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A B S T RA C T The universal features of the histo-
pathology of fibrotic lung disease are derangement
of parenchymal collagen and infiltration of the pa-
renchyma with chronic inflammatory cells. To deter-
mine if this cellular reaction might be associated
with autoimmunity to a constituent of the alveolar
interstitium, peripheral blood lymphocytes were ex-
posed to human type I collagen in vitro and evalu-
ated for the production of migration inhibition fac-
tor and cytotoxicity. Data from 18 patients with
idiopathic pulmonary fibrosis, 8 patients with pul-
monary fibrosis other than idiopathic pulmonary
fibrosis, 12 patients with nonfibrotic lung disease,
and 9 normals demonstrated that circulating lympho-
cytes from more than 94% of patients with fibrotic
lung disease take part in processes where the recogni-
tion of collagen results in migration inhibition fac-
tor production and lysis of collagen-coated sheep red
blood cells. These collagen-induced cell-mediated
phenomena are obviated with human T-lymphocyte
antiserum. Collagen-induced migration inhibition
factor production and cytotoxicity were found in
less than 20%/o of patients with nonfibrotic disease
and were not found in normals. Qualitatively, there
was no organ (lung, skin) or species (human, rabbit)
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collagen specificity in these assays, but human lung
a2 chains were recognized more often than al(I)
chains. Circulating lymphocytes from patients with
fibrotic disease are present in a normal T to B ratio.
These lymphocytes did not incorporate [3H]thymidine
when exposed to collagen but did when exposed to
T-cell mitogens. These in vitro observations sug-
gest that circulating T-lymphocytes and lung collagen
may be intimately associated in the pathogenesis
of human fibrotic lung disease.

INTRODUCTION

The mechanisms leading to the development of pul-
monary fibrosis are generally unknown. Even though
a specific agent of lung injury can be identified in
many cases, it is not understood how injury to the
parenchyma leads to fibrosis, what prevents the re-
establishment of normal lung structure, or why the
fibrosis often progresses after the etiologic agent is
removed (1).

The universal histologic features of all categories
of pulmonary fibrosis are derangement of parenchymal
collagen and infiltration with chronic inflammatory
cells. As one approach to identifying pathogenic
mechanisms common to all fibrotic lung disorders,
we have reasoned that since parenchymal collagen
appears deranged, immunologically competent cells
in these patients might recognize collagen as "for-
eign." Collagen might then act as an antigen that
maintains or causes progressive lung injury. As a first
step in investigating this hypothesis, we used type
I human lung collagen as an antigen to evaluate the
in vitro reactive state of circulating lymphocytes from
these patients.
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METHODS

Study population
Patients were chosen from the clinical service of the

Pulmonary Branch of the National Heart and Lung Institute.
Most are part of a multidisciplinary study of interstitial
lung diseases and their detailed clinical, roentgenographic,
physiologic, and pathologic findings will be presented
elsewhere. The study population was divided into four
groups relatively homogeneous with respect to the diagnosis
of fibrotic lung disease.

Group A-idiopathic pulmonary fibrosis (IPF).1 18 pa-
tients (53.5±3.7 yr;2 13 males and 5 females) were cate-
gorized as having IPF by the following criteria: a chronic,
unremiting pulmonary disorder with an interstitial fibrotic
pattern on chest film, reduced total lung capacity, reduced
single breath diffusing capacity, reduced lung compliance,
normal forced vital capacity (1 s)/forced vital capacity, and
resting hypoxemia that worsened with exercise. 14 had
open lung biopsies showing alveolar septal fibrosis and
infiltration with chronic inflammatory cells and, intra-
alveolar cellularity, but no granuloma. None of the biopsies
showed refractile particles under polarized light micros-
copy. No patient had a history of chronic pulmonary in-
fection, significant environmental exposure, symptoms sug-
gestive of hypersensitivity lung disease, or left ventricular
cardiac failure. None of the patients with IPF had circulat-
ing anti-nuclear antibodies; one had a positive rheumatoid
factor; four had elevated serum IgA; but none had ele-
vated serum IgG or IgM. No patients met the diagnostic
criteria for a collagen-vascular disease. Eight were being
treated with prednisone at the time of study.

Group B-pulmonary fibrosis other than 1PF. Eight
patients (48.4±4.3 years; five males and three females)
had pulmonary fibrosis associated with a known etiologic
agent or with a specific histopathologic process other than
IPF. All had biopsy-proved parenchymal fibrosis except
patients D. V. and P. K., who had all of the radiographic
and physiologic criteria associated with group A, but also
had strong histories of environmental exposure (D. V.)
or viral pneumonia (P. K.). Both of the patients with
chronic hypersensitivity pneumonitis (J. G. and R. B.)
had precipitating antibodies in serum directed against
thermophilic actinomycetes (Micropolyspora faeni).

