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Transforming growth factor in normal human
lung: preferential location in bronchial epithelial
cells
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Abstract
Background - Transforming growth fac-
tor P (TGF-P) is an immunomodulatory
cytokine regulating the proliferation and
differentiation of various cell types. It also
contributes to the maintenance of tissue
architecture by influencing the produc-
tion of extracellular matrix components.
TGF-l has been detected in bronchoalveo-
lar lavage fluid from normal human lung,
but the nature and distribution of cells
containing TGF-I in this organ remain
unknown.
Methods - Fourteen normal human lung
specimens were studied by immunohisto-
chemistry with a monoclonal antibody
recognizing TGF-+l, TGF-+2 and TGF-P,.
Results - TGF-P was detected in all cases.

Bronchial epithelial cells contained the
largest amounts of TGF-P. In these cells
the staining was brightest at the apical
pole. Macrophages and smooth muscle
cells also contained TGF-+, although less
than epithelial cells. No TGF-1 was

detected in other cell populations, includ-
ing endothelial cells, fibroblasts, and
pneumocytes.
Conclusions - The bronchial epithelial
compartment appears to be the main
location of TGF-P in the normal human
lung, suggesting that this cytokine has a

pivotal role in the immunological proper-
ties of the bronchial mucosa.

(Thorax 1994;49:789-792)

Disruption of the TGF-P, gene in mice results
in an extensive infiltrate of lymphocytes and
plasma cells in various organs including the
lungs, leading to tissue necrosis and death of the
animals. This suggests that transforming
growth factor ,B (TGF-f) plays a critical role in
situ in lung homeostasis."1 Although TGF-f3
has been detected in the bronchoalveolar lavage
fluid of normal human individuals3 the location
of this cytokine has not yet been demonstrated
in normal human lung, nor has the nature of the
cells containing TGF-13 been established. As
alveolar macrophages can synthesise TGF-1 in
vitro45 it has been suggested that this cell popu-
lation is the main source of TGF-1 in airways.
A number of other cell types are potential
producers of TGF-f, however, including lym-
phocytes, monocytes, macrophages, neutrophil
and eosinophil polymorphonuclear cells, epi-
thelial cells, and mesenchymal cells.-9 In

animals the in vivo production of TGF-P by
bronchial epithelial cells and by smooth muscle
cells has been documented.8'2
To demonstrate TGF-,B expression in nor-

mal human lung and to address the question of
the relative involvement of these different cell
populations, the presence of cells containing
TGF-P and their distribution in normal human
lung was analysed by immunohistochemistry.

Methods
TISSUES
A sample of normal human lung tissue was
taken during thoracic surgery from 14 indi-
viduals ranging in age from 31 to 76 (mean (SD)
57 (4)) years. Nine patients had a peripheral
pulmonary carcinoma. Of the five other patients
one underwent surgery for a benign pulmonary
tumour, two previously treated with chemo-
therapy for a single pulmonary metastasis from
a breast adenocarcinoma had residual lesions
which no longer contained tumour cells, one
had a persistent pneumothorax, and one had
mediastinal Hodgkin's disease. Patients 1-9
were smokers but none had severe respiratory
dysfunction. The study was approved by the
institutional review board for human studies
(Universit& Paris-Sud).

In all cases a 1 cm3 biopsy specimen was
taken from the affected lung at a distance from
the lesion requiring surgery. All biopsy speci-
mens contained bronchioles, vessels, and
alveoli, and seven samples contained pleural
tissue. All tissues were studied by two patho-
logists to confirm absence of abnormality. In
particular, no malignant cells were present in
any sample studied.
Lung biopsy samples were snap frozen in

liquid nitrogen, embedded in OCT compound
(Miles Inc, Elkart, Indiana, USA), and stored
at - 80°C; 7 pm sections were cut at - 20°C
using a cryostat, fixed with acetone for 10
minutes, and air dried. Sections were stored at
- 80°C before immunostaining.

