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Abstract
Increased fibroblast replication and
interstitial collagen accumulation occur
commonly in the interstitial lung disease
that progress to fibrosis. The processes
controlling lung fibrogenesis are not
completely understood, however. This
study was designed to analyse the
influence of T lymphocytes from lung
tissue obtained at open lung biopsy from
four patients with idiopathic pulmonary
fibrosis and four patients with extrinsic
allergic alveolitis on fibroblast prolifera-
tion and collagen synthesis in vitro. Lung
T cell supernatants from patients with
both diseases induced a moderate but
significant inhibition of human lung
fibroblast cell line growth. In contrast,
there was a clear difference in the effect
ofT cells from the two groups of patients
in relation to collagen production. Lung
T lymphocytes from all four patients
with idiopathic pulmonary fibrosis
produced a substantial increase in
collagen synthesis (from 371% to 514% of
control values), whereas T cells from
three of the four patients with extrinsic
allergic alveolitis induced a significant
decrease in collagen production (to 35%,
36%, and 43% of control values); in the
fourth case there was an increase in
collagen synthesis but this was lower
than that seen with T cells from any of
the patients with idiopathic pulmonary
fibrosis. Peripheral T cells from six
patients and control subjects caused a
small increase in fibroblast proliferation
and no change in collagen synthesis. The
findings suggest that at least two types of
interaction occur between lung T cells
and fibroblasts in these disorders. A
variable degree of inhibition of cell
proliferation is observed in response to
lung T cell supernatants from patients
with both idiopathic pulmonary fibrosis
and extrinsic allergic alveolitis; a sub-
stantial increase in collagen synthesis is
triggered by lymphokines from patients
with idiopathic pulmonary fibrosis.

The development of interstitial lung fibrosis
depends on a complex series of poorly under-
stood cellular and molecular mechanisms. A
critical step in this pathological response is
the proliferation of fibroblasts followed by
alterations in collagen metabolism that lead to

the excessive accumulation of interstitial
collagens. '3 Much attention has been directed
to the production of mediators that may be
responsible for the unregulated replication of
fibroblasts and the exaggerated synthesis of
interstitial matrix proteins.

In chronic interstitial lung disease pulmon-
ary macrophages are known to release at least
three growth factors for fibroblasts spontan-
eously: fibronectin, alveolar macrophage
derived growth factor, and platelet derived
growth factor.7 All three growth factors have
a potent effect on the duplication of fibro-
blasts, acting as competence or progression
growth factors; only platelet derived growth
factor, however, appears to modify collagen
synthesis.8 These three mediators have been
identified in macrophages, but the role of
other inflammatory or immune cells in the
development of lung fibrosis has not been
evaluated.
Lung T lymphocytes are increased, in

terms of absolute numbers, in almost all inter-
stitial lung diseases, though their presence is
more prominent in some disorders, such as
sarcoidosis and extrinsic allergic alveolitis.>"
Analysis of these cells has almost always been
restricted to changes in the regulatory sub-
populations and their participation in the
inflammatory response. Their possible role in
the control of lung fibroblast proliferation and
collagen synthesis has received little attention.

Recently, Cathcart et al'2 reported that cir-
culating T cells from patients with idiopathic
pulmonary fibrosis enhanced fibroblast
replication more than T cells from normal
control subjects, but they did not study
collagen synthesis. Several in vitro studies
have shown that lymphocytes from non-lung
sources have the ability to stimulate or inhibit
fibroblast migration, proliferation, and
collagen synthesis, depending on the experi-
mental conditions.""'6 These observations
suggest that, in addition to the known
immune and inflammatory functions, T lym-
phocytes may have a role in fibrogenesis
regulation. Many of these studies were per-
formed with peripheral blood mononuclear
leucocytes, however, and because the source
of lymphocytes may not be representative of
the lung inflammatory response the meaning
of these findings is not clear.
The aim of the present study was to

examine the influence of T lymphocytes,
obtained from the pulmonary parenchyma
obtained at open lung biopsy from patients
with idiopathic pulmonary fibrosis and extrin-
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sic allergic alveolitis, on fibroblast prolifera-
tion and collagen synthesis in vitro.

