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ABSTRACT

Three immunoglobulin G1 monoclonal antibodies, LuCa2,
LuCaS, and LuCa4, were produced by fusing murine myeloma
NS1 cells with splenocytes obtained from a BALB/c mouse
immunized with SK-MES1 cells derived from human squamous

cell carcinoma of the lung. These three monoclonal antibodies
were shown to recognize different protein antigens on SK-MES1
cells by indirect immunoprecipitation and sodium dodecyl sulfate-

polyacrylamide gel electrophoresis analysis. While the pattern of
cell line distribution of antigens recognized by these antibodies
was not tumor type specific, their reactivity with tissue and
pleural effusion was much more informative than with cell lines.
The presence of target antigens in vivo was analyzed by immu-
noperoxidase staining of frozen tissue sections and immunoflu-

orescence staining of tumor cells in pleural effusions. LuCa2
antibody was reactive with lung squamous carcinoma and ade-

nocarcinoma tumor tissues and pleural effusions, but only infre
quently with those of small cell carcinoma. This antibody was
also reactive with many tumor tissues from other organs as well
as with various normal tissues, including alveoli and bronchus.
LuCaS and LuCa4 antibodies reacted with lung squamous car
cinoma in tissues and pleural effusions, but not with lung ade-

nocarcinoma nor with small cell carcinoma. These two antibodies
reacted only weakly with normal squamous tissues of the esoph
agus, skin, and cervix uteri, but not with various other normal
tissues. Moreover, LuCaS had weak reactivity with squamous
cell carcinoma tissue of tongue and esophagus, whereas LuCa4
had no reactivity with nonpulmonary tumor tissues. LuCaS and
LuCa4 antibodies should be of clinical interest, because our data
suggest that these antibodies may be potentially useful for the
diagnosis of the histological type of lung tumor cells in both
cancer tissue and pleural effusions.

INTRODUCTION

The morphological picture presented by lung cancer tissue is
diverse and can be classified h'stologically as either squamous
cell, adeno-, small cell, or largfe cell carcinoma. Although the

precise cell lineage and differentiation pathways involved in the
histogenesis of lung cancer have not been clarified, it is assumed
that tumor cells express cell surface markers unique to each
histological type at specific stages of differentiation. From a
clinical viewpoint, the treatment of lung cancer patients is based
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on the histological diagnosis, since the clinical course of the
disease, such as metastasis, and responses to chemo- and

radiation therapy vary depending on the histological type. At
present, the histo- and cytodiagnosis of lung carcinoma are

dependent on morphological evaluation only, and thus the de
velopment of objective and highly accurate diagnostic tools is
strongly desired. The hybridoma technology for the production
of monoclonal antibodies has made possible a new approach to
produce specific molecular probes for the analysis of tumor cell
surfaces (for review, see Ref. 1). If monoclonal antibodies specific
for each histological type of lung cancer can be produced, they
would greatly aid the histodiagnosis as well as the analysis of
the histogenesis and differentiation of lung cancer cells.

There have been a number of reports on the production of
monoclonal antibodies to lung cancer cell lines (2-12), and some

of these were shown to be reactive with adenocarcinoma (11)
and small cell carcinoma (2, 3,10) tissues. Moreover, Brenner ef
al. (4) produced a murine monoclonal antibody 9.2.2 to partially
purified tumor antigens from lung squamous cell carcinoma.
However, it remains unclear as to the applicability of their anti
body to histodiagnosis, because 9.2.2 antibody was also reactive
with adenocystic carcinoma, and the molecular nature of the
target antigen was not characterized. In this study, we produced
murine monoclonal antibodies against the cell line SK-MES1

derived from lung squamous cell carcinoma. Two of these anti
bodies, LuCaS and LuCa4, were found to react with squamous
cell carcinoma in both tissues and pleural effusions, but not with
other types of lung carcinoma, suggesting their possible appli
cation to histodiagnosis of lung cancer.

