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Abstract. —- OBJECTIVE: We investigated the
role of matrix metalloproteinase-2 (MMP-2) and
MMP-9 in nasal polyp (NP) pathogenesis.

PATIENTS AND METHODS: In group 1 (n =
24), polyp specimens were obtained from max-
illary sinus, ethmoid sinus, and nasal cavity. In
group 2 without NP (control) (n = 11), inferior tur-
binate samples were taken. Inflammatory cell
count and MMP2, MMP9 and tissue inhibitor of
metalloproteinase-1 (TIMP-1), positivity indexes
(Pls) were evaluated.

RESULTS: Granulocyte and mast cell-MMP2
and MMP9-PI were higher than the rate of mono-
cyte-MMP2-Pl and monocyte-MMP9-PI, respec-
tively, in the ethmoid sinus, maxillary sinus, and
nasal cavity. Mast Cell-TIMP1-Pl was higher than
the rates of granulocyte-TIMP1-Pl and mono-
cyte-TIMP1-Pl in the maxillary sinus and was
higher than the rate of monocyte-TIMP1-Pl in the
ethmoid sinus.

CONCLUSIONS: Excessive MMP2 and MMP9,
compared to TIMP1, are present in granulocytes
and mast cells, respectively. With matrix MMPs,
the extracellular matrix is destroyed, leading in-
flammatory cells to pass through, causing pol-
ypoid degeneration.
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Introduction

Nasal polyps appear as grape-like structures in
the nasal cavity. The stroma of mature polyps is
mainly characterized by its edematous nature and
consists of supporting fibroblasts and infiltrating

[6]

inflammatory cells, localized around “empty”
pseudo cyst formations'?. The common epithelial
type in the polyp tissue is pseudo stratified cili-
ated cylindric epithelium, which contains goblet
cells. Moreover, mast cells and eosinophils may
have a role in the inflammatory processes, lead-
ing to nasal polyposis formation®*.

Matrix metalloproteinases (MMPs) are a sub-
family of zinc- and calcium-dependent enzymes
belonging to the metzincin superfamily. The two
gelatinases (MMP-2 and -9) contain three Fnll-
like repeats in their catalytic domain. Most of
the MMPs are secreted as proenzymes and their
activation occurs in the pericellular and extra-
cellular space. Various MMPs are localized also
inside the cells. This may partly explain the abil-
ity of some MMPs to process intracellular pro-
teins and further demonstrates the complex roles
of MMPs under physiological and pathological
conditions®”.

Di Lorenzo et al® reported that chronic eosino-
phil mucosal inflammatory disease in NP involves
a self-sustaining mechanism, i.e., local release of
inflammatory mediators, independent of allergen
stimulation of nasal mucosa. Increased release of
inflammatory mediators contributes to the devel-
opment of nasal polyps, determining edema and
an increased recruitment of inflammatory cells.
As well as eosinophils, mast cells also play a key
role in this process. Takasaka et al’ reported neu-
trophils (PMN) migration and attachment to the
basal lamina and accelerated degranulation of
mast cells.

The question remains as to why “ballooning”
of mucosa develops in polyposis patients and not
in all rhinosinusitis patients. Nasal polyps have a

Corresponding Author: Nuray Bayar Muluk, MD; e-mail: nbayarmuluk@yahoo.com;

nurayb@hotmail.com



MMP2, MMP9 and TIMP-1 in nasal polyps

strong tendency to recur after surgery even when
aeration is improved'’. In the present study, we in-
vestigated the inflammatory cells of nasal polyps:
granulocytes, monocytes, and mast cells. We also
investigated the distribution of MMP2, MMP9
and TIMP-1 in the inflammatory cells of the nasal
polyps to evaluate the pathogenesis.

Patients and Methods

This study was conducted at the Ear Nose
Throat (ENT) Department of Kirikkale Univer-
sity Medical School. The immunohistochemical
staining and light microscopic examination were
performed at the Pathology Department of Kirik-
kale University Medical School. All the stages
of the study were planned and conducted with
the approval of the Kirikkale University Facul-
ty of Medicine Local Ethics Committee (Date:
23.03.2009, No.: 2009/028) according to the prin-
ciples outlined in the Declaration of Helsinki.
This study was supported by the funds provided
by Kirikkale University Scientific Research Proj-
ects Unit (2009/16).

