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ABSTRACT

carcinomas lacking these features, and it may be useful as both
a diagnostic and therapeutic agent.

This paper describes an immunoglobulin G1 mouse monoclo
nal antibody (MCA) 44-3A6 directed against a human adenocarcinoma of the lung, cell line A549. This hybrid is a fusion product
of the mouse myeloma SP 2/O.Ag14 and spleen cells from a
BALB/c mouse which had been hyperimmunized with A549. Live
cell radioimmunoassays, immunofluorescences, and fluorescent
activated cell sorter analysis indicate that MCA 44-3A6 reacts
with a cell surface antigen. Western blot analysis identifies a
major antigen band with the apparent molecular weight of
40,000. Enzyme treatment of A549 target plates shows that the
antigen is sensitive to proteases. This MCA does not react with
carcinoembryonic antigen. Patients having a variety of different
lung carcinomas do not appear to have detectable antigen in
their serum, nor does the antigen appear to be shed into culture
supernatants by human lung carcinoma cell lines. The antigen is
preserved in formalin-fixed, paraffin-embedded tissue sections
and shows a cell surface and/or cytoplasmic staining pattern.
Immunohistochemical staining of various bronchopulmonary car
cinomas demonstrated binding to be restricted to tumors with
features of "glandular" differentiation. This MCA may have clinical
and diagnostic utility due to its selective binding for a subset of
carcinomas of the lung.

INTRODUCTION
Lung carcinomas are a leading cause of death in the United
States with approximately 150,000 newly diagnosed cases per
year, and greater than 100,000 annual deaths contributed to this
disease (1). Traditional methods for early diagnosis and treat
ment are not satisfactory. Prognosis and treatment decisions
are based on the tumor's initial histological classification. Unfor
tunately, it is often difficult to distinguish the various types of
lung carcinomas by conventional light microscopic methods.
In order to better understand the relationships and differences
expressed in this disease, we have used the hybridoma tech
nology described by Kohler and Milstein to produce MCA3 re

MATERIALS AND METHODS
Cell Lines. Well-characterized human lung carcinoma cell lines were
grown as previously described (2-4).
Production of Monoclonal Antibody 44-3A6. The antibody was pro
duced using classic hybridoma technology (5). A BALB/c mouse was
hyperimmunized with a well-characterized human adenocarcinoma cell
line, A549, and its splenocytes were fused to the nonsecreting, mutant
mouse myeloma cell line, SP 2/O.Ag14, as previously described. Polyeth
ylene Glycol 1450 (Fisher Scientific Company, Chicago, IL) was used as
the fusion agent. Only one hybrid line was derived from any one of the
original 480 wells used in plating the hybrids after the fusion. The
hybridoma producing monoclonal antibody 44-3A6 was selected after
initial screening and was subsequently cloned 3 times on soft agar (6).
Ouchteriony analysis was performed on supernatant which had been
concentrated 25 times.
Ascites fluid was prepared by i.p. implantation of 1 x 107 hybridoma
cells in BALB/c mice which had been pristane primed 3-7 days prior to
injection. Monoclonal antibody 44-3A6 was purified by 50% ammonium
sulfate precipitation, followed by affinity chromatography using Staphylococcus Protein A (7, 8). Protein concentrations were determined using
the Bio-Rad protein assay kit using bovine plasma 7-globulin as a
standard. Supernatants, ascites fluid, and purified antibody samples were
stored with a final concentration of 0.02% sodium azide or sterile filtered,
at either 4Â°Cor -70Â°C.
Radioimmunoassays. Human lung carcinoma cell line lysates were
made essentially as previously reported (4). Supernatants, ascites fluid,
or purified antibody (50 >i\ of each) was incubated at room temperature
for 1 h in 96-well polyvinyl chloride target plates of each cell line tested.
After being washed 7 times with 250-^1 volumes of PBS, the target
plates were incubated with 5 x 104 cpm of 125l-sheep anti-mouse F(ab')a
fragments (Amersham, Arlington Heights, IL) in a 50-Ml volume. The
plates were washed 7 times as stated above after a 1-h incubation, and
they were counted in a gamma counter for 1 min. Controls included
(when appropriate) no primary antibody, SP 2/O.Ag14 supernatant, nor
mal mouse serum, and a monoclonal antibody at the same concentration
and identical isotype. Binding ratios were calculated as previously de
scribed (4).
Enzyme-treated Radioimmunoassays. Target plates of human lung

agents. These immunological probes have the capability to dis
tinguish between different lung carcinoma types and should
prove useful for the refinement of their histological classification.
This paper describes one such MCA which distinguishes lung
carcinomas with "glandular" differentiation from the other lung

carcinoma cell line lysates were made as described above, and each well
was treated with 50 M! of treatment solution. The following treatments
and final concentrations were: trypsin (15.4 F units); pepsin (14 units);
lipase (50 units); chymotrypsin (0.225 unit); protease V8 (2.5 units);
proteinase K (0.075 unit); H5IO6 (1%); /3-galactosidase (5 units); neuraminidase (0.1 unit); and a-mannosidase (0.18 unit). After 2 h of treatment