MATERIALS AND METHODS

Cell Lines. The lung squamous carcinoma cell lines SK-MES1 and
VMRC-LCP, the lung adenocarcinoma cell lines VMRC-LCF, VMRC-

LCD, and VMRC-LCR, the bladder carcinoma cell line T-24, and the

melanoma cell line Mewo were provided by Dr. M. Bean, Virginia Mason

Research Center, Seattle, WA. The lung squamous carcinoma cell line
PC 1, the lung adenocarcinoma cell lines Luci 3 and Luci 10, the small
cell carcinoma cell line QG 90, the Burkitt lymphoma cell line Raji, the T-
cell line CCRF-CEM, and the promyelocytic leukemia cell line HL-60 were

obtained from Dr. R. Ueda, Aichi Cancer Center Research Institute,
Nagoya, Japan. The colon carcinoma cell line SW1222 and the hepatoma
cell line SK-Hep 1 were acquired from Dr. T. Watanabe, Nagoya Univer

sity, Japan, and the gastric carcinoma AZ 521 was from Dr. K. Imai,
Sapporo Medical College, Sapporo, Japan. The pancreas carcinoma cell
line PANC 1 and the lung fibroblast cell line CCD-18Lu were obtained

from the American Type Culture Collection. These cell lines were cultured
in RPMI 1640 medium (Grand Island Biological Co., Grand Island, NY)
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containing 10% PCS3 (Hyclone; Sterile Systems, Inc., Logan, UT), 4 HIM

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, streptomycin (100
Mg/ml), penicillin (100 units/ml), and 2 mw L-glutamine (complete RPMI
medium). P3-NS1-Ag4/1 (NS1), which was used as the parent cell line

of hybridomas, was maintained in complete RPMI medium containing
100 fÃM8-azaguanine (Sigma Chemical Co., St. Louis, MO).

Hybridoma Production. An 8-week-old female BALB/c mouse was
immunized s.c. with 9 x 106 SK-MES1 cells. Then, 1.4 x 107 SK-MES1

cells were injected i.p. twice at an interval of 2 weeks. Three days after
the final immunization, spleen cells were obtained and fused with NS1 in
accordance with the method of Kohler and Milstein (13). In brief, spleen
cells and NS1 were mixed at a ratio of 3 to 1, and after centrifugation, 1
ml of 42% (w/v) Polyethylene Glycol 6000 (Eastman Kodak, Rochester,
NY) was added to the pellet, and the solution was agitated slowly for 1
min at 37Â°C. After washing, the cell mixture was resuspended in com

plete RPMI medium, and the cells were distributed into 96-well plastic
microplates (Costar, Cambridge, MA) at 106 cells/well. Starting at 24 h

after the cell fusion, the cells were fed with complete RPMI medium
containing 100 /Â¿Mhypoxanthine, 0.4 /Â¿Maminopterin, and 16 UM thymi-

dine, more of which was added on Days 2, 3, 5, 8, and 10 after fusion.
On Day 12, 0.1 ml of culture supernatant was harvested and screened
for the presence of antibodies to SK-MES1 cells by ELISA. Hybridomas
showing confluent growth were transferred to 24-well culture plates
(Nunc, Roskilde, Denmark) containing feeder cells (BALB/c mouse thy-

mocytes) and cultured in complete RPMI medium supplemented with
100 put hypoxanthine and 16 MM thymidine. After reaching confluent
growth, these hybridomas were rescreened by ELISA and cryopreserved
in liquid nitrogen. Some antibody-producing hybridomas were thawed

and cloned by limiting dilution (14).
The clones secreting antibodies that reacted with SK-MES1 but not

with CCD-18LU lung fibroblasts were selected and cloned again.
ELISA. Cell lines were cultured in 96-well plastic plates until confluent.

The cells were fixed with 0.25% glutaraldehyde in PBS for 5 to 7 min
and washed with PBS 5 times. One hundred ^l of hybridoma culture
supernatant were added to plates and allowed to react at room temper
ature for 1 h. After washing 5 times, the cells were incubated for 1 h
with 50 ill of horseradish peroxidase-conjugated goat anti-mouse im-

munoglobulin antibody (Cappel Laboratories, Cochranville, PA) in PBS
containing 10% FCS. After washing 6 to 7 times, 100 n\ of azinobis-3-
ethylbenzothiazoline-6,6-sulfonate (150 ng/ml; Nakarai Chemicals,

Osaka, Japan) in 50 mw citrate buffer (pH 4.0) containing 1.1% H2O2
were added, and color was developed at room temperature for 5 to 10
min. The reaction was stopped by the addition of 50 ti\ of 10% oxalic
acid, and the AÂ«Â«was measured using a microplate photometer (Corona
Electric, Katsuta, Japan). Values over 0.02 were defined as positive.

