remote tissue and snap-frozen in liquid nitrogen and stored at −80°
C in individual tubes.

2.2 Protein extraction
The infarct regions of the LV were homogenized in extraction buffer (Sigma; Protein
Extraction Reagent Type 4; 7 M urea, 2 M thiourea, 40 mM Trizma® base and the detergent
1% C7BzO) and 1× Complete Protease Inhibitor Cocktail (Roche). The protein concentration
of each sample was determined by the Bradford assay. Due to the high urea concentration in
the extraction buffer, the protein extracts were diluted 1:40 with water prior to Bradford assay.

2.3 Two-dimensional gel electrophoresis (2-DE)
Protein samples (500 μg; n=12 for WT and n=10 for null mice) were reduced in 2.5%
tributylphosphine containing 1× Complete Protease Inhibitor Cocktail (Roche) at room
temperature for 1 h. Iodoacetamide was added to a final concentration of 3% and the samples
were incubated at room temperature for 1h. The samples were then centrifuged at 425 × g for
5 min to pellet debris. Supernatants were harvested and acetone was added to a final
concentration of 80%; proteins were precipitated at room temperature for 30 min. The samples
were centrifuged at 20,817 × g for 10 min and supernatants were discarded. The pellets were
air-dried and resuspended in 200 μl of extraction buffer and 1× Complete Protease Inhibitor
Cocktail. After incubation at 30°C for 30 min, 500 μg of each sample was loaded to an 11-cm
pH 3 – 10 IPG strip (Proteome Systems), rehydrated overnight at room temperature, and then
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focused for 75,000 Vh. The focused-IPG strips were then equilibrated in 5 ml of Equilibration
Buffer (Proteome Systems) for 20 min. Equilibrated strips were loaded on pre-cast gels
(Criterion™ XT 4-12% Bis-Tris, 11cm, 1mm; Bio-Rad) for the second-dimension of
electrophoresis. The gels were run at 200 V (25 – 50 mA/gel) in XT MOPS running buffer
(Bio-Rad), fixed in 25% methanol/10% acetic acid at room temperature for 30 min, and stained
overnight with the ProteomIQ™ Blue Gel Stain Kit (Proteome Systems). After staining the
gels were scanned using a Kodak Image Station 4000MM camera interfaced with Molecular
Imaging Software, version 4.0 (Eastman Kodak Company). Images were saved as 16-bit tiff
files. The images were analyzed using the Progenesis PG240 software package (Nonlinear
Dynamics). Using the PG240 software, we performed image quality control to optimize image
capture, image alignment to match spots, and pre-filter to remove artifacts (e.g., damage or
noise areas). The volume of an individual spot, the integrated intensity within the spot area,
was normalized to the total spot volume of the whole gel to give a normalized spot volume of
the spot. Spots that exhibited significant differences between the two groups (p<0.05) were
selected for protein identification by mass spectrometry.

2.4 Identification of spots by mass spectrometry
Gel spots that were exhibited statistically-significant differences in intensity between the two
groups were manually excised using a One Touch™ 1.5 mm 2-DE spot picker (The Gel
Company) and digested in situ with trypsin (Promega modified) in 40 mM NH4HCO3 at 37°
C for 4 h. Digests were analyzed by capillary HPLC-electrospray ionization tandem mass
spectrometry (HPLC-ESI-MS/MS) on a Thermo Fisher LTQ linear ion trap mass spectrometer
fitted with a New Objective PicoView 550 nanospray interface. On-line HPLC separation of
the digests was achieved with an Eksigent NanoLC micro HPLC: column, PicoFrit™ (New
Objective; 75 μm i.d.) packed to 10 cm with C18 adsorbent (Vydac; 218MSB5, 5 μm, 300 Å);
mobile phase A, 0.5% acetic acid (HAc)/0.005% trifluoroacetic acid (TFA); mobile phase B,
90% acetonitrile/0.5% HAc/0.005% TFA; gradient 2 to 42% B in 30 min; flow rate, 0.4 μl/
min. The following MS conditions were used: ESI voltage, 2.9 kV; isolation window for MS/
MS, 3; relative collision energy, 35%; scan strategy, survey scan followed by acquisition of
data dependent collision-induced dissociation (CID) spectra of the seven most intense ions in
the survey scan above a set threshold. The uninterpreted CID spectra were searched using
Mascot (Matrix Science) against the NCBInr_20070216 database. Peak lists were created using
extract_msn.exe. Trypsin was specified as the proteolytic enzyme and up to two missed
cleavages were allowed. The precursor and fragment ion mass tolerances were both set at ±
0.8 Da. Methionine oxidation and cysteine carbamidomethylation were considered as variable
modifications for all searches. Cross correlation of the Mascot results with X! Tandem and
determination of protein identity probabilities was accomplished with Scaffold™ (Proteome
Software).