1Work supported by Veterans Administration merit review grant to S. T. R. and

at optimum conditions for each treatment, the plates were washed 3
times and reblocked with 1% BSA:PBS with azide. The treated plates
were then tested as described above.
Live Cell Radioimmunoassay. Human lung carcinoma cell lines were
harvested at mid-log growth phase using a rubber policeman to dislodge
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cell lines which adhere to the flasks. Cell suspensions were triturated
gently and washed 3 times with PBS. Cells (1 x 105) were resuspended
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in 100 M!of PBS containing 0.02% sodium azide and plated into microtiter
wells (Immulon 2 Removawell Strips; Dynatech Laboratories, Alexandria,
VA). The microtiter plates had been pretreated for 24 h with BSA (1 mg/
ml) in PBS with azide. Fifty Â¿ilof supernatant or ascites fluid (diluted
1:100) were added to each well. Plates were incubated at room temper
ature for 30 min on a platform shaker set at low speed. After the
incubation period, the cells were washed 7 times with cold PBS contain
ing azide by centrifuging the plates at 1,000 rpm for 5 min, aspirating
the supernatants, and resuspending the cells in 200 M!of PBS. 125l-sheep
anti-mouse antibody F(ab')2 (50,000 cpm/50 Â¿il)
was added to each well

44-3A6
Each well was then counted in a gamma counter for a 1-min interval.
A serum assay designed to test for blocking factors was performed
by incubating 50 ÃŸ\of serum (undiluted or diluted up to 1:16) and 50 /Â¿I
of MCA 44-3A6 supernatant (undiluted or diluted to 1:16) for 1 h on
human lung cancer cell line lysate plates. The plates were then washed
3 times and incubated with 1 x 105 cpm of 125l-sheepanti-mouse antibody
in a 50-iil volume for 1 h. After washing, the plates were counted as
described above. A positive control for inhibition using a lysate of A549
and MCA 44-3A6 and a negative control for inhibition of PBS and MCA
44-3A6 was tested with each assay.

after being washed and incubated as before. Each well was again washed
7 times as before, and the wells were counted in a gamma counter for
1-min intervals.
Immunofluorescence. Cell lines were harvested and washed as de
scribed above. Cells (1x105/well) were spotted onto 10-well microscope

CEA assays were performed by Abbott Laboratories (North Chicago,
IL). Briefly, target plots were coated with 10 Â¡Aof 5 Â¿19
of purified CEA
per ml. After 30 min, the wells were rinsed with PBS:1% BSA:0.005%
Thimerosol and blocked for 15 min with the same mixture. A 100-Ml
aliquot of MCA 44-3A6 was then added and allowed to react for 2 h at

slides (Cel-Line Associates,

room temperature. After being washed 5 times with PBS, the wells were
Cappel incubated with 100 n\ of horseradish peroxidase-goat anti-mouse
immunoglobulin (1:5000 dilution; Cappel Biomedicai, Malvern, PA). The
wells were washed again 5 times, and the reaction with O-phenylenedi-