12Sl-lmmunoglobulin Binding Assay. Adherent tumor cell lines were

cultured on 96-well plastic plates until confluent. Peripheral blood lym
phocytes, erythrocytes, and leukemic cell line cells were attached to 96-
well plastic plates coated with poly-L-lysine (0.5 mg/ml) (Sigma) by

centrifugation. After fixation, 100 /J of undiluted hybridoma culture su
pernatant were added to each well and incubated at room temperature
for 1 h. After washing 5 times, 2.5 x 105 cpm of 125l-labeled goat anti-

mouse immunoglobulin (New England Nuclear, Boston, MA) were added
and incubated for 1 h. After washing 6 to 7 times, the bound 125l-labeled

antibody was solubilized by adding 100 p\ of 0.2 N NaOH and was
evaluated using a gamma counter (Aloka Co., Ltd., Tokyo, Japan).
Complete RPMI medium was substituted for culture supernatant to
determine the amount of background binding, and this value was sub
tracted from test cpm in the calculation of specific binding. The number
of tumor cells per well was determined by detaching similarly cultured
cells with trypsin.

Tissues. Tumor and normal tissues for frozen sectioning were ob-

3The abbreviations used are: PCS, fetal calf serum; ELISA, enzyme-linked
immunosorbent assay; PBS, Ca2*, Mg2*-free Dulbecco's phosphate-buffered sa

line; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis; CEA,
carcinoembryonic antigen.

tained mainly from surgical material, and some were from autopsy
material. The tissues were rapidly frozen in OCT compound (Lab-Tek

Products, Naperville, IL) in isopentane cooled with dry ice within 2 h of
removal from patients and preserved at -80Â°C.

Immunoperoxidase Staining. Frozen sections (4 ^m) were prepared,
fixed with cold acetone for 10 min, dried, and then stored at -80Â°C.

Briefly, after blocking of nonspecific binding with horse serum, the
specimens were reacted with undiluted hybridoma culture supernatant
(about 5 /ig/ml of IgG) at room temperature for 30 min. NS1 cell culture
supernatant or nonimmune mouse IgG was used as negative control.
After washing for 10 min, sections were reacted with biotinylated horse
anti-mouse IgG for 30 min and then for 1 h with avidin-biotin-conjugated
horseradish peroxidase according to manufacturer's instructions (Vec-

tastain; Vector Laboratories, Buriingame, CA). The immunohistochemical
reaction was developed for 5 min with freshly prepared diaminobenzidine
(0.5 mg/ml) (Wako Chemicals, Osaka, Japan) and 0.01% H2O2in 50 mw
Tris-HCI buffer (pH 7.0).

Immunoprecipitation. SK-MES1 cells were labeled with 125Ior [^S]-

methionine as previously described (15). Briefly, SK-MES1 cells, cultured

in plastic flasks (Corning Glass Works, Corning, NY), were detached with
0.02% EDTA in PBS, washed 3 times, and reacted with 0.5 mCi of 126I

(New England Nuclear), 0.1 mg of lactoperoxidase (Sigma), and 0.003%
H2O2at 30Â°Cfor 4 min and for another 10 min at room temperature. For
[^SJmethionine labeling, SK-MES1 cells were cultured with 0.5 mCi of
["SJmethionine (New England Nuclear) for 20 h in methionine-free Ea
gle's minimal essential medium (Nissui Seiyaku Co., Ltd., Tokyo, Japan)

containing 10% FCS. Cells were detached with EDTA and washed 3
times with PBS.

