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immunoperoxidase staining on paraffin-embedded tissues.4 To
a varying degree, similar findings of cross-reactivity have been
reported by other investigators (5, 7, 9, 12).

In an effort to define the specificity of anti-SCC antibodies
we evaluated the pattern of reactivity of a series of monoclonal
antibodies generated in our laboratory. One antibody, desig
nated LAM8, showed a high preferential reactivity with 5CC
cell lines and tissues. The reactivity was confirmed not only by
immunofluorescence, radioimmunoassays, and cytotoxicity as
says, but also by immunoperoxidase staining of deparaffinized
formalin-fixed tissues. The availability of LAM8 antibody re
active with a 5CC antigen of high specificity which is preserved
in tissues after routine histopathological procedures represents
an important advantage towards the clinical use of monoclonal
antibodies.

MATERIALS AND METHODS

Cells and Tissues. All cell lines were grown in RPMI 1640 medium
supplemented with I mM glutamine and 10% fetal calf serum. The
followingcell lines were established in this laboratory: SCC SW2, lung
large cell carcinoma SLC6, lung adenocarcinoma SLC52, and pleural
mesothelioma SPC78 and SPC1 11. The 5CC cell line OH-i has been
describedpreviously(13).The 5CC cellline NCI-H69 (14)was provided
by Dr. J. Minna, National Cancer Institute, Bethesda, MD. The lung
squamous cell carcinomas HOTZ and U1752 were obtained from Dr.
P. Groscurth, University of Zurich, Switzerland and Dr. J. Bergh,
Uppsala, Sweden, respectively.The neuroblastoma cell lines CHP-iOO
and CHP-134 were a gift of Dr. A. Schlesinger, University of Pennsyl
vania. The following cell lines were provided by investigators at the
Dana-Farber Cancer Institute: tongue squamous cell carcinoma 5CC
15, SCC-68, and SCC-78 (Dr. J. Rheinwald); breast carcinoma MCF
7, T47D, HBL-100, and ZR75-1 (Dr. D. Kufe); ovarian carcinoma
OVCA 420, OVCA 433, and OVCA 434 (Dr. R. Bast); melanoma
G361 and CaCl-78 (Dr. M. Wick); myeloid leukemia U-937 (Dr. J.
Griffin); and lymphoblastic leukemia CEM (Dr. H. Lazarus). The lung
adenocarcinoma A549, the pancreatic carcinoma PaCa-2, the colon
carcinoma SW480, CX-l and SW620, and the fibroblast WI-38 cell
lines were purchased from American Type Tissue Culture.

Bone marrow aspirates were obtained from healthy volunteers. Nu
cleated marrow cells were prepared by Ficoll centrifugation of bone
marrow aspirates of healthy volunteers. Primary cultures of normal
bronchial epithelial cells were established in our laboratory by Dr. K.
Weinberg. All human tissues were obtained from surgical specimens at
the New England Deaconess Hospital.

Preparation of Antibody. Our procedure for antibody generation has
been reported (6). The LAM8 producing hybrid has been obtained
during the same fusion. It was selected for a lack of reactivity with the
lung carcinoma cell lines A549 and U1752 and @helymphoblastic cell
line CEM during initial screening by indirect immunofluorescence.
After serial subcloning LAM8 producing hybrids were injected i.p. into
BALB/c mice primed with pristane (Aldrich Chemical, Milwaukee,
WI) to produce ascites. The ascitic fluid was centrifuged at 1500 X g

4 R. A. Stahel, C. O'Hara, and S. D. Bernal. Immunohistochemical reactivity

of small cell carcinoma antigen LAM2 in tumor and normal tissues, manuscript
in preparation.

ABSTRACT

The reactivity of the murine immunoglobulinmonoclonal antibody
LAM8 directed against a membrane antigen of human small cell carci
noma(SCC) of the lungwas investigatedon human cell lines and tissues.
Indirect immunofluorescencestaining, radioimmunoassays,and cytotox
icity assays showed LAM8 antibody to selectively react with 5CC but
not with non-SCC lung cancer cell lines and extrapulmonary tumor cell
lines. Unlike other 5CC antibodies, includingthose we have previously
described, highly preferential reactivity with SCC tissues was also dem
onstrated by immunoperoxidase staining ofdeparaffinized formalin-fixed
tissue sections. Membrane and cytoplasmic staining was seen in of 9 of
12 SCC tissues. No significantstaining was seen in non-SCClungcancer
and a widerange of other tumors, includingmesotheliomaand bronchial
carcinoids.SignificantLAM8 reactivitywasalso absent in normaltissues
ofall majororgans. Fewtumorsand epithelial tissues, includingbronchial
epithelium had rare LAM8 positive cells which were always less than
2% of the entire cell population. In vitro treatment with antibody and
human complementwas highly cytotoxic to 5CC cells, but had no effect
on bone marrow progenitor cells. Immunoblottingof membraneextracts
separated on sodium dodecyl sulfate-polyacrylamide gels showed the
LAM8 antigen to have a band of an approximate molecular weight of
135,000 and a cluster of bands with approximate molecular weights of
90,000. This reactivity was lost after incubation of the extracts with
periodate. LAM8 antibody shows a highly preferential reactivity with
5CC cell lines and formalin-fixedparaffin-embedded5CC tissues and is
selectivelycytotoxicto cells expressing LAM8 antigen.