Subjects

The nasal polyp group was comprised of the
patients examined in the Otolaryngology Depart-
ment of Kirikkale University Medical School.
They used topical corticosteroid nasal spray for
at least 6-week duration, and if the pathology per-
sisted, an operation was performed. This study
group consisted of 24 adult patients (21 male, 3
female) with nasal polyps, who underwent Func-
tional Endoscopic Sinus Surgery (FESS). The
mean age of the patients was 45.97 + 11.60 years
(range: 23-70 years).

The control group consisted of 11 adult pa-
tients without nasal polyps (6 male and 5 fe-
male), who underwent septoplasty operation.
The mean age of the control subjects was 29.90
+ 14.22 years (range: 18-56 years). No accompa-
nying diseases were determined in the patients
or the subjects'"!>,

For the study and control group, retrospective
data (data and previously prepared slides)!''
were used in the other studies of the authors
which were published'">. The difference of this
study was to evaluate the distribution of MMP2,
MMP9 and TIMP-1 in the inflammatory cells of
the nasal polyps and the retrospective data relat-
ed to these topics were used.

Methods
Questionnaire

Anterior and posterior nasal discharge, nasal
congestion, cough, facial and dental pain, halito-
sis, paroxysmal nocturnal coughing spells, sore
throat, fever, olfactory loss, headache and ear
pain knowledge were evaluated''6.

Endoscopic examination

Endoscopic examination with 0° and 30° endo-
scopes were performed in the Endoscopy Unit of
ENT Department of Kirikkale University Medical
School. Discharge (none, clear and thin, thick, pu-
rulent), mucosal status (normoplasia, light hyper-
plasia with no erythema, hyperplasia)'’, anatomic
abnormalities (septal deviation, lateral rotation of
the uncinate process, turbinate hypertrophy and
other anatomic abnormalities)'®, and localization
and size of the polyps were examined''">.

In preoperative nasal endoscopic examination
of the study group, appearances of nasal polyps
were staged based on Lawson’s criteria (1991)'® as
Stage 0: No polyp presented, Stage 1: Polyp under
the medial turbinate that was detected by endos-
copy, Stage 2: Protruding polyp in the medial tur-
binate that was detected without using endoscopy,
Stage 3: Massive polyposis.

Computed tomography

By axial and coronal sections of the paranasal
sinuses, in the nasal polyp group, locations and
sizes of the polyps in the nasal cavity and parana-
sal sinuses were evaluated. In addition, pan-pol-
yposis, septal deviation, concha bullosa, lateral
rotation of the uncinate process, prominent eth-
moid bulla, and other anatomic abnormalities'
were also investigated. In the control group, eval-
uations were made using both coronal and axial
computed tomography images' .

Operation

All the patients in the study group underwent
FESS for nasal polyposis. Biopsies were per-
formed under general anesthesia. Samples were
obtained from macroscopically observed polyp-
oid areas. Specimens including polyp tissue were
excised from 3 regions: nasal cavity, maxillary
and ethmoid (anterior and posterior) sinuses. The
specimens were examined at x400 magnification
under light microscopy, and only the slides with
polypoid tissue were included in the study. The
tissues, which were edematous and rich in ves-
sels; had severe inflammatory cells and showed
polypoid development, were included in the study
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as the polyp group. Slides including chronic in-
flammatory process without polypoid tissue were
excluded from the study. Finally, the study group
consisted of the specimens from three regions:
the ethmoid sinuses (including 16 specimens), the
maxillary sinus (including 10 specimens), and the
nasal cavity (including 10 specimens).

In the control group, specimens were collect-
ed via punch biopsies from the inferior turbinates
during septoplasty operation, and 11 specimens
were included in the control group!''>.

Immunohistochemical staining

In the study and control groups, surgical spec-
imens were examined by immunohistochemical
staining technique with monoclonal antibodies
against MMP-2, MMP-9 and TIMP-1. In each of
the surgical specimens, the rate of MMP-2, MMP-
9 and TIMP-1 positivity were evaluated at a 3-4
high magnification field under light microscope
and inflammatory cell count [Mast cells, granulo-
cytes and other mononuclear cells (lymphocytes
and plasma cells)] were assessed by counting a to-
tal of 100 cells consisting of inflammatory cells at
3-4 high magnification field, and the means were
calculated. Eventually, in each inflammatory cell
group (mast cells, granulocytes and other mono-
nuclear cells), the means of the MMP2+ cells,
MMP9+ cells, and TIMP-1 (+) cells per 100 cells
at a high magnification field (x400) were detected.

