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Rapid Communication

Identification of a Cell Membrane Protein
That Binds Alveolar Surfactant

David S. Strayer
From the Department ofPathology and Laboratory
Medicine, University of Texas Health Science Center at
Houston, Houston, Texas

Alveolar surfactants are complex mixtures of pro-
teins andphospholipids produced by type II alveolar
cells and responsible for lowering pulmonary sur-

face tension The processes by which surfactant is
produced and exported and by which its production
by pulmonary cells is regulated are not well under-
stood. This study was designed to identify a cellular
receptorfor surfactant constituents. To do so, mono-

clonal anti-idiotypic antibodies directed against an-

tibodies to porcine and rabbit surfactant proteins
were prepared These monoclonal anti-idiotypic an-

tibodies bind both alveolar lining and bronchial ep-
ithelial cells in rabbit, porcine, and human lungs.
Macrophages and other nonepithelial cells do not re-

act with these antibodies. Western blot analysis in-
dicates that both A2R and A2C recognize the same
proteins in both pig and rabbit lungs: a 30-kd pro-
tein and additionalproteins at 52 and 60 kd Prein-
cubating lung wash cells with A2C or A2R prevents
binding ofporcine or rabbit surfactantpreparations;
respectively, by these cells Preincubating frozen sec-

tions of lung tissue with surfactant inhibits binding
ofA2R and A2C to the lung. Antibody directed to a
cell membrane protein that recognizes alveolar sur-

factant may be useful in elucidating the structure
and function of this receptor and in understanding
the cellular physiology and pathophysiology of the
surfactant system. (Am J Pathol 1991, 138:1085-
1095)

SRF is not yet clear. Surfactant protein B (SP-B) is 8 to 10
kd. It occurs in the alveolar fluid principally as a ho-
modimer. In some animal species, SP-B appears to be
the principal active protein in pulmonary SRF prepara-
tions.4 Surfactant protein C (SP-C) is a very hydrophobic
lipoprotein of 3 to 5 kd.5 The function of SP-C is not en-

tirely clear. In some preparations, SP-C plays a major role
in the ability of SRF to lower surface tension.6

These proteins are secreted by type 11 alveolar pneu-
mocytes. Then they combine with phospholipids to form
a protein-phospholipid layer at the air-liquid interphase.
Thus SP-A is thought to be both secreted and recycled
by type 11 cells.7'8 This large SRF protein probably mod-
ulates phospholipid secretion by type 11 cells.9 10 Recent
work suggests that SP-A binds to type 11 alveolar cells
with high affinity via a specific receptor' 112 that remains
unidentified to date. Little is known about receptors for
smaller SRF proteins.

Because of these indications that SRF may regulate its
own metabolism by interacting with a specific receptor,
and because the nature of such a receptor remains un-
known, characterization of SRF receptor structure and
activity remain important unresolved issues. We decided
to approach this study by trying to make antibody to this
receptor, and then to use this antibody to characterize the
receptor, its ability to bind SRF and cells bearing this
receptor. Our studies here describe the identification of
one such receptor on porcine and rabbit lung cells.

Materials and Methods
Surfactant
Curosurf was the gift of Drs. B. Robertson and T. Cur-
stedt, from the Department of Pathology, Karolinska Insti-

Pulmonary surfactant (SRF) proteins are of three charac-
tenzed varieties.1 Surfactant protein A (SP-A) is an apo-
protein of approximately 30 to 35 kd molecular weight.2 In
its secreted form, SP-A is glycosylated. It appears to sta-
bilize tertiary and quaternary surfactant structures in vivo
and in vitro, and may help protect SRF activity from inhi-
bition by other proteins.3 Its role in the surface activity of

Presented in part at the International Symposium on Surfactant in Clinical
Practice in Parma, Italy, June 4-5, 1990.

Supported by grants FD-R-0001 12 and FD-R-000461 from the United
States Food and Drug Administration, Orphan Drug Division.

Accepted for publication March 7, 1991.
Address reprint requests to David S. Strayer, MD, PhD, Department of

Pathology, University of Texas Health Science Center, 6431 Fannin St.,
Houston, TX 77030.

