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Type I collagen formation in rat type II alveolar
cells immortalised by viral gene products

R Matsui, R H Goldstein, K Mihal, J S Brody, M P Steele*, A Fine

Abstract

Background - Alveolar type II (T2) cells
synthesise matrix proteins such as type
IV collagen and fibronectin. In contrast, a
fetal rat T2 cell line has been shown to
synthesise type I and III collagen as well
as type IV collagen. To study regulation
of collagen production in T2 cells, neo-
natal T2 cells immortalised by adeno-
viral 12SE1A gene transfer were used.
It was previously reported that this
immortalised cell line (E1A-T2) retains
epithelial features such as tight junctions
and cytokeratins but also expresses
mesenchymal features such as vimentin.
Methods - Collagen production was ex-
amined in E1A-T2 and primary neonatal
T2 cells using polyacrylamide gel electro-
phoresis. Electron microscopy was used
to examine collagen deposition in E1A-T2
cell culture. To define the mechanism by
which o,(T) type I collagen gene expres-
sion was activated in E1A-T2 cells, a
deletional analysis of «,(I) promoter
constructs linked to the bacterial
chloramphenicol acetyltransferase gene
was performed.

Results - E1A-T2 cells produced large
amounts of type I collagen with a pre-
dominance of «,(I) homotrimers; a,(I)
peptides were detected only in the cell
layer. In contrast, primary neonatal rat
T2 cell cultures produced a trace amount
of type I collagen. Production of o« (I)
peptide chains (per pg DNA) in E1A-T2
cell cultures was 30 times higher than
that observed in primary neonatal T2 cell
cultures. Electron microscopy showed
deposition of type I collagen fibrils in the
extracellular matrix of E1A-T2 cell cul-
tures. Transfection studies suggested at
least two cis-acting elements which
mediate increased o,(I) gene expression
in E1A-T2 cells.

Conclusions - These studies indicate that
the E1A-T2 cell line may be useful for
studying type I collagen gene regulation
in alveolar T2 cells. These findings also
raise the possibility that viral activation
of type I collagen genes in alveolar epi-
thelium may be involved in certain forms
of pulmonary fibrosis.

(Thorax 1994;49:201-206)

Collagens are the major structural proteins of
the lung, representing 15-20% of the total
lung mass.! Although lung cells synthesise
multiple collagen types,?? type I collagen is the

most abundant. Moreover, accumulation of
type I collagen is characteristic of fibrotic
lungs.* Interstitial fibroblasts which comprise
about 40% of the lung cell population are the
major source of type I collagen.’ Other cell
types such as smooth muscle cells and endo-
thelial cells also synthesise type I collagen.? It
has recently been shown that a fetal rat type
II (T2) cell line derived by clonal selection
synthesised interstitial collagen type I, III,
and V as well as type IV collagen.® This
suggests that alveolar epithelial cells may syn-
thesise type I collagen under certain con-
ditions.

Primary cultures of alveolar T2 cells have
the capability of producing several types of
extracellular matrix proteins including fibro-
nectin,’® type IV collagen,’”® and thrombo-
spondin.” However, identification of factors
which regulate extracellular matrix in T2 cells
has been limited by their in vitro behaviour;
T2 cells in culture are characterised by lack
of proliferation, cellular heterogeneity, and
phenotypic instability.! Our laboratory has
developed a T2 cell line through retroviral-
mediated immortalisation with the adenoviral
12SE1A gene product and clonal selection.!!
We have reported that T2 cells immortalised
in this manner (this cell line will be referred to
as E1A-T2) retain epithelial features of T2
cells such as tight junctions and cytokeratins,
but also express vimentin which is characteris-
tic of mesenchymal cells.!? The expression of
both cytokeratin and vimentin has been noted
in other epithelial or carcinoma cell lines!!
and in developmental tissues.'

To examine the hypothesis that an alveolar
T2 cell line immortalised by a viral oncogene
may synthesise type I collagen, we character-
ised collagen production in EIA-T2 cells.
E1A-T2 cells produced large amounts of type
I collagen with a predominance of the o (I)
homotrimer. Increased production of a,(I)
homotrimers have been shown in association
with embryonic tissue or cells,!*'® tumours,!?%°
inflamed tissue,! and various epithelial cell
lines.®%222 Qur report suggests that this cell line
may be used to study a,(I) collagen gene regu-
lation in alveolar T2 cells.