Inc., Newfield, NJ), allowed to adhere for 5

min, and air dried. The slides were either fixed for 12 min in 1%
glutaraldehyde or in acetone at 0Â°C.Slides were stored in PBS at 4Â°C
until used. Each well was incubated with 100 /Â¿I
of supernatant for 1 h in
a humidified 37Â°C chamber. After 3 washes with PBS, the slides were
incubated with fluorescein Â¡sothiocyanate-labeled goat anti-mouse anti
bodies (Cappel, Malvern, PA), washed 3 times, and viewed with a
fluorescent microscope. Samples were scored on a scale of zero to plus
four using a double blinded reviewer.
Fluorescent Activated Cell Sorter Analysis. Human lung carcinoma
cell lines were harvested and washed as described above, adjusted to 1
x 106 cells/ml, and aliquoted into 12 x 75 mm test tubes. After centrifug
ing at 1000 rpm for 5 min at 4Â°C,the pellet was resuspended in 100 n\
of supernatant and kept on ice for 1 h. Samples were washed 3 times,
and the pellet was resuspended in 100 M' of fluorescein isothiocyanateconjugated goat anti-mouse antibody. The cells were washed 3 times
after a 1-h incubation on ice and fixed in 0.5% paraformaldehyderPBS
for 10 min. Samples were stored for no longer than 2 wk in the dark at
4Â°Cin PBS:azide. Analysis of samples was performed using a Coulter
Epics V fluorescent activated cell sorter.
Immunoprecipitation
and Western Blot Analysis. Radiolabeled cell
line lysates were produced by growing human lung carcinoma cell lines
(2 x 106 cells/ml) in 5% dialyzed fetal calf serum with [^SJmethionine
(30 iiCi/ml) and L-14C-amino acids (10 nC\/m\) (Amersham, Arlington
Heights, IL). After they had grown for 24 h, they were washed 3 times,
resuspended in a minimal volume of solubilization buffer, and sonicated
on ice. Supernatants of MCA 44-3A6 or purified antibody were then
incubated with the cell lysates overnight at 4Â°C.After addition of rabbit
anti-mouse IgG, the immune complexes were precipitated with Staphylococcus Protein A beads. The beads were washed extensively and then
resuspended in gel solubilization buffer. The samples were run on 10%
sodium dodecyl sulfate gels and fluorographed in the presence of salicylic
acid (9).
Western blot analysis was carried out essentially as described by
Towbin ef a/. (10). Blots were incubated in 20 ml of supernatant for 3 h,
washed extensively, and then incubated with 2 pC'i of 126l-sheep antimouse antibodies. Blots were dried and autoradiographed directly for 7
days using Kodak X-OMAT XR5 film and Quanta 3 rare earth intensifying
screens. Duplicate blots were probed with an irrelevant lgG1 antibody,
no primary antibody, or with a 2-fold increase in the antigen.
Serum Radioimmunoassays and CEA Enzyme-linked Immunosorbent Assays. Whole blood samples were drawn and allowed to clot for
30 min at 4Â°C,and the serum was removed after a 10-min centrifugation
at 1000 rpm. The serum was aliquoted into 750-Ml aliquots and stored
frozen at -90Â°C. At the time of the assay, samples were thawed and
used undiluted.
A direct binding assay was performed by allowing 50 n\ of each serum
sample to bind to a microtiter plate overnight. The samples were aspi
rated off, and the wells were blocked with 1% BSA:PBS for 30 min. The
wells were washed 7 times after receiving a 50-iil aliquot containing 1 x
105 cpm of 125l-sheep anti-mouse antibody F(ab')2 for a 1-h incubation.

CANCER

RESEARCH

amine was stopped with HCI.
Immunoperoxidase Staining of Nude Mouse Xenografts. Nude
mouse xenografts of human lung adenocarcinoma cancer cell lines A549
and SKLU-1 and human small cell lung carcinoma cell lines NCI-H69 and
NCI-H60 were fixed in 10% formalin and paraffin embedded using
traditional methods. Material was excluded if autolysis was noted. Si
multaneous analysis of an identical hematoxylin:eosin-stained
tissue
section was performed. All tissue sections were 7-/Â¿mthick and were
prepared as previously described (11) with the primary antibody being
MCA 44-3A6 culture supernatants. Immunoperoxidase staining using
the avidin:biotin:horseradish peroxidase complex method (Vector Labo
ratories, Burlingame, CA) was used as suggested by the manufacturer
and counterstained with hematoxylin. Positive tissue was tested with
each set of slides, and controls included no primary antibody or an
antibody of the same isotype but different binding characteristics.