INTRODUCTION

5CC3 of the lung has distinct morphological, biochemical,
cytogenetic, and clinical characteristics that generally allow its
differentiation from other types of lung cancer (1â€”4).Recently,
several groups of investigators have reported monoclonal anti
bodies against membrane determinants of SCC (5â€”li). With
few exceptions (5, 7), screening for antibody producing hybrids
was performed by fluorescence methods and/or radioimmu
noassays on SCC cell lines. Consequently, little information is
available on the immunohistochemical reactivity of these anti
bodies with human tissues. Recent studies from our laboratory
indicate that some antibodies with preferential reactivity with
5CC carcinoma by indirect radioimmunofluorescence and ra
dioimmunoassays (6, 11) may cross-react with normal epithelial
tissues and carcinomas of other origin when examined by
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MONOCLONAL ANTIBODY TO SCC

for 10 mm and the supernatant was filtered through a 0.2-sm Nalgane
filter. Aliquots were stored at â€”20C.

Antibody purification was performed on a Sepharose 6B column (1.5
x 140 cm) with Tris-buffered saline, pH 8.0, for elution. Antibody
containing fractions were combined, dialyzed overnight in PBS (pH
7.2), and concentrated in Aquacide (Behring Diagnostics, La Jolla, CA)
to a final concentration of 5 mg/mI.

Characterization of Antibody. The antibody isotype was determined
by double radial diffusion of antibody-containing ascites against rabbit
anti-mouse immunoglobulins (Biogenetics, Kensington, MD) and by
dot blotting methods. LAM8 was found to be an 1gM @.

Indirect Immunofluorescence Staining and Flow Cytometric Analysis.
Suspension cells and cells scraped from culture dishes were washed in
RPMI medium and aliquoted to testing vials at 10' cells/vial. Forty .tl
of ascites diluted at 1:100 were added, and the cells were incubated at
37C for 60 mm. After washing in medium, 40 ,.@lof fluorescein
conjugated goat anti-mouse antibody (Cappel Laboratories, West Ches
ter, PA) at a 1:20 dilution were added, and the cells were incubated at
31T for 30 mm. The cells were washed twice in medium and observed
for fluorescent staining using a Zeiss epifluorescence microscope. The
intensity of surface fluorescence on intact cells was scored on an
arbitrary scale of 0 to ++++.

For flow cytometric analysis 10@cells were incubated in 250 zl
medium with 4 ,@lof ascites for 1 h followed by 100 @lfluoresceinated
antibody diluted 1:20. Control cells were incubated without LAM8
antibody in PBS alone. The fluorescence pattern was analyzed on a
Coulter Epics V cell sorter. Double staining with propidium iodide was
used to determine cell cycle-related antigen expression (15). After
indirect immunofluorescence staining the cells were washed, resus
pended in I ml of medium, an equal volume of methanol was added,
and the mixture was vortexed and kept on ice for 30 mm. Subsequently
5 ml of medium were added and the cells were centrifuged at 400 x g
to separate cells from cellular debris. The pellet was resuspended in
250 @lof ribonuclease A, 500 units/mI in PBS, incubated for 10 mm,
and an equal volume of propidium iodide, 50 mg/ml in PBS was added
and incubated for 30 mm at room temperature. Finally the cells were
washed and analyzed on the cell sorter.

