
www.elsevier.com/locate/expgero

Experimental Gerontology 42 (2007) 1003–1011
Natural aging, expression of fibrosis-related genes
and collagen deposition in rat lung

Carmen Calabresi b, Beatrice Arosio b, Lorenza Galimberti b, Eugenio Scanziani c,
Raffaella Bergottini c, Giorgio Annoni a,*, Carlo Vergani b

a Department of Clinical and Preventive Medicine, University of Milano-Bicocca, Azienda Ospedaliera S. Gerardo, Monza, Italy
b Department of Internal Medicine, Ospedale Maggiore IRCCS, University of Milan, Italy

c Department of Animal Pathology, University of Milan, Italy

Received 5 March 2007; received in revised form 20 June 2007; accepted 26 June 2007
Available online 10 July 2007
Abstract

Aging lung is characterized by morpho-structural modifications, including progressive fibrosis, that lead to an altered function. Here
we provide a comprehensive description of lung collagen expression and metabolism during natural aging of rats. Peribronchial collagen
increased significantly in the oldest animals (p = 0.05 2- vs. 6- and 19-month-old rats), as a consequence of Collagen-I and Collagen-III
(COL-I, COL-III) protein accumulation (p < 0.05 in 6-, 12- and 19-month-old rats versus the youngest). No changes in fibronectin (FN)
protein expression and in COL-III and transforming grow factorb-1 (TGFb-1) mRNA expression were observed. Conversely the tran-
scription activity of the COL-I gene was overexpressed in the oldest animals (p < 0.05).

In the aged rats, the activity of lung matrix metalloproteinases (MMP), MMP-1 and MMP-2, dropped significantly (p < 0.05), whilst
MMP-9 levels were slightly decreased. These changes were associated with a concomitant increase of tissue inhibitors of MMP (TIMP-1
and TIMP-2).

All together, these results suggest that, during natural aging, collagen accumulation in the lung and its progressive fibrosis are mainly
due to a reduced proteolytic activity of MMP, in which TIMP-1 and -2 seem to be the major regulating factors.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Aging affects organs, tissues and cell types of the same
organism in different ways, resulting in differential rates
of functional decline, but all together leading to the dimin-
ished ability to meet increased demand (Evers et al., 1994).

In the lung, this phenomenon is characterized by mor-
phological and structural modifications associated with
several functional changes (D’Errico et al., 1989). While
the total capacity remains almost unchanged, the forced
expiratory volume and the forced vital capacity decrease
as a result of the diminished elastic forces (Enright et al.,
1994; Tack et al., 1982; Peterson et al., 1981).
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The pulmonary plastic deformation during respiration is
carried out by the interstitial structures that comprise col-
lagen, elastin, fibronectin, proteoglycans and other mole-
cules, including the basal membranes of the endothelium
(Meyer, 2005).

Collagen, the main component of the extracellular
matrix (ECM), represents a family of proteins that,
together with other ECM constituents, forms a complex
network in the pulmonary tissue. There are 11 different
types of collagenic proteins in the lung, that account for
15–20% of the total dry weight of the pulmonary tissue;
type I and III (COL I - COL III) are the most representa-
tive of these and they comprise approximately 90% of the
total collagen (Chambered and Laurent, 1997).

Most of the newly synthesized collagens are immediately
degraded and the extent of this process is primarily regu-
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lated by the metalloproteinases (MMPs). The activity of
the MMPs under physiological conditions is carefully reg-
ulated at the level of expression and activation or at the
step of inhibition by MMP tissue inhibitors (TIMPs)
(Angel et al., 1987; Brinckerhoff et al., 1986; Herron
et al., 1986). Lasting perturbations of any of these steps
can lead to collagen accumulation in the parenchyma (Ebi-
hara et al., 2000; Iyer et al., 1999).

Fibronectin (FN) forms fibrils associated with matrix
components and mesenchymal cells in the interstitium
and, through specific binding sites, promotes cell adhesion
and migration, cyto-differentiation, phagocytosis and cell
growth. In the adult lung, FN is specifically localized at
the basal membrane, around smooth muscle cells and in
the alveolar lining fluid (Limper and Roman, 1992). Dur-
ing the early phase of active fibroplasia, FN production
increases dramatically, and this augmentation is associated
with the fibroblast proliferation thereafter responsible for
excessive synthesis and deposition of the collagenic protein.

The overall balance of ECM deposition can also be
affected by a family of growth factors, namely transforming
growth factor b (TGF-b1), through a variety of biological
activities.

