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ABSTRACT

INTRODUCTION The imbalance between metalloproteinases (MMPs) and their tissue inhibitors
(TIMPs) may be involved in the pathogenesis of lung sarcoidosis, a granulomatous inflammatory
disease which may lead to lung fibrosis.

0BJECTIVES The aim of the study was to verify whether the expression of MMP-9, MMP-2, TIMP-1,
and TIMP-2 in peripheral lung biopsies of patients with sarcoidosis correlate with lung function tests,
radiological pattern, and bronchoalveolar lavage (BAL) cells. We compared the expression of MIVIPs
and TIMPs between patients with sarcoid-positive vs. -negative biopsy and fibrosing vs. non-fibrosing
high-resolution computed tomography (HRCT) pattern.

PATIENTS AND METHODS \We examined patients with histologically proven stage Il and Ill sarcoido-
sis (n = 17). Immunohistochemistry with antibodies against the studied molecules was performed
in the lung and bronchial tissue specimens obtained from transbronchial lung biopsies. The radio-
logical pattern was evaluated based on HRCT. The total cell number and percentage of cells were
calculated in the BAL samples.

ResuLts  MMPs and TIMPs were present in the cells of sarcoid granuloma, and were more prevalent
in the parenchyma than in the bronchi. We found no correlation between MMP-9, MMP-2, TIMP-1,
TIMP-2 and HRCT pattern or BAL cells. There were inverse associations between MMP-9 and FEV,
(% predicted), and also between MMP-2 and maximal expiratory flow 25-75% (L and % predicted)
in patients with sarcoidosis diagnosed by transbronchial lung biopsy. There were no differences
in the measured parameters between patients with and without fibrotic changes and between those
with negative vs. positive lung biopsy results.

concLusions  Our study provides an indirect evidence for a potential involvement of MMPs/TIMPs
in the sarcoid inflammation of the distal airways.

INTRODUCTION Metalloproteinases (MMPs)
and their tissue inhibitors play an important
role in the homeostasis of the extracellular ma-
trix (ECM). ECM components help to maintain
tissue integrity, regulate cell migration, and

provide a reservoir of cytokines and growth fac-
tors. An increase in MMP activity could result
in tissue destruction, possibly followed by im-
paired healing, but overexpression of tissue in-
hibitors of metalloproteinases (TIMPs) could lead
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to low physiological ECM turnover and accumu-
lation of collagen.

Both MMP-9 (gelatinase B) and MMP-2 (ge-
latinase A) represent the most extensively inves-
tigated enzymes in the context of matrix remod-
eling. The major sources of MMP-9 in the air-
ways are macrophages, eosinophils, neutrophils,
and epithelial cells. Its main potential substrates
are ECM components, especially the compo-
nents of alveolar-capillary basement membrane,
namely type IV collagen and entactin."? Dis-
ruption of the membrane may lead to an un-
controlled influx of inflammatory cells, and re-
lease of a number of degrading molecules into
the alveolar space. MMP-2 is released from fi-
broblasts, endothelial and epithelial cells, and
by the cells of macrophage lineage. It degrades
type III collagen and other interstitial colla-
gens, and thus may induce degradation of nor-
mal interstitium, followed by impaired heal-
ing.3-% The major source of TIMPs are also in-
flammatory cells, i.e., macrophages and neutro-
phils®7, epithelial cells and myofibroblasts®. In-
hibitors show partial substrate specificity, i.e.,
TIMP-1 binds to pro-MMP-9 and TIMP-2 binds
to pro-MMP-2. TIMP-2 and MMP-2 are consti-
tutively expressed, while TIMP-1 and MMP-9
can be induced by pro-inflammatory cytok-
ines. Apart from ECM components, MMP sub-
strates also include growth factor receptors?, in-
tegrins?, cytokines'?, and cytokine receptors'.
These molecules play an important regulatory
role in inflammation.

