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ABSTRACT: After lung injury, the epithelial cells lining the alveolar surface in rat
lung show an altered distribution of several membrane proteins.
Pulmonary fibrosis was induced by intratracheal administration of bleomycin into
the lung of rats and the distribution of RTI40, a recently detected alveolar epithelial
type I cell antigen, was examined, as well as the relationship between RTI40 and a
type I cell-specific antigen recognized by the monoclonal antibody MEP-1 and the
type I cell-binding lectin Bauhinia purpurea in serial sections and double stainings.
Loss of RTI40 protein was observed in fibrotic lungs, particularly in areas with
obliteration of alveoli. Pre-embedding immunoelectron microscopy confirmed this
observation by detection of RTI40 protein in the alveolar lumen. Western blot analysis revealed elevated levels of RTI40 in the bronchoalveolar fluid of bleomycin-treated
rats with a maximum at day 7 after treatment. Twenty-eight days after bleomycin
application, the bronchoalveolar fluid contained three times the amount of RTI40·mg
protein-1 of control lungs, as determined by semiquantitative dot blot.
These results suggest RTI40 as a tool for the evaluation of alveolar epithelial type I
cell behaviour during re-epithelialization processes.
Eur Respir J 1998; 12: 1397–1403.

The rat alveolar epithelium comprises three different
epithelial cell types: the large squamous type I cells, the
cuboidal type II pneumocytes and the bottle-shaped alveolar brush (type III) cells. Various biochemical markers
have been used to distinguish type I from type II cells.
Most of these markers are not unique for either cell type,
but are helpful in defining the different phenotypes of type
I and type II cells. Type II pneumocytes may be distinguished from type I cells by their cytokeratin pattern, by
the presence of certain enzymes (e.g. alkaline phosphatase, carbonic anhydrase II, carbonyl reductase, protein
disulphide isomerase and catalase), by the presence of surfactant apoproteins (SP-A, SP-B, SP-C and SP-D) and by
different lectin binding (Maclura pomifera agglutinin
(MPA)) (reviewed in [1, 2]). Alveolar brush (type III) cells
lack surfactant proteins and are selectively decorated with
cytokeratin 18- and villin-specific antibodies [3, 4]. Type I
pneumocytes, in contrast to type II pneumocytes, bind various lectins (Lycopersicon esculentum agglutinin (LEA),
Erythrina cristagalli agglutinin (ECA) or Bauhinia purpurea agglutinin (BPA)) [5–7], express the leukocytic
intercellular adhesion molecule-1 (ICAM-1) [8, 9] as well
as caveolin, a structural protein of caveolae, and antigens
recognized by other type I cell-specific monoclonal antibodies [10–12]. One of the type I cell-specific monoclonal
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antibodies recognizes a 40–42 kDa apical plasma membrane integral protein (RTI40) that was detected in the
alveolar fluid of injured lungs [13]. Another type I cellspecific monoclonal antibody is MEP-1 [14–16].
In the present study, the distribution of RTI40, MEP-1
antigen and the BPA lectin-binding glycoprotein was investigated in bleomycin-injured rat lungs and compared
with that in normal adult and foetal lung tissue. The binding to the alveolar surface has been shown to be stable
even under conditions of lung injury, compared with the
immunoreactions of antibodies against type I cell-specific
antigens [7, 12].
Materials and methods
Male Wistar rats weighing 350–400 g were given a single dose of 7 units of bleomycin sulphate in phosphatebuffered saline (PBS)·kg body weight-1 by intratracheal
instillation. Controls received PBS alone. Different animals were killed at 7, 14, 21, 28, 35 and 42 days after
bleomycin application and the lungs were prepared and
lavaged via the trachea with PBS [17].
Sections of formalin-fixed, paraffin-embedded lung tissue (normal, n=5; injured tissue, 4 weeks after bleomycin
administration, n=12) were dewaxed. In addition, sections
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of foetal lung (n=2; 19 and 20 days postconception) were
used.
The immunohistochemical procedures have been described previously [16, 18]. In brief, all sections (no enzymic
or other pretreatment, consecutive serial sections) were
treated with 0.3% hydrogen peroxide in methanol for
30 min. Nonspecific protein binding was blocked by 10%
horse serum. The sections were incubated with primary
antibodies (MEP-1, dilution 1:50; anti-RTI40, dilution 1:
100), and in some additional cases for control purposes
with the antibody Ks18.04 against cytokeratin 18 (Progen,
Heidelberg, Germany; dilution 1:80) for 45 min at 25°C.
The sections were rinsed with PBS and incubated with
biotinylated horse antimouse immunoglobulin (Vector Laboratories; distributed by Camon, Wiesbaden, Germany)
for 1 h, washed extensively, incubated with avidin–biotin–
peroxidase complex for 1 h, developed with diaminobenzidine and counterstained with haematoxylin.
Double-label immunofluorescence was employed for
the simultaneous detection of BPA binding (biotinylated
lectin from Vector Laboratories, dilution 1:400) and for
the binding of the antibody to RTI40 [7, 19]. Negative
controls were performed by replacement of the primary
antibody by either PBS or a monoclonal antibody specific
for a protein of the cilia of the bronchial epithelium and
the mesothelium [20].