1085



1086 Strayer
AJP May 1991, Vol. 138, No. 5

tute, Stockholm, Sweden. Its protein content is well char-
acterized: Curosurf contains a mixture of SP-B and SP-C
only.13,14 We have confirmed this observation by exper-
iments in which we radiolabeled Curosurf and detected
only proteins of 4 kd, 9 kd, and 18 kd, corresponding to
SP-C, SP-B monomer, and SP-B dimer, respectively
(data not shown). Rabbit SRFs were prepared by ultra-
centnfugation of rabbit lung lavage specimens and was
given to us by Dr. T. A. Merritt. Their protein constituents
are SP-A and SP-B.15

lodination of Surfactant

Curosurf or RSRP was radiolabeled (1251) using chlora-
mine T.16 Analysis of Curosurf by this technique shows
that it contains proteins of approximately 4 kd, 9 kd, and
18 kd. Similar analyses of rabbit and human surfactants
show proteins of 35 kd, 18 kd, and 9 kd (data not shown).

Monoclonal Antibodies to Surfactant

We have produced 15 monoclonal antibodies to Curosurf
and five such monoclonal antibodies to rabbit SRF in fe-
male F344 rats (Harlen Co., Indianpolis, IN). Production,
characterization, and specifities are described in a recent
publication.17 Most of these antibodies inhibit surface ac-
tivity of their respective SRFs in vitro18 and react with 9 kd
proteins in Curosurf and rabbit SRF (RSRF), respectively.
This molecular weight is consistent with SP-B. These hy-
bridomas were passaged in medium with fetal bovine
serum and separated from serum proteins by two cycles
of precipitation with ammonium sulfate at 40C.

Anti-[anti-SRF] Anti-idiotypic Antibodies

Anti-idiotype antibodies directed to anti-Curosurf and
anti-rabbit SRF monoclonal antibodies17 were raised by
immunizing rats of the same strain (F344) with monoclo-
nal antibodies. For the current studies, only monoclonal
antibodies directed against the 9-kd (SP-B) component
of Curosurf or the 9-kd component of RSRF (SP-B) were
used to generate the anti-idiotype antibodies. In addition,
we used only anti-SRF antibodies that could inactivate
SRF in the pulsating bubble surfactometer assay.17'18
Because the proteins contained in RSRF are SP-A and
SP-B, and those in Curosurf are SP-B and SP-C, limiting
ourselves to monoclonal antibodies that recognize 9-kd
proteins in these SRF preparations and inactivate SRF
functionally greatly enhances the likelihood that these
original antibodies will recognize SP-B.

These anti-SRF antibodies were emulsified at 100

,ug/ml in Freund's adjuvant and inoculated biweekly. After
four immunizations, rats were inoculated intraperitoneally
with anti-SRF antibodies in saline biweekly. They were
bled before immunization and regularly thereafter. Sera
were examined for anti-idiotype activity by enzyme-linked
immunoassay (ELISA). After approximately 1 year of this
regimen, anti-[anti-SRF] titers were first detected (A405 ¢
3 x background). Rats with serum antibody were
boosted and their spleen cells fused to YB2/0 cells.
Resulting hybridomas were cloned, subcloned, and
maintained as described.17 One clone of cells producing
anti-[anti-Curosurf] monoclonal antibody (A2C) was iden-
tified, as was a single clone of cells producing anti-
[anti-RSRF] (A2R). Both cell lines have been stable and
productive in culture.

Pulmonary Wash Cells

Fresh pulmonary cells (hereafter lung cells) from vigorous
saline lavage of porcine and rabbit lungs were prepared
by centrifugation and washing with phosphate-buffered
saline (PBS). Lavage cells from these animals contain a
mixture of alveolar lining cells, bronchial epithelial cells,
lymphocytes, and macrophages when examined by Pa-
panicolau stain (data not shown).

Cytofluorography

Cytofluorographic analysis of lung lavage cells was per-
formed as described in other systems.19 Briefly, after ex-
posure to normal rabbit serum, cells were treated with
monoclonal antibody as undiluted tissue culture super-
natants, followed by fluorescein isothiocynate (FITC)-
conjugated rabbit anti-rat immunoglobulin G (IgG) (Miles-
Yeda Ltd., Rehovot, Israel). Cytofluorographic analysis
was performed using a FACS 11 (Becton-Dickinson Corp,
Franklin Lakes, NJ).