It has been suggested that the imbalance be-
tween MMPs and TIMPs is one of the possible
mechanisms leading to parenchymal lung fibro-
sis. Increased production of MMP-9 by alveolar
macrophages both in idiopathic pulmonary fibro-
sis (IPF) and sarcoidosis patients has been report-
ed.'?"3 Elevated concentrations of MMP-9 and
its close correlation with a CD4/CD8 ratio was
found in induced sputum of patients with sar-
coidosis.!* Some published data point to the im-
balance between MMPs and TIMPs in the air-
ways of asthma patients as a factor responsible
for severity and unresponsiveness to drugs due
to airway remodeling.!%'7 Serum concentrations
of TIMP-1, TIMP-2, MMP-9, and other MMPs
have been shown to correlate with various clini-
cal and laboratory inflammatory markers in rheu-
matoid arthritis.'®1?

Sarcoidosis is a granulomatous disease of un-
known origin, most typically affecting hilar lymph
nodes and lung parenchyma.? Although both ade-
nopathy and parenchymal infiltrations tend to re-
solve spontaneously, in a small proportion of pa-
tients the progression towards irreversible lung
fibrosis is observed.?!?2 Peripheral transbronchi-
al lung biopsy (TBLB) is a method of choice for
effective sampling of lung tissue in sarcoidosis.
Its high effectiveness is related to peribronchi-
al location of granulomas.?%?* High percentage
of lymphocytes, especially high CD4/CD8 ratio
in bronchoalveolar lavage (BAL) fluid, increases

the likelihood of positive diagnosis and is a good
predictor of disease activity.?* The factors which
affect the outcome and are responsible for the de-
velopment of lung fibrosis are largely unknown,
although the imbalance between MMPs and their
inhibitors may be one of them. Therefore, we de-
cided to investigate the expression of MMP-2,
MMP-9, TIMP-1, and TIMP-2 in peripheral TBLB
taken from patients suffering from lung sarcoi-
dosis, and to search for correlations with lung
function parameters, radiological findings, and
BAL fluid cell counts.

PATIENTS AND METHODS Patients We select-
ed 17 patients (6 women, 11 men, aged 41 +11
years) with histologically confirmed sarcoidosis
from a group of patients who underwent TBLB
due to disseminated lung lesions in the Depart-
ment of Pneumology and Allergy. Stage II sarcoi-
dosis was diagnosed based on chest X-rays in 15
patients and stage III in 2 patients. Only one pa-
tient had a slightly decreased diffusion capacity
(grade III, carbon monoxide transfer factor/ac-
cessible lung volume 74% of normal value). All
selected slides of peripheral TBLB revealed lung
parenchyma, and in 14 cases (82%) also the pe-
ripheral bronchial wall. The TBLB has shown sar-
coid granuloma in 8 patients (47%), lymphocytic
infiltration without formation of sarcoid granu-
loma in 5 (29%), and the remaining biopsies re-
vealed normal lung tissue (24%). In patients who
were TBLB-negative, the diagnosis was based
on bronchial mucosa and skin biopsies or surgi-
cal procedures (thoracoscopy, open lung biopsy,
mediastinoscopy).

Methods Bronchescopy Bronchoscopy was
performed using standard procedures?* by Pen-
tax FB-18P bronchofiberoscope, after premedica-
tion with midazolam (3-5 mg), atropine (0.5 mg)
and fentanyl (1 mg). Lignocaine (2%) was used as
a topical anaesthetic.

Bronchoalveolar lavage After the bronchoscope
was inserted in one of the segmental bronchi
of the medial lobe, four 50 ml portions of 0.9%
NaCl were slowly instilled and subsequently with-
drawn. The fluid from all portions was collect-
ed, filtered through the gauze, and centrifuged.
The pellet was suspended in phosphate buffer sa-
line, cells were calculated and diluted to 1 x10°
cells/1 ml. Cytospins were prepared and the slides
were May-Griinwald-Giemsa stained. Total cell
count and the percentage of macrophages, lym-
phocytes, neutrophils, and eosinophils were
calculated.?*

Transbronchial lung biopsy TBLB was performed
as previously described.?? Under fluoroscopic
guidance, the scope was inserted in a segmen-
tal bronchus. The site of biopsy was chosen pre-
viously on the basis of high resolution comput-
ed tomography (HRCT). The forceps were fixed
on the most distant available carina. Usually 4-5
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biopsies from different sites were taken during
a single bronchoscopic examination.