2.5 Immunoblotting
To confirm changes in specific proteins, immunoblotting was performed using antibodies
against the following proteins: apolipoprotein A-I (Abcam ab20453), collagen VI (Abcam
ab6588), Fn (Chemicon Ab1954), glyceraldehyde-3-phosphate dehydrogenase (Abcam
ab9485), myosin light chain 2 (Abcam 48003), Prx-1 (Abcam ab15571), Prx-2 (Abcam
ab16820), Prx-3 (Sigma P-1247), Prx-6 (Abcam ab59543), TN-C (Abcam ab6346), and
voltage-dependent anion channel 2 (VDAC2; Abcam ab47104). For every sample, 10 μg of
total protein was loaded in one lane of a 26-well 4–12% Criterion Bis-Tris gel (Bio-Rad) and
the gels were run in XT MES buffer (Bio-Rad). After electrophoresis, protein samples in the
gel were transferred to a nitrocellulose membrane (Bio-Rad). After blocking with 5% blotting
grade blocker non-fat dry milk (Bio-Rad) in 1XPBS (Sigma) for 1 hr at room temperature, the
membrane was incubated with primary antibody (1:1000 dilution) for overnight at 4°C. After
washing three times with 1XPBS with 1% Tween-20 (PBS-T) for 15 min each, the membrane
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was incubated in secondary antibody (1:5000 dilution) for 1 hr at room temperature. Anti-
rabbit IgG (Vector PI-1000) and anti-rat IgG (Santa Cruz sc-2006) antibodies were used. The
membrane was washed three times with PBS-T for 15 min each and was detected with
SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientifics). Molecular Imaging
Software (Kodak) was used for image analysis to quantify the densitometry. With this software,
every blot was checked to confirm that no band was saturated. This ensures that the blot was
not overexposed and that the signal was in the dynamic range. To confirm equal loading,
immunoblotting of β-actin (Sigma A-2103) was performed to confirm loading and sample
transfer was equal between the WT and MMP-7 null groups. The densitometry values for WT
was 902±24 and for MMP-7 null was 865±22 (p=0.27). Densitometry values for individual
samples on the immunoblots were normalized to the densitometry value of β-actin for the
sample.

2.6 In vitro MMP-7 cleavage assay
Extracted total protein (10ug) from LV infarct of MMP-7 null mice was incubated with 10pg,
100pg or 10ng of recombinant human MMP-7 enzyme (Calibiochem Cat. No. 444270) at 37°
C for 3 h in 1X zymogram developing buffer (Invitrogen) to determine if exogenous MMP-7
could restore the WT phenotype. After 3h, SDS loading buffer was added to stop the reaction.
Each reaction was then loaded in one lane of a 26-well 4–12% Criterion Bis-Tris gel (Bio-
Rad), and immunoblotting of Fn and TN-C were performed as described above to evaluate the
action of exogenous MMP-7 enzyme on Fn and TN-C degradation in the MMP-7 null infarct
extract. Untreated extract from MMP-7 null infarct was the negative control, and untreated
extract from WT infarct was the positive control.

2.7 Statistical analyses
Data are reported as mean±SEM. All samples were analyzed individually and were not pooled
at any step. Normalized spot volumes of 2-DE gels and normalized intensities for the
immunoblots between WT and null groups were analyzed by an unpaired Student’s t-test. A
p<0.05 was considered significant.

3. Results
3.1 Morphometric analysis

Necropsy values for WT and null mice are shown in Table 1. Both groups showed similar
infarct sizes, 48±3% for WT and 54±3% for null (p=0.15), indicating that an equal injury
stimulus was given. Both body mass and LV mass were lower in the null group, so that LV to
body weight ratio was similar between the two groups.

