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In adult rat lung the lectin Maclura pomifera ag-
glutinin (MPA) binds apically to alveolar type II
(ATII) cells but not to alveolar type I (ATI) cells.
This suggests that thepresence ofMPA binding gly-
coproteins might be a criterion by which to distin-
guish the differentiated state of these two adult al-
veolar epithelial cells. The authors therefore stud-
ied MPA binding glycoproteins of ATII cells,
comparing, biochemically and cytochemically,
MPA binding glycoproteins in freshly isolated A TII
cells with those in cultures ofATII cells that are "de-
di.ferentiating" or have "dedifferentiated" as a re-
sult ofgrowth on tissue cultureplasticware. A MPA
binding glycoprotein (185 kd) that is present in
freshly isolated "differentiated"A TII cells and then
is subsequently lost as isolated ATII cells "dediffer-
entiate" in tissue culture has been identified. This
185 kd MPA binding glycoprotein alone, or ex-
pressed in conjunction with other proteins, is a
candidate for a differentiation marker for ATII
cells. Preliminary data suggests that this 185 kd
MPA binding glycoprotein is notfound in ATI cells.
(AmJPathol 1989, 134:277-285)

The pulmonary alveolus is lined by two kinds of differenti-
ated epithelial cells, alveolar type (ATI) and alveolar type
11 (ATII) cells. The squamous ATI cells are the site of gas
exchange between the alveolar airspace and adjacent
capillaries. The cuboidal ATII cells synthesize and secrete
surfactant. In adult animals, ATII cells are also thought to
be the progenitors for the cells that replace damaged ATI
cells.16 Such a repair process would require an ATII cell
to lose its differentiated characteristics and acquire those
of an ATI cell. Identification of biochemical markers for

the differentiated state of both ATI and ATII cells would
facilitate analysis of this transition because the disappear-
ance and subsequent appearance of specific markers
could be monitored. In adult rats, the lectin Maclura pomi-
fera agglutinin (MPA) binds to ATII cells but not to ATI
cells.7'8 This suggests that the presence of MPA binding
glycoproteins might be a criterion by which to distinguish
the differentiated state of these two adult alveolar epithe-
lial cells.
We have studied the suitability of using the presence

of MPA binding glycoproteins in alveolar epithelial cells as
a marker for differentiation. We used freshly isolated adult
rat ATII cells as a source of potential differentiation mark-
ers and assumed that a differentiation specific marker
would not be present in cultures of ATII cells that had been
allowed to "dedifferentiate" in tissue culture. Our freshly
isolated ATII cells retained the morphologic characteris-
tics of differentiated ATII cells in situ.9 ATII cells that have
been cultured on tissue culture plasticware, however, lose
these characteristics;10'11 they are no longer cuboidal, and
they lack apical microvilli and lamellar bodies. We com-
pared "differentiated" freshly isolated ATII cells with "de-
differentiating" and "dedifferentiated" ATII cells that had
been passaged on tissue culture plasticware for up to 25
months. Specifically, we identified MPA binding glycopro-
teins by lectin blot analysis of glycoproteins isolated from
these cells and we observed MPA binding on the surface
of these cells by electron microscopy. Both biochemically
and cytochemically we found that the "undifferentiated"
cells continue to express MPA binding glycoproteins for
25 months after loss of the ultrastructural characteristics
associated with differentiated adult ATII cells. We con-
clude that scoring an alveolar epithelial cell plus or minus
for MPA binding is inadequate for identifying its differenti-
ated state. We found, however, a MPA binding glycopro-
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tein (185 kd) present in freshly isolated ATII cells that is
lost in "dedifferentiating" ATII cells and suggest that this
glycoprotein, alone or coordinately expressed with other
proteins, is a candidate for a differentiation marker in ATII
cells. In preliminary analysis, this prominent 185 kd MPA
binding glycoprotein is not found in ATI cells.

Materials and Methods

Transmission Electron Microscopy

Isolated cells were fixed according to the procedure of
Hirsch and Fedorko'5 and processed as described pre-
viously.89 Cells grown in monolayer were either scraped
from the substrate with a rubber policeman and pro-
cessed as described for a pellet or embedded in mono-
layer and sectioned perpendicular to the substrate.

