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Abstract
Background - In fibrotic diseases such as
pulmonary fibrosis there is evidence sug-
gesting enhanced synthesis and degrada-
tion of lung connective tissue compon-
ents, including collagen. It has therefore
been hypothesised that products of colla-
gen degradation may have a role in the
promotion of collagen deposition. In sup-
port of this hypothesis, it has recently
been shown that intravenous injection of
lung collagen degradation products in
experimental animals stimulated colla-
gen synthesis leading to increased colla-
gen deposition and diffuse interstitial
lung disease.
Methods - Rabbit and human fibroblast
cultures from lung and skin were used as
an in vitro model to study the responses
of these cells to rabbit collagen degrada-
tion products. The effects of an acute
exposure to collagen degradation pro-
ducts on synthesis of collagen and non-
collagenous protein have been studied in
confluent cultures by [3H]-proline incor-
poration. The effects ofcollagen degrada-
tion products on fibroblast proliferation
and production of genetic types of colla-
gen have also been investigated.
Results - The acute exposure of rabbit
lung fibroblast cultures to collagen
degradation products significantly
increased collagen synthesis without
affecting non-collagenous protein syn-
thesis. This effect was dose related, speci-
fic for lung fibroblasts, and species speci-
fic. Collagen degradation products
altered the rate of synthesis of genetic
types of collagen with a consequent de-
crease of type III/I + III collagen ratio
(026 (004) treated with collagen degra-
dation products; 045 (002) controls).
These effects occurred without the inter-
vention of serum factors. In addition,
collagen degradation products neither
affected fibroblast proliferation nor
selected specific clones emphasising one
type of collagen.
Conclusions - These results suggest that
collagen degradation products can influ-
ence lung collagen metabolism by stimu-
lating collagen synthesis. The regulation
of collagen mass by collagen degradation
products may be of importance in lung
collagen homeostasis in vivo.

(Thorax 1994;49:312-318)

The traditional view that collagen is metaboli-
cally inert is no longer tenable and there is now

good evidence that collagen turnover in nor-
mal tissues occurs at quite rapid rates.' It is
generally accepted that collagen mass in nor-
mal tissues is dependent on the balanced
relation between rates of synthesis and degrad-
ation.2 Although the effects of single factors -
that is, hormones, cytokines, enzymes34 - on
the synthesis or degradation of collagen have
been examined in detail, little is known about
the mechanism(s) regulating collagen homeo-
stasis.
The view that products of collagen degrada-

tion may take part in the regulation of extra-
cellular matrix by stimulating collagen syn-
thesis came initially from experimental
conditions characterised by degradation of
connective tissue components. In these con-
ditions - for example, emphysema, pulmonary
fibrosis, liver cirrhosis, atherosclerosis, and
rheumatoid arthritis - the destruction of the
extracellular matrix was matched by a signific-
ant increase in collagen synthesis. This fact
was particularly evident in the experimental
models of emphysema obtained by intra-
tracheal instillation of elastolytic enzymes.57
There is now evidence that collagen pep-

tides derived from degradation of procollagen
molecules may influence in vitro collagen syn-
thesis.89 More recently, studies from our
laboratory showed that collagen degradation
products derived from elastase digestion may
increase in vivo lung collagen synthesis and
deposition.1011
These findings support the idea that colla-

gen degradation products may have a role in
collagen homeostasis under physiological con-
ditions or modulate collagen deposition in
some pathological states.

Different culture conditions were employed
in this study to evaluate: (1) whether collagen
degradation products from rabbit lung can
stimulate in vitro collagen synthesis by fibro-
blasts from different organs and species; (2)
whether collagen degradation products exert
their stimulatory effect without the interven-
tion of serum factors; and (3) whether collagen
degradation products enhance fibroblast pro-
liferation and alter genetic collagen type ex-
pression.