3.2 Differences in protein quantity assessed by 2-DE analysis and mass spectrometry
From image analysis of the 2-DE gels, we detected 13 spots that showed significant differences
in normalized spot volume between WT and null infarct groups. Representative gels from each
group are shown in Figure 1. Out of the 13 spots, 8 were higher and 5 were lower in intensity
in the null group. A total of 142 proteins were identified in these spots, for an average of 11
proteins per spot. Several extracellular matrix proteins, including Fn, collagen type VI, and
TN-C were identified in the spots that exhibited intensity differences between WT and null.
The complete list of proteins identified by mass spectrometry can be found in Supplementary
Table 1. Proteins that may be potential MMP-7 substrates are shown in Table 2. For inclusion
in Table 2, the protein had to meet one of the following criteria: 1) the protein was an ECM
protein; 2) the protein was identified in multiple spots or spots of decreasing molecular weight
(suggesting the protein may have undergone proteolysis); 3) the protein was the only protein
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identified in the spot; or 4) the protein was previously associated with MMP activity or post-
MI remodeling.

3.3 Immunoblotting analysis to determine protein levels in post-MI LV
As an additional method to evaluate the levels of candidate MMP-7 substrates identified in the
LV post-MI, extracts of the infarct region of WT and null mice were analyzed by
immunoblotting. Eleven proteins were selected for this analysis, based on the criteria that an
antibody was commercially available and the protein either had an extracellular localization
or was a candidate substrate. The results of immunoblotting are summarized in Table 3. Of the
11 proteins analyzed, differences in the levels of three (Fn, TN-C and Prx-1) agreed with the
2-DE gel results. For four proteins (Prx-2, Prx-3, GAPDH and VDAC2), the immunoblot
results were in the opposite direction compared to the 2-DE gel analysis. Apolipoprotein A1,
myosin light chain 2, Prx-6 and collagen VI showed no difference in intensity between the two
groups by immunoblotting.

Fn, a known in vitro substrate for MMP-7, was identified in two spots (spot 17 at 218 kDa and
spot 23 at 133 kDa) and exhibited significantly lower levels in the null group compared to WT
by 2-DE gel analysis. In general agreement with these findings, by immunoblotting, Fn was
detected at 273 kDa and 166 kDa and both bands were significantly less intense in the MMP-7
null infarct compared to WT (Figure 2).

TN-C was identified in spot 17 (218 kDa) and this spot exhibited significantly lower intensity
in the null group compared to WT. By immunoblotting, 4 major bands were detected using the
anti-TN-C antibody; the 133 kDa, 170 kDa and 260 kDa forms were significantly lower in the
MMP-7 null group, while the 200 kDa form did not show any significant difference between
groups (Figure 3).

Several Prx isoforms (1, 2, 3, 4 and 6) were identified in the 2-DE gel analysis. For example,
Prx-1, -4 and -6 were identified in spot 18, and this spot was significantly less intense in the
null group. Since the predicted molecular weights of Prx-1 and Prx-6 matched the observed
molecular weight of spot 18, immunoblotting for Prx-1 and Prx-6 were performed. We did not
evaluate Prx-4, because the observed molecular weight of the spot did not match the expected
molecular weight for this peroxiredoxin family member. In the immunoblot analysis of Prx-1,
there was a 23 kDa band that agreed with the differences detected by 2-DE gel analysis (Figure
4A), showing lower intensity in the null group compared to WT. However, no significant
differences in Prx-6 were detected between the two groups by immunoblotting (Figure 4D),
which suggests Prx-1 but not Prx-6 contributed to the lower intensity of spot 18 in the 2-DE
gel.

Prx-2 was identified in spot 1. This spot was shown to be significantly higher in intensity in
the null group compared to WT, but this protein exhibited significantly lower levels in the null
group by immunoblotting (Figure 4B). This indicates that other proteins identified in spot 1,
not Prx-2, likely contribute to the observed intensity difference in the 2-DE gels.