Group C-nonfibrotic lung disease. 12 patients (42.3
±4.7 yr; 8 males and 4 females) had pulmonary disorders
not usually associated with fibrosis. Included were nine
patients with diagnoses of acute or chronic bronchitis,
asthma, chronic obstructive lung disease, or emphysema.
In each case the history, roentgenographic and physiologic
findings were consistent with criteria established for these
diagnoses by the American Thoracic Society (2). The other
three patients had acute pneumonia; one also had asthma.
None of the patients in this group had physiologic findings
usually associated with fibrotic lung disease. However,
none underwent lung biopsy so the diagnosis of "no fi-
brosis" was not absolute.

Controls. Nine normal volunteers (35.0±4.1 yr; six males
and three females) with no history or clinical evidence of
pulmonary disease were used as controls.

'Abbreviations used in this paper: HTLA, rabbit anti-
human T-lymphocyte-specific antiserum; IPF, idiopathic pul-
monary fibrosis; MIF, migration inhibition factor; SRBC,
sheep erythrocytes; VBS, veronal-buffered saline.

2 All data are presented as means±SEM.

Preparation of protein antigens
Human fetal lung collagen was prepared from 16-wk-

old fetuses as previously described (3). The human fetal
lung was obtained after therapeutic abortion by curettage
under regional anesthesia. The investigators in this study
had no knowledge of the patients or involvement in the
surgical procedure. After extraction, these collagen prepara-
tions were purified by multiple salt precipitations. Each
preparation was more than 90%o type I collagen; upon
electrophoresis in sodium dodecyl sulfate acrylamide gels,
al, a2, ,B, and y components could be identified. This
material will be subsequently referred to as "collagen."
al(I) and a2 chains were purified from this collagen by
carboxymethyl-cellulose chromatography; each al(I) and
a2 preparation was more than 95% pure (3).

Skin collagen was isolated from 10-wk-old rabbits fed
0.9%/o ,aminopropionitrile for 4 wk, as previously de-
scribed (4). This collagen preparation was more than 90%
pure and more than 95% type I collagen.

Human skin collagen was a gift of Dr. J. Harper; bovine
serum albumin and transferrin were from Sigma Chemical
Co., St. Louis, Mo; rabbit serum albumin was from Miles
Laboratories, Inc., Elkhart, Ind.; and streptokinase-strepto-
dominase was from Lederle Laboratories, Pearl River, N. Y.

The collagen preparations were dissolved in 1 M NaCl
for 12 h at 4°C and centrifuged (1,000 g, 30 min). The supema-
tant was removed, dialyzed against 0.15 MNaCl, sterilized
(0.22-pun Swinnex filter, Millipore Corp., Bedford, Mass.)
and finally dialyzed against RPMI medium 1640 supple-
mented with L-glutamine (2 mM), Hepes buffer (25 mM),
penicillin (100 U/ml), and streptomycin (100 ,ug/ml) (final
pH 7.4; Grand Island Biological Co., Grand Island, N. Y.)
(This supplemented RPMI-1640 will be referred to as
"medium"). Final collagen concentrations were deter-
mined by hydroxyproline analysis (4). The other protein
antigens were dissolved in the same medium and sterilized.

Preparation of lymphocytes
Venous blood (50 ml) from each patient was drawn into a

plastic syringe containing preservative-free sodium heparin
(Medical Chemical Corp., Chicago, Ill.) and allowed to
settle for 45 min with the syringe inverted. The leukocyte-
rich plasma was removed and layered on Ficoll-Hypaque
(specific gravity 1.078) (Pharmacia Fine Chemicals, Pis-
cataway, N. J.) and centrifuged at 450 g for 45 min at 230C.
The mononuclear cells banding on top were washed twice
with medium and resuspended to 3 x 107 cells/ml. An aver-
age preparation of cells contained more than 90%o lympho-
cytes, with the remainder monocytes. This population of
cells will be referred to as lymphocytes.

Assay for migration inhibition factor (MIF)
The indirect MIF assay used was a modification of the

method of David and David (5, 6). Lymphocytes (2-6
x 106 cells in 5-10 ml) were incubated in medium for 48-72 h
in 75x100-mm tubes with various concentrations (1-50
,ug/ml) of antigens, and the supernatant was collected after
centrifugation. 50 jul of peritoneal exudative cells (5 x 107/ml),
obtained from guinea pigs previously treated withi intra-
peritoneal oil, were loaded into 75-mm capillary tubes sealed
at one end. The capillary tubes were centrifuged (150g,
10 min) and each tube was cut at the cell-fluid interface.
The piece of tubing containing the peritoneal macrophages
cells was affixed to the inside of a migration inhibition
chamber (Mini Lab Co., Ville De Laval, Quebec) with sili-
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cone grease, and the chambers (each containing two capil-
lary tubes) were each sealed with a cover slip. Supematant
(0.5 ml) from the lymphocyte cultures was injected into the
sealed chambers, and the chambers were incubated for
24-48 h at 37°C. After incubation, the outline of the mi-
grated cells was traced with a projecting prism (Bausch
& Lomb Inc., Scientific Optical Products Div., Rochester,
N. Y.). The area of migration was determined by planimetry
and the percent inhibition was calculated from the formula:
%MIF = { 1-[(average area of migration with antigen)/(average
area of migration without antigen)]} x 100. Inhibition of mi-
gration of more than 20% was considered significant.