Pre-embedding immunoelectron microscopy
For immunoelectron microscopy, 2–3-mm3 pieces of
normal and injured rat lungs were fixed in cacodylatebuffered 4% paraformaldehyde with 0.12% glutaraldehyde
for 2 h and incubated in the same buffer containing 20%
sucrose overnight at 4°C. After washing in buffer, vibratome sections were cut. The pre-embedding procedure has
been described previously [17]. In brief, sections of 100
µm thickness were exposed to 10% goat serum for 30 min
and washed twice in 150 mM Tris–HCl, pH 8.2, containing 140 mM NaCl (Tris-buffered saline (TBS)), 0.2% bovine serum albumin (BSA) and 0.2% Triton X-100 for 5
min at 25°C. Sections were exposed to the primary monoclonal antibody against RTI40 overnight at 4°C and for
2 h at 25°C. As a negative control, the primary antibody
was replaced by TBS. After washing in TBS, the sections
were placed in 18 nm gold-coupled goat antimouse immunoglobulin (Dianova, Hamburg, Germany). The postfixation was performed using 1% OsO4 in 0.2 M phosphate
buffer for 2 h. The sections were dehydrated using acetone
in increasing concentrations and then embedded in Vestopal (Serva, Heidelberg, Germany). Ultrathin sections were
double-stained with 2% uranyl acetate and 1% lead citrate. For microscopy, a Zeiss EM 900 electron microscope
(Zeiss, Oberkochen, Germany) was used at a voltage of 80
kV.

Western blot and semiquantitative dot blot of RTI40
For Western blot of RTI40, the proteins from 15 mL of
bronchoalveolar fluid were precipitated by ultracentrifugation at 100,000×g at 4°C for 2 h and redissolved in 50
µL 360 mM Tris, pH 6.8, containing 190 mM sodium

