
[CANCER RESEARCH 47, 5009-5013, October 1, 1987]

Markedly Different Antibody Responses to Immunized Small Cell and Non-Small
Cell Lung Cancer Cells1

L. Austin Doyle,2 Frank Cuttitta, James L. Mulshine, Paul A. Bunn, and John D. Minna

University of Maryland Cancer Center and Division of Medical Oncology, Department of Medicine, University of Maryland School of Medicine, Baltimore, Maryland
21201 [L. A. D.]; NCI-Navy Medical Oncology Branch, Division of Cancer Treatment, National Cancer Institute and Naval Hospital, Bethesda, Maryland 20814 [F. C.,
J. L. M., J. D. MJ; and Division of Medical Oncology, University of Colorado Health Science Center, Denver, Colorado 80262 [P. A. ft/

ABSTRACT

Monoclonal antibodies (MoAbs) to antigens of human small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC) were produced
from BALB/c mice immunized with either intact cultured cells or mem
brane preparations from cultured tumor cells. Of 172 MoAbs produced
from two NSCLC immunized mice and reactive to NSCLC cells, 137
bound staphylococcal Protein A directly, and only 11 of these 172 MoAbs
were significantly reactive with cultured SCLC cells by a solid-phase
radioimmunoassay. In contrast, only 16 of 99 MoAbs produced from two
SCLC immunized mice and reactive to SCLC cells directly bound Protein
A, and most were of an IgM isotype, but 98 of 99 of these antibodies
also reacted with cultured NSCLC target plates. Twenty hybridomas
producing antibodies reactive with lung cancer cells but not with a B-
lymphoblastoid line were cloned. Eleven of these cloned hybridomas were
from NSCLC fusions, and nine were from SCLC fusions. When repre
sentative hybridoma supernatants were tested against a broad panel of
SCLC and NSCLC target plates a similar pattern was seen, with the
supernatants from NSCLGderived hybridomas only reacting strongly to
the NSCLC target plates, but the supernatants from SCLC-derived
hybridomas always reacting to both SCLC and NSCLC plates. We
conclude that the humoral response to immunization with NSCLC cells
or membrane preparations is predominantly IgG and that to SCLC is
predominantly IgM. Furthermore, many IgG MoAbs reactive with
NSCLC lines are poorly reactive with SCLC cells.

INTRODUCTION

Antibodies with sufficient specificity for human lung cancer
are potentially important diagnostic and therapeutic tools. Our
laboratory has been one of many involved in producing MoAbs3

with specificity for lung cancer (1, 2). A large part of our effort
has been to generate MoAbs with selectivity for the major
histolÃ³gica! types of lung cancer: squamous cell; adenocarci-
noma; large cell; and small cell (3,4). The first three histologies
are collectively referred to as NSCLC. They are distinguished
from SCLC by clinical presentation, response to chemotherapy
and radiation therapy, and by numerous biological character
istics (5). For example, SCLC cells often contain a deletion on
the short arm of chromosome 3 (6), elaborate peptide hormones
such as bombesin (7, 8), and have high specific activity of
neuron-specific enolase, I .dopa decarboxylase, and creatine
kinaseBB(9-13).

Our group has previously reported MoAbs which bind anti
gens expressed on SCLC, but these antibodies were usually of
an IgM isotype and were predominantly directed against a small
group of dominant glycolipid determinants also expressed on
NSCLC (14, 15). Similar polysaccharide groups have been
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shown to act as T-independent antigens and to give rise to a
predominant IgM response (16). Our recent efforts have been
to generate MoAbs which would react against protein deter
minants and discriminate between SCLC and NSCLC. A group
of cell surface proteins seen on cultured SCLC cells by two-
dimensional gel electrophoresis but not found on NSCLC cells
has been noted by Baylin et al. (17). Our strategy was to focus
on hybridoma supernatants containing antibodies which were
directly bound by staphylococcal Protein A in screening assays
in order to develop IgG antibodies against novel antigens on
SCLC cells.

MATERIALS AND METHODS

Cells. The immunizing human lung cancer cell lines were the ade-
nocarcinoma line NCI-H23, the large cell carcinoma line NCI-HI57,
the classic SCLC line NCI-H69, and the SCLC-v line NCI-N417. The
cells were grown as previously reported (1) in RPMI 1640 medium or
Dulbecco's modified Eagle's medium supplemented with 10% heat-

inactivated fetal calf serum (all reagents from Gioco Laboratories,
Grand Island, NY). All lines exhibited human enzymes by starch gel
electrophoresis. All human tumor cell lines, established in our labora
tory, were from patients with a documented histology of the stated
tumor type, and all induced nude mouse heterotransplants with a
histology similar to that of the original tumors (18). The B-lympho-
blastoid line NCI-HI28 BL1 was prepared and characterized as previ
ously described (1).

