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Abstract

Metalloproteinases play a role in repair of venous ulcers of the lower limbs. The great majority of studies of
metalloproteinase enzyme activity conducted to date have employed material from biopsies of ulcers. We evaluated
the viability of using zymography to measure the enzyme activity of metalloproteinases 2 and 9 in samples of venous
ulcer exudate collected on swabs. The method chosen for processing the samples proved viable in terms of its ability
to provide adequate protein concentrations for analysis. Using zymography, we observed that the parameters that
provided the best results for analysis of gelatinolytic activity were 0.125 to 0.5 pg of total protein content in the gels
and enzymatic activation time of 19 hours (at 37 °C). Collection of venous ulcer fluid using swabs proved to be a
simple, rapid and effective method for obtaining samples for measurement of gelatinolytic activity with a minimum
degree of invasivity.
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Resumo

As metaloproteinases participam do reparo das Ulceras venosas de membros inferiores. Até o momento, estudos
de atividade enzimatica utilizaram, em sua maior parte, bidpsia das Ulceras. Objetivamos avaliar a viabilidade da
mensuracao da atividade enzimatica de metaloproteinases 2 e 9, extraidas por swab, em amostras de exsudato de
Ulcera venosa, através de zimografia. O método de processamento da amostra coletada mostrou-se viavel, visto que
foi possivel obter concentragao proteica adequada para analise. Através de zimografia, observamos que as quantidades
de proteina total das amostras carregadas nos géis entre 0,125 e 0,5 pg, além do tempo de ativagdo enzimatica de
19 horas (a 37 °C), foram pardmetros adequados e de melhor resultado para a analise da atividade gelatinolitica. A
coleta através de swab mostrou-se um método simples, rapido e eficaz para a coleta de fluido de Ulcera venosa com
0 objetivo de mensuragéo da atividade gelatinolitica com grau minimo de invasividade.
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INTRODUCTION

Cutaneous venous ulcers (VUs) secondary to
chronic venous insufficiency are characteristically
recurrent and slow to heal and can cause edema, pain,
discomfort, restricted mobility and impaired quality
of life.'? Venous ulcers account for 70 to 80% of
ulcers of the lower limbs and the cost of treating them
places a heavy burden on health service budgets.>*
Both treatment of these ulcers, aiming for complete
healing, and determination of their prognosis for
healing are difficult.

The metalloproteinases (MMPs) are involved in
regulation of the process of tissue repair.’ They are a
family of zinc-dependent enzymes that break down
several different molecules in the extracellular matrix
(ECM). The equilibrium between production of ECM
proteins and MMP activity is the primary determinant
of tissue remodeling both in homeostasis and in the
response to injury. However, when expression and
activity kinetics of MMPs are uncontrolled, due
to high rates of synthesis or impaired regulatory
or inhibitory mechanisms, they can have harmful
effects. This dysregulation can contribute to
destruction of connective tissue and the loss of its
normal mechanical properties, with the result that
wounds become chronic.”®

Studies have detected widespread increase in
both activity and expression of MMPs in VUs?
and MMPs 2 and 9, which are also known as the
gelatinases, have received special attention. Specific
tissue expression of MMP-9 has been identified as a
prognostic marker of healing of chronic ulcers."” A
previous study has demonstrated high levels of both
MMP-2 and MMP-9 in chronic VUs of the lower
limbs,’ suggesting that these two MMP isoforms
play a critical role in healing of venous ulcers. In
view of this, these enzymes’ expression and activity
could serve as markers of the effectiveness and
mechanism of action of therapeutic interventions
that are intended to accelerate the healing process
of chronic ulcers.

The activity of MMPs 2 and 9 can be evaluated
using zymography, which is a practical, reproducible
and low-cost method. However, the method hitherto
employed to collect biological material for MMP
assays in studies involves tissue biopsies, which
makes serial testing more difficult and involves
discomfort and risk to patients, in addition to not
being technically practical for all classes of health
professionals. Other techniques, such as aspiration
of exudate, require use of specific dressings and are
time consuming.'!

The objective of the present study was to evaluate
the viability of assaying MMP 2 and 9 enzyme
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activity using a modified zymography protocol to
test samples of lower limb VU exudate collected with
swabs. We have conceived of a simple method that is
rapid, minimally invasive and inexpensive, for serial
collection (at different stages of healing) of this type
of biological material and analysis of MMP activity.

