
American Journal ofPathology, Vol. 149, No. 5, November 1996

Copynight C) American Society for Investigative Pathology

Commentary
Alveolar Type 11 Cells at the Crossroad of
Inflammation, Fibrogenesis, and Neoplasia

Umberto Saffiotti
From the Laboratory ofExperimental Pathology, National
Cancer Institute, Bethesda, Maryland.

In a paper in this issue of the Journal, Driscoll and
coworkers1 report that a-quartz dust particles in-
stilled in rat lungs induced expression of macro-
phage inflammatory protein-2 (MIP-2) mRNA in epi-
thelial cells of the terminal bronchioles and alveolar
ducts as well as in alveolar type 11 cells and macro-
phages. MIP-2 is a chemokine of the C-X-C group
known for its neutrophil recruiting activity. To deter-
mine whether quartz particles can induce this effect
directly in target epithelial cells, the authors used cell
culture systems. They report that when treated with
quartz in vitro, rat alveolar type 11 cells in primary
culture and the RLE-6TN cell line of alveolar type 11
origin (previously established by Driscoll et a12)
showed increased mRNA expression of MIP-2 and of
the related neutrophil recruiting chemokine, cyto-
kine-induced neutrophil chemoattractant, but not of
MIP-la. These findings were confirmed by the ob-
served neutrophil recruitment by quartz-treated cells
and its inhibition by rabbit antimurine MIP-2 anti-
serum. Increased chemokine expression in RLE-6TN
cells was also induced by crocidolite fibers, but not
by MMVF-10 glass fibers nor by nontoxic anatase
particles. As the authors point out, for the first time
their results indicate that an inflammatory agent in-
duces a chemokine response in the peripheral lung
epithelium and that quartz, TNF-a, and endotoxin
can induce chemokine responses by direct action on
alveolar epithelial cells in culture.

These novel observations contribute to our grow-
ing awareness of the important multiple roles of pe-
ripheral lung epithelia and especially of the alveolar
type 11 cells. The role of type 11 cells as stem cells for
the alveolar epithelium and as the site of production
of pulmonary surfactant has been well documented

for many years,3 but recent studies revealed an in-
creasing number of other functions for these cells
that bring them to the forefront of pulmonary pathol-
ogy mechanisms.

Alveolar type 11 cells, in the rat model, are being
recognized as key participants in the mechanisms of
inflammatory reactions and fibrogenesis, as is exem-
plified by their reactions to quartz particles in the
pathogenesis of silicosis. They are also identified as
the cells of origin of many peripheral lung adenocar-
cinomas, including those induced by quartz and
associated with inflammation and fibrosis. Alveolar
type 11 cells appear therefore at the crossroad of
inflammation, fibrogenesis, and carcinogenesis, and
invite new studies of molecular mechanisms linking
these basic pathological reactions.

Fibrogenesis develops progressively following
quartz exposure, probably as a response to complex
pathways. An active role of alveolar type 11 cells in
fibrogenesis, mediated by production and secretion
of transforming growth factor-,l (TGF-p1), was indi-
cated by recent studies in the rat silicosis model in
our laboratory.4-6 Antibodies to TGF-,B1/latency as-
sociated peptide, which mark the site of production
of TGF-f31, were intensely localized in alveolar type 11
cells adjacent to silicotic granulomas, whereas anti-
bodies to mature TGF-f1 were localized in the fibro-
blasts of the granulomas and on the collagenous
stroma.
As a cellular model, we used the FRLE cell line

derived from fetal rat lung alveolar cells,7 which
shows epithelial morphology and localization of sur-
factant protein C by immunogold electron-microsco-
py.8 Haralson and coworkers demonstrated that this
cell line produces extracellular matrix, including col-
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lagen types 1, 111, IV, and V,7 and that collagen bio-
synthesis in these cells can be stimulated by retinoic
acid and epidermal growth factor9 and by TGF-f1 0

Work in our laboratory showed that FRLE cells
express mRNA for TGF-,B1, TGF-f2, and TGF-,3
receptor type 11 and are weakly immunostained by
antibodies to TGF-,B1/latency associated peptide.8
Exposure to quartz increased the secretion rate of
TGF-,B1 in these cells.5 Because TGF-f1 is a multi-
functional peptide capable of stimulating collagen
formation,10-12TGF-,B1 production by alveolar type II
cells and its enhancement by quartz further eluci-
date the role of these cells in pulmonary fibrogen-
esis.

Hahon and Castranova4 reported that rat alveolar
type 11 cells were active producers of interferon in
response to a viral inducer, which suggests their
importance for antiviral activity, stimulation of phago-
cytosis, and modulation of immune responses. Mar-
tinez et a15 recently showed by immunohistochemis-
try and in situ hybridization that hyperplastic alveolar
type 11 cells in the proximity of human lung carcino-
mas have intense expression of peptidyl-glycine
a-amidating monooxygenase, an enzyme necessary
for the biosynthesis of active amidated peptide hor-
mones and possibly involved in mitogenesis and
carcinogenesis.

