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ABSTRACT. To investigate neuron-specific antigens, hybridoma cells were produced between mouse spleen
cells immunized with human neuroblastoma cells (IMR-32) and mouse myeloma cells. 247 hybridoma clones
were harvested and one of them was further cultured for recloning. Eventually, one hybridoma clone was ob-
tained and its antibody was designated N-A8. The characteristics of this antibody were determined by immuno-
staining and flow cytometry. First, the antibody recognized the surface antigens of IMR-32 cells. Second, unex-
pectedly, N-A8 was reactive not only with human neuroblastoma cell lines but also with human lung cancer cell
lines. As analyzed by immunoprecipitation method and SDS-PAGE, the molecular size of the antigen recog-
nized by N-A8 was 210 kDa. The antigen was then purified by affinity chromatography and identified as neural
adhesion molecule L1 by amino acid sequence analysis. By the present investigation, it was clearly demonstrated
that L1 is expressed in human lung cancer cells.

Neuroblastoma is a solid malignant tumor of child-
hood which is of neural crest origin. In vitro established
cell lines of neuroblastomas have been available as good
models for studies of cell differentiation because their
cells can be induced to differentiate to neuronal cells
(see ref. 9), Schwann cells (28) and melanocytes (20) by
treatment with various reagents. Moreover, many mon-
oclonal antibodies against membrane antigens of these
cells have been produced for studies of cell differentia-
tion, tumor diagnosis and therapy (2, 3, 14, 16, 26, 30).

To investigate neuron-specific antigens, we have
made hybridomas that produce monoclonal antibodies
against human neuroblastoma cells IMR-32. One mon-
oclonal antibody was obtained and designated N-AS8
(11). This antibody was further investigated in detail,
and two interesting properties were detected. First, N-
A8 can recognize specifically the extracellular domains
of human neural cell adhesion molecule L1. Second, un-
expectedly, N-A8 was reactive not only to human neuro-
blastoma cell lines but also to human lung cancer cell
lines and other human carcinoma cell lines. N-A8 will
find application in molecular biological and diagnostic
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studies of human lung cancer cells.

MATERIALS AND METHODS

Cell lines. For immunization of BALB/c mice, human neu-
roblastoma cells IMR-32 (ATCC CCL-127) were used. For
specification of monoclonal antibodies, the following human
cells lines were used: IMR-32, LA-N2 (Riken Cell Bank: RCB
484), NB-1, NB-9 (RCB 477), RT-BM-1, SK-N-MC (ATCC
HTB-10), SK-N-SH (RCB 426) (these are neuroblastoma
cells), BIM (hybrid cells of IMR-32XB3T) (9), Y-79 (reti-
noblastoma) (RCB 427), 284 (skin fibroblast), HT1080 (fi-
brosarcoma) (ATCC CCL-121), U251-mg (astrocytoma), GI-
1K (gliosarcoma), FL (amnion), HeLa (cervical carcinoma),
HSC-1 (squamous cell carcinoma) (17), KB (oral carcinoma),
A549 (lung alveolar carcinoma) (ATCC CCL185), PC-14
(lung adenocarcinoma) (RCB0446), Lu-139 (small cell lung
carcinoma) (RCB 0469), SBC-1 (small cell lung carcinomas)
(JCRB 816), HMOS-3 (melanoma), Daudi (Burkitt’s lympho-
ma), U937 (monocytic lymphoma), K562 (chronic myelocytic
leukemia) and MOLT-4 (T cell leukemia). Other mammalian
cell lines were also used, including C1300 (Neuro-2a) (mouse
neuroblastoma) (ATCC CCL-131), B3T (rat neuroblastoma)
(8), PC12 (rat adrenal pheochromocytoma) (ATCC CRL-
1721), B16 (mouse melanoma), VR-2g (mouse glial cells) (10),
C6 (rat glial tumor cells), CHO-K1 (Chinese hamster ovary),



and HaK (Syrian hamster kidney) (ATCC CCL-15). For cell
fusion, P3X-63Ag8-653 cells (a gift of Dr. M. Ueda) were
used. Cells were cultured in Dulbecco-Vogt’s modification of
Eagle MEM or RPMI 1640 supplemented with 10% fetal calf
serum.