dodecyl sulphate, 0.03% bromphenol blue and 55% (v/v)
glycerol. Then, 10 µL of the protein solution was subjected to polyacrylamide gel electrophoresis under reducing
conditions. After transfer of the proteins to a nitrocellulose membrane and blocking of nonspecific binding using
5% nonfat milk in TBS, pH 7.6, detection of RTI40 was
performed with the monoclonal antibody against RTI40
(purified immunoglobulin (Ig) G from hybridoma supernatant, dilution 1:500) as the primary antibody and horseradish peroxidase-conjugated antimouse immunoglobulin
(New England Biolabs, Schwalbach/Taunus, Germany) as
the secondary antibody. The blots were developed with
luminol reagent and hydroperoxide (enhanced chemiluminescence (ECL) New England Biolabs) and exposed to
Hyperfilm (ECL; Amersham, Braunschweig, Germany).
The dark bands were analysed by densitometry.
For semiquantitative dot blot, proteins of the bronchoalveolar fluid (two bleomycin-treated rats, 28 days after
treatment, and two controls) were precipitated by the addition of solid ammonium sulphate (final concentration
4.9 M), collected by centrifugation at 25,000×g at 4°C for
30 min and redissolved in PBS. The dot blot was performed as described previously [13]. RTI40 was detected using
the monoclonal antibody against RTI40 (undiluted hybridoma supernatant) as the primary antibody, horseradish
peroxidase-conjugated sheep antimouse immunoglobulin
as the secondary antibody and ECL reagents (Amersham)
for development. Quantitation was performed by measurement of light emission in a plate luminometer (Packard
Instruments, Downers Grove, IL, USA). A standard curve
was performed using normal rat lung homogenates to ascertain the linear range of the assay. The amount of RTI40
was expressed in arbitrary units.
Results
Changes in the localization of RTI40 protein, MEP-1
antigen and the BPA binding glycoprotein in rat lung tissue during the development of pulmonary fibrosis were
studied by immunohistochemical techniques.
In adult lung, the antibody to RTI40 stained the type I
alveolar epithelial cells (fig. 1B). Some epithelial cells at
the surface of developing alveoli in foetal rat lung were
also stained (fig. 1A). The bronchial epithelium and the
pleura mesothelium were devoid of staining. Immunoelectron microscopy of normal lung confirmed the type I cell
specificity of the antibody to RTI40 (fig. 2). In some cases
alveolar macrophages showed weak labelling of the microvilli opposite to the alveolar surface (fig. 3).
Twenty-eight days after intratracheal administration of
bleomycin, lung tissue showed morphological evidence
of pulmonary fibrosis with focal thickening of the alveolar walls, increased interstitial cellularity and enhanced
matrix deposition. Hypertrophic and hyperplastic type II
pneumocytes and alveolar macrophage clusters were seen
in fibrotic foci. Mild peribronchiolar inflammation was
also seen.
In fibrotic foci of lung tissue, areas of alveolar lining
lacking immunostaining for RTI40 were seen (fig. 1D).
Consecutive serial sections, however, showed that these
areas were still positive for MEP-1 (fig. 1C). In particular,
alveoli with signs of obliteration were MEP-1 positive/
RTI40 negative (fig. 1C and D).
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Fig. 1. – Paraffin sections of rat lung. Demonstration of the staining for RTI40 antigen (A, B, D) and for MEP-1 antigen (C) in foetal (A, day 19), normal adult (B) and in fibrotic tissue (C and D are consecutive serial sections) by the immunohistochemical technique. In foetal lung tissue, the surface
of primitive alveoli is stained with anti-RTI40 (A). Staining of type I pneumocytes with anti-RTI40 in normal adult rat lung (B). In the fibrotic tissue
(D), focal loss of staining can be seen (small arrows). Comparison of consecutive serial sections (C: MEP-1 staining; D: RTI40 deposition) shows the
loss of RTI40 in obliterating alveoli (small arrows in C, D). v: blood vessel lumen; br: terminal bronchiole. (Internal scale bars = 50 µm (A,B); 100 µm
(C,D).)
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Fig. 3. – An alveolar macrophage (AM) in fibrotic lung showing RTI40
protein at the surface. (Internal scale bars = 1 µm (A); 0.38 µm (inset).)

The molecular mass of the RTI40 protein was determined
to be approximately 40 kDa.

Discussion

Fig. 2. – Immunogold labelling of RTI40 in normal rat lung tissue. A)
The surface of a type I pneumocyte (I) is labelled. The microvilli of the
neighbouring type II pneumocyte (II) are not labelled for RTI40. B)
Higher magnification of the area indicated by an asterisk in A. (Internal
scale bars = 1 µm (A); 0.67 µm (B).)

Similarly, loss of RTI40 immunoreactivity was found in
double-label fluorescence experiments with BPA, a recently detected type I cell-binding lectin [7] (fig. 4). Immunoelectron microscopy revealed focal lack of immunogold
labelling at the alveolar epithelial surface and association
of gold particles with extracellular material (fig. 5A–C).
Loss of RTI40 protein bound to the surface of type I
epithelial cells was accompanied by an increasing level of
RTI40 in the bronchoalveolar fluid (fig. 6). Densitometric
evaluation of Western blot analysis revealed an increase in
the RTI40 level in the bronchoalveolar fluid by about
three-fold at days 7 and 14 after bleomycin administration. After that, the RTI40 level decreased and reached
control levels 42 days after bleomycin administration.
The bronchoalveolar fluid of control rats contained
(mean±SD) 81±0 U RTI40·mg protein-1, as determined by
semiquantitative dot blot; that of bleomycin-treated animals (28 days) contained 242±56 U·mg protein-1 (n=2).

