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ABSTRACT

In our continuing attempt to select monoclonal antibodies for iinnui-

notargeting of small cell lung carcinoma (SCLC) we have developed the
IgGl murine antibody SEN7 which by immunofluorescence stained all
SCLC cell lines tested. On frozen tumor sections six of seven SCLCs were
positively stained. The reactivity of this antibody in a series of lung tumors
and on normal tissues has some similarities with cluster 1 antibodies and
cluster w4 antibodies, as defined by the First and Second International
Workshop on Lung Cancer Antigens [P. C. L. Beverley, Y. Olabrian, J. A.
Ledermann, L. G. Bobrow, and R. L. Souhami, Br. J. Cancer, 63 (SupplÃ¬:
10-19, 1991], particularly with regard to staining of neuroendocrine tis

sues. The similarities in staining of neuroendocrine tissues between anti
body SEN7 and cluster 1 and cluster w4 antibodies prompted us to ex
amine the binding of SEN? with transfectants expressing the respective
antigens. On the murine lymphoma cells B-9, stably transfected with a

complementary DNA clone coding for an Mr 140,000 isoform of human
SCLC neural cell adhesion molecule (NCAM), antibody SEN7 reacted
positively whereas the cluster w4 antibody was negative. The reaction of
antibody SEN7 with the NCAM transfected murine lymphoma cells was
unexpected in view of its lack of binding to peripheral blood mononuclear
cells which regularly stain positive with NCAM antibodies. Western blot
ting of a renatured SCLC extract revealed a strong band around Mr
180,000, in contrast to other cluster 1 antibodies which recognized a broad
polydisperse band with a molecular weight of 140,000 to 210,000. Anti
body binding was sensitive to tunicamycin treatment, suggesting the
epitope to reside on an iV-linked carbohydrate structure. No significant

competition for SEN7 binding on SCLC cells was seen with other NCAM
antibodies against the three distinct epitopes described on SCLC. This
finding together with the lack of staining of peripheral blood mononuclear
cells and the selected reactivity with the MT 180,000 band of NCAM
indicate the antibody SEN7 recognizes an epitope on NCAM which has not
been described previously. Biodistribution studies with radiolabeled SEN7
in nude mice bearing s.c. SCLC xenografts demonstrated the selective
localization of more than 30% of the total injected dose per g tissue at day
4 following i.v. injection. The homogeneous binding to SCLC, the lack of
binding to peripheral blood mononuclear cells, and the favorable tumor
localization in a xenograft model indicates that SEN7 is a good antibody
for immunotargeting of SCLC.

INTRODUCTION

Small cell lung carcinoma is a widely metastatic disease that is
sensitive to radiation and chemotherapy (1,2). However, in the vast
majority of patients, the response to this therapy is only transient. The
tumor relapses in 90% of patients within 2 years and drug resistance
develops. Therefore immunotargeting of residual tumor cells after
conventional therapy has become an important aim in the develop
ment of new therapeutic strategies.

In the First and Second International Workshop on SCLC Antigens,
about one-half of the antibodies submitted could be grouped into 7
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clusters of distinct antigens (3). Three clusters, cluster 1, cluster 2, and
cluster w4, represent glycoprotein antigens homogeneously expressed
on all SCLC3 cells. These three antigens have been cloned and are

NCAM or CD56 (cluster 1) (4), a panepithelial M, 40,000 transmem
brane glycoprotein of unknown function (cluster 2) (5), and a mole
cule with the exception of one amino acid identical to the leukocyte
activation antigen CD24 (cluster w4) (6).

Among the various antibodies recognizing SCLC antigens that have
been described to date, only a few have been tested for immunolo-
calization (7-9) and therapy in a xenograft model ( 10-13). The target

molecules included cluster 1. cluster 2. and cluster w4 antigens. To
expand our tools for the development of immunotargeting of SCLC,
we have raised a series of antibodies against previously undescribed
surface antigens by using desialylated cells (SW2) as immunogens
(14. 15). One of these monoclonal antibodies. SEN7 (IgGl isotype),
recognized a membrane antigen uniformly expressed on SCLC but not
on PBMC. A similar neuroendocrine pattern of tissue staining with
antibody SEN? compared to antibodies to cluster 1 and cluster w4
antigens antibodies prompted us to establish and screen stable trans
fectants with cDNAs encoding these two SCLC antigens. The results
of our investigations demonstrate that antibody SEN? recognizes a
previously undescribed epitope on NCAM which is not present on
PBMC. In a xenograft model, SEN? antibody showed a high capacity
for in vivo localization.

