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SUMMARY :

Organ cultures of neo-natal rat lungs continue to accumulate collagen at
a nearly linear rate for 5 days, when maintained in an atmosphere consisting
of 5% C0§ in air. Nearly 70% of the collagen synthesized in these cultures
is Type I and 30%, Type II1. When these cultures are maintained in 5% COp +
95% 0p, the per cell accumulation of collagen increased. Although there is
no significant change in the amount of radiolabeled proline incorporated, the
rate of incorporation per cell is increased since there appear to be fewer
cells in the 0,-treated cultures. These parameters of collagen synthesis
parallel lung 02 injury in vivo. There is a shift in the type of collagen
synthesized, nearly 70% being Type III and 30%, Type I in 0-exposed cultures.
This finding is reminiscent of tissue repair after injury. Such changes in
collagen may contribute to pulmonary connective tissue disorders in oxidant-
induced lung injury.

INTRODUCTION:

Connective tissue alterations are a major aspect of lung disorders.
Since collagen is a major protein component of lung connective tissue, quali-
tative and quantitative changes in collagen have been implicated in pulmonary
dysfunction caused by a variety of etiologic agents (1). It is important to
determine the molecular mechanisms involved in the development of such
changes. Because injured lungs in vivo are subject to a variety of systemic
jnfluences including circulating cells and proteins, and immune phenomena, a
clear cut delineation of mechanisms involved in lung collagen alteration is
not possible. We have developed a simple organ culture procedure using neo-
natal rat lung slices, which mimics many biochemical characteristics of lungs
in vivo (2,3). Using this model we have investigated the alterations in col-

lagen synthesis and accumulation caused by an oxidant atmosphere, consisting
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of 95% 0p. Our studies show increased collagen accumulation and altered syn-
thesis of Type I and Type III collagen chains under these conditions.
MATERIALS AND METHODS:

Lung organ cultures were prepared as described elsewhere (2,3). The
method consists in placing Tmm thick slices of neo-natal rat lung {Long-Evans)
on millipore filters (0.3u) supported on 1ml Dulbecco-Vogt minimum essential
medium in an organ culture dish. Several dishes were placed in a humidified,
gas tight chamber in which appropriate gas mixtures were circulated. The col-
lagen content of cultured lung tissues was measured by assaying for hydroxy-
proline (4). The rate_of collagen synthesis was determined by measuring the
incorporation gf 3,4-[3H2]-L—pro1ine (New England Nuclear, 25 Ci/mMole) into
nondialyzable JH-hydroxyproline after pulse labeling for 3 hours at different
times in culture (5). The DNA content of lung organ cultures was determined
by the diphenylamine procedure (6), and the total protein content of the cul-
tures was assayed by measuring the total ninhydrin-reactive material in
6N HC1 hydrolyzates, (7). The labeled collagens synthesized in the presence
of g-aminopropionitrile (8) were extracted after homogenization of tissues
followed by pepsin digestion (9). Separation of Type I and Type III collagen
chains was carried out by affinity procedures using thiol-activated sepharose
columns to retard the cysteine-containing Type III chains (10).

RESULTS AND DISCUSSION:

Previous studies have shown that when animals are exposed to high 0p
atmospheres, the total DNA content in the lungs is decreased and the lungs
exhibit morphological evidence for fibrosis, as an apparent increase in
collagen deposition (11).

Organ cultures of neo-natal rat lungs maintained in an atmosphere con-
taining 95% air + 5% €05, continue to accumulate DNA and collagen at a nearly
linear rate for five days or longer (2,3). In order to determine if exposure
to high 02 atmospheres elicited a response in organ cultures, similar to
their response in vivo, cultures were maintained in an atmosphere consisting
of 95% Op + 5% COp. As seen in Fig. 1, the DNA content of cultures exposed
to 0p was markedly decreased. Under these conditions, there was an increase
in the accumulation of collagen per cell measured as a ratio of collagen con-
tent to the DNA content of the cultures (Fig. 2). Similar observations on
collagen accumulation have been reported in Tungs of animals exposed to high
0 atmospheres. Electron microscopic studies of 0z-exposed cultures, indi-
cated that there was a thickening and obliteration of interalveolar septa,

with the appearance of loosely packed fibrous collagen masses in the inter-
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Fig. 1. DNA content of Lung Organ Cultures at different times in the presence
of 95% Oxygen.