Immunocytochemistry

Frozen sections of human, pig, and rabbit lungs and
cytospin preparations of lung wash cells were treated
with normal rabbit serum, followed by A2R, A2C, or con-
trol preparations, and then horseradish peroxidase
(HRP)-rabbit anti-rat IgG. Reactivity was visualized as
described.20 Control preparations in all cases consisted
of culture supernatants from YB2/0 cells.

Western Blotting

Determination of specific protein reactivity of the anti-
idiotypic antibodies was performed by Western
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blotting.21 Lysates of alveolar wash cells were prepared
using 1% NP-40 (U.S. Biochemical Corp., Cleveland,
OH) in PBS. After removing debris, we reduced and elec-
trophoresed this lysate using sodium dodecyl sulfate
(SDS)-10% polyacrylamide gel electrophoresis (PAGE)
and transferred to Immobilon filters (Millipore Corp., Bed-
ford, MA).21 Filters were exposed to A2C, A2R, or control
antibodies as culture supernatants, followed by rabbit
anti-rat IgG and 1251-Staphylococcus protein A, as
described.17'18 We visualized reactivity by autoradiogra-
phy.

Surfactant Binding

Lung cells at 1 07/ml PBS-0.1% NaN3 were incubated on
ice in suspension with either anti-idiotypic or control an-
tibodies, free surfactant (1000-fold excess), or saline.
They were washed and then treated with 4 ng 1251_
Curosurf or RSRF preparations in PBS-0.1% NaN3,
washed thoroughly, and counted in a gamma counter.

Inhibition of Antibody Binding to
Lung Sections

Frozen sections of lung were preincubated for 15 minutes
at room temperature with homologous surfactant in nor-
mal saline (5 mg/ml surfactant phospholipid, 50 ,ug/ml
protein) or normal saline. Slides were then exposed to
A2R and A2C followed by HRP-rabbit anti-rat IgG, as
discussed above?20 In these experiments, frozen sec-
tions were not preincubated with H202.

Results

Monoclonal Antibodies to
Anti-SRF Antibodies

Monoclonal anti-[anti-Curosurf] and anti-[anti-RSRF]
were produced in rats as described in Materials and
Methods. One stable clone of each anti-[anti-SRF] anti-
body (A2C and A2R, respectively) was generated in this
way. When preincubated with anti-SRF antibodies in rep-
licate assays, these monoclonal anti-idiotype antibodies
inhibited more than 75% of the binding of SRF by anti-
bodies directed to SRF (data not shown).

Cytofluorographic Analysis of Lung Cells
Using A2C and A2R

Lung lavage cells were treated with anti-[anti-SRF], anti-
SRF monoclonal antibody, or saline and analyzed by

cytofluorography (Figures 1,2). Compared to controls,
anti-[anti-SRF] anti-idiotype antibodies recognized heter-
ogeneous populations of cells comprising 30% of the to-
tal cells in their respective pulmonary lavage specimens.

Immunohistochemical Analysis of Cells
Bound by Anti-[anti-surfactant] Antibodies

Cytospin preparations of lung cells were treated with anti-
[anti-SRF] and visualized by immunoperoxidase staining.
Both antibodies recognized two populations of cells (Fig-
ure 3). A2C and A2R bound alveolar lining cells, small,
round cells with central nuclei. These cells stain moder-
ately along their cell membranes and within the cyto-
plasm. In addition, ciliated columnar bronchial and bron-
chiolar lining cells are recognized by A2C and A2R. Their
cilia and the basal end of the cilia at their attachment to
the cytoplasm proper react very strongly. The cytoplasm
of these cells generally stains weakly or not at all. Mac-
rophages and lymphocytes are not bound by either of the
monoclonal anti-idiotypic antibodies.

Frozen sections of rabbit, human and porcine lung
were, similarly, stained using both antibodies. Figure 4
shows that both bronchial epithelium and the epithelial
cells lining the alveoli are recognized by both of these
antibodies. Control preparations did not stain lung tissue.
The antigens recognized by these two antibodies are
present in the lungs of all three species and are distrib-
uted similarly in all. Interestingly, although neitherA2C nor
A2R was raised against anti-human SRF antibody, both
recognize an antigen in human lung. Our attempts to
raise monoclonal anti-[anti-(human SRF)] antibodies
have not been successful.

