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Type I collagen content is increased in lungs of
patients with adult respiratory distress syndrome
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ABSTRACT Collagen in lung tissue was examined from patients with adult respiratory distress
syndrome, from patients who did not have this disease but required mechanical ventilation and
oxygen treatment, and from patients without overt lung disease. Cyanogen bromide peptide
mapping techniques were used to determine the ratio of type I to type III collagen present in
these lungs. In the fibrotic lungs from patients with adult respiratory distress syndrome a shift was
found in the ratio of type I to type III from the normal value of 2:1 to a mean value of 3-4:1. In
patients with normal lungs and those with other lung diseases collagen type ratios were normal.
Our data suggest that (i) changes in lung collagen of patients with adult respiratory distress
syndrome resemble those previously described in patients with idiopathic pulmonary fibrosis,
although the changes occur much more rapidly in the former; (ii) the increased content of
collagen in lungs of patients with adult respiratory distress syndrome shown by others is predo-
minantly of type I collagen; and (iii) the stimulus to the lung to produce excess type I collagen
relative to type III is not solely of iatrogenic origin-that is, resulting from oxygen or ventilator
treatment.

The adult respiratory distress syndrome is a devas-
tating disease of diverse causes in which a previously
normal lung can be transformed into an irreversibly
fibrotic one in a few weeks. The triggering mechan-
ism for the fibrotic process remains unknown,
although considerable controversy centres on the
relative roles of the underlying disease process and
of treatment with oxygen and positive end-
expiratory pressure, which are often used to sustain
life during the acute phase.'-4 Serious derangements
in collagen metabolism can occur extremely rapidly
in the course of this disease. Zapol and coworkers5
have shown that the total lung collagen content is
significantly increased as early as 12 days after its
clinical onset. Many workers have shown histologi-
cal evidence of rapid collagen deposition in lungs of
patients with the adult respiratory distress syn-
dron2e.-3`6 The great rapidity of the change is
remarkable3 as diffuse pulmonary fibrosis is usually
thought of as a chronic disease of insidious onset.7

Several animal models of acute respiratory dis-
ease leading to pulmonary fibrosis within two to four
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weeks have become available recently. The best
characterised of these models of the adult respirat-
ory distress syndrome include disease induced in
rodents by intratracheally instilled bleomycin,89
intraperitoneally injected paraquat,'0 and inhaled
ozone."l 12 In each of these three animal models not
only is the total lung collagen content increased in
parallel with the development of pulmonary
fibrosis9 13 but also there are qualitative changes in
the types of collagen being synthesised by the lung
after the insult." These shifts in collagen types paral-
lel the changes previously reported in lungs of
patients with idiopathic pulmonary fibrosis,'4 and
may reflect an obligatory basic mechanism. In the
light of the data from the animal models of this dis-
ease we were stimulated to examine the question
raised recently by Hempel and Lenfant's of whether
the chemical composition of collagen synthesised in
animal models of pulmonary fibrosis is similar to
that of the collagen synthesised and accumulated in
lungs of patients with the adult respiratory distress
syndrome. We know of no comparable study.

Methods

THE PATIENTS
Three groups of patients were selected for this
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study. The first group consisted of patients with clin-
ically defined adult respiratory distress syndrome;
the key clinical criteria were increasing dyspnoea,
tachypnoea, severe hypoxaemia despite oxygen and
positive end-expiratory pressure, and a chest radio-
graph showing diffuse pulmonary infiltration or

"white-out." At necropsy (or, in one case, biopsy)
histological findings of hyaline membrane formation
and diffuse interstitial fibrosis confirmed the clinical
impression of the adult respiratory distress syn-

drome. The second group of patients required
mechanical ventilation and oxygen treatment for
conditions other than the adult respiratory distress
syndrome; the clinical diagnoses were confirmed at
necropsy. The third group consisted of patients with
no known lung disease who had not required
mechanical ventilation or high concentrations of
inspired oxygen. Table 1 summarises characteristics
of the patients, including sex, age, final diagnosis,
and smoking history. Table 2 summarises their
treatment, including the number of days on a ven-

tilator, the highest positive end-expiratory pressure

used, and the highest oxygen concentration
required. Groups 1 and 2 both contained smokers

and non-smokers, both men and women, and were

reasonably well matched for age (mean age of group
1 = 63 8 years; group 2 = 69 + 6 years without
case 6, 58 23 years with case 6 included).

