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SUMMARY

Three IgG,; monoclonal antibodies, LuCa2,
LuCa3, 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 mono-
clonal antibodies were shown to recognize
different protein antigens on SK-MES1 cells by
indirect immunoprecipitation and sodium
dodecyl sulfate polyacrylamide gel -electro-
phoresis 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 immunoperoxidase staining of frozen tissue
sections and immunofluorescence staining of
tumor cells in pleural effusions. LuCa2 antibody
was reactive with lung squamous cell carcinoma
and adenocarcinoma in fissues and pleural
effusions, but only infrequently 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. LuCa3 and
LuCa4 antibodies reacted with lung squamous
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cell carcinoma in tissues and pleural effusions,
but not with lung adenocarcinoma nor with small
cell carcinoma. These two antibodies reacted
only weakly with normal squamous tissues of
the esophagus, skin, and cervix uteri, but not
with various other normal tissues. Moreover,
LuCa3 had weak reactivity with squamous cell
carcinoma tissue of tongue and esophagus,
whereas LuCad4 had no reactivity with non-
pulmonary tumor tissnes. LuCa3 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
histologically as either squamous cell, adeno-,
small cell, or large 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 differenti-
ation. From a clinical view point, the treatment
of lung cancer patients is based on the histo-
logical diagnosis, since the clinical course of the
disease, such as metastasis, and responses fo
chemo- and radiation therapy vary depending on
the histological type. At presenf, the histo-
and cyto-diagnosis of lung carcinoma are
dependent on morphological evaluation only,
and thus the development 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.!
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 differenti-
ation of lung cancer cells.

There have been a number of reports on the
production of monoclonal antibodies to lung
cancer cell lines?™*! and some of these were
shown to be reactive with adenocarcinomal? and
small cell carcinoma®*®!? tissues. Moreover,
Brenner et al® produced a murine monoclonal
antibody 9.2.2 to partially purified tumor
antigens from lung squamous cell carcinoma.
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However, it remains unclear as to the applicability
of their antibody 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 momnoclonal antibodies against
the cell line SK-MES1 derived from lung
squamous cell carcinoma. Two of these anti-
bodies, LuCa3 and LuCa4 were found to react
with squamous cell carcinoma cells both in
tissues and pleural effusions, but not with other
types of lung carcinoma, suggesting their possible
application to histodiagnosis of lung cancer.

MATERIALS AND METHODS

Cell Lines. The lung squamous cell carcinoma
cell lines SK-MESI and VMRC-LCP; the lung
adenocarcinoma cell lines VMRC-LCF, VMRC-
LCD, and VMRC-LCR; the bladder carcinoma cell
line T24; and the melanoma cell line Mewo were
provided by Dr. M_Bean, Virginia Mason Research
Center, Seattle, Washington. The lung squamous
cell carcinoma cell line PC 1;the lung adenocarci-
noma 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 Research Institute, Nagoya, Japan. The
colon carcinoma cell line SW 1222 and the
hepatoma cell line SK-Hep 1 were acquired from
Dr. T. Watanabe, Nagoya University, Japan, and
the gastric carcinoma AZ 521 from Dr, K. Imai,
Sapporo Prefectural Medical School, 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 {(GIBCO Lab., NY} con-
taining a 10% fetal calf serum (FCS, Hyclone,
Sterile Systems Inc., Utah), 4mM 4-(2-hydroxy-
ethyl)-1-piperazine ethane sulfonic acid, 100ug
/ml streptomycin, 100U/ml penicillin, and
2mM L-glutamine (complete RPMI medium).
P3-NS1-Agd/1 (NS1), which was used as the
parent cell line of hybridomas, was maintained
in complete RPMI medium containing 100uM

8-azaguanine (Sigma Chemical Co., St. Louis, MO}.

Hybridoma Production. An eight-week-old
BALB/c mouse (female) was immunized sub-
cutaneously with 9 x 10° SK-MES1 cells. Then,
1.4 x 107 SK-MES] cells were injected intro-
peritoneally twice at an interval of two weeks,
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Three days after the final immunization, spleen
cells were obtained and fused with NS1 in
accordance with the method of Kohler et al.'?
In brief, spleen cells and NS1 were mixed at a
ratio of three to one, and after centrifugation,
1ml of 42% (w/v) polyethylene glycol #6000
(Eastman Kodak, NY) was added to the pellet,
and the solufion was agitated slowly for one
minute at 37° C. After washing, the cell mixture
was Tesuspended in complete RPMI medium,
and the cells were distributed into 96-well
plastic microplates (Costar, Cambridge, MA)
at 10% cells/well. Starting at 24 hours after the
cell fusion, the cells were fed with complete
RPMI medium containing 100uM hypoxanthine,
0.4puM aminopterin, and 16uM thymidine
{HAT medium). More HAT medium was added
on days 2, 3, 5, 8, and 10 after fusion. On day
12, 0.1 ml culture supernatant was harvested
and screened for the presence of antibodies to
SK-MESI cells by enzyme-linked immunosorbent
assay (ELISA). Hybridomas showing confluent
growth were transferred to 24-well culture plates
{(Nunc, Roskilde, Denmark) containing feeder
cells (BALB/c mouse thymocytes), and cultured
in complete RPMI medium supplemented
with 100uM of hypoxanthine and 16uM of
thymidine. After reaching confluent growth,
these hybridomas were rtescreened by ELISA
and cryopreserved in liquid nitrogen. Some
antibody producing hybridomas were thawed
and cloned by limiting dilution,'?