TGF-b1 directly increases both the abundance and sta-
bility of COL-I and COL-III transcripts, but it also regu-
lates the expression of several MMPs (Sporn et al., 1987;
Ignotz and Massaguè, 1986). In fact, elevated circulating
levels of TGF-b1 are associated with collagen accumula-
tion and increased amounts of MMP-2 protein and TIMPs

mRNA (Mozes et al., 1999).
Since fibrosis is a hallmark of aging in various organs

(Abrass et al., 1995), the primary goal of this study was
to characterize the gene and protein expression of several
lung ECM components (Collagen type I, type III and FN).

Therefore, as an index of the ECM turnover, we mea-
sured both levels and activities of some metalloproteinases
(MMP1, MMP2 and MMP9) and their inhibitors (TIMP-1
and TIMP-2), and, finally, we investigated the age-depen-
dent change in the mRNA expression of TGF-b1.

2. Material and methods

2.1. Animals

Twenty-four male Sprague–Dawely rats (Iffa Credo
S.A., a Charles River Company, Calco, Italy) were studied
at 2, 6, 12 and 19 months of age (six animals for each
group). On arrival, rats were individually housed for 15
days, with controlled temperature (25 �C) and 12 h alter-
nate light–dark cycle, then weighed and killed under fenta-
nyl anaesthesia. Procedures involving animals and their
care were conducted in accordance with the institutional
guidelines, in compliance with the international policies
(EEC Council Directive 86/609, OJ L 358, 1, 12 December
1987).

For histological analysis, one of the lungs was perfused
with a formalin solution and, after explantation, fixed in
10% formalin. The other lung was immediately frozen in
liquid nitrogen and stored at �80 �C for biochemical and
molecular studies.

2.2. Histology

The apical, cardiac and basal right lobes were sampled
and fixed in 10% buffered formalin. From each lobe a slice
was obtained and embedded in paraffin. The slice was
obtained by cutting the main bronchus transversally. From
each sample two histological sections of 4 lm thickness
were cut and, respectively, stained with haematoxylin–
eosin for histo-pathological analysis and with Mallory tri-
chromic for quantitative evaluation of the fibrotic tissue.

The Mallory trichromic stained sections were analyzed
using a light microscope (Olympus BX 14) connected to a
color digital camera (CoolSNAP-Pro cf 4.1 version), since
the fibrotic tissue was depicted in blue with this staining.
For the evaluation of peribronchial fibrous tissue, a trans-
verse section of a bronchus with an area ranging between
25,000 and 50,000 lm2 was selected and examined at
100· magnification. For the evaluation of parenchymal
fibrotic tissue, two areas of lung parenchyma with a total
area of 0.56 mm2 devoid of medium/large brochial and vas-
cular structures were randomly selected and examined at
100·. The resulting images were processed on a PC Pen-
tium 4 CPU 1.7 GHz (Fujitsu Computers) and analyzed
with a specific software (Image Pro-Plus 4.5) for quantifica-
tion of the fibrotic tissue.

2.3. RNA extraction and quantitative RT-PCR

Total RNA was extracted from approximately 100 mg
of frozen lung tissue by the acid guanidinium thiocya-
nate–phenol–chloroform method (Chomczynski and Sac-
chi, 1987). As previously described by Nicoletti and
Sassy–Prigent (Nicoletti and Sassy-Prigent, 1996), to
achieve a relative quantitative measurement of RNA by
RT-PCR, a range of seven progressive dilutions, obtained
by mixing pools of RNA from the two different compari-
son groups, was prepared in a constant final volume. The
comparison between the two samples was determined by
the slope of the regression line.

Aliquots of each dilution mix were incubated at 65 �C
for 10 min with 1 lg oligo-dT12-18 (Clontech, Italy) and
then at 37 �C for 1 h with 200 U of Moloney Murine Leu-
kemia Virus reverse transcriptase (Gibco-BRL, Italy) in a
buffer containing Tris–HCl 50 mM (pH 8.3), KCl 75 mM,
DTT 10 mM, 19 U RNasin, and 0.5 mM of each dNTP
in a final volume of 20 ll. For each cDNA, 2 ll were ampli-
fied in a total volume of 25 ll containing 50 pmol of oligo-
nucleotide primers, 10 mM of each dNTP, 1· polymerase
chain reaction (PCR) buffer (Tris–HCl 10 mM pH 8.3,
KCl 50 mM), MgCL2 0.75–1.5 mM and 1.25 U of Amplit-
aq DNA Polymerase (Promega, Italy). The sequences of
the primers used for the amplification are described in
Table 1. Each PCR product was run on an ethidium bro-