IMMUNOHISTOCHEMISTRY
Sections were air dried and fixed with acetone
for 15 minutes. All incubations were processed
at room temperature in a humid staining box.
After rehydration in phosphate buffer solution
(PBS) for 20 minutes non-specific protein
staining was blocked with 1-5% horse serum
and 48-5% human AB serum for 30 minutes.
Sections were then incubated for 30 minutes
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with 0-1 mg/ml of an IgGi mouse monoclonal
antibody that recognised human TGF-P,
TGF-J32, and TGF-103 (Genzyme, Cambridge,
UK). Control sections were incubated with
0-1 mg/ml of an irrelevant monoclonal mouse
IgG, (F3525) directed against the envelope
protein of the hepatitis B virus. As additional
controls, the anti-TGF-1 antibody was omit-
ted, or sections were incubated with various
irrelevant monoclonal antibodies: CD3, CD4,
CD8 from Becton-Dickinson (Mountain View,
California, USA); CD19, CD49, CD54 from
Immunotech (Marseille, France); KiM6 from
Behring (Rueil, France). After three five minute
rinses in PBS sections were incubated for 30
minutes with biotinylated horse antimouse im-
munoglobulins (Vector Laboratories, Burl-
ingame, California, USA). The samples were
rinsed three times for five minutes in PBS and
then incubated for 30 minutes with the avidin-
biotin-peroxidase complex (Vectastain ABC,
Vector Laboratories). Sections were developed
in acetate buffer (pH 5 2) with 3-amino-9-
ethyl-carbazole (Sigma Chemical Co, St Louis,
Missouri, USA) and 0-002% hydrogen perox-
ide, rinsed twice in acetate buffer for five
minutes and twice in tap water for five minutes.
They were then counterstained with Mayer's
haematoxylin and mounted in aqueous medium

.lA.

Figure 1 Detection of TGF-f3 in bronchial epithelial cells. Immunohistochemical
experiments were performed using an anti- TGF-f3 monoclonal antibody. Results shown
are from patient 4. Original magnification x 400.

Location of cells containing TGF-f, in normal human lung

Patient Bronchial Bronchial Vascular Alveolar Pleura
epithelium smooth muscle smooth muscle epithelium

1 + + + - NP*
2 + t i - NP
3 + i -_
4 ++ + ± _ _
5 + + + + - NP
6 + + i ± - NP
7 ++ + + _ _
8 + + + _
9 + i i - NP
10 ++ + ++ i - -
11 + + + + + + - -
12 ++ + i - -
13 + + ± NP
14 + + + + - NP

-= absence of staining; i to + + ± = increasing intensity of staining.
* Not present in the tissue section.

in Glycergel (Dakopatts, Copenhagen, Den-
mark). Several fields in each section were
studied through an Olympus microscope by
two medical doctors blinded as to the identity of
the tissues being studied. The intensity of stain-
ing was graded from negative (-) to very
intense ( + +).

Results
DETECTION OF TGF-|3 IN NORMAL HUMAN LUNG
The presence of TGF-1 in normal lung was
assessed by immunohistochemistry with an
anti-TGF-P monoclonal antibody in biopsies
from 14 subjects undergoing thoracic surgery.
The monoclonal antibody used recognised the
three isoforms of TGF-1: TGF-31, TGF-f32,
and TGF-P3. TGF-1 was detected in each of
the 14 samples, which all displayed a similar
pattern (fig 1). Of the five different lung com-
partments (bronchi, alveoli, interstitium, ves-
sels, and pleura), the bronchial compartment
was the most brightly stained (table).

Several controls demonstrated the specificity
of the staining observed with the anti-TGF-1
monoclonal antibody. No labelling was ob-
served when the anti-TGF-f monoclonal anti-
body was omitted from the immunochemical
protocol, or when a monoclonal antibody of
the same isotype recognising an irrelevant pro-
tein was used in place of anti-TGF-P. More-
over, the pattern of staining obtained when
using several other monoclonal antibodies
(CD3, CD4, CD8, CD 19, CD49, CD54,
KiM6) was clearly distinct from that observed
with the anti-TGF-,B monoclonal antibody.