Preparation of Cell Membrane Antigen. Approximately 1 x 108 cells
from NCI-HI57 (NSCLC) and NCI-N417 (SCLC-v) were washed 3
times in cold PBS and resuspended (5xl()" cells/ml) in PBS containing

2 mM phenylmethylsulfonyl fluoride. Cells were disrupted with a Pot-
ter-Elvehjem homogenizer at 4Â°C,and nuclei and debris were removed

by centrifugation at 1,000 x g. Membranes contained in the supernatant
were pelleted at 100,000 x g, resuspended in 1 ml of PBS containing 2
mM phenylmethylsulfonyl fluoride, and stored at â€”70"C.

Production and Cloning of Hybrid Cells. BALB/c mice were hyper-
immunized with five weekly injections of either I x 10" live cells or

200 pii of purified cell membrane. Immunizing lines included NCI-H69
(SCLC), NCI-N417 (SCLC-v), NCI-H23 (NSCLC), and NCI-H157
(NSCLC). All immunization were i.v. with the last infusion 3 days
before the fusion. Fusions were performed according to the polyethylene
glycol (PEG 1000; Baker) procedure of Gefter et al. (19), using X63-
Ag8.653 cells, a non-immunoglobulin-producing mouse myeloma cell
line (20). Hybrid cells were selected and grown in a modification of
Kennett's formula (21) in six 96-well microtiter plates per mouse spleen

(Costar, Cambridge, MA). Hybridomas of interest were single cell
cloned, initially using a mouse spleen cell feeder layer. Ascites fluids
containing high-titered monoclonal antibody were produced by inject
ing hybrid cells (1 x IO7 cells) i.p. into BALB/c mice primed with

Pristane (Aldrich Chemical Co., Milwaukee, WI).
Antibodies. Rabbit anti-mouse immunoglobulins (Miles Laborato

ries, Inc., Elkhart, IN) were affinity purified on a Protein A column
(Pharmacia, Piscataway, NJ). A rabbit anti-mouse IgM antiserum,
affinity purified against n chain, was obtained from Jackson Imimmo
research Laboratories, Avondale, PA. Isotype-matched control reac
tions were performed with murine myeloma proteins (Bionetics, Ken
sington, MD). A fluoresceinated goat anti-mouse IgG (heavy and light
chains) was obtained from Becton Dickinson, Sunnyvale, CA.

Detection of Tumor-reactive Hybridoma Antibodies. Wells were
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screened for antibody production by immunoautoradiography 14 days
after the fusion (2). Antibody binding to target cells of the immunizing
line was detected by iodinated staphylococcal Protein A binding with
and without prior addition of a rabbit anti-mouse IgM secondary
antibody. Supernatants from wells demonstrating reactivity to cells of
the immunizing line, with or without secondary antibody, were incu
bated with representative SCLC and NSCLC target plates in solid-
phase radioimmunoassays as previously reported (1). These assays,
using iodinated Protein A, with or without rabbit anti-mouse IgM
secondary antibody, were counted in triplicate on a gamma counter.Protein A was labeled with '-'"I using the chloramine-T method with 20

Mgof Protein A labeled to specific activities of 1 to 2 ^Ci/^ig.
Isotyping of MoAbs. Class typing of the MoAbs after binding to

fixed cells was done by using a modification of the enzyme-linked
immunoabsorbent assay, with rabbit anti-mouse immunoglobulin class-
specific reagents, followed by detection of the bound rabbit antibody
with horseradish peroxidase-labeled goat anti-rabbit IgG (all detector
reagents diluted 1:500; Miles).

Indirect Immunofluorescence Assays. Live cell suspensions were in
cubated with hybridoma supernatants for 30 min at room temperature,
washed, and incubated with a fluoresceinated goat anti-mouse IgG
secondary antibody for 30 min at room temperature. The fluorescence
intensity of 2 to 5 x 10* cells was analyzed in a Coulter Epics V cell

sorter (Coulter Electronics, Hialeah, FL). Negative control reactions
were run with isotype-matched murine myeloma proteins. Autologous
B-lymphoblastoid cells (1) were used as control cells and incubated with
the same antibodies under the same conditions.