The clones secreting antibodies that reacted with
SK-MES1 but not with CCD-18Lu lung fibro-
blasts 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 phosphate-
buffered saline (PBS) for five to seven minutes,
and washed with PBS five times. One hundred
microliters of hybridoma culture supernatant
was added to plates and allowed to react at room
temperature for one hour, After washing five
times, the cells were incubated for one hour
with 50ul of horseradish peroxidase-conjugated
goat antimouse Ig antibody {(Cappel Laboratories,
Cochranville, PA) in PBS containing 10% FCS.
After washing six to seven times, 100ul of
150ug/ml azino-bis 3-ethylbenzothiazoline-6-6-
sulfonate (Nakarai Chemicals, Osaka, Japan) in
50mM of citrate buffer (pH 4.0) containing
1.1% H, O, was added and color was developed
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at room temperature for 5-10 minutes. The
reaction was stopped by the addition of 50ul of
10% oxalic acid, and the A4, was measured
using a microplate photometer (Corona Electric,
Katsuta, Japan)., Values over 0.02 were defined
as positive.

1251 1g-Binding Assay.  Adherent tumor cell
lines were cultured in 96-well plastic plates
until confluent. Peripheral blood lymphocytes,
erythrocytes, and leukemic cell line cells were
attached to 96-well plastic plates coated with
0.5 mg/ml poly-L-lysine (Sigma) by centrifu-
gation.  After fixation, 100ul of undiluted
hybridoma culture supernatant was added to
each well and incubated at room temperature for
one hour. After washing five times, 2.5 x 10° ¢cpm
125 jabeled-goat-antimouse Ig (New England
Nuclear, Boston, MA) was added and incubated
for one hour. After washing six to seven times,
the bound *’IHabeled antibody was solubilized
by adding of 100ul of 0.2N 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 backpground binding
and this value was subtracted from test cpm in
the calculation of specific binding. The number
of tumor cells per well was determined by
detaching similarly cultured cells with {rypsin.

Tissues. Tumor and normal tissues for frozen
sectioning were obtained mainly from surgical
material, and some from autopsy material. The
tissues were rapidly frozen within two hours
of removal from patients in OCT compound
(Lab-Tek, Naperville, IL) in isopentane cooled
with dry ice, and preserved at —80°C.

Immunoperoxidase Staining. Frozen sections
(4um) were prepared, fixed with cold acetone
for 10 minutes, dried, and then stored at —80°C.

Briefly, after blocking of nonspecific binding
with horse serum, the specimens were reacted
with undiluted hybridoma culture supernatant
(about Sug/ml IgG) at room temperature for
30 minutes. NS1 cell culture supernatant or
nonimmune mouse JgG was used as negative
controls. After washing for 10 minutes, sections
were reacted with biotinylated horse antimouse
IgeG for 30 minutes, and then for ome hour
with avidin-biotin-conjugated horseradish perox-
idase according to manufacturer’s instructions
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(Vectastain; Vector Laboratories, Burlingame,
CA). The immunohistochemical reaction was
developed for 10 minutes with freshly prepared
0.5 mg/mi diaminobenzidine ,(Wako Pure
Chemicals, Osaka, Japan) and 0.01% H,0, in
50 mM Tris-HC1 buffer (pH 7.0).

Immunoprecipitation. SK-MES1 cells were
labeled with '2°1 or [*°S]methionine as previ-
ously described.’  Briefly, SK-MESI cells,
cultured in plastic flasks (Corning, NY), were
detached with 0.02% EDTA in PBS, washed
three times, and reacted with 0.5mCi of
1251 (New England Nuclear), 0.1 mg of lacto-
peroxidase (Sigma}), and 0.003% of H,0, at
30°C for 4 minutes, and for another 10 minutes
at room temperature. For [°Slmethionine
labeling, SK-MES1 cells were cultured with
0.5mCi of [**$]methionine (New England
Nuclear) for 20 hours in methionine free Eagle’s
minimum essential medium (Nissui Seiyaku Co.
Ltd.,, Tokyo, Japan) containing 10% FCS.
Cells were detached with EDTA and washed
three times with PBS.