The cell pellet was suspended in 0.5 ml of extraction buffer (0.5%
Nonidet P-40-10 mw Tris-HCI (pH 7.2)-0.15 M NaCI-0.02% NaN3) and
kept in ice for 10 min. The mixture was centrifugea at 27,000 x g at 4Â°C

for 20 min, and the supernatant was collected. Radiolabeled cell lysate
was incubated for 1 h with 200 n\ of either hybridoma culture supernatant
concentrated 20-fold, purified antibodies from ascites fluid, or nonim
mune mouse IgG in ice. Then, about 500 M9 of goat anti-mouse IgG

(Meloy Laboratories, Springfield, VA) were added, and the mixture was
incubated for 1 h. Five hundred M' of 10% heat-killed Staphylococcus

aureus bacilli (Pansorbin; Calbiochem, La Jolla, CA) were added to the
mixture and incubated for 30 min, and then bacteria were washed 5
times with PBS containing 0.5% Nonidet P-40, 0.02% NaN3, 2 mM

methionine, or 5 mM Kl. Antigens were eluted with electrophoresis
sample buffer and were analyzed by SDS-PAGE (7.5% gel) in both

reduced and nonreduced conditions according to the method of Laemmli
(16). Dried gels were autoradiographed by using Kodak XAR5 X-ray film.

The molecular weight markers obtained from Pharmacia Fine Chemicals
(Uppsala, Sweden) were thyroglobulin (M, 333,000), one-half unit of

ferritin (M, 220,000), phosphorylase b (M, 94,000), bovine serum albumin
(Mr 67,000), catalase (M, 60,000), and ovalbumin (M, 43,000).

Immunofluorescence Staining of Tumor Cells in Pleural Effusions.
Pleural effusions were obtained from lung cancer patients. In order to
remove phagocytes in pleural effusions, silica particles (JIMRO, Takasaki,
Japan) were added and incubated for 1 h at 37Â°C. This mixture was

underlaid with Ficoll-Hypaque [1.007 Â±0.001 (SD)] and centrifuged at

400 x g for 30 min, and the cells at the interface were collected.
In some cases, the cells obtained from Ficoll centrifugation were stored

in liquid N2 or cultured in complete RPMI medium in 6-cm Falcon Retri
dishes (Becton Dickinson Labware, Oxnard, CA). Five x 105 cells were

incubated with 0.5 ml of hybridoma culture supernatant or nonimmune
mouse IgG in mice for 1 h, and after washing, the cells were reacted
with 10 (Â¿Iof fluorescein-labeled Ffab'fe fragment of goat anti-mouse IgG

(Tago, Inc., Buriingame, CA) for 30 min. After washing and fixation with
1% paraformaldehyde, they were observed under a fluorescence micro
scope (Nikon, Tokyo, Japan) and analyzed by cell sorter (FACS 420;
Becton Dickinson).

Immunoglobulin Isotype. The immunoglobulin isotype of monoclonal
antibodies was determined by double diffusion in agar gel. Hybridoma
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culture supernatants, concentrated 20-fold, were reacted with goat anti-

mouse IgGI, lgG2a, lgG2b, IgM (Meloy Laboratories), and lgG3 (Miles
Laboratories, Rehovet, Israel).

B

RESULTS

Production and Initial Screening of Monoclonal Antibodies.
After fusion, all of the culture wells contained growing hybridc-

mas, and 161 clones were established by limiting dilution. Of
these, 3 clones, LuCa2, LuCaS, and LuCa4, were found by
ELISA to react with the human lung squamous cell carcinoma
SK-MES1, but not with normal human lung fibroblasts (CCD-

18Lu). All 3 clones produced monoclonal antibodies of the lgG1
subclass.

Biochemical Characterization of Antigens. Radioiodinated
membrane proteins of SK-MES1 were immunoprecipitated with
LuCa2 and LuCa4 antibodies and analyzed by SDS-PAGE (Fig.

1). Antigens reacting with LuCa2 showed a single protein band
equivalent to a molecular weight of 135,000 in both unreduced
and reduced conditions. Antigens reacting with LuCa4 show 2
bands, M, 150,000 and 300,000, in unreduced conditions,
whereas in reduced conditions, only a single Mr 150,000 band
was apparent. This indicates that the M, 300,000 protein mole
cule reacting with LuCa4 is a dimer consisting of M, 150,000
subunits. Since LuCa3 failed to immunoprecipitate 125l-labeled

surface molecules, SK-MES1 cell proteins were biosynthetically
labeled with [^SJmethionine. As shown in Fig. 2, LuCa 3 specif

ically immunoprecipitated M, 230,000 and 240,000 proteins un
der both unreduced and reduced conditions.