Table 1
Primers for PCR amplification

Target
mRNA

Primer sequences PCR
cycles

5 0 GAPDH GATGCTGGTGCTGAGTATGT 30
3 0 GAPDH TCATTGAGAGCAATGCCAGC
5 0 b-ACTIN TTGTAACCAACTGGGACGATATGG 30
3 0 b-ACTIN GATCTTGATCTTCATGGTGCTAGG
5 0 COL 1 TGCCGTGACCTCAAGATGTG 28
3 0 COL 1 CACAAGCGTGCTGTAGGTGA
5 0 COL III AGATCATGTCTTCACTCAAGTC 28
3 0 COL III TTTACATTGCCATTGGCCTGA
5 0 TGF CTTCAGCTCCACAGAGAAGAACTGC 35
3 0 TGF CACGATCATGTTGGACAACTGCTCC
5 0 FBN ACCTTGACTGCCCAGTGGACAGCG 30
3 0 FBN GCTCACTCTTCTGATTGTTCTTCAG
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mide-stained agarose gel and the amount of nucleic acids
present was determined by densitometric analysis (IM1D,
Amersham Pharmacia Biotech).
2.4. COL-I, COL-III and FN protein extraction

Lung samples were homogenized in a collection buffer
(1 ml/100 mg tissue) containing 10 mM Tris–HCl pH 7.5,
350 mM NaCl2 and protein inhibitors (Aprotinin 1 lg/ml
and Pepstatin-A 10 lg/ml), and centrifuged (4 �C, 30 min,
12,000g); the supernatant was then recovered and kept on
ice. The final protein concentrations were determined with
a standardized colorimetric assay (Sigma, Italy); the sam-
ples were thereafter divided into aliquots and stored at
�80 �C.
2.5. COL-I and COL-III Western blot analysis

Eight micrograms of protein extract, mixed 1:3 with
sample buffer (10% glycerol, 2% SDS, 0.25 M Tris–HCl
pH 6.8, 0.1% Bromophenol blue, 5% b-mercaptoethanol),
were boiled for 5 min and loaded onto an electrophoretic
10% polyacrylamide gel, according to the methods of Lae-
mmli (Laemmli, 1970).

Electrophoresis was performed at 20–30 mA for 2–3 h
and the protein bands were blotted onto nitrocellulose at
90 V for 90 min at 4 �C. After transfer, non-specific binding
was blocked for 1.5 h with 5% milk in Phosphate Buffer
Saline with 0.1% Tween 20 (PBST). Membranes were then
incubated overnight with the primary antibody mouse anti-
rat COL-I (diluted 1:1500) (Sigma, Italy) and rabbit anti-
rat COL-III (1:2000) (Calbiochem, Italy).

The nitrocellulose membrane was washed three times
and antibody binding detected by a secondary antibody
after 1.5 h incubation (for COL-I: anti-mouse peroxides
conjugate 1:2000 Sigma, Italy; for COL-III: anti-rabbit
peroxides conjugate 1:4000 Amersham, Italy).

The reaction was amplified by Western blot amplifica-
tion module (Bio-Rad, Italy) and immunoreactive bands
revealed by the Opti-4CN substrate (Bio-Rad, Italy) were
densitometrically scanned (IM1D, Amersham Pharmacia
Biotech). To test the reproducibility between assays all wes-
tern blot experiments were run in duplicate and a COL-I/
COL-III standard was loaded in each gel. All data were
normalized for beta-actin protein expression (monoclonal
anti beta actin, Sigma, Italy was used) to confirm equal
loading (Fig. 3a–c).

2.6. FN ELISA quantification

Ten micrograms per milliliter of monoclonal antibody
anti fibronectin (Chemicon, Italy), diluted in carbonate
buffer (0.1 M Na2CO3, 0.1 M NaHCO3), was coated in
an ELISA microtitre and incubated overnight at 4 �C.
After blocking for 2 h with 3% Bovine Serum Albumin
(BSA) in PBST the plate was incubated for 2 h at room
temperature with 100 ll of serial dilutions of fibronectin
standard (from 0.5 to 0.015 lg/ml) (Sigma, Italy) and
50 lg/well of each sample. Wells were washed and microti-
tre was incubated with 100 ll of polyclonal anti-fibronectin
antibody for 2 h at room temperature (rat anti fibronectin
diluted 1:1000 in PBST) (Chemicon, Italy). An anti-rat
alkaline phosphatase conjugated antibody (1:3000 in
PBST) (Sigma, Italy) was added and incubated for 1.5 h.
The amount of alkaline phosphatase bound to the wells
was revealed by the addition of paranitrophenylphosphate
substrate. The result was read at 405 nm. Standard absor-
bance versus its concentration was plotted on graph to con-
struct a standard curve. The concentration of the protein in
samples was determined by interpolation of the standard
curve.