RESULTS
Screening for Selectivity of Antibody Binding. Ouchterlony
analysis of 25-fold concentrated supernatant revealed that 443A6 had an lgG1 isotype. This MCA also bound to Staphylococcus Protein A, further indicating that it belonged to an IgG
subclass. Stability of this clone has been demonstrated by re
peated cloning on soft agar and continuous growth for months
in culture with high titer antibody production. To further show
that this clone was producing an antibody, 25-fold concentrated
supernatant was diluted serially and used in an RIA on positive
and negative lung cancer cell lines. Shown in Chart 1 is the
binding of 44-3A6 to A549 (AC) and NCI-N464 (SCLC). These
data show that the antibody can be diluted 1:390,625 on A549
cell line lysate target plates and still have greater binding than at
any dilution on the SCLC line NCI-N464. Similar results could be
demonstrated on another positive AC cell line and several neg
ative SCLC cell lines (data not shown). The binding characteris
tics of a control antibody with an lgG1 isotype showed no binding
to either A549 or NCI-N464 (data not shown). Initial screening
using ten human lung cell lines showed binding to AC cell lines
and not to eight other lung cancer cell lines representing a variety
of histological types. Table 1 shows both the cpm and binding
ratios (total cpm/control cpm) to the original panel of human lung
lines used to screen this MCA. Due to this unique reactivity
pattern, we wished to further investigate the potential usefulness
of this MCA.
Live Cell Assays for Binding to Lung Cancer Cell Lines.
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Chart 2. FACS analysis of A549 (adenocarcinoma)cell line with MCA 44-3A6
(positive control) and SP 2/0 Ag.14 supernatant (negative control) shows strong
positive binding for a subset of cells. An additionalnegative control of an irrelevant
antibody having an IgG isotype gave identicalresults as SP 2/0 Ag.14 supernatant
(data not shown).
DILUTION

Chart 1. Titration curve of MCA 44-3A6 using an RIA as described in "Materials
and Methods." The positive control target cell line was A549 (adenocarcinoma)and
the negative control target cell line was NCI-N464(small cell).
Table 1
RIA reactivity of MCA 44-3A6 against human lung carcinoma cell lines
targetAC
Lysate

ratio2.92.010.011.64.31.61.61.11.12.03.12.21.2

linesNCI-H234NCI-125NCI-SKLU-1A549Epidermoid

lineA427SCLC

linesNCI-60NCI-128NCI-250NCI-464NCI-69Live

linesA549NCI-125SCLC
cell target AC

linesNCI-69cpm2942061170206027213819330430516016021074166Binding

Live cell RIA data are shown in Table 1 as both total cpm and
binding ratios. To confirm that the antibody was binding to a cell
surface component, we tested both live and fixed human lung
cancer cell lines using immunofluorescences. Two AC lines, A549
and SKLU (data not shown), revealed cell surface binding where
the remaining cell lines tested were all negative. Fluorescent
activated cell sorter analysis was used to further demonstrate
cell surface binding and to determine if all of the cells were
expressing the antigen. As shown in Chart 2, only a subpopulation of cells binds the antibody.
Immunoperoxidase Staining of Nude Mouse Xenografts.
Xenograph tumor tissue of the human lung cancer cell line A549
CANCER
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B
Fig. 1. Immunohistochemical staining of xenograft lung carcinoma cell lines:
A549 (adenocarcinoma)Ã•A)and NCI-H60 (small cell) (B). Strong immunostaining
appears on the ceil surface of positive cell lines and is absent on negativecell lines.
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was positive (Fig. 1). Staining was both cytoplasmic and cell
surface. While xenograft tumor tissue of human lung cancer cell
line NCI-H60 did not stain, similar results were found with other
small cell and adenocarcinoma cell line xenografts.
Biochemical Characterization of the Determinant Detected
by MCA 44-3A6. Immunoprecipitation of intrinsicallyradiolabeled
cell lysates was unsuccessful. Western blot analysis did, how
ever, reveal a component having an estimated molecular weight
of 40,000 (Fig. 2). Control blots with a 2-fold increase of antigen,
no primary antibody, or an irrelevant lgG1 antibody showed no
nonspecific binding (data not shown). With the antigen being
preserved in both formalin fixation:paraffin embedding and after
denaturation by sodium dodecyl sulfate:polyacrylamide gel electrophoresis, we wished to determine the nature of the antigen
epitope, i.e., was the epitope on the antigen composed of
carbohydrate or protein. A549 target plates were treated with a
variety of enzyme preparations, and Table 2 shows both the
total cpm and binding ratios for treated and untreated enzyme
target plates. These data indicate that the epitope is sensitive to
a wide variety of proteases. Periodic acid, a reagent that cleaves
carbon bonds between adjacent hydroxyl groups of ringed sug
ars, did not significantly affect the binding of MCA 44-3A6 to a
positive human lung AC cell line. These data, given the caveat
of possible contaminating enzyme activity in the solutions used
to treat the target plates, suggest that the epitope is proteina-

A427

40.000KO

NCI
126

NCI
H234

NCI
NCI
128BL N464

NCI
H69

NCI
H60

NCI
HI 28

NCI
H250

â€”

Dye Front â€”

Fig. 2. Western blot analysis reveals a major MCA 44-3A6 binding antigen with
molecular weight of approximately 40,000 cell lines are: adenocarcinoma: NCIH234, NCI-H125, and A549; epidermoid: A427; small cell lung cancer: NCI-H60,
NCI-H69, NCI-H128, NCI-H250, and NCI-N464; and lymphoblastoid: NCI-BL128.