Methods
MATERIALS
Most of the reagents used for the cell cultures
were of special grade and manufactured by
Sigma (St Louis, Missouri, USA); trypsin was
from Gibco, [3H]-proline (Sp act 308 mCi/mg)
was purchased from Amersham International
(Amersham, Buckinghamshire, UK), and
highly purified Clostridium histolyticum colla-
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genase type VII free of non-specific proteases
was obtained from Sigma. The presence of
contaminating non-specific proteases was
excluded by assaying the collagenase on [3H]-
tryptophan-labelled proteins obtained from
cell cultures by the method of Spanheimer.'2

PREPARATION OF COLLAGEN DERIVED PEPTIDES
The various preparations of collagen derived
peptides used in this study were obtained by
digestion with porcine pancreatic elastase
(Sigma E 127) as previously described.10
Briefly, 1 g of insoluble collagen from rabbit
lung, prepared as described by Davis and
Mackle,'3 was digested with 4 mg porcine pan-
creatic elastase for 24 hours at 30°C in 0 2 mol/l
Tris-HCl buffer, pH 8 0. After thermal inac-
tivation of the enzyme the sample was centri-
fuged at 600 g for 30 minutes and the super-
natant containing collagen derived peptides
was extensively dialysed in tubing with a nom-
inal MW cut off of 2000 at 4°C against physio-
logical saline. The samples were then assayed
for protein14 and hydroxyprolinel5 concentra-
tions.
The typical electrophoretic profile of rabbit

lung collagen derived peptides is shown in fig
1. As can be seen, a major band (lane A, 4) and
four minor ones are evident in SDS-Page.

CELL CULTURES
Rabbit fibroblast cell lines were cultured from
skin (RSF) and lung (RLF) specimens of
healthy animals using the explantation
method. The fibroblast lines had undergone
six passages before these experiments. Human
fibroblast cultures from lung (HLF) and skin
(HSF) were obtained in the seventh passage
from Sclavo cell bank (Biocine Sclavo, Siena,
Italy).

CULTURE TREATMENT
To assess the effects of collagen derived pep-
tides on collagen production in fibroblast cul-
tures two different experimental conditions

1- -92

2- *-66

3-

-45

4 - _1

A

41b-31

- 21

B

Figure 1 SDS-Page of rabbit lung collagen
degradation products. Lane A: collagen degradation
products (20 ug in 2 3% SDS, 10% glycerol,
125 mmol/l Tris-HCI, pH 6 8). Bands 1-5 are the
major cleavage products obtained by porcine pancreatic
elastase digestion. The band corresponding to porcine
pancreatic elastase is indicated by the arrow. Lane B:
molecular weight standards. The Mr values (expressed
in kDa) are shown at the right. The gel (10%) was

silver stained.

were employed: (1) confluent cultures acutely
exposed to collagen derived peptides; and (2)
cultures chronically exposed to collagen de-
rived peptides before and/or after confluency.

In the first experimental condition we deter-
mined the amount of cell associated collagen
synthesised in the presence or absence of colla-
gen derived peptides by confluent fibroblast
cultures. For this purpose RLF, RSF, HLF,
and HSF cultures were seeded at a concentra-
tion of 1 x 104 cells/cm2 and grown in 75 cm2
flasks in Dulbecco's modified Eagle medium
supplemented with 10% fetal bovine serum,
5 U/ml penicillin, and 5 mg/ml streptomycin.
The cultures were fed every third day after
subculture. One day after confluency had been
reached the fibroblast cultures (1 x 105 cells/
cm2) were preincubated in serum free medium
containing 50 tg/ml ascorbic acid and 50 gg/ml
P-aminopropionitrile for one hour and then
incubated for 16 hours in a labelling medium
containing 10 pCi/ml [3H]-proline and collagen
derived peptides in a range of concentrations
varying from 65 to 260 ng protein/ml. Control
cultures were processed in a similar way but
collagen derived peptides were omitted or re-
placed by 1-5 ng/ml heat inactivated porcine
pancreatic elastase (70°C, 15 minutes) in sterile
saline solution.