2.7. MMP-1, -2 and -9 zymography analysis

Approximately 50 mg of lung tissue were homogenized
with a manual homogenizer in 500 ll of extraction buffer
(10 mM cacodylic acid, 150 mM NaCl, 20 mM CaCl2,
1 mM ZnCl2 , 1.5 mM NaNH3, Triton X-100 0.01%) and
thereafter centrifuged (4 �C, 5 min, 12,000g); the superna-
tant was used for total protein assay. The extracts were
diluted to a final concentration of 400 lg/ml, divided into
aliquots and stored at �20 �C.

Eight micrograms of protein extract, mixed 3:1 with
substrate gel sample buffer (10% SDS, 4% sucrose, 0.25
M Tris–HCl pH 6.8, 0.1% bromophenol blue), was loaded
immediately without reduction onto an electrophoretic
10% polyacrylamide gel, containing 1 mg/ml of type I gel-
atin for MMP-2, MMP-9 and 1 mg/ml collagen type III for
MMP-1, according to the method of Laemmli. Electropho-
resis was performed at 15–20 mA for 2–3 h at 4 �C.

After migration, the gels were washed twice with 2.5%
Triton X-100 for a total of 1 h, rinsed in water, incubated
overnight at 37 �C in substrate buffer (50 mM Tris HCl,
5 mM CaCl2, 0.02% NaN3, pH 8), stained with 0.025%
Commassie Blue, 30% methanol, 10% acetic acid and
destained in 30% methanol and 10% acetic acid. The lysis
band dimension, corresponding to MMP activity, was
quantified by densitometric scanning and the molecular
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weight of metalloproteinases was identified by co-migra-
tion of size markers.

A Western blot analysis for each MMP was also per-
formed in order to demonstrate the specificity of the lysis
bands obtained in zymography.
2.8. TIMP-1 and -2 ELISA quantification

One-hundred micrograms of lung tissue was homoge-
nized in 200 ll of extraction buffer (20 mM Tris–HCl pH
7.5 – 1 mM CaCl2 – 0.005% Brij 35), centrifuged at 10,000g

at 4 �C for 20 min and stored at �80 �C. The final protein
concentration was determined with a standardized colori-
metric assay (Sigma-Italy). Undiluted samples were assessed
with an ELISA commercial kit for determination of TIMP-1
and 2 protein levels (Amersham, Italy).

Standard and sample were incubated in microtitre wells
precoated with anti-TIMP antibodies. After washing,
TIMPs were detected with a specific peroxidase conjugated
antibody. The amount of peroxidase bound to each well
was determined by measuring at 450 nm after addition of
TMB (Tetramethyl Benzidine) substrate. The concentra-
tion of TIMPs in each sample was determined by interpo-
lation of a standard curve (provided in the kit).
2.9. Statistical analysis

Statistical analysis was performed using the SPSS statis-
tical package (SPSS version 10, Chicago, IL). Comparison
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Fig. 1. Bar graph illustrating the age-dependent gene expression of COL-I (a),
months. Changes in mRNA signal are expressed as normalized optical densities
group), *p < 0.05 vs. 6-month-old rats for COL-I and vs 2 months for fibrone
between experimental groups was done with one-way anal-
ysis of variance followed by Bonferroni post hoc test. All
results are expressed as mean ± standard error of the mean
(SEM). A p-value of <0.05 was considered significant.
3. Results

3.1. Lung expression of fibrosis-related gene

COL-I gene expression remained essentially similar in
rats aged between 2 and 12 months (1.81 ± 0.46,
1.22 ± 0.24, 1.90 ± 0.26), but significantly peaked in the
19-month-old rats (3.34 ± 0.71, +84% vs. 6 months
p = 0.037). By contrast no changes in COL-III mRNA
were evident at any age (2.06 ± 0.78, 2.18 ± 1.09,
1.62 ± 0.78, 2.12 ± 0.55; p = 0.635 at 2, 6, 12 and 19
months, respectively) (Fig. 1).