Isolation ofA TI and AT/I Cells

ATI and ATII cells were isolated from adult rat lung as de-
scribed previously.8'9 ATII/ATI cell populations, mixtures
of ATII and ATI cells, were obtained by following the isola-
tion procedure for ATI cells and stopping before the final
step, which would have removed ATII cells.8

Tissue Culture ofA TI and A TII/A TI Cells

Freshly isolated ATII cells and ATII/ATI cells that were al-
lowed to dedifferentiate by growth on tissue culture plas-
ticware were cultured at 37 C in Dulbecco's modified Ea-
gle's medium supplemented with 10% heat inactivated
fetal calf serum, 2 mM glutamine, 100 U/ml penicillin, 100
sg/ml streptomycin, and 0.25 tsg/ml Amphotericin B.
Cells were plated at equal densities resulting in immediate
confluency and observed for up to 10 days for mitotic
figures. None were seen. These cells were harvested at
days 2, 4, 6, 8, and 10, and processed as described be-
low. Other freshly isolated cells used to establish long-
term cultures were initially grown in a media mixture of
12.5% Dulbecco's, 12.5% Ham's F.12, 50% RPMI 1640
supplemented as described above except with 20% heat
inactivated fetal calf serum, and the hormone supple-
ments suggested by Taub and Sato12 for epithelial cells.
This was mixed 1:3 with the identical media conditioned
by other ATII cells in culture. Freshly isolated cells were

also grown on gelled Matrigel13 (Collaborative Research,
Lexington, MA) or on matrix secreted by "dedifferenti-
ated" ATII cells.

Preparation of "Dedifferentiated" ATII Matrix

Cultures of "dedifferentiated" ATII cells were grown to
confluency. The cells were then removed from their se-

creted substrates by washing with phosphate-buffered
saline (PBS) and then with 1 mM EGTA/PBS, pH 7.4. For
SDS-PAGE analysis, substrate was harvested by scrap-
ing with a rubber policeman and then solubilized by boil-
ing in Laemmli sample buffer14 and stored at -25 C.

Binding of Maclura pomifera Agglutinin to
Lung Tissue, Freshly Isolated Cells, and
"Dedifferentiated" ATII Cells in
Monolayer Culture

Minced adult rat lung tissue which had been perfused and
lavaged, freshly isolated rat lung cells, and ATII cells
grown in monolayer tissue culture were labelled at 4 C
with MPA as described previously for isolated ATII cells.8
Controls were as previously described.8 In addition, some
of the isolated rat lung cells and some of the ATII cells in
monolayer culture were prefixed with 2% paraformalde-
hyde in PBS, pH 7.2, or with 2% paraformaldehyde,
0.19% glutaraldehyde in PBS, pH 7.2, before being la-
belled with MPA at 4 C as described.

Analysis of ATll Cells by Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis

Freshly isolated ATII cells, and ATII cells grown on tissue
culture plasticware and then harvested by scraping with
a rubber policeman were solubilized and analyzed by so-
dium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)14 as follows. Cells were washed twice with
PBS, pH 7.2, and then extracted in suspension at room
temperature for 10 minutes in 3 and 2.5 times their vol-
umes, respectively, of extraction buffer (0.1 M PIPES, 1
mM MgSO4, 2 mM EGTA, 0.2% NP40 and 0.2 TIU/ml
Aprotinin, pH 6.9). The unsolubilized cytoskeletons and
nuclear components were removed from the samples by
centrifugation at 1500g for 10 minutes at room tempera-
ture. The supernatant of "soluble" proteins was boiled in
Laemmli sample buffer14 and stored at -25 C. For analy-
sis by SDS-PAGE, samples were separated on resolving
gels with acrylamide content of 7.5%, 5-15% gradient or
5-7.5% gradient with stacking gels of 5, 3, or 3% respec-
tively. Comparisons between samples were made on the
basis of equal volumes of packed cells.