Methods
STUDY POPULATION
We studied four patients with idiopathic pul-
monary fibrosis (mean (SD) age 55 (10) years),
three of them female, and four female patients
with chronic extrinsic allergic alveolitis (mean
age 34 (6) years). None of the subjects
smoked. The duration of the disease ranged
from seven to 12 months for patients with
extrinsic allergic alveolitis, and from 10 to 18
months in idiopathic pulmonary fibrosis.
The diagnoses of both diseases was based

on history, clinical and radiological features,
and the functional patterns of interstitial lung
disease according to previously described
criteria,29 17 and confirmed by the histological
analysis of a lung biopsy specimen obtained
through an open thoracotomy. No patient had
systemic manifestations or was receiving
treatment before biopsy. We did not include
subjects with normal lungs because few
lymphocytes are obtained in a tissue biopsy
sample.9 We used peripheral blood T cells
obtained from four healthy volunteers (mean
age 43 (9) years; two female) as controls.

PURIFICATION OF LUNG T CELLS
Tissue samples were treated with trypsin
(Gibco, Grand Island, New York) 0.025% for
20 minutes with continuous agitation. The
supernatants were discarded and the tissues
were treated again in the same manner. After-
wards 10°0 fetal calf serum was added to
inhibit enzymatic activity. The cells were
washed with RPMI 1640 and mononuclear
cells were separated by gradient density
centrifugation (700 g, 30 min, room tem-
perature) of the cell suspension diluted 1:1
with ficoll-hypaque (Pharmacia, Piscataway,
New Jersey).
To obtain T lymphocytes, the lung mono-

nuclear cells-. were washed twice in RPMI
1640, suspended at 1 x 104 cells/ml, and
mixed with 01 ml sheep red blood cells
treated with 2-aminoethylisothiouronium
bromide (Sigma, St Louis, Maryland). The
mixture was first incubated"fbr 15 minutes at
37'C and then for four hours at 4°C, resuspen-
ded and subjected to the same gradient den-
sity centrifugation. The pelleted sheep red
blood cell rosetting cells were treated with an
ammonium chloride solution (0 14 M NH4C1
in phosphate buffered saline) to lyse the red
cells, and the T lymphocytes were recovered
after being washed three times in RPMI 1640.
After this procedure the T lymphocyte purity
was greater than 98% according to indirect
immunofluorescence staining with the mono-
clonal antibody OKT3 (Ortho Pharmaceutical
Corporation). In addition, the T cell popu-
lation showed more than 95%o viability by
the trypan blue exclusion-phase contrast
criterion.

Isolated T cells were suspended to a final
concentration of 1 x 105 cells/ml in RPMI

1640 with 1%0 fetal calf serum, pH 7 4, sup-
plemented with 2 mM glutamine, 100 U/ml
penicillin, and 100 Mug/ml streptomycin. They
were then incubated in 24 well cluster dishes
at 37°C for 24 hours in 50% carbon dioxide,
9500 air atmosphere. The supernatants were
collected and stored at -70°C until they were
tested for their effects on fibroblast prolifera-
tion and collagen synthesis.

In addition, in three patients with extrinsic
allergic alveolitis, three with idiopathic pul-
monary fibrosis, and four normal, healthy
volunteers, blood samples were obtained and
T cells were isolated and assayed as described
above.

ASSAY FOR FIBROBLAST MITOGENIC ACTIVITY
Normal human lung fibroblasts (MRC-5)
obtained from the American Type Culture
Collection were used as target cells to assess
the degree of fibroblast proliferation induced
by lung T cell supernatants. The cells were
maintained in Earle modified Eagle's medium
(Flow, McLean, Virginia) containing 10%
fetal calf serum and supplemented with non-
essential aminoacids, 50 U/ml penicillin, and
50 ,ug/ml streptomycin and subcultured by
trypsinisation. Fibroblasts were used in pas-
sage 20. After 2 5 x 10' cells/well had been
seeded in a 96 flat bottom microtitre well plate
(Flow), the cells were incubated for three days
in the same conditions. At this time 5 x 103
cells/well were present in subconfluency. The
medium was then substituted by serum free
medium (100 ,ul/well) and 100 ,ul/well of T
cell supernatants were added (the final con-
centration of fetal calf serum was 0.5%). Con-
trol samples consisting of medium with 0-5%
fetal calf serum and medium with 755% fetal
calf serum were incubated simultaneously. As
a positive control we also used 2-5 ng/ml of
purified platelet derived growth factor.
Each experimental condition was examined