The specificity of the binding of A2C and A2R to a
SRF-binding protein in lung tissues was determined fur-
ther by trying to inhibit this binding with SRF. Frozen sec-
tions of lung were preincubated with a preparation of ho-
mologous surfactant at 5 mg/ml phospholipid, 50 p,g/ml
protein. A2R orA2C was added and visualized as before.
We found that preincubation with SRF greatly diminished
the ability of A2C and A2R to bind to alveolar and bron-
chial lining cells (Figure 5).

Western Blot Analysis

Lysates of lung cells were prepared by freezing and
thawing the cells once and solubilizing them in PBS-1%
NP-40. They were electrophoresed under reducing con-
ditions in SDS-10% PAGE and transferred to Immobilon
filters. Filters were treated with one or the other monoclo-
nal antibody. Both antibodies recognize similar proteins
in their respective lung preparations and in cell lysates
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Figure 1. Cytofluorographic ana6ysis ofporcine lung cells using A2C. Pulmonary lavage cells were obtained from pigs by exhaustive
instillation and removal ofnormal saline. The cells were treated in suspension with (A) normal rabbit serum, followed by A2C, followed by
FITC-rabbit anti-rat IgG; (B) normal rabbit serum, followed by normal rat serum, followed by FITC rabbit anti-rat IgG; (C) normal rabbit
serum, followed by a mixture ofrat monoclonal antibodies to Curosurf, followed by FITC-rabbit anti-rat IgG; and (D) normal rabbit serum,
followed by FITC-rabbit anti-rat IgG. Cells werefixed in PBS-1% formalin, and analyzed by cytofluorograpby (Becton-Dickinson, FACS II).
7he ordinate represents the cell number, while the abscissa represents the log ofthefluorescence intensity, wioth a channel range of 1 to 1000.
The intense staining oflarge numbers of cells using A2C represents the only significant deviationfrom the backgroundpattern seen in (D).

from the opposite species. Thus A2R binds a 30-kd pro-
tein in both porcine and rabbit lungs, with some reactivity
to proteins of 52 and 60 kd. Proteins of the same sizes are
bound by A2C in both lung preparations (Figure 6).

Inhibition of Binding of SRF to Lung Cells

We determined whether anti-[anti-surfactant] antibodies
altered the binding of radiolabeled SRFs to lung cell
membranes. Viable (more than 95%) pulmonary lavage
cells were obtained by centrifugation in a Ficoll gradient.
A2C, A2R, or control antibody was added to these lung
cells in suspension. After incubation, 1251-labeled SRF
was added and bound SRF counted. Preincubation with

either of the anti-idiotypic antibody to porcine SRF recep-
tor decreased binding of SRF to lung cells by 50% to 60%
relative to controls (Tables 1,2). Preincubating rabbit lung
cells with anti-idiotypic antibody to rabbit SRF receptor
decreased binding by approximately 40% relative to con-
trols. A comparable decrease was observed when 1000-
fold excess of unlabeled surfactant was added to the
alveolar wash cells. Pretreating (in this example) rabbit
alveolar cells with saline or control culture supernatant
resulted in considerably greater binding of radiolabeled
rabbit SRF than did pretreatment of these lung cells with
A2R, A2C, and unlabeled SRF (P < 0.01). In this exam-
ple, A2C was as effective as A2R in inhibiting binding of
iodinated SRF to rabbit lung cells. Both of these antibod-
ies and excess unlabeled homologous SRF inhibited SRF
binding to rabbit lung cells comparably.
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Figure 2. Cytofluorographic analysis ofporcine lung cells using A2R. Pulmonary lavage cells were obtained from pigs by exhaustive
instillation and removal ofnormal saline. The cells were treated in suspension with (A) normal rabbit serum, followed by A2R, followed by
FITC-rabbit anti-rat IgG; (B) normal rabbit serum, followed by normal rat serum, followed by FITC rabbit anti-rat IgG; (C) normal rabbit
serum,followed by a mixture ofrat monoclonal antibodies to Curosurffollowed by FITC-rabbit anti-rat IgG; and (D) normal rabbit serum,
followed by FITC-rabbit anti-rat IgG. Cells then werefixed in PBS-1% formalin and analyzed by cytofluorography (Becton-Dickinson, FACS
II). The ordinate represents the cell number, while the abscissa represents the log of thefluorescence intensity, with a channel range of 1 to
1000. The intense staining of large numbers of cells using A2R represents the only significant deviation firom the backgroundpattern seen
in (D).

