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ABSTRACT

By means of a thin-layer chromatography immunostaining procedure
involving a human monoclonal anti-Lc4Cer antibody, which was estab

lished by hybridizing murine myeloma cells and human lymphocytes from
a cancer patient, Lc4Cer was proven to be a fetal antigen of human lung
and to be a cancer-related antigen in small cell carcinomas of human
lung, but not of other lung cancers, i.e., large cell carcinomas, adenocar-

cinomas, and squamous carcinomas. With the simultaneous detection
of IV2Fuca,IIJNeuAca-Gg4Cer with rabbit anti-IV2FuctÂ»,II3NeuAca-
Gg4Cer antiserum, the expression of Lc4Cer and IV2Fuca,IIJNeuAca-

Gg4Cer was found to be compensatory and, consequently, small cell lung
carcinomas could be classified into Lc4Cer- and IV2Fuca,Ir'NeuAca-

Gg4Cer-expressing types, L-SCLC and F-SCLC, respectively, which were
detected in four and 27 of 31 patients' tissues and in one and three of four

nude mouse-transplanted small cell lung carcinoma tissues, respectively.
The compensatory expression of Lc4Cer and IV2Fuca,II3NeuAca-Gg4Cer

in small cell carcinomas indicated that different metabolic pathways for
glycosphingolipids were activated to give the distinct glycosphingolipid
compositions in the two types of small cell lung carcinomas.

INTRODUCTION

The abnormal expression of glycosphingolipids through neosynthe-

sis or retarded synthesis is frequently observed in several transformed
cells and is useful as a cancer-related antigen for distinguishing can

cerous cells from normal cells for the clinical diagnosis of cancer. The
altered glycosphingolipids are also used as antigens for the detection
of cancer cells by the human immune defense system, as follows.
When lymphocytes from a lymph node close to the cancer tissue of a
patient with uterine endometrial adenocarcinoma were hybridized
with murine myeloma cells, and the human monoclonal antibodies
produced by the hybrid cells were monitored with cell lines and tissue
sections of uterine endometrial cancer, including those of the cancer
from the lymph node donor, a monoclonal antibody which was able to
discriminate cancerous cells from normal cells was successfully ob
tained (1). The antigen recognized by the monoclonal antibody in the
cancerous tissues was characterized as a glycosphingolipid with lacto-
/V-tetraose, which was not detected in normal human tissues. Until

now, the following major alterations in glycosphingolipids, such as
diminished elongation of the carbohydrate chain, new synthesis of
fetal and blood group-related glycosphingolipids, and incompatible

expressions of glycosphingolipids in different organs of the same
animal, have been recognized as being associated with several can
cers, and the analysis of cancer-associated glycosphingolipids is im
portant to clarify the differentiation-, proliferation-, and transforma
tion-dependent expressions of glycosphingolipids. Therefore, we first

analyzed the expression of Lc4Cer in several types of human cancers
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and found that it was also expressed in human small cell lung carci
nomas as a compensatory phenomenon to IV2Fuca,II1NeuAca-

Gg4Cer expression.

MATERIALS AND METHODS

Tissues. All human tissues (small cell lung carcinomas, large cell lung
carcinomas, lung adenocarcinomas. and squamous lung carcinomas), which
were diagnosed by means of clinical and histopathological examinations, were
obtained from surgical specimens obtained at the Hospital of the National
Cancer Center and the University Hospital, University of Tokyo, and were
stored at -90Â°C until analysis. Cancer cells transplanted s.c. into nude mice

were also used in this experiment. Normal adult human tissues obtained at the
time of pathological examination for several diseases, mainly heart disease,
and fetal human tissues (10- to 11-wk gestation) obtained from aborted fetuses

were also used with permission from the University Committee on Informed
Consent.