MPA Binding Proteins in ATII Cells 279
AJPFebruary 1989, Vol. 134, No. 2

Preparation and Analysis of Control Samples
for SDS-PAGE

Secondary rat lung fibroblasts were obtained by out-
growth from tissue explants of perfused, lavaged, minced
lung tissue from rats identical to those used for ATII cell
isolations. These cells were cultured and processed for
SDS-PAGE as described above for "dedifferentiated"
ATII cells. Baby hamster kidney (BHK-21) cells, an estab-
lished line of cells, were cultured on tissue culture plastic,
harvested, extracted and analyzed by SDS-PAGE using
procedures identical to those for ATII cells grown in mono-
layer tissue culture on plastic. Rat lung alveolar macro-
phages were harvested by pulmonary lavage with PBS,
pH 7.2, from rats identical to those used for ATII cell isola-
tions. Macrophages were solubilized and analyzed using
procedures identical to those used for freshly isolated ATII
cells except that they were solubilized in 4 times their vol-
ume. The albumin content of fetal calf sera (Hyclone, Lo-
gan, UT), of normal goat sera (GIBCO, Grand Island, NY)
and of rat sera obtained from rats identical to those used
for ATII cell isolations, was significantly reduced using re-
active blue-2-sepharose CL-6B (Sigma, St. Louis, MO) as
recommended by Pharmacia Fine Chemicals, Piscata-
way, NJ.16 These sera were then boiled in Laemmli sam-
ple buffer and stored at -25 C until analysis. Rat red blood
cell (RBC) ghosts were prepared at 4 C from rats identical
to those used above by washing RBC three times with
0.155 M NaCI, two times with ghost buffer (0.2 M
NaH2HPO4, 0.2 M Na2HPO4, 0.0929 M NaCI and 0.00362
M KCI), and then lysing the RBC in 20 times volumes of a
1:20 dilution of ghost buffer. The resulting membranes
were washed 4 times with 20 times volumes of 1:20 dilu-
tion of ghost buffer, boiled in Laemmli sample buffer and
stored at -25 C.

Identification of Maclura pomifera Agglutinin
Binding Glycoproteins

Proteins that had been separated by SDS-PAGE were
passively transferred by diffusion17 from the acrylamide
gel to 0.2 , nitrocellulose (Schleicher and Schuell) placed
on each side of the gel thereby yielding two mirror image
replicas of the distribution of the proteins within the gel.
After incubating the nitrocellulose blots in 2% hemoglo-
bin/PBS, pH 7.2, MPA binding glycoproteins were local-
ized by exposing the nitrocellulose blots to peroxidase
conjugated MPA (E. Y. Laboratories, San Mateo, CA; 80
,ug/ml of 2% hemoglobin/PBS, pH 7.2) at 4 C for 10-12
hours in the dark. For control preparations, sugar hapten
was included with the lectin as described for electron mi-
croscopy. The nitrocellulose blots were then washed with
PBS and the bound peroxidase conjugate localized by

incubating the nitrocellulose blot in 0.002% H202, 0.34
mM 4-chloro-1-naphthol (Bethesda Research Labs,
Bethesda, MD) in 5:1 PBS:methanol until the desired color
developed. Nitrocellulose blots which were used to show
protein distribution were stained with India Ink (Pelikan
Drawing Ink Z, 50 Black), according to the procedure of
Hancock and Tsang.18 Comparisons between samples
were made between samples separated on the same gel
and transferred simultaneously to one piece of nitrocellu-
lose.

Results

Maclura pomifera Agglutinin Binds to ATIl but
not to A TI Cells

Rat lung tissue was perfused, lavaged, minced, cooled to
4 C and, then, exposed to peroxidase-conjugated MPA.
As seen in Figure 1 A, ATII cells in adult rat lung bound
MPA at their apical surfaces whereas ATI cells did not.
The specificity of the reaction was demonstrated by the
absence of reaction product in the appropriate controls,
such as mixing MPA with 1 mM 1 -0-alpha-methyl-D-galac-
topyranoside, a specific sugar hapten for MPA.

Freshly isolated adult rat lung cells, kept at 4 C, were
exposed to peroxidase-conjugated MPA. MPA bound to
the surface of isolated ATII cells (Figure 1 B) but not to
isolated ATI cells. Where the polarity of the ATII cells could
be inferred from the position of microvilli, it was apparent
that the MPA was limited to the apical surface. The same
results were seen with cells prefixed with 2% paraformal-
dehyde or with 2% paraformaldehyde, 0.19% glutaralde-
hyde. As seen with lung tissue, the lack of reaction prod-
uct in the appropriate controls, such as inclusion of
specific sugar hapten with the lectin (Figure 1 C), demon-
strated the specificity of the reaction.