Pathological examination We examined the sam-
ples from peripheral bronchial mucosa and lung
tissue obtained during the same transbronchi-
al biopsy. Tissue material was prepared in a rou-
tine way and embedded in paraffin blocks, then
cut into 4 um thin slides. Immunohistochemis-
try was performed with anti-MMP-2, anti-MMP-9,
anti-TIMP-1, and anti-TIMP-2 antibodies ob-
tained from Novocastra laboratories (Newcas-
tle, United Kingdom), following the procedures
recommended by the manufacturer. The num-
ber of positive cells for each 100 cells was cal-
culated. The cells were counted using computer
analysis system (computer-camera-microscope).
For statistical purposes the results were present-
ed in 4 groups:
1 0-4 positive cells per 100 cells
2 5-9 positive cells per 100 cells
3 10-19 positive cells per 100 cells
4 >20 positive cells per 100 cells.

The results of the analysis of parenchymal and
bronchial specimens were presented separately.

Computed tomography scans High-resolution,
thin-section CT of the lungs was performed
in each subject. Sections of 1 mm collimation

were acquired at 10 mm intervals from the apex
to the dome of a diaphragm, at 120 kV, 200 mA,
and a scan time of 0.6 s. All scans were obtained
at full inspiration and the images were obtained
at a window level of -700 Hounsfield units (HU)
and a window width of 900 HU. The changes were
classified as: A — nodular pattern, B - focal con-
solidation, C - ground-glass pattern, D - reticu-
lar pattern, E — honeycombing, F - linear shad-
ows. The intensity of the changes in each lobe
was estimated according to a five-point scale: 0 -
none, 1 - <% of the lobar area, 2 — equal % or %-%
of the lobar area, 3 - equal % or %-% of the lobar
area, 4 - equal or >% of the lobar area.

The final evaluation was shown as the letter
identifying the radiological pattern and the num-
ber identifying intensity (number of the involved
lobes multiplied by intensity within the lobe). De-
tailed characteristics are presented in the TABLE.
Each CT was examined by two independent ex-
perienced radiologists (PK and RB), in a double-
-blind fashion. The mean score for each value was
calculated. The total score of C + D + E >7 indi-
cated patients with radiological signs of fibrosis.
This cut-off value was arbitrarily set up, based
on the median value of this parameter (medi-
an 6.75).

TABLE Results of age, lung function tests, BAL cells, MMP-2, MMP-9, TIMP-1, TIMP-2, and HRCT score in groups of patients (divided according
to HRCT score and TBLB result — sarcoid positive or negative)

All patients HRCT score >7 HRCT score <7 p S+ S— p
age 41 =11 42 +9 41 =13 NS 40 =11 43 =11 NS
FEV, (% pred.) 93 =15 85 =16 100 =11 NS 97 =11 89 =14 NS
FVC (% pred) 100 =11 97 =10 103 £11 NS 100 =5 102 +4 NS
FEV,/FVC (%) 79 =11 76 =13 81 =9 NS 85 +42 13 =42 0.04
MEF 25-75 (% pred.) 85 +24 81 +26 89 +24 NS 99 +25 71 =20 NS
BAL total cells (x 108/ml) 21 =4 25 =7 17 4 NS 337 143 +49 NS
BAL lymphocytes (%) 355 38 +9 32 +7 NS 42 +11 29 +5 NS
MMP-2 (lung) 1.9 +0.3 1.5 0.3 2.3 +04 NS 23 +05 1.7 =03 NS
MMP-9 (lung) 2.6 +0.3 2.8 +0.5 2.7 +05 NS 3+05 23 +04 NS
TIMP-1 (lung) 3.5+0.2 3.1+04 3.4+03 NS 35=+04 3.4+0.2 NS
TIMP-2 (lung) 3.5+02 3.6 +0.3 3.3+03 NS 3504 3.4 +02 NS
MMP-2 (bronchus) 0.5 +0.2 0.4 +0.2 0.6 0.3 NS 0.3 +0.2 0.7 £0.3 NS
MMP-9 (bronchus) 0.7 +0.3 0.8 +0.4 0.7 +0.3 NS 0.6 +0.4 0.8 0.4 NS
TIMP-1 (bronchus) 0.9 +0.3 0.9+04 1+05 NS 0.8=*1.2 1.1 =05 NS
TIMP-2 (bronchus) 0.8 +0.3 0.9 +0.5 0.8 0.4 NS 0.8 +0.4 1.1 +0.5 NS
HRCT score A 5.5 *1 6.5 +1.3 416 NS 6.3 +1.8 3.8 =1 NS
HRCT score B 2.4 +0.7 3.4 =1 0.9 +0.6 NS 26+13 2.2+0.9 NS
HRCT score C 1.8 £0.7 2.9 +1a 0.3 £0.22 0.02 1.9 =11 1.8 =1 NS
HRCT score D 2507 3.5 +0.9 1.1 +0.62 0.05 23+0.9 2.6 =1 NS
HRCT score E 0.8 +0.5 1.4 +0.8 0 +0e 0.03 0.2 +0.1 1.2 +0.8 NS
HRCT score F 0.8 =05 1.4 £0.82 0 =0° 0.03 2.3 =1 2.5 =1 NS