Indirect immunofluorescence was used to demonstrate that
the antigens recognized by LuCa2, LuCaS, and LuCa4 antibodies
are sensitive to trypsin treatment, in that such treatment of SK-
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Fig. 1. SOS-PAGE analysis of indirect immunoprecipitates obtained by reacting

LuCa2 (Lane B). LuCa4 (Lanes D and E) antibodies, or nonimmune mouse IgG
(Lanes A and C) with Nonidet P-40 extracts of radioiodinated SK-MES1 cells.
Preparations were either reduced with 2-mercaptoethanol prior to etectrophoresis
(Lanes A, B, and E) or unreduced (Lanes C and D).

â€” 330

â€” 220

â€” 94

Fig. 2. SDS-PAGE analysis of indirect immunoprecipitates obtained by reacting
LuCaS antibody (Lanes A and C) or nonimmune mouse IgG (Lanes B and D) with
Nonidet P-40 extracts of [^Slmethionine-labeled SK-MES1 cells. Antigens were

prepared under unreduced (Lanes A and 8) or reduced (Lanes C and D) conditions.

MES1 cells abrogated their ability to bind LuCa monoclonal
antibodies. In contrast, a 125l-immunoglobulin binding assay was

used to show that these antigens are resistant to treatment with
neuraminidase. These data suggest that antigens reacting with
LuCa2, LuCaS, and LuCa4 antibodies are membrane proteins.

Reactivity of Monoclonal Antibodies to Various Tumor Cell
Lines and Normal Blood Cells. Reactivity of the 3 monoclonal
antibodies to cancer cell lines derived from lung and other organs,
as well as to normal human peripheral blood cells, was studied
using a 125l-labeled immunoglobulin binding assay (Table 1).

LuCa2, LuCa3, and LuCa4 antibodies were reactive with many
lung cancer cell lines but showed no specificity for any histolog-

ical type of lung cancer. The binding of these antibodies to other
cancer cell lines also showed no organ specificity; i.e. LuCa2
reacted with all cell lines examined, and both LuCa3 and LuCa4
antibodies reacted with cell lines derived from a hepatoma,
pancreas carcinoma, and bladder carcinoma. These antibodies
were found to be nonreactive with 3 human leukemic cell lines
(Burkitt's lymphoma Raji, promyelocytic leukemia HL60, and T-
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Table 1
Binding of monoclonal antibodies to human tumor cell lines and normal blood

cells

Monclonal antibody (cpm
bound/5 x 104 cells)"

Origin Target cells LuCa2 LuCa3 LuCa4

Lung squamous cell carcinoma

Lung adenocarcmoma

SK-MES1

PC1
VMRC-LCP

4020
2170

0

2810 1850
1360 1270

750 1170

VMRC-LCF 000
VMRC-LCR 6060 2610 1460

Luci3 9020 1710 1600
LucilO 1360 1120 1040

Lung small cellcarcinomaColon
carcinomaHepatomaPancreas

carcinomaBladder
carcinomaGastric
carcinomaMelanomaT-cell

leukemiaBurkitt's
lymphomaPromyelocytic

leukemiaPeripheral
bloodlymphocytesRed

cells (AB type)QG90SW

1222SK-Hep
1PANC1T-24AZ521MewoCCRF-CEMRajiHL-60246011803300585010080930122024017010003160280156032603480360280190220000232036010701730205045032023024030030

" Maximum binding of 125l-anti-mouse immunoglobulin using NS1 culture super
natant Instead of first antibody was 600 cpm/5 x 104 cells.

Table 2

Reactivity of monoclonal antibodies with lung tumor tissues by immunoperoxidase

that with adeno- and small cell carcinoma. LuCaS and LuCa4

antibodies reacted with most (8 of 9 and 7 of 9, respectively)
squamous cell carcinomas, but not with adenocarcinoma nor
small cell carcinoma. Further, in adenosquamous carcinoma
tissue, LuCaS and LuCa4 reacted only with the portion exhibiting
squamous differentiation. Fig. 3 shows the immunoperoxidase
staining patterns of these antibodies against squamous carci
noma and adenocarcinoma. They reacted strongly with the
plasma membrane as well as the cytoplasm of tumor cells, but
they were unreactive with the surrounding normal tissues.