In the second experiment (chronic expos-
ure) RLF cultures were seeded in 75 cm2 flasks
at a concentration of 1 x 0I cells/cm2 and
grown from the initial day of subculture in the
standard medium with (group A) or without
(group B) 130 ng/ml collagen derived peptides.
After the confluency (about seven days) cul-
tures (1 x 105 cells/cm2) from both groups were
studied for their ability to produce and secrete
collagen in the presence of collagen derived
peptides (130ng/ml) (groups Al; Bi) or in
their absence (groups A2; B2). For this pur-
pose 10 flasks for each experimental group
were employed. Cultures in serum free media
were labelled for 72 hours with 10 pCi/ml [3H]-
proline in the presence of 50 jtg/ml n-amino-
propionitrile and ascorbic acid supplemented
daily at a dose of 50 jtg/ml.

RADIOACTIVE LABELLING AND DETERMINATION
OF PROTEIN SYNTHESIS
Collagen synthesis was determined by measur-
ing the amount of labelled proline in collagen
and non-collagenous protein by using purified
bacterial collagenase. In the first series of ex-
periments these parameters were determined
in cell associated fractions. More specifically,
the labelling medium was removed, the cell
layer was washed twice with phosphate buf-
fered saline (PBS), and the cells were collected
after being scraped in PBS. The suspension
was clarified by centrifugation at 2000 rpm for
15 minutes, the resulting pellet was resus-
pended in saline, sonicated, and precipitated
with trichloroacetic acid (TCA) (5% final con-
centration). After centrifugation the pellet was
processed essentially as described by Peter-
kofsky and Diegelman.'6 The rate of tritium
incorporation into collagenase digestible pro-
tein fraction was measured'7 in a liquid scintil-
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lation counter (Packard, Tri-Carb 2000 CA).
In this assay system incorporation of tritium
into collagenase digestible protein fraction
estimated the rate of collagen synthesis, while
incorporation into collagenase insensitive pro-
tein fraction estimated the rate of synthesis
of non-collagenous protein. Additionally, in
some experiments the levels of [3H]-hydroxy-
proline in collagenase digestible and collagen-
ase non-digestible fractions were analysed by
HPLC according to the method of Muramoto
et al. 18 Briefly, the two fractions were separated
by precipitation with TCA and tannic acid
followed by centrifugation. Aliquots of 1-6 ml
of each supernatant were dialysed against
16 ml of 10 mmol/l acetic acid at 37°C for two
hours. The samples outside the dialysis bag
were then lyophilised and hydrolysed in 6N
HCI for 20 hours at 120°C. The non-collagen-
ous protein fraction was washed and hydro-
lysed in 6N HCI. [3H]-hydroxyroline and
[3H]-proline were separated by HPLC accord-
ing to Muramoto et al"8 on a 250 x 4-6 mm
internal diameter Partisil PXS 10/25 ODS-2
column (Whatman, Pierce Chemical Co.,
USA) at a flow rate of 1 ml/min. The recovery
rate of total radioactivity including hydroxy-
proline and proline for the HPLC was in the
range of 96-98%.
The collagen synthesis in fibroblast cultures

exposed or not exposed to collagen degrada-
tion products (260 ng protein/ml) was assessed
by determining the collagen concentration in
the culture media by HPLC. Collagen assays
were carried out in triplicate at time 0 (taken as
blank value) and 16 hours later. Hydroxy-
proline was essentially measured according to
the method described by Monboisse et al.'9
The values of hydroxyproline secreted into the
culture medium were calculated as the dif-
ference between the amount of hydroxyproline
determined at 16 hours and that present at the
start of the experiment (0 time) as collagen
degradation products. The amount of collagen
degradation products added to experimental
cultures (260 ng/ml medium) corresponds to
0-25 (0-01) nmol hydroxyproline/ml medium
as determined by HPLC.