a statistically significant

Abbreviations: % pred. — % of predicted value, BAL — bronchoalveolar lavage, FVC — forced vital capacity, FEV, — forced expiratory volume in one
second, HRCT — high-resolution computed tomography, MEF 25-75% — maximal expiratory flow at 25-75% of FVC, MMP — metalloproteinase,
S(=) — sarcoid-positive/negative biopsy, NS — nonsignificant, TIMP — tissue inhibitor of metalloproteinase, TBLB — transbronchial lung biopsy
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FIGURE1 MMP-9
immunoreactivity

in sarcoid granuloma;
positive reaction

in multinucleated giant

cells is visible;
magnification X200
Abbreviations:

see TABLE

FIGURE 2
Immunoreactivity

of MMP-2 (A), MMP-9
(B), TIMP-1 (C) and

TIMP-2 (D) in the lung
parenchyma of biopsy-
-positive (S+) and
biopsy-negative (S-)
samples. Differences are
not statistically
significant.
Abbreviations: see TABLE

Spirometry Spirometry was performed with
a Jaeger computer-based spirometer (Jaeger,
Germany), according to the Polish Respiratory
Society standards. Forced vital capacity (FVC),
forced expiratory volume in one second (FEV),
maximal expiratory flow in the middle of expi-
ration (maximal expiratory flow [MEF] 25-75%)
were presented as the percent of predicted val-
ues (according to the European Respiratory So-
ciety). The percentage of FEV, to FVC was calcu-
lated (FEV,/FV().?5

Statistical analysis Age and spirometry values
were expressed as mean * standard deviation.
The remaining data were shown as mean + stan-
dard error of means. The differences between sub-
groups were calculated with the student’s t-test,
if the data were normally distributed. The non-
parametric Mann-Whitney test was used to eval-
uate differences in all other variables (TIMP-1,
TIMP-2, HRCT pattern). The Spearman test was
used to assess correlations between the measured
parameters. A p <0.05 was considered statistical-
ly significant.
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RESULTS Immunoreactivity for MMPs and
TIMPs was observed in epithelioid cells includ-
ing giant cells in sarcoid granulomas (FIGURE 1).
Immunoreactivity for MMPs and especially for
TIMPs were present in macrophages and epithe-
lial cells in the lung alveoli surrounding the gran-
ulomas. In the bronchial mucosa, the immuno-
reactivity for MMPs was positive in inflammato-
ry cells (macrophages and polymorphonuclears)
and sometimes in a few epithelial cells. TIMPs
were positive in a few cells of the superficial lay-
er of the ciliary epithelium and in macrophag-
es. The difference was found between the pa-
renchymal and bronchial expression of MMP-2
(p <0.0001), MMP-9 (p = 0.0004), TIMP-1 (p =
0.0006), TIMP-2 (p = 0.0003), showing lower
expression of these molecules in the bronchi-
al wall than in the parenchyma. There were no
statistical differences in age, FEV,, FVC, MEF
25-75%, lung diffusing capacity for carbon mon-
oxide (DLCO), BAL total cell count, BAL cell dif-
ferential count between the subgroups of patients
with high and low HRCT fibrosis score. Similar-
ly, there were no differences in MMP-2, MMP-9,
TIMP-1, and TIMP-2, either in the lung paren-
chyma or the bronchial wall. The results are pre-
sented in the TABLE.