Procedures for the culture and DNA analysis are described
in the Methods section. The dry weight was determined after
Tyophilizing the tissues to a constant weight. Each point

represents the mean of five determinations and error bars
show the standard error of the mean.Q=Q, Control; @-@, 95% 02.

Fig. 2. Hydroxyproline content of Lung Organ Cultures at different times in
the presence of 95% Oxygen.
Procedures for the culture, analyses and statistical conven-

tions are as described in the Legend to Figure 1. Each point
represents the mean of five determinations. @@, Control;

0-0. 95% 0,.

Fig. 3. Rate of Synthesis of Collagen in Lung Organ Cultures at different
times in the presence of 95% Oxygen.
Procedures for the culture and analyses are as described
in the Methods_section. Collagen synthesis is indicated

as a ratic of 14C-hydroxyproline DPM formed per ng DNA in
cultures grown in 95% 0 to those grown in 20% 02 (control).

stitial space. In this respect these cultures exhibited morphological charac-
teristics reminiscent of lungs made fibrotic in vivo. These studies will be
published elsewhere., Increased accumulation of collagen in Tungs of animals
exposed to high Oz tensions has been correlated with increased protein syn-
thetic activity (12,13). In order to determine if increased collagen accumu-
lation per cell resulted from increased synthesis of collagen in cultures
exposed to 95% Oy, the rate of synthesis of collagen was determined as the

synthesis of 3H—hydroxypro1ine from SH proline, administered in 3 hour pulses,
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TABLE I

COLLAGEN CHAIN TYPES SYNTHESIZED IN LUNG ORGAN CULTURES
IN THE PRESENCE OF 95% OXYGEN

Relative Proportions of
Pulse-Labelled Collagen{%)

Type 1 Type 111
20% Oxygen 69 31
71 29
95% Oxygen 33 67
38 62

Lung cultures were grown in gas mixtures containing 20% 02
(Control) and 95%_0» for 24 hours and were then labelled with
10uCi/ml of 3,4-[3Hi-L-proline in the presence of 100 ug/ml 3-amino-
propionitrile for an additional 48 hours. Collagen was extracted
(10 culture plates) and chromatographed as described in the Methods
section.

after varying exposures to the hyperoxic environment. The data from this
experiment (Fig. 3) showed a marked increase in the synthesis of 3H-hydroxy-
proline per cell, on the basis of the DNA content of the cultures. These
data substantiate observations in vivo (13,14) and explain the increased
accumulation of collagen in lungs injured by hyperoxic environments.

Normal Tungs parenchyma contains approximately 70% Type I collagen and
nearly 30% Type III collagen (9). The proportions of the different collagen
chains are altered in human idiopathic pulmonary fibrosis {9). We have
examined chain composition of control and 02-exposed lung organ cultures to
determine, if the rates of syntheses of these distinct gene products were
altered. As seen in Table I, in control cultures, nearly 70% of the total
extractable labeled collagen was Type I, and 30%, Type III. These proportions
were reversed in cultures maintained in the 95% Oz + 5% CO2 environment.
Previous studies have shown that in fibrotic human lungs, the proportion of
Type II1 collagen is significantly decreased (9). These studies reflect the

long term accumulation of collagen in lungs presumably as a result of com-
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pleted repair in lungs by unknown causes. Studies on collagen chains in
tissues of different ages have shown that Type III collagen predominates in
fetal tissues and its proportions are decreased with advancing age (15).

Type III collagen synthesis is predominant in injured tissues, during repair
and regeneration (16), presumably because regenerating tissues in the early
stages resemble fetal development. Our studies suggest that 0z-induced
fibrotic lesions may arise from similar injury repair mechanisms. These
observations suggest that the initial phases of the fibrotic response of lungs
to environmental oxidants may be entirely endogenous to the lungs themselves
and not involve systemic influences. Our studies also suggest that Tung organ
cultures in atmospheres resembling the ambient environment may be a useful

model for studying biochemical processes in the lung.
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