Because of the role of alveolar type 11 cells as the
cells of origin of peripheral lung adenocarcinomas,
the mechanisms of carcinogenesis involving this cell
type are of great interest. The relative frequencies of
different histological types of lung cancer in the gen-
eral population in the United States have shifted
significantly in recent decades, with a relative de-
cline in the frequency of bronchogenic squamous
cell carcinomas and an increasingly higher propor-
tion of adenocarcinomas, which have now become
the prevalent histological type.15 The major external
etiological factor for lung cancer is cigarette smoke.
It has been suggested that the shift in the histological
types of lung cancer may have been caused by the
substantial lowering of tar levels in the smoke of the
cigarette types prevalently smoked in the United
States, which probably mostly affected squamous
cell carcinogenesis in the larger airways. The smoke
of current cigarette types still contains carcinogenic
tobacco-specific N-nitrosamines, and other agents
(including particulates) that may be more prone to
induce peripheral lung adenocarcinomas. Other
lung carcinogens include radiation and certain oc-
cupational exposures to organic materials, metals,
asbestos fibers, and quartz dust. They may combine
their effects with cigarette smoke and with each
other. Some synergisms have been demonstrated,

but much remains to be done to clarify the complex
etiological mechanisms of lung cancers. In the case
of quartz, the second most common mineral in the
Earth's crust, exposure is ubiquitous and quartz par-
ticles are present in the lungs of the general popu-
lation16; this is a condition that should be considered
in evaluating epidemiological evidence for silicosis-
associated lung cancer, because there is no unex-
posed control population. As we learn more about
the biological activities induced by quartz particles
at the cellular and molecular level, we wonder
whether the ubiquitous quartz particles in peripheral
lung tissues of the general population may not exert
subtle changes that affect the pathogenesis of lung
diseases.

The interest in the pathogenetic activity of crystal-
line silicas has widened to include their carcinogenic
mechanisms. Since 1984, experimental and epide-
miological evidence has indicated the carcinogenic-
ity of quartz particles in the lung and the association
of silicosis with lung cancer.17-20 The main targets of
quartz-induced lung carcinogenesis in rats (the
choice experimental animal) are the alveolar type 11
cells, which show a progressive development of hy-
perplasia, adenomatoid hyperplasia, adenomas,
and carcinomas with a prevalence of adenocarcino-
mas, many of which are closely associated with sil-
icotic fibrosis.20
The cells of origin of human adenocarcinomas are

not defined in many cases. There are clearly alve-
ologenic carcinomas, but others have bronchiolar or
bronchial origin. TenHave-Opbroek and coworkers21
have shown the presence of cells with features of
alveolar type 11 cells (including surfactant protein
SP-A) in carcinomas arising from bronchioles and
bronchi in a canine carcinogenesis model, where
these cells are localized in areas with bronchioloal-
veolar morphology and in the basal epithelial layer of
the tumors, which suggests a stem cell role for these
cells in bronchial and bronchiolar neoplasms.

Considering the role of alveolar type 11 cells
as progenitor cells that replace injured type cells
in the alveolar lining (the body's widest barrier
with the external environment), it is interesting
that reciprocal epithelial-fibroblast interactions have
been detected in the repair process of alveolar epi-
thelium and in the onset of alveolar type 11 hyperpla-
sia" and corresponding culture models.23 We can
understand that type 11 cells evolved as cells ready
for reparative proliferation and that external factors
reaching the alveoli may inflict genetic damage to
proliferating type 11 cells leading to their neoplastic
transformation.
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To elucidate the biological activities and molecu-
lar mechanisms of alveolar type 11 cells, adequate
cell culture models are needed. Work on these cells
has been done mostly in primary cultures, because
these cells usually do not survive repeated passage.
To obtain continuous growth and preservation of rat
alveolar type 11 cells, corresponding to the in vivo
model, a few investigators have established cell lines
by spontaneous immortalization and clonal selection
of alveolar cells from adult rats2'24'25 or from fetal
rats7; others have induced immortalization in new-
born rat lung alveolar type II cells by transfection with
the oncogene adenovirus 12SE1A.26 Pilot studies in
our laboratory use alveolar cells from young adult
rats transfected with either SV40-T antigen or
with an adenovirus Ela gene (U. Saffiotti and N.
Ahmed, unpublished results). Alveolar type 11-
derived cell lines are needed to study their neoplas-
tic transformation mechanisms by direct exposure to
carcinogens under the control of molecular path-
ways corresponding to their multiple functions. The
transforming activity of quartz, which was reported in
nonepithelial cell systems such as the Syrian ham-
ster embryo cells27 and the mouse embryo BALB/
3T3/A31-1-1 cell line,28 was recently also observed
in the FRLE cell line by in vitro exposure to quartz at
a highly toxic dose8 and at lower, less toxic doses (Y.
Mao and U. Saffiotti, unpublished observations). The
cell lines developed by Driscoll et a12 could prove
useful models for such investigations.
Whereas quartz induced both pulmonary fibrosis

and adjacent carcinogenesis in rats, it failed to elicit
a fibrogenic response in hamster lungs in which
quartz particles were phagocytosed and stored in
macrophages with no further fibrogenic reaction and
neither epithelial hyperplasia nor neoplasia.20 In
contrast, Williams and Knapton29 in our laboratory
have recently shown that hamster livers develop
marked fibrosis and cirrhosis when treated with
quartz, which implicates organ-specific rather than
species-specific factors as determinants of the cel-
lular reaction.
The role of signaling molecules and the corre-

sponding gene expression are becoming critical
markers for many cell types. Of particular concern in
the present context is the possible interplay of the
different biological activities that are being discov-
ered in alveolar type 11 cells. It is hoped that the
cellular models for type 11 cells will make it possible
to elucidate the molecular mechanisms responsible
for the role of alveolar type 11 cells in inflammatory,
fibrogenic, and carcinogenic pathways and their re-
lationships.
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