Indirect Radioimmunoassays on Live Cells. Cells were washed in
RPMI medium, aliquoted to test tubes at I x 106cells in 1 ml, and
incubated with LAM8 antibody for 60 mm at 3TC. After washing in
medium, the cells were incubated with 50,000 cpm of â€˜251-labeledgoat
anti-mouse 1gM(New England Nuclear, Boston, MA) for 60 mm. After
incubation, the cells were washed four times and transferred to vials
for counting. All experiments were done in triplicate. Standard devia
tions were less than 10%. The binding ratio was calculated as follows

(cpm test â€”cpm background)

(cpm control â€”cpm background)

Chromium Release Assay. Cells were washed and suspended at 20 x
106 cells/mI in RPMI medium containing I mM glutamine and 4 m@i
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer. 51Cr, 250
zCi (sodium chromate, 200â€”500Ci/g)/20 x 106cells was added and
the cell suspension was incubated at 3'JT for 30 mm. The cells were
then washed in RPMI with 4-(2-hydroxyethyl)-i-piperazineethanesul
fonic acid and placed on ice for 30 mm. The cells were washed again
and aliquoted in test tubes at i0@ cells in 450 @zl.LAM8 antibody was
added and the cells were incubated at 3TC for 30 mm before the
addition of complement. Human serum was used as the source of
complement. Fresh blood was obtained from volunteers on the day of
experiment, allowed to clot for 30 mm at room temperature, and
centrifuged at 1500 x g for 10 mm. An aliquot of the serum was
inactivated by incubation at 56'C for 30 mm. Before use in the experi
ment fresh serum and heat-inactivated serum were preabsorbed with
106 test cells/ml at 4'C for 60 mm. The serum was added to the cells
exposed to antibody and to control cells to a final dilution of 1:10,and
the mixture was incubated at 37'C for 90 mm. Serum was replenished
at intervals of 30 mm. Subsequently, the cells were washed three times
in medium and transferred to counting vials. The amount of chromium
retained in the cell pellet was determined in a gamma counter. Retained
chromium after maximum release was determined by lysis in Triton X
100. All experiments were performed in triplicate. The percentage of

lysis was calculated from the amount of retained chromium as follows

100 IIâ€” (cpm testâ€” cpm Triton X-I00)

L(cpmcontrolâ€”cpmTritonX-I00

Colony Formation Assay. Exponentially growing SW2 cells were
mechanically dispersed into single cell suspensions. The cells were
incubated with antibody for 30 mm followed by complement for 90
mm as described above. The cells were then suspended in RPMI
medium containing 10% fetal calf serum and 1.3% methylcellulose
(Aldrich Chemical) and plated on 60-mm culture dishes with i.2% agar
base(Agar Noble; Difco Laboratories, Detroit, MI). The seedingdensity
was I0@ cells/plate. The experiments were performed in 5 replicate
cultures. Colonies of 50 or more cells were counted after 10 days.

Nucleated marrow cells obtained from healthy volunteers were in
cubated with LAM2 antibody for 30 mm followed by complement for
90 mm as described above. Normal myeloid progenitor cells (CFU-C)
were assayed by plating 5 x l0@ cells in Iscove's modified Dulbecco's
medium containing 20% fetal calf serum, 10% giant cell tumor-condi
tioned medium (Gibco) and 0.3% agar (Agar Noble; Difco) over an
underlayer containing 0.5% agar in the same medium (16). CFU-C
colonies were enumerated on day 14. Mixed colonies (granulocytic,
erythroid, monocytic, megacaryocytic) and late hemoglobinizing bursts
(blast-forming unit, erythroid) were assayed by plating l0@ cells in
Iscove's modified Dulbecco's medium containing 0.9% methylcellulose,
30% fetal calf serum, 2 x l0@ M 2-mercaptoethanol, and 10% phyto
hemagglutinin-stimulated lymphocyte-conditioned medium as the
source of colony-stimulating factor and burst-promoting activity (17).
Erythropoietin, I unit/mi (Step III; Connaught, Swiftwater, PA) was
added on day 4 and colonies were enumerated after 14 days.

ImmunoperoxidaseStaining of Tissue Sections. Tissues fixed in an
alcohol-zinc-formal solution were cut in sections of 5 @mand mounted
on glued slides. The procedure for immunoperoxidase staining has been
reported previously (18). Briefly, sections were deparaffinized and
treated with methanol peroxide and 2% swine serum as blocking
reagent. The sections were covered with column-purified LAM8 anti
body at dilutions of 1:500 and 1:1000 and incubated for 1 h at room
temperature. After washes in 0.05 M Tris buffer, pH 7.6, peroxidase
conjugated rabbit anti-mouse immunoglobulin diluted 1:30 and perox
idase-conjugated swine anti-rabbit immunoglobulin diluted 1:60
(DAKO Corp., Santa Barbara, CA) were added sequentially. The reac
tion was localized with 3,3'-diaminobenzidine tetramonohydrate (20
mg/10 ml in Tris buffer). Slides were counterstained with hematoxylin.
Control studies included substitution of LAM8 antibody with Tris
buffer or an irrelevant antibody (anti-leucocyte common antigen;
DAKO Corp.).