The direct MIF assay was performed similarly except
the preincubation of lymphocytes with antigen was omitted.
Instead, lymphocytes (2 x 107/ml) were mixed in equal
volume with guinea pig peritoneal exudate cells (2 x 107/ml).
A portion (50 1,u) of this mixed suspension of lymphocytes
and macrophages was introduced into each capillary tube
and centrifuged (100 g, 10 min); the tubes were cut and
affixed inside the migration inhibition chamber as de-
scribed above. Antigen (1-50 ug/ml) in medium (0.5 ml)
was introduced into the chamber and after a 24-48-h in-
cubation at 370C, the percent MIF was determined as
described for the indirect assay. In both the direct and
indirect assays, the area of migration for three controls
(no antigen) and three assays with antigen were averaged
before calculating the percent of MIF.

Lymphocyte-mediated cytotoxicity
Sheep red blood cells (SRBC) were kept as a 20% (vol/vol)

suspension in Alsever's solution at 4°C. Portions of cells
were washed three times in 0.9%o saline (1,000 g, 5 min)
and the final pellet was resuspended at 4% (vol/vol) in
veronal-buffered saline, pH 7.4 (VBS). Equal volumes of
4% (vollvol) SRBC and a tannic acid (4 ,ug/ml)-VBS solu-
tion were mixed and incubated at 230C for 30 min. The
SRBC were pelleted (1000 g, 5 min) and were washed
three times with VBS. The tanned SRBCwere then resus-
pended at 2% (vol/vol) in VBS. This suspension of cells
was coated with collagen by mixing them with an equal
volume of collagen (130 ,ug/ml) in VBS and incubating for
30 min at 23°C (7). Control tanned SRBCwere coated similarly
with rabbit serum diluted 1:150 in VBS. (The undiluted
rabbit serum used throughout was previously absorbed
with tanned SRBC to remove any anti-SRBC antibody).
After incubation, the collagen and serum-coated SRBC
were pelleted and washed three times with rabbit serum
diluted 1:150, and the final pellet was resuspended at 1%
(vol/vol) in diluted rabbit serum.

Freshly tanned and coated SRBC were pelleted and
resuspended at 10%o (vol/vol) in Hanks' balanced salt solu-
tion with bicarbonate buffer. The cells were then labeled
with 51Cr by adding 100-300 i&Ci of Na2[5lCr]04 (New
England Nuclear, Boston, Mass.) in 0.9%o saline to 3 ml
of a 10%o (vol/vol) suspension of cells and incubated at
37°C for 30 min. The coated, labeled SRBCwere washed
three times with saline (50 ml) and the final pellet was
resuspended at 0.1- 1.0%o (vol/vol) in medium.

An appropriate dilution of tanned, labeled SRBCcoated
with collagen or rabbit serum was added to each well of a
microtiter plate (Falcon Plastic, Div. of BioQuest, Oxnard,
Calif.) in a volume of 0.1 ml. To this was added 0.1 ml
of a suspension of lymphocytes. Each plate was agitated
for 1 min, centrifuged at 180 g for 10 min, and then incu-
bated at 37°C in 5% CO2 and 95% air for 4 h. The plates
were again agitated for 1 min and the cells were pelleted.
Finally, 0.1 ml of the supernatant from each well was

assayed for free 5'Cr in a gamma spectrometer (efficiency
60%). Each assay was done in triplicate. The cytotoxic
activity of the lymphocytes was calculated as: percent net
specific release of 5'Cr = [(mean cpm of lymphocyte medi-
ated release) - (mean cpm of spontaneous release)] x 100/
[(mean cpm of 5'Cr released from freeze-thawed SRBC)
- (mean cpm of spontaneous release)] (6).

Lymphocyte transformation
The response of lymphocytes to the nonspecific mitogens

phytohemagglutinin-P (Difco Laboratories, Detroit, Mich.),
concanavalin-A (Calbiochem, San Diego, Calif.), and rab-
bit anti-human thymocyte globulin were tested in triplicate
(6). 100 ul of lymphocytes in medium (2 x 106 cells/ml)
containing 10%o (vol/vol) of heat-inactivated (56°C, 30 min)
fetal calf serum were cultured in a microtiter plate with
100 01 of an experimentally determined concentration of
the appropriate mitogen. The cultures were incubated for
48 h (370C, 5% CO2 and 95% air), then pulsed with 20 ul
of medium containing 1 jLCi [3H]thymidine (sp act 1.9
Ci/mmol, Schwarz/Mann Div., Becton, Dickinson & Co.,
Orangeburg, N. Y.) and reincubated for 18 h. Triplicate
samples were harvested and the amount of [3H]thymidine
incorporated was determined by liquid scintillation spec-
trometry with an efficiency of 40%. Lymphocyte response
was quantitated as a stimulation index: [(mean cpm with
mitogen)/(mean cpm with medium)]. The response of
lymphocytes to collagen was determined similarly except
cells were also cultured for 72, 96, 120, and 144 h before
harvesting.