In the second series of experiments (chronic
exposure) either the clarified culture medium
or the acid soluble fraction derived from the
cell layer was used as the starting material for
subsequent procedures. In these experiments
the secreted and cell associated collagens syn-
thesised by RLF cultures in the absence or
presence of collagen degradation products
were isolated by limited pepsin digestion. By
this technique collagens were separated by
fractional salt precipitation with 0-7 mol/I
(type III) and 2-0 mol/l (type I) NaCl at
pH 7-6 according to Kern et al."0 The purity of
these fractions was analysed by non-inter-
rupted electrophoresis using thioglycolic acid
as a negatively charged reducer (fig 2).2' The
amounts of radioactivity incorporated into the
different types of collagen chains were deter-
mined by a liquid scintillation counter.
The specificity of the assay was checked by

adding purified bacterial collagenase (type
VII) to the pellets obtained after fractional salt

Figure 2 SDS-Page analysis of collagen purified by
fractional salt precipitation with 0 7 molll (type III,
lane A) and 2 0 molll (type I, lane B) NaCl at pH 7 6
according to Kern et al.20 The fractions were analysed
by non-interrupted electrophoresis using thioglycolic acid
as negatively charged reducer (Nakamura et aP'). The
gel (5%) was silver stained. Positions of globular
molecular mass markers are shown at the left.

precipitation. Collagenase treatment reduced
the number of counts recovered in each frac-
tion by about 97%.

DNA SYNTHESIS AND CELL GROWTH IN
CULTURES EXPOSED TO COLLAGEN DEGRADATION
PRODUCTS
The effects of collagen degradation products
on DNA synthesis in confluent RLF cultures
was assessed by determining DNA and total
protein after 24 hours exposure to collagen
degradation products.22
The effects of chronic exposure to collagen

degradation products on cell growth were ex-
amined in the RLF cells grown both in the
absence and in the presence of collagen degra-
dation products (130ng/ml medium) as de-
scribed above. At selected times (two, four,
and six days after subcultures) growth rate
determination was assessed by measurement of
total DNA and protein contents as well as by
direct cell counts.
DNA levels and protein concentration were

assessed in cell cultures by the methods of
Taylor et a!'3 and Lowry et al,'4 respectively.

STATISTICAL ANALYSIS
For each parameter the values were averaged
and the standard deviation calculated. The
significance of the differences between means
was tested by analysis of variance (Snedecor F
test). A p value of < 0 05 was considered
significant.

Results
In preliminary experiments we determined the
maximum tolerated dose of collagen degrada-
tion products under the same conditions as
those selected for the following study. Concen-
trations of collagen degradation products
ranging from 65 to 260 ng protein/ml incuba-
tion medium (one eighth to one half of the
maximum tolerated dose) were employed to
evaluate the dose-response relation.
The acute exposure of RLF to collagen
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Figure 3 Effects of collagen degradation products on 3H -proline incorporation in collagen and non-collagenous
protein (NCP) fractions in fibroblast cultures (cell layer) from different organs and species. A, rabbit lung
fibroblasts; B, human lung fibroblasts; C, rabbit skin fibroblasts; and D, human skin fibroblasts. Values are means
(SD) of three separate determinations on eight different flasks at each concentration of collagen degradation
products. NCP values are expressed as dpm x 10- '. The values obtained from control flasks in which collagen
degradation products were replaced by heat inactivated porcine pancreatic elastase belong in the range of values
reported in the figure for control flasks in which collagen degradation products were omitted. * p < 0 05 compared
with control flasks.

degradation products resulted in a significant
increase in collagen synthesis as detected by
[3H]-proline incorporation into cell associated
collagenase digestible fraction (fig 3A). This
stimulatory response is dose-dependent in the
range of collagen degradation products con-
centrations reported above. The effect of colla-
gen degradation products is specific for colla-
gen, since they do not alter the synthesis of
non-collagenous proteins (fig 3A).
The effects of collagen degradation products

on synthesis of collagen and non-collagenous
proteins on HLF, RSF, and HSF cultures are

reported in fig 3B, C, and D, respectively. As
can be seen, collagen degradation products
from rabbit lung do not affect the synthesis of
collagen and non-collagenous proteins in skin
fibroblasts or in lung fibroblasts from other
animal species. No change in collagen syn-
thesis was observed between the control cul-
tures in which collagen degradation products
were replaced by 1-5 ng/ml heat inactivated
porcine pancreatic elastase and those in which
collagen degradation products were omitted
(fig 3).