Reactivity to Normal and Nonpulmonary Tumor Tissues.
Table 3 shows the reactivity of LuCa antibodies to frozen sec
tions of tumor tissues of nonpulmonary organs. LuCa2 antibody
reacted not only with well-differentiated squamous carcinomas

of the tongue and esophagus but also with carcinoma tissues
from stomach, pancreas, kidney, breast, rectum, and thyroid.
LuCaS antibody reacted only very weakly with carcinoma of the
tongue and esophagus and did not react with the other carci
noma tissues tested. LuCa4 did not react with any nonpulmonary
carcinoma tissues. Table 4 shows the reactivity to normal tis
sues. LuCa2 reacted with normal tissues of the lung, thyroid,
kidney, esophagus, skin, colon, and rectum, and while LuCa3
and LuCa4 did not react with normal lung and many other normal
tissues, they did react weakly with squamous cells of normal
skin, esophagus, and cervix uteri.

Squamous cellcarcinomaâ€¢â€¢AdenocarcinomaAdenosquamous

carcinomaPatientS1

84
C3
C7S5S9CIOU63

C18"82U

32U
26U
64"C

14U
72U
94C
17U

29U4LuCa2

LuCa3 LuCa4.Â»â€¢
Â«Â«J II Will k.UI1^0+a

';' ! Table 3

++ _ + Reactivity of monoclonal antibodies with nonpulmonary tumor tissues by
++ + +immunoperoxidase+

W - Carcinomatis-++
+ -sue+

+ Tr Tongue
+ + Tr Cervix uteri

Esophagus++
_ _Stomach+

Rectum+
_ _Thyroid+
â€”â€”+
_ _BreastW
_ _Pancreasw
_ _Parotid,

AmpullavalerKidney+

w +Glioblastoma++
- - "Well-differeniHistologySquamous"

Squamous"
Squamous"AdenoAdenoAdenoMedullaryAdenoAdenoAdenoAdeno:iated

type of squarNo.

of sam
ples3

1
24311121111nous

cell caLuCa2+"++WWâ€”++â€”â€”+-rcinoma.LuCaS

LuCa4Tr

Tr-â€”

â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”-

-

Adenoid cystic carcinoma

Small cell carcinoma

U 69

C 26
KY1
N 1

W

W

W
"The slalning was scored as follows: -, negative; Tr, trace; W, weak; +,

Â¡itive;++, strong.' Histologically well differentiated.

cell leukemia CCRF-CEM), normal lymphocytes, and erythro-

cytes.
Reactivity to Lung Tumor Tissues. The immunoperoxidase

technique was used to study the reactivity of LuCa2, LuCaS,
and LuCa4 against lung tumor tissues. Since these monoclonal
antibodies did not react with paraffin-embedded sections, all

samples listed in Table 2 were frozen sections cut from fresh
tumor tissue. LuCa2 antibody reacted with most (22 of 23) lung
tumor tissues, except for one case of small cell carcinoma, and
its reactivity with squamous cell carcinoma was stronger than

6 The slaining was scored as follows: -, negative; Tr, trace; W, weak;

positive.

Table 4

Reactivity of monoclonal antibodies with various normal tissues by
immunoperoxidase

Tissue No. of samples LuCa2 LuCa3 LuCa4

Lung alveoliILung
bronchusColonRectum

,Stomach
<PancreasUverThyroidKidneySpleenSkinCervixEsophagus

,5

+"I

+ÃŽ
+ÃŒ
W\â€”_++â€”}

+I
+3

+-â€”â€”â€”â€”â€”_-â€”â€”TrWW_â€”â€”â€”â€”â€”_-â€”â€”TrWTr
"The staining was scored as follows: -, negative; Tr, trace; W, weak; +,

positive.
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of Cancer Patients. Table 5 shows the results of indirect im-

munofluorescence staining of tumor cells in pleural effusions
obtained from lung cancer patients by LuCa monoclonal antibod
ies. LuCa2 antibody reacted strongly with squamous carcinoma
and adenocarcinoma, but not with small cell carcinoma cells. Fig.
4 shows LuCa2 staining the tumor cells in a pleural effusion from
Case p7 (Class V squamous carcinoma). LuCa3 and LuCa4