Quantitation of T and B lymphocytes in
peripheral blood
Lymphocytes were quantitated as T-cells by those form-

ing erythrocyte (E) rosettes and as B-cells by those form-
ing erythrocyte(E)-human 19S anti-Forssman(A)-mouse
serum complement(C) rosettes as previously described (6).

Cytolysis of peripheral blood T-lymphocytes
with anti-human T-cell-specific antiserum
(HTLA)
Rabbit HTLA, previously shown to be highly specific

for human T-lymphocytes, was prepared as described (6).
Lymphocytes were incubated with antiserum (100 y1 of
antiserum lysed 3 x 107 T-lymphocytes) or normal rabbit
y-globulin at 370C for 30 min. Rabbit serum complement
(1:5 dilution) was then added and the incubation continued
at 37°C for 15 min. The cells were pelleted and the re-
maining viable cells were isolated by banding on Ficoll-
Hypaque. These cells were washed three times with medium
and used in the MIF and cytotoxicity assays exactly as
described above. The anti-HTLA-treated cells recovered
from the second Ficoll-Hypaque procedure were 90%
viable as tested by exclusion of trypan blue.

RESULTS

Production of MIF by peripheral lymphocytes from
patients with pulmonary fibrosis. Collagen-induced
production of MIF by peripheral blood lymphocytes
was a common feature of patients with pulmonary
fibrosis. When 25 ug/ml of collagen was used as the
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FIGURE 1 Relationship between the concentration of
collagen and the production of MIF. Lymphocytes from six
patients (A, A, L, *, 0, 0) with pulmonary fibrosis were
cultured (direct assay) with type I human lung collagen
at concentrations ranging from 0 to 50 ,ug/ml. Three patients
were from group A (A, A, 0) and three were from group B
(L, 0,*). Lymphocytes from three control subjects (O, *, 0)
did not inhibit migration at each of the concentrations.
When no collagen was used, inhibition of migration was
less than 5% in all subjects.

antigen, lymphocytes from most patients with pul-
monary fibrosis produced MIF, but those from normals
did not (Fig. 1). For these reasons, 25 ug/ml of anti-
gen was used for all subsequent experiments. 94%

(17/18) of patients with IPF (group A) and 100%
(8/8) of patients with pulmonary fibrosis other than
IPF (group B) showed more than 20% inhibition of
macrophage migration when their lymphocytes were

exposed to human lung collagen in vitro (Table I, A
and B). In striking contrast, only 17% (2/12) of pa-
tients with nonfibrotic lung disease (group C) and no

normals (0/9) (group D) demonstrated 20%o or more
inhibition of macrophage migration under identical
conditions (Table I, C and D). In patients with
fibrotic disease (groups A and B), the average MIF
activity (A, 30.6±2.3;3 B, 38.4±1.5) was significantly
higher than the control group (D, 4.6±0.8) (P < 0.001
in all comparisons).4 The average MIF activity of the
patients with nonfibrotic lung disease (C, 10.3±1.9)
was also significantly higher than the control group
(P < 0.02) but since the average MIF values for
group C is well below the level of MIF activity con-

sidered positive (>20%), this difference probably
has no meaning.

Patients whose lymphocytes produced MIF in re-

sponse to collagen did so in serial determinations
separated by several months. For example, in group
A, patient A. H. showed 29, 30, and 44% and W. H.,
12, 29, and 49%; in group B, R. B. showed 44, 44, and
28% and L. T., 33, 34, 30, and 63%. W. H. was the
only individual tested whose percent MIF on ex-

3 Mean±SEM.
4 Student's two-tailed t-test.

TABLE I
Collagen-Induced Productiotn of MIF by Peripheral Lymphocytes of Patients with Fibrotic Lung Disease

Group B: patients with pulmonary fibrosis
Group A: patients with IPF other than IPF Group C: patients with nonfibrotic lung disease Group D: normals

Age/ Age/ Age/ Age!
Patient Sex MIF Patient Sex Diagnosis MIF Patient Sex Diagnosis MIF Patient Sex MIF

R.C. 66M 33.6±1.1 J.G. 47M Chronic hyper- 42.6±11.4 K.W. 29M Asthma 7.4±2.7 A.A. 31M -2.3±1.1
N.C. 27M 29.9±6.8 sensitivity R.H. 30F Asthma 2.4±1.0 T.K. 33M 4.6±2.9
A.M. 47M 34.2±6.9 pneumonitis R.C. 34M Acute bron- 6.2±3.1 E.V. 5OF -5.8±1.8
G.S. 61F 39.6±10.2 C.W. 38M Eosinophilic 41.3±2.9 chitis S.K. 43F -1.1±1.6
A.H. 26F 29.3±2.2 granuloma K.C. 34F Chronic bron- 5.7±3.2 D.N. 20M -3.0±2.1
W.H. 41M 29.0±3.0 D.V. 45M Pneumo- 33.7±4.5 chitis B.L. 27M 9.2±3.3
A.R. 75M 21.3±2.7 coniosis J.C. 63M Emphysema 9.5±2.3 P.L. 21M 3.1±2.0
B.T. 47F 24.9±2.4 M.C. 54F Sarcoidosis 33.6±4.6 E.M. 63M Chronic bron- 21.4±4.1 B.O. 56M 5.9±3.2
A.D. 67M 28.6±3.2 O.D. 41M Granulomatous 38.6±5.3 chitis, ob- G.M. 34F 6.1±2.5
S.C. 43M 39.9±4.5 lung disease structive
E.B. 48M 23.2±5.1 P.K. 65M Post-infectious 39.5±5.7 lung disease
P.R. 31F 53.7±7.4 fibrosis N.E. 29M Asthma 5.8±2.1
R.S. 52M 33.7±7.1 R.B. 65F Chronic hyper- 44.2±7.9 B.K. 36M Acute pneu- 20.0±4.8
M.A. 78F 26.3±3.4 sensitivity monia
W.E.S. 66M 30.3±2.4 pneumonitis T.C. 70M Chronic ob- 1.5±3.6
W.L.S. 58M 37.6±5.5 L.T. 32F Lymphangitic 33.7±4.6 structive
W.L. 67M 5.9±2.1 pulmonary lung
J.S. 63M 29.9±3.4 myomatosis disease