Similar results were obtained when the col-
lagen synthesis in the cell layer was assessed by
determining the radioactivity associated with
hydroxyproline into the collagenase digestible
fractions after separation with HPLC (fig 4).
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Figure 5 Effects of collagen degradation products
(CDP, 260 nglml medium) on the amount of
4-hydroxyproline secreted into the culture medium after
16 hours of incubation. The reported values represent the
differences between the amount of hydroxyproline
determined in the medium at 16 hours and that present
at the start of the experiment (0 time) as collagen
degradation products (0 25 nmol hydroxyprolinelml
medium). Values are means (SD) of triplicate
determinations carried out on eight different flasks for
each experimental condition. RLF= rabbit lung
fibroblasts; HLF=human lung fibroblasts; RSF=rabbit
skin fibroblasts; HSF human skin fibroblasts.

No detectable amounts of hydroxyproline and
[3H]-hydroxyproline were found in non-colla-
genous protein fractions. It was apparent that
collagen synthesis determined as [3H]-
hydroxyproline separated by HPLC followed
a pattern identical with that determined as

total radioactivity present in the collagenase
digestible fraction (r = 0 94).

Collagen synthesis was also assessed in cul-
ture media by determining hydroxyproline by
HPLC (fig 5). As can be seen, a significant
increase in hydroxyproline was detected in the
culture media of RLF cultures after 16 hours
of incubation with collagen degradation pro-

ducts.
These results, obtained in cell cultures at the

seventh passage, were confirmed in additional
trials using several cultures from the same

tissues and species at various passages (8-11).
Despite the large variability of the response of
RLF cultures to collagen degradation pro-

ducts, the results obtained in these additional
trials fulfilled the more stringent criteria for
statistical and biological significance de-
veloped by Barile et al.24 In particular, an

increase in collagen synthesis of 1 9-3 2 times
has been observed in 12 separate experiments
carried out on parallel sets of RLF cultures at

various passages incubated with collagen
degradation products. The collagen synthesis
in each of the experiments was significantly
higher in cultures treated with collagen degra-
dation products than in controls (p < 0 05). In
addition, the absolute values of the z score

(difference/standard deviation) always
exceeded 1-96.24 However, no significant dif-
ference was observed in the mean values of the
studied parameters between control cultures
and those treated with collagen degradation
products for HLF, RSF, and HSF at the
various passages examined.
These data indicate that the stimulatory

effect of collagen degradation products is spe-
cific for lung collagen, species specific, and

dose dependent, at least in the range of con-
centrations reported above. These results,
obtained in fibroblast cultures deprived of
serum, show that collagen degradation pro-
ducts exert their effect without the interven-
tion of serum factors.

EFFECTS OF COLLAGEN DEGRADATION PRODUCTS

ON GENETIC TYPES OF COLLAGEN SYNTHESISED

BY RLF
Experiments were carried out to see whether
collagen degradation products affect the ex-
pression of type I and type III collagens by
altering their rates of synthesis, or by selecting
specific clones emphasising one type of colla-
gen, or both. To evaluate this possibility ex-
posures to collagen degradation products were
performed as detailed above on confluent cul-
tures which were previously supplemented
(group A) or not supplemented (group B) with
collagen degradation products during RLF
growth.
The data obtained in this study are summar-

ised in table 1. As can be seen, a specific
increase of collagen type I neosynthesis by
RLF at confluency was observed in flasks
treated with collagen degradation products in
the presence or absence of pretreatment with
collagen degradation products during subcon-
fluency (groups Al and Bi). It appears that
collagen degradation products caused a signi-
ficant increase (about threefold) in type I colla-
gen synthesis compared with a small increase
in type III collagen. Thus a decrease in colla-
gen type ratio (III/I + III) was observed in
treated cultures (0 26 (0 04)) compared with
controls (0-45 (0 02)).
However, no change in collagen synthesis

was observed in control cultures (A2, B2) in
which collagen degradation products were
omitted during the labelling period, with or
without pretreatment with collagen degrada-
tion products.