Immunohistochemical
Staining Technique

Sections of 5 u thickness were obtained, trans-
ferred to adhesive slides, and dried in autoclave
at 37°C overnight and at 60°C for 20 minutes.
They were deparaffinized and dehydrated by im-
mersion into xylene, twice for ten minutes and
in alcohol, twice for ten minutes. The specimen
was then incubated in 3% H, O, for five minutes
to inhibit endogenous peroxidases. The prepara-
tions were transferred into citrate-based antigen
retrieval solution (Dako; Glostrup, Denmark; pH:
6) for MMP2, MMP9 and TIMP-1 antigens (Lab
Vision Corporation Neomarkers, Fremont, CA,
USA). All slides were kept in microwave oven
(750 watts) twice for five minutes. By using Shan-
don Sequeza Tm (Sequenza, Shandon, Amster-
dam, The Netherlands), manual staining device
for standardization, classical Streptavidine Avi-
din-Biotin-Peroxidase (Strept. AB-Peroxidase)
method and diaminobenzidine (DAB) chromogen
(20 minutes) were applied for immunohistochem-
ical analysis of three antibodies. Non-immune

mouse serum served as a negative control and
Mayer’s haematoxylin was used as counterstain.
Cytoplasmic staining was considered evidence of
positivity.

The slides were reviewed by an expert pa-
thologist. In each slide, the number of MMP2+,
MMP9+ and TIMP-1+ inflammatory cells [Mast
cells, granulocytes and other mononuclear cells
(lymphocytes and plasma cells)] were counted
under a light microscope (Leica, Wetzlar, Mann-
heim, Germany) per 100 cells at 3-4 high magni-
fication field. The means of the cell counts were
calculated. MMP-PI for MMP-2, MMP-9 and
TIMP-1 were detected at a scale of 0-3 in a SE
and deep layers of the lamina propria.

Positivity index (Pl)

For the quantitative assessment of MMP2,
MMP9 and TIMP-1 expressions, staining in the
inflammatory cells (mast cells, granulocytes and
other mononuclear cells) were assessed by count-
ing a total of 100 cells consisting of inflammato-
ry cells at a 3-4 high magnification field and the
means were calculated. Eventually the means of
the MMP2+ cells, MMP9+ cells, and TIMP-1+
cells per 100 cells at a high magnification field
(x400) were detected. Scoring was performed on
a 0-3 scale, where 0 represented negative stain-
ing; 1, weakly positive; 2, positive; and 3, strongly
positive:

PI 0 means that antigen (MMP2, MMP9, and

TIMP-1) + cell count was 0% (no stained cells);
PI 1 means that antigen (MMP2, MMP9, and

TIMP-1) + cell count was < 5%;

PI 2 means that antigen (MMP2, MMP9, and

TIMP-1) + cell count was 5-50%;

PI 3 means that antigen (MMP2, MMP9, and

TIMP-1) + cell count was > 50%;

The inflammatory cells (mast cells, granulo-
cytes and other mononuclear cells) of the lamina
propria were evaluated.

Statistical Analysis

The data obtained in the study were analyzed
using SPSS for Windows 16.0 software (SPSS
Inc., Chicago, IL, USA). For evaluation of the
differences among the four groups (ethmoid si-
nus, maxillary sinus, nasal cavity and control)
Kruskal-Wallis variance analysis was used. Kru-
skal-Wallis variance analysis was used to deter-
mine the differences between inflammatory cell
counts (%); MMP2; MMP9; and TIMP-1 positivi-
ty of inflammatory cells. When a statistically sig-
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nificant result was found, pair-wise comparisons
were performed to find the value which caused
the difference by Wilcoxon Signed Ranks Test
with Bonferroni Correction. To analyze the cor-
relations, Pearson’s Correlation Test or Spear-
man’s Correlation Rho Efficient test were used.
p < 0.05 was considered statistically significant.

Results

Inflammatory cell count (%), MMP2, MMP9
and TIMP-1 positivity index levels of the inflam-
matory cells (Figures 1-4) in the ethmoid sinus,
maxillary sinus, nasal cavity and control groups
were shown as mean =+ standard deviation and
minimum and maximum in Table I.