S.S. 56F Acute pneui- 15.2±2.8
monia

R.R. 22M Asthma 15.9±3.4
J.N. 41F Asthma, pneu- 12.8±4.7

monia

Type I human lung collagen (25 ,ug/ml) was used for all assays.
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TABLE II
Comparison of Collagen-Induced MIF with the

Direct and Indirect MIF Assays

Migration Inhibition

Patient Group Direct assay Indirect assay

A.D. A 39.6+4.7 31.4±4.7
B.T. A 41.4±5.3 36.9±7.8
W.H. A 29.1±4.8 27.3±5.6
N.C. A 56.9±6.4 44.9±6.6
J.S. A 24.5+1.2 27.9+3.4
O.D. B 31.2±4.7 38.5±5.7
A.A. D 12.9±3.3 16.7±4.1
C.C. D 15.1+4.9 12.3±3.9

25 ,ug/ml of type I human lung collagen was used in each
incubation.

posure to collagen changed from negative to positive
on serial testing. No patient had a positive collagen-
induced MIF production that later reverted to nega-
tive. Collagen-induced MIF production assayed by
the direct and indirect methods showed no differences
attributable to the assay procedure (Table II) (8).

To further characterize the supernatant from the
indirect MIF assay, lymphocytes from one patient
with IPF (N.C.) and one control (A.A.) were incu-
bated with human lung collagen, the cells pelleted,
and the supernatants separated into three molecular
weight fractions (Table III). In the patient with IPF,
the antigen (collagen) was in the void volume
(>100,000 daltons) while the MIF activity was in the
included volume (<60,000 daltons). This is consistent
with the known molecular weights of MIF (9) and
human lung collagen (4). In the control, the colla-
gen was still present in the void volume, but there
was no MIF activity in any of the fractions tested
(Table III). That MIF activity produced by IPF
lymphocytes was contained in a fraction separate
from the antigen obviates the possibility that the
results of the MIF assay were secondary to a phe-
nomena involving collagen chemotaxis (10).

Antigenic specificity for MIF production. The
human lung collagen used was over 95% pure type I
collagen and it was probably in the native, triple-
helical form (or higher aggregates) when incubated
in vitro in medium at 370C. When this material was
further purified into component al(I) and a2 chains,
it still induced production of MIF in most patients
tested who had pulmonary fibrosis (Table IV). Al-
though some patients in groups A and B did not re-
spond to 25 ,ug of al(I) chains (A. H., W. H., and D. V.),
all patients in groups A and B who were tested re-
sponded to a2 chains. No patients tested in groups C
or D produced MIF in response to al(I) or a2 chains,

TABLE III
Partial Purification of MIF Produced by Lymphocytes

of a Patient with IPF in Response to Collagen *

Patient Group Fractiont Migration inhibition§ Hydroxyproline

No pglml

N.C. A I 18.7+4.1 166.
II 12.1±3.0 27.
III 49.6±6.7 12.

A.A. D I 19.6±2.9 151.
II 12.4±1.8 56.
III 9.2±3.4 <5.

* Lymphocytes (2 x 106/ml) were cultured for 72 h in the
presence of human fetal lung collagen (25 ,ug/ml) in a total
volume of 20 ml; the cells were pelleted (1,500 g, 10 min)
and the supernate was concentrated to 2 ml with an Amicon
UM-2 membrane (Amicon Corp., Scientific Systems Div.,
Lexington, Mass.).
t Sephadex G-100 (Pharmacia Fine Chemicals) (5 x 42 cm;
25 ml/h) chromatography of the concentrated supernatants.
5-ml fractions were collected and pooled into three fractions.
Starting at the void volume (0 ml), fraction I = 0-75 ml; frac-
tion II = 75-135 ml; and fraction III = 135-230 ml.
§ Each fraction was pooled, concentrated to 2 ml (Amicon
UM-2 membrane), dialyzed against 0.15 M NaCl; and then
dialyzed against RPMI-1640; and then used in the indirect
MIF assay with guinea pig macrophages as indicator cells.