MATERIALS AND METHODS

Cell Lines. The following SCLC cell lines were kindly provided: CORL24,
CORL47, and CORL88 (Dr. B. Twentyman, MRC, Cambridge, England);
DC571, H249, H446. H524, H526, and N417 (Dr. D. N. Carney, Mater Mise-

ricordiae Hospital. Dublin, Ireland); GEM95 and GEM222 (Dr. G. Morstyn,
Ludwig Institute for Cancer Research, Melbourne, Australia); NCI-H60 and

NCI-H69 (Dr. E. Gazdar and Dr. J. Minna, National Cancer Institute. Bethesda,

MD); OHI and OH3 (Dr. S. B. Baylin, The John Hopkins Oncology Labora
tories, Baltimore, MD). The squamous lung carcinoma cell line LX1 was
obtained from Dr. A. E. Bodgen, Mason Research Institute, Worcester, MA,
and the mouse pre-B cell line 300-19 was kindly provided by Dr. T. Teddar,

Dana Farber Cancer Center, Boston, MA. All cell lines were grown in RPM1
1640 supplemented with 109r fetal calf serum and 2 ITIMglutamine. The other
cell lines used for screening of antibody reactivity were obtained from the
American Type Tissue Collection or from sources that have already been

described (16).
Antibody Generation and Characterization. Our procedure for antibody

generation has been reported (16). Antibody SEN7 was generated by immu
nization of BALB/c mice with neuraminidase treated SCLC cell line SW2 ( 1
unit/106 cells/ml for 2 h at 37Â°C).Pretreatment with neuraminidase was carried

out to enhance the immunogenicity of the tumor cells and to unmask new

epitopes. X63Ag8.653 myeloma cells were used as a fusion partner. Antibodies
which by immunofluorescence displayed each a ring pattern of reactivity with
SW2 cells and neuraminidase treated SW2 cells (indicating reactivity with
surface antigens) but were negative with hone marrow and normal hlood cells
were further expanded and characterized. The selected monoclonal antibody

1The abbreviations used are: SCLC. small cell lung carcinoma; PBS. phosphate
buffered saline: SDS-PAGE. sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
NCAM, neural cell adhesion molecule; cDNA, complementary DNA; PBMC. peripheral
blood mononuclear cells.
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SEN7 was of the IgG I isotype as determined by a typing stick test (Amersham.
England). The cluster 1/NCAM antibodies SEN36 (our laboratory). I23C3
(Monosan. Am Uden. the Netherlands). 123A8 (provided by Dr. D. J. Schol.
The Netherlands Cancer Institute. Amsterdam, the Netherlands). NKI-nbl-3

(provided by Dr. R. J. A. M. Michalides. The Netherlands Cancer Institute).
NCC-LU-243 and NCC-LU-246 (provided by Dr. Y. Shimasato, National

Cancer Research Institute, Tokyo. Japan), NE25 (provided by Dr. R. Ueda.
Aichi Cancer Centre, Nagoya, Japan), MOC-1 and MOC-21 (Dr. L. de Leij,
State University. Groningen, the Netherlands), and the anti-CD56 antibody
NKH1 (N901; Coulter Immunology. Luton, England) and Leu-19 (Becton

Dickinson. Basel. Switzerland) were used for competition binding assays and
for Western blotting experiments. The cluster w4 antibody SWAI1 (II) was
developed in our laboratory. For FACScan analysis of WBC and transfectants.
the same antibodies and Leu-lib (CD16: Becton Dickinson) were used. An
anti-human myoglobin antibody (MG-1: Sigma Chemical Co.. St. Louis. MO)

was used as isotype matched control in the xenograft studies.
Immunofluorescence Staining and Hemagglutination. Cell lines were

examined for antibody binding by indirect immunofluorescence. Briefly, tumor
cells were aliquoted at 2 X IO5 cells/tube and incubated with 25 fil PBS
containing IO"7 M of antibody with 0.1% azide for 60 min at 4Â°C.The cells

were washed and incubated with 50 fil of fluorescein conjugated goat anti-

mouse IgG antibodies (Milan. Hamburg. Germany). To assess the influence of
the glycosidase inhibitor tunicamycin. cells were treated with 1 /Â¿g/mltunica-
mycin for 3 days, washed, and processed as before. B9 cells (B-300 murine

lymphoma cells stably transfected with a cDNA encoding NCAM) and A125.
7/4 cells (adenocarcinoma cells stably transfected with a cDNA encoding
CD24; see below) were analyzed by fluorocytometry on a FACScan (Becton-
Dickinson). For analysis of WBC. nucleated cells were isolated from heparin-
ized blood by Ficoll separation. After lysis of remaining RBC. 2 x IO6 PBMC

were incubated as before and analyzed by fluorocytometry on a FACScan.
during which the cell population was gated according to a CD 16 positive

subset. Reactivity with a panel of RBC expressing defined blood group anti
gens was assessed by direct hemagglutination assay (Haematology Depart
ment. University Hospital. Zurich. Switzerland).