Tables
Reactivity of monoclonal antibodies with lung tumor cells in pleural effusions by

immunofluorescence

Cytological
Tumor histology8 Patient das? LuCa2 Luca3 LuCa4

Lung squamouscellcarcinomaLung

adenocarci
nomaSmall

cellcarcinomaMethotheliomaUnknownMetastatic

pancreascarcinomaNonmalignant

diseasep7P7p6P1P2P8P8p12p17p18p25p25P5P5P3P3p24p24p21p31p4p13p16p19p11V

++Â°(Cultured)"
++IV

+V
+V(Cultured)VV

+V
+V(Cultured)III

+(Cultured)
+V(Cultured)V(Cultured)IV111V1-1-

W++
++â€”
â€”ND8â€”

â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”-
-â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”â€”
â€”-

-

" Histological type was determined by hematoxylin-eosin staining of metastatic

lymph nodes, autopsy samples, or surgical specimens.
Cytology class was determined by Papanicolaou's staining of cells in pleural

effusions.
c The staining was scored as follows: -, negative; W, weak; +, positive; ++,

strong.
Pleural cells were cultured for 48 h.

8 ND, not done.

antibodies reacted with one case of Class V squamous cell
carcinoma but not with other types of tumor cells. Moreover, the
reactivity of squamous carcinoma cells to LuCaS and LuCa4
was enhanced by culturing the effusion cells in vitro for 48 h
(Chart 1, A and B). Similar analysis using a cell sorter demon
strated that the pleural effusion cells from patients with adeno
carcinoma and small cell carcinoma remained unable to bind
LuCaS and LuCa4 antibodies after 48-h culture (Table 5; Chart

1C).

DISCUSSION

In this study, we present the characterization of 3 monoclonal
antibodies which recognize different protein antigens of lung
squamous cell carcinoma in both tumor tissues and pleural
effusions. The results show that LuCaS and LuCa4 antibodies
react with squamous cell carcinoma tissue of the lung but not
with other histological types of carcinoma tissue of the lung.
These 2 antibodies are also weakly reactive with normal squa
mous tissue of the skin, esophagus, and cervix uteri. This
suggests that each antibody recognizes what may be classified
as differentiation antigens of squamous cells. Although the cell
lineage from which lung squamous carcinoma arises is not
known, it may be assumed from our data that the expression of
antigens reacting with LuCaS and LuCa4 undergoes amplification
after tumor transformation and growth. It is also of interest that
LuCa4 antibodies hardly reacted with well-differentiated types of

squamous cell carcinomas of the lung, tongue, esophagus, and
cervix uteri. This raises the possibility that the antigens reacting
with LuCa4 are specific markers for biologically aggressive lung
squamous cell carcinomas.

While LuCa2 antibody reacted most strongly with lung squa
mous cell carcinoma, it also reacted with lung adenocarcinoma,
some other tumors, and normal tissues. Thus, the antigen re
acting with LuCa2 is considered to be common to epithelial cells
of various types of normal and tumor tissues. In view of this
finding, it is of interest to note that the reactivity of LuCa2
antibody with small cell carcinoma is weak and infrequent. This

B

Fig. 4. Immunofluorescence staining of squamous carci
noma cells in a pleural effusion (Patient p7; see Table 5) by
LuCa2 antibody (A) and identical field of phase contrast (B).
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Chart 1. Flow cytometric analysis of the reactivity of monoclonal antibodies to
lung carcinoma cells in pleural effusions. Cells were collected from pleural effusions
and cultured for 48 h in complete RPMI medium. Fresh squamous cell carcinoma
(A), cultured squamous cell carcinoma (B), and cultured adenocarcinoma (C) cells
were stained with LuCaS, LuCa4, and nonimmune mouse IgG. The pleural effusions
were obtained from Patients p7 with squamous cell carcinoma and p25 with
adenocarcinoma (see Table 5).

is consistent with the findings of previous reports, which pointed
out that the origin of small cell carcinoma may differ from that of
the other histological types of lung tumors (17) and that the
phenotype of membrane proteins of small cell carcinoma is
considerably different from that of non-small cell carcinoma (18).

As mentioned above, LuCaS and LuCa4 antibodies are specific
to squamous cell carcinoma in vivo, but their specificity to this
histological type was not observed for in w'fro-cultured tumor cell

lines. Since lung carcinoma usually contains a mixture of the
various histological types of cells found in the lung, it is possible

that the tumor cell lines used in this study were not homogeneous
and contained various populations of cells. Another possibility
might be that the expression of membrane proteins has become
markedly disordered after long-term culture in vitro. It is not

known which of these or other explanations is the case here.
However, it is of interest to note that, when some adenocarci
noma cell lines (VMRC-LCR and Luci 3) which reacted with

LuCaS and LuCa4 antibodies in vitro were transplanted into
athymic nude mice, they apparently lost their ability to react with
these antibodies (data not shown).