Antibodies. Rabbit anti-IV2Fuca,II3NeuAca-Gg4Cer antibody was pre

pared by immunizing rabbits (New Zealand White; Japanese Biological Ma
terials Co., Tokyo, Japan) with IV2Fuca.II'NeuAca-Gg4Cer purified from
bovine thyroid glands (2. 3) together with Freund's complete adjuvant. The

isotype of the antibody was preferentially IgM.1 Human monoclonal anti-

Lc4Cer antibody was generated by hybridizing lipopolysaccharide-stimulated

lymphocytes from the lymph node of a patient with uterine endometrial ad
enocarcinoma with murine myeloma P3X63-Ag8Ul cells in the presence of

42.6% Polyethyleneglycol 1540, monitoring the reactivity of the antibody with
cell extracts of uterine endometrial adenocarcinoma-derived cells. The mono

clonal antibody thus obtained was human IgM ( 1).
Preparation of Glycosphingolipids. Tissues were homogenized in water

and then lyophilized. Total lipids were extracted from the lyophilized powder
successively with chloroform:methanol:water (20:10:1, 10:20:1, 20:10:1, and
10:20:1, v/v) at 40Â°Cand then applied to a column of DEAE-Sephadex (A-25,

acetate form) for separation into neutral and acidic lipid fractions, as described
previously (2). Neutral glycosphingolipids were prepared from the neutral lipid
fraction by acetylation, Florisil column chromatography, and deacetylation,
while acidic glycosphingolipids were prepared from the acidic lipid fraction by
mild alkaline hydrolysis (2). Salts in the neutral and acidic glycosphingolipids
were removed by dialysis.

Thin-Layer Chromatography. Individual glycosphingolipids were devel
oped on either a Silica Gel 60 high-performance TLC plate (E. Merck Co.,
Darmstadt, Germany) or a plastic TLC plate (Polygram sil; Macherey-Nagel,
Duren, Germany) with the following solvent systems: (0) chloroform:metha-

nol:water (65:35:8, v/v), for neutral glycosphingolipids, and (b) chloroform:
methanol:0.5% CaCl2 (55:45:10, v/v), for acidic glycosphingolipids, and were
detected with orcinol-H2SO4 reagent for neutral glycosphingolipids and with
resorcinol-HCl reagent for gangliosides. Mobilities on the TLC plates were

compared with those of standard glycosphingolipids, GlcCer, LacCer, GbjCer,
Gb4Cer, Lc4Cer, nLc4Cer, IV1GalNAca-Gb4Cer, GgjCer, IV3Gala-nLc4Cer,
IV^Fuca-GgiCer, IV3NeuAca-nLc4Cer, II3NeuAca-Gg.,Cer, II'NeuAca-
GgjCer, IV2Fuca,II3NeuAca-Gg4Cer, and IV'NeuAcaJI'NeuAca-GgjCer,

all of which were purified in our laboratory. The density of the spots was
measured with a TLC densitometer (Model CS-"(KM): Shimadzu Co., Kyoto,
Japan) at 430 nm for the orcinol-positive spots and at 570 nm for the resor-

â€¢^The abbreviations used are: IgM. immunoglobulin M (IgG and IgA defined simi

larly); TLC, thin-layer chromatography; PBS. phosphate-buffered saline; SCLC, small cell
lung carcinoma; L-SCLC, Lc4Cer-expressing SCLC; F-SCLC, IV2Fuca,II1NeuAca-
Gg4Cer-expressing SCLC.
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cinol-positive spots, with known amounts of individual glycosphingolipids as

standards for quantitative determination (4).

TLC Immunostaimng. Immunostaining of glycosphingolipids on TLC
plates was performed as described previously (5). Briefly, after development of

the glycosphingolipids on plastic TLC plates, the plates were soaked in the

blocking buffer (1% polyvinylpyrrolidone:l% ovalbumin:0.02% NaN3 in
PBS) at 37Â°Cfor 1 h. Then the plates developed for neutral glycosphingolipids

were incubated with human anti-Lc4Cer antibody, and those developed for
acidic glycosphingolipids, with rabbit anti-IV2Fuca,II3NeuAca-GgjCer anti-

serum. After the plates had been washed 5 times with the washing buffer (0.1%
Tween 20 in PBS) and reacted with blocking buffer at 37Â°Cfor 15 min, the

antibodies bound on the plates were detected with horseradish peroxidase-
conjugated goat anti-human or anti-rabbit IgG + M + A antibody (Miles,

Naperville, IL) and the enzyme substrate, H2O2 and 4-chloro-l-naphthol. The

density of the spots was also quantitatively determined by TLC densitometry
at an analytical wavelength of 420 nm.