Preliminary Characterization of Antigen. Cells were washed twice in
PBS and 5 mM EDTA. Cells, 4 x 10@,were aliquoted in 50 @tlof PBS
containing 5 mM EDTA and an equal volume of 20 mrvi3-[(3-cholam
idopropyl) dimethylammonioj-I-propanesulfonate(Fluka, Buchs, Swit
zerland) containing 1 mM phenylmethylsulfonyl fluoride, 0.1 mM leu
peptin, and pepstatin, 50 ,@g/ml, and kept on ice for 20 mm. The
suspension was centrifuged at 12,000 x g for 10 mm. The supernatants
of two aliquots were incubated with 5 or 10 mr@iperiodate for 15 mm
at room temperature and the reaction was stopped with ethylene glycol.
All samples were mixed 1:1 with 2x treatment buffer [125 mr@iTris
HC1, pH 6.8, 4% SDS (Pool, United Kingdom), 20% glycerol, and
10% f3-mercaptoethanol)J, boiled for 5 mm, and applied to a 10% SDS
polyacrylamidegel using the buffer system of O'Farrel (19).

Electrophoretic transfer of proteins from gels to nitrocellulose paper
(BA 84, 0.3 zm; Schleicher and SchÃ¼ll,Dassel, West Germany) was
performed at 10 V/cm for 2 h according to the method of Towbin et
a!. (20) using a LKB-Transfor electrophoresis cell. The blotted nitro
cellulose paper was quenched by incubation (three times, 10 mm each)
in Tris buffer (25 mM Tris-HCI:0.5 M NaCl, pH 7.4) containing 5%
nonfat dry milk (21), 1% bovine serum albumin, and 0.02% NaN3
(quenching buffer). The quenched blot was then incubated overnight at
room temperature with continuous rotation in supernatant containing
LAM8 antibody. After washing three times, 10 mm each in quenching
buffer with 0.05% Tween 20, the blot was incubated for I h with
affinity-purified peroxidase-conjugated goat anti-mouse 1gM with jz
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MONOCLONAL ANTIBODY TO SCC

chain specificity (Sigma, St. Louis, MO) diluted 1:1000 in PBS and
10% horse serum (Gibco, Paisley, United Kingdom). After washing as
before, peroxidase activity was demonstrated using 4-chloro-I-naphtol
as a substrate. Total migrating proteins and reference proteins were
stained with amido black.

RESULTS

Indirect Immunofluorescence Staining. Indirect immunofluo
rescence staining showed that LAM8 antibody reacted strongly
with the membrane of human small cell carcinoma cells (Fig.
1). The ring pattern of staining was preserved after cell fixation
in methanol, buffered formalin phosphate, and buffered glutar

aldehyde.
Indirect Radioimmunoassay. Indirect radioimmunoassays on

intact SCC and myeloid leukemia cells were performed with
serial dilutions of LAM8 antibody. As shown in Fig. 2, maximal
binding was observed at 10 @gpurified antibody/106 SCC cells.
Higher ratios of antibody to cells resulted in decreased binding.
Binding was strong with two (SW2 and OH-i) and moderate
with one (NCI-H69) SCC cell line. No significant binding
occurred in the control cells of a leukemia cell line.

Chromium Release Assay. Cytotoxicity assays with serial
dilutions of LAM8 antibody were performed with SCC and
control cells. Cells were incubated with LAM8 antibody, fol
lowed by three additions of human complement, and the per
centage of cell lysis was determined (Fig. 3). At antibody ratios
of 10 @g/l06cells over 95% cell lysis occurred in the 5CC cell
lines SW2 and OH-i. The cytotoxic effect on the cell line NC!
H69 was reduced in comparison to the other 5CC cell lines.
Control leukemia cells remained unaffected. In contrast to
indirect radioimmunoassays, cytotoxicity was not diminished
by higher antibody to cell ratios.

Flow Cytometric Analysis. A uniformly positive flow cyto
metric pattern was seen with SW2 and OH-i cells stained with
LAM8 antibody by indirect immunofluorescence. No staining
was observed with squamous and adenocarcinoma cell lines of
the lung and normal nucleated bone marrow cells (Fig. 4).
Counterstaining with propidium iodide was used to examine
antigen expression as related to cell cycle. As depicted in Fig.
5, there was minimal increase in LAM8 expression in G2 in
comparison to G1.

