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MODULATION OF MMP-2 AND MMP-9 IN CHURG-STRAUSS SYNDROME
RESPIRATORY MUCOSA: POTENTIAL MONITORING PARAMETERS
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Churg-Strauss (CSS) syndrome is rare and of unknown etiology. It is associated with vasculitis,
blood eosinophilia and granulomatosis, and affects multiple organs and systems at various stages of
the disease. Specific diagnostic and monitoring tests are not yet available. This study aims to assess
the changes in MMP-2 and MMP-9 along with the histopathological alterations in two cases of CSS,
as possible potential diagnostic and monitoring criteria. Two adult male patients were diagnosed
with CSS in the otorhinolaryngology clinic in the University of Palermo, based on multiple clinical
and histopathologic criteria. Biopsies of respiratory mucosa were taken after the consent of the
patients, processed for routine histopathology and immunohistochemistry as well as quantitative
polymerase chain reaction (qPCR). Similar biopsies were also taken from a non- CSS patient. The
Assessment of MMP-2 and MMP-9 was performed using both immunohistochemistry and qPCR
techniques. Histopathological alterations in the respiratory mucosa were consistent with vasculitis
and granulomatous tissue formation, in addition to inflammatory cell infiltration with abundance of
eosinophils. Immunohistochemistry assay performed on the samples derived from the two CSS patients
showed a relative and remarkable increase of both MMP-2 and MMP-9 compared to controls. Such an
increase was consistent with the qPCR results which depicted a significant increase between 20 and
30% for both MMP-2 and MMP-9, respectively. Since the secretion of MMPs is an essential step in
angiogenesis, could these enzymatic factors be used as parameters to diagnose or monitor the evolution
of CSS? The small number of samples analyzed in this study does not allow us to suggest a general
statement correlating the increase in expression of MMP-2 and MMP-9 to the appearance or evolution
of vasculitis; it is only speculative.
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Churg-Strauss syndrome (CSS), also known
as eosinophilic granulomatosis with polyangiitis,
is a rare small and medium vessel necrotizing
vasculitis. The ethiology remains still unknown
(1). It occurs in people with a history of airway
allergic hypersensitivity and usually manifests in
three stages (prodromal, eosinophilic and vasculitic
stage); however, these stages do not always occur
successively and are not always distinguishable.
The third stage is vasculitis, the hallmark of Churg­
Strauss syndrome. It affects several organs including
the lungs, skin, gastrointestinal tract, kidneys,
nervous system and the heart. Cardiac involvement,
in the form of eosinophilic myocarditis and coronary
vasculitis, is responsible for one half of all deaths
in these patients (I ,2). Matrix metalloproteinases
(MMPs), a family of endopeptidases containing
zinc, are capable of degrading extracellular matrix
components. These enzymes are involved in various
physiologic processes such as cell proliferation,
migration and differentiation, angiogenesis,
reproduction, embryonic development, tissue
homeostasis and matrix remodeling (3). However,
elevated levels of MMPs have been detected in
certain autoimmune diseases (such as systemic lupus
erythematosus and rheumatoid arthritis), cancer,
cardiovascular and other inflammatory disorders
(for example, Takayasu arteritis and Wegener
granulomatosis) (4-9). Furthermore, specific
markers for diagnosis of CSS disease have not been
yet determined (10). To the best of our knowledge,
there are no data on the involvement of MMPs in
this autoimmune disorder. In this report, we describe
two patients affected by Churg-Strauss syndrome
with elevated levels of MMP-2 and MMP-9 in the
respiratory mucosa.

MATERIALS AND METHODS

Patients
Two adult male patients consulted the

otorhinolaryngology clinic at the University of Palermo
and were diagnosed with Churg-Strauss syndrome based
on various clinical and laboratory data. After the consent
of the two patients, biopsies were collected from nasal
respiratory mucosa. In parallel, biopsies obtained from
one non-Churg Strauss patient (with turbinate hypertrophy
not associated with eosinophilic vasculitis) undergoing
turbinectomy was used as a control. All the procedures

followed were in accordance with the ethical standards
of the responsible committees (institutional and national)
on human experimentation and with the Declaration of
Helsinki of 1975 (as revised in 2008). Informed consents
were obtained from all patients at the time of biopsy and
the study was approved by our local Ethics Committee.

Tissue preparation
Part of the surgically excised tissues was frozen

at -80°C for later extraction of RNA and the other part
was processed for routine microscopy observation after
fixation with 10% buffered formalin for 24 h. The paraffin
blocks were sectioned into 5-Jlm thick sections and used
either for routine histology after staining with Periodic
Acid Schiff (PAS) or Hematoxylin and Eosin (H&E)
stains, or for immunohistochemistry using the Histostain­
Plus 3rd Gen mc Detection Kit with DAB as substrate
(Invitrogen ).