Table I Culture distribution of the genetic types of
collagen synthesised by rabbit lung fibroblasts in the
absence or presence of collagen degradation products

H -proline incorporated
(dpm 100 cells)

Secreted Cell-assoczated

Type I collagen
Al 33 2 (2-9)* 18 5 (12)*
A2 10.9 (1 1) 6-1 (0 8)
BI 35.1 (3l1)* 19 4 (19)*
B2 112 (1-0) 6-2 (0 7)

Type III collagen
Al 119 (12)* 65 (06)*
A2 91 (07) 49 (03)
Bi 10 9 (1 0) 6-1 (0 3)*
B2 9 3 (0 8) 5-0 (0 3)

Total synthesis
Al 45 1 (3 7)* 25 0 (2 1)*
A2 20-0 (2 1) 110 (1 0)
Bi 46 0 (3-8)* 25 5 (2 0)*
B2 205(22) 112(1-1)

Two series of cultures were treated (A) or not treated (B) with
collagen derived peptides during cell growth; these cultures
were either exposed (1) or not (2) to collagen derived peptides
after confluency. Values are mean (SD) of triplicate determi-
nations from 10 flasks for each experimental condition. The
total synthesis was obtained from the combined values for the
collagen type I and type III fractions.
* p < 0-05 compared with control group B2.

316

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.49.4.312 on 1 A

pril 1994. D
ow

nloaded from
 

http://thorax.bmj.com/


Collagen breakdown products and lung collagen metabolism

EFFECTS OF COLLAGEN DEGRADATION PRODUCTS
ON DNA SYNTHESIS IN CONFLUENT CULTURES
AND ON RLF GROWTH IN SUBCONFLUENT
CULTURES
Exposure of confluent cultures (25 cm2 flasks)
to collagen degradation products for a period
of up to 24 hours did not result in an increase
in DNA or protein content. Mean (SD) values
from quadruplicate cultures for DNA content
in control cultures and those treated with col-
lagen degradation products were 31 (2) and 29
(3) ,ug/flask, respectively. The protein content
amounted to 713 (32) and 708 (36) jtg/flask for
controls and cells treated with collagen degra-
dation products, respectively.
To further assess the effect of collagen

degradation products on cell growth the total
DNA content and cell counts of RLF cultures,
whether exposed to collagen degradation pro-
ducts or not, were determined at selected times
(two, four, and six days) after subcultures.
Table 2 shows the results obtained in parallel
cultures in which eight flasks (25 cm2) were
used for each time point and experimental
condition. As can be seen, there was no dif-
ference in DNA content or cell number
between the cultures, whether exposed to col-
lagen degradation products or not. Similarly,
evaluation of total protein at each time point
indicated that exposure to collagen degrada-
tion products did not increase the total protein
content of the cultures compared with control
values. These results indicate that collagen
degradation products do not stimulate total
protein synthesis or the growth rate of RLF in
subconfluent cultures.

Discussion
It has been proposed that lung synthesis of
collagen and elastin can be controlled by the
state of the extracellular matrix and peptides
made soluble by elastase derived from that
matrix. It has, in fact, been shown that con-
ditions mimicking degradation of these inter-
stitial proteins result in an enhanced rate of
synthesis of elastin and collagen in an in vitro25
and an in vivo'0 model. Such regulation may
have a role in reconstituting the connective
tissue framework of the lung (remodelling)
after elastase injury, or may also be of import-
ance in lung collagen homeostasis under
physiological conditions.

In previous papers from our laboratory we
have shown that lung collagen degradation
products derived from elastase digestion can
enhance lung collagen synthesis when injected

Table 2 Effect of collagen degradation products (CDP) on cell proliferation in
cultures of rabbit lung fibroblasts

Days after subculture

2 4 6

Control + CDP Control + CDP Control + CDP

Cell counts 1 4 (0 2) 1-5 (0-3) 5 1 (0 7) 5 2 (0 5) 9 3 (0 9) 9-1 (0 8)
(no x 104/CM')
DNA 4 7 (0 4) 4 6 (0-4) 15 6 (1 8) 15 6 (1 6) 28 (3 2) 27 (3 0)
(jg/flask)
Protein 119 (7) 112 (10) 361 (17) 370 (18) 707 (38) 699 (34)
(VSg/flask)

Values represent mean (SD) of eight flasks (25 CM2).

intravenously into rabbits.'" In addition, the
chronic stimulation of collagen synthesis by
collagen derived peptides resulted in an
increased deposition of collagen fibres with a
relative increase of collagen type I."