in triplicate. Fibroblasts were then cultured
for 24 hours. Eight hours before the end of the
incubation period DNA synthesis was as-
sessed by labelling the cells with l1iCi 'H
thymidine (New England Nuclear, Boston,
Massachusetts). At the end of the incubation
period the medium was discarded and the
bottom layer cells washed once with cold
015 M sodium chloride and then four times
with cold distilled water, to eliminate all free
3H thymidine. Fibroblasts were treated with
150 pl of 1000 trichloroacetic acid solution for
15 minutes, and with 150 Ml of warm 0-10%
sodium dodecyl sulphate solution for another
15 minutes for lysis. The cells of each well
were harvested on to glass filter strips with an
automatic cell harvester. The filter discs were
immersed in scintillation fluid and counted in
a beta scintillation counter (Beckman LS 100
C). The mean uptake of 'H thymidine in the
presence of medium with 0.5% fetal calf
serum was 1237 (SD 106) cpm and in the
presence of 7-5.O fetal calf serum 3938 (408)
cpm. The data are expressed in terms of
cpm/well, and of a growth index obtained as
follows:
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(cpm in presence ofT cell supernatants) - (cpm in media plus 0-5% FCS)
x 100,

(cpm in media plus 755% FCS) - (cpm in media plus 055% FCS)

where FCS = fetal calf serum.

COLLAGEN SYNTHESIS ASSAY
The medium of confluent fibroblasts cultured
in 24 well plates was replaced with 0-4 ml of
fresh medium containing 0-500 fetal calf
serum. One hundred microlitres of lung T
lymphocyte conditioned medium, as described
above, were added to the wells. Basal controls
contained medium plus 055% fetal calf serum
and the positive induction controls 2-5 ng/ml of
platelet derived growth factor. All experiments
-were performed in triplicate. After 20 hours'
-incubation at 37°C in 95% air and 500 carbon
dioxide atmosphere, a mixture of 10 ug/ml ,B
aminopropionitrile, 50 pg/ml L-ascorbic acid,
and 20 pCi 3H proline was added to each well.
The incubation was continued for four hours,
20 mM N-ethylmalemide (NEM), 1 mM
phenylmethylsuphonyl fluoride (PMSF), and
100 mM ethylendiamino tetracetic acid
(EDTA) (all final concentrations) were added
to each well and all media were recovered in
separate phials. Two hundred microlitres of
010o Triton X-100 were added to each well
and after one hour at 4°C the lysed cells and the
supernatants were collected and pooled. The
samples were dialysed exhaustively against
water containing 2-5 mM NEM, 10 mM
EDTA, 0-1 mM PMSF, and 0.02% sodium
azide at 4°C until all free radioactive material
was eliminated. After a final dialysis against
0 05 M Tris-HCl, pH 7-4, the samples were
separated into two equal parts and assayed to
quantify collagen production with highly
purified bacterial collagenase (type VII, Sigma
Company, St Louis, Missouri), with a slight
modification of the method suggested by
Peterkofsky and Diegelman'8; 40 ig/ml of
collagenase and 5 mM CaCl2 were added to one
tube (collagenase tube) and 0-05 M Tris-HCl,
pH 7-4, and 100 mM EDTA to the control
tube. NEM was added to both tubes at a final
concentration of 2-5 mM. Samples were
incubated for 20 hours at 37°C and 100 mM
EDTA plus 1 mg/ml of collagen type 1 purified
from rat tendon were subsequently added to
the collagenase tube. Finally, 5000 dioxane was
added to both tubes. The samples were placed
at 4'C for one hour and centrifuged at 10 000 g
for 10 minutes. The supernatants were counted

Table 1 Effect of lung T cell supernatant onfibroblast replication in patients with
idiopathic pulmonary fibrosis (IPF) and extrinsic allergic alveolitis (EAA)

Diagnosis Cpm/well (mean (SD)) Growth index () p value*

IPF 708 (57) -19-5 <0-01
IPF 967 (66) -6-8 <0 05
IPF 806 (101) -15 9 < 0 01
IPF 737 (92) -18 5 <0 01
EAA 912 (73) -12 0 <0 05
EAA 555 (105) -25-2 <0-01
EAA 487 (94) -27-7 <0-01
EAA 706 (63) -19-6 <0-01
Platelet derived growth factor

(2-5 ng/ml) 3236 (321) 74-0
Control 1237 (106)

*Obtained from the differences in cpm/well between experimental and control wells.

in a Beckman LS 100 C scintillation counter.
The amount ofincorporated 3H OH-proline, as
an index of newly synthesised collagen, was
obtained by subtracting the cpm of the control
tube from the cpm of the collagenase tube.
Results were expressed as mean (SD) cpm/
1 x 105 fibroblasts and as percentages of con-
trol fibroblasts.

STATISTICAL ANALYSIS
The significance of the difference between
values obtained from experimental and control
fibroblasts was tested by Student's t test.
Probabilities of 0-05 or less were considered
significant.