TGF-b1 gene transcription remained weakly detectable
and unchanged throughout the observation time
(0.63 ± 0.09, 0.45 ± 0.04, 0.59 ± 0.16 and 0.86 ± 0.18 at
2, 6, 12 and 19 months respectively; p = 0.168).

Of note, FN mRNA significantly increased at 12 months
(+104%, p < 0.05) with respect to the young rats (Fig. 1).
3.2. ECM deposition

3.2.1. Histology

Image analysis of trichromic stained sections of the pul-
monary lobes showed a progressive accumulation of COL
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fibres in parenchymal and peribronchial areas, starting
from the age of 6 months, where it reaches statistical signif-
icance (p = 0.003) (Fig. 2).
3.2.2. Protein types

The Western blot immunoreactive bands of COL-I and
COL-III (Fig. 3a–c), quantified by densitometric analysis,
revealed an accumulation of both collagens throughout
maturation and aging. In fact, COL-I reaches its maximum
at 6 months (+876%) and maintains similar levels in 12-
and 19-month-old rats (+661%, +794% respectively,
p = 0.000), while for COL- III an increase of +83%,
+95%, +114% (p < 0.05) was observed in 6-, 12- and 19-
month-old rats, respectively, compared with 2-month-old
rats (Fig. 3b–d).
3.2.3. Fibronectin protein quantification

By contrast, aging did not significantly modify the
protein levels of FN, that remain similar in each age
group (1.01 lg/ml ± 0.05, 0.95 lg/ml ± 0.07, 1.04 lg/
ml ± 0.17, 0.71 lg/ml ± 0.07 at 2, 6, 12 and 9 months,
respectively).
Fig. 2. Microphotographs showing a trichromic staining of a lung section. T
between 2-month-old and 6-month-old rats show an increase in the amount o
age-dependent morphometric quantification of age-related changes in lung colla
interpretation of the references to color in this figure legend, the reader is refe
3.3. ECM degradation

3.3.1. Metalloproteinases activity

Zymography confirmed an age-dependent diminution
of the activity of all the analyzed metalloproteinases
(Fig. 4a–c).

MMP-1 was highly reduced by aging: �315% (p < 0.05)
�322% (p < 0.05), -856% (p < 0.05) in the 6-, 12- and 19-
month-old rats, respectively, compared with the young ani-
mals (Fig. 4b). A similar pattern was observed for MMP-2
(Fig. 4d) where the decrease was �61% (p < 0.05), �50%
(p < 0.05), �69% (p < 0.05) in the same age groups, com-
pared to the young rats. We also observed a weak reduc-
tion for MMP-9 during the considered life span.
3.3.2. TIMP quantification
The protein levels of TIMP-1 and TIMP-2, increased in

6-, 12- and 19-month-old rats compared to the young ones.
This was more evident for TIMP-1 in the old rats (+171%,
+165%, +176% in 6, 12, 19 months, respectively, p = 0.024)
(Fig. 5a), while for TIMP-2 there was a moderate increase
he fibrous connective tissue is selectively stained in blue. The comparison
f parenchymal and peribronchial fibrous tissue. Bar graph illustrating the
gen evaluated by trichromic staining. *p = 0.003 vs 6 and 19 months. (For
rred to the web version of this article.)
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only in the oldest group of rats compared to the youngest
group (p = 0.339) (Fig. 5b).

4. Discussion

Clinical observations suggest that many respiratory dis-
orders appear mostly in old age and that the prevailing
pathologies are certainly those involving remodelling of
airways and distal lung parenchyma (Malik et al., 2004;
Lundback et al., 2003; Janssens et al., 2001).

Since fibrosis interferes with respiratory function, a bet-
ter knowledge of the basic mechanisms that control this
process in the lung would be useful (Green and Pinkerton,
2004).

Up to now, most published data relate to specific path-
ological conditions, but little is known about the progres-
sive age-dependent modifications.

In this report we combined various analytical
approaches and attempted to characterize some of the
complex regulatory mechanisms that control the turnover
of ECM proteins during lung maturation and aging.

With histopathological analysis and Mallory trichromic
staining, combined with quantitative computerized image
analysis, we demonstrated a gradual collagen accumulation
during aging. This process involved the whole alveolar
structure and became particularly remarkable in the peri-
bronchial structure.

Analyzing the single ECM components, COL-I and
COL-III appeared to be the main components involved,
while FN was less affected.