Immunoprecipitation. Cell lines were labeled metabolically overnight
with []5S]methionine (Amersham Corp., Arlington Heights, IL). Ten

million cells from each line were labeled with 1 mCi of radionuclide.
Nonidet P-40 extracts were prepared as described (14). For ininnino-
precipitation, MoAbs were complexed to Protein A-Sepharose if radi
obinding assays indicated that the antibody bound Protein A directly,
and this complex was used to immunoprecipitate precleared lysates. If
the antibody did not bind Protein A directly, affinity-purified rabbit
anti-mouse IgG or IgM secondary antibodies were used. Normal mouse
serum was used as a negative control for each lysate. The precipitates
were displayed on 7 to 14% polyacrylamide gradient gels. Gels were
treated with Enhance (New England Nuclear, Boston, MA) before
exposure to X-ray film. The films were processed with intensifying
screens at -70"C for 48 h.

Immunohistochemistry. Malignant human tissues were formalin
fixed, embedded, cut, and stained as described (22, 23). MoAbs were
standardized to a concentration of 40 Â¿igprotein/ml for use in the
assay. The slides were incubated at room temperature in the primary
antibody for 60 min. After rinsing, the slides were exposed to biotin-
labeled goat anti-mouse immunoglobulin for 30 min. The slides were
incubated in methanol-HjOz solution for 30 min prior to the application
of avidin-biotin-peroxidase complex (Vector Laboratories, Burlingame,
CA), followed by diaminobenzidine-nickel chloride-11 .â€¢().â€¢solution. The

slides were counterstained with methyl green.

RESULTS

Generation and Screening of MoAbs. After the four fusions,
between 30 and 60% of the wells had growing hybrids, and
approximately 30% of the hybridoma supernatants reacted with
cells of the immunizing line tested. Between 2 and 4% of the
MoAbs from SCLC fusions showed selective binding to the
immunizing SCLC cell line compared to B-lymphoblastoid
cells. In contrast, over 80% of the reactive MoAbs from the
NSCLC fusions selectively bound NSCLC target plates over B-

lymphoblastoid control plates.
When supernatants were assayed by radioautography after

using iodinated staphylococcal Protein A to directly bind the
primary antibody on target plates of the immunizing cell line,
it was found that there were many positive wells found after the
NSCLC fusions but very few positive wells after immunization
with SCLC cells. When the supernatants were rescreened using

an affinity-purified rabbit anti-mouse IgM antisera followed by
Protein A, many more positive wells were detected from SCLC-
derived hybridomas, but only a few additional positive wells
were detected from NSCLC-derived hybridomas. Supernatants
from hybridomas with positive reactions with or without sec
ondary antibody from all fusions were then incubated with
representative SCLC and NSCLC target plates in similar ra
dioimmunoassays with and without anti-IgM secondary anti
body, and wells were counted on a gamma counter (Table 1).
There is a highly significant association between lung cancer
cell type and the predominant antibody product of the hybrid
oma cells (p < 0.005) by a x2 test, with SCLC cells eliciting an

IgM response and NSCLC cells an IgG response. A striking
pattern was also seen with only 11 of the 172 NSCLC-generated
MoAbs reacting significantly with the SCLC target plates, but
98 of 99 of the SCLC-generated MoAbs also reacted strongly
with the NSCLC target plates.

Twenty of the hybridomas showing selective binding of lung
cancer over B-lymphoblastoid cells in the initial screen could
be established as stable antibody-producing clonal lines. Eleven
of the cloned hybridomas were from the NSCLC fusions, and
nine resulted from the SCLC fusions. These 20 lines were
injected into Pristane-primed mice, and 13 lines were successful
in producing ascites with antibody titers over 1000-fold greater
than those of culture fluid supernatants.

Immunoglobulin Isotyping. Isotyping of the MoAbs from
cloned hybridomas generated against the NSCLC lines revealed
that 9 of 11 were of IgG isotypes as expected from the screening
(Table 2). Five antibodies were IgG 1, 3 were IgG2, and 1 was
IgG3, while 2 were of an IgM isotype. While the cloned hybri
domas derived from SCLC fusions were selected for superna
tant binding to Protein A, the 9 cloned and stabilized hybrido
mas nevertheless produced 5 IgM, 3 IgGl, and 1 IgG2 antibod
ies.

