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Spontaneous increase of transforming growth factor
I production by bronchoalveolar mononuclear cells
of patients with systemic autoimmune diseases
affecting the lung

Y Deguchi

Abstract
The spontaneous increase in the transcription
of the transforming growth factor ,B (TGF 13)
gene in bronchoalveolar mononuclear cells of
patients with autoimmune diseases affecting
the lung has been shown by northern blot
assay and a nuclear run on transcription
assay. Transcription of the TGF 13 gene in
bronchoalveolar mononuclear cells of patients
with autoimmune diseases affecting the lung
was increased 10 times compared with normal
healthy subjects or patients with bronchial
asthma as controls. This observation, con-
firmed by protein data, suggests that TGF 1,
a potent mitogen for fibroblasts, may be
produced in bronchoalveolar mononuclear
cells during an active immune response in
such patients and may be involved in auto-
immune related changes of the pathophy-
siology of cytokine networks when the lung is
affected, such as in lung fibrosis.
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Chronic pulmonary fibrosis can occur as a
manifestation of systemic autoimmune diseases
and is characterised by an increased activity of
fibroblasts and the overproduction of extra-
cellular matrix components. Researchers have
directed their attention towards immunological
abnormalities,1 but there are few data available
on the mechanisms of how the lung is affected
in systemic autoimmune diseases.

Transforming growth factor (TGF 13) is a
multifunctional regulator of cell growth and
differentiation in vitro and in vivo.2 TGFI3 is a

powerful chemoattractant for monocytes and a

Table I Clinical and laboraory features of the patients with autoimmune diseases examined
in this study

Patient Sex Clinical Clinical Autoantibodies
No activity* manifestationt

ANF AntiDNA

Patients with SLE
1 F Very active P, Sk, R, N, A 210 122
2 F Active P, Sk, R, F, A 210 64
3 F Active P, Sk, O, H, A 28 64
4 M Very active P, Sk, R, 0, A 210 122

Patients with progressive systemic sclerosis
1 F Active P, Sk, R 26 32
2 F Active P, Sk, R 24 8
3 F Very active P, Sk, R 24 64
4 M Active P, Sk, A 24 8
5 M Active P, Sk, R, A 24 64

*Clinical activity was determined according to the University College Hospital/Middlesex criteria
for systemic lupus erythematosus7 and clinical and pathological findings for scleroderma.8
tAbbreviations used: Sk=skin disorder; R=renal disorder; P=pulmonary disorder; N=neurological
disorder; H=haematological disorder; O=oral ulcer; A=arthritis.
ITitre of antinuclear factor (ANF) is less than 2' in normal subjects; antiDNA (antibodies to
double stranded DNA is less than 10 U/ml in normal subjects.
F=female; M=male.

potent mitogen for fibroblasts, working with
interleukin L.' TGF 13 also has a chemoattractant
activity for fibroblasts and stimulates the
growth of immature fibroblasts.' 5 TGF 13
enhances the synthesis of collagen, fibronectin,
and proteoglycans, but inhibits protease

5 6secretion.
In this context, to study the part that TGF 13

plays when the lung is affected in systemic auto-
immune diseases such as pulmonary fibrosis,
we studied the transcriptional level of the TGF 13
gene in bronchoalveolar mononuclear cells of
such subjects by northern blot assay and
a nuclear run on transcription assay. The
spontaneous production of TGF 13 by the
bronchoalveolar mononuclear cells of these
patients was also examined. The possible effects
of TGF 13 on the pathogenesis of lung disease in
patients with systemic autoimmune diseases is
discussed.

Patients, materials, and methods
PATIENTS AND CONTROLS
We examined four patients (three women and
one man) with active systemic lupus ery-
thematosus (SLE), and five patients (three
women and two men) with scleroderma (pro-
gressive systemic sclerosis). All had lung disease,
which was diagnosed by both chest radiographs
and a pulmonary function test. All patients had
received prednisolone or azathioprine, or both.
All patients with SLE met the American Rheu-
matism Association criteria.7 The diagnosis of
scleroderma was made clinically and by biopsy
specimens.8 Table 1 shows the clinical and
laboratory findings of these patients. We also
examined three patients with bronchial asthma
who had been receiving 20 mg or more of
prednisolone per day and five healthy volunteers
from the laboratory or hospital staff who had no
history of the use of any drugs known to affect
immune functions.