Stable Transfectants. Transfection of the mouse pre-B cell line 300.19

with a cDNA encoding for a human M, 140.000 NCAM was done the follow
ing way. The coding region for the M, I40.000 isoform of NCAM was cloned
using polymerase chain reaction on cDNA synthesized from polyadenylated
RNA which was isolated from the SCLC cell line SW2. Three overlapping
DNA fragments were generated and each was cloned into pSK + Bluescript

(Stratagene. La Jolla. CA) and sequenced prior to joining via restriction en
zyme cleavage and ligation. Fragment 1 in pSK + Bluescript was cut with

Eci>R\/Noi\. and the vector and insert fragment were isolated. Fragment 2 was
cut with EcoRl/BsiBl and the insert fragment was isolated. Fragment 3 was cut
w ith B\tBl/Ni>tl and the insert fragment was isolated. The three fragments were

then ligated to give the coding region of the human M, 140.000 SCLC NCAM.
This clone was subcloned into the eukaryotic expression vector pRC/CMV
(which contains a neomycin resistance gene; Invitrogen. San Diego. CA) using
Hiiul\\\INi>i\ restriction enzymes. Transfection into the B-300 cell line, a
mouse pre-B cell was performed by electroporation of 40 ng of uncut plasmid
into IO7 cells. Cells were plated at 1()4 live cells/well in a 24-well plate.

Selection using geneticin (G4I8; Gibco/BRL. Grand Island, NY) at 1.0 mg/ml
was begun at 24 h postelectroporation. After 7 days of growth in antibiotic
media, geneticin resistant colonies were picked and grown up for testing.
Clones were screened for surface NCAM expression using immunofluores
cence. and clone B9 was chosen for further growth due to its homogeneous
NCAM expression.

The cluster w4 negative lung adenocarcinoma cell line A125 was stably
transfected with the eukaryotic expression vector pCDM8 (Invitrogen) carry
ing a 421-base pair cDNA encoding the cluster W-4/CD24 protein (6) inserted

into two B.srXl restriction sites on the multiple cloning site. The adenocarci
noma cells were grown to half-confluency in a 25-cnr vented culture flask in

RPMI 1640 supplemented with 10% fetal calf serum, 2 mM L-glutamine. 50

lU/ml penicillin, and 50 fj.g/ml streptomycin. The cells were cotransfected with
9 /MgpCDMS-cluster w4 and 1 fig pSV2Neo (17) and. as a control, with l /ig

pSV2Neo, respectively, following the standard protocol for calcium phosphate
mediated transfection of adherent cells. Forty-eight h after the transfection. the

cells were maintained in medium supplemented with 400 fig/ml geneticin.
Three weeks after the transfection, geneticin resistant colonies grew out and

the cluster w4 expression on the surface of the transfected cells was determined
by flow cytometry analysis using the antibody SWA11. The cluster w4 positive
A125 cells were cloned by single-cell sorting using a FACStar-plus (Becton

Dickinson). The subclone 7/4 of A125 expressing the highest level of cluster
w4 antigen on the cell surface was chosen for further investigation.

Immunoperoxidase Staining of Tissues. Frozen tissues were cut into
5-fj.m sections, mounted on glued slides, and treated with methanol peroxide

and 2% swine serum as blocking reagent. The sections were coated with
antibody SEN7 and incubated for l h at room temperature. After washing,
appropriately diluted peroxidase conjugated rabbit anti-mouse serum and per-
oxidase conjugated swine anti-rabbit serum were added sequentially. The re
action was localized with 3.3'-diaminobenzidine tetramonohydrate. Slides

were counterstained with hematoxylin. Control studies included substitution
with an irrelevant antibody.

Antibody Purification and Analysis. The IgG 1 antibody SEN7 was pu
rified by absorbing culture supernatant produced by a hollow fiber system
(AcuSysf. Technomara AG. Wallisellen. Switzerland) on a protein A column
(Bio-Rad. Richmond, CA) in 3.3 M NaCl and 50 HIMTris (pH 8.9). The

absorbed IgG fraction was eluted with 50 niM acetate buffer and 150 mst NaCl
(pH 6). The eluted fractions were dialyzed against 25 m.\i acetate buffer (pH
5.5). applied on a Mono-S cation-exchange column (Pharmacia. Upsala, Swe
den), and eluted with a NaCl gradient. Purity was checked by SDS-PAGE and

isoelectric focusing.
Sample Preparation for SDS Gels. To exclude proteolytic degradation of

the antigen, we used a cocktail of protease inhibitors against serine, cysteine,
metallo-, aspartic, and calpain proteases: 0.1 mM (final concentration) 1,10-
phenantrolin; 0.1 HIM3,4-dichloroisocoumarin; 0.05 m.MA/-[frart.v-epoxysucci-
nylH-leucine 4-guanidinobutylamide (E-64); 50 jug/ml pepstatin A (all Fluka.