Similarly, Prx-3 was identified in spots 16 and 20, and both spots exhibited significantly lower
intensities in the null group. By immunoblotting, however, Prx-3 levels were found to be
significantly higher in the null group (Figure 4C), suggesting that other proteins in these spots
are likely to have contributed to the observed differences in spot intensity.

3.4 In vitro MMP-7 cleavage generates Fn and TN-C fragments from MMP-7 null extracts
To determine if exogenous MMP-7 could rescue the null phenotype, we performed an in
vitro MMP-7 cleavage assay. As shown in Figure 5, incubation with recombinant MMP-7
enzyme generated fragments of Fn and TN-C that were similar to the WT patterns. For Fn,
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MMP-7 null extract treated with 100 pg or 10 ng of recombinant MMP-7 showed processing
of full-length Fn (273 kDa) compared to the untreated control. At the same time, MMP-7
treatment resulted in increased levels of the 166 kDa Fn fragment compared to the untreated
control. Exogenous MMP-7 increased the levels of this Fn fragment to levels similar to the
WT extract (Figure 5A), suggesting this fragment was an in vivo cleavage product of MMP-7.
Similarly, MMP-7 treatment reduced the levels of full-length TN-C (260 kDa and 200 kDa)
in the null extract, but increased the levels of 65 kDa fragment in the MMP-7 null extract to
levels similar to the WT extract (Figure 5B).

4. Discussion
The objective of this study was to identify candidate MMP-7 substrates in the infarct region
of mice LV. The most significant findings of this study were: 1) Fn, a known in vitro and in
vivo substrate for MMP-7, was found at lower levels (both full length and proteolytic
fragments) in the MMP-7 null mice; 2) TN-C, which has been shown to be cleaved by MMP-7
in vitro, was processed by MMP-7 in vivo in WT post-MI LV; and 3) the protein levels of
multiple Prx isoforms were differentially regulated by MMP-7 after MI. Together, these results
demonstrate that this proteomic strategy can be used to identify and catalogue potential in
vivo MMP-7 substrates and better understand MMP-7 roles in the post-MI setting. As illustrated
in Figure 6, the observed changes in the absence of MMP-7 suggest both direct and indirect
roles of MMP-7.

Fn is induced after MI and is a known in vivo substrate for MMP-7.18, 19 In diabetic
nephropathy, advanced glycation end products (AGEs) suppress MMP-7 expression and
contribute to the accumulation of full-length Fn in the diabetic kidney.19 However, MMP-7
regulation of Fn processing post-MI has not been previously demonstrated. By 2-DE, we
identified Fn in two spots that were both lower in normalized volume in the MMP-7 null infarct.
Immunoblotting confirmed lower levels of full-length (273 kDa) and the 166 kDa fragment of
Fn in MMP-7 null mice compared to WT. Because MMP-7 is known to process Fn, we expected
lower levels of Fn fragments in the MMP-7 null mice, and this served as a validation of our
proteomic approach to identify MMP-7 substrates. We confirmed that adding exogenous
MMP-7 to MMP-7 null infarct extract proteolyzed full-length Fn to generate Fn fragments.
The fact that exogenous MMP-7 rescued the MMP-7 null phenotype confirms Fn can be
cleaved by MMP-7 in the infarct myocardium. We were surprised to observe reduced levels
of full-length Fn in the MMP-7 null group. One possible explanation is that Fn fragments can
induce Fn expression in a feedback manner. Other ECM proteins have been found to be
positively or negatively regulated by their own ECM fragments.20 The reduced generation of
Fn fragments in MMP-7 null mice, therefore, likely resulted in diminished Fn expression
(Figure 6A).