CELLS CONTAINING TGF-1 WITHIN BRONCHI
The characteristics of bronchial cells stained
with the anti-TGF-,B were then analysed in
more detail. Of the various structures constitut-
ing the bronchi, epithelial cells contained the
largest amounts of TGF-f. Indeed, every cili-
ary epithelial cell was brightly stained with the
monoclonal antibody. Although the whole cili-
ary epithelial cell was stained with the antibody,
the signal was always more intense at the apical
pole of the cell (fig 1). As the biopsy samples
obtained did not include large bronchi, produc-
tion ofTGF-0 by mucosal epithelial cells could
not be determined. Smooth muscle cells also
contained TGF-,B. In this case the staining was
cytoplasmic and homogeneously distributed
within the cell. The intensity was, however,
lower than that of epithelial cells.
The submucosal connective tissue did not

contain TGF-13.

DETECTION OF TGF-13 IN OTHER LUNG
COMPARTMENTS
Outside the airways the anti-TGF-1 mono-
clonal antibody labelled a number of cell popu-
lations, but the intensity of the staining was in
all cases lower than that observed in bronchi.

In vessels, smooth muscle cells were weakly
stained by the anti-TGF-1 monoclonal anti-
body, whereas endothelial cells and adventitial
fibroblasts were not.
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Figure 2 Detection of TGF-fi in macrophages. TGF-f3 in macrophages was detected
using the anti- TGF-f3 monoclonal antibody. Results shown are from patient 1. Note the
location of TGF-fJ in the Golgi apparatus of macrophages. Original magnification
x 400.

Most macrophages located in the alveoli or in
the interstitium were stained by the anti-TGF-
monoclonal antibody. The usual pattern was

an intracellular staining localised close to the
nucleus and corresponding to labelling of the
Golgi apparatus (fig 2). Some macrophages
occasionally displayed a faint diffuse intra-
cellular staining, whereas others were totally
negative. These three kinds of macrophage
could be found together in a single section.
A weak and diffuse staining was seen within

the extracellular matrix. No labelling of alveolar
epithelial cells, mesothelial cells, or fibroblasts
was detected in any case.

Discussion
This study is the first to describe the location of
TGF-f in normal human lung. The highest
intensity of staining for TGF-f was seen in
ciliary epithelial cells. Smooth muscle cells,
both bronchial and vascular, also contained
TGF-P, although to a lesser extent than epi-
thelial cells. A faint signal was detected in
macrophages and in association with the extra-
cellular matrix. This latter location of TGF-P
may reflect binding of the cytokine to beta-
glycans which are considered as potential reser-

voirs of TGF-13." In endothelial cells, pleural
cells, fibroblasts, and alveolar epithelial cells
TGF-f was not detectable.

Interestingly, the subcellular distribution of
TGF-1 in bronchial epithelial cells shows a

gradient of the mediator, with the highest con-
centration of TGF-P at the apical pole. The
same pattern can be observed in bronchial
epithelial cells contaminating bronchoalveolar
lavage fluid (data not shown), which suggests
that TGF-f3 could be produced by epithelial
cells and secreted into the lumen of airways.
This is in agreement with Yamauchi et aP who
showed that TGF-f was present in the epi-
thelium lining fluid of normal subjects at a level
consistent with its intrapulmonary production.

Nevertheless this staining could also account
for TGF-0 being attached to its receptor on the
surface of potential target cells such as epithelial
cells, and further experiments using either in
situ hybridisation or in vitro production ana-
lysis by highly purified epithelial cells are
necessary to formally demonstrate an intraepi-
thelial synthesis. Whether the intensity of stain-
ing with the anti-TGF-,B monoclonal antibody
differs between smokers and non-smokers is not
clear from our study, and further investigations
on larger numbers of subjects are required to
address this point.