Buchs. Switzerland): and 0.1 mg/ml calpain inhibitor peptide (Sigma). Cells
were lysed on ice for l h with brief vortexing in PBS containing 45 m.M
3-[(3-cholamidopropyl)dimethylammonio)]propanesulfonate. and 0.1% so

dium azide. The cells were centrifuged for l h at 100.000 x g. The supernatant
was used for Western blotting experiments.

Immunological Detection of Antigens Transferred from SDS Gels onto
Nitrocellulose. The electrophoresis of cell extracts was accomplished by 7.5%
SDS-PAGE under nonreducing conditions using the buffer system of O'Farrel.

After SDS-PAGE. proteins were first renatured by sequentially incubating the

gels for 30 min each in 6, 3, and 1.5 Murea in H2O and finally in transfer buffer
[10 m.M3-(cyclohexylamino)-l-propanesulfonic acid-10% methanol. pH 10.5]
(16). Proteins were transferred electrophoretically onto Immun-Lite membrane
(Bio-Rad) for 100 V h. The glycoproteins were fixed to the membrane by

incubating for 20 min in 25% isopropyl alcohol/10% acetic acid. The blotted
sheet was saturated with PBS containing 5% nonfat dry milk. Individual strips
were incubated overnight at 4Â°Cwith the relevant purified antibodies at a
concentration of 10~7 M, washed with PBS containing 0.05% Tween 20. and

incubated with alkaline phosphatase conjugated goat anti-mouse IgG antibod

ies. After washing, the blot was developed with a chemiluminescent substrate
solution for 5 min and exposed to X-ray film for 4-30 min.

Antigen Shedding. We used an indirect inhibition assay to determine the
amount of shed SEN7-antigen in cell supernatant, normal serum, and serum

from SCLC tumor patients. Briefly, live SW2 cells (2 x lOVwell) were first
titrated with SEN7 antibody to half-maximal binding in PBS containing 1%
bovine serum albumin and 0.1% sodium azide. Tenfold-concentrated superna

tant of SCLC SW2 medium, squamous (SEN7 negative) LXI medium, and
different concentrations of two normal sera and two sera from SCLC tumor
patients were first preincubated with the half-maximal binding concentration of
SEN7 antibody (2 h at 4Â°C).and the reaction mixture was subsequently added

to live SW2 cells (2 x 10s) in a 96-well filter plate (Millipore Multiscreen).
After a further incubation (2 h at 4Â°C)cells were washed 3 times by filtration

with PBS containing 1% bovine serum albumin. The bound antibody was
quantified using an enzyme-linked immunosorbent assay system with goat
anti-mouse peroxidase labeled IgG antibody, and o-phenylenediamine as sub

strate.
Competitive Radioimmunoassay. For radioimmunoassays, IO5 live cells

were incubated with saturating amounts of unlabeled first antibody in complete
medium containing 0.1% azide for l h at 4Â°C.Subsequently the cells were
incubated with the second I25l-labeled SEN7 antibody for 60 min at a con

centration giving half-maximal binding. Unbound antibody was removed by
washing with PBS-1% bovine serum albumin, and bound radioactivity was

2841

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/12/2840/2450762/cr0530122840.pdf by guest on 19 M

ay 2023



DIFFERENTIAL EXPRESSION OF NCAM ON SCLC AND WBC

measured in a gamma counter. The amount of bound unlabeled first antibody
was quantified in parallel with I25l-labeled sheep anti-mouse immunoglobulin

(Amersham).
Antibody Labeling Techniques. lodo-Gen (40 fig; Pierce. England) was

dissolved in 50 Â¡j.\chloroform and added to a 1.5-ml vial, and the solvent was

evaporated. For biodistribution studies. 100 jig antibody/50 jal PBS were
mixed with 200 /Â¿Ci'-'I (SEN?) or ISO fiCi '"I (MG-1). The reaction was

continued for 5 min at room temperature with stirring and stopped by adding
50 fil of saturated tyrosine-PBS solution. The free iodine was separated on
prepacked Sephadex G-25 columns equilibrated with PBS containing 1%

bovine serum albumin. Radiochemical purity was measured by trichloroacetic
acid precipitation and was more than 959Â£.