METHOD

Participants

Samples were collected from six patients with
chronic VU of lower limbs who were patients of
the local University Hospital’s outpatients service.
Procedures were approved by the Research Ethics
Committee (Protocol 376/09). The results are
preliminary data from registered clinical trial
number RBR-44xmsx. Patients had had VU for at
least 8 weeks, with no clinical signs of infection or
peripheral arterial occlusive disease, tested using the
ankle-brachial index.

Sample collection and processing

Samples of fluid from VUs were taken using
sterile cotton buds (swabs), using a rolling motion,
from border to border, after light irrigation with
sterile saline solution. This procedure was conducted
during primary dressing changes. Next, the tips of
the swabs bearing the samples were removed and
placed into 2 mL microtubes, fast-frozen in liquid
nitrogen and stored at —80 °C until processing for
protein extraction, from 2 to 3 weeks later.

To achieve homogenization, 250 pL of
homogenization buffer was added to each tube
containing a swab tip. The buffer comprised 50 mM
Tris-HCI (pH 7.4); 3.1 mM Sucrose; and 0.1% Triton
X-100, with no reduction agent, at a temperature of
4 °C. Samples were mixed in a vortex five times for
3 s each time, with a 15 s interval at rest between
each mixing. Swabs were then inverted in their
microtubes and centrifuged (2 minutes, 10,000 rpm,
4 °C). The samples were kept in ice throughout these
procedures. Figure 1 summarizes these stages.

Protein concentration was determined using the
Bradford method and quantified in an ELISA reader
using standard controls made from bovine serum
albumin. Readings were taken at 595 nm, 10 minutes
after the assay, against a reference white.

Determination of enzyme activity of MMPs by
zymography
Samples were separated in polyacrylamide

gels with a concentration of 8% Acrylamide/
Bisacrylamide 29:1 (Bio-Rad®), 0.1% SDS and a
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Figure 1. Flow diagram of procedures involved in collecting and processing samples showing steps from collection of venous
exudate with a swab to acquisition of the final sample containing MMPs, ready for subsequent analyses.
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Figure 2. Zymography gels for six samples collected using swabs. On the left are shown the molecular weights of standard
markers; on the right are shown the isoforms of metalloproteinases (MMPs) observed in the gels. Pane D shows how the set of
bands from each lane was selected for densitometry using the Image) software program. MMP complex (130 kDa); pro-MMP-9
(92k Da); MMP-9 (84 kDa); pro-MMP-2 (72 kDa); MMP-2 (62 kDa). Lane 1: Markers, lanes 2, 3 and 4: 0.5 mg, 0.25 mg and 0.125 mg,
respectively.
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pH of 8.8, containing 1 mg/mL of gelatin (from
pig skin, type A, G2500 - Sigma-Aldrich®). The
stacking gel had a concentration of 4% and pH of 6.8
and contained 0.1% SDS. Proteins were separated
under a constant voltage of 100 V in a buffer with
the following concentrations: 192 mM Glycine; 25
mM Tris; 0.1% SDS.

After electrophoresis, the gels were immersed
and agitated in Triton solution (2.5% Triton X-100;
50 mM Tris, pH 7.4; 5 mM CaCl,) to remove the
SDS (three changes in 60 minutes).

Gels were then immersed at a temperature
of 37 °C for 19 hours in an incubation solution
consisting of 50 mM Tris (pH 7.4); 5 mM CaCl,;
and 150 mM NacCl, in order to activate MMPs. After
incubation, staining was performed with Coomassie
Brilliant Blue G-250 (0.5% Comassie blue in 30%
methanol and 10% acetic acid). Gels were submerged
in the dye for 30 minutes, under agitation, before
being destained (35% Methanol; 10% acetic acid)
for 30 minutes and then placed in deionized water.

Gels were digitized on a bench scanner to enable
densitometric analysis. Metalloproteinase enzyme
activity was determined by the intensity of the pale
bands against the stained background and MMPs
were identified by their molecular weights, as
described elsewhere,*" using ImageJ 1.46 software
(NIH, http://imagej.nih.gov/ij/). The program was
first used to transform the image into 8-bits and then
arectangular area was selected containing the bands
(areas of enzyme digestion) and part of the stained
gel background. The contrast between these two
elements could then be demonstrated graphically,
indicating the degree to which the gelatin in the gel
had been broken down."