The cell pellet was suspended in 0.5 ml of extrac-
tion buffer [0.5% Nonidet P-40, 10 mM Tris-HCI
{pH 7.2), 0.15M NaCl, 0.02% NaN;], and kept
in ice for 10 minutes, The mixture was centri-
fuged at 27,000X g at 4° C for 20 minutes and the
supernatant was collected. Radiolabeled cell
lysate was incubated for one hour in ice with
2001 of either hybridema culture supernatant
concentrated 20-fold, purified antibodies from
ascites fluid, or nonimmune mouse IgG. Then,
about 500ug of pgoat antimouse IgG (Meloy
Laboratories, Springfield, VA ) was added, and
the mixture was reacted for one hour. Five
hundred microliters of 10% heat-killed Staphylo-
coccus aureus bacilli (Pansorbin, Calbiochem,
La Jolla, CA) was added to the mixture and
incubated for 30 minutes, and then the bacteria
were washed five times with PBS containing 0.5%
Nonidet P-40, 0.02% NaN;, 2 mM methionine or
5mM KI. Antigens were eluted with electro-
phoresis sample buffer and were analyzed by
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE, 7.5% gel) in both
reduced and nonreduced conditions according to
the method of Laemmli.'® Dried gels were auto-
radiographed by using Kodak XARS X-ray film.
The molecular weight markers (Pharmacia Fine
Chemicals, Uppsala, Sweden) were thyroglobulin
(330 kilodaltons, kDal), half unit of ferritin
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FEOTFTFYVEERBRFT YA -FYTZ7IAMT I
B4 0B R KEE (SDS-PAGE, 7.5% 7 )i
S NEML /2. #HR Y VT Kodak XARS X7 4 I
LTA—FITFTIT 4 T TR —H—
(Pharmacia Fine Chemicals, Uppsala, Sweden) I
4 oy a7 (330kiledaltons, kDal), 7 ) F >



{(220kDal), phosphorylase b (94 kDal), bovine
serum aibumin (67 kDal), catalase (60QkDal),
and ovalbumin (43 kDal).

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 one hour at 37°C. This mixture
was underlaid with Ficoll-Hypaque (SD 1.007
+0.001), centrifuged at 400X g for 30 minutes,
and the cells at the interface were collected.

In some cases, the cells obtained from Ficoll
centrifugation were stored in liquid N, or
cultured in complete RPMI in 6 cm Falcon petri
dish (Becton Dickinson Labware, CA). 5x 10°
cells were incubated with 0.5ml of hybridoma
culture supernatant or nonimmune mouse IgG in
ice for one hour, and after washing, the cells
were reacted with 10ug of fluorescein-labeled
F(ab"), fragment of goat antimouse 1gG (Tago
Inc., Burlingame, CA.) for 30 minutes. After
washing and fixation with 1% paraformaldehyde,
they were observed under a fluorescence micro-
scope (Nikon, Tokyo, Japan) and analyzed by
fluorescence-activated cell sorter (FACS420,
Becton Dickinson).

Ig Isotype. The Ig isotype of monoclonal anti-
bodies was determined by double diffusion in
agar gel. Hybridoma culture supernatants,
concentrated 20-fold, were reacted with goat
antimouse IgG,, IgG,,, IgGay, 1gM (Meloy
Laboratories) and 1gGy (Miles Laboratories,
Rehover, Israel).

RESULTS

Production and Initial Screening of Monoclonal
Antibodies. After fusion, all of the culture wells
contained growing hybridomas and 161 clones
were established by limiting dilution. Of these,
three clones, LuCa2, LuCa3 and LuCad, were
found by ELISA to react with the human lung
squamous cell carcinoma SK-MES1, but not
with nermal human lung fibroblasts (CCD-
18Lu). All three clones produced monoclonal
antibodies of the IgG; subclass.

Biochemical Characterization of Antigens.
Radiciodinated membrane proteins of SK-MES1
were immunoprecipitated with LuCa2 and
LuCa4 antibodies and analyzed by SDS-PAGE
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ERE (220kDal}, RAK) F—Fb (94kDal), 7 ¥
MmE7 V73 v (67kDal), # % 5 — ¥ (60kDal),
BEUGIH7NV 73 ¥ (43kDal) T - .

BRATFOBHERROREELES. WhliELE
HoBi. JkbogMizER D, U AKRTF
(JIMRO, Bm#) %Mz, 37 CTI1BMI ¥ ¥
A b L, TOESHED T Ficoll-Hypagque (SD
1.007£0.001) £ ERE L, 400Xg CI0AME LR
v, HATOMERE KL .

Ficoll BLABETH A MBI HEERERNTRE
LAh, %\wIE 6oen Falcon 7 [l (Becten
Dickinson Labware, CA) D554 RPMI T4 ¥ F o
M=t LA 5XWSHMEzENA 7Y F-<HE
b 0.5ml, XizdkB@Ev T R G XD T 1R
M4 v a~<— kL, HFH, 704 LE4 VBR
Y ¥¥vy A IgGF(ab)s 77 & A ¥ | (Tago 4.
Burlingame, CA) 10ug 123047 M RIS & 4 /=, IEi%
RUL%1FHMATVTE FiZk 2EENH, &k
PRANEE (Nikon, H) CHEL, FHXEMH{LEL -
v — % — (FACS 420, Becton Dickinson) IZ & D &84T
L.