The differences between all four groups (eth-
moid sinus, maxillary sinus, nasal cavity and
control) for inflammatory cell count (%) (gran-
ulocytes, monocytes and mast cells) and for
MMP2 positivity of inflammatory cells (granulo-
cyte-MMP2-PI, monocyte-MMP2-PI, mast cell-
MMP2-PI), MMP9 positivity of inflammatory
cells (granulocyte-MMP9-PI, monocyte-MMP9-
PI, mast cell-MMP9-PI) and TIMP-1 positivity
of inflammatory cells (granulocyte-TIMP-1-PI,
monocyte-TIMP-1-PI, mast cell-TIMP-1-PI) sep-
arately were analyzed by Kruskal-Wallis’ vari-
ance analysis (Table I):

* For inflammatory cell count (%), statistically
significant difference was found in the granu-

* For MMP2 positivity, the difference was statis-
tically significant in granulocyte-MMP2-PI (p
= 0.002); and mast cell-MMP2-PI (p = 0.003).
For MMP9 positivity, the difference was statis-
tically significant in granulocyte-MMP2-PI (p =
0.000); and mast cell-MMP2-PI (p = 0.001) (Ta-
ble I).

To find the value which caused the difference,
pair-wise comparisons were performed by Wil-
coxon Signed Ranks Test with Bonferroni Cor-
rection (Table II).

* For inflammatory cell count (%), granulo-
cyte values of the ethmoid sinus (p = 0.003, z
= -2.940) and maxillary sinus (p = 0.012, z =
-2.524) were significantly higher than the gran-
ulocyte value of the control group.

For MMP2 positivity, granulocyte-MMP2-PI
values of the ethmoid sinus (p = 0.010, z =
-2.565) and nasal cavity (p = 0.011, z = -2.537)
were significantly higher than that of the con-
trol group.

Mast cell-MMP2-PI value of the nasal cavity
(p = 0.011, z = -2.549) was significantly higher
than that of the control group.

* For MMP9 positivity, granulocytes-MMP9-PI
values of the ethmoid sinus (p = 0.004, z =
-2.913) and nasal cavity (p = 0.007, z = 2.701)
were significantly higher than that of the con-

locytes (p = 0.000). trol group.
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Figure 1. Inflammatory cell count (%) in the ethmoid sinus, maxillary sinus, nasal cavity and control groups.



N. Bayar Muluk, O.K. Arikan, P. Atasoy, R. Kilic, E. Tuna Yalcinozan

—{
A
3
\
A
\
]

@ Granulocyte-MMP2-PI
& Monocyte-MMP2-Pi

O Mast Cell -MMP2-PI

MMP2 Positivity Index

Mast Cell -MMP2-PI

Monocyte-MMP2-Pi Inflammatory cells

Ethmoid ‘ Granulocyte-MMP2-PI

Sinus

Maxillary Nasal Cavity Y
. asal Cavi
Sinus Control

Groups

Figure 2. MMP2 positivity index levels in the inflammatory cells of the ethmoid sinus, maxillary sinus, nasal cavity and
control groups.
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Figure 3. MMP9 positivity index levels in the inflammatory cells of the ethmoid sinus, maxillary sinus, nasal cavity and
control groups.
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Mast cell-MMP9-PI values of the ethmoid si-
nus (p = 0.009, z = -2.598) and nasal cavity (p =
0.006, z = 2.724) were significantly higher than
that of the control group (Table II).

For each of the four groups (ethmoid sinus, max-
illary sinus, nasal cavity and control) separate-
ly, the differences between the inflammatory cell
count (%) (granulocytes, monocytes, mast cells),
MMP2 positivity of inflammatory cells (granulo-
cyte-MMP2-PI, monocyte-MMP2-PI, mast cell-
MMP2-PI); MMP9 positivity of inflammatory
cells (granulocyte-MMP9-PI, monocyte-MMP9-
PIL, mast cell-MMP9-PI); and TIMP-1 positivity of
inflammatory cells (granulocyte-TIMP1-PI, mono-
cyte-TIMPI1-PI, mast cell-TIMP1-PI) were analyzed
by Kruskal-Wallis variance analysis (Table I).