Immunization of mice. BALB/c mice were immunized per-
itoneally with IMR-32 cells (2 X 107 cells/mouse) suspended in
Freund’s complete adjuvant (1:1 in volume). Fourteen days
later, mice were subject to a second immunization with IMR-
32 cells suspended in Freund’s incomplete adjuvant. Then, six-
teen days after the second immunization, mice received a boos-
ter of IMR-32 cells without the adjuvant. Three days later,
spleens were excised from immunized mice.

Cell fusion. For cell dissociation, spleens were cut vertical-
ly into two pieces and pressed with tweezers. Cell yield was 3
% 108 cells per spleen. Spleen cells were mixed with mouse mye-
loma cells P3X-63Ag8-653 (10:1 in cell number) and fused by
the treatment with polyethylene glycol 4000 (Merck) (50% so-
lution). After washing with serum-free medium, cells were
inoculated at 1.7 x10° cells per well in 96-well plates. The
growth medium was RPMI 1640 supplemented with 10% fetal
calf serum. One day later, the medium was exchanged to the
HAT-medium (100 oM hypoxanthine, 0.4 uM aminopterin
and 16 #M thymidine). Eight days later, the culture fluids
were harvested for screening monoclonal antibodies, and col-
onies were subcultured.

Immunostaining. For screening of monoclonal antibodies
(MAD) produced by hybridomas, IMR-32 cells were dissoci-
ated in phosphate-buffered saline (PBS), and after washing,
the cell suspension was dropped onto multiwell-glass slides
(Heavy Teflon Coating) (Wheaton, IL). Cells were then air-
dried and fixed in acetone at —20°C for 15 min. For immuno-
staining, cells were washed with PBS, 2% FCS/PBS, and then
treated with the culture fluids of hybridomas at room tempera-
ture for 40 min. After washing with PBS, cells were treated
with FITC-labeled rabbit antibodies against mouse immuno-
globulins (DAKO) for 30 min, and washed with PBS. Immu-
nostained cells were observed under a fluorescent microscope
(Nikon). For determination of intracellular localization of
cellular antigens recognized by monoclonal antibodies, cells
were cultured on glass coverslips, air-dried, and fixed in ace-
tone at —20°C for 15 min. Cells were immunostained as de-
scribed above. For flow cytometry, cells were dissociated in
PBS after washing three times. Cells were suspended in PBS
containing 1% FCS, immunostained without fixation as de-
scribed above, and analyzed by a flow cytometer (Cytron, Or-
tho Diagnostic Systems).

Typing of immunoglobulins. Immunoglobulin classes of
monoclonal antibodies produced by hybridoma cells were
determined by the Ouchterlony’s immunodiffusion method.
Briefly, 1% agarose gels were made in 60-mm plastic dishes,
punched for holes of appropriate diameters, in which the anti-
bodies against various classes of mouse immunoglobulins
(Miles) and the culture fluids of hybridoma cells were put.
After incubation overnight at room temperature, the immuno-
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diffusion bands were read.

Immunoprecipitation. Cells were cultured to subconfluent
state in a growth medium, and after the medium was ex-
changed to the methionine-free Dulbecco’s modified MEM
medium containing 5% dialyzed FCS, preincubated at 37°C
for 30 min. Cells were then incubated with the [35S]-methio-
nine/cysteine (0.06 mCi/ml) (Translabel: ICN) at 37°C for 4
h. After washing in PBS, cells were lysed with a lysis buffer
(10 mM Tris-HCl, 150 mM NacCl, 0.5% NP-40 (Nonidet P-
40), 1 mM PMSF (phenyl methyl sulfony fluoride), 0.1 TIU
/ml aprotinin, 0.02% NaNj, pH 7.4) (32). Cell lysates were
pretreated twice with irrelevant IgG cross-linked to protein A-
sepharose CL-4B (Pharmacia) to remove non-specific anti-
gens. After centrifugation, the supernatants were incubated
with culture fluids of hybridoma cells (sources of MAbs) at
4°C for 60 min, and after the addition of rec-protein G-sepha-
rose 4B (Zymed), further incubated for 60 min. The immuno-
complexes were extensively washed with the lysis buffer, and
boiled in a sodium dodecylsulfate (SDS)-sample buffer (62.5
mM Tris-HCI, 10% glycerol, 2.3% SDS, 5% 2-mercaptoetha-
nol, 0.0025% bromophenol blue, pH 7.6) at 100°C for 2 min.
The samples were analyzed by SDS/PAGE (polyacrylamide
gel electrophoresis) (Multigel 2/15: Daiichi Pure Chem.)
according to the method of Laemmli (19). The molecular
markers were purchased from Amersham (Rainbow Protein
Molecular Weight Markers: 1“C-labeled). The gels were dried
and measured by autoradiography with an imaging analyzer
(BAS 2000, FUJIX).