RESULTS

Specificities of Anti-Lc4Cer and Anti-IV2Fuca,II3NeuAca-

Gj^Cer Antibodies. Human monoclonal anti-Lc4Cer antibody

strongly reacted with Lc4Cer from human meconium, but not with
other structurally related neutral glycosphingolipids, such as nLc4Cer,
Gb4Cer, G^Cer, IV3GalNAca-Gb4Cer, IV3Gala-nLc4Cer, and
IV2Fuca-Gg4Cer, all of which migrated close to each other on the

TLC plate, indicating that the GalÃŸl-3GlcNAc linkage of the nonre-

ducing terminal of Lc4Cer is the structure essential for its function as
an antigen (1). Furthermore, both the fucose and N-acetylneuraminic
acid of IV2Fuca,II1NeuAca-Gg4Cer were required as the epitope
structure for anti-IV2Fuca,II3NeuAca-Gg4Cer antiserum, and no

cross-reaction was observed with the gangliosides examined (Fig. 1).

Occurrence of Lc4Cer in Fetal Human Tissues. In the case of
TLC immunostaining with anti-Lc4Cer antibody, Lc4Cer was only
detected in fetal human tissues at 10- to 11-wk gestation; i.e., it was

not detected in adult human tissues at all (Fig. 2). Among the tissues
examined, the highest concentration was observed in fetal intestine,
amounting to 137 nmol/g of dry weight, followed by fetal lung at the
concentration of 110 nmol/g of dry weight (Table 1). The standard
deviation of the concentration in five fetal human tissues was within
10%. Thus, Lc4Cer was shown to be a fetal antigen of the human lung,
and Lc4Cer in adult lung was suggested to be masked by fucose and
sialic acid.

Expression of Lc4Cer in Human Small Cell Lung Carcinomas
as an Oncofetal Antigen. Although normal adult human lung did not
contain Lc4Cer even in trace amounts, Lc4Cer was detected in tissues
from patients suffering from SCLC, but not from squamous lung
carcinomas, large cell lung carcinomas, or lung adenocarcinomas
(Fig. 3), and was also not detected in the normal regions adjacent to
the cancerous regions of Lc4Cer-expressing SCLC (Fig. 4), indicating
that Lc4Cer is a tumor-associated antigen of SCLC. About 13% of

SCLC contained Lc4Cer. The neutral glycosphingolipid patterns de
tected with orcinol-H2SO4 reagent were also different between the

SCLC tissues with and without Lc4Cer. As shown in Fig. 3, a polar
glycosphingolipid that migrated to a lower position than that of
Gg4Cer was the major component in tissues without Lc4Cer, but not
in tissues with Lc4Cer from the SCLC patients, suggesting that the
expression of Lc4Cer and that of the polar neutral glycosphingolipid
are compensatory. Structure elucidation and identification of the polar
glycosphingolipid could not be accomplished due to the limited
amount, but the core carbohydrate chain was postulated to be Gg4Cer
from results of TLC immunostaining of the acid hydrolysates with
anti-Gg4Cer antibody.

Fig. 1. TLC of gangliosides, as detected with resorcinol-HCl reagent (top} and anti-
IV2Fuca,II-1NeuAca-Gg4Cer antiserum (bottom). Several gangliosides were developed on
plastic-coated TLC plates with solvent (b). Lane 1, IV3NeuAccr-nLC4Cer from human
erythrocytes; Lane 2, IPNeuAca-Gg^Cer from human brain; Lane 3, II3NeuAca-
Gg4Cer from human brain; Lane 4, II3NeuGc-Gg4Cer from bovine brain; Lane 5,
IV2Fuca,II3NeuAca-Gg4Cer from bovine thyroid glands; Lane 6, IV'NeuAca,
II3NeuAca-Gg4Cer from human brain.

Lung Intestine Kidney
Fig. 2. TLC immunostaining of neutral glycosphingolipids from fetal (F) and adult (A )

tissues. Neutral glycosphingolipids, corresponding to 2 mg dry weight, were developed on
a TLC plate with solvent (a) and detected with anti-Lc4Cer antibody. Lc4Cer was not
delected in adult tissues, even upon spotting of the glycosphingolipids from 20 mg dry
weight of tissues.