In the ethmoid sinus, maxillary sinus, and na-
sal cavity, the differences between the inflamma-
tory cell count (%) (p = 0.001, p = 0.004 and p =
0.000 respectively); MMP2 positivity (p = 0.001,
p =0.000 and p = 0.000 respectively), and MMP9
positivity (p = 0.000, p = 0.000 and p = 0.000 re-
spectively) were statistically significant (Table I).

To determine the value which caused the dif-
ference, pairwise comparisons were performed by
Wilcoxon Signed Ranks Test with Bonferroni Cor-
rection (Table I1I):

For inflammatory cell count (%):
¢ In the ethmoid sinus, the granulocyte count (p =
0.003, z=-2.932) and monocyte count (p = 0.000,

z = -3.523) were significantly higher than the
mast cell count.

In the maxillary sinus, the monocyte count was
significantly higher than the mast cell count (p
=0.007, z=-2.677).

In the nasal cavity, the monocyte count was
significantly higher than the granulocyte count
(p = 0.007, z = -2.677); and mast cells (p =
0.007, z = -2.712) (Table III).

For MMP2 positivity:

The rate of granulocyte-MMP2-PI was signifi-
cantly higher than that of monocyte-MMP2-PI
in the ethmoid sinus (p = 0.001, z = -3.384),
maxillary sinus (p = 0.007, z=2.701) and nasal
cavity (p = 0.008, z = -2.640)

The rate of mast cell-MMP2-PI was signifi-
cantly higher than that of monocyte-MMP2-
PI in the ethmoid sinus (p =0.002, z=-3.101),
maxillary sinus (p = 0.011, z = -2.549) and
nasal cavity (p = 0.007, z = -2.714) (Table
110).

For MMP9 positivity:

The rate of granulocyte-MMP9-PI was signifi-
cantly higher than that of monocyte-MMP9-PI
in the ethmoid sinus (p = 0.000, z = -3.630),
maxillary sinus (p = 0.010, z = -2.588) and na-
sal cavity (p = 0.006, z = -2.739)

The rate of mast cell-MMP9-PI was signifi-
cantly higher than that of monocyte-MMP9-
PI in the ethmoid sinus (p = 0.001, z = -3.354),

Table Ill. Pairwise comparisons by Wilcoxon Signed Ranks Test with Bonferroni Correction*.

Nasal cavity Maxillary sinus Ethmoid sinus
z P z P z P
Inflammatory cell count (%)**
Granulocyte - Monocyte -2.677 0.007 -1.849 0.064 -1.890 0.059
Granulocyte -Mast cell -1.846 0.065 -1.897 0.058 -2.932 0.003
Monocyte -Mast cell -2.712 0.007 -2.677 0.007 -3.523 0.000
MMP2
Granulocyte-MMP2-PI and Monocyte -MMP2-PI -2.640 0.008 -2.701 0.007 -3.384 0.001
Granulocyte-MMP2-PI and Mast Cell -MMP2-PI -1.732 0.083 -0.707 0.480 -0.137 0.891
Monocyte -MMP2-PI and Mast Cell -MMP2-PI 2714 0.007 -2.549 0.011 -3.101 0.002
MMP9
Granulocyte-MMP9-PI and Monocyte-MMP9-PI -2.739 0.006 -2.588 0.010 -3.630 0.000
Granulocyte-MMP9-PI and Mast Cell -MMP9-PI -1.342 0.180 -1.342 0.180 -2.309 0.021
Monocyte—MMP9-PI and Mast Cell -MMP9-PI -2.879 0.004 -2.588 0.010 -3.354 0.001
TIMP1
Granulocyte-TIMP1-PI and Monocyte ~-TIMP1-PI -1.414 0.157 -1.000 0.317 -0.378 0.705
Granulocyte-TIMP1-PI and Mast Cell -TIMP1-PI -2.271 0.023 -2.456 0.014 -2.220 0.026
Monocyte -TIMP1-PI and Mast Cell -TIMP1-PI -2.070 0.038 -2.460 0.014 -2.565 0.010

*p <0.0175 was statistically significant. **Inflammatory cell counts were assessed by counting a total of 100 cells consisting of
mainly inflammatory cells at 3-4 high magnification field and the means were calculated.
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maxillary sinus (p = 0.010, z = -2.588) and na-
sal cavity (p = 0.004, z = -2.879) (Table I11).