In Vitro Immunoreactivity, Affinity, and Binding Sites of SEN?. For the
determination of the immunoreactive fraction of radiolabeled SEN?, serial
dilutions of SW2 cells, starting with IO7 cells, were incubated for 2 h on ice

with 40 ng radiolabeled SEN? in 100 fil PBS containing \9c bovine serum
albumin and 0.1% a/.ide. After washing, the radioactivity in the cell pellet was
counted. The number of counts remaining unbound was plotted against the
reciprocal of the cell number (18). The specific immunoreactive fraction was
70-95% of the total input. The K., of i:5I-labeled antibody SEN? was 2 x IO9
M~'. The number of binding sites on SW2 cells was 200.000/cell as determined

by Scatchard analysis (19).
SW2 Xenograft Studies. Female ICR-mi/nÂ« mice were bred within the

Biologisches Zentrallabor (University Hospital. ZÃ¼rich).Pathogen free food
and acidified drinking water were given ad libitum. Xenografts were estab
lished by injecting K)7 SW2 cells s.c. into 4-6-week-old mice. Antibody

locali/ation studies were started within 2 weeks, when tumors had reached a
weight of approximately 100 mg. The biodistribulion of radiolabeled SEN?
was determined by simultaneous i.v. injection of 6 fig (8.5 /iCi) of i:i5I-labeled
SEN? and an equivalent dose of the isotype matched '"I-labeled control

antibody MG-1. Groups of four mice were dissected at days 2, 3, 4, and 7 and
the various organs were rinsed in PBS. weighed, and counted in a 2-channel
gamma counter (15-80 and 260-470 keV). Antibody localization was ex

pressed as organ:blood ratio and as a percentage of injected dose per g of
tissue.

RESULTS AND DISCUSSION

Characterization of the SEN? Antigen

Reactivity with Tumor Cell Lines and Blood Cells. The reactiv
ity of antibody SEN? with lung tumor cell lines was determined by
indirect immunofluorescence on viable cells. SEN7 stained all the 15
SCLC cell lines examined. No staining was seen on 3 squamous cell
carcinoma (U1752, HOTZ, LX1) and 3 adenocarcinoma cell lines
(Al25, SLC52, A549). In hemagglutination assays no reactivity with
RBC was seen. Reactivity with WBC was examined with a mononu-

clear cell preparation by immunofluorescence analysis. Antibodies to
cluster 1, cluster w4, and CD 16 were used as controls. No staining of
PBMC was seen with antibody SEN? and cluster w4 antibody
SWA11, while 22-26% of cells stained positive with the other anti

bodies (Fig. 1). On SW2 cells. SENT, cluster 1, and cluster w4
staining was positive on nearly 100% of cells, while no reactivity with
the CD 16 antibody was seen (Table 1). These results demonstrated
that SEN?, similar to cluster 1 and cluster w4 antibodies, recognizes
a cell surface antigen with homogeneous expression on SCLC tumor
cells. However, in contrast to cluster 1/CD56. the antigen defined by
antibody SEN7 is not expressed on PBMC.

Tissue Reactivity. The reactivity of SEN? with SCLC was con
firmed on cryosections of surgical specimens. Seven of eight SCLC
tumors stained homogeneously positive by immunoperoxidase stain
ing (Fig. 2), while with the exception of carcinoids, other tumors
examined were antigen negative (Table 2). The lack of SEN? staining
on epithelial tumors differs from the occasional epithelial staining of
cluster w4 antibodies (3). A wide range of cryostat sections of normal
tissues was examined for SEN? reactivity (Table 3). SEN7 was ex
pressed in neural tissues, including brain, spinal cord, and nerve (Fig.

u

3
C

Â«u

"Â«3

Control SEN7

CD56

Fluorescence intensity
Fig. 1. FACScan analysis of PBMC incubated with antibody SEN7. CD Ift antibody

(Leu-lib), and CD56 antibody (NKH1). Proportions of stained cells were: SEN?, 1%;
CD16. 23^; and CD56. 22iÂ£.The fluorescence intensity was plotted v.v.the relative cell
number. The control profile represents background staining by the lluorescein isothiocy-
anate labeled second antibody alone.

Table 1 FACScan analysis of cell lines with antibodies

Cell lines (<* of stainedcells)AntibodiesAnti-NCAMSEN7123C3MOC-INKHICluster-w4SWA

11CD16Leu-libSW2"tootootootoo1000B-3Ã•X)000000B-9"9090gogg00A125000000Al

25.7/4c0000850PBMC1262322123

"SW2, SCLC cell line; B-9. mouse leukemia B-3IX).19 cells transfecied with a M,

140.1XX)human SCLC NCAM; A125.7/4. adenocarcinoma cell line A125 transfected with
a M, 41XX)human SCLC cluster-w4.