There are two major TN-C isoforms, a 260 kDa large TN-C isoform and a 200 kDa small TN-
C isoform, and both of them can be cleaved by MMP-7 in vitro.7 Keeling and Herrera recently
showed reduced levels of extracellular MMP-7 in light chain deposition disease and suggested
that impaired MMP-7 secretion from mesangial cells may contribute to accumulation of TN-
C in an in vitro model.21 Expression of TN-C is high during embryogenesis, but is undetectable
in the adult heart.22 After MI, TN-C is re-expressed to promote myofibroblast recruitment and
to regulate post-MI wound healing.15 In a time course evaluation of acute MI patients,
significantly higher peak serum TN-C levels were observed at day 5 post-MI in the group that
showed ≥20% increase in end-diastolic volume 6 months post-MI.23 Based on the results of
that study, Sato and colleagues proposed that the peak serum TN-C level predicts the risk of
major adverse cardiac events, including cardiac death and hospitalization for congestive heart
failure, in acute MI patients.23 In our study, the levels of the 170 kDa TN-C fragment, a major
cleavage product of large TN-C isoform by MMP-7 previously reported by Zardi’s laboratory,
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7 were lower in the infarct of MMP-7 null mice compared to WT mice. This is possibly due to
less processing of TN-C in absence of MMP-7 and indicates that TN-C in the infarct
myocardium is likely an in vivo substrate of MMP-7. The MMP-7 cleavage assay confirmed
that exogenous MMP-7 can process full-length TN-C (260 kDa and 200 kDa forms) in the null
extract to generate the 65 kDa TN-C fragment, which is a major MMP-7 cleavage product of
large TN-C isoform.7 In the cleavage assay, no increased in levels of 170 kDa TN-C fragment
was detected, which may be due to further processing of the 170 kDa fragment into smaller
size degradation products. Similar to Fn, lower levels of full-length TN-C were observed in
MMP-7 null mice, suggesting a possible feedback regulation of TN-C expression by its
fragments (Figure 6A).

MMP-7 cleavage of Fn and Tn-C have previously been demonstrated in vitro.6-9 Together with
the findings in this study, this suggests that MMP-7 directly cleaves Fn and Tn-C in the LV
infarct. However, as MMP-7 can activate other MMPs by cleavage of their pro-forms,9-11 it
is highly possible that MMP-7 also exerts indirect effects on cleavage. For example, MMP-7
cleaves and activates pro-MMP-9,9, 24 which also cleaves Fn.25 At the same time, MMP-7 can
activate pro-MMP-2,10, 24 which also cleaves Tn-C.7 Therefore, the net effect of MMP-7 on
Fn and Tn-C in the LV infarct is likely due to both direct cleavage and indirect action on MMP-2
and MMP-9 activation.

Peroxiredoxins (Prx) are a family of antioxidant proteins ubiquitously expressed in multiple
tissues types, including heart, liver, and kidney.26 Six Prx isoforms (1-6) have been identified
in mammals.26 Overexpression of Prx-3 was shown to attenuate LV remodeling after MI,27
and targeted disruption of Prx-6 results in increased infarct size and reduced LV function after
ischemia-reperfusion.28 These studies indicate that particular Prx isoforms play a protective
role in ischemic myocardial injury, but the regulation of Prx after MI is unclear. Differences
in the levels of several Prx isoforms were found by 2-DE and mass spectrometry analysis.
Immunoblotting showed that Prx-1 and -2 levels were lower in the infarct region of MMP-7
null mice while Prx-3 levels were higher in the MMP-7 null group compared to WT. No lower
molecular weight Prx fragments were observed in the WT samples, indicating that direct
proteolysis of Prx by MMP-7 does not likely account for the differences in protein levels. In
addition, there are no reports that Prx is an in vitro substrate of MMP-7. MMP-7, therefore,
may indirectly regulate the protein levels of different Prx isoforms by mechanisms that have
not been fully elucidated (Figure 6B and 6C). Prx-1 and -2 are localized in the cytoplasm and
nucleus, and no association of these Prx and LV remodeling has been demonstrated. Prx-3 is
the only isoform localized in mitochondria, and overexpression of Prx-3 can attenuate post-
MI LV remodeling by reducing mitochondrial oxidative stress.27 Our data suggest that the
higher levels of Prx-3 detected in the post-MI LV of MMP-7 null mice may be associated with
attenuated mitochondrial oxidative stress. Our group has previously shown that in the LV of
MMP-7 null mice, there is increased MMP-8 and reduced MMP-13 levels.29 However, even
with the potential compensation of these other MMPs, MMP-7 deletion still has a net effect
on post-MI response, indicating that compensation from other proteases is not complete.