All lung samples were obtained at necropsy,

except for one obtained at open lung biopsy. The
protocol was approved by the Institutional Commit-
tee on Ethics of Human Experimentation. All sam-

ples were immediately frozen until assayed. Samples
were coded, and the investigator performing the
assays did not know the diagnosis at the time that
the assays were conducted.
We obtained some preliminary data on lung col-

lagen concentration and wet-to-dry weight ratio for
three patients with adult respiratory distress syn-

drome and two from the group of control patients
who had not received artificial ventilation.
Hydroxyproline was measured by the Woessner
assay.'7

QUANTITATION OF COLLAGEN TYPES
We used cyanogen bromide peptide mapping to
quantitate collagen types ratios, as previously
described," 16 with minor modifications. Stock

Table 1 Clinical history ofthe patients with adult respiratory distress syndrome (ARDS)

Group Patient Sex Age (y) Final diagnosis Smoking
No (pack-years)

1 1 F 52 ARDS, Gram(-) sepis, Gram(-) pneumonia, 0
renal disease

2 M 64 ARDS, pneumonia >30
3 M 65 ARDS, intra-abdominal bleeding, portal 0

hypertension
4 M 71 ARDS, Gram(-) sepsis, diabetes, pneumonia ?

2 5 M 76 Pneumonia, Gram(-) sepsis, pleural effusion >30
6 F 25 Lupus, septic shock, renal failure 0
7 M 65 Congestive heart failure, arrhythmia >70

3 8 M 20 Trauma (motorcycle) ?
9 M 71 Cerebrovascular accident, alcoholic cirrhosis ?
10 M 41 Haemophilia, exsanguination 0

Table 2 Treatment and outcome: lung collagen ofpatients studied

Group Patient No Days on Highest PEEP F,02 attained Type III collagen (%*) Type I:.II collagen
ventilator ratio

1 1 18 0 40-100 20,23,26 (23) 3-3:1
2 12 15 40-100 25 (25) 30:1
3 15 8 100 23,22 (22.5) 3-4:1
4 14 5 100 21,23 (22) 3-5:1

Group mean 23-lt 3-4:1
2 5 8 5-8 50-100 34,36 (35) 1-9:1

6 5 5-12 35-100 32,33,33 (32-7) 2-1:1
7 3 5-8 60-70 34,35,36 (35) 1-9:1

Group mean 34-2 1-9:1
3 8 0 34,33 (33-5) 2-0:1

9 0 32,35,36 (333-7 1-9:1
10 0 30,31 (30-5 2-3:1

Group mean 32-6 2-0:1

PEEP-positive end-expiratory pressure; F,o2-inspired concentration of oxygen.
Data from individual lung samples shown; each number represents the average of two gel scans. The mean of the individual

determinations is shown in parentheses.
tGroup 1 was significantly different from groups 2 and 3 (p < 0.29) by the Wilcoxon (Mann-Whitney) test.
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cyanogen bromide was stored in acetonitrile (2 g/ml)
at -70°C; aliquots were thawed as needed. Either
two or three samples from each patient were ana-
lysed; they were taken from different lobes when
possible. Sample sizes ranged from 2 to 5 g, thus
permitting multiple determinations to be made from
one sample if necessary. In the case of the biopsy
material (patient 2), there was only enough tissue
for one determination. The samples were homogen-
ised and washed overnight in 50 molll tris-
hydrochloride, pH 7-4, to remove non-collagenous
proteins. The samples were then digested with
cyanogen bromide (1.5 x weight of sample) in 70%
formic acid under nitrogen for four hours at 37°C.
Cyanogen bromide and formic acid were removed
by rotary evaporation; the samples were rinsed with
distilled water three times, dissolved in column start-
ing buffer (20 molI sodium citrate, pH 3.6), and
centrifuged to remove undigested tissue. The pep-
tides were then separated by chromatography on
carboxymethyl cellulose as previously described.
The fractions from the peak containing the peptides
a, (I)CB-8, a, (I)CB-3-8, and a, (III)CB-8 were
pooled and dialysed, and electrophoresis was per-
formed on a polyacrylamide gel.'6 The Coomassie-
blue-stained gel was scanned with a densitometer
equipped with an integrator to obtain the ratios of
collagen types. We also measured total hydroxy-
proline'7 in the lung homogenate before cyanogen
bromide digestion and in the clarified sample to
determine the approximate percentage digestion of
the total collagen present in the lung sample.
We found that in lung tissue from younger

patients we routinely solubilised 80% or more of the
lung tissue with a single digestion. A single digestion
of lung tissue from older patients (aged 50 years and
over), however, did not solubilise more than 50-
60% of the total hydroxyproline. We therefore redi-
gested the insoluble pellet from several different
patients and determined the ratio of collagen types
in the second digest (about 60% yield of the remain-
ing 4-hydroxyproline in the pellets). We found that
a second digestion solubilised about the same per-
centage of the total hydroxyproline as did the first
digestion; furthermore, the ratio of collagen types in
the pellet was identical to the ratio found in the
initial digestion. Thus cyanogen bromide did not
preferentially solubilise one type of collagen in such
digests despite the relatively low yield of cyanogen
bromide peptides solubilised at this step in the lungs
from older subjects.