2) and in skeletal muscle, thyroid, adrenal gland, pituitary gland, and
testis. As indicated in Table 3, no staining of other organ samples was
seen; in particular there was no staining in lymphoid tissues. This
finding is in contrast to the cluster 1 antibodies, which demonstrated
scattered positivity of staining in lymph nodes (14). Otherwise, the
staining pattern of SEN? on neuronal tissues resembles the pattern
seen with cluster 1 and cluster w4 antibodies (3). In fetal lung, a
population of peribronchial cells, but not bronchial epithelial cells,
was stained positive with antibody SEN? (Fig. 2).

Transfection Studies and Antigen Characterization. Similarities
in staining of neuroendocrine tissues between antibody SEN7 and
cluster 1 and cluster w4 antibodies prompted us to examine the bind
ing of SEN? with transfectants expressing the respective antigens
(Table 1). On the human adenocarcinoma cell line A125, stably trans
fected with a cDNA clone coding for the Mr4000 cluster w4 protein
(which runs on SDS-gels at a molecular weight of 45,000 due to high

glycosylation), all antibodies except SWA 11 were negative. On the
murine lymphoma cells B-9. stably transfected with a cDNA clone

coding for an M, 140,000 isoform of human SCLC NCAM (which
runs on SDS-gels at a molecular weight of 180,000 due to high

glycosylation), all cluster 1 antibodies, the CD56 antibodies, and
SEN7 reacted positively whereas the cluster w4 and CD 16 antibodies
were negative. The reaction of antibody SEN7 with the NCAM trans
fected murine lymphoma cells was unexpected in view of the negative
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DIFFERENTIAL EXPRESSION OF NCAM ON SCLC AND WBC

Fig. 2. A, immunoperoxidase staining of a cryostat section of fetal lung with antibody
SEN?, demonstrating positive staining of peribronchial cells, but not of bronchial epithe
lial cells; B, imunoperoxidase staining of a cryostat section of SCLC tissue with antibody
SEN?, demonstrating homogeneous positive staining of tumor cells and staining of a
section of an adjacent peripheral nerve.

Table 2 hnmunoperoxiditse staining of tumor tissues with antihociy SEN?

Origin
(no.examined)Small

cell carcinoma(7)Carcinoid
(3)Adenocarcinoma
(3)Breast

carcinoma(4)Colon
carcinoma(4)Renal
carcinoma(4)Lymphoma

( 1)ReactivityPositive

(6/7)Positive
(2/3)NegativeNegativeNegativeNegativeNegative

expression of the SEN7 epitope could be explained by a restricted
glycosylation of the M, 180.000 isoform, which would be missing on
the Mr 140.000 leukocyte isoform.

To further clarify our hypothesis of restricted recognition of an
epitope on NCAM by SEN7. we performed Western blot analysis of
a detergent extract of SCLC cells. To exclude proteolytic fragmenta
tion of the antigen, we used a mixture of protease inhibitors (25-27).
This mixture inhibits calpain, serine, cysteine, metallo-, and aspartic

proteinases. Since only a small amount of antigen could be detected
on conventional blotting, the cell extract was renatured with urea after
separation on SDS. After this procedure, a prominent band at A/r
180,000 was seen under nonreducing conditions with SEN7. In con
trast the cluster 1 antibodies 123C3 (defining the first of three de
scribed NCAM epitopes on SCLC). MOC-1 (defining the second

epitope). and NKH1 (defining the third epitope) (28, 29) recognized a
broad polydisperse band around MT 140.000-200,000 (Fig. 3) A band

at Mr 45,000 was seen with the cluster w4 antibody SWA11, and no
band was seen with the control.

The second explanation of the lack of expression of the SEN7
epitope on PBMC might be that this antibody recognizes a assembled
topographic epitope on NCAM present on SCLC but not on lympho
cytes. Alternative splicing events of NCAM mRNA in human SCLC
have been described, generating a diversity of NCAM proteins (23).

Table 3 Immunoperoxitluse staining of normal tissues with antibody SEN7

Origin(no.
examined)Skin

(3)Bronchus
(4)Lung
(3)Kidney
(4)Liver
(3)Colon
(3)Lymph

node(3)Pancreas
(3)Thyroid
(5)Adrenal

gland(3)Skeletal
muscle(3)Testis

( 1)Peripheral
nerve(4)Spinal

cord(3)Brain
(3)Pituitary

(2)"
Folliclecells.h
Zona glomerulosa ofcortexc
Selectivefibers.d
Leydigcells.*'

Axons.'

Neuropil.y
Posterior lobe and scatteredReactivityNegativeNegativeNegativeNegativeNegativeNegativeNegativeNegativePositive

"Positive
hPositive
*"Positive

dPositive*1PositivePositive^Positive

Ã„and

adrenalmedulla.positive

staining of cells in anterior lobe.

reaction of the antibody with PBMC which regularly stain positive
with NCAM antibodies.