TABLE IV
al(I) and a2 Human Collagen Chain-Induced Produc-

tion of MIF by Peripheral Lymphocytes of
Patients with Fibrotic Lung Disease

MIF

Patient Group Collagen* al(I) chains* a2 chains*

A.H. A 29.3±2.2 15.2±2.9 30.7±1.2
W.H. A 29.0±3.0 15.9±6.2 26.2±2.1

C.W. B 41.3±2.9 28.9±2.7 30.6±2.9
D.V. B 33.7±4.5 15.6±1.1 28.5±4.2
P.K. B 39.5±5.7 32.6±4.9 28.7±3.4
R.B. B 44.2±7.9 26.8±1.9 37.1±6.8
L.T. B 33.7±4.6 37.5±5.9 28.4±3.4

B.K. C 20.0±4.8 1.2+1.1 1.1±1.1
T.C. C 1.5±3.6 4.8±2.2 0.8±1.9

A.A. D -2.3±1.1 1.9±2.3 -7.6+5.4
T.K. D 4.6±2.9 5.3±1.5 7.2±2.1
E.V. D -5.8±1.8 -2.9±1.6 -1.7±2.2
S.K. D -1.1±1.6 -1.4±1.1 -0.8±0.8
D.H. D -3.0±2.1 1.8±1.5 1.1±1.1
B.L. D 9.2±3.3 4.6±2.2 2.5±2.0
P.L. D 3.1±2.0 1.8±1.1 5.4±2.2
B.O. D 5.9±3.2 3.8±+1.9 5.7±3.2
G.M. D 6.1±2.5 2.0±1.8 5.2+3.4

* 25 ,ug/ml of collagen, al(I) chains, or a2 chains were used
in each incubation.
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including the one patient in group C (B. K.) who had a
MIF value of 20.0+4.8% in response to collagen.

There seemed to be no difference (i.e., MIF posi-
tive or negative) whether the collagen presented to
the lymphocytes was human lung collagen, human
skin collagen, or rabbit skin collagen. Comparison of
25 ug/ml of bovine serum albumin, rabbit serum al-
bumin, human transferrin, and collagen as antigens
for lymphocytes of patients in groups A and B showed
that only collagen resulted in production of MIF.
Random checks of patients in group C and group D
(normals) who did not produce MIF in response to
collagen showed that their lymphocytes could pro-
duce MIF when exposed to streptokinase-strepto-
dorinase in vitro.

Collagen-induced cell-mediated cytotoxicity. Pre-
liminary experiments demonstrated that a 0.1% (vol/
vol) suspension of collagen-coated SRBC allowed
optimum specific release of 5'Cr when the labeled
SRBCwere incubated with peripheral blood lympho-
cytes of patients with pulmonary fibrosis. A ratio of
lymphocytes to SRBCof 5:1 gave maximum percent
net specific release of 51Cr (Fig. 2) and this ratio
was used in all subsequent experiments. Although
all control lymphocytes (group D) gave a percent
net specific release of 5'Cr from collagen-coated
SRBCof less than 2%, all patients in groups A and B
who were tested gave a net specific release of greater
than 2% (Fig. 3). When human or rabbit collagen
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In all cases, an effector cell to target cell ratio of 5:1 was
used.

was used as the antigen, equivalent results were
found.

Identification of the T-lymphocyte as the cell
mediating MIF production and cytotoxicity. When
lymphocytes from patients in group A or B were
pretreated with rabbit anti-human T-lymphocyte
specific antiserum and rabbit complement before
the MIF assay, there was no collagen-induced MIF
production (Table V). In contrast, pretreatment of
lymphocytes from the same patients with medium
alone or medium plus normal rabbit rglobulin and
rabbit complement did not alter the induction of MIF
production. In the studies with HTLA, the anti-
serum-sensitive cells were removed (by centrifuga-
tion with Ficoll-Hypaque) from the remaining
lymphocytes before their incubation with collagen.
This is important, since the antiserum-sensitive cells
could still produce MIF when exposed to collagen.
For example, when the lymphocytes of a patient
with IPF (A. D., group A) was treated with anti-
serum and complement and then exposed to collagen
(without removal of the antiserum-sensitive cells),
MIF was still produced (39.6+4.7 before antiserum,
41.7+3.9 after antiserum). However, if the treatment
with antiserum was followed by removal of the anti-
serum-sensitive cells (by centrifugation with Ficoll-
Hypaque), no MIF was produced (15.4+5.2). Similar
results were obtained with lymphocytes of patient
N. C. (group A; 56.9+6.4 before, 46.8-+4.6 after,
14.9+4.7 after + Ficoll-Hypaque). Thus, whenever the
HTLA was used, it was necessary to reisolate the re-
maining lymphocytes with Ficoll-Hypaque banding
before incubation with the antigen.