HISTOLOGY
Microscopic evaluation of lung tissue, with
haematoxylin and eosin staining of 6-,um paraffin
sections, was routinely performed at necropsy. In

Table 3 Apparent collagen concentrations in lungs from
patients studied

Patient No Group Wet-to-dry pg hydroxy-
weight ratio prolinelg

dry lung

1 1 3-6 2-6
3 3-9 7-9
4 40 4-6

Group mean 3-8 5-0 + 2-7

8 3 2-9 1.9
9 2-5 1-2

Group mean 2-7 1-6 ± 0-4

addition, in
stained with
lagen.

some cases further sections were
Masson's trichrome to visualise col-

Results

Ratios of collagen types in lung samples from the
patients in the study are given in table 2. Normal
lung contains about 33% type III collagen according
to our observations" and those of others.'4 The only
patients with a shift in the ratios of collagen types
were the four who had the adult respiratory distress
syndrome, who all showed an increase in type I rela-
tive to type III collagen. There was little variation
among replicate samples or among the different
patients in group 1. All values were significantly dif-
ferent from normal values. All the other patients
(groups 2 and 3) had normal values for the percen-
tage of type III collagen in their lungs, regardless of
ventilator history, other lung disease, inspired con-
centration of oxygen, or smoking history. Histologi-
cally, the four patients with adult respiratory distress
syndrome all showed evidence of interstitial fibrosis
whereas none of the other subjects studied had his-
tologically discernible interstitial fibrosis.
Lung collagen concentrations and wet-to-dry

weight ratios are shown in table 3. These data are
derived from single samples in each patient and are
too few to permit firm conclusions but they suggest
that there may be an increase in lung collagen in the
adult respiratory distress syndrome.

Discussion

Although the ratios of collagen types in various
organs change during fetal and neonatal develop-
ment, they seem to remain remarkably constant dur-
ing adult life. Shifts in the ratios have been reported,
in association with serious dysfunction in several
organs. For example, changes have been described
in bone (from patients with osteogenesis imper-
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fecta),'8 cirrhotic liver,'9 atherosclerotic blood ves-
sels,20 prolapsed mitral valve,2' and rheumatoid
synovia.22 Changes in collagen type ratios have also
been documented in lung. Seyer et all4 showed that
lungs from patients with idiopathic pulmonary
fibrosis had significantly lower ratios of type III to
type I collagen than did lungs from normal patients.

In this report we have shown that patients with
clinical and histopathological evidence of the adult
respiratory distress syndrome had significant
decreases in the relative amount of type III collagen
in their lungs. These findings in acutely fibrotic lungs
are thus similar to the findings of Seyer et al in
chronically fibrotic lungs.'4 Our results are also con-
sistent with the report of Zapol and his colleagues
that the collagen content of lungs from patients with
adult respiratory distress syndrome is about doubled
in patients whose illness was of 11 to 16 days' dura-
tion.5 If all this newly synthesised collagen had been
type I the ratio of collagen types in the lung would
have changed from 2:1 (33% type III) to 5:1
(16-5% type III). Our results (table 2) suggest that if
the patients we studied were on average as ill as
those of Zapol et al at least 85% of the newly syn-
thesised collagen in their lungs must have been of
type I. Such a result is consistent with the values we
have observed" for changes in the ratios of types I
and III collagen being synthesised by lungs of rats
exposed to various fibrogenic stimuli (80-83% type
I).
We found no evidence of a shift in collagen types

in any of the patients not suffering from the adult
respiratory distress syndrome, including several with
lung disease who had been on ventilators, though it
is important to note that group 2 patients all spent
less time on a ventilator (three to eight days) than
did the group 1 patients. Our data suggest that the
stimulus for the shift in lung collagen types observed
in this study is a fairly specific event-that is, such
general insults to the lung as underlying disease
other than adult respiratory distress syndrome and
ventilator support for a few days with high positive
end-expiratory pressures or high partial pressures of
oxygen may not be sufficient to initiate the process.
On the other hand, the potential interactions of
oxygen treatment and ventilator support with the
underlying disease process in the adult respiratory
distress syndrome remain to be defined. Another
unanswered question is whether the pattern of
abnormal collagen deposition in the lungs of
patients with the adult respiratory distress syndrome
described by Zapol et al5 and by us in the present
study is reversible or irreversible. Since lung func-
tion is thought to return to normal in survivors,'5
either the survivors are a selected population whose
lung collagen metabolism does not change or the

changes may be reversible on recovery (given that
the functional tests reflect the structural change).
Animal models may help to throw light on the
natural history of the adult respiratory distress syn-
drome and may also prove useful in the assessment
of potential antifibrotic drugs.612
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