Methods

CELL CULTURE AND DERIVATION OF
IMMORTALISED CELLS

T2 cells were isolated from 8-10 day old
Sprague-Dawley rats according to the method
described by Dobbs ez a/?* and immortalised
by transfection with 12S adenoviral ElA
(12SE1A) gene as previously described.!!
Briefly, T2 cells were exposed to conditioned
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media derived from cell line psi212E1A in the
presence of polybrene (8 ug/ml).” psi212SE1A
cells secrete a retroviral vector containing
adenoviral 12SE1A cDNA sequences down-
stream from the long terminal repeat (LTR) of
MOV9-2,% and the selectable marker neomy-
cin phosphotransferase gene downstream from
the simian virus 40 (SV40) promoter.”® G418
(Gibco) resistant fetal T2 cell clones were
subcloned and then selected on the basis of
positive immunofluorescence with anticyto-
keratin monoclonal antibodies AE1 and AE3
(ICN Inc). One of the 12SE1A expressing
clones (E1A-T2) with positive immunofluor-
escence also demonstrated tight junctions by
transmission electron microscopy. Notably,
E1A-T2 ¢ells could be serially passaged and
were not capable of anchorage independent
growth. For experiments, cell cultures were
grown in Dulbecco’s modified Eagle’s medium
containing 0-37 g sodium bicarbonate, 10%
fetal bovine serum, 100 units penicillin/ml,
10 pg/ml streptomycin, 1% sodium pyruvate,
1% non-essential amino acid, and grown in a
humidified 5% CO, incubator at 37°C.

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
Proteins from confluent cultures (35 mm
dishes) were labelled in serum free medium
containing [*H]proline (5 pCi/ml) and ascor-
bate (50 ug/ml). After 24 hours medium and
cell layer fractions were collected and pro-
cessed independently. A solution of protease
inhibitors yielding a final concentration of 10~*
mol/l phenylmethylsulfonyl fluoride, 1073
mol/l hydroxymercurobenzonate, and 2 x 1073
mol/l EDTA was added. These fractions were
then dialysed against water at 4°C until free
[PH]proline was excluded. Samples were lyo-
philised and digested with pepsin at 4°C over-
night and analysed by PAGE under non-
reducing conditions. In one experiment pepsin
digested proteins were also treated with highly
purified collagenase (Advanced Biofacture,
New York) before 7-5% PAGE. Autoradio-
graphy was performed according to the
method of Bonner and Laskey.”” To localise
the position of pepsin treated type 1
collagen, pepsin treated radiolabelled type I
collagen derived from rat skin was analysed
on gels in parallel lanes.

DNA ASSAY

Cells were homogenised by Dunce homo-
geniser and incubated in 5% perchloric acid
at 80°C for 30 minutes. DNA was assayed by
the diphenylamine colorimetric method.? Calf
thymus DNA was used as a standard.

PLASMID CONSTRUCTION

Constructs containing varying lengths of the
rat o,(I) collagen gene promoter linked to the
bacterial chloramphenicol acetyl transferase
(CAT) gene were provided by Dr David Rowe
(Department of Paediatrics, University of
Connecticut) and Dr Barbara Smith (Depart-
ment of Biochemistry, Boston University).
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The longest promoter construct, ColCAT 3-6,
contains 3250 base pairs of rat a,(I) promoter
upstream from 115 base pairs of the first exon
linked to CAT.?” ColCAT 2:4 was derived
through digestion of ColCAT 3-6 by the re-
striction endonuclease Hind III. This deleted
the 1224 base pair fragment extending from
—3520 to —2296. ColCAT 09 was con-
structed from a Pvu II digestion of ColCAT
3-6 which resulted in the deletion of base pairs
—3520 to —944. ColCAT 0-2 was constructed
from a Bgl II digestion of ColCAT 09 result-
ing in a promoter element containing 225 base
pairs of the promoter and 115 base pairs of the
first exon. To compare transfection efficiency
of these constructs, plasmids encoding B-
galactosidase (pRSV-B-gal) were cotransfected
as described previously.*?!