Similar analysis of the patients with positive
and negative TBLB results (sarcoid granulomas
vs. other findings) did not reveal any statisti-
cally significant differences in MMP-2, MMP-9,
TIMP-1, and TIMP-2, either in the lung paren-
chyma or the bronchial wall, although a trend to-
wards higher scores of parenchymal MMPs in bio-
psy positive samples was observed. The results are
presented in the TABLE and FIGURE 2 (A-D).

No correlations were found between MMP-2,
MMP-9, TIMP-1, and TIMP-2 (in the lung and
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FIGURE 3 Correlation
between MMP-9 in lung
tissue and FEV,

(% predicted value)
(panel A) and that
between MMP-2 in lung
tissue and MEF 25-75
(% predicted value)
(panel B) in a subgroup
of patients with
transbronchial biopsy
positive for sarcoid
tissue

Abbreviations: see TABLE
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bronchial wall) and lung function test parameters,
DLCO, or BAL cells. HRCT pattern did not corre-
late with any of these molecules, both when to-
tal score and lobar score (relevant for the lobe
from which the biopsy was taken) were analyzed.
There was an inverse correlation between FVC (%
of predicted value) and HRCT D score, typical
of the reticular pattern. In patients with positive
biopsy results (TBLB-proven sarcoidosis), lung
MMP-9 correlated negatively with FEV (%) (r =
-0.80, p = 0.03; FIGURE 3A), while MMP-2 showed
an inverse correlation with MEF 25-75% (L) (r =
-0.80, p = 0.03) and MEF 25-75% (r = -0.90, p
= 0.01; FIGURE 3B).

A positive correlation was found between
parenchymal MMP-2 and MMP-9 (r = 0.62,
p =0.008), bronchial MMP-2 and MMP-9 (r = 0.89,
p <0.0001), parenchymal TIMP-1 and TIMP-2
(r = 0.62, p = 0.0085), bronchial TIMP-1 and
TIMP-2 (r = 0.97, p <0.0001). Only in the bron-
chial wall MMP-2 correlated with TIMP-1 (r = 0.95,
p <0.0001) and TIMP-2 (r = 0.9, p <0.0001). Sig-
nificant associations were observed between
MMP-9 and both TIMP-1 (r = 0.98, p <0.0001)
and TIMP-2 (r = 0.99, p <0.0001).

DISCUSSION  There were no differences in the ex-
pression of MMPs and TIMPs between patients
with significant parenchymal involvement and
between biopsy-positive and -negative samples.
We only found a positive trend towards high-
er MMPs scores in sarcoid-positive vs negative
lung samples. Our results do not show any links
between the expression of MMP-2, MMP-9,
TIMP-1 and TIMP-2 at the level of distal airways
and radiological pattern or BAL cells. Howev-
er, in a subgroup of patients with TBLB-proven
sarcoidosis MMP-9 and MMP-2 correlated nega-
tively with FEV, and MEF 25-75%. This observa-
tion may indirectly reflect the location of granu-
lomas with high expression of MMPs in a tissue
surrounding the bronchial wall.

There is a substantial body of evidence for
the role of MMP-9 and other MMPs in fibrot-
ic lung diseases. Lemjabbar et al. have shown
overexpression of MMP-9 in alveolar macrophag-
es obtained from untreated patients suffering

120+

100+

75+

50 T T T T 1

MMP-2 score

from IPF, a chronic, progressive and usually fa-
tal disease characterized by interstitial and in-
traalveolar massive fibrosis.'? The immunohis-
tochemical analysis of lung specimens from IPF
patients has shown that MMP-9 is predominant-
ly localized in macrophages, and that a reaction
for MMP-9 was stronger in the regions with pre-
dominant inflammatory cell infiltrate than those
with end-stage honeycomb areas.'? Choi et al.
have found higher concentrations of MMP-9
and TIMP-1 with elevated MMP-9/TIMP-1 ratio
in BAL fluid of patients with cryptogenic orga-
nizing pneumonia (COP) compared with IPF pa-
tients.2® Because COP is a curable disease, char-
acterized by intraalveolar and bronchiolar in-
traluminal buds of granulation tissue composed
of loose collagen-embedding fibroblasts and myo-
fibroblasts but not by extensive and severe archi-
tectural remodeling like in IPF, it seems probable
that changes in MMP/TIMP expression may re-
sult from the underlying active inflammation. It
could also apply to the present study group, which
comprised patients with active untreated stage
IT and I sarcoidosis, with normal lung function
tests and diffusion capacity. Although there was
no correlation between BAL total cell count and
the percentage of BAL cells, significant associa-
tions were found between MMP-2 and MMP-9,
and TIMP-1 and TIMP-2. It might be explained by
the common source of all these molecules. In most
patients granulations are formed peribronchial-
ly and involvement of the bronchial wall is less
common, which is consistent with our finding
about the lower expression of MMPs and TIMPs
in the bronchial wall. On the other hand, mu-
cosal changes, obstructive pattern in lung func-
tion tests, decreased flows at low volumes, and
bronchiectases are sometimes observed in sarcoid
patients. This agrees with our findings regarding
correlations between FEV, and MEF 25-75% with
MMPs expression in the subgroup of patients
with positive biopsy results.