Indirect Immunofluorescence Assays. To characterize the an
tigenic sites bound by these antibodies and to select antibodies
with potential for imaging or therapy, all 20 MoAbs were
screened on live cells with a fluorescence-activated cell sorter.
Seven of the 11 MoAbs against NSCLC gave a positive surface
reaction compared to control isotype-matched mouse immu
noglobulin, while 6 of 9 antibodies from SCLC fusions signifi
cantly bound surface antigens (Table 2).

Table 1 Generation and screening of monoclonal antibodies
Target plates, containing 10s glutaraldehyde-fixed cells of either NCI-H23

(lung adenocarcinoma) or NCI-N417 (SCLC variant), were incubated at 25 n\ of
supernatant from each well of the two fusions. After washing, the wells of the
target plates were incubated with I25l-staphylococcal Protein A, washed, and

developed by autoradiography for 48 h. The same supernatants and target plates
were used in a similar experiment, differing only in the addition of an affinity-
purified rabbit anti-mouse IgM secondary antibody. Wells were scored as positive
if they gave a positive autoradiographic signal on the target plate of the immu
nizing cell line, contained a viable hybridoma, and if further analysis of the
hybridoma supernatant in radiobinding experiments on the same target plates
gave a mean count more than 3 times that of an indifferent myeloma immuno
globulin control on a gamma counter.

Immunizing cell line

NCI-HI57No.

of wellsseededWells
withhybridomasSupernatants

reactivewithProtein
AAdditional

supernatantsusingrabbit
anti-mouse IgM2 an

tibodyNSCLC
supernatantsreactivewith

SCLC targetplatesSCLC
supernatantsreactivewith
NSCLC target plates57618357125/69NCI-H2357627180236/103NCI-N417576345'73743/44NCI-H6957632294655/55
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Table 2 Characterization of cloned NSCLC and SCLC monoclonal antibodies

AntibodyNSCLC316F5315F6315G7315G2313B2312B1317G7315A5315C2330C9315A3SCLC307F4248E7324D2300A8242B11244H11228F7234E3325G11ImmunizinglineH23H23H23H23H23H23H23H23H23H157H23N417H69N417N417H69H69H69H69N417Surface

Gel band' SCLC
Isotype" reactivity* (M,)binding*IgGl

+IgGl
+200,000IgG2a

+IgG2a
-100,000IgG2a
+70,000IgGl
-+IgGlIgGlIgM

+IgG3
++IgM
++IgGl

-+IgG2a
-+IgGl
++IgGl
+ 55,000+IgM
++IgM
++IgM
++IgM
++IgM
- +NSCLCbinding++++++++++++++++++++

" Class typing of the monoclonal antibodies, after binding to fixed cells, was
done by using a modification of the enzyme-linked immunoabsorbent assay with
rabbit anti-mouse immunoglobulin class-specific reagents, followed by detection
of the bound antibody with horseradish peroxidase-labeled goat anti-rabbit IgG.

* Live cell suspensions were serially incubated with hybridoma supernatants
and a fluoresceinated goat anti-mouse secondary antibody and analyzed in a
Coulter Epics V cell sorter.

' Cells were metabolically labeled with [3SS]methionine and then lysed with
Nonidet P-40. Immunoprecipitation assays were done with both hybridoma
supernatants and ascites fluids and used antibody linked to Protein A-Sepharose
beads. The immunoprecipitates were displayed on 7 to 14% polyacrylamide gels
and developed by autoradiography.

d Hybridoma supernatants were reacted in triplicate with 10s fixed cells of 13

SCLC and 4 NSCLC lines. The target plate wells were then serially incubated
with rabbit anti-mouse immunoglobulin antisera and 40,000 cpm of '"1 -Protein

A and read on a gamma counter. Antibodies were defined as positive on a cell
line if the mean cpm were greater than 3 times the mean cpm of the class-matched
indifferent myeloma immunoglobulin.

Radiobinding to Cultured Lung Cancer Cell Lines. Nineteen
MoAbs from the cloned hybridomas, including 8 generated
against SCLC and 11 developed against NSCLC, were tested
in radieÂ»bindingassays against a panel of 13 SCLC and 4
NSCLC cell lines. All MoAbs from SCLC fusions cross-reacted
with NSCLC target plates (Table 2). In contrast, 8 of the 11
MoAbs from NSCLC fusion products showed selective radio-
binding to the NSCLC panel. Four NSCLC antibodies (315F6,
315G2, 315G7, and 316F5) clearly differentiated all SCLC
from NSCLC lines with strong NSCLC binding compared to
control, but little or no binding to the SCLC lines (Table 3).
MoAbs 315G2 and 315G7 had almost no radiobinding to any
of the SCLC target plates. The other two MoAbs, 315F6 and
316F5, demonstrated some heterogeneity of reactivity with the
13 SCLC lines, but there was no overlap of radiobinding
between the SCLC and NSCLC plates.