TRANSIENT TRANSFECTION

E1A-T2 cells were plated at a density of
800 000 cells per 100 mm dish. After 24 hours
Ca?*-DNA (10 pg/dish) precipitates were ad-
ded to cells in a stepwise manner.?> Cultures
were incubated overnight and then shocked
with 15% glycerol. After washing cultures,
fresh medium was added for an overnight
incubation before protein extraction.

CAT ENZYME ASSAYS

Protein extracts were clarified by brief centri-
fugation and resuspended in 100 ul 0-25 mol/l
Tris-HCl (pH 7-8) and sonicated for 20
seconds. Protein concentrations were deter-
mined by the Bio-Rad protein assay solution in
a standard protocol. To determine CAT
activity, 0-25 ul [**C]chloramphenicol (Amer-
sham) and acetyl coenzyme A (Pharmacia)
were added to 100 pg cell protein extract, or 0
or 0-5 units chloramphenicol acetyltransferase
(Pharmacia), and incubated at 37°C for 4-6
hours in 150 pl 0-25 mol/1 Tris-HCI (pH 7-8).
These conditions were within the linear range
of activity in these samples. The incubation
mixture was then extracted with ethyl acetate.
Acetylated and non-acetylated products were
separated by thin layer chromatography
(TLC) in a solution of chloroform/methanol
(95:5). Acetylated and non-acetylated pro-
ducts separated by TLC were revealed by
autoradiography and removed from TLC and
counted.

ELECTRON MICROSCOPY

E1A-T2 cells were plated in 35 mm cultures
and then grown in the presence of ascorbic
acid for four days. Cultures were subsequently
fixed at room temperature for two hours with a
solution containing 2% glutaraldehyde and
2% tannic acid, post fixed with osmium tetrox-
ide, embedded in epoxy resin, and then sec-
tioned with 60-70 nm thickness.

Results
Collagen production was assessed in confluent
cultures of immortalised E1A-T2 cell cultures
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by PAGE of pepsin digests of proteins radio-
labelled with [*H]proline. E1A-T2 cells
secreted several collagenous proteins into the
medium. As shown in fig 1, the predominant
collagenous protein secreted into the medium
was identified as the o,(I) type I collagen
chain. This band migrated to the same position
as pepsin treated radiolabelled a,(I) peptide
derived from rat skin. We did not detect a,(I)
chains in the medium. In the cell layer the
major pepsin resistant protein was also the
a,(I) chain. In addition, the cell layer con-
tained a trace amount of a,(I) chains. Densito-
metry indicated that the ratio of a,(I) to o, (I)
chains in the cell layer was 8:1. Pepsin resistant
proteins secreted into the medium or associ-
ated with the cell layer were sensitive to highly
purified collagenase (fig 2). These results show
that collagen synthesis in E1A-T2 cells is
characterised by the predominant production
of a,(I) homotrimers and trace amounts of
heterotrimers ([or,(I),0,(D]).