EFAUEAT. /70— FLRED g 74V
4 FTHERSNVOEIBETHEL A, 20F1E
BRELNA 7Y F—<BELHEYFHvTR
IgGy, IgGz, 12Gay, IgM (Meloy Laboratories) B UF
IgGy (Miles Laboratories, Rehover, Israel) & XIE
&4

fa &
E/ooO-—FAROEHEPNPAIY - 7.
HREES, TNTHOEEI NN T -7
FHERL, BRABRETII 70— FHELIENA.
ZhiEsdh5 b, LuCa2, LuCa3, B LuCad @ 3H
D u—ix, ELISA#TE MR T LE% SK-
MES1 &FET 24, E#%4e MRz (CCD-
1BLu) CREBLAVZ AL A, 3@Oro—
YENRTHF g6, Ty 3 ADES 7a—F Ak
EELEL . ‘

MEDELFEER. SK-MES1 s v #Eit
MlBEERHA %, LuCa? ifFRU LuCad HiET
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(Figure 1). Antigens reacting with LuCa?2
showed a single protein band equivalent to a
molecular weight of 135 kDal in both unreduced
and reduced conditions. Antigens reacting with
LuCa4 showed two Dbands, 150kDal and
300 kDzl, in unreduced conditions, whereas
in reduced conditions only a single band of
150 kDal molecular weight was apparent. This
indicates that the 300 kDal protein molecule
reacting with LuCa4 is a dimer consisting of
150 kDal subunits. Since LuCa3 failed to
immunoprecipitate 5 Llabeled surface molecules,
SK-MES1 cell proteins were biosynthetically
labeled with [>*S]methionine. As shown in

SDS-PAGE analysis of indirect immuno-

Figure I.
precipitates obicined by reacting LuCa2 (Lane BJ,
LuCa4 (Lanes D and Ej antibodies or nonimmune
mouse IgG (Lanes A and C) with NP40 extracts of

radiciodinated SK-MESI cells.  Preparations were
either reduced with 2-mercaptoethanol prior to electro-
phoresis (Lanes A, B end E) or unreduced (lanes
Cand DJ.
Bl fstiE = v #1L SK-MES1 #BAEe NP-40 i ity
12 LuCa2 (B}, LuCad (DRUE)HE, X3kl
T RARGIARUVC) 2 REEECHALMNE AL
O 3DS-PAGE M. Haud, WRAKZBEoHI, 2-4 0
ATy - WTERET(AB RVE)TRIRHEELT
(CRUD)THEHL L.

REETKEEL, SDS-PAGE THFLZ(E1). LuCa2
EEaEe, SRR UCEBRROMESIIENT
135kDa2] O FFRIZIBR T3 1 FDFRE/ I~ FE
AL, LuCad RIBHIFZ, EERXEHLEVT
150kDal ZUF 300kDal @ 2D FER L &M,
BLEEFICHVTIE, 478 150kDal sy F13%
EuHFREhA. 2 hid, LuCad & RKiET 5 300kDal
DEBESFH, 150kDal O 7= b 543
TRETCHIZIELEW.T 5. LuCald 1k, "IEIH
EELFEREUBL 442 - 0T, SK-MES!
HMREA K & (8] A Fd o v rHhamm s L .

Figure 2. SDS-PAGE analysis of indirect immuno-

precipitates obtained by reacting LuCa3 antibody

{Lanes A and C) or nonimmune mouse IgG (Lanes

B and Dj with NP40 extracts of [335] methionine-

labeled SK-MES1 cells. Antigens were prepared under

unreduced (Lanes A and B) or reduced (Lanes C and D)
conditions.

B2 (®8)AF4 = i SK-MES1 o NP-4CHH
2, LuCad MM (ARUCIXIERHE w7 A gG(B
BUD)EHIGE S THBAMERIEARY® SDS-PAGE
i, MRUGEER{(ARUBIXGER(CRUDI®D
FETCERL 2.



Figure 2, LuCa3 specifically immunoprecipitated
230 kDal and 240 kDal protfeins under both
unreduced and reduced conditions.

Indirect immunofluorescence was used to
demonstrate that the antigens recognized by
LuCa2, LuCa3, and LuCa4 antibodies are sensi-
tive to trypsin treatment, in that such treatment
of SK-MES] cells abrogated their ability to bind
LuCa monoclonal aniibodies. In contrast, a
1251 Jg-binding assay was used to show that
these antigens are resistant to treatment with
neuraminidase. These data suggest that antigens
reacting with LuCa2, LuCa3, and LuCad anti-
bodies are membrane proteins.

Reactivity of Monoclonal Antibodies to Various
Tumor Cell Lines and Normal Blood Cells.
Reactivity of the three 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 *l-abeled
Ig-binding assay {Table 1}, LuCa2, LuCa3, and
LuCa4 antibodies were reactive with many lung
cancer cell lines, but showed no specificity for
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E2izRT &I, LuCad IHRARFIEREOMSE
T 230kDal & 240kDal OB B E RN IR E
TEe L 7-.

