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ABSTRACT

Two mouse monoclonal antibodies, NE-25 and PE-35, defining novel
cell surface antigens of small cell lung carcinoma (SCLC) were produced.
The molecular weight of NE-25 and PE-35 antigens estimated by ra-
dioimmunoprecipitation was 25,000 and 35,000, respectively.

NE-25 antigen was expressed on the majority of cell lines and tumor
specimens of SCLC among lung carcinoma. These NE-25-positive cell
lines showed typical growth morphology as SCLC classic lines and
expressed high levels of neuroendocrine biomarkers, such as aromatic i -
amino acid decarboxylase, while NE-25 antigen-negative lines lacked
apparent neuroendocrine properties. This antigen was expressed also on
a subset of neoplastic cells with (neuro)endocrine properties, including
pulmonary carcinoid, and on various tumors of nervous tissues, such as
neuroblastoma. Among the normal cells, Kulchitski cells of lung, thyroid
gland, adrenal gland, Langerhans islet, and nervous tissues were positive.
Thus, the expression of NE-25 antigen is closely associated with the
neural and/or (neuro)endocrine differentiation state.

On the contrary, PE-35 antigen was present on four major types of
lung carcinomas as well as on squamous cell carcinoma and adenocarci-
nomas of various tissues, but it was absent from nervous tissue tumors.
Thus, PE-35 antibody showed a "pan-epithelial" reactivity.

Analysis by NE-25 and PE-35 antibodies provided evidence for the
heterogeneities of SCLC by demonstrating four surface phenotypes, with
the NE-25+/PE-35* phenotype being most common. In addition, the

results supported the current understanding that various histolÃ³gica!
types of lung carcinoma, including SCLC, are derived from a stem cell of
the bronchial epithelium.

genetic, and biochemical features among lung carcinomas (3-
5). Heterogeneity among SCLCs from different patients and
even within an individual patient's tumors was reported to exist

and has clinical importance (6-8). Therefore, MoAbs which
may distinguish such heterogeneity would be of great value. To
date, only a few MoAbs with the reactivity restricted to SCLC
(9-14) have been developed, however. Huang et al. ( 15) reported
that many MoAbs obtained from immunization with SCLC cell
lines were directed against Lacto-7V-Fucopentaose III, which is
not restricted to SCLC. In addition, lung carcinoma cell lines
including SCLC as well as other carcinoma cell lines were
reported to express blood group antigens, which are known to
have strong immunogenicity (16).

Since neuroblastoma cells rarely express blood group anti
gens and have a surface protein distribution similar to SCLC
more than to other major types of lung carcinoma in two-
dimensional gel electrophoresis (17), not only SCLC cells, but
also neuroblastoma cells were used in this study for immuni
zation of mice to obtain MoAbs detecting SCLC-associated
antigens. This paper presents a description of antigens detected
by two MoAbs, NE-25 and PE-35. The expression of NE-25
antigen was closely associated with neural and/or (neuro)en-
docrine differentiation properties, while PE-35 antigens were
present on the majority of neoplastic cells and normal epithelial
cells.

INTRODUCTION

With the recent advent of hybridoma techniques, the identi
fication of antigens on tumor cells by MoAbs4 has contributed

to better understanding of tumor biology in various human
tumor systems, such as melanoma, renal cell carcinoma, and
hematopoietic tumors ( 1). MoAbs also have demonstrated po
tential usefulness in clinical applications, including the immu-
nohistological classification of tumors, serum diagnosis, detec
tion of mÃ©tastasesby radioimaging, and use as therapeutic
agents (2).

SCLC has distinct clinical, morphological, biological, cyto-
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MATERIALS AND METHODS

Cell Lines. All the cell lines derived from lung tumors and other
malignancies were maintained in either RPMI-1640 or Eagle's minimal

essential medium supplemented with streptomycin (100 fjg/ml), peni
cillin (100 units/ml), 2 HIMglutamine, and 10% fetal bovine serum.

SCLC-SA (18), SCLC-SM, and SCLC-MO were established from
patients who were histologically diagnosed as having oat cell carcinoma
of the lung at Aichi Cancer Center. SCLC cell lines used in this study
were characterized by growth patterns and biochemical markers (Table
2). Based on the culture appearance by phase-contrast microscopy, they
were subgrouped into 4 categories according to classification by Carney
et al. (4). AADC (EC 4.1.1.28) was assayed based on the enzymatically
formed dopamine by high-performance liquid chromatography with
electrochemical detection as previously described (19). NSE, -,-subunÂ¡t
of enolase (EC 4.2.1.11), was measured using sandwich enzyme im-
munoassay as previously described (20). The concentration of CK-BB
(EC 2.7.3.2) was determined by sandwich immunoassay as described
previously (21).