Results
EFFECT OF T CELL SUPERNATANT ON FIBROBLAST
GROWTH INDEX
The effects of exposure to lung T lymphocyte
supernatants on fibroblast replication are
shown in table 1. Under subconfluent culture
conditions there was a moderate but significant
inhibition of cell growth in the eight cases
studied by comparison with control levels.
After 24 hours of culture the growth index (0%)
ranged from - 6-8 to - 19-5 (mean (SD) - 15 2
(5 8)) for T lymphocyte supernatants from
patients with idiopathic pulmonary fibrosis,
and from -12 to -27 7 (mean (SD) -21-1
(6 9)) for those from patients with extrinsic
allergic alveolitis. The inhibition of fibroblast
duplication was significant in all patients
(p < 0-05-< 0-01).
To determine whether toxicity derived from

T cell protein products might have influenced
these results, fibroblast viability was assayed at
the end of the incubation period by the trypan
blue exclusion technique. Cell viability was
greater than 950 O, and was similar in the
experimental and control wells.

In contrast to the findings with lung T cell
supernatants, there was increased fibroblast
proliferation in cultures containing peripheral
T cell lymphokines from the six patients
studied, the mean (SD) percentage increase
being 23-5 (8-3) for patients with idiopathic
pulmonary fibrosis and 17-6 (5-5) for those with
extrinsic allergic alveolitis. T cell supernatants
from control subjects caused a mean 13-8%
(6 3°0) increase in fibroblast duplication.

Finally, under the same culture conditions,
2-5 ng/ml of purified platelet derived growth
factor, used as a positive control, enhanced the
rate of DNA synthesis and induced fibroblast
replication of 74% (table 1).

EFFECT OF T CELL SUPERNATANTS ON FIBROBLAST
COLLAGEN SYNTHESIS
This analysis was performed under confluent
culture conditions in stationary growth
fibroblasts with low serum concentration.
Under these conditions fibroblasts are sensitive
to factors that influence collagen synthesis but
are unresponsive to growth modulating signals.

In contrast to the findings with fibroblast
replication, there was a clear difference be-
tween the response of these cells to un-
stimulated T lymphocyte samples obtained
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Table 2 Effect of lung T cell supernatants on collagen synthesis in patients with
idiopathic pulmonary fibrosis (IPF) and extrinsic allergic alveolitis (EAA)

Diagnosis Cpm x 10'fibroblasts (mean (SD)) 00 of control p value*

IPF 4253 (159 5) 371 <0 01
IPF 3874 (1110) 338 <0 05
IPF 5890 (1610) 514 <0-01
IPF 5558 (1572) 485 <0-01
EAA 2147 (297) 187 <0 05
EAA 405 (106) 35 <0 05
EAA 421 (119) 36 <0 05
EAA 492 (101) 43 <0 05

Platelet derived growth factor
(2 5 ng/ml) 5521 (1637) 481

Control 1145 (325)

*Obtained from the differences in cpm/well between experimental and control wells.

from patients with idiopathic pulmonary
fibrosis and from patients with extrinsic aller-
gic alveolitis (table 2). At a concentration of
100 ,ul/ml there was a substantial increase in
collagen synthesis in the cultures exposed to T
lymphocyte supernatants from the four
patients with idiopathic pulmonary fibrosis.
The percentage increase in collagen synthesis
varied from 371 to 514 over control values
(mean (SD) 427 (85)). When lung T cells from
patients with extrinsic allergic alveolitis were

used there was a significant decrease in collagen
production in three patients (to 35 0, 36o%, and
4300 of control values), whereas the fourth
patient showed an increase in collagen produc-
tion (187%o over the control value), though it
was still lower than that seen in any of the
experiments using T lymphocyte supernatants
from patients with idiopathic pulmonary
fibrosis.

Supernatants from peripheral blood T cells
from the six patients studied and the normal
subjects caused no significant changes in
collagen synthesis, mean (SD) values being
1225 (228) cpm for idiopathic pulmonary
fibrosis, 1036 (207) cpm for extrinsic allergic
alveolitis, and 1241 (302) cpm for healthy
individuals, compared with a control value of
1145 (325) cpm.
The results of fibroblast viability at the end

of the assay indicated that the inhibition of
'H hydroxyproline-protein synthesis after
exposure to T cell supernatants from the three
patients with extrinsic allergic alveolitis was

not due to a toxic effect on the fibroblasts.