EuCa2, LuCad, B U LuCad HFICH s haHE
13, PY Ty SBREIZ LT SK-MEST #ig &
LluCa B/ 70—+ Ak a stttk
ZEHS, MITYVIIREETH B & HFHERE
WHHEILLRENSE, JHRICHELT, Ch5ORE
HAFI VIS L ERETHE S
ZEA, Wi-pEASEIILYTERE ZTheD
F e F & B, LuCal2, LuCad, BT LuCad #UiE
ERIGT AHMERARBERAN TS S 2 & PR
s

HBADEHEEBEEELERARCH T 5T/
SO—FAFEORE. WECaoEsdEon
ARNEEEIE OICIE W & bR RAEIc T 5 3o
SO FAREOREE, PIENR R EERT
HatL 2 (#1), LuCa2, LuCa3, BEU LuCad Hifd
52 ORI EBL AN, fovwtfho

TABLE 1 BINDING OF MONOCLONAL ANTIBODIES TO HUMAN TUMOR CELL LINES
AND NORMAL BLOOD CELLS
#1 e MEEHBRACENORMIECH T ST/ 20— FUHBOBE

Monoclonal antibody
(cpm bound/5 X 10% cells)®

Origin Target cells

LuCa2 LuCa3 LuCa4

Lung squamous cell carcinoma SK-MES1 4020 2810 1850
PC1 2170 1360 1270

VMRC-LCP 0 750 1170

Lung adenocarcinoma VMRC-LCF 0 0 0
VMRC-LCR 60690 2610 1460

Luci3 9020 1710 1600

Luci 10 1360 1120 1040

Lung small cel carcinoma QG 920 2460 3160 2320
Colon carcinoma Sw 1222 1180 280 360
Gastric carcinoma AZ 521 230 360 450
Hepatoma SK-Hep 1 3300 1560 1070
Pancreas carcinoma PANC 1 5850 3260 1730
Bladder carcinoma T-24 10080 3480 2050
Melanoma Mewo 1220 280 320
T cell leukemia CCRF-CEM 240 190 230
Burkitt.lymphoma Raji 170 220 240
Promyelocytic leukemia HL-60 10 0 4]
Peripheral blood lymphocytes 0 0 0
Red blood cells (AB type) 0 0 0

zaximum binding of 1251 antimouse Ig using NSI culture supernatant instead of first antibody was

600 cpm/5 X 10% cells.

THIMBORDL I NST BBEEMEMOA TIHvY A g OB KBSHE, 600cpm /5 X108 #iaT & - 2.
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any histological 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 carci-
noma, and bladder carcinoma. These antibodies
were found to be nonreactive with three human
leukemic cell lines (Burkitt lymphoma Raji,
myelomonocytic leukemia HL-60, and T cell
leukemia CCRF-CEM), normal lymphocytes, and
erythrocytes.

Reactivity to Lung Tumor Tissues. The immuno-
peroxidase technique was used to study the
reactivity of LuCa2, LuCa3, and LuCad 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 (21/22) lung tumor
tissues, except for one case of small cell car-
cinoma, and its reactivity with squamous celi

MBI L THBREATRE Y -~ fanEHlatk
ZHTEIhSONBOESL T AMEEEELRT
HOTRAE,0E. ThbE, LuCa2 BHANSHL
TNTOMEEMERBEL, LuCa3, LuCad $ifkd
wIh G AR, B R UGS sk o fakk &
Rzl Zhsoffd=>01 F HiLEfak
(Burkitt 'V » /%0f Raji, & ¥ HEkE ALK HL-60,
EUTHBRAIG CCRF-CEM ), [E&Y »/8k, RU
FRMEFRITEREGL W &Moo

HESHEBECH T IES. WESHABCHT 2
LuCa2, LuCa3, KU LuCad ORGEMKIT 300
2, REA—FF vy ¥ F¥@iEPuit. 2hso
B/ U—FLEREST T ABON ERIG
LED-ADT, Z2IIFHL 28RIEF T
BEHEEAZED> S DB U -BEYRE th o/, LuCa2
ki, MERER O 1ER R IEEA YO (21/22)
HiERHE - RIG L, B LE#EoRbE, s

TABLE 2 REACTIVITY OF MONOCLONAL ANTIBODIES TO LUNG TUMOR
TISSUES BY IMMUNOPEROXIDASE
#2 BEN—-FZ IS FICLIMEEEHBCHT S
E/ru—-—FIREOCRE

Patient

LuCa2 LuCa3 LuCa4

Squamous cell carcinoma

Adenocarcinoma

Adenosquamous carcinoma
U4

U 69
C26
KY1

Adenoid cystic carcinoma
Small cell carcinoma

+ +
P4+ 4+

+ 4+ ok S+

| S f+rEE+ Pttty

3The staining was scored as follows: (—) negative, (Tr) trace, (W) weak, (4) positive, or

(++) strong.
RBEERAGISIBEL A (—)&E,
b, Histologically well differentiated

(51

1L A

{Tr) (M,

10

(W), (+)mBi, ik (++)5H.



carcinoma was stronger than that with adeno-
carcinoma and small cell carcinoma. LuCa3
and LuCa4 antibodies reacted with most (8/9
and 7/9, respectively) squamous cell carcinomas,
but not with adenocarcinoma nor small cell
carcinoma. Further, in adenosquamous car-
cinoma tissue, LuCa3 and LuCa4 reacted only
with the portion exhibiting sgquamous cell
differentiation. TFigure 3 shows the immuno-
peroxidase staining patterns of these antibodies
against squamous cell carcinoma and adeno-
carcinoma. They reacted strongly with the
plasma membrane as well as the cytoplasm of
tumor cells, but were unreactive with the
surrounding normal tissues.