Affinity chromatography. To purify the membrane an-
tigens of IMR-32 cells, affinity chromatography was per-
formed. For preparation of activated sepharose CL-4B, the se-
pharose was treated with cyanogen bromide at pH 11 accord-
ing to the method of Cuatrecasas et al. (4). For purification of
monoclonal antibody N-A8, the ascites fluid containing the an-
tibody was applied to a Protein A column in a Tris buffer (pH
8.0) and eluted by a glycine buffer (pH 2.6). The eluate was ad-
justed to pH 7.0, dialysed in carbonate buffer (pH 9.0) over-
night, and then concentrated by Molcut II (Millipore). For
coupling of purified antibodies to activated Sepharose, they
were mixed in carbonate buffer and stirred at 4°C overnight.
After washing in carbonate buffer, the unreacted ligands were
blocked by treatment with glycine in a carbonate buffer. For
preparation of the membrane fraction of IMR-32 cells, the
cells were harvested from the culture dishes by trituration in
calcium-/magnesium-free PBS, suspended in a hypotonic so-
lution, and processed by freezing/thawing. The broken cell
suspension was centrifuged at 10,000 X g at 4°C for 20 min,
and the pellet was then solubilized by a lysis buffer, followed
by centrifugation. The lysate thus obtained was applied to the
antibody-coupled Sepharose column in a Tris buffer (pH 8.0),
and after washing with a Tris buffer, eluted with a glycine buff-
er (pH 2.6). The eluate containing the membrane antigens was
adjusted to pH 7.0, and concentrated by vacuum centrifuga-
tion.

Determination of amino acid sequence. The purified anti-
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gens were mixed with a sample buffer containing 2-mercapto-
ethanol, and applied to SDS-PAGE (19). The gel was transfer-
red to Problott™ by electroblotting. The protein band trans-
ferred on a polyvinylidene difluoride membrane was reduced
and s-carboxymethylated, followed by in situ digestion with
Achromobacter protease I (12). The digested peptides were
subjected to reverse phase HPLC using a Wakosil-II AR C18
300A (2.0 x 150 mm, Wako Pure Chemical) column. The frac-
tionated peptides were collected manually by monitoring the
absorbance at 205 nm. Amino acid sequencing was performed
with a gas-phase sequencer (model PPSQ-10, Shimadzu).

RESULTS

Screening of hybridomas. 247 hybridoma clones
were harvested and examined for specific reactiveness
of their antibodies to IMR-32 cells by immunostaining.
A total of 34 clones were selected and further tested for
detection of the antibodies recognizing the surface anti-
gens of IMR-32 cells by flow cytometry. Thus, one hy-
bridoma clone was selected and named #72. For reclon-
ing, this clone was further cultured in multiwell plates,
and 56 colonies were isolated. These clones were exam-
ined by flow cytometry. Thus, one hybridoma clone was
isolated and its antibody was designated N-AS8 (11).

Specificity of monoclonal antibodies. The fact that
the antibody N-AS8 actually recognized the surface anti-
gens of IMR-32 cells was confirmed by immunostaining
of cells cultured on coverslips (Fig. 1a) and by flow cyto-
metry with suspended viable cells treated with the anti-
body (Fig. 2b and Table I). Interestingly, KB cells also
exhibited the similar staining properties to those of
IMR-32 cells (Fig. 1b and 2d).