PREPARATION OF BRONCHOALVEOLAR
MONONUCLEAR CELLS
Bronchoalveolar lavage cells were obtained from
these subjects. Bronchoalveolar mononuclear
cells were obtained with the Ficoll-Paque
method. The cells were suspended in RPMI
1640 medium (Bioproducts), layered on Ficoll-
Paque, and centrifuged at 1800 rev/min for 20
minutes. Bronchoalveolar mononuclear cells
were collected from the interface and washed
twice with RPMI 1640 medium. The cell
population was >97% viable (trypan blue
exclusion).
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PREPARATION OF RNA AND NORTHERN BLOT ASSAY
RNA was prepared from bronchoalveolar
mononuclear cells by the guanidinium thio-
cyanate method as described previously.9 RNA
was quantified spectrophotometrically at 260
nm and applied to 0i8% formaldehyde agarose
gels. Samples were transferred onto nylon mem-
branes (Pall) and heated under vacuum at 80°C
for two hours. The filters were hybridised
overnight at 45°C with 32p labelled synthetic
oligonucleotides (80 mer) specific for the human
TGF 1 gene or the 13 actin gene.9 After washing
in lxSSC (150 mM sodium chloride, 15 mM
sodium citrate) and 0-1% sodium dodecyl
sulphate at 48°C, the filters were exposed to
Kodak AR X Omat films at -70°C.

NUCLEAR RUN ON TRANSCRIPTION ASSAY
Nuclei were prepared from the cells by lysing in
a solution which contained 10 mM TRIS-HCl
buffer (pH 7 5), 2 mM magnesium chloride,
3 mM calcium chloride, 5 mM DTT, and
0-02% of NP40, with subsequent centrifugation
through a 2 M sucrose solution. Three million
nuclei were suspended in 100 jil of 50% glycerol
solution with 50 mM TRIS-HCI buffer (pH
7 5), 5 mM magnesium chloride, and 0-1 mM
EDTA. The suspension of nuclei was immedia-
tely mixed with an equal volume of buffer
containing 0-2 M potassium chloride, 5 mM
magnesium chloride, 5 mM DTT, 1 mM ATP,
CTP, GTP, and 200 units of RNasin (ribo-
nuclease inhibitor, 500 units, Amersham
International). The preparation was then
incubated at 28°C for 20 minutes after the
addition of 1850 kBq of UTP labelled with 32p
(5 4x 104 MBq/ml, Amersham). To the

3 4 preparation were added sodium dodecyl
sulphate and EDTA solution to a final concen-
tration of 1% and 5 mmol/l respectively, fol-
lowed by treatment with proteinase K (1 mg/ml)
at 42°C for 30 minutes. RNA was extracted with
phenol and chloroform from the preparation_"rb and precipitated with ethanol. The pellet was
resuspended in 1 ml hybridisation buffer which
contained 50% formamide, 0-75 M sodium
chloride, 0-5% sodium dodecyl sulphate, 2 mM
EDTA, 50 mM HEPES (pH 7-0), one tenth
dilution of Denhardt's solution and denatured
salmon sperm DNA (500 [tg/ml).'0 "1 Finally,
the preparation was applied to the nitrocellulose
filter onto which the synthetic oligonucleotides
(80 mers) specific for the human TGF 13 or 13
actin gene had been dotted."

After 24 hours incubation the filters were
washed three times in 0 5xSSC and 0-1%

resentatlve sodium dodecyl sulphate at 45°C, dried and,say for,sowythf r exposed to x ray film with an intensifying screen
(36 hour at -70°C. In all experiments, the hybridised
idiogram) dots were excised from the filter and directly
gmee counted with a 13 counter."our exposure

PREPARATION OF BRONCHOALVEOLAR
MONONUCLEAR CELLS CONDITIONED MEDIUM AND
ASSAY FOR TGF ACTIVITY
To obtain the bronchoalveolar mononuclear
cells conditioned medium, bronchoalveolar
mononuclear cells from patients and healthy
control subjects were cultured in RPMI 1640

autoradiogram). Lanes I
and 2, bronchoalveolar
mononuclear cellsfrom a
healthy subject and a patient
with bronchial asthma.
As controls; lanes 3 and 4,
bronchoalveolar
mononuclear cellsfrom
patients with systemic lupus
erythematosus and
sclerodermna, respectively.