Monoclonal antibodies to human lung squamous cell carci
noma have been produced by 2 other laboratories (4,9). Antibody
9.2.2 described by Brenner ef a/. (4) was reactive with squamous
cell carcinoma tissues but not with adenocarcinomas nor oat cell
carcinomas. However, it is not possible to conclude that the
9.2.2 antibody was specific for lung squamous cell carcinoma,
because it also reacted with adenocystic carcinoma, and its
reactivity to both nonpulmonary squamous cell carcinoma and
normal squamous tissue was not examined. The specificity of
our LuCa antibodies differs from that of the 9.2.2 antibody in
that 9.2.2 was found to be nonreactive with SK-MES1 cells.

Mulshineef a/. (9) produced murine monoclonal antibodies 703D4
and 704A1 that recognized an M, 31,000 protein from the tissues
of a non-small cell carcinoma cell line transplanted into nude
mice, but they did not examine the antibodies' reactivity to fresh

lung tumor tissue. The molecular weight and the tissue distribu
tion of target antigens indicate that our monoclonal antibodies
are distinct from 703D4 and 704A1 antibodies and recognize
new antigenic specificities.

Keratin proteins are known to be expressed in lung tumor
tissues including squamous carcinoma (19), and a recent study
has shown that different histological types of lung carcinoma
contain keratin proteins differing in molecular weight (20). How
ever, the tissue distribution and molecular weight data also show
that the antigens recognized by the 3 LuCa antibodies are
different from keratin. Moreover, the possibility that our antibod
ies are reactive with CEA is also excluded in view of the tissue
distribution and biochemical characteristics of CEA (21). Further
more, preliminary experiments using 125l-labeledCEA show that

our antibodies do not bind CEA (data not shown).
Cytodiagnosis of tumor cells in pleural effusions is of impor

tance when selecting the treatment of lung cancer patients.
However, since tumor cells in pleural effusions are usually single
cells and are morphologically heterogeneous, an accurate deter
mination of the histological type of lung cancer based on cyto-

logical morphology alone is considerably difficult. In this paper,
we used a cell sorter (FACS 420) to show that LuCaS and LuCa4
antibodies specifically bind to squamous cell carcinoma cells in
pleural effusions. This result suggests that these antibodies can
be applied to the histological typing of cancer cells in pleural
effusions. Moreover, by using these monoclonal antibodies, it is
possible to detect tumor cells in pleural effusions even if they
could not otherwise be detected by the conventional methods.
For example, 2 such effusions were found to contain tumor cells
using LuCa3 antibodies (data not shown). These cases were
later diagnosed as squamous cell carcinoma from mÃ©tastases
found in lymph node biopsies.

Fluorescence-activated cell sorter analysis also showed that

the ability of tumor cells to react with LuCaS and LuCa4 antibod
ies was increased following the in vitro culture of pleural effusion
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cells obtained from patients with squamous cell carcinoma of the
lung. We can offer 2 possible explanations for this phenomenon;
one is that synthesis and membrane incorporation of target
antigens are stimulated by short-term culture, and the other is

that antibodies which may have been bound in vivo to these
antigens become dissociated and/or endocytosed from tumor
cell surfaces in vitro. Investigation of these possibilities is cur
rently under way. In any case, short-term culture of pleural

effusion cells and subsequent analysis using such monoclonal
antibodies should facilitate the detection and the determination
of the histological type of tumor cells present in such effusions.

As described above, our monoclonal antibodies appear to
possess sufficient specificity to be applicable to the cytodi-

agnosis and histodiagnosis of lung cancer. Studies are now in
progress aimed at the early detection of lung cancer by screening
for the presence of these tumor antigens in serum and for tumor
cells in sputum and pleural effusions. Moreover, the potential
usefulness of our antibodies in the treatment of this disease is
now being examined by evaluating their suppressive effect on
the growth of human lung cancer in nude mice.
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