Discussion

We report here two monoclonal anti-idiotype antibodies
that recognize a lung cell membrane protein that in turn
binds surfactant. These antibodies were developed by
applying the principle that if two different molecules bind
the same ligand their ligand-binding sites may have sim-
ilar structures. At least some of the monoclonal antibodies
that bind and inactivate proteins in porcine and rabbit
surfactant (probably SP-B) preparations are likely to rec-

ognize that protein similarly to the way SRF receptors on

pulmonary cells recognize it. A second set of antibodies
that in turn recognize the idiotypic (antigen-binding) re-

gion of anti-SRF antibodies should then also recognize a
comparable SRF-binding site on cell membrane SRF re-

ceptor on pulmonary cells.

Use of anti-idiotype antibodies to identify specific cell
membrane receptors is well described.22-24 We have
identified two monoclonal rat antibodies directed against
rat anti-SRF MAbs. One anti-idiotype antibody (A2C)
binds anti-Curosurf MAbs. The other anti-idiotype anti-
body (A2R) binds anti-rabbit SRF MAbs. Anti-[anti-SRF]
MAbs bind ciliated columnar bronchiolar and bronchial
lining epithelial cells and alveolar lining cells.

They appear to bind these cells because they recog-

nize a 30-kd protein on their cell membranes. By binding
to these cell membrane proteins, anti-[anti-SRF] reduce
the ability of these cells to bind radiolabeled SRF. Fur-
thermore pre-exposure of lung cells to SRF inhibits the
ability of these antibodies to bind. From these analyses
we cannot determine the type of alveolar cells bound by
A2C. However we are using immunoelectron microscopy
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Figure 3. Lung cells bound by A2C andA2R.
Pulmonary lavage cells were stained with
A2C (A) andA2R (B) as described in Materials
and Methods. Open arrows show representa-
tive alveolar lining cells. Solid arrows show
representative ciliated bronchial and bron-
chiolar cells. 7Tese are the twopopulations of
cellspositivefor theprotein recognized by the
monoclonal anti-idiotype antibodies A2C
and A2R. Large, unstained cells are macro-
phages. Sections treated with culture superna-
tant of YB2/0 cells not producing A2C were
completely negative (not shown). Original
mzagnification, x860.

to define better the specific alveolar lining cell population
recognized by A2C and A2R.

This protein is the major species recognized by both
A2C and A2R. Both MAbs also bind larger proteins at 52
and 60 kd in these preparations. Whether these larger
proteins represent dimers of the smaller proteins, glyco-
sylated forms, precursors, or partial degradation prod-
ucts of any of these, is not clear. Alternatively the SRF
binding protein in question may be a heterodimer or het-
erotrimer, one of whose components is recognized by
the A2C and A2R antibodies.

These monoclonal anti-idiotype antibodies also cross-
react. A2C recognizes comparable proteins in rabbit
lungs as in porcine lungs. A2R binds similar proteins in
pig lungs as in rabbit lungs. Immunohistochemical anal-
ysis indicates that both antibodies bind the same cells in
both animal species' lungs: alveolar lining cells and bron-
chial or bronchiolar epithelial cells.
We have performed comparable Western blot analy-

ses of human lung proteins using these antibodies. In
some experiments, A2C and A2R bind human lung pro-
teins similar to those identified in porcine and rabbit
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Figure 4. Analysis oflung tisu wingA2Cand A2R. Frozen
sections ofporcine lungs were stained using A2C (A), and
rabbit lung with A2R (B), as described in Materials andMeth-
ods. Sections ofhuman lung were eamined uaing a mixture
of A2C and A2R (C,D). Cells lining alveolar spaces (solid
arrows) and the top border ofthe broncbial lining cells (open
arrows) are recognimed by these antibodies. Interstitial cells
are negative. Control culture supernatants do not stain any
cells in these sections (not shown). Original magnifications,
X1700 (A); X1200 (B-D).

lungs. However these results are inconsistent and so are
not included here. (Strayer D, unpublished observations).
Immunohistochemical analysis of human lung stained
with A2C and A2R does not differ from observations
made with rabbit and porcine lung.