Production of Hybridomas and Serological Procedure. BALB/c mice
were immunized 3 times with either mixture of two SCLC cell lines
(SCLC-SA and SCLC-SM) or cryopreserved neuroblastoma cells from
a 3-yr-old female (No. 1134). Three days after the last immunization,
spleen cells were obtained from the mice and fused with NS-1 myeloma
cells by polyethylene glycol (M, 4000) as previously described (22).
After 2-3 wk of culture in hypoxanthine, aminopterin, and thymidine,
the reactivity of the supernatant was screened by M-MHA and immune
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TWO NOVEL SURFACE ANTIGENS ON SCLC

Table 2 Characteristics of SCLC cell lines and reactivity with NE-25 and PE-35
monoclonal antibodies

CelllineSCLC-SASCLC-SMSCLC-MONCI-H69NCI-H231NCI-H857Lu-

134SBC-1SBC-3SK-LC-LLQG-90Growthpattern"22222221444AADC(pmol/min/mg)*12,0004,10044010,0005.7008,80016,0003.30024145BiomarkerNSE(Dg/mg)'1,0103,8109921,3181,0101,9001,7782,5701528384M-MHA

titer
ofMoAbCKBB(Hg/mg)'2,0503,9909771,4556332,1734,1993,1601,23094529NE-2510Â«IO710'10'10Â«10Â«10"10Â«_â€”â€”PE-35IO7IO6tIOÂ«io510*10'10Â«_WIO4

" According to Carney's classification (see Ref. 4).
* Average of 3 non-SCLC lines, 26 Â±28 pmol/min/mg.
' Average of 3 non-SCLC lines, 49 Â±39 ng/mg.
* Average of 3 non-SCLC lines, 31 Â±23ng/mg.
'â€”Jess than IO3.

Table 3 Reactivity of NE-25 and PE-35 monoclonal antibodies tested against
various tumor tissues by the ABC method

TumorspecimensLung

tumorSmall
cellcarcinomaSquamous

cellcarcinomaAdenocarcinomaLarge

cellcarcinomaCarcinoidNervous

systemAslrocytomaGlioblastomaMedulloblastomaNeuroblastomaNeurinomaBrain

metastasis ofSQLC"Other

tumorsCarcinoid
(thymus)Adrenal
adenoma/PheochromocytomaMelanomaThyroid

carcinomaEsophagus
carcinomaStomach
carcinomaColon
carcinomaHepatomaGall

bladdercarcinomaPancreas
carcinomaBreast
carcinomaCervix
carcinomaRenal
carcinomaOsteosarcomaChondrosarcomaLeiomyosarcomaLiposarcomaT-lymphomaB-lymphomaAdult

T-cell leukemiaNo.

tested11161543121421111912331113341121232NE-25PE-359Â°'*

10*-'
+â€”
+3"+

++++++++

++
++
â€”I'+â€”

+â€”
++-

-+â€”

+â€”
+â€”
+â€”
â€”â€”
â€”â€”
â€”-
-â€”
â€”â€”
â€”â€”
â€”â€”

â€”
* Number of positive tumors.
* Among 11 SCLC, 8 showed NE-25+/PE-35*. and one showed NE-25*/PE-

35~ phenotype, while the other 3 were NE-25"/PE-35*.
c -, all tumors negative; +, all tumors positive.
d One specimen, heterogeneous staining; 2 specimens, weak staining.
' SQLC, squamous cell lung carcinoma.
/Associated with Cushing's disease.
* Weak staining.

Among 11 SCLC specimens, 8 showed the NE-25+/PE-35+
phenotype, and one exhibited the NE-25+/PE-35~ phenotype.

The other 2 were only PE-35 positive. Thus, all 11 SCLC

specimens were reactive with one or both of these 2 MoAbs.
Besides SCLC, only carcinoid of the lung (3 of 3), thymus (1
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of 1), and adrenal adenoma (1 of 1) were stained by both NE-
25 and PE-35 MoAbs.

Reactivity of NE-25 and PE-35 MoAbs Tested against Fetal
and Adult Normal Tissues. The reactivity of two MoAbs with
fetal (14-18 wk of gestation) and adult normal tissues was
summarized in Table 4. NE-25 MoAb stained a very restricted
subset of bronchial epithelial cells, which appeared to be an
APUD (Kulchitski) cell, because of its morphology and location
(Fig. 2A). Other positive immunohistological staining was ob
served in fetal and adult normal tissues of brain, nerves, thyroid,
adrenal gland, and islet of pancreas. In addition, this MoAb
reacted with immature glomeruli of the fetal kidney, but not
with adult kidney.