We compared collagen production in E1A-
T2 cells and non-immortalised primary neo-
natal T2 cells. For this study PAGE was
performed on pepsin treated radiolabelled pro-
teins derived from E1A-T?2 cells and primary
neonatal T2 cells normalised to DNA content
(2'5 ug). Densitometry showed that the band
corresponding to the a,(I) peptide in E1A-T2
cultures was 30 times greater than the o,(I)
band derived from primary T2 cell cultures
(fig 3). The ratio of a,(I) to a,(I) in primary T2
cultures was approximately 2:1. Notably, we
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Figure 1 Autoradiograph of 7-5% PAGE of E1A-T2
cellular proteins after limited pepsin digestion. Proteins
from a single confluent culture (35 mm dish) of EIA-T2
cells were radiolabelled for 24 hours in serum free
medium containing [*H Jproline and ascorbic acid and
then digested with pepsin before PAGE analysis under
non-reducing conditions. Lane 1 shows the position of
radiolabelled o, (1) and o,(I) type I collagen peptides
derived from pepsin treated rat skin, lane 2 shows
collagenous medium proteins, and lane 3 shows
collagenous proteins derived from cell layer. The bands
corresponding to the a,(I) and a,(I) peptide chains are
indicated by arrows.
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Figure 2 Autoradiograph of 7-5% PAGE of pepsin
digested E1A-T2 cell proteins treated with or without
collagenase. Lanes 1 and 2 show pepsin treated
radiolabelled medium proteins. Lanes 3 and 4 show
pepsin treated proteins derived from the cell layer. In
lanes 2 and 4 proteins were exposed to collagenase before
analysis.
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Figure 3 Autoradiograph of 7-5% PAGE of neonatal
T2 cell and EIA-T?2 cell collagenous proteins. After 40
hours in culture primary T2 cells reached confluence and
were then radiolabelled in serum-free medium containing
[*H ]proline and ascorbic acid. After 24 hours, medium
fractions were collected, dialysed, and digested with
pepsin. The cell layer was harvested and used for DNA
assays.”® Confluent cultures of EIA-T2 cells were
treated in a similar manner. Equal aliquots of protein
per 2-5 ug cellular DN A were analysed. Lane 1 shows
pepsin resistant proteins from primary neonatal T2 cell
cultures, and lane 2 shows pepsin resistant proteins from
E1A-T2 cells.
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Figure 4 Chloramphenicol acetyl transferase (CAT) assay from E1A-T2 cells
transfected with plasmid constructs containing varying lengths of the rat o,(I)
promoter linked to CAT. The numbers above the lanes represent the number of base
pairs of a,(I) promoter upstream from the transcriptional start site contained within
each transfected construct. Each duplicate represents CAT assay results (see methods)
from two separate culture dishes transfected with the same construct. For each lane, the
cpm/ug is the counts per minute extracted from the acetylated areas on the TLC plate
expressed per ug cellular protein assayed. The percentage acetylation is indicated.

found that primary cultures of rat lung fibro-
blasts synthesise type I collagen with an
a,(D:a,(I) ratio of 2:1 (data not shown). Since
primary T2 cell cultures are composed of 90—
95% T2 cells and 5-10% fibroblasts,* the type
I collagen which was produced in primary T2
cultures may be derived from contaminating
fibroblasts.

To localise o,(I) collagen gene promoter
regions activated in E1A-T2 cells, constructs
containing varying lengths of the a,(I) pro-
moter linked to CAT were transfected into
cells and measured in duplicate cultures. For
these studies, activity is expressed relative to
ColCAT 0-2 since previous work has shown
that this promoter contains the minimal ele-
ments necessary for transcription.>* As shown
in fig 4, transfection of ColCAT 0-9 resulted in
a fourfold to fivefold increase in CAT activity.
Transfection of ColCAT 2:4 resulted in a
twofold increase in CAT activity, and trans-
fection of ColCAT 3-6 resulted in a fivefold to
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tenfold increase in CAT activity. These results
suggest that at least two cis-acting elements,
located between — 225 and — 944 and between
—2296 and —3520 mediate increased o,(I)
gene expression in E1A-T?2 cells. In addition,
these results suggest the presence of an ele-
ment located between — 944 and — 2296 which
negatively regulates a,(I) activity. Cotransfec-
tion of plasmids encoding p-galactosidase with
subsequent f-galactosidase assays demon-
strated no difference in transfection efficiency
between o, (I) promoter constructs.

To examine the morphological appearance
of the extracellular matrix produced by
immortalised E1A-T2 cells, electron micro-
scopy was performed on E1A-T2 cells grown
in the presence of ascorbic acid for four days.
The arrow in fig 5a identifies type I collagen
fibrils deposited in the extracellular matrix
with the typical banding pattern characteristic
of this matrix molecule.>® Higher power mag-
nification of these type I collagen fibrils is
displayed in fig 5b. The arrow in fig 5c identi-
fies the presence of tight junctions characteris-
tic of epithelial cells.