In addition, we have used A2C and A2R to screen
human and porcine lung cDNA expression libraries in
Xgtl 1 phage. Comparable cDNAs that encode proteins
binding A2C and A2R have been identified in both librar-
ies (Lee C, Strayer D, unpublished observations). Analy-
sis of these clones is underway.

On the basis of these observations, it is likely that the
30-kd protein recognized by these monoclonal anti-
idiotype antibodies is a specific cell membrane-binding
protein for a component of surfactant. Whether this 30-kd
protein mediates effects on specific intracellular or extra-
cellular functions is not yet known. Receptor ligand bind-
ing may control a number of activities, eg, altered pro-
duction of the ligand, activation of receptor-bearing cells,
and extracellular handling and recirculation of the ligand.
Whether this protein is truly a SRF receptor thus is not

clear. However, in the more general sense that this pro-
tein binds SRF and is located on pulmonary cells where
SRF binding, production, and recirculation occur, it may
be considered a receptor of still indeterminate function.
With the above functional caveats in mind, we shall refer
to the 30-kd protein as a receptor for alveolar surfactant.

A2C and A2R display characteristics of anti-receptor
antibodies: they were developed using as antigen a mix-
ture of MAbs against proteins in defined SRF prepara-
tions whose protein constituents are only 4 kd and 9 kd
(SP-C and SP-B in Curosurf) and 9 kd and 35 kd (SP-B
and SP-A in RSRF); they bind cell membranes and rec-
ognize a specific protein on them; and they inhibit SRF
binding to alveolar cells and SRF inhibits the ability of
these antibodies to bind to alveolar cells. In addition, ob-
servations made using these two antibodies are mutually
supportive: the similarity of the results obtained above
using A2C and A2R raised from rats immunized with mix-
tures of anti-SRF antibodies to different animals' SRFs
prepared differently and sharing only their respective SP-
B. Our studies leave some ambiguity as to the nature of

1---- ' ';-Im>_le0. 1 . .....- .1. -1-- m-_.1- _Bf5i. _e- '.
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Figure 5. Surfactant inhibition ofA2R and A2C binding to lung tissue. Frozen sections of lung tissue (A,B) and bronchus (C,D) were
preincubated with homologous SRF in saline (A,C) or saline (B,D) as described in Materials and Methods. They were then exposed to A2C
and A2R and stained as before. Representative results are illustrated here. Preincubation with surfactant greatly diminisbes the ability of
anti-receptor antibodies to bind to alveolar lining cells ([A] as compared to [B]) and bronchial lining cells ([C] as compared to [D]). Positive
staining is represented by cells highlighted by solid (alveolar lining cells) or open (bronchial lining cells) arrows. To ascertain that the
peroxidase reaction workedfor the slides incubated with surfactant to inhibit A2C and A2R binding, we used the internal peroxidases as
internal positive controls: slides were notpreincubated with H20_. Mast cells and eosinophils therefore are noted to react positively because
of their endogenous peroxidases (B,D). Original magnification, x 1200.

the SRF protein that is the ligand for this receptor. We
hope studies in progress using purified porcine SRF
components will clarify this question.

The metabolism of surfactant by the lung has been a
subject of intense investigation in recent years. A number
of investigators have hypothesized that SRF is principally
metabolized within the lungs,25 that type 11 cells recog-
nize SRF proteins, and that these cells are responsible for
SRF recycling.9 '0 Our results support this theory, sug-
gesting that a specific receptor for a SRF species exists
and that it can be detected by a monoclonal antibody.
The two monoclonal antibodies should be a useful tool in
the study of SRF metabolism.

The reactivity of A2C and A2R, both with bronchial
and bronchiolar epithelial cells as well as with alveolar
lining cells, suggests that the former may represent an
additional cell population that has heretofore not received
much attention as regards SRF binding and/or recycling.
Other investigators have found recently that there is a
substantial concentration of SRF in the ciliary heads of
these cells and suggest that the concentration of SRF

there may be important in clearance functions (SchOrch
S, oral personal communication, June 1990).