COL-I expression was upregulated both at mRNA and
protein levels during aging, while we found the opposite
behaviour for COL-III mRNA, whose levels remained
unchanged during aging despite increased protein expres-
sion. Similar results have been already described in the
aging liver (Gagliano et al., 2002), suggesting two different
mechanisms of regulation of these proteins. In the case of
COL-III we can hypothesize that the occurrence of post
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translational modifications, such as the increase of molecu-
lar cross-links, and/or an altered balance between synthesis
and degradation could be regulating factors.

Finally, since COL-I is commonly more widely expressed
in the lung (Chambered and Laurent, 1997), we could spec-
ulate that for this reason, the above mentioned effect was
detectable mainly for this specific collagenic protein and
not for COL-III. It is not easy to explain the drop in peri-
bronchial fibrosis observed in 12-month-old animals. How-
ever this finding should not be considered artifactual since it
was in line with the quantitation of COL-I with Western
blot analysis.

In all groups of rats, the minor change observed in FN
protein expression shows that this protein seems to be pre-
dominantly involved in the early phase of active fibroplasia
(Limper and Roman, 1992).

Interestingly, in the same samples, TGFb-1 mRNA lev-
els were always barely detectable and probably unaffected
by aging.

Indeed, TGF b-1 expression is upregulated in active
fibroplasia such as in scleroderma, a complex autoimmune
disease. This hypothesis is supported by the observation
that lung fibrosis could be prevented in mice with Sclero-
dermatous Graft-Verus-Host Disease (Scl GVHD) by
inhibiting TGFb-1 with neutralizing antibody (McCormick
et al., 1999).

It is widely known that collagen levels are fixed through
a fine regulation between synthesis and degradation, so
that an enhanced synthesis rate and/or slower breakdown
could modify the final deposition (Arthur, 1990). In partic-
ular, collagen catabolism is determined by MMPs and
although the catalytic activity of these enzymes has been
implicated in many physiological processes of the lung by
participating in branching morphogenesis, homeostasis
and repair, most attention has concentrated on physiolog-
ical pulmonary development rather than normal aging
(Parks and Shapiro, 2001).

MMPs are thought to be responsible for the turnover
and degradation of connective tissue proteins and their
activity is closely regulated in the extracellular space by a
process of activation and/or proteolytic cleavages within
the matrix environment so that any mismatch in this pro-
cess could result in excessive ECM accumulation or degra-
dation (Steward, 1999; Tierney et al., 1999).

Interstitial collagenase, or MMP-1, cleaves the native tri-
ple helix of interstitial collagen into two fragments, named
gelatine fragments, that are then degraded by other protein-
ases such as MMP-2 (gelatinase A) and MMP-9 (gelatinase
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B) leading to complete digestion of fibrillary collagen (Ben-
yon and Arthur, 2001; Parks and Shapiro, 2001).

In our model we observed a significant decrease in
MMP-1 activity during maturation and aging, suggesting
that changes in the balance between synthesis and degrada-
tion could be responsible for the interstitial COL accumu-
lation. The same pattern, to a lesser extent, was observed
for MMP-2.

The opposite behaviour has been described during pul-
monary development, where the extensive distribution of
MMPs suggests a significant role of both MMP-1 and
MMP-2 in the remodeling of the interstitium and of the
epithelial basement membrane associated with fetal growth
(Masumoto et al., 2005; Shannon and Deterning, 1997).

A pivotal extracellular control of MMP catalytic activity
is accomplished by members of a specific family of inhibi-
tors named tissue inhibitors of metalloproteinase (TIMP)
(Selman et al., 2000). Among the currently identified four
members of TIMP family (TIMP-1 to 4), TIMP 1 and 2
are the most relevant, since they inhibit the active form
of MMPs (Baker et al., 1998; Gomez et al., 1997; Guedez
et al., 1998).

The finding of increased levels of TIMP1 and 2 during
aging suggests the hypothesis that a non-degrading fibril-
lary collagen microenvironment is prevailing (Selman
et al., 2000). In conclusion these results suggest that, even
in the aging lung, a progressive collagen accumulation
occurs, involving several mechanisms that control the
ECM turnover without a predominant role of any of them.

In particular, it seems that there is a lack of mechanisms
normally involved in the active fibroplasias, i.e. a gene
overexpression of TGFb –1, and COL-III, and a prevailing
gradual dissociation due to an overbearing decrease of col-
lagenolytic activity.
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