Table 2
RIA reactivity of MCA 44-3A6 to enzyme-treated target plates
Enzyme
treatmentProtease
V8
Pepsin
Lipase
Chymotrypsin
Trypsin
Proteinase K
H5I08
/i-Galactosidase
Neuroaminidase
a-MannosidaseBinding
(9.2)a
Numbers in parentheses, control.

ratio5.1
(13.5)"
7.7(13.5)
6.0(13.5)
5.1 (13.5)
4.7(13.5)
1.1 (13.5)
12.8(17.4)
9.7 (9.2)
11.1 (9.2)
9.9
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ceous in nature and not carbohydrate.
Detection of Shed Antigen and Serum Antigens. Many
tumor cells shed components into the media of cultures or into
the blood stream of tumor-bearing animals. As shown in Table
3, both 3-day-old concentrated culture supernatants and serum
samples from both normal (total, 17) and lung cancer patients
(total, 81 ) were undetectable. Two assays were designed to test
either directly or indirectly the presence of the antigen. The other
assay addresses the question of whether or not there are serum
factors, which may or may not be the antigen, which interfere or
cross-react with this MCA. Binding of this MCA to CEA was
found to be negative.

DISCUSSION
This paper describes the production of a MCA directed against
a novel antigen present in a subset of human lung carcinomas
(see companion paper) (12). Produced against a human adeno
carcinoma of the lung cell line, A549, the MCA appears to
recognize a cell surface protein antigen with an apparent molec
ular weight of 40,000. The antigen is preserved in tissues that
have been formalin fixed and paraffin embedded. It is not shed
into culture supernatant nor detected in serum specimens. FACS
analysis of positive cell lines suggests heterogeneity of antigen
expression or, perhaps because the cells grew asynchronously,
by a cell cycle-specific expression.
Several investigators have attempted to produce MCAs that
will help distinguish among the various types of lung carcinomas.
Brenner ef al. described the production of monoclonal antibodies
directed against glycoprotein antigens with molecular weights of
25,000 and 11,500 that had been purified from a squamous cell
lung cancer extract by anti-ft>-microglobulin affinity chromatography (13). Varki ef al. discussed three monoclonal antibodies
raised against UCLA P3, an adenocarcinoma of the lung cell line:
KS 1/4 and KS 1/17, recognizing different epitopes of glycopro
tein with a molecular weight of 40,000; and KS 1/9, recognizing
a presumed glycolipid (14). With these antibodies, cross-reactiv
ity was seen with all types of lung carcinomas. Masauric ef al.
produced four monoclonal reagents against a variety of human
lung carcinoma cell lines whose provenance was not clearly
detailed (15). The antibodies reacted with glycoproteins with a
molecular weight of 37,000 and 19,000; 127,000; 126,000;
149,000; and 119,000. A limited number of tumor cell lines were
tested to establish their binding profile. Brown ef al. (16) isolated
two monoclonal antibodies recognizing antigens present in squa
mous cell lung carcinoma. The antigens were quantitatively
abundant in squamous cell carcinomas but were not restricted
to this tumor type. Identification of the target antigens was not
accomplished. Recently, Mulshine ef al. (17) have reported two
monoclonal antibodies directed against different epitopes of a M,
31,000 protein present in the cytoplasm of large cell lung carci
noma. These antibodies bound to 11 of 13 non-SCLC cell lines
and 0 of 11 SCLC cell lines. The antigen was present in several
Table 3
RIA reactivity of MCA 44-3A6 with spent medium and human serum
Spent medium
Normal serum (17)
Lung cancer serum (81)
Carcinoembryonic antigen binding
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non-lung cancer tumors. In addition, we have produced a panel
of rat IgM monoclonal antibodies that recognize glycolipid anti
gens associated with several types of pulmonary carcinomas (4).
MCA 44-3A6 recognizes a previously undescribed antigen.
Immunohistochemical staining of a large panel of human lung
carcinoma specimens suggests that expression is limited to
tumors demonstrating variable, including subtle, degrees of
"glandular" differentiation (see companion paper) (12). The
unique reactivity pattern of this MCA and the preservation of its
target antigen in formalin-fixed, paraffin-embedded tissue sug
gest that this reagent will prove useful for the study of human
lung carcinomas.
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