Isolated A TII and A TII/A TI Cells Retain the
Morphologic Characteristics of Differentiated
ATII and ATI Cells in Short-Term
Tissue Culture

When freshly isolated ATII cells were cultured on Matrigel,
a basement membrane matrix,13 the ATII cells continued
to maintain their polarity as the majority of them reassoci-
ated and organized to form polarized alveolarlike struc-
tures (see Figure 2). The cells in these clusters had micro-
villi facing the lumen of the "alveolus" and adjacent cells
were joined at their apical ends by junctional complexes.
They retained their lamellar bodies. When freshly isolated
ATII/ATI cells were cultured on extracellular matrix se-
creted by "dedifferentiated" ATII cells, some of the ATII
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cells reassociated with each other to torm alveolarliKe
structures as described above. Other ATII cells were as-

sociated with ATI cells in a manner similar to that seen in
situ (see Figure 3). Both ATI and ATII cells reestablished
polarity with cytoplasmic extensions from ATI cells ex-

tending partway up the side of adjacent ATII cells and
forming junctional complexes with the ATII cells. Analysis
of freshly isolated ATII/ATI cell preparations by transmis-
sion electron microscopy revealed that the freshly iso-
lated cells were a single cell suspension rather than
groups of alveolar epithelial cells. This observation sup-
ports the conclusion that the ATII and ATI cells reassoci-
ated in vitro. Observation of freshly plated cultures by
phase contrast light microscopy also supports this con-

clusion. It can be concluded, then, that the isolation pro-
cedure did not damage the morphologic characteristics

-±..i .,;L+L Fr.' ntiefnr4" ATII roll Pi irthnrassociatea witn tne -iiieeren uLleu tMlI II. rIUILIIU-

more, the ATII and ATI cells retained the ability to reassoci-
ate in vitro so that their in situ morphologic characteristics,
including their polarity, were retained.

When freshly isolated ATII cells were maintained in cul-
ture on tissue culture plasticware for extended periods of
time, however, even though the cells retained their epithe-
lial character with desmosomes and junctional complexes
(Figure 4A), the ATII cells lost their lamellar bodies, apical
microvilli, and cuboidal shape (see Figure 4B, 4C). They
were morphologically dedifferentiated. Analysis of our
freshly isolated ATII cell preparations by electron micros-
copy11 showed that contamination of our ATII cell prepara-
tion was consistently limited to a maximum of 1% ATI
cells,1 '.Yy n t 4 0-aAmesaa1a i3%icells, 1d%ymphocytes, 1 /o macropnages, ana apossuDr e

'1 3% unidentified cells. We are confident that our cell cul-
qR tures that were considered to be "dedifferentiated" ATII

cells were derivatives of ATII cells rather than other epithe-
lial cells because we did not see any localized clonal prolif-
eration within our cultures that could represent prolifera-
tion of 3% of the cells. In addition, when samples of "de-
differentiating" cells were obtained by plating and
maintaining cells at confluency, and then harvesting them
at different time points up until 10 days after plating, we
observed no mitotic figures during those 10 days.

MPA Binding to "Dedifferentiated" ATI/ Cells
Cultured on Tissue Culture Plasticware

When ATII cell "derivatives," which had been grown on

qwl tissue culture plasticware, were exposed to peroxidase-

Figure 1. Binding ofMaclurapomifera agglutinin toATII cells.
Peroxidase-conjugated MPA bound to the apical surface of
ATII cells (arrows) in situ in adult rat lung but not to ATI cells
(asterisks) (A, X8000). Freshly isolated ATII cells, labelled in

the same manner as lung tissue, retained the ability to bind demonstrated by the absence of reaction product when the sugar

peroxidase conjugated MPA in a specific and polar manner hapten, 1-0-alpha-methyl-D-galactopyranoside was included with

(B, arrows, X6710). The specificity of the MPA binding was the lectin (C, X 7320). lb, lamellar bodies.
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Figure 2. ATII cells cultured on matrigel retain morphologic characteristics of "dedifferentiated "ATII cells. When ATII cells, isolated
as described in Materials and Methods were plated on gelled Matrigel they reassociated: by 3 days the majority of the ATII cells
rearranged toform polarized alveolarlike structures. In some instances lamellar body contents (rlb) appeared to be extruded into
the 'lumen" The cells in these clusters had microvilli (mv) projecting into the "lumen" and adjacent cells were joined at their
apical ends byjunctional complexes (jc). lb, lamellar body, X3750.

conjugated MPA as described above and then examined
by transmission electron microscopy, it was apparent that
all of the morphologically "dedifferentiated" cells that
came in contact with MPA retained the ability to bind the
lectin (Figure 4B). The specificity of this binding was dem-
onstrated by the lack of reaction product on cells exposed
to a mixture of 1 -0-alpha-methyl-D-galactopyranoside and

MPA (Figure 4C). ATII cell "derivatives" were examined
at several time points: 10 days, 24 days, 3 months, 10
months, 16 months, and 25 months after isolation and
culturing of the cells. In all instances, the cells retained the
ability to bind peroxidase-conjugated MPA on their ex-
posed apical surfaces. Extracellular staining, presumably
of extracellular matrix, also was seen.