Reactivity to Normal and Nonpulmonary Tumor
Tissues. Table 3 shows the reactivity of LuCa
antibodies to frozen sections of tumor tissues of
nonpulmonary organs., LuCa2 antibody reacted
not only with well-differentiated squamous
cell carcinomas of the tongue and esophagus
but also with carcinoma tissues from stomach,
pancreas, kidney, breast, rectum, and thyroid.
LuCa3 antibody reacted only very weakly with
carcinoma of the tongue and esophagus, and did
not react with the other carcinoma tissues
tested. LuCa4 did not react with any non-
pulmonary carcinoma tissues. Table 4 shows the
reactivity to normal tissues. 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.

Reactivity to Tumor cells in Pleural Effusions
from Lung of Cancer Patients. Table 5 shows
the results of indirect immunofluorescence
staining of tumor cells in pleural effusions
obtained from lung cancer patients by LuCa
monoclonal antibodies. LuCa2 antibody reacted
strongly with squamous cell carcinoma and
adenocarcinoma, but not with small cell car-
cinoma cells. Figure 4 shows LuCa2 staining
the tumor cells in a pleural effusion from case
p7 (Class V squamous cell carcinoma). LuCa3
and LuCa4 antibodies reacted with one case of
Class V squamous cell carcinoma but not with
other types of tumor cells. Moreover, the
reactivity of squamous cell carcinoma cells to
LuCa3 and LuCa4 was enhanced by culturing

11
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Ptz MAKEEE L VD o7, LuCad & LuCad Hifk
, BEALYORPFLEEBERIGLANF(ZhTH
B8/9 BRUFT7/9), MERL U AMBGLAREL
Aol BICRREF LE@ERIZE0T, LuCad &
LuCad BR T LEMRILERTHEFLOERG
Liz. M3k, B bRt o izimmioxds s
ChEDHEORE S —F v ¥— Fip@m/ sy — >
ERT. chold, MEMEoMERET R UHARE
CEIERLAY, BHOEFESLEIREL %
o ta.

EERUBLAOEEERCHTIRG. #H31
5, B LS00 B 58 o0 BE A SRR O BTN IS B
LuCa MM O RIE &R+, LuCa2 HiEE, ZRU
BRHEHOGSURPERBE LT CLL, B, KK,
B, LB, BB, RUFREOSAH%L LEG
U7 LuCa3 Hifl1E, &6 RN &6 T8 <
R+ 308C, ML AZ NS OBHE S
RisL & -7%. LuCad &, st ogiligs
RIGL & dor. #40it, FEUBHT 3RE
ARENTS. LuCa2 WG, PRI, W, £,
R, RN, RUEBOTENEME KB L LK,
LuCa3 ¥ U°IZ LuCad HIFR Utho £ { DIEEHL
LuREmEeT, FELES, S8, RUFEARD
BELEMBE b 545 RIBL 7.

IS B EORKICH T SEEMRICHTBRE. i
BELENVELBARPICE T SEBHEMO LuCa =/
su—FAHFEC L IMEREEREROERE
FEIZRYT. LuCa2 g F ERBACINE &<
RE+ad, Mla@e R L a7k H41l2
%, EFp7 (7 FAVORTELER) ORkbhnE &
#BEOY LuCa2 Hefaf$ 5. LuCa3 U1 LuCad
i, 77AVORTLESO 1EMEEET 3,
HoWnBEEME L ERBL 2. iz, LuCal
BU LoCad 24+ 2B LEBME O KIS,
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CEFIYA O RWONRTIIS AU 2 CTIRIB BN TR A B Y T BB (RO WA TEVTO Y (0N WDIENONT (40 )
FENT {HANEVI 2A LT A0 A% A B HM Ok WA B Cad o 8RB  BHA-4 13 - BT WY R
(g 2198L] Qaaipadsas ‘pon pup g1 § sittaned wiodd priipiqo 24aM SINSSHE PIOUIB00UIPY
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TABLE 3 REACTIVITY OF MONOCLONAL ANTIBRODIES TO NONPULMONARY
TUMOR TISSUES BY IMMUNOQPEROXIDASE
#3 KRENA-FFLF-FrEAWUAOMEES T S
FJ o0 —F NHEORE

Carcinoma tissue Histology No. of LuCa2 LuCal LuCa4
samples
Tongue Squamous*? 3 +b Tr -
Cervix uteri Squamous®* 1 - - -
Esophagus Squamous* 2 + Tr -
Stomach Adeno 4 + - -
Rectum Adeno 2 W - -
Thyreid Adeno 1 W - B
Breast Adeno 1 + - =
Pancreas Adeno 1 + - -
Parotid Adenc 1 - - .
Ampulla Vater Adeno 1 - - -
Kidney 1 * - -
Gliobjastoma 1 - - .