Reactivity of LAM8 Antibody with Pulmonary Tumor Cell
Lines. LAM8 reactivity with human cell lines of pulmonary
origin was examined by indirect immunofluorescence staining,
indirect radioimmunoassay, and cytotoxicity assay. As seen in

Table 1, LAM8 antibody reacted selectively with 5CC cell lines.
No reactivity was found with lung squamous cell carcinoma,
adenocarcinoma, large cell carcinoma, or mesothelioma. For
each cell line, consistent results were obtained among the three
different assays.

Reactivity of LAM8 Antibody with Nonpulmonary Cell Lines
and Normal Human Cells. LAM8 reactivity with nonpulmonary
cell lines was examined by indirect immunofluorescence stain
ing. No significant staining was seen in the cell lines examined
(Table 2). No reactivity was found with leukemia cell lines and
nucleated bone marrow cells (Table 3).

LAM8 antibody stained about 3% of cells from primary
cultures of normal bronchial epithelium. No binding was found
against normal mesothelial cells and a panel of RBC expressing

0@
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Fig. 2. Binding ofvarying concentrations of purified LAM8 antibody to 5CC
and control cells determined by indirect radioimmunoassays. The SCC cell lines
were OH-l (0), 5W2 (0), and NCI-H69 (@). The myeloid leukemia cell line U-
937 (z@)served as control.
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Fig. 3. Cytotoxicity of varying concentrations of LAM8 antibody and human
complement against 5CC and control target cells. The SCC cell lines were OH-l
(0), 5W2 (0), and NCI-H69 (@). U-937 (Es)cells served as control.

Fig. I. Photomicrograph of intact 5CC cells (SW2 cell line) stained with LAM8 antibody by indirect immunofluorescence staining and viewed under (left) phase
contrast and (right) fluorescent light. x 500.
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Table I Reactivity ofLAM8antibody with human lung carcinoma celllinesOriginFluorescenceBinding

ratio%lysisSmall

cell carcinoma
OH-l
SW2
NCI-H69++++

++++
++10.7

9.3
7.795

94
65Squamous

cell carcinoma
HOTZ
U-l7520 01.7 0.969Adenocarcinoma

A549
SLC520 01.7 Not tested0 NottestedLarge

cell carcinoma
SLC601.46Pleural

mesothelioma
SPC78
SPCIII0 01

.5
0.8Not

tested
7

Table 2 Extrapulmonary cell linesfound unreactive with LAM8 antibody by
indirect immunofluorescence staining

BindingOriginFluorescenceratio%
lysisMyeloid

leukemia,00.70U-937Lymphoblastic

leukemia,00.66CEMNormal

nucleatedbone01.80marrow
cells

MONOCLONAL ANTIBODY TO 5CC

effect of treatment with antibody and complement on colony
formation of 5CC cells and bone marrow precursor cells was
examined in soft agar assays (Table 4). Colony formation of
SCC cells was reduced by over two logs. In contrast, no effect
was seen on bone marrow precursor cells including CFU-C,
blast-forming unit, erythroid, and mixed colonies (granulocytic,
erythroid, monocytic, megacaryocytic).

Immunohistochemical Characterization. Tumor tissues and
normal human tissues were stained with LAM8 antibody by an
immunoperoxidase technique. No difference in staining was
observed between cryostat and paraffin-embedded formalin
fixed sections. In this communication, only results from paraf
fin-embedded tissues are presented. The results of staining of
various lung tumors are summarized in Table 5. Nine of i2
different SCC stained positive with LAM8 antibody. Staining
was heterogeneous. In five tumors, staining ranged from ap
proximately 50â€”90%ofcells, while in four tumors only iO% to
less than 50% cells were positive (Fig. 6). The pattern of staining
suggested the antigen to be present in the membrane as well as
in the cytoplasm. The tissues surrounding 5CC tumors always

SW2

Control

@ -@ - Antibody

@ ..@ â€˜1-A.,@i@

Â£@@ â€¢@

HOTZ

bJ@i ,@

A549

1 @i

____Ji@

Marrow

it
I â€˜@.

.
U

0

.0
E
3
z

Râ€¢Iatlvâ€¢ fluorâ€¢scâ€¢nce
Fig. 4. Flow cytometric analysis of monoclonal antibody staining of lung

carcinoma cell lines, including 5CC SW2, squamous cell carcinoma HOTZ, and
adenocarcinoma A549, and normal nucleated bone marrow cells.

C

C

GI 02

DNA
Fig. 5. Relationship between DNA content and antigen expression in logarith

mically growing 5CC cells. SW2 cells were double stained with LAM8 antibody
and propidium iodide,and the staining intensitywas analyzedin an Epics V cell
sorter.

all major and most minor blood group antigens (Gamma,
Houston, TX).