Compensatory Expression of Lc4Cer and IV2Fuca,II3NeuAca-

Gg4Cer in Human Small Cell Lung Carcinomas. Expression of
IV2Fuca,lI3NeuAca-Gg4Cer, which was characterized as a SCLC-
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Table 1 Concentration ofLcjCer in adult and fetal human tissues
The mean values for five tissue specimens (fetus, 10 to 11 wk gestation; adult, 35-60

yr old) are presented, and the standard deviations of the concentrations in different
specimens are within 10%.

TissuesIntestineFetusAdultLungFetusAdultLiverFetusAdultKidneyFetusAdultAdrenalFetusAdultCholesterol(/Â¿mol/gdrywt)31.215.026.712.819.19.132&25.330.523.8Lc4Cer(nmol/gdrywt)137011006600.500.50

in one of eight cases of squamous lung carcinomas and two of seven
cases of lung adenocarcinomas, Lc4Cer was not detected in the other
lung cancers.

DISCUSSION

Lacto-AMetraosyl ceramide, which has been classified as the major

glycosphingolipid in human meconium (7), was clearly shown to be a
fetal antigen in human lung and to be a cancer-related antigen of

human SCLC. Since a monoclonal IgM antibody directed to Lc4Cer
has been shown to be produced in the serum of a patient with a poorly
differentiated bronchogenic carcinoma (8), expression of Lc4Cer is
thought to occur in several cases of lung-derived cancers as a cancer-

related antigen and to be important for the host immune system to
distinguish cancer cells from normal cells, as in the case of uterine
endometrial adenocarcinoma (1). However, Lc4Cer was not found in
SCLC with IV2Fuca,II3NeuAco-Gg4Cer, which has been established

to be a SCLC-associated antigen (9-14). Accordingly, SCLC was
classified into two types depending on the glycosphingolipid pheno-

â€¢Ã‰tt* <MM* Â«A j _ .

!â€¢=== Gb.Cer
Gg.Cer

St

Fig. 3. TLC of neutral glycosphingolipids from small cell lung carcinomas (Lanes 1 to
4), a large cell lung carcinoma (5), and a lung adenocarcinoma (6). Neutral glycosphin
golipids, corresponding to 5 mg dry weight, were developed with solvent (a) and detected
with orcinol-H2SO4 reagent (top) and anti-Lc4Cer antibody (bottom). Individual spots

were identified as indicated. St, standard mixture of glycosphingolipids, GlcCer, Gb.iCer,
and Gg4Cer from the top.

associated antigen (9-14), was also examined in the same tissues as
above. As shown in Fig. 5, VI2Fuca,II3NeuAca-Gg4Cer was only

detected in the acidic glycosphingolipid fraction from the tissues with
SCLC, which did not contain Lc4Cer, using both resorcinol-HCl re
agent and anti-IV2Fuca,II3NeuAca-Gg4Cer antiserum, indicating that
the expression of Lc4Cer and IV2Fuca,H3NeuAca-Gg4Cer in SCLC

is a compensatory phenomenon. Since the neutral and acidic glyco
sphingolipid profiles on TLC for SCLC tissues expressing Lc4Cer
were distinct from those for tissues expressing IV2Fuca,II3NeuAca-

GgiCer, the metabolic pathways, including the basic carbohydrate
chain, in the two cell types were thought to be different from each
other. Thus, SCLC was classified into Lc4Cer-expressing (L-SCLC)
and IV2Fuca,II3NeuAca-Gg4Cer-expressing (F-SCLC) types. Four of

31 SCLC tissues belonged to the L-SCLC type and 27 of the 31 to the
F-SCLC type (Table 2). Of four nude mouse-transplanted SCLC, one
and three were of the L- and F-SCLC types, respectively. In addition,
although the expression of IV2Fuca,II3NeuAca-Gg4Cer was observed

N N

N N

Fig. 4. TLC of neutral glycosphingolipids from normal (N) and cancerous (T) regions
of lungs of Patients 1 and 2 with small cell lung carcinomas. The neutral glycosphingo
lipids were developed with solvent (a) and detected with orcinol-H2SO4 reagent (top) and
anti-Lc4Cer antibody (bottom).
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12 3 4 56
Fig. 5. TLC of acidic glycosphingolipids from small cell lung carcinomas (Lanes I to