In this paper we present evidence that lung
collagen derived peptides can exert their sti-
mulatory effect on collagen synthesis by lung
fibroblasts under in vitro conditions. This
effect is dose related, specific for lung fibro-
blasts, and species specific. Our data provide
evidence that lung collagen derived peptides
can enhance collagen synthesis without the
intervention of hormones or effector molecules
derived from inflammatory cells (for example,
cytokines) and plasma protease systems (for
example, complement, clotting).
The stimulation of collagen synthesis by

collagen derived peptides was not matched by
an increase in the synthesis of non-collagenous
proteins and DNA. This conclusion comes
from the experiments carried out on confluent
and subconfluent cultures exposed to collagen
derived peptides. In addition, the data
obtained in subconfluent cultures clearly in-
dicate that collagen derived peptides do not
affect the growth rate of RLF when added to
culture media.
Although an apparent increase in the num-

ber of lung fibroblasts after chronic treatment
with collagen derived peptides has been
reported by us previously in an in vivo study,
the data presented here indicate that collagen
derived peptides do not stimulate fibroblast
proliferation. The increase in collagen syn-
thesis by collagen derived peptides is matched
by a change in collagen type ratio with a
relative increase of type I collagen in respect to
type III. This result is in agreement with those
previously reported by us under in vivo con-
ditions. It is known that in a stable extracellu-
lar environment the relative ratio of the inter-
stitial collagen synthesised by a population of
fibroblasts is constant.26 It is reasonable to
suppose that the change in the extracellular
milieu resulting from the addition of collagen
derived peptides could modify the relative
proportion of collagen types produced by
RLF. This change could be accounted for by
either an alteration of the differentiated char-
acteristics of each cell or by a selection of
specific clones emphasising one collagen type.
Indeed, the change in collagen type ratio,
observed in confluent cultures in which colla-
gen derived peptides were added during the
labelling period, occurred irrespective of
whether collagen derived peptides were pre-
viously included in the media during cell
growth. These data are not consistent with the
hypothesis that collagen derived peptides in-
duce a selection of specific clones emphasising
one collagen type. In conclusion, under the
influence of collagen derived peptides RLF
undergo phenotypical changes which are not
sustained after the removal of collagen derived
peptides.
Another interesting observation in this

study is that the effect of lung collagen derived
peptides was specific for lung fibroblasts and
was species specific. Given the high homology
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existing among the various genetic types of

collagen in different mammalian species and

among various organs within the same spe-

cies,27 the results obtained in this paper appear

surprising. We cannot explain why rabbit lung

collagen derived peptides exert their action

only on homologous lung fibroblasts. How-

ever, we hypothesise that the specificity of the

response to lung collagen derived peptides

may depend on receptors to collagen frag-

ments present on the cell surface. Another

possible explanation is that the response

depends either on the kind of collagen mol-

ecule or the type of enzyme generating colla-

gen derived peptides. In this context it is of

interest to note that many similarities exist in

biochemical properties (for example, substrate

specificity, inhibitory profile) between porcine

pancreatic elastase and rabbit leucocyte elas-

tase.28 Moreover, data similar to those reported

here were obtained in preliminary experiments

employing lung collagen derived peptides de-

rived by digestion with homologous leucocyte

elastase.
The data presented in this paper offer an

explanation for the increase in lung collagen

synthesis and deposition characterising experi-

mental animals after elastase challenge. In

addition, these results suggest a role for pro-

teinase(s) in the control of the dynamic state of

extracellular matrix regulating not only the

degradation of specific interstitial components

but also stimulating the synthesis via break-

down products. Since collagens in normal lung

tissue are exposed to a physiological burden of

elastase and a complex enzyme mixture whose

concentrations vary depending upon the rate

of leucocatheresis,29 itis likely that a regulation

of collagen mass by collagen derived peptides

is operative in vivo.
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