For TIMP-1 positivity:

* In the maxillary sinus, the rate of mast cell-
TIMP-1-PI was significantly higher than that of
granulocyte-TIMP-1-PI (p = 0.014, z = -2.456).

e The rate of mast cell-TIMP-1-PI was signifi-
cantly higher than that of monocyte-TIMP-1-
PI in the ethmoid sinus (p = 0.010, z = -2.565)
and maxillary sinus (p = 0.014, z = -2.460)
(Table III).

In the study group, correlations between age,
polyp duration, Brinkman Index and each of the
inflammatory cell count and MMP?2 positivity in-
dex levels of the inflammatory cells (Table 1V)
and MMP9 and TIMP1 positivity index levels
(Table V) in the ethmoid sinus, maxillary sinus
and nasal cavity were analyzed by Pearson Cor-
relation Test. Correlations between gender, smok-
ing status, each of the inflammatory cell count,
MMP?2 positivity index levels in the inflammato-
ry cells (Table IV), MMP9 and TIMPI positiv-
ity index levels (Table V) in the ethmoid sinus,
maxillary sinus, and nasal cavity were analyzed
by Spearman Correlation Rho Efficient:

» With increased age, the rate of mast cell-MMP9-
PI increased in the ethmoid sinus (p = 0.040, r =
0.519), while the rate of monocyte-MMP9-PI de-
creased in the nasal cavity (p = 0.040, r =-0.654).

* In the ethmoid sinus, the rate of monocyte-
TIMP-1-PI decreased in males and increased in
females (p = 0.006, r = -0.655).

* With increased polyp duration, the rate of gran-
ulocyte-MMP2-PI increased in the ethmoid si-
nus (p = 0.028, r = 0.630) and decreased in the
maxillary sinus (p = 0.025, r = -0.816).

* In the patients who smoked, the mast cell count
decreased in the maxillary sinus (p = 0.046, r=
-0.764).

Histopathologic Findings

On light microscopy examination, pseudo strat-
ified ciliated epithelia were present in the majority
of the polyps, and a very small ratio of the polyps
were also lined with metaplastic epithelium. In all
the samples, mononuclear cells (lymphocytes and
plasma cells) were predominant compared to other
inflammatory cells (granulocytes and mast cells).
Inflammatory cells had a tendency to locate around
the blood vessels. Stromal edema was also seen.

In the MMP2 and MMP9 stained sections,
strong positivity was specifically detected in

granulocyte and mast cell cytoplasms. In the
mononuclear cells, there was either no or mini-
mally positive staining (Figures 5-6). TIMP-1
expression was significantly lower compared to
MMP2 and MMP9 expressions. It was prominent
in the mast cell cytoplasms and was minimal in
the other inflammatory cells (Figure 7).

Discussion

Nasal polyps consist in loosing connective tis-
sue, edema, inflammatory cells and some glands
and capillaries, and are covered with varying
types of epithelium, mostly respiratory pseudo
stratified epithelium with ciliated cells and goblet
cells. Eosinophils, neutrophils, mast cells, plasma
cells, lymphocytes and monocytes are also pres-
ent, as well as fibroblasts, in nasal polyps'2.

MMPs are the major proteolytic enzymes in-
volved in extracellular matrix (ECM) damage or
repair’’. MMP-2 and MMP-9 have catalytic site of
the enzymes which cause the degradation of mac-
romolecules such as elastin, gelatin and collagens
IV, V and XI?"?. In nasal polyposis, the presence
of MMP-9 positive inflammatory cells around
and inside the pseudocyst formation shows their
direct role in the degradation of the ECM. Once
chemo-attracted, both inflammatory and endo-
thelial cells express MMPs for diapedesis and
help the inflammatory cells to migrate inside the
ECM. In function of the affected tissue or the un-
derlying disease, different kinds of MMP/TIMP
balances can be found: imbalance or co-regula-
tion?’.

In the present study, the rates of granulocyte
(ethmoid sinus and maxillary sinus); mast cell-
MMP2-PI (nasal cavity); granulocyte-MMP2 and
MMP9-PIs, and mast cell-MMP9-PI (ethmoid si-
nus and nasal cavity) were higher than the control
group. The granulocyte, monocyte count (eth-
moid sinus) and the monocyte count (maxillary
sinus) were higher than the mast cell count. In
the nasal cavity, the monocyte count was higher
than granulocyte and mast cell counts. Granulo-
cyte and mast cell MMP2 and MMP9-PIs were
higher than monocyte-MMP2 and MMP9-Pls
(ethmoid sinus, maxillary sinus and nasal cavity).
Mast cell-TIMP-1-PI was higher than granulocyte
and monocyte TIMP-1-PIs (maxillary sinus); and
monocyte-TIMP-1-PI (ethmoid sinus).