So far most data on protease-antipro-
tease imbalance were based on the BAL fluid
examination.?’-2% Peripheral biopsy and BAL flu-
id represent different compartments, and the ex-
pression of MMPs and TIMPs may not be similar.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ  2009; 119 (10)



Although macrophages and other cells of mac-
rophage lineage are the most common sources
of MMPs/TIMPs, it should be emphasized that
BAL and tissue macrophages are in fact different
cells, with different potential regarding the pro-
duction of inflammatory mediators. In addition,
other cells, such as lymphocytes, eosinophils, neu-
trophils, and epithelial cells, should also be con-
sidered as a source. In the current study, no dif-
ferences were found in MMPs/TIMPs expression,
irrespective of the biopsy result (TBLB-proven
sarcoidosis or TBLB sarcoid-negative). This dif-
ferentiation was made in order to show a poten-
tial relation to either a presence or absence of sar-
coid granuloma composed of highly differentiat-
ed mononuclear phagocytes, such as epithelioid
and giant cells as well as lymphocytes.

MMP-9 is one of the most interesting mol-
ecules because it can degrade type IV collagen,
the major component of the vessel wall basement
membrane, promoting migration of peripheral
blood monocytes from the blood to peripheral tis-
sue. Such a possibility was shown in cardiac and
pulmonary sarcoid samples.?? Henry et al.?8 pre-
sented convincing data on the role of MMP-8 (col-
lagenase-2) as a major contributor to the BAL col-
lagenase activity in the airways of patients with
IPF and sarcoidosis. This enzyme preferentially
degrades type I collagen and can initiate degra-
dation of collagen meshwork, leading to pulmo-
nary fibrosis. On the other hand, Shimada et al.
recently suggested that an increased TIMP-1 con-
centration in the lower airways plays a key role
in the impaired pulmonary function in sarcoidosis
patients with lung parenchymal fibrosis.?® These
and other data show that the balance between
MMPs and their inhibitors is complex.

For ethical reasons we could not present any
results of a control group comprising healthy sub-
jects. We should bear in mind that the biopsy, al-
though taken after HRCT examination and under
fluoroscopic guidance, is in fact a random biopsy.
Considering the patchy character of granulomas
in sarcoidosis, there is a high risk of overlooking
these areas that are affected by sarcoid lesions. Fi-
nally, we cannot present follow-up results which
could allow to assess the expression of these mol-
ecules in terms of prognosis and outcome.

Despite these limitations, our results indicate
possible MMP involvement in sarcoid inflam-
mation of the distal airways, as shown by neg-
ative correlations between MMP-2/MMP-9 and
FEV,/MEF 25-75% in patients with positive bio-
psy results.

Our final conclusions are as follows:

1 MDMPs and TIMPs are expressed in the cells
of sarcoid granuloma and in non-sarcoid tissue.
These molecules are more extensively expressed
in the lung parenchyma than in the bronchial
wall.

2 MMPs may be involved in bronchial obstruc-
tion accompanying sarcoidosis. Rather than
the evolvement of MMPs in the bronchial wall,
an increased expression of MMPs in the lung

parenchyma surrounding the bronchi should be
considered as a possible mechanism.

3 Our data do not provide direct evidence for
the involvement of MMPs and TIMPs in lung fi-
brosis, which may result from some study limita-
tions, especially limitations of TBLB, and the lack
of a control group and follow-up data on possi-
ble progression.
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