Pretreatment of lymphocytes with rabbit HTLA
and rabbit complement completely alleviated colla-
gen-induced cytotoxicity, while pretreatment with
normal rabbit yglobulin and rabbit complement
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TABLE V
Identification of the T-Lymphocyte as the Cell Responsible for

Collagen-Induced MIF Production and Cytotoxicity

Collagen-induced cytoxicity:I
Collagen-induced MIF:* lymphocyte pretreatment lymphocyte pretreatment

NRyG5 HTLA NRyG HTLA
Patient Group Media + complement + complement + complement + complement

R.S. A 33.7±7.1 28.5+4.2 4.1±1.9 52.7 4.1
N.C. A 29.9+6.8 21.2+2.4 2.7±0.8 46.9 5.9
A.M. A 34.2±6.9 28.4±4.1 3.3±+1.1 62.7 5.9
G.S. A 39.6±10.2 32.6±2.8 2.2+0.9 38.8 4.7
J.G. B 42.6±11.4 37.4±5.6 1.5±1.2 38.8 4.2
A.A. D 4.9±2.2 2.9±2.1 1.5±1.4 2.4 5.9

* All MIF assays were done with 25 ,ug/ml of type I human fetal lung collagen.
All cytotoxicity assays were done with an effector cell to target cell ratio of 5: 1. Data are presented

as percent net specific release of 5'Cr from collagen-coated sheep red blood cells.
§ NRyG, nonnal rabbit y-globulin.

allowed the collagen-induced cytotoxicity to be
present.

As further evidence that the HTLA destroyed T-
cells, the population of viable lymphocytes recovered
after incubation with antiserum and complement
and then reisolated on Ficoll-Hypaque would not
respond to phytohemagglutinin-P or concanavalin
A (data not shown).

Even though the lymphocytes (before treatment
with anti T-lymphocyte antiserum) from patients in
groups A and B incorporated [3H]thymidine normally
in response to the nonspecific mitogens phytohemag-
glutinin-P, concanavalin A, and rabbit anti-human
thymocyte globulin, they did not incorporate [3H]-
thymidine when exposed to collagen in vitro (Fig.
4). The in vitro response of lymphocytes from patients
in groups A and B to the nonspecific mitogens peaked
on day 3, as did the normal controls. The response of
lymphocytes to collagen was evaluated by cultur-
ing cells with various concentrations of collagen
for 48, 72, 96, 120, and 144 h. These longer incuba-
tion periods still failed to demonstrate significant
[3H]thymidine incorporation.

The number of T-lymphocytes in the peripheral
blood of patients with pulmonary fibrosis were
within the normal range, as were the number of B-
cells (Fig. 5).

DISCUSSION

The data presented here suggest that lymphocytes
from patients with fibrotic lung disease are sensi-
tized to type I collagen. In almost every case, exposure
of peripheral blood lymphocytes from these patients
to this collagen in vitro results in the production of

MIF and specific cytolysis of collagen-coated cells.
This phenomena are unusual in patients with non-
fibrotic lung disease and are not found in normal
individuals. The experiments with HTLA demon-
strate that the T-lymphocytes are, in some fashion,
involved in this process of recognition of collagen
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FIGURE 4 Reactivity of peripheral lymphocytes of patients
with IPF (0), pulmonary fibrosis other than IPF ([), patients
with nonfibrotic lung disease (A), and normal controls (0)
to optimum concentrations of phytohemagglutinin (PHA),
concanavalin-A (CON-A), anti-thymocyte globulin (ATG),
and collagen. The stimulation index is the mean counts
per minute of [3H]thymidine incorporation in the presence
of mitogen (or collagen) divided by the mean counts per
minute of the media control. For the PHA, CON-A, and
ATG data, the shaded areas show 95% confidence limits
for normal controls in our laboratory (6).
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as antigenic and the subsequent production of MIF
and cytotoxicity.

Collagen as an antigen. This is not the first ex-
ample of a clinical disorder in which there is in
vitro evidence of immune reactivity to collagen, the
most abundant protein in the body. Antibodies against
collagen have been found in the sera of patients
with rheumatoid arthritis, emphysema, and selective
IgA deficiency (11-14). Anti-collagen antibodies
have also been found in the synovial fluid of patients
with rheumatoid arthritis and traumatic synovitis (15),
and collagen-anticollagen immune complexes have
been found in synovial fluid cells of patients with
rheumatoid arthritis (16).

While most clinical examples of immunity to col-
lagen have involved the humoral immune system,
animal experiments have demonstrated that under
the proper circumstances, immunization with colla-
gen incites not only circulating collagen antibodies
(17-21), but cell-mediated immunity as well (22-
24). Although most of these experimental studies
capitalized on species differences in collagen anti-
genicity to invoke an immune response, Senyk and
Michaeli have experimentally induced cell-mediated
immune phenomena to homologous collagen in the
guinea pig (25).

The human type I collagen was probably in the
native, triple-helical state under the conditions of
the lymphocyte incubations (although this is difficult
to prove, particularly in the cytotoxicity assay). Thus,
it is most likely that the triple-helical form of collagen
is the antigen to which the lymphocytes respond
in these assays. In addition, the studies with puri-
fied al(I) and a2 chains suggest that denatured colla-
gen is also recognized as antigenic by the lymphocytes
of these patients and that a2 chains probably have
more antigenic determinants than do al(I) chains

(17, 18, 21). However, the recognition of collagen
by lymphocytes from patients with fibrotic lung
disease is not very specific; they do not distinguish
between type I collagen of different species (human,
rabbit) or different organs (lung, skin). Since prior
studies have shown these type I collagens to be
very similar (3, 4, 26-29), this cross-reactivity is
not surprising.