4=, Weil-differentiated type of squamous cell carcinoma. S9-{ERIE T L.

bT he staining was scored as follows: {—) negative, (Tt} trace, (W) weak, or (+) positive.
AR & T ERIEB L A (= EERE, (TedERERYE. OWOESEME. i OhO EE.

TABLE 4 REACTIVITY OF MONOCLONAL ANTIRODIES TO VARIOUS
NORMAL TISSUES BY IMMUNOPEROXIDASE
#4 RESR-FFIS-FU ki B ENHEBCHT 3
/O —F RHEEORERE

No. of

Tissue LuCa2 LuCa3 LuCa4d
samplas
Lung alveoli 6 +a - -
Lung bronchus i + - -
Coion 1 + - -
Rectum 1 - - -
Stomach 4 - -
Pancreas 1 - - -
Liver 1 e - -
Thyroid 1 + - -
Kidney 1 + - -
Spleen 1 - - -
Skin 3 + Tr Tr
Cervix 1 + W W
Esophagus 3 + W Tr

4The staining was scored as follows: {—) negative, (T1) trace, (W) weak, or (+) positive.
HemBERAO & FIIIFEL 2 (=) ERiE, (TeiBdE.  OWO S, ().
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the effusion cells in vitro for 48 hours (Figure
SA and B). Similar analysis using a cell sorter
demonstrated that the pleural effusion cells
from patients with adenocarcinoma and small
cell carcinoma remained unable to bind LuCa3
and LuCad4 antibodies after 48-hour culture
(Table 5 and Figure 5C).

Paaicifig % in vitro TASKEEE BT a2 210 ko T
A+ % (H54 BUB). v —s—sFusEiE
DERIZEY, MBSV S0 REH»50
FgAciila ik, 48EEMIIEENE S LuCad B U LuCad
PR EHATEREVIEFHS PIih 2 - (RS R
®5C).

TABLE § REACTIVITY OF MONOCLONAL ANTIBODIES TO LUNG TUMOR CELLS IN
PLEURAL EFFUSIONS BY IMMUNCOFLUQRESCENCE
£S5 REHEBZLEIWAPOMELRIBIMTSE S 70— > L0

Tumeor histology? Patient Cytoiobgy LuCa2 LuCa3 LuCad

no. class

Lung squamouns cell carcinoma p7 v ++C + w
p7 (cultured)d ++ + e
pé 1 - - -

Lung adenocarcinoma pl v + NDe€ -
P2 v + - -
P8 v - - —
8 (cultured) - - -
pl2 v - - -
pl? v + - -
pl8 v + - -
p25 A% — - -
p25 (cultured) . - — -
p5 L EI + - -
pS (cultured) o+ - -

Small cell carcinoma p3 Vv - - -
3 (cultured) - - -
p24 A% - - -
P24 {cultured) - - -
p21 1 - - -

Unknown p4 1 - - -
pi3 1 - - -
pib6 I - - -

Metastatic pancreas carcinoma pl% Vv - - -

Nonmalignant disease pll I - - -

2 Histological type was determined by hematoxylin-eosin staining of metastatic lymph nodes, autopsy

samples or surgical specimens.
sz Y v R, TR

LR IRT s AT b U

sxE T IRERIIEDEEL L.

b Cytology class was determined by Papanicolau’s staining of cells in pleural effusions.
HEEEM 2 F A%, Ao 5 Papanicelau HEEIIE D HRE L L.

¢ The staining was scored as follows: {—) negative, (W) weak, (+) positive, or (++) strong.

WEIEIERO LI IREL £ (),

d pleural cells were cultured for 48 houts.
BN IR ABREMI S L 1~

€ Not done.

(W) B E,

()15, Xi++)m

14



RERF TR 23-84

Figure 4. Immunofluorescence staining of squamous cell carcinoma cells in a pleural effusion
fcase p7, Table 5) by LuCa2 antibody.

M4 LaCe M X S G LI (IEF p7, 5 ) ORI ERE,
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RELATIVE FLUORESCENCE

Figure 5. Flow cytometric analysis of the reactivity of monoclonal antibodies to lung carcinoma
cells in pleural effusions. Cells were collected from plerural effusions and cultured for 48 hours
in complete RPMI medium. A. Fresh squamous cell carcinoma cells.

5 MkhiffMiicg s/ 20— F RO 7O -4 4 kot MY B Bk & BN
BIRML, 5t RPMI M 74BN ISR L A, AL IRARR T L e gsam B,
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Figure 5B. Cultured squamous cell carcinoma cells.
Hs5B HME#RTLKEANE
1000 i
C
3 onimmune IgG
wy
k|
)
i
1)
i
o 500"
w
w
m
=
=
z
LuCa 3
J LuCa 4
L] e
T

I ! I
0 100 200 256
RELATIVE FLUORESCENCE
Figure 5C. Cultured adenocarcinoma cells. These three kinds of cells were stained with LuCa3,
LuCa4, and nonimmune mouse IgG. The pleural effusions were obtained from cases p7 with
squamous cell carcinoma and p25 with adenocarcinoma {Table 5).
H5C #hEmEiiE. chs3@OZThTho#i%s, LuCal, LuCad, RUHKE~ YA GT
RO . BRI, P LEMER pT R CIRMER p25(#5) 5Bk,
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DISCUSSION