Effect of Antibodyand ComplementofColony Formation. The

Melanoma
G36l
CaCI-78

Ovarian carcinoma
OVCA42O
0VCA429
0VCA433
OVCA434

Neuroblastoma
CHP-100
CHP-2l2

Fibroblast cell lines
FS2
WI-38

.@
U
C

U

0a
II.

Breastcarcinoma
MCF-7
T47D
HBLIOO
ZR75-l

Colon carcinoma
SW480
SW620
CXI

Pancreascarcinoma
CRLI42O

Tongue squamous cell carcinoma
SCC-15
SCC-68
SCC-78

Table 3 Reactivity ofLAM8 antibody with human leukemia cell lines and
normal nucleated bone marrow cells
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Table 6 LAM8 immunoperoxidase staming ofnonpulmonary tumortissuesNo.

positive/no.
exam

Origin andhistologymedCommentHead

andneckNasal
polyp0/ISquamous

cell carcinoma,vocal0/1cordWarthin's

tumor, salivary gland0/IRare positive superfi
cialcellsâ€•Gastrointestinal

tractAdenocarcinoma
of stomach0/IRare positivecellsâ€•Adenocarcinoma
ofcolon0/2Adenocarcinoma
of pancreas0/IRare luminalpositivityUrogenital

tractRenal
cellcarcinoma0/1Transitional

carcinoma ofbladder0/1Ovarian
carcinomaMucinous

type0/1Rare positivecellsâ€•Serous
type0/3Seminoma0/2Embryonal

cellcarcinoma0/1BreastAdenocarcinoma

ofbreast0/2Endocrine
organsThyroid

carcinomaPapillary0/IFollicular0/2Medullary0/1Rare

positivecellsâ€•Parathyroid
adenoma0/1Pheochromocytoma0/1Islet

celltumor0/2Connective
tissueBrown

tumor ofbone0/ISynovial
sarcoma0/ILymphatic

systemNon-Hodgkin's
lymphoma0/2Neurological

systemSchwannoma0/IGlioblastoma

multiform0/ISkinDermal

nevus0/IMelanoma0/IRare
positivecellsâ€•a

Lessthan2%of cells.

HistologySmall

cell carcinoma

Table 4 Colonyformation ofSCC cells and nucleated bone marrow cells after
treatment with LAM8 antibody and humancomplementTarget

Control LAM8 andHC'SCC

colonies0 134 <1
Granulocyte-macrophage col- 96 89

ony-forming unit (cell)â€•
Blast-forming unit. erythroid I 30 135
(cell)c

Mixed colonies (granulocytic, 60 75
erythroid. monocytic,
megacaryocytic)c

Comment5

tissues, 50â€”90%posi
tivecells4
tissues, 10â€”50%posi
tivecellsSquamous

cellcarcinomaWell
differentiated0/IModerately

well differentiated0/2Rare positive cells inoneaPoorly
differentiated0/IRare positivecellsaAdenocarcinomaWell

differentiated0/1Rare positivecellsâ€•Moderately
well differentiated0/2Rare positive cells inoneâ€•Poorly

differentiated0/2Rare positive cells inoneâ€•Large
cellcarcinoma0/4Mesothelioma0/3Bronchial

carcinoid0/2a

Less than 2% of cells.

MONOCLONAL ANTIBODY TO 5CC

were negative for LAM8 antibody. In addition, staining was
absent or well below 2% in 13 non-SCC of the lung, two
pulmonary carcinoids, and three mesotheliomas. An example
of a non-SCC with rare single cell LAM8 positivity is shown
in Fig. 7.

A wide range of extrapulmonary tumors and normal tissues
was examined for LAM8 reactivity. No significant staining was
seen in 34 different tumor tissues (Table 6) and in normal
tissues of all major organs (Table 7). While a few isolated
LAM8 positive cells were present in several glandular tissues,
the proportion of positive-staining cells remained always below
2% (Fig. 8). The scarcity of LAM8 antibody staining in normal
epithelium is demonstrated in normal bronchial tissues, where
isolated LAM8 positive cells were present in the suprabasal

layer of the bronchial epithelium and in submucosal glands
(Fig. 9).