In conclusion, we identified candidate MMP-7 substrates that are present at lower levels in the
infarct of MMP-7 null mice compared to that of WT mice. Identification of known in vitro
ECM substrates Fn and TN-C, and confirmation that exogenous MMP-7 can rescue the MMP-7
null phenotype validates this proteomic approach as a useful tool to explore MMP functions.
Altered Prx levels in the MMP-7 null group in absence of proteolytic fragmentation indicate
that MMP-7 deletion or inhibition may indirectly affect oxidative stress levels in post-MI
myocardium, providing an additional protective effect of MMP-7 inhibition.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Representative 2-DE gels of WT infarct extract (left) and MMP-7 null infarct extract (right).
Spot numbers are indicated in the MMP-7 null gel.
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Figure 2.
MMP-7 null infarcted LV showed lower levels of fibronectin by 2-DE and immunoblotting.
(A) Fibronectin was identified in spot 17 and spot 23 of the 2-DE gels. Both spot 17 (B) and
spot 23 (C) showed significant lower intensity in infarct LV of MMP-7 null mice compared to
WT. (D) Immunoblotting of fibronectin in WT and MMP-7 null LV extracts were performed.
The densitometry of the 273 kDa full-length (E) and the 166 kDa fragments (F) of fibronectin
indicated both bands showed significantly lower intensity in MMP-7 null LV infarct when
compared with the wt (p<0.05).
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Figure 3.
Immunoblotting showed lower levels of full-length and fragments of tenascin-C in MMP-7
null LV infarct. (A) 4 major bands of 133 kDa, 170 kDa, 200 kDa and 260 kDa were observed
by immunoblotting of TN-C in WT and MMP-7 null LV. (B) Densitometry showed
significantly lower levels of full length (260 kDa) TN-C in MMP-7 null LV infarct when
compared to WT. (C) Although the 200 kDa form did not show a significant difference, both
170 kDa (D) and 130kDa (E) fragments of TN-C showed significantly lower intensity in the
MMP-7 null group.
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Figure 4.
Levels of different Prx isoforms were differentially regulated by MMP-7 deletion.
Immunoblotting showed significantly lower intensity of Prx-1 (A) and Prx-2 (B) in the MMP-7
null LV infarct when compared to WT. (C) However, higher levels of Prx-3, a mitochondrial
Prx, were detected in the MMP-7 null group. (D) No significant difference of Prx-6 between
WT and MMP-7 null groups were observed.
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Figure 5.
The addition of exogenous MMP-7 generated Fn and TN-C fragments in MMP-7 null infarct
extract. (A) MMP-7 null extract treated with 100 pg or 10 ng of recombinant MMP-7 showed
reduced levels of full-length Fn (273 kDa) and increased levels of the 166 kDa Fn fragment
compared to the untreated control. (B) MMP-7 null extract treated with 100 pg or 10 ng of
MMP-7 showed reduced levels of full-length TN-C (260 kDa and 200 kDa) in the null extract,
but increased the levels of 65 kDa fragment in the MMP-7 null extract.
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Figure 6.
Schematic diagram of the direct and indirect effects of MMP-7 deletion in infarcted left
ventricles. When MMP-7 plays a proteolytic role and cleaves the full-length protein and to
fragments, the deletion of MMP-7 is expected to result in lower levels of fragments. If the
fragments can feedback induce the expression of the protein, lower levels of fragments due to
MMP-7 deletion will reduce expression and therefore, result in lower levels of full length
proteins. MMP-7 also indirectly regulates the expression of proteins, including Prx-1 and -3.
If MMP-7 indirectly suppresses the expression of one protein, MMP-7 deletion will result in
increased expression of that protein and result in higher levels of full-length protein. On the
other hand, if MMP-7 indirectly induces the expression of one protein, MMP-7 deletion will
result in reduced expression of that protein and result in lower levels of full-length protein.
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Table 1

Necropsy Data

Wild-type
(n=12)

MMP-7 null
(n=10)

Age (months) 5.0±0.2 4.7±0.2

Body Weight (g) 28.7±0.7 25.0±1.0a

LV mass (mg) 127±4 103±3a

LV/BW 4.4±0.1 4.1±0.1

Infarct size (%) 48±3 54±3

Data are mean ± SEM

a
p<0.05 vs WT
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