Immunoprecipitation. The 20 cloned MoAbs were tested in
immunoprecipitation assays with SCLC and NSCLC cell ly-
sates after metabolic labeling with [35S]methionine(Table 2).

Only four antibodies consistently precipitated distinct proteins
bands not seen with appropriate immunoglobulin controls.
These four antibodies were all of IgG subtypes. Three of the
four antibodies were products of NSCLC fusions, and one was
the product of a SCLC fusion. Of the four MoAbs most selective
for NSCLC by radiobinding assays, two (315G2 and 315F6)
precipitated distinct protein bands from NSCLC cell lysates.

ImrnunohistochemicalAssays. The four MoAbs most selective
for NSCLC and two SCLC-derived MoAbs were used for
immunohistochemical staining with a panel including SCLC
and NSCLC tumor sections, lung and kidney sections, and

Table 3 Differential radiobinding of monoclonal antibodies between
SCLC and NSCLC

Four monoclonal antibodies generated in a fusion after hyperimmunization of
a mouse with NCI-H23 (lung adenocarcinoma) cells were tested in radiobinding
assays with a panel of SCLC and NSCLC target plates. Each well of the target
plates contained 10' glutaraldehyde-fixed cells and was reacted with 50 pi of

ascites diluted to a concentration of 10 Â¿tg/mlof the 4 antibodies or an equivalent
concentration class-matched indifferent myeloma protein. After washing, the
wells were incubated with 40,000 cpm of 125I-Protein A and read on a gamma

counter. Background binding of the myeloma protein was subtracted from all
results.

MonoclonalantibodyCell

lineSCLCH60H446H524H128H146H177H187H209H231H390H69H82N417NSCLCH125H157H28H23315G2300000031000000008,2901,7008,33015,431315G716000000000000403,6706602,7102,360316F51802,1601,150001,59027000100101902,4502,3703,5504,015315F62,2001,4002,250780703,4103002700106068012,0707,69020,07024,165

preparations of reactive mesothelial cells. AH four NSCLC-
derived MoAbs stained NSCLC tumor sections, but were also
weakly reactive with SCLC cells (data not shown). All four
antibodies were also reactive with subpopulations of proximal
tubule cells in the kidney. Antibodies 315F6 and 315G7 were
strongly reactive with basal bronchial epithelium from normal
lung tissues.

The two SCLC MoAbs 300A8 and 248E7 stained both SCLC
and NSCLC cells as expected. These antibodies also reacted
with a subpopulation of monocytes within a preparation of
reactive mesothelial cells assayed (data not shown).

DISCUSSION

We have prepared panels of MoAbs against SCLC and
NSCLC tumor cells that react with the tumor cells but not with
B-lymphoblastoid cells. Analysis of these antibodies reveals
marked differences in the immunological response of BALB/c
mice to inoculated SCLC cells compared to NSCLC cells. The
predominant antibody response to SCLC, as evidenced by
screening large numbers of MoAbs, is IgM. The majority of
antibodies generated against NSCLC immunogens were of an
IgG subtype. This striking difference in immunoglobulin re
sponse was seen when the immunizing cells included either of
two different histological subtypes of NSCLC and either classic
or variant SCLC cells. The difference in immunoglobulin iso
type of the resultant hybridoma products also occurred in two
different immunization protocols, utilizing either whole cells
or membrane preparations. Additional fusions involving whole
cell immunizations with NCI-HI57 (NSCLC) and NCI-417
(SCLC) confirmed a large number of Protein A binding anti
bodies from the NSCLC fusion and a paucity of Protein A
binding antibodies from the SCLC fusion in these lines with
this immunization protocol as well (data not shown).

The results reported here are limited to the immunological
response of a single mouse strain to human lung cancer cells.
The initial screens are also limited by selecting only for IgM
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and Protein A binding antibodies. Since staphylococcal Protein
A binds less efficiently to murine IgGl antibodies, some of
these may have been lost in initial screens of both the SCLC
and NSCLC fusion products. However, the IgGl molecule from
the BALB/c strain is almost uniformly bound by Protein A at
pH 8.0 (24). The characterization of our cloned MoAbs indi
cates that many IgGl antibodies were detected by direct Protein
A binding under the reaction conditions used.