Preliminary Characterization of LAM8 Antigen. 3-[(3-Cho
lamidopropyl)dimethylammonioj-i-propanesulfonate extracts
ofSW2 cells were subjected to SDS-polyacrylamide electropho
resis and transblotted on nitrocellulose paper. After incubation
with LAM8 antibody followed by peroxidase-conjugated goat
anti-mouse 1gM a band with an approximate molecular weight
of 135,000 and a cluster ofbands with molecular weights around
90,000 could be visualized (Fig. iO). The reactivity diminished

a Fiverepetitionsof l0@cells/plate;SD less than 10%.
b Duplicate cultures of 5 x l0@ nucleated marrow cells/plate; SD less than

25%.
C Duplicate cultures of 10' nucleated marrow cells/plate; SD less than 25%.

Table 5 LAM8 immunoperoxidase staining ofpulmonary tumor tissues

No. positive/
no. exam

med

9/I2

S

Fig. 6. Immunoperoxidase staining of two different SCC tissues with LAM8 antibody. Left, tumor with virtually all cells staining positive at variable intensity;
right. tumor with heterogenous staining with about 25% positive cells. some of them at great intensity. No reactivity is seen in the surrounding fibrous and
inflammatory tissue. X 300.
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MONOCLONAL ANTIBODY TO SCC

.5

S.

I

Fig. 7. lmmunoperoxidase staining of a
moderately differentiated adenocarcinoma of
the lung with LAM8 antibody. A single cell
with positivestaining in an otherwiseentirely
negative tumor. X 150.

greatly after pretreatment of the membrane extracts with 5 mM
periodate and disappeared at concentrations of 10 mr@i,thus
suggesting the LAM8 antigen to be a glycoprotein. No reactivity
was seen with the lung squamous cell carcinoma cell line
HOTZ.

DISCUSSION

In this communication we describe a murine monoclonal
antibody, designated LAM8, which can be demonstrated by
immunoperoxidase staining of paraffin-embedded tissues to
have a high preferential reactivity with 5CC. This highly selec
tive expression of LAM8 antigen on 5CC differs from our
experience with the antibodies SMi and LAM2 reported earlier
(6, 11) which preferentially react with 5CC by immunofluores
cence and radioimmunoassays but which stain a proportion of
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other tumors and epithelial tissues by immunoperoxidase stain
ing. While such cross-reactivity may not be important in the
diagnosis of micrometastasis of 5CC cells to the bone marrow
(22) or bone marrow purging of tumor cells (23, 24), it could
potentially limit some clinical applications such as histopatho
logical diagnosis or serotherapy. Because of its more preferen
tial reactivity, LAM8 antibody, however, may be very useful in
this regard. The preservation of LAM8 antigen in formalin
fixed tissues in particular would allow the use of immunoper
oxidase staining with LAM8 antibody not only in frozen sec
tions but also in tissues processed by routine histopathologicai
procedures.

LAM8 antibody differs from other antibodies we reported
previously (6, 11) in its heterogeneity of 5CC staining. This
heterogeneity was seen in 5CC cell lines by immunofluores
cence, radioimmunoassays, and cytotoxicity assays, and was
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Table 7 LAM8 immunoperoxidase reactivity with normal tissue

Origin Reaction

a'.,S

MONOCLONAL ANTIBODY TO SCC

also found in SCC tumors by immunoperoxidase staining. In 9
of 12 SCC tissues with positive LAM8 antibody staining, the
number of positive cells ranged from approximately 10â€”90%
with one-half being over 50%. The heterogeneity cannot be

â€”,@ @.,@ â€”

205k -
â€˜I

116k -
97k-
78k-
66k-

45k-

a b Cd

Fig. 10. Immunological detection of LAM8 antigen in 3-ft3.cholamidopro
pyl)dimethylammonioI-l-propanesulfonate extracts ofSCC and control cells sub
jected to SDS-polyacrylamide gel electrophoresis following transfer on nitrocel
lulose paper. â€”.,line markers (Coomassie brilliant blue). Molecular weight
standards are indicated on the left. Lane a, total migrating proteins extracted
from SW2 cells and stained with amido black; lane b, SW2 extracts specifically
reacting with LAM8 antibody@,lane c, SW2 extracts treated with 5 mM periodate
and stained with LAM8 antibody, lane d, extracts of HOTZ squamous carcinoma
cells stained with LAM8 antibody. k, thousands.

Lung
Bronchus
Submucosal glands
Alveoli
Mesothelium

Uvula
Tonsils
Esophagus
Stomach
Small intestine

Brunner glands
Epithelium

Colon
Liver
Parenchyma
Bile ducts

Gallbladder
Pancreas
Acini
Ducts
Islet

Kidney
Glomeruli
Tubules

Bladder
Salivary gland
Thyroid

Follicules
Interstitial cells

Parathyroid
Adrenal gland
Breast

Glands
Ducts

Ovary
Fallopian tube
Uterus

Endometnum
Myometrium
Cervix

Placenta
Testis
Prostate

Bone
Muscle
Lymph node
Spleen
Thymus

Bone marrow
Skin

Peripheral nerve

aLessthan2%of cells.