One possible explanation of the differential expression of the SENT
epitope on NCAM between tumor cells and PBMC could be a differ
ential glycosylation (20). SEN7 recognizes on SCLC a N-linked car

bohydrate epitope. as shown by a reduction of binding to cells culti
vated with tunicamycin (data not shown), whereas the binding of
SWAI I which recognizes a protein epitope was not altered (21).
Sequence analysis of NCAM cDNA of leukocytes show exclusively
the expression of a Mr 140,000 NCAM transmembrane anchored
polypeptide (22), while SCLC derived cDNA encodes for a Mr
140.000 and a M, 140,000 NCAM isoform (23). The SCLC derived
cDNA clone used for stable transfection of our murine lymphoma
cells encodes for the M, 140,000 isoform. The amino acid sequence of
this clone was found to be identical to the published sequence by
Hemperly et al. (24) with 2 nucleotide changes at base pair 306 (C to
A) and base pair 2350 (T to C: results not shown). The restricted

180-

116-

58-
48-

M N

Fig. 3. SEN7 immunoblot of SCLC cell extract. M. molecular weight markers. Lanes
contain extracts of SCLC cell line OH3 stained with SEN7 (Lane /). stained with 123C3
(Lane 2). stained with MOC-1 (Lane 3). stained with NHK1 (Lime 4) and stained with
anti-cluster w4/CD24 antibody SWA11 (Lane 5). N. control blot with no first antibody.
Individual blots were developed with the Immune-Lite system and exposed to X-ray films
for 30 min (Lanel), for 4 min (Lanes 2-5) and I h (W).
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Recently, it was reported that a 30-base insert can be found within the

fourth immunoglobulin domain in some but not in all NCAM cDNA
prepared from human neuroblastoma (24). This immunoglobulin vari
able domain-like insert was identified as a 30-base pair sequence at

the exon 7/exon 8 junction. Its sequence resulted in the insertion of 10
amino acids, which were also expressed in human fetal brain and in
different tumor cells, including SCLC (23). This 10-amino acid insert

was not detected on leukocyte derived NCAM cDNA when cloned
and sequenced (30). While the amino acid composition of this insert
carries no potential /V-glycosylation sites, it cannot be excluded, how
ever, that SENT antibody might recognize an associated conforma-

tional change. This new epitope could have been brought into spatial
proximity as a result of the different protein folding (24). The staining
of NCAM by SEN7 on Western blots only detectable after renatur-

ation of the antigen would support this hypothesis.
To further analyze the SEN7 epitope, immunocompetition with

groups of antibodies defining the 3 distinct epitopes (28, 29) of
NCAM reported in SCLC was performed. The binding of radioactive
labeled SEN? on SCLC cells was examined in the presence of com
peting antiserum. No complete or consistent pattern of inhibition
could be observed (Table 4). This finding together with the lack of
staining of PBMC and the selective reactivity with the M, 180,000
band of NCAM indicate that the antibody SEN7 recognizes an epitope
on NCAM which has not been previously described.

Antibody SEN? as a Possible Therapeutic Tool

Antigen Shedding. In glioma cells, it was shown that a NCAM
isoform is transported to the cell surface, from which it is slowly

Table 4 Binding competition between radioluheled SEN7 unit unlabeled SCLC
antihodies using live cells"

UnlabeledantibodyNoneSEN?Cluster

1: firstepitope1
23C3I23A8NCC-Lu-234NKI-nbl-3SEN36Cluster

1: secondepitopeMOC-21NCC-LU-246NE25MOC-ICD56:

thirdepitopeNKH1Leu-

19SAM(cpm)''138158814691967199423521656221416441447166822821138^

binding1001395574871266878851033399

" Expressed as percentage binding of SEN7 in the absence of competing antibody.
'' Bound first antibody quantified with l;5l-sheep anti-mouse IgO.

released into the extracellular milieu (31). A soluble NCAM compo
nent with a molecular weight of 180.000 has been recently described
(32). To examine the possibility of antigen shedding, which would
interfere substantially with the intended use of SEN7 as a therapeutic
tool, we probed concentrated culture supernatant of SEN7 positive
SCLC SW2 cells and SEN7 negative squamous LX1 cells, as well as
normal serum and serum of SCLC patients for soluble antigen. No
specific competition of possible shed antigen with tumor cells for
antibody binding could be detected (data not shown), indicating the
antigen to be stably anchored at the cell membrane.