RESULTS

Initially, we observed that an adequate quantity of
VU fluid protein had been collected on the swabs,
using the Bradford method on ELISA plates (Table 1).

We tested the polyacrylamide gel concentration in
order to determine the best conditions for viewing
and quantification of bands, defining the ideal
concentration as 8%, the ideal incubation time for
enzymatic activation as 19 hours and the ideal
quantity of total protein loaded in each well on the
gels as from 0.125 pg to 0.50 pg,.

Figure 2 illustrates the zymography results. Bands
representing the forms of pro-MMP-9 and MMP-9,
and pro-MMP-2 and MMP-2 were identified with
the aid of previous descriptions®'? and molecular
mass calculations. It was also possible to observe
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gelatinolytic activity between 100 kDa and 150 kDa
(~130 kDa), which has been described in the
literature as an MMP complex that probably contains
MMP-9.°12 Bands corresponding to the latent and
active forms of each enzyme were selected together
(model shown in Figure 2D) and quantified by
densitometry (Figure 3) for illustration.

DISCUSSION

This article has described a viable and reproducible
method for extraction of MMPs from VU exudate
collected on swabs and for analysis of enzyme
activity by zymography. As far as we know, this is
the first description of this minimally invasive form
of extraction of MMPs and the first demonstration of
the viability of biochemical analysis of these small
sample volumes.

There are descriptions of abnormal activation
of MMPs and imbalances between MMP isoforms
in chronic venous insufficiency patients, which
contribute to formation and maintenance of VU.™"
Among the different MMPs, MMP-9 appears to be
a prognostic marker of healing of chronic ulcers."
Furthermore, the course of the healing process in
chronic wounds is associated with reduced expression
of certain MMPs.' In view of this, development of a
simple technique for collection of biological material
for analysis of MMPs makes it possible to conduct
serial evaluations of the process of ulcer healing
and opens a wide range of applications for clinical
research.

This study has demonstrated that collecting VU
exudate on swabs is a viable and reproducible method
for evaluation of the enzyme activity of MMP-2
and MMP-9 using zymography. Zymography is
a relatively simple technique that is effective and
sensitive for identification of MMPs by degradation
of their preferred substrates and by their molecular
weights, making quantitative results possible.'

The technique described here is based on a
minimally invasive procedure that is sterile, rapid and
easy to conduct, making it an attractive alternative to

Table 1. Protein concentrations in samples.

[protein] (mg/pL)
1 0.452

0.376

0.468
0.425

0.211

0.329
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invasive methods used in earlier studies that involve
biopsies and histopathological analysis.”'* Although
biopsy can provide topographical information, for
example, when tissue from the wound border and
from the ulcer bed are compared, the technique
requires local anesthesia and causes discomfort to
patients, which makes serial analysis of wounds
difficult. Using exudate obtained by aspiration, when
possible, or by collection on swabs, as described
in this study, provides a more specific reflection of
the activity of MMPs in the ulcer bed. Although the
results of these two collection methods have not been
compared for venous ulcers, there is evidence that
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Figure 3. Quantification of metalloproteinases (MMPs)
contained in one of the gels analyzed. A: densitometry
curves (peaks) for bands in each lane in the gel. The area of
peaks indicates the gelatinolytic activity. Note the shaded
area in Lane 2, indicating MMP-2 activity. B: measurements
for the areas of peaks in arbitrary units, for the purposes of
comparative analysis.
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they correlate in the case of diabetic ulcers.!® Future
studies could be designed to evaluate the agreement
between the swab-based method and other methods,
such as biopsy, with venous ulcers.

Finally, the technique described in this study
also offers the advantage that it allows samples to
be collected by many different classes of health
professionals, since it does not demand local
anesthesia, incisions or punctures, thereby facilitating
analysis of the biological effectiveness of therapeutic
interventions.

CONCLUSIONS

Collection of fluid from VU using swabs proved
to be an effective, minimally invasive, sterile and
rapid method offering great ease of use and one that
is appropriate when the objective is to extract an
adequate quantity of total protein from VU exudate
for analysis of the enzyme activity of MMPs 2 and
9 using the zymography protocol proposed in this
article.
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