Previous studies have suggested that alveolar
macrophages are responsible for the intrapul-
monary synthesis of TGF-r.45 Our study con-
firms the presence ofTGF-3 in intrapulmonary
macrophages and demonstrates that, in these
cells as well as in alveolar macrophages obtained
by bronchoalveolar lavage (data not shown),
TGF-P is located in the Golgi apparatus. This
is consistent with synthesis of TGF-f by
macrophages.
Our results contrast with two previous stud-

ies which failed to find TGF-1 in normal
human lung by immunohistochemistry.'4'5 In
these studies the antibodies used differed from
ours and presumably recognised other epitopes
of TGF-P. Moreover, the antibody used by
Broekelmann et al'5 was polyclonal and only
recognised TGF-f bound to the extracellular
matrix. In both studies tissues were embedded
in paraffin, a procedure which affects epitope
recognition by antibodies, whereas in our work
tissue sections were frozen.

Production of TGF-f3 by bovine bronchial
epithelial cells has been reported,8 as well as by
smooth muscle cells from bovine pulmonary
arteries and from rat arteries.9 11 12 Furthermore,
the distribution of the TGF-0-containing cells
seen in normal human lung was highly reminis-
cent of that found in murine lung. Pelton et al
showed that TGF-3 was present mainly in
bronchial epithelial and smooth muscle cells in
frozen samples from mouse lung'0 but, in con-
trast to our study, they also found TGF-f in
fibroblasts. This difference between rodent and
human lung fibroblasts was previously reported
in cell culture experiments.'6 Moreover, the
expression of TGF-1 in fibroblasts may vary
depending on various local stimuli.'7
Whether the TGF-,B we detected in the nor-

mal human lung is active remains to be deter-
mined. In fact, TGF-f from human broncho-
alveolar lavage fluid requires acid activation to
display biological activity,3 meaning that an in
situ regulation of TGF-f bioactivity is likely to
occur after secretion.
TGF-f is a pleiotropic cytokine with various

immunological properties which are potentially
relevant to lung physiology. Some of these are
immunosuppressive, imbalanced by other
effects on immune cell differentiation. TGF-3
inhibits the macrophage cytoxicity and mono-
cyte synthesis of cytokines, but it respects the
macrophage capacity of phagocytosis. It down-
regulates the proliferation of lymphocytes and
limits their responses to cytokines.'824 One can
therefore speculate that TGF-,B in distal air-
ways might allow macrophages to clear patho-
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gens without inducing unwarranted immune
reactions and excessive lymphocyte activation.
In addition, as it favours a Thi cytokine secre-
tion profile,25 TGF-f3 could prevent pulmonary
hypersensitivity reactions.26 By stimulating
maturation of T lymphocytes into memory
cells27 it could regulate the phenotype and func-
tion of pulmonary resting T cells.28 Also, by
triggering B cell differentiation into IgA-pro-
ducing cells29 TGF-P could contribute to the
IgA-mediated local response.30
Other properties of TGF-, concern tissue

homeostasis and repair and are also potentially
relevant in the lung. TGF-f strongly inhibits
epithelial cell proliferation in vitro. It stimu-
lates squamous differentiation of bronchial
epithelial cells,3' and also triggers the expres-
sion of extracellular matrix components in var-
ious kinds of cells including pulmonary fibro-
blasts.67 Thus, TGF-13 probably contributes to
the maintenance of the lung architecture and
the regulation of local repair processes.

This descriptive study in the normal human
lung provides new insights into the pulmonary
cytokine network. By showing the presence of
large amounts of TGF-f in association with
human bronchial epithelial cells it emphasises
the potential local role of this cytokine in the
regulation of pulmonary immunity and archi-
tecture. Further studies are necessary definitely
to identify the cells that produce TGF-[, and to
confirm the biological relevance of this cytokine
to lung homeostasis.
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