In Vivo Localization in Nude Mouse Xenografts. Of the anti
bodies against SCLC antigens reported on the Second International
Workshop on Small Cell Lung Cancer Antigens, only antibodies to
cluster 1. cluster 2, and cluster w4 antigen have been extensively
evaluated for biodistribution in xenograft models. Because of our
interest in developing immunoconjugates for the therapy of SCLC, we
examined the biodistribution of iodinated SEN7 in nude mice bearing
SW2 xenografts. The 12?I-labeled SEN7 detected 200.000 binding
sites/cell with a Ka of 2 X IO9 M~'. when examined in vitro on SW2

cells. This affinity constant is high when compared with values cited
for cluster I and cluster w4 antibodies, ranging from 2.7 X IO7 M~' (8)
to 1.2 X 10y vr' (11). The high avidity of SEN7 might be of advan

tage for immunotargeting. As calculated by Thomas et al. (33) in a
theoretical model, high avidity was a prerequisite of maximum tumor
uptake, since calculations showed a 7-fold difference in tumonnormal

tissue dose ratios with antibodies having one log difference in their
affinity constant. I25I-SEN7 was injected i.v. at a dose of 6 jug of

labeled protein/mouse. Selective tumor localization was demonstrated
compared to an irrelevant isotype matched control antibody. The
percentage of injected dose in tumor and organs of antibody SEN7 and
control antibody at days 2, 3, 4, and 7 are shown in Table 5. Local
ization of radiolabeled SEN7 at the tumor site peaked at day 4 with
more than 30% of the injected dose per g of tissue, while no local
ization of the control antibody was observed.

Our basis for selecting monoclonal antibodies for possible thera
peutic use is high selectivity and high tumor localization capacity.
SEN7 antibody fulfills both criteria; SEN7 is not reacting with WBC.
in contrast to other known cluster 1 antibodies (which regularly react
with lymphocytes) and cluster w4 antibodies (which react with gran-

ulocytes). The second criterion was fulfilled also; the localization
capacity of antibody SEN7 in the xenograft model was high and
comparable to that of another cluster 1 antibody '"In-LS2D6l7 (35%

of injected dose/g of tumor) (7) and higher than that of the cluster w4
antibody '"I-SWAll (11% of injected dose/g of tumor) (11). In view

of the homogeneous expression of the SEN7 antigen on SCLC and the
high localization capacity of SEN7 in the xenografts, we will further
examine the antitumor effect of SEN7 radio- and toxin immunocon

jugates in our xenograft model. The lack of expression of SEN7

Table 5 Biodislribulion of I2!il-labe/ed SEN7 and '-"Â¡-labeled MG-I in SW2 tumor bearing nude mice

Mice received i.v. inoculation of 6 Â¿igof each of the radiolabeled antibodies. Radioactivity in tissues was determined by tissue counting and expressed us percentage of the injected
dose per g of tissue.%

of injected dose of SEN7/g%TissueBloodTumorHeartLungLiverKidneySpleenMuscleBrainBone2

days10.2
Â±1.5"19.3

Â±5.01.0
Â±0.22.2

Â±0.42.4
Â±0.31.4
Â±0.41.6
Â±0.30.6
Â±0.10.1
Â±0.00.8

Â±0.24

days10.3

Â±2.833.4
Â±10,30.9
Â±0.41.4

Â±0.42.1
Â±0.91.2
Â±0.61.4
Â±0.50.6

Â±0.30.1
Â±0.00.5

Â±0. 17

days1.8

Â±0.710.1
Â±4.30.2

Â±0.10.5
Â±0.30.4
Â±0.10.2
Â±0.00.3

Â±0.10.1
Â±0.00.0

Â±0.00.
1 Â±0.02

days2.2

Â±0.30.4
Â±0.20.2
Â±0.10.4
Â±0.10.5
Â±0.10.3
Â±0.20.3

Â±0.10.1
Â±0.00.0

Â±0.00.2
Â±0.1of

injected dose of MG- 1/g4

days3.6

Â±0.20.5
Â±0.10.2

Â±0.10.8
Â±0.41.6

Â±0.30.7
Â±0.20.2

Â±0.10.
1 Â±0.00.0

Â±0.00.
1 Â±0.07

days2.2

Â±1.30.4
Â±0.10.

1 Â±0.10.3
Â±0.10.3
Â±0.20.2
Â±0.10.3
Â±0.10.

1 Â±0.00.0
Â±0.00.

1 Â±0. 1
' Mean Â±SD; n =

2844

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/12/2840/2450762/cr0530122840.pdf by guest on 19 M

ay 2023



DIFFERENTIAL EXPRESSION OF NCAM ON SCLC AND WBC

antigen in hematopoietic tissues prompted us to initiate a pilot study
of tumor localization in SCLC patients with "Tc-labeled antibody.
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