Pettenazzo and coworkers25 found that in rabbits very
little (less than 5%) SRF, measured as 3H-dipalmitoyl-
phosphatidyl choline, travels the distance of the upper
airways to reach the digestive tract. For more than 95% of
SRF to be captured in alveoli would require highly effi-
cient recognition by alveolar lining cells. Participation of
bronchial and bronchiolar lining cells in this process
would enhance the efficiency of the recycling/removal
process because the surface area of these cells is great.
Surfactant proteins that do not bind to alveolar lining cells
thus may be prevented from leaving the respiratory tract
by cells lining the larger airways. The subsequent fate of
protein binding to these columnar cells remains to be
determined.

Most studies of SRF protein metabolism and fate have
concentrated on SP-A. One recent report localizes reac-
tivity with antibody to human SP-B to alveolar lining
cells.26 Curosurf contains no detectable SP-A. The 30-kd
cell membrane protein we describe here thus may relate

>. Nzl.,4, Z:.
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Figure 6. Western blot ofproteinsfrom pul-
monary cells. Crude cell Iysatesfrom lung la-
vage cells wereprepared as described in Ma-
terials and Methods. Lysates were electropho-
resed in SDS-10% PAGE and transferred to
Immobilon. Preparations from pig lungs
were emposed to A2C (A) and thosefrom rab-
bit lungs to A2R (B),folowed by rabbit anti-

rat IgG and then by '251-Sphyloccocuspro-
tein A Blots were visualized by autoradiog-
rapby. The molecular weight of the protein is
indicated at the left and was inferred by in-
terpolating from coelectrophoresis of stan-
dards ofknown molecular weight.

Table 1. Effect ofAnti-[anti-Curosurfl Antibodies on the Binding ofRadiolabeled Surfactant to Porcine Lung Cells
Pretreatment Cell type CPMl251-SRF bound Significance*
A2C Pig 4706 ± 255
Control culture Pig 10,578 ± 725 P = 0.0006
Normal saline Pig 11,186 ± 1150 P = 0.0014

Normal porcine pulmonary lavage cells were treated with monoclonal anti-[anti-Curosurf] as culture supernatant in Roswell Park Memorial
Institute medium 1640 supplemented with 10% horse serum, control culture supernatant (YB2/0 supernatant), or saline. Subsequently 1251-
labeled Curosurf was added to these cells and incubated. After washing, cells were counted to quantitate bound radioactive SRF. Data shown
are means ± SEM of six independent determinations in each group.

* Statistical significance as determined by paired, two-tailed t-test of either YB2/0 supernatant before treatment versus A2C before treatment
or normal saline versus A2C before treatment.
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Table 2. Effect ofAnti-[anti-RSRF] Antibody on the Binding ofRadiolabeled RSRF to Rabbit Lung Cells

Pretreatment Cell type CPM 1251-SRF bound Significance*

A2R Rabbit 8033 ± 807
A2C Rabbit 7261 ± 650 P = 0.07
RSRF (4 ,g) Rabbit 8199 ± 272 P = 0.83
Control culture Rabbit 12,792 ± 40 P = 0.009
Normal saline Rabbit 12,603 ± 73 P = 0.01

Normal rabbit lung lavage cells were pretreated with monoclonal anti-[anti-rabbit SRF] as culture supernatant in Roswell Park Memorial
Institute medium 1640 supplemented with 10% horse serum, approximately 1000-fold excess of unlabeled rabbit surfactant, anti-[anti-Curosurf],
control supernatant (YB2/0 supernatant), or saline. Subsequently 1251-labeled rabbit SRF was added to these cells and incubated. After washing,
cells were counted to quantitate bound radioactive SRF. Data shown are the means + SEM of three independent determinations in each group.

* Statistical significance as determined by paired, two-tailed t-test of either the condition in question versus A2R before treatment. A2C and
SRF before treatment were not significantly different from A2R before treatment or from each other. A2R, A2C, and SRF pretreatment were all
significantly different from either control medium or saline before treatment.

to the binding of a smaller SRF protein. Our identification
of a putative receptor for a SRF protein suggests that this
approach might profitably be used to understand the
generation and maintenance of surface tension in normal
and disease states.
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Note Added in Proof

We have identified and characterized cDNA clones in a
human expression library that bind A2C and A2R. These
clones encode a 30-kd protein that, to our surprise, binds
recombinant SP-A protein as well as SRF protein mix-
tures.
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