Loss of RTI40 protein from the alveolar surface of obliterating alveoli during the development of pulmonary
fibrosis following bleomycin administration to rats is
described for the first time in this paper. An immunohistochemical technique on consecutive serial sections was
employed using the type I cell-specific monoclonal antibody MEP-1 specific for a 36 kDa protein [14, 15]. The
monoclonal antibody against RTI40 has already been used
as a type I cell marker during development of foetal rat
lung [21]. RTI40 has also been shown to be a biochemical
marker of epithelial injury in Pseudomonas aeruginosainduced pneumonia in the rat [13]. RTI40 was found to be
increased in the bronchoalveolar fluid of injured rat lungs
after instillation of P. aeruginosa into the lungs; its level in
the bronchoalveolar fluid correlated with the degree of
damage to type I epithelial cells [13]. Elevated amounts of
RTI40 in the bronchoalveolar fluid were also found during
lung injury caused by sublethal hyperoxia or NO2 [22, 23].
In the present study, the antibody against RTI40 was
applied successfully to microwaved paraffin sections of
routinely formalin-fixed tissues. Elevated levels of RTI40
were found in the bronchoalveolar fluid after intratracheal administration of bleomycin. The increased RTI40
level in the bronchoalveolar fluid found on days 7 and 14
indicates severe epithelial injury. The subsequent decrease
in the RTI40 level might be due to re-epithelialization processes. These results resemble those of a previous study
by KASPER et al. [17], in which the type I cell-specific adhesion molecule ICAM-1 was demonstrated to be lost from
the alveolar epithelial surface and to be present in the
bronchoalveolar fluid of bleomycin-treated rats. The distribution of RTI40 protein and BPA-lectin binding glycoproteins on the surface of type I epithelial cells in the
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Fig. 4. – Double-label immunofluorescence detection of the RTI40 protein (A, C) and of Bauhinia purpurea agglutinin (BPA) lectin-binding protein
(B, D) in normal (A, B) and fibrotic (C, D) rat lung tissue. Small arrowheads in A and B show negative type II pneumocytes. The large arrowhead in A
and B indicates a BPA-positive/RTI40-negative alveolar macrophage. Small arrowheads in C and D indicate the loss of RTI40 protein compared with
the corresponding lectin binding to the alveolar surface of fibrotic lung tissue. (Internal scale bars=50 µm.)

fibrotic rat lung differs from that in normal lung tissue [7].
BPA-lectin is specific for type I cells and for alveolar
macrophages. The presence of type I cell markers such as
MEP-1 antigen and BPA lectin binding glycoprotein in
RTI40 negative areas, the immunoelectron microscopical
data and the three-fold elevated levels of RTI40 in the
bronchoalveolar fluid of bleomycin-treated rats indicate
real loss of RTI40 from the epithelial cell surface, despite
evidence in the literature for incomplete transformation of

type II pneumocytes into type I cells in pulmonary fibrosis
[24].
In contrast to loss or shedding of certain alveolar epithelial surface antigens during remodelling processes in
pulmonary fibrosis, some lectin binding studies revealed
changes in the glycoconjugate composition of type I cells
[25]. Moreover, there is evidence that during the development of pulmonary fibrosis the alveolar epithelial surface can be ligated by galectin-3, the endogenous lectin of
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Fig. 6. – a) Western blot analysis of soluble RTI40 protein in the bronchoalveolar fluid (one representative blot) and b) quantitation by densitometry. C1 and C2: two controls. Lanes 1–6: RTI40 protein detected by
the monoclonal antibody against RTI40 in the bronchoalveolar fluid of
bleomycin-treated rats at days 7, 14, 21, 28, 35 and 42 post-treatment
respectively.
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