PAS reaction
Likely, the most common application for Schiff's

reagent is the Periodic Acid Schiff, or PAS, reaction.
This is a technique for the detection of carbohydrates
in tissue sections. The purpose of the periodic acid is to
oxidise some of the tissue carbohydrates. This produces
aldehyde groups which can then condense with Schiff's
reagent forming a bright red coloration. The latter
reveals the tissue component to which the carbohydrate
moiety is attached. Tissue sections, 5-Jlm thick, were
heated in a thermostat at 60°C for 30 min, deparaffinized
and hydrated to deionized water, then immersed in
Periodic Acid solution I% for 5 min at room temperature.
The slides were then rinsed several times in distilled
water, immersed in Schiff's reagent for 15 min at room
temperature, washed in running tap water for 5 min and
counterstained in Hematoxylin solution for 90 sec. Finally
the slides were rinsed in running tap water, dehydrated,
cleared and mounted in xylene based mounting medium.

Immunohistochemistry
Serial sections, 5-Jlm thick, were cut on Leica

microtome RM2145, dried overnight at 37°C and then
stored at room temperature. The following day, the slides
were dewaxed and rehydrated by sequential immersion in
a graded series of alcohols and transferred into water for
5 min; to inhibit any endogenous peroxidase activity the
slides were treated for 5 min with peroxidase quenching
solution in hydrated incubation enclosure at room
temperature. Subsequently, the slides were transferred to
PBS (Na2HP04

' KHl04, KCI, NaCI pH 7.4 - 7.6) at room
temperature. The following protocol was realized using
Histostainf-Plus 3rd Gen IHC Detection Kit with DAB
chromogen as substrate (Invitrogen). After rinsing with



Int. J. Immunopathol. Pharmacol. 301

PBS for 4 min, the sections were incubated with a blocking
solution for 10 min and then incubated overnight at 4°C
with rabbit anti-mouse MMP-9, full length polyclonal
antibody (Chemicon International) diluted 1:100,
and mouse anti-human MMP-2 monoclonal antibody
(Millipore, USA) diluted 1:100. After incubation, any
excess antibody was removed by washing with PBS for
5 min and the sections were incubated with biotinylated
secondary antibody for 20 min at room temperature.
Unbound antibody was removed by washing (2x with
PBS, 5 min each), followed by Streptavidin-Peroxidase
conjugate for 10 min, and to reveal the reaction DAB
chromogen in substrate buffer was added for 5 min and
stopped in distilled water. The slides were removed
from the water and mounted with one drop of aqueous
mounting medium (DAKO Faramount). Negative controls
were performed by omission of primary antibody, and
by incubating sections with antiserum saturated with
homologous antigen. Finally, the sections were observed
with Laborlux S Microscope. Densitometric quantification
of MMP-2 and MMP-9 expression was performed by
image analysis using Photoshop C96 software valuating
15 sections for each patient.

Image analysis
The immunohistochemical specimens were examined

using a Leica Laborlux S Microscope (Leica Microsystem
GmbH Wetzlar, Germany) with a Leica MM AF Imaging
System. Each sample was analyzed with a double-blind
system and two different operators. Moreover, the results
were compared to an image analysis obtained from TIF
files. Adobe Photoshop CS6 extended (Adobe System Inc,
San Jose, CA) was used to elaborate images and perform

Table I. Comparison ofMMP-2 and MMP-9.

an image analysis (15-16). After the conversion, image
color profile from RGB to CMYK chose the yellow
channel because the literature indicates that it has the
best linear response to color intensity and thus to protein
presence (17). The quantification of colorimetric staining
has been represented using a score with values from +1
to +5 (17-19) in ten positive areas of a 40x field (Table I).

Extraction ofRNA
Extraction of mRNA was performed using RNeasy

Mini Kit (50) from Qiagen. RNA concentration was
determined by measuring absorption at 2601280 nm.
Tissues were rinsed twice with PBS, crashed and
trypsinized, then collected in 15 ml falcon tube and
centrifuged. The supernatant was removed and the cells
were resuspended with 600 IIIoflysis buffer and the steps
followed until the RNA extraction.RNA was eluted in a
final volume of 50 III of sterile nuclease-free water as
recommended by the manufacturer and stored at -80°C.

cDNA synthesis
A final volume of 20 III of DNA was synthesized by

mixing 2 III of dNTP, 4 III of 5x reaction buffer, 1 III of
reverse transcriptase enzyme (for ImProm II), 1 III of
RNase Inhibitor, 8 IIIof RNA (RNA concentration of 0.1
ug/ul), 2 III of MgCl

2
(PROMEGA) and 2 III of random

primer (AMBION). After incubation at room temperature
(RT) for 10 min, the mixture was left at 37°C for 1 hand
10 min at 70°C for enzyme inactivation. Concentration
was determined from absorbance values at a wavelength
of 260 nm using a BioPhotometer (Eppendorf, UK).
cDNA template was used to perform qPCR mixing of 5
IIIofcDNA and 45 IIIof nuclease-free water.

MMP-2 MMP-9

CSS samples +++++ CSS samples +++++

Control samples ++ Control samples ++

Colorimetric quantification (10 positive areas in 40xfield)

Table II. List ofprimers usedfor qPCR.