To determine species- and cell-specificity of the anti-
body, various cell lines were examined by flow cytome-
try. Two interesting results were obtained. First, N-A8
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Fig. 2. Distribution of the cells reactive with monoclonal anti-
bodies. Suspended viable cells were treated with control supernatant
(a, c) or hybridoma supernatants (N-A8) (b, d), and stained with
FITC-labeled rabbit anti-mouse Ig. The stained cells were measured
by flow cytometry. (a, b) IMR-32 cells, (c, d) KB cells.

was human cell-specific. Other mammalian cells were
not reactive to the antibody (Table I). Second, N-A8
was reactive not only to human neuroblastoma cell lines
and a retinoblastoma cell line, but also to human carcin-
oma cell lines and human lung cancer cell lines (Table
I). Other types of human cells including melanoma, fi-
brosarcoma, glioma and leukemias were negative in re-
activeness to N-A8 (Table I).

Determination of immunoglobulin classes. The
heavy-chain class of N-A8 antibody was tested by an im-

Fig. 1.

Staining patterns of IMR-32 cells treated with monoclonal antibodies. Cells were cultured on glass coverslips, fixed in acetone, and then

incubated with N-A8, followed by treatment with FITC-labeled rabbit anti-mouse Ig. (a) IMR-32 cells, (b) KB cells.
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Table I. REACTIVENESS OF VARIOUS CELL LINES TO MONOCLONAL ANTIBODIES.

Cells N-A8 Cells N-A8
Human neuroblastomas Human immunocytes

IMR-32 H Daudi —

LA-N2 H K562 —

NB-1 Ht MOLT-4 —

NB-9 H U937 —

RT-BM-1 H Human fibroblasts

SK-N-MC H 284 —

SK-N-SH H HT1080 -
Human retinoblastomas Hybrids of IMR-32 x B3T

Y-79 H BIM H
Human glial cells Other mammalian cells

U2s1 +/— B3T —

GI-1K — C1300 -
Human melanomas PCI12 -

HMOS-3 Cé —
Human epithelial cells VR-2g -

FL H B16 —

HeLa H CHO-K1 -

HSC-1 + HAK -

KB H
Human lung cancers

A549 +

Lul39 +/—

PC-14 H

SBC-1 H

Viable cells were suspended in PBS, and stained with monoclonal antibodies N-A8, followed with FITC-
labeled rabbit anti-mouse Ig. The staining levels were then determined by flow cytometry. The percentages of the
positively stained cells were expressed as follows: (—) 0 to 10%, (£) 10 to 20%, (+) 20 to 50%, (+) 50 to 80%,

(+#) 80 to 100%. nd, not done.

munodiffusion method. N-A8 was of IgG, class (data
not shown).

Characterization of cellular antigens recognized by
antibodies. Molecular sizes of the cell antigens recog-
nized by N-A8 were determined by an immunoprecipita-
tion method and SDS/PAGE analysis. When the ly-
sates of IMR-32 cells were immunoprecipitated with N-
A8 and then applied to SDS-PAGE, one dense band cor-
responding to 210 kDa was detected (Fig. 3, lane c¢). The
210 kDa molecule was also detected by Western blot
analysis (data not shown). As shown in Fig. 3 (lane a), a
similar molecule (220 kDa) was also detected in the ly-
sates of KB cells, as expected from the immunostaining
results (Table I). It should be noted that N-AS8 is availa-
ble for three experimental techniques i.e., immunostain-
ing, Western blotting, and immunoprecipitation meth-
od.

Purification and determination of amino acid se-
quence of 210 kDa molecules. For purification of
N-A8-recognizing antigens, the membrane fraction of
IMR-32 cells was prepared by a freeze-thaw method,
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and solubilized in a lysis buffer. The lysate was applied
to affinity chromatography and the eluate was collected.
When the eluate was applied to SDS-PAGE, one band
was detected in a gel. This band was used for amino
acid sequence analysis.