As seen in Figures 2, 3 and 4, in the ethmoid
sinus, maxillary sinus and nasal cavity polyps,
the rates of granulocyte-PI (MMP2, MMP9) and
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MMP2, MMP9 and TIMP-1 in nasal polyps

Figure 5. Immunohistochemical staining for MMP2 in
polyp sample displaying expression in granulocytes around
the blood vessels. Stroma is diffusely edematous. There is
intense, diffuse and scattered mononuclear cell infiltration;
but in these cells MMP2 positivity cannot be observed
(x100).

mast cell-PI (MMP2, MMP9) are higher than the
rate of TIMP-1-PI of granulocytes and mast cells.
The rate of mast cell-TIMP-1-PI was approxi-
mately half of the rate of the mast cell-PI (MMP2,
MMP9) and was approximately 1/5-1/6 of the
granulocyte-PI (MMP2, MMP9). TIMP-1 is the
inhibitory enzyme of MMPs. Finally, with high-
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Figure 6. Immunohistochemical staining for MMP9 in
polyp sample displaying cytoplasmic MMP9 positivity in
granulocytes and mast cells. Both cell groups are dispersed
in the subepithelial region and also, more intensely located
around the blood vessels of the deep layers of the lamina
propria. Intense mononuclear cell infiltration is observed
around the blood vessels, whereas in mononuclear cells,
MMP9 positivity is observed less. Subepithelial edema is
also seen (x200).

Figure 7. Immunohistochemical staining for TIMP-1 in
polyp sample displaying expression in mast cell cytoplasm.
In the subepithelial layer, predominantly mononuclear cell
infiltration is observed. However, in the mononuclear cells
and granulocytes, TIMP-1 expression and staining are
absent or minimally positive (x200).

er rate of MMP than the rate of TIMP-1 (MMP/
TIMP-1 value increased), the MMPs cannot be
inhibited; and net MMP value increases in the
cells and tissues. In the present study, especial-
ly excessive MMP2 and MMP9, compared to
TIMP-1, were primarily detected in the granulo-
cytes, followed by mast cells.

The MMP2 and 9 are able to degrade most
ECM proteins by their catalytic domain®-?’. In
addition, they can process a large number of non-
ECM proteins, such as growth factors, cytokines,
chemokines, cell receptors, serine proteinase in-
hibitors®. In our study, we may conclude that with
the help of matrix metalloproteinases in gran-
ulocyte and mast cells, destruction of the ECM
occurs, which might lead to other inflammatory
cells to pass through.

Various cell types can store pro- and active
MMP2 and MMP9, as well as their activators, in
intracellular small exocytic vesicles. These ves-
icles may be actively propelled along microtu-
bules towards the plasma membrane by the motor
protein kinesin. Shedding of such vesicles may
be a way of achieving rapid, directional proteol-
ysis during cell migration, invasion or during 3D
morphological organization in the process of an-
giogenesis®. This effect may play a role in polyp
pathogenesis by inducing angiogenesis; therefore,
new inflammatory cells migrate into this region
initiating polypoid degeneration process.

Components of ECM are laminin, proteogly-
can, fibrillary collagens, elastin and hiyaluronan®.
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Granulocytes contain granules and non-inhibited
MMP2 and MMP9; and by the help of these en-
zymes, ECM is disintegrated. In ECM, spaces or
tunnels are created, and thus, a channel is opened
for inflammatory cells to migrate and to move in.

Mast cells play a role in IgE dependant hy-
persensitivity. In the pathogenesis of nasal pol-
yps, they can work in IgE-mediated reactions.
Mast cells also have granules in their cyto-
plasms. Enzymes in these granules and their
MMP2 and MMP9 enzymes also work for ECM
disintegration and polyp development. Our re-
sults were similar to the results of the study by
Takasaka et al’. They reported that nasal pol-
yps commonly contained many inflammatory
cells such as neutrophils (PMN), eosinophils,
plasma cells, mast cells, lymphocytes and mac-
rophages. They also suggested that mast cell
degranulation plays an important role in the
formation of nasal polyps.