In this study, we presented the characterization
of three monoclonal antibodies which recognize
different protein antigens of -lung squamous
cell carcinoma in both tumor tissues and pleural
effusions. The results show that LuCa3 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 two antibodies are also wezakly
reactive with normal squamous 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 cell carcinoma arises is not known,
it may be assumed from our data that the
expression of antigens reacting with LuCa3
and LuCa4 undergoes amplification after tumor
transformation and growth. It is also of interest
that LuCad antibodies hardly reacted with well-
differentiated types of squamous cell car-
cinomas 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 LuCa?2 antibody reacted most strongly
with Iung squamous cell carcinoma, it also
reacted with lung adenocarcinoma, some other
tumors, and normal tissues. Thus, the antigen
reacting 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 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 Ilung
tumors!® and that the phenotype of membrane
proteins of small cell carcinoma is considerably
different from that of nonsmall cell carcinoma.'”

As mentioned above, LuCa3 and LuCa4 anti-
bodies are specific to squamous cell carcinoma in
vivo, but their specificity to this histological type
was not observed for in vitro cultured tumor celt
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 homo-
geneous and contained various populations of
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E =B

SEOMETE, BEHBLtWAOEZ LGS
MRELESORZSEAENRELRRT 53280
B/ UO—FUMEOFEM AR L. LuCad RV
LuCas4 Hiik IR T EROEHR L RET 34, o
HEMOHSEHZ L IERBLEvEw I EE 25
ZHSTo0HEkIEE L, KR, E, RUTFEHRY
NEXRT EEEARLLHT»2IEREFTS. 2N
W, BHAFEELEEBROSCHRELARLT
WBEZEERET 5. HiE T LEMAHRT 50
BHRsATELEWY, R4DTFT—-F 525, LuCal
BV LuCad L RIETAHMEORRAE, P73
Tr—A—vYavRUBBORMMEILHEEERZ L
PFIET E 5. LuCad PPk, &, &H, RV
FEHEOBATURFLEBEBELALRD
Lapoklid FARKREY. 202213 LuCad
RIsHEL, £HEm i EREoBmviliR T LEE
DERM<T—H—THITHEERL TV 3,

LuCa2 MR BF LEFMERGE R L A,
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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. Hawever, it is of
interest to note that when some adenocarcinoma
cell lines (VMRC-LCR and Luci 3} which reacted
with LuCa3 and LuCa4 antibodies in vitro were
transplanted intc athymic nude mice, they
apparently lost their ability to react with these
antibodies {data not shown).

Monoclonal antibodies to human lung squamous
cell carcinoma have been produced by two other
laboratories.*®  Antibody 9.2.2 described by
Brenner et al* 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 non-
pulmonary squamous cell carcinoma and normat
squamous tissue was not examined. The speci-
ficity 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. Mulshine
et al’> produced murine monoclonal antibodies
703D4 and 704A1 that recognized a 31 kDal
protein from the tissues of a nonsmall 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 distribution of
target antigens indicate that our monoclonal
antibodies are distinct from 703D4 and 704Al
antibodies and recopgnize new  antigenic
specificities.

Keratin proteins are known to be expressed in
lung tumor tissues including squamous cell
carci.noma,m and a recent study has shown that
different histological types of Iung carcinoma
contain keratin proteins differing in molecular
weight.!® However, the tissue distribution and
molecular weight data aiso shows that the
antigens recognized by the three LuCa antibodies
are different from keratin, Moreover, the
possibility that our antibodies are reactive with
carcinoembryonic antigen (CEA) is also excluded
in view of CEA’s tissue distribution and bio-
chemical characteristics.®®  Furthermore, pre-
liminary experiments using '*’Ilabeled CEA
shows that our antibodies do not bind CEA
(data not shown).
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Cytodiagnosis of tumor cells in pleural effusions
is of importance 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 determination of the histological type
of lung cancer based on cytological
morphology alone is considerably difficult. In
this report we used a cell sorter (FACS 420) to
show that LuCa3 and LuCa4 antibodies specifi-
cally 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 couid not otherwise be
detected by the conventional methods. For
example, two such effusions were found to
contain tumor cells by using LuCa3 and LuCaé4
antibodies (data not shown). These cases were
later diagnosed as squamous cell carcinoma from
metastases found in lymph node biopsies.

FACS analysis also showed that the ability of
tumor cells to react with LuCa3 and LuCa4
antibodies was increased following the in vitro
culture of pleural effusion cells obtained from
patients with squamous cell carcinoma of the
lung. We can offer two 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 currently
under way. In any case, shorf-term culture of
pleural effusion cells and subsequent analysis
using such monoclonal antibodies should facili-
tate 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 cytodiagnosis and histodiagnosis
of lung cancer. Studies are now in progress
aimed at the early detection of lung cancer
by screening for thé 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
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this disease is now being examined by evaluating
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their suppressive effect on the growth of human TaIlkitksT, ZOEFRDEBRIIIAS OHF

lung cancer in nude mice. FHREBT&E 2> ) rBEERHITHS.
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