Figure 3. ATII/ATI cells cultured on matrix secreted by ATII cells. When freshly isolated ATII/ATI cells were cultured together on
matrix secreted by "dedifferentiated"ATII cells, some ofthe ATII andATI cells re-associated in a manner similar to that seen in situ
with an established polarity. ATI cells were identified by their squamous morphology and lateral association with ATII cells; cytoplas-
mic extensions of the ATI cells extended partway up the sides of ATII cells and formed junctional complexes with the ATII cells.
Cells were fixed after 3 days in culture. ATI, alveolar type I cell. ATII, alveolar type II cell. LB, lamellar body, X3795.
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Identification of MPA Binding Glycoproteins
in Freshly Isolated AT/I Cells and
Morphologically "Dedifferentiating" and
"Dedifferentiated" ATII Cells

ATII cells that had been freshly isolated and ATII cells that
had been maintained in tissue culture on plasticware were
collected, solubilized, and analyzed by SDS-PAGE as de-
scribed above. MPA binding glycoproteins were identified
by exposing nitrocellulose blots of the resulting gels to

peroxidase-conjugated MPA and then localizing the per-
oxidase. MPA binding glycoproteins which were unique
to freshly isolated ATII cells were identified (see Figure 5).
All comparisons were made between samples run on the
same gel and transferred simultaneously to the same
piece of nitrocellulose. In Figure 5, lanes 1-8 were from

I' the same ael/transfer with one intervening lane cut out

between lanes 5 and 6. In Figure 5, lanes 9 and 10 were

from another gel/transfer.
We have identified one prominent MPA binding glyco-

protein (185 kd) in freshly isolated ATII cells (lanes 3 and
7, arrow) that was not seen in morphologically "dediffer-
entiated" ATII cells grown on tissue culture plasticware
(lane 1). Isolated ATII cells were analyzed after 2 (lane 6),
4, 6 (lane 5), and 10 days (lane 4) of culture as they de-

B differentiated on tissue culture plasticware under condi-
tions where no cell proliferation took place. The results
showed a decrease in detectable 185 kd MPA binding
giycopoieinover i[TJC A ~ei IrIIInri ',m Ainnr V) uAy% inglycoprotein over time. AS seen in ianequ,,a, etiII uaays> iF

tissue culture, the ATII cells no longer contained a detect-
able significant 185 kd MPA binding glycoprotein. Instead
they contained a minor MPA binding glycoprotein with a
slightly lower molecular weight. The 185 kd MPA binding
glycoprotein was not detected in secondary rat lung fi-
broblasts prepared as described above (lane 8) or in rat
pulmonary alveolar macrophages analyzed immediately
after lavage or after two days of culture on tissue culture
plasticware (lane 2). BHK cells, an established cell line
grown under the same conditions as the "dedifferenti-
ated" ATII cells, was also negative (data not shown). Rat
red blood cell ghosts were analyzed for MPA binding gly-
coproteins (data not shown) and found not to contain the

C 185 kd protein. The possibility that the MPA binding glyco-

Figure 4. Morphologically "dedifferentiated" ATII cells. ATII proteins observed in isolated ATII cells were absorbed
cells that had been grown on tissue culture plasticware for from sera (fetal calf, goat, or rat) during isolation or cultur-
months retained some oftheir epithelial characteristics but lost
the morphologic characteristics of differentiated ATHI cells. ing was considered by identifying MPA binding glycopro-
When the cells were scrapedfrom the substrate and examined teins in these sera after their albumin content was partially
as a pellet it was apparent that they retained desmosomes (ar-
rowheads, A) andjunctional complexes (arrow and inset A).
When monolayers were examined perpendicular to the sub-
strate it was apparent that the cells had lost their cuboidal
shape, apical microvilli, and lamellar bodies (B and C). These lar matrix also appeared to bind MPA (B). MPA binding was inhib-
"dedifferentiated" cells did, however, still bind peroxidase ited in controlpreparations (C) when the sugar hapten 1-0-alpha-
conjugatedMPA on their surfaces (B, arrows). The extracellu- methyl-D-galactopyranoside was included with the lectin.