PE-35 MoAb reacted with normal bronchial epithelium (Fig.
2B) as well as other normal epithelium of gastrointestinal tract,
bile duct, pancreas, thyroid, uterine cervix, kidney, and skin.
These two MoAbs showed no reactivity with nucleated bone
marrow cells or peripheral blood cells, including RBC, with A,
B, or H antigen.

Biochemical Characterization of NE-25 and PE-35 Antigens.
The antigen defined by NE-25 or PE-35 MoAb was sensitive
to heat treatment (100Â°Cfor 5 min) and resistant to neuramin-
idase treatment (0.5 units/106 cells for 2 h at.37Â°C). Radioio-

dinated membrane proteins of SBC-1 and SCLC-SA cell lines
were immunoprecipitated with NE-25 or PE-35 MoAb and
analyzed by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis in reduced condition (Fig. 3). NE-25 and PE-35 anti
gens on both SCLC lines showed a single band of a molecular
weight of approximately 25,000 and 35,000, respectively (data
with SCLC-SA line, not shown).

DISCUSSION

This study provided a detailed specificity analysis of two
MoAbs recognizing surface antigens on SCLC. NE-25 MoAb,
derived from immunization with primary neuroblastoma cells,
reacted with a major subset of SCLC which has high activity
levels of the key APUD enzyme, AADC (4, 19). In immuno
histological analysis, positive reactions with this MoAb were
observed in normal and neoplastic cells of neural and
(neuro)endocrine nature. Thus, it is suggested that the expres
sion of NE-25 antigen is closely related to the neural and/or
(neuro)endocrine differentiation state.

A peculiar finding with this NE-25 antigen is that this MoAb
failed to react with surgical specimens of renal carcinoma,
although it did so with all the renal carcinoma cell lines tested.
Similar results were also obtained with melanoma. To investi
gate this finding, we initiated primary cultures from renal
carcinoma specimens and tested the expression of NE-25 anti
gen. Preliminary results showed these cultures were strongly
reactive with NE-25 MoAb. Calu-1 squamous cell lung carci
noma cell line, which is the only NE-25-positive line among
non-SCLC cell lines, lost reactivity with NE-25 MoAb, when
transplated into nude mice. Cultured cells from the nude mice
tumors, however, started expressing the antigen after the second
passage. These observations together suggested that NE-25
antigen is absent or present only in a very low level in vivo in
some tissues, such as renal carcinoma and melanoma.

Several MoAbs mainly reactive with SCLC have been re
ported. Among these, MOC-1 MoAb raised against SCLC-
variant line (GLC-1) showed a similar reactivity to NE-25
MoAb especially in normal tissues, but this antigen has an
apparently different molecular weight (M, 60,000) (13), in
contrast to 25,000 of NE-25. Moreover, NE-25 MoAb showed
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TWO NOVEL SURFACE ANTIGENS ON SCLC

Fig. 1. Immunoperoxidase staining of var
ious histolÃ³gica! types of lung carcinoma with
NE-25 and PE-35 MoAbs by the ABC method.
Small cell carcinoma (A and B), squamous cell
carcinoma (C and D). and adenocarcinoma (E
and F) were stained with NE-25 and PE-35
MoAbs, respectively. NE-25 MoAb reacted
with small cell carcinoma (No. 1649). but not
with squamous cell carcinoma (No. 1156) or
adenocarcinoma (No. 2001), whereas PE-35
MoAb stained these three major types of lung
carcinoma. See Table 3. x 180.

ID

Fig. 2. Immunoperoxidase staining of
adult normal bronchus with NE-25 and PE-35
MoAbs by the ABC method. In A, NE-25
reacted with a subset of bronchial epithelial
cells which appear to be Kulchitski cells, be
cause of its morphology and location. In B,
PE-35 showed a positive reaction with bron
chial epithelium. See Table 4. x 1400.

1F

more restricted reactivity to SCLC among lung carcinoma
tissues. SM-1 and BIO/12 MoAbs are different from NE-25
MoAb, because both these MoAbs reacted with breast carci
nomas (9, 14). Since 600A6 MoAb recognizes glycolipid anti
gen, it is probably different from a NE-25 glycoprotein antigen
(10). SCLC-2051 and TFS-4 MoAbs have not been tested
against various tumor tissues (11, 12). Therefore, they can not
be compared precisely with NE-25 MoAb. The present study
with SCLC cell lines showed a good correlation between the
presence of NE-25 antigen and the amount of AADC or NSE,
but NE-25 molecule is probably different from these bio-
markers, because of different molecular weights and different
antigen distributions in tissues other than SCLC.