Rarepositivebasalcellsâ€•
Some positive cells
Negative
Negative
Negative
Negative
Negative
Negative

Negative
Negative
Rare positivecells in crypt?

Negative
Negative
Rare positivecellsâ€•

Rare positivecellsâ€•
Rare positivecell?
Negative

Negative
Negative
Rare positivesuperficialcellsâ€•
Negative

Rare positivecellsâ€•
Rare positivecellsâ€•
Negative
Negative

Negative
Rare positivecellsâ€•
Negative
Negative

Negative
Negative
Rare positivesuperficialcellsâ€•
Negative
Negative
Rare positive cellsâ€•
Negative
Negative
Negative
Negative
Negative, positive Hassall's

corpuscles
Negative
Rare positivesuperficial

squamous cellsâ€•
Negative

a.

I'
â€˜I

. â€˜. *\@

@ @.@ @%@

I'@
,.. ,@â€˜.

ni,.
a
_&
.@ ,.

a@

Fig. 9. Immunoperoxidase staining of normal bronchial tissue with LAM8 antibody. Left. rare single positive bronchial epithelial cell in suprabasal location with
no apparent communication with the lumen. The remaining ciliated columnar cells and basal cells are nonreactive. X 300', right, submucosal gland containing some
positive-staining epithelial cells. x ISO.
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attributed to differences in proliferative states, since in vitro
studies showed only a modest increase in antigen expression
between G1 and G2 which can be explained by an increase in
cell size prior to mitosis (25). Whether differences in staining
might be associated with different subclasses of SCC (26) will
have to be determined by subcloning of cell lines and exami
nation of histological variants of 5CC.

Importantly, none of the non-SCC cell lines reacted with
LAM8 antibody as examined by indirect immunofluorescence,
radioimmunoassays, and cytotoxicity assays. With the excep
tion of rare positive cells, none of the non-SCC tumor tissues
were LAM8 positive by immunoperoxidase staining. Moreover,
there was no significant staining on a large number of extra
pulmonary tumor tissues. In particular, no staining was seen in
normal tissues and tumors presumed to be of neuroendocrine
origin, such as bronchial carcinoids, pheochromocytoma, or
islet cell tumors of the pancreas.

LAM8 failed to inhibit binding ofradiolabeled SM1 antibody
in competitive binding assays (27) and showed a different and
more selective distribution of immunoperoxidase staining than
did SM i and LAM2 antibodies.4 Comparison of immunohis
tochemical staining of normal and tumor tissues between
LAM8 and antibodies reported from other laboratories suggest
that LAM8 may identify a 5CC membrane antigen not previ
ously recognized. It differs from the MOC-i antibody (5) by its
ability to stain formalin-fixed tissues and by the lack of reactiv
ity with tissues of neuroendocrine differentiation, and from the
series of antibodies in the report of Rosen et aL (9) by its lack
of reactivity with bronchial epithelium and renal tubules.

Preliminary characterization by immunoblotting suggests
that LAM8 antibody identifies a membrane glycoprotein. This
is in contrast to many other 5CC antigens reported to be
glycolipids (9, 10). In addition, the molecular weight of LAM8
differs from that reported for 5CC antigens recognized by the
antibodies TSF-3 and TSF-4 (8) and MOC-l (5).

LAM8 is an 1gM antibody. Similar to the other 1gM anti
bodies reported by our laboratory (23, 24), LAM8 is highly
cytotoxic to 5CC cells that express its antigen, as determined
by chromium release and clonogenic assays. No effect was seen
on non-SCC cells and nucleated bone marrow cells. The restric
tion of LAM8 expression to 5CC tumors raises the possibility
of its therapeutic application in vivo. Since LAM8 antigen
maintains its reactivity in formalin-fixed paraffin-embedded
tissues, patients whose tumor have a high expression of this
antigen could be identified relatively easily. Tissue penetration
might not necessarily limit the in vivo use of LAM8 antibody.
5CC xenografts have been successfully imaged by radiolabeled
1gM antibodies (28).

Thus, LAM8 antibody appears to recognize a glycoprotein
antigen of sufficient specificity to permit its application to the
immunohistochemical diagnosis of 5CC. Our future studies
will be aimed at characterizing the biochemical composition of
the LAM8 epitope and further defining the extent of hetero
geneity of LAM8 expression in a larger number of 5CC tissues
from primary and metastatic tumors.
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