MPA Binding Proteins in ATII Cells 283
AJPFebruary 1989, Vol. 134, No. 2

1 2 3 4 5
678..q

Figure 5. Identification ofMPA binding glycoproteins in "differentiated" and "dedifferentiated"ATII cells. Peroxidase-conjugated
MPA was used as described in the text to identifyMPA binding glycoproteins infreshly isolatedATII cells (lanes 3 and 7) and in ATII
cells grown on tissue culture plasticwarefor 2 days (lane 6), 6 days (lane 5), 10 days (lane 4) and 10' months (lane 1). Rat lung
fibroblasts (lane 8) and rat lung alveolar macrophages (lane 2) were also analyzedforMPA bindingglycoproteins. TheMPA binding
proteins detected in freshly isolated ATII cells (lanes 3 and 7) were compared with those detected in the other preparations to
determine their uniqueness. The 185 kd band seen in ATII cells wasfound in "diffferentiated "freshly isolatedATII cells (lanes 3 and
7, arrow) but not in ATII cells which had "dedifferentiated" after growth on tissue culture plasticware (lane 1). Analysis ofATII
cells as they "dedifferentiated" in tissue culture revealed that the 185 kdMPA binding band was stillpresent in ATII cells which had
been culturedfor 2 days (lane 6) but was sign ifcantly diminished or absent in ATII cells that had been culturedfor 6 days (lane 5,
arrow). After 10 days in culture on tissue cultureplasticware, the 185 kdMPA binding band could not be detected; instead a minor
MPA binding band ofa slightly lower molecular weight (lane 4) was seen. These results suggest that the 185 kd MPA binding band
was lost as a result ofATII cell dedifferentiation in tissue culture. The 185 kdMPA binding component seen infreshly isolatedATII
cells (lane 10, arrow) could not be detected infreshly isolatedATI cells (lane 9). The 185 kd band appears to runjust below 2 bands
shared by both ATII andATI cells. The 185 kdMPA binding band also could not be detected in rat lungfibroblasts (lane 8) or in rat
pulmonary alveolar macrophages (lane 2). Lanes 1 to 8 werefrom one gel/transfer and lanes 9 and 10 werefrom another gel/
transfer. Variability between lots ofMPA affected the extent to which minor bands could be detected;for example, minor components
in lane 3 are more easily seen in lane 10. Within one gel/transfer/MPA staining, detection ofcomponents is consistent and, therefore,
comparison between lanes is valid.

depleted to allow better detection of minor glycoproteins
(data not shown). There was no apparent similarity be-
tween MPA binding glycoproteins found in sera and those
identified in ATII cells. In summary, the results showed that
the prominent 185 kd MPA binding glycoprotein found in
freshly isolated ATII cells was found in decreasing
amounts of ATII cells as they "dedifferentiated" in tissue
culture. This 185 kd MPA binding band was not detected
in "dedifferentiated" ATII cells, rat lung fibroblasts, rat pul-
monary alveolar macrophages, rat red blood cell ghosts,
or BHK cells, nor was it found in the examined sera. In
addition, preliminary analysis of freshly isolated ATI cells
(Figure 5, lane 9) suggests that the 185 kd band was not
found in ATI cells whereas it was detected in ATII cells
(Figure 5, lane 10) just below MPA binding components

common to both ATI and ATII cells. A 185 kd MPA binding
band was also not detected (data not shown) in extracel-
lular matrix secreted by ATII cells although, as suggested
by cytochemistry (Figure 4B), the extracellular matrix se-
creted by ATII cells in culture did contain MPA binding
components.

The question of whether the 185 kd band seen in
freshly isolated ATII cells was generated as a result of the
enzymatic digestion during isolation was approached by
exposing the ATII cell "derivatives" to the enzyme mixture
used in isolations. These enzyme-treated cells were then
harvested and analyzed for MPA binding glycoproteins.
On the resulting lectin blots some of the bands appeared
less prominent, but no new bands were generated. A 185
kd MPA binding band had not been created.