PE-35 MoAb in this study clearly showed a "pan-epithelial"

reactivity, reacting with almost all epithelial tumors and normal
epithelial cells of various tissues both in serological and im
munohistological analysis. Antigens with similar characteristics
have been reported. For example, epithelial membrane antigen
defined by polyclonal antibody (26) was reported to be a pan-
epithelial antigen, but its distribution was more limited than
PE-35, for it was present in glandular epithelium but not in
squamous epithelium. In contrast, Cal MoAb was reactive with
various histolÃ³gica! types of malignant tumors, including sar
coma and lymphoma, indicating that this antigen is present on
nonepithelial cells as well (27). Thus, PE-35 antigen will be
valuable as an epithelial marker for immunohistological study.
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Table 4 Reactivity of NE-2 5 and PE-35 monoclonal antibodies with fetal and
adult normal tissues by the ABC method

SpecimensLungBronchial

epitheliumAlveolar
epitheliumBrainNervesThyroidAdrenal

glandEsophagusStomachSmall

bowelLarge
bowelLiverHepatocyteBile

ductGall
bladderPancreasSkinBreastUterine

(cervix)KidneyThymus

(2 yearsold)SpleenNo.

of NE-25PE-35adult

tissues
tested Fetus" Adult Fetus*Adult6+*

-c ++â€”
â€” ++1

++1
++2

V+2
+'+f3

-+5
- - ++5
- - ++6
- - ++2-

- --â€”
â€” ++1

- - ++2
-*+3

- - ++1
-+3
-+5

+* - +'+'2
â€” â€” +â€¢'+^2

ABC

" Tissues from 3 fetuses at 14-18 wk of gestation were tested.
* Basal part of the bronchus was frequently positive (+).
' Only Kulchitski cell (+) (see Fig. 21).
' Duct and C-cell (+).
' Medulla (+), but cortex (-).
' HiMli cortex and medulla (+).
* Islet of Langerhans (+).
* Immature glomerulus (+). but mature glomerulus and tubule (-).
1Tubule (+), but glomerulus (-).
' Hassall's body and thymic epithelial cell ( +).

It is suggested by a number of studies that SCLC and non-
SCLC are derived from "stem cell" with the capability of

differentiation along several different pathways (28-31). There
fore, the presence of NE-25 antigen on non-SCLC lines, such
as Calu-1, is not surprising and rather supported this current
understanding. Furthermore, the expression of pan-epithelial
antigen, PE-35, on SCLC also favors this idea. Interestingly,
all 8 SCLC cell lines expressing NE-25 YPE-35+or- phenotype

are considered to be SCLC classic lines by classification of
Carney et al. (4), because of the typical growth pattern and
increased levels of the key APUD enzyme, AADC, and other
biomarkers, NSE and CK-BB. NE-25VPE-35+ or NE-25-/PE-
35" phenotype, on the other hand, was expressed on three

SCLC lines which can be referred to as SCLC nonclassic lines
or SCLC-variant lines. The results obtained with these cell lines
suggested that NE-25 and PE-35 MoAbs are probably of great
value for initial histolÃ³gica! diagnosis. NE-25+/PE-35'"'or" phe

notype is expressed on tumors differentiated along the neural
and/or (neuro)endocrine pathway, while NE-25~/PE-35+ phe

notype is expressed on tumors differentiated along the epithelial
pathway without (neuro)endocrine properties. In this study, the
former phenotype was observed in 9 of 11 SCLC specimens
tested, while the latter was in 2. The remaining phenotype, NE-
25VPE-35", may belong to undifferentiated carcinoma origi

nated from putative stem cell or to nonepithelial tumors, al
though none of the SCLC specimens in this study showed this
phenotype.

Since it is suggested by several investigators that therapeutic
response and clinical course are related to differentiation state
of the individual SCLC (6-8, 32, 33), study is now under way
regarding whether these four antigenic phenotypes identified
by NE-25 and PE-35 MoAbs have any relation to clinical
behaviors. In addition, preliminary results showed that these
two MoAbs were applicable for detection of bone marrow

200
92.5

69

46-

30-

Fig. 3. Autoradiogram of '"I-labeled proteins from Nonidet P-40 lysates of
SBC-1 and SCLC line Â¡mmunoprecipitated by NE-25 and PE-35 MoAbs and
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis in reduced
condition. In Lane A, NE-25 MoAb immunoprecipitated a single band of a
molecular weight of approximately 25,000 (lower arrow); in Lane B, PE-35 MoAb
immunoprecipitated a single band of a molecular weight of approximately 35,000
(upper arrow): in Lane C, normal mouse serum (control) is shown. Molecular
weight markers: myosin (M, 200,000); phosphorylase b (M, 92,500); bovine serum
albumin (M, 69,000); ovalbumin (M, 46,000); carbonic anhydrase (M, 30,000);
and lysozyme (M, 14,300).

mÃ©tastasesof SCLC. Study is now in progress for in vitro
purging of tumor cells for autologous bone marrow transplan
tation with the use of the toxin conjugates which have already
been developed for the mouse tumor system (34).
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