Discussion
In this paper we report that a clonally
expanded neonatal rat T2 cell line derived by
retroviral mediated adenoviral 12SE1A gene
transfer produces type I collagen with a pre-
dominance of a,(I) trimers. a,(I) peptides were
not detected in the medium although a small
amount was deposited in the cell layer.
Previous studies have suggested that prim-
ary cultures of adult T2 cells do not synthesise
type I collagen.” In contrast, we found that
primary neonatal T2 cells produced a trace
amount of type I collagen which was mostly
composed of heterotrimer. This type I colla-
gen may be derived from the small amount of
fibroblasts (5-10%) which contaminate prim-
ary T2 cell cultures.?

WEAST AR i Py

Figure 5 Transmission electron microscopy of E1A-T2 cells grown in the presence of ascorbic acid. (a) Collagen
fibril deposited in extracellular matrix with banding pattern characteristic of type I collagen (arrow) (original
magnification % 27 000). (b) Higher power view (original magnification x 50 000) of collagen fibril. (c) Tight
Junction (arrowhead) characteristic of epithelial cells (original magnification % 31 000). Reduced to 86% in

origination.
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Besides E1A-T2 cells, a fetal T2 cell line
defined on the basis of morphological criteria
was shown to synthesise type I collagen
including the o (I) trimer.® It is possible
that these cell lines acquired mesenchymal
features, such as type I collagen production,
during the process of immortalisation. Not-
ably, E1A-T2 cells express vimentin as well as
cytokeratin.! Viral gene mediated immortal-
isation may involve differentiation programmes
which regulate epithelial mesenchymal
transition.

We found that E1A-T2 cells synthesised
predominantly o,(I) homotrimers. Previous
work has shown that o (I) trimers have the
capacity to form fibrils and have the morpholo-
gical characteristics of the native heterotrimer
as defined by electron microscopy.*® In our
studies electron microsocpy showed depos-
ition of type I collagen molecules in the extra-
cellular matrix of E1A-T2 cells. Since the
PAGE of the cell layer proteins showed syn-
thesis of ao,(I) molecules, we suspect that both
the o,(I) homotrimer and the heterotrimer
were present within the extracellular matrix.

Our data suggest that immortalisation of T2
cells by adenoviral E1A12S gene activates
production of a, type I collagen peptides
through a mechanism which involves
increased gene expression. The adenovirus
E1A protein has been found to stimulate tran-
scription of early viral genes* and also trans-
activate cellular genes.”® The trans-activating
mechanism has not been clarified but does not
involve direct interaction of the E1A protein
with specific DNA sequences.” Rather, E1A
appears to activate genes indirectly through
interaction with other trans-acting factors.***

The transfection data indicate that E1A-T2
cells contain trans-acting factors capable of
interacting with cis-acting elements in tran-
siently expressed o,(I) promoter constructs.
These cis elements reside between —225 and
—944 base pairs, and between —2296 and
— 3520 base pairs. The location of these ele-
ments is different from the cis-acting element
which mediates activation of rat o,(I) gene
promoter by transforming growth factor B.*°
Whether cis elements involved in activating
the o,(I) gene in E1A-T2 cells interact with
known trans-acting factors is uncertain. We
suggest that E1A-T2 cell line could be an in
vitro system to study the regulatory mechan-
ism of o, (I) gene activation in T2 cells.

Interstitial pulmonary fibrosis is character-
ised by excess deposition of type I and type 111
collagen.**? Experimental evidence suggests
that increased type I collagen synthesis in the
lung results from activation of lung fibroblasts
by inflammatory mediators released during
tissue injury.*>*” Although viral infections may
be associated with development of interstitial
fibrosis,* viral gene products suppress type I
collagen production when transfected into
fibroblasts in culture.*®>° In situ hybridisation
with adenovirus DNA suggested a relationship
between adenoviral infection and bronchiolitis
obliterans organising pneumonia, a lung dis-
ease with focal regions of fibrosis.! Taken
together, these studies lead us to speculate that
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viral activation of type I collagen genes in
epithelial cells may have a role in excess depo-
sition of type I collagen seen in pulmonary
fibrosis.

This work was supported by United States Public Health
Service Grant HL-46902-01, the Veteran’s Administration
Research Service, and the Massachusetts Thoracic Society.
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