medium supplemented with 10% fetal bovine
serum at 37°C in a carbon dioxide incubator.
After 24 hours of incubation, the supernatants
were harvested and stored at -20°C before
assay. 2 As most TGF 13 is secreted in a latent
form, the bronchoalveolar mononuclear cells
conditioned medium was activated by acidi-
fication before the assay, using standard
protocols, to examine the production of active
TGF 3. 12 13 Briefly, crude bronchoalveolar
mononuclear cells conditioned medium was
acidified with 10% (v/v) of 1 M hydrochloric
acid and incubated at room temperature for 30
minutes. Equal amounts of 1 M sodium hydrox-
ide solution and 1 M HEPES (pH 7 4) were
added for neutralisation. The inhibition of
growth on porcine aortic endothelial cells was
used to determine theTGF 13 activity as described
previously.'2 13 Porcine aortic endothelial cells
were cultured in Ham's F12 medium containing
1% fetal bovine serum and antibiotics in 24 well
tissue culture plates. After 24 hours, test
samples were added and incubated for an
additional 18 hours. [3H] Thymidine (7 4 kBq)
was then added to the cells and incubated for
another six hours. The 3H radioactivity incor-
porated into the DNA was determined as
described previously.'2 13 TGF 13 was deter-
mined by comparison with standard curves
using human platelet derived TGF P13 (R & D
Systems, Minneapolis, MN, USA).

STATISTICAL ANALYSIS
Statistical analysis of the data was performed
using Student's t test.

Results
To determine whether TGF 13 affects the patho-
genesis of pulmonary fibrosis in autoimmune
diseases, we initially examined the amount of
TGF 13 mRNA in the bronchoalveolar mono-
nuclear cells of subjects with autoimmune
diseases and pulmonary fibrosis, and in normal
healthy controls. After the extraction of RNA
from the cells, it was hybridised with the human
TGF 13 specific probe and the hybridised spots
were counted with the 13 counter. The 13 actin
probe was used as a control. Figure 1 shows
representative results of the northern blot assay
of TGF 13 and 13 actin. Increased amounts of
TGF 13 transcripts of normal size were detected
in the bronchoalveolar mononuclear cells of
patients with systemic autoimmune diseases
affecting the lung, compared with controls in
whom no or very low levels ofTGF 13 transcripts
were detected. The amount of 13 actin transcript
in the two types of cells was not changed.
The increase in TGF 13 mRNA could result

from either altered synthesis or degradation. To
determine the transcriptional level of the TGF 13
gene, the nuclei were isolated from these cells
and used for the nuclear run on transcriptional
assay to determine the transcriptional level of
the TGF 13 gene. Figure 2 shows that spon-
taneous enhancement of the transcription of the
TGF 13 gene was found in bronchoalveolar
mononuclear cells of patients with autoimmune
diseases and lung disease compared with the
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bronchoalveolar mononuclear cells of control
subjects. Figure 3 summarises the transcriptional
level of the TGF ,B gene by this assay. More
than ten times the amount of TGF 13 was found
in the bronchoalveolar mononuclear cells of

1 2

TGF

ActinI

3 4

Table 2 Levels of transforming growth factor 13 production
by bronchoalveolar mononuclear cells of patients with
systemic autoimmune diseases affecting the lung. Results
given are mean (SD)

Sources of TGF-($ (pgIIO7 cells)
broncheoalveolar mononuclear
cells

Normal healthy controls (n=3) 410 (225)
Patients with SLE (n=3) 1288 (453)
Patients with scleroderma (n=4) 1417 (471)

SLE=systemic lupus erythematosus; TGF-li=transforming
growth factor P.

Figure 2 Representative nuclear run on transcription
analysis oftransforming growth factor13 (TGF) (36 hour
exposure autoradiogram) and (3 actin gene expression (24
hour exposure autoradiogram). Lanes I and 2,
bronchoalveolar mononuclear cells ofa healthy subject and a
patient with bronchial asthma; lanes 3 and 4,
bronchoalveolar mononuclear cells ofpatients with systemic
lupus erythematosus and scleroderma.
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Figure 3 Summary oftransforming growthfactor gene
transcriptional level in bronchoalveolar mononuclear cells of
patients with systemic autoimmune diseases affecting the lung
(autoimmune), patients with bronchial asthma (asthma), and
normal healthy subjects (healthy). The relative amount
(relative density per 1Os cells) oftransforming growth
factor ffgene transcription was determined by measuring
hybridised dots in the nuclear run on transcription assay
using a counter. Results are the mean value (SD) of
all cases studied.

patients with autoimmune diseases and lung
disease compared with controls. In the broncho-
alveolar mononuclear cells of patients with
autoimmune diseases, the spontaneous tran-
scriptional level of the TGF 13 gene increases
and the increase in the total amount of TGF 13
mRNA can result mainly from the enhanced
transcription of this gene.