Mast cells and basophils contribute to induction
and/or maintenance of eosinophilic inflammation
by a variety of mechanisms, including IgE-de-
pendent and IgE-independent processes; and they
contribute to inflammation both directly through
the release of inflammatory mediators, cytokines
and growth factors and indirectly through the
activation of structural cells; and have particu-
larly important position in the pathogenesis and
progression of NP*°. Degranulated mast cells oc-
curred much more in the deep stroma than in the
part near the surface of the polyp; and the pedicle
of the nasal polyp had more mast cells and more
degranulated ones than did the body and apex.
Thus, the pedicle is probably more important in
the etiology of polyp formation in nasal mucosa
than the body and apex from the viewpoint of
the activity of histamine from degranulated mast
cells on the blood vessels and nasal glands.

In the present study, monocytes (lympho-
cytes and plasma cells) are inflammatory cells
that occurred more than granulocytes and mast
cells in polyp tissue (Figure 1). These cells do not
have phagocytosis feature; and their MMP2 and
MMP9 contents are very low (Figures 2 and 3).
They do not have a role in polyp pathogenesis by
the MMPs. These cells increased at the presence
of antigenic stimuli, and they migrated into the
medium. Plasma cells produced antigen-specific
antibodies. By the disintegration of ECM with
granulocytes and mast cells, a channel is pro-
duced and opened for monocytes to move into the
ECM easily. These cells may play a role in polyp
pathogenesis through this mechanism.

Nasal secretion of NP patients contained degen-
erative epithelial cells and neutrophils, activated
lymphocytes, monocytes and eosinophils in con-
trast to normal individuals. Local hyperactivation
of T- and B-lymphocytes as well as neutrophils
may contribute much into nasal polyp formation®'.
Kong et al*? reported that the number of eosino-
phils, CD68S positive cells and monocytes were sig-
nificantly higher in nasal polyp tissues than in the
normal controls. They suggested that infiltration
of inflammatory effector cells such as eosinophils
and chronic inflammatory changes of the nasal
mucosa might play a role in nasal polyps sprouting.

In our study, in the nasal polyp groups, in the
older patients, mast cell-MMP9-PI increased in
the ethmoid sinus and monocyte-MMP9-PI de-
creased in the nasal cavity. In the ethmoid sinus,
monocyte-TIMP1-PI decreased in males and in-
creased in females. With longer polyp duration,
granulocyte-MMP2-PI increased in the ethmoid
sinus and decreased in the maxillary sinus. This
might have caused less edematous and more fi-
brotic polyps in the maxillary sinus with pro-
longed polyp duration.

Increased nuclear gelatinolytic activity, co-lo-
calized with MMP-2, has been found* in pul-
monary endothelial cells undergoing apoptosis.
MMP-2 activation in these cells was suggested?
to be induced by reactive oxygen and nitrogen
species produced by cigarette smoke.

In the nasal polyp pathogenesis, MMP increas-
es, and related tissue remodeling may play a role
in this. Periostin stimulates gene expression of
fibroblasts’ MMP-3 and MMP-7-9 in chronic rhi-
nosinusitis. In nasal polyp remodeling, to regulate
MMP expression in the epithelial cells and fibro-
blasts, tenascin C and periostin may be included
in the procedure®.

In our study, in the smoking patients, the mast
cell count decreased in the maxillary sinus. The
difference of our study from that study may be due
to the obstruction of the maxillary sinus ostium by
polypoid tissues. Because of the obstruction in the
ostium cigarette fume may not have reached the
maxillary sinus, and thus, the mast cell counts as
well as the mast cell-related MMP2-PI decreased.

Conclusions

We investigated the role of inflammatory
cells in nasal polyp pathogenesis. Mast cells
and granulocytes have granules, containing
matrix metalloproteinases. With the help of
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matrix metalloproteinases in granulocyte and
mast cells, ECM is destroyed, which might have
led to other inflammatory cells to pass through,
causing the polypoid degeneration process. Fu-
ture studies are warranted to decrease MMP/
TIMP1 percentages. These investigations may
help to decrease MMP values in the tissues,
which will help prevent nasal polyp develop-
ment at various degrees.
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