Primer name Primer sequence productsize

MMP-2 humanforward TGA TGG TGT CTG CTG GAA AG 280bp

MMP-2 human reverse GACACG TGA AAA GTG CCT TG

MMP-9 humanforward CATTTCGAC GATGAC GAG TTG 554bp

MMP-9 human reverse AAG CCC CAC TTC TTG TCG CT

GAPDH humanforward GAG TCA ACGGAT TTG GTG GT 238bp

GAPDHhumanreverse TTGATTTTGGAGGGA TCTCG
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qPCR
For the quantitative analysis , Rotor Gene Q-series

software was used. A total volume of 10 III was made with
5 III ofSensimix-Syber green (Quantace SensiMix SYBR
Kit), 0.2 III F-primer, 0.2 III R-primer and 4.6 III of cDNA
template . The experiments were performed in triplicate
and the means of the results were normalized using
as reference gene human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) . qPCR was performed with the
following conditions : 10 min 95°C initial denaturation,
cycling 40 x 15 sec 95°C denaturation, 60°C x 30 sec
primers, annealing/elongation and a final extension of
n oc x 30 sec. A melting curve analysis was performed
at each PCR by gradually increasing the temperature from
60°C to 95°C. A single pick at the melting temperature
of the PCR- product confirmed the primer specificity and
RNA purity. Primers from SIGMA were designed using
the Primer Blast software from NCBI for the amplification
ofgene fragments ofaround 40 to 200 bp and an annealing
temperature of60°C (Table II).

RESULTS

As shown in Fig. 1 A and S, the histopatological
alterations, detected after H&E and PAS staining,
confirmed the clinical diagnosis of CSS. They
depicted a thickening of the vessel wall with
inflammatory cell infiltrate, in particular eosinophilic
cells. On the other hand, the immunostaining for
MMP-2 and MMP-9 was highly expressed in the
CSS tissues compared to the normal Fig.l C and D.
The immunoreactivity appeared more as isolated
microgranules inside the cytoplasm of epithelial ,
endothelial and some connective tissue cells, in
conformity with previous reports (11). In the control
tissue, the expression of MMP-2 was present, but
to a significantly lesser extent than the CSS tissue .
However, the MMP-9 staining was not detected in
the endothelium of the normal tissue while it was

B

Fig. 1.A) Routine histological analysis through H&E staining ofChurg-Strauss sample. Note the infiltration ofinflamma­
tory cells (arrow). B) PAS reaction shows the inflammatory granuloma in Churg-Strauss. C) The immunohistochemistry
for MMP-2 depicts a generalized expression. D) The immunohistochemistryfor MMP-9 depicts a generalized expression.
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Fig. 2. qPCR expression of MMP-2 and MMP-9 in normal and CSS samples. Note the increase in expression of both
MMPs compared to control (P<O.05).

significantly expressed in the endothelial cells from
the CSS. The MMP-9 staining was also detected
around epithelial and endothelial cells and, much less
so, around connective tissue cells. When comparing
the expressions of both MMPs, that of MMP-9 was
significantly stronger than the expression of MMP-2
in the CSS. Moreover, the quantitative polymerase
chain reaction revealed a significant increase in gene
expression of both MMPs in the CSS compared to
normal control. Such an increase was significant and
ranged between 20 to 30% more than normal control
for both MMP-2 and MMP-9, respectively (Fig.2).

DISCUSSION

The aim of this work is to investigate the
expression of two Gelatinases (MMP-2 and MMP­
9) in normal respiratory mucosa and respiratory tract
tissue oftwo patients suffering from CSS. This study
can contribute to establishing some molecular
parameters for better diagnosis and to monitor the
evolution of the CSS syndrome. The remarkably
higher expression of MMP-2 and MMP-9 detected
through immunohistochemistry and qPCR, in CSS
tissues compared to control could be related to
the remodeling of the extracellular matrix which
takes place both in physiological and pathological
conditions (12, 13). Our data show a remarkably
significant increase (P < 0.05) in expression for
these two enzymes in CSS. Such an up-regulation
could suggest that, in pathological conditions ,

metalloproteinases are more involved in degradation
and remodeling . This phenomenon could perhaps
explain some mechanisms leading to the modification
of the blood microcirculation and thickening of the
vessel wall in Churg-Strauss Syndrome. Such results,
in line with what is widely reported, indicate that
MMPs may contribute to the development of many
pathologies. MMP-2 and MMP-9 are particularly
involved in vascular remodeling, inflammation,
angiogenesis and metastasis (12, 13). The absence
of endothelial MMP-9 in normal respiratory mucosa
confirms the finding by others that endothelial cells
do not constitutively secrete this enzyme (14),
but the positivity of MMP-9 on CSS endothelial
cells seems to be a clear sign that in pathological
condition MMP-9 is largely expressed and confirms
its role in remodeling of vessels and angiogenesis.
Could MMP-9 be used as a specific diagnostic or
monitoring parameter? To answer such an important
question more biopsies from CSS and controls are
needed.
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