Finally, we examined the spontaneous pro-
duction of TGF 13 by the bronchoalveolar
mononuclear cells of autoimmune patients with
lung disease. Bronchoalveolar mononuclear
cells conditioned medium was used for this
assay. As most TGF 13 is secreted in a latent
form, the conditioned medium was activated by
acidification before the assay."2 13 Levels of
TGF 13 production by the bronchoalveolar
mononuclear cells of three patients with SLE
and lung disease, four scleroderma patients with
lung disease, and three normal volunteers were
studied and compared with standard curves
using purified human TGF ,3 as described
under materials and methods. The mean (SD)
amount ofTGF 1 produced by normal broncho-
alveolar mononuclear cells after 24 hours was
410 (225) pg/107 cells, that produced by patients
with SLE and lung disease was 1288 (453), and
that produced by patients with scleroderma and
lung disease was 1417 (471) (table 2). Statistical
analysis showed that there was a significant
difference in TGF 13 production between these
patients. This increase in TGF 13 production by
bronchoalveolar mononuclear cells of patients
with autoimmune disease agreed with the trans-
criptional enhancement data for bronchoalveolar
mononuclear cells of patients with autoimmune
diseases shown in figs 1-3.

Discussion
Lung disease, such as intractable lung fibrosis,
is one of the major clinical problems in systemic
autoimmune diseases. The mechanisms of how
the lung is affected in these diseases are still
unknown. It has been found that TGF 13 mRNA
is increased in the lungs of mice with bleomycin
induced fibrosis in the early stages after bleo-
mycin infusion, but not in the lungs ofbleomycin
resistant mice. 14 The changes preceded increases
in pulmonary fibronectin, procollagen a2 (I)
and a, (III) mRNA content and suggested that
TGF 13 may take part in the repair response. An
increased amount of TGF 13 mRNA in broncho-
alveolar mononuclear cells of pratients with
autoimmune diseases and lung disease was
found in this study. The increase in TGF 13
transcripts could result from either altered
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synthesis or degradation. It was also shown by
the nuclear run on assay that the transcriptional
level of the TGF f3 gene spontaneously increased
in the bronchoalveolar mononuclear cells of
subjects with autoimmune diseases and lung
disease compared with controls, suggesting that
increased TGF ,B transcripts mainly resulted
from this enhancement of transcription.
Abnormal gene expression is often caused by

alterations in genomic DNA such as gene
amplification or chromosomal translocations.
We examined the possible alterations of the
TGF ( gene in these cells by a Southern blot
assay. We detected neither gene amplification
nor detectable gene translocations (data not
shown). We also used acidified bronchoalveolar
mononuclear cells conditioned medium to
examine active TGF (3 production, as most of
the TGF , is secreted as a latent form.'2 13 The
spontaneous increase in TGF (3 production by
bronchoalveolar mononuclear cells of patients
with systemic autoimmune diseases and lung
disease also agreed with the transcriptional data.
It was shown that activated macrophages secreted
TGF (3.15 Our results support the view that
activated macrophages recruited to an area of
lung inflammation or injury are one of the major
sources ofTGF (, which affects the biochemistry
of processes such as collagen synthesis, and the
production ofTGF ( from activated macrophages
localised in the lung, may have a key role in
pulmonary fibrosis in systemic autoimmune
diseases. Tumour necrosis factor a has been
shown to play a possible part, in the disease
process of lung fibrosis.'6 17 A variety of cyto-
kines have been shown to influence immuno-
logical reactions and pulmonary cells in vivo
and in vitro. A further element of complexity
results from the possibility that these mediators
may influence each other. The results suggest
that in diseases characterised by chronic
pulmonary fibrosis, such as idiopathic pul-
monary fibrosis, sarcoidosis, or Hamman-Rich
syndrome, in which a continuous inflammatory
response is evident, TGF (3 production may be
important in the pathogenesis or pathophy-
siology. Further studies on this are in progress.
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