9 10
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Discussion
Identification of a MPA Binding Glycoprotein
as a Candidate for a Differentiation Marker for
AT/I Cells
Analysis of the repait process that occurs in the pulmo-
nary alveolar epithelium after ATI cells are damaged will
be greatly facilitated by identification of markers for the
differentiated state of ATII and ATI cells. Such biochemical
markers must not only be present in ATI or ATII cells but
also must be expressed only in the differentiated state of
these two types of cells and serve to distinguish between
them. Markers that meet these requirements will provide
the means to document a transition from an ATII cell to an
ATI cell.

The observation that the lectin MPA bound apically to
ATII and not to ATI cells7'8 suggests that the presence of
MPA binding glycoproteins may serve as a marker for the
differentiated state of ATII cells. We therefore have exam-
ined MPA binding in freshly isolated ATII cells and in ATII
cells that were "dedifferentiating" or had "dedifferenti-
ated" morphologically as a result of growth on tissue cul-
ture plasticware. Because both freshly isolated and de-
differentiated ATII cells bound peroxidase-conjugated
MPA on their surfaces, we concluded that scoring alveo-
lar epithelial cells plus or minus for MPA binding was not
adequate for identifying the differentiated state of an ATII
cell. We therefore identified and compared the individual
MPA binding glycoproteins in the "differentiated," "de-
differentiating," and "dedifferentiated" ATII cells. A promi-
nent MPA binding glycoprotein with an approximate mo-
lecular weight of 185 kd was found in freshly isolated ATII
cells and not in ATII cells which had been cultured on tis-
sue culture plasticware for 10 or more days. When ATII
cells were analyzed as they "dedifferentiated" after 2, 4,
6, and 10 days of culture on tissue culture plasticware,
decreasing amounts of the 185 kd MPA binding bands
were detected. Because no cell proliferation occurred
during this 10-day time period and because our cultures
were at least 94% ATII cells, we can conclude that the
decrease in the amount of detectable 185 kd MPA bind-
ing glycoprotein resulted from a change in the ATII cells
and not from a proliferation of another cell type. Because
our cytochemical results (Figure 4) suggested that the ex-
tracellular matrix secreted by ATII cells bound MPA, we
considered whether the 185 kd MPA binding glycoprotein
was a component of the extracellular matrix rather than
being associated with ATII cells themselves. Even though
there were many MPA binding glycoproteins associated
with the extracellular matrix secreted by dedifferentiated
ATII cells, we could not detect one with a molecular weight
of 185 kd. During preliminary analysis of glycoproteins in
ATI cells, we have not been able to detect the 185 kd

MPA binding protein. We therefore suggest that the 185
kd glycoprotein is a candidate for a differentiation marker
in ATII cells. It is possible that this protein may be an accu-
rate differentiation marker only when expressed simulta-
neously with other markers such as with some of the mi-
nor MPA binding glycoproteins. Further studies monitor-
ing the coexistence in tissue culture of the morphologic
characteristics of differentiation and the presence of
these MPA binding glycoproteins are in progress. Con-
firmation of the 185 kd MPA binding glycoprotein as a
differentiation marker will also require a consideration of
its coexistence with characteristic biochemical parame-
ters of ATII cells because it has been shown that morpho-
logic and biochemical characteristics of ATII cells are not
necessarily linked.9'19

Preliminary results suggest that this 185 kd binding
protein is not present in ATI cells. The identification of gly-
coproteins that may localize in the apical plasma mem-
brane of ATII cells and not in ATI cells will provide an easily
accessible marker for the study of the differentiated state
of these two types of cell in lung tissue and of the possible
transition from ATII cell to ATI cell that is assumed to occur
during repair of damaged alveolar tissue. To date ATII and
ATI cells can be distinguished on the basis of shape and
the ability to package and secrete surfactant in lamellar
bodies. Until the synthetic capacity of ATI cells is charac-
terized, the biochemistry associated with surfactant in
ATII cells can not be assumed to be unique to ATII cells.
Ideally, a study of the possible transition of an ATII cell
to an ATI cell will involve cell and differentiation specific
antigens as well as biosynthetic capacity and morphol-
ogy. In this respect the identification of the 185 kd MPA
binding glycoprotein that is potentially differentiation spe-
cific for ATII cells, and may not be found in ATI cells, is
important because such a glycoprotein may serve as a
cell- and differentiation-specific antigen.
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