The pattern of antibody response to immunized lung cancer
cells, as represented by the MoAb products from successfully
cloned hybridomas, may not reflect the overall humoral re
sponse of the mouse. However, initial characterization of In
perimmune sera from these mice against lung cancer target
plates corroborates the hybridoma results. Sera from mice
immunized with SCLC cells are much more reactive against
target cells of the immunizing line when an affinity-purified
anti-mouse IgM antiserum is used than when an anti-mouse
IgG secondary antiserum is used (data not shown). In contrast,
hyperimmune sera from mice immunized with NSCLC have
higher titer binding when developed with the anti-mouse IgG

antisera.
The characterization of the 20 MoAbs from stable hybrido

mas with low B-lymphoblastoid cell binding confirms that it is
relatively easy to develop MoAbs with selective NSCLC bind
ing, but very unusual to isolate a MoAb reactive to SCLC that
does not also react strongly to NSCLC cells. SCLC hybridomas
whose supernatants gave some initial direct reaction with a I25I-

labeled staphylococcal Protein A were characterized to detect
IgG antibodies in the hope of avoiding IgM antibodies directed
against immunodominant carbohydrate determinants (14, 15).
However, five of nine antibodies selected in this fashion were
nevertheless IgM, and only one of the four IgG MoAbs precip
itated a protein band. This antibody, 300A8, an IgGl MoAb
produced after inoculation with SCLC-variant cells, appears to
react to an antigen previously undescribed in the reported
literature. It precipitates a distinct M, 55,000 protein band and
has a profound effect on the cloning of both classic and variant
SCLC lines (data not shown). The antigen is detectable on the
surface of live cells.

MoAbs 315F6 and 315G2, generated against NSCLC cells,
immunoprecipitate high-molecular-weight protein bands. Bay
lin ci al. (17) have found that SCLC cells have little surface
labeling of M, >100,000 proteins, while NSCLC cells were
characterized by heavy labeling in the M, 100,000 to 200,000
region. A group of highly immunogenic, high-molecular-weight
proteins may determine the IgG MoAbs distinguishing NSCLC
from SCLC or B-lymphoblastoid cells. However, the 11 cloned
MoAbs to NSCLC can be broken into almost that number of
subgroups based on different immunohistochemical staining
patterns, different bands on protein gels, the presence or ab
sence of surface reactivity by indirect immunofluorescence as
says, and differing ratios of radiobinding between cell lines
making generalization difficult.

The inability of SCLC cells to provoke a strong IgG response
in BALB/c mice is unexplained. Review of the literature indi
cates that, of 63 MoAbs produced after immunization of mice
with SCLC, 78% were of an IgM isotype (l, 2, 4, 25-37). Of

the 26 MoAbs described following NSCLC immunizations only
44% were IgM (3, 38-41). Significantly, 81% of the reported
MoAbs selected for NSCLC did not react with SCLC cells, but
only 27% of the MoAbs claimed to be SCLC selective did not
also react to NSCLC targets. The conclusions drawn from these
published reports support our experimental findings that
MoAbs derived from mice immunized with SCLC cells are

rarely either SCLC selective or of an IgG isotype. While the
research effort to develop MoAbs specific for SCLC has been
intense, only eight IgG MoAbs with any selectivity of SCLC
have been described following SCLC immunizations (27, 30,
35, 36). The majority of these MoAbs have been developed
using innovative immunization protocols. Tong et al. (35) used
two SCLC lines to alternatively immunize mice and found a
higher percentage of IgG MoAbs generated after the alternating
immunization schedule than with immunization by either line
alone. West and coworkers (36, 42) noted work from our
laboratory indicating that SCLC cells are markedly deficient in
HLA antigens, but that these antigens could be induced by the
interferons. They immunized mice with SCLC cells preincu-
bated with -y-interferon and found clones secreting IgG and

demonstrating selective binding to SCLC. One IgG MoAb was
found to react with a surface protein whose expression was
augmented by interferon. It is unclear whether the induction of
tumor antigens or of the HLA antigens themselves influenced
the humoral response.

Compelling evidence exists from immunological and electro-
phoretic studies that SCLC cells have many surface and internal
molecular differences from NSCLC (17, 43). The low yield of
MoAb probes specific for SCLC appears to be due in large part
to the inability of SCLC cells to generate an IgG response
against protein antigens in mice with conventional immuniza
tion schemes. An awareness of this phenomenon and an in
creased reliance on novel immunization protocols will be
needed to generate specific antibody probes to this important
and biologically interesting tumor.
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