This lack of specificity demands that if these
collagen-induced cell-mediated phenomena are im-
portant in vivo, they must occur on a local level,
since there is no evidence that the typical patient
with fibrotic lung disease has pathologic processes
elsewhere. Thus, there must be local lung factors
promoting the recognition of collagen as antigenic
and/or allowing the collagen-activated cell-mediated
immune system to respond. Possible mechanisms
that would result in collagen-induced immune reac-
tions in lung but not other tissues include: (a) the
structure of lung collagen is altered (e.g., denatured,
fragmented); (b) lung collagen is normal but is pre-
sented to the local cellular immune system in an ab-
normal way (e.g., alteration of normal collagen-pro-
teoglycan interaction); or (c) lung collagen is un-
changed but the local cell-mediated immune system
is somehow abnormal (e.g., enhanced immune reac-
tivity, alteration in normal macrophage-lymphocyte
interactions (30), or loss of local T-lymphocyte sup-
pressor function [31]). However, if the cell-mediated
immune system is abnormal, it is not the absolute
number or reactivity of T-lymphocytes alone, since
in our patients these cells were present in normal
amounts, reacted to T-mitogens normally, and did
not spontaneously transform. It is also possible that
the T-lymphocytes reacting to collagen are a special
subset of the lymphocyte population present in pa-
tients with pulmonary fibrosis. Interestingly, even
though the lymphocytes from patients with fibrotic
disease produced lymphokines when exposed to
collagen in vitro, collagen did not induce trans-
formation of these cells. Thus, collagen-induced cell-
mediated immunity in fibrotic lung disease may be
another example of the possible separation of lympho-
cyte transformation and lymphokine production (32).

These experiments do not suggest that type I colla-
gen is the only antigen that could cause these phe-
nomena in fibrotic lung disease. The normal human
lung parenchyma is known to be composed of at
least two types of collagen (types I and III) (26), in
addition to smaller amounts of the less well described
type IV (basement membrane) collagen (33). We
have not, as yet, examined the antigenicity of types
III and IV collagens in these patients. It is also possible
that other connective tissue components from the
"deranged" interstitium might act as antigens.

1230 T. C. Kravis, A. Ahmed, T. E. Brown, J. D. Fulmer, and R. G. Crystal



Similar phenomena might also be found in other
fibrotic processes (e.g., wound healing, fibrosis of
other parenchymal organs), in conditions associated
with collagen destruction (e.g., postpartum uterus,
extensive burns) or in other disorders associated with
connective tissue abnormalities (e.g., scleroderma)
(34). The rarity of collagen-induced MIF production
in group C suggests that collagen does not usually
invoke cell-mediated immune phenomena in non-
fibrotic lung disease, but a larger group will have to
be examined to validate this finding.

In vivo signtificance of these in vitro assays. Al-
though we used guinea pig peritoneal macrophages
as the target cell for human lymphocyte MIF pro-
duction, there is evidence that the human alveolar
macrophage responds to human lymphocyte MIF
(35, 36). Thus, MIF production could be responsible
for the large accumulation of macrophages in the
lung parenchyma of patients with fibrotic lung disease.
Stimulation of these macrophages could result in the
secretion of numerous destructive enzymes, including
collagenase, an enzyme specific for collagen (37, 38).
There is also evidence that stimulation of lympho-
cytes could result in macrophage proliferation (39)
and that macrophages can ingest collagen-anticolla-
gen immune complexes (40). Thus, the recognition
of collagen as antigenic by cells in the lung paren-
chyma theoretically could foment numerous macro-
phage-lymphocyte-collagen interactions important
in the continued tissue destruction in this disease.

As in the in vitro lysis of collagen-coated red blood
cells, collagen-activated lymphocytes might utilize
lung fibroblasts (or any lung collagen-synthesizing
cell) as target cells. This is suggested by data demon-
strating that: (a) collagen is bound to membranes of
fibroblasts (41); (b) human lung fibroblasts synthesize
type I collagen (28); and (c) antibodies to collagen
are cytotoxic to fibroblasts in culture (42-44).

In addition to the cell-mediated phenomena in-
vestigated in IPF, studies of the lavage fluid from
these patients have demonstrated that the epithelial
surfaces of the lower respiratory tracts of these pa-
tieints have more polymorphonuclear leukocytes
and eosiniophils than normal (45). Probably, a number
of as yet uninvestigated cell-cell interactions are
also important in the pathogenesis of fibrotic disease,
of which collagen-induced MIF production and cyto-
toxicity are just two.

It is possible, of course, that the cell-mediated
reactivity to collagen found in patients with fibrotic
disease is secondary to chron-ic lung injury rather thani
being of primary pathogenic importance in causin-g
the injury. Even so, these phenomena may be signiifi-
canit in further extendinig the already deranged alveolar
interstitiuimi.
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