Discussion
Increased fibroblast proliferation and inter-
stitial collagen accumulation occur commonly
in the interstitial lung diseases that progress to
fibrosis.
As much evidence suggests that soluble

mediators released by inflammatory cells,
mainly macrophages,47 affect fibroblast
behaviour during lung fibrogenesis, most
studies in this field have focused on macro-

phage-fibroblast interactions. The role of lung
T lymphocytes in the development of fibrosis
in interstitial lung diseases has not been
evaluated. The present investigation was desig-
ned to analyse possible interactions between
lung T lymphocytes obtained from patients

with idiopathic pulmonary fibrosis and ex-
trinsic allergic alveolitis and normal lung
fibroblasts.

In our study supernatants from lung T cells
obtained from patients with idiopathic pul-
monary fibrosis increased collagen synthesis
several fold. This effect was observed when
they had been exposed to the supernatants of
unstimulated cells after incubation for only 24
hours. In contrast, the T cell supernatants from
three of the four patients with extrinsic allergic
alveolitis decreased collagen synthesis.
Collagen production was stimulated in the
fourth patient, though the rate was still lower
than that seen after exposure to T cell super-
natants from all the patients with idiopathic
pulmonary fibrosis. T cells obtained from
peripheral blood of patients with idiopathic
pulmonary fibrosis and extrinsic allergic
alveolitis and from normal subjects did not
modify collagen synthesis, suggesting that the
changes observed are due to activation of lung
T cells.
Although more patients are needed before

firm conclusions can be drawn, a dissimilar
stimulus received by T cells from patients with
allergic alveolitis and idiopathic pulmonary
fibrosis or different immune cell subpopula-
tions (or both) seem to produce a different
effect on collagen production. The modifica-
tions that occur in the lung parenchyma
microenvironment in patients with idiopathic
pulmonary fibrosis induce T lymphocytes to
produce a factor or factors that increase
fibroblast collagen synthesis, whereas in ex-
trinsic allergic alveolitis T lymphocytes are
modified to inhibit collagen production. These
results support our previous findings, which
suggested that alterations in collagen degrada-
tion, but not in collagen synthesis, have a
critical role in the progression to interstitial
fibrosis in some patients with chronic extrinsic
allergic alveolitis." The cell surface phenotype
of the E rosetted cells could not be analysed in
this investigation owing to the small number of
lung lymphocytes; in a previous study in our
laboratory the ratio of helper (CD4+) to sup-
pressor (CD8 +) lymphocytes in lung tissue
differed in the two diseases, being 0-61 in
patients with allergic alveolitis and 1 1 in those
with idiopathic pulmonary fibrosis.9 We are
unable to say whether such differences in T cell
populations are responsible for the different
behaviour of T cells with respect to collagen
synthesis in the present investigation.
The products of lung T lymphocytes from

patients with idiopathic pulmonary fibrosis and
extrinsic allergic alveolitis did not activate
fibroblast proliferation. Our results suggest
that signals are released that decrease fibroblast
replication slightly. In contrast, the super-
natants from peripheral T cells stimulated
fibroblast replication, as described
previously."2 The use of lung T cells is likely to
represent conditions in the lung in patients
with interstitial lung disease more precisely.

It has been proposed that the antireplicative
effect ofmononuclear cell derived inhibitors on
fibroblast proliferation is due to activation of
prostaglandin E2 synthesis by fibroblasts."9
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Inhibition of lung fibroblast replication and
collagen synthesis by alveolar macrophages
appears to be mediated by prostaglandin E2,1921
which is apparently produced by the fibroblast
itself. The effect we observed with lung T
lymphocyte supernatants from patients with
idiopathic pulmonary fibrosis do not appear to
have been induced by prostaglandin E2 because
decreased fibroblast replication was accompan-
ied by a substantial increase in collagen syn-
thesis.
Our preliminary results in this small group

of patients suggest at least two types of interac-
tion between T cells and fibroblasts. Firstly, a
variable degree of inhibition of cell prolifera-
tion is observed with lung T cell supernatants
from patients with idiopathic pulmonary
fibrosis and extrinsic allergic alveolitis and,
secondly, a substantial increase in collagen
synthesis occurs in response to lung T lym-
phocytes in patients with idiopathic pulmonary
fibrosis.

Fibroblasts have a major role in lung
fibrogenesis because they replicate at the site of
tissue injury and secrete collagenous proteins.
Although there is some evidence that "fibrotic"
fibroblasts may function autonomously,22 their
behaviour in vivo must be the net effect of both
stimulatory and inhibitory mediators in the
damaged tissue. The secretory products of
lymphocytes take part in many immunological
and inflammatory processes. Our findings
provide some evidence that they have a role in
the development of fibrosis, at least in the
evolution of idiopathic pulmonary fibrosis.
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