The antigenic protein thus obtained was digested
with Achromobacter protease I as described in “Materi-
als and Methods”, and applied to reverse phase HPLC.
Three peptide fragments (AP2, AP3, and AP6) were ob-
tained, and then their amino acid sequences were deter-
mined. Interestingly, the amino acid sequences were
completely identical to those of human cell adhesion
molecule L1 (accession number A41060) (Fig. 4): AP-3
corresponds to the 176-180 residues of L1; AP-2 to the
516-526 ones; AP-6 to the 695-708 ones, respectively.
Based on these results, we concluded that N-A8 can rec-
ognize the extracellular domains of human L1.

DISCUSSION

In the present investigation, a monoclonal antibody
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Fig. 3. SDS-polyacrylamide gel electrophoresis of cellular antigens
immunoprecipitated with the monoclonal antibody N-A8. The lysates
of KB (a, b) and IMR-32 (c, d) cells were reacted with N-AS8 (a, ¢) or
control medium (b, d), and treated with protein G-sepharose. The im-
munocomplexes were analyzed by SDS-PAGE. The arrow indicates
the cellular antigen recognized by N-A8. (e) the marker molecules.

N-A8 was characterized, and its recognizing antigen
was identified as human neural cell adhesion molecule
L1. Surprisingly, N-A8 was reactive with human lung
cancer cell lines and other human carcinoma cell lines
though L1 is well known to be specifically expressed in
neurons and Schwann cells (5, 23, 25). It is of interest to
determine how L1 gene expression is regulated in those
epithelial cell lines. In regard to this issue, there is a re-
port that L1 was detected in proliferating epithelial pro-

Human L1
1 176 180 516 526 695 708 1257

-COOH

Human L1: ILHIK (176-180)
AP-3: ILHIK

Human L1: DATQITQGPRS (516-526)
AP-2: DATQITQGPRS

Human L1: YGPGEPSPVSETVYV (695-708)
AP-6: YGPGEPSPVSEXVV

Fig. 4. Amino acid sequences of three digested peptide fragments
(AP-2, AP-3 and AP-6) of N-A8-recognizing antigenic proteins. Ami-
no acid sequences were determined by a gas-phase sequencer. X: unde-
fined amino acid.

genitor cells of adult mouse intestine (31), suggesting
that epithelial cells are regulated to express L1 during de-
velopment. Taken together, it is highly probable that ep-
ithelial tumor cells maintain the developmental proper-
ty to express L1. The investigation on the expression pat-
terns of L1 in human lung cancers will be useful for
their diagnosis and therapy.

N-AS8 exhibited unique properties. First, irrespective
of a fact that human L1 is approximately 90% homolo-
gous to mouse L1 (7), N-A8 was not reactive to mouse
neuroblastoma C1300 cells which is known to express
murine L1 antigens (25). This suggests that N-AS8 is high-
ly specific for human cells. Second, N-A8 was reactive
to all human neuroblastoma cell lines so far tested, sug-
gesting that L1 can be a good marker for neural cells in
development. Although neuroblastomas are known to
exhibit antigenic heterogeneity (27) and diversity in
differentiation potency (18, 20, 21, 28, 33), N-A8 will
find great application in studies on the differentiation of
neuroblastoma cells by using together with other anti-
bodies such as anti-intermediate filaments (6, 24).

The present experimental results provide a clue for in-
terpretation of somewhat complicated information re-
ported by many investigations (1, 13, 15, 22, 27, 29).
Many monoclonal antibodies directed to human neu-
roblastoma cells including IMR-32 cells have been re-
ported, and some of them show similar properties to
those of our antibody (1, 15, 27). However, subtle differ-
ences are present between them. For example, the mon-
oclonal antibody UJ 127:11 (15) is known to recognize
a cellular antigen of 220-240 kDa and to be reactive to
human neuroblastoma cells and retinoblastoma cells.
But this antibody is also reactive to melanoma cells,
which is different from the reactiveness of our antibody
(N-AZS). In consideration of its molecular size, it is high-
ly likely that UJ 127:11 recognizes human L1. If this is
the case, the recognized sites of L1 antigen may be differ-
ent between the antibodies N-A8 and UJ 127:11.
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