4), a large cell lung carcinoma (Lane 5), and a lung adenocarcinoma (Lane 6). The tissue
numbers are the same as in Fig. 4. The acidic glycosphingolipids were developed with
solvent (b) and detected with resorcinol-HCI reagent (top) and anti-IV2Fuca,II3NeuAca-
Gg4Cer antiscrum (bottom}. St. standard mixture of gangliosides, II3NeuAca-LacCer,
II'NeuAca-Gg^Cer, VI1NeuAc,II3NeuAca-Gg4Cer, and VI3NeuAca,II3NeuAca2-

Gg-iCer from the top.

Table 2 Concentrations of LcjCer and !V2Fucct,lI3NeuAcot-Gg4Cer in normal lung

and cancerous lung tissues from patients with small cell lung carcinomas, squamous
lung carcinomas, lung adenocarcinomas, and large cell lung carcinomas

CancerPatientSmall

cell1lungcarcinoma2345-31TissuesN"TNTNTNTT

(n =27)NMT
(n =1)NMT
(n = 3)Lc4Cer(nmol/g

drywt)0.046.40.09.90.015.70.09.80.015.80.0IV2FucÂ«,II3NeuAca-Gg4Cer(nmol/gdrywt)0.00.00.00.00.00.00.00.0192.5

(96.7-215.7)0.0120.8(80.8-175.7)

Squamous
lung
carcinoma

Lung adeno
carcinoma

2-8

1-2

3-7

Large cell 1-3

lung carcinoma

T (n = 7)
NMT(Â« = 1)

T (n = 2)

T (n = 5)
NMT (n = 1)

T (n = 3)

NMT (n = 1)

Normal lung 1-14 N (n = 15)

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0

0.0

28.9

0.0
0.0

9.5, 8.0

0.0
0.0

0.0

0.0

0.0
" N, normal tissues; T, cancerous tissues; NMT. nude mouse-transplanted tissues.

type: L-SCLC for the Lc4Cer (lactotetraosyl ceramide)-expressing
type; F-SCLC for the IV2Fuca,II3NeuAca-Gg4Cer (fucosyl GM1)-

expressing type, and the compensatory expression of Lc4Cer and
IV2Fuca,II3NeuAca-Gg4Cer seemed to be due to the difference be

tween L- and F-SCLCs in terms of their metabolic pathways for
glycosphingolipids. In fact, as shown in Figs. 3 and 5, the glycosphin-

golipid compositions, including the precursor glycosphingolipids, in
the L- and F-SCLCs were distinct from each other. Probably, the
difference in the activation of W-acetylglucosaminyl and ./V-acetyl-

galactosaminyl transferases, both of which are key enzymes for the
syntheses of lacto- and ganglio-series glycosphingolipids (15), occurs
in L- and F-SCLC leading to the expression of Lc4Cer and
IV2Fuca,II3NeuAca-Gg4Cer, respectively, and the immature nature

of L-SCLC compared to F-SCLC is indicated by the absence of
IV2Fuca,II3NeuAca-Gg4Cer in human fetal lung. In the case of nor
mal adult human tissues, IV2Fuca,II3NeuAca-Gg4Cer was found to

be present in the thymus, spleen, brain, pancreas, and small intestine
(10, 12, 16), in which specialized cells, such as the dorsal root gan
glion cells of the brain, the islet cells of the pancreas, and the intra
mural ganglionic cells of the small intestine were selectively positive
with anti-IV2Fuca,II3NeuAca-Gg4Cer antibody. Thus, F-SCLC cells

seemed to originate from more highly differentiated cells than in the
case of L-SCLC cells, leading to a longer 5-yr survival rate after
radiation and chemotherapies in patients with L-SCLC. Although at

present the relationship between the glycosphingolipid phenotypes
and the histolÃ³gica! classification of SCLC (17-19) remain unclear,

the compensatory expression of glycosphingolipids will act to provide
an additional tumor marker for the classification of the cellular prop
erties of SCLC and for increased sensitivity in terms of diagnosis upon
examination of a patient's sputum.
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