
Jpn. J. Cancer Res.89, 923–932, September 1998

923

Selection of Human Ovarian Carcinoma Cells with High Dissemination Potential 
by Repeated Passage of the Cells in vivo into Nude Mice, and Involvement of 
Lex-determinant in the Dissemination Potential
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Cells of the human tumor cell line RMG-1, derived from a clear-cell adenocarcinoma of the ovary,
were injected intraperitoneally into nude mice, and the cells obtained from the tumor nodules in
the mesenterium were found to form a larger number of, and larger-sized, tumor nodules than the
original RMG-1 cells. The RMG-1-h cells, transferred into culture from the tumor nodules after a
4th in vivo passage, showed a dissemination potential as high as that of cells disseminating directly
from the tissues, and exceedingly higher than that of RMG-1 cells. To assess the molecular bases
of the different biological properties of RMG-1 and RMG-1-h cells, we compared the content and
expression of various carbohydrate antigens in both cells. The chromosomal profile of RMG-1-h
cells revealed their human origin and was identical to that of the original RMG-1 cells. In contrast
to the broad histogram for the Lex-bearing cells among RMG-1 cells in flow cytometry, the weakly
and moderately positive cells toward anti-Lex antibody were found to be eliminated from the his-
togram for the RMG-1-h cells, resulting in the enrichment of cells strongly expressing Lex, which
may account for the high dissemination potential. In addition, the adhesion of RMG-1 cells to
mesothelial cells was found to be significantly inhibited by pretreatment of the cells with anti-Lex

antibody, indicating Lex-mediated cell-to-cell interaction between ovarian cancer cells and
mesothelial cells. By TLC-immunostaining, two Lex-glycolipids, III 3Fucαααα-nLc4Cer and V3Fucαααα-
nLc6Cer were detected in both RMG-1 and RMG-1-h cells, and their total concentrations were not
significantly different from each other. However, the hydrophobic moieties of Lex-glycolipids in
RMG-1-h cells were different from those in RMG-1 cells, suggesting that a difference in the struc-
ture of the hydrophobic moieties of Lex is partly involved in the enhanced reactivity of RMG-1-h
cells toward anti-Lex antibody. Thus, the high dissemination potential of ovarian cancer cells was
shown to be mediated by the Lex-determinant and the Lex-bearing cells are enriched by repeated
in vivo passage of the cells into nude mice.
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Suppression of dissemination and metastasis, using che-
motherapy and surgery, is an important issue in the
treatment of gynecologic cancers, but the molecular
mechanisms involved in dissemination and metastasis
have not been extensively studied.1, 2) In the case of ovar-
ian tumors, a high peritoneal dissemination potential is
frequently used as an indicator of malignancy. Once the
tumor cells are dispersed in the abdominal cavity, they
form solid tumors that are disseminated widely in the

mesenterium and the peritoneum, making treatment more
difficult. We have assumed that malignant cells with a
high dissemination potential tend to interact with the
mesenterium and the peritoneum by the expression of
molecules related to cell-to-cell interaction. In fact, we
recently compared GSL compositions on the surfaces of
cells from benign and malignant ovarian tumors, and
found that the difference in composition was closely
related to the malignant potential of the cells and to their
histological type.3) GSLs play a role in cellular recogni-
tion and receptor function, and alterations of their synthe-
sis and membrane organization occur in relation to
cellular differentiation, proliferation, oncogenic transfor-
mation, and metastatic processes.4) To analyze the molec-
ular mechanism of dissemination, we have recently

Abbreviations used are: GSL, glycosphingolipid; FCS, fetal calf
serum; TLC, thin-layer chromatography; PBS, phosphate-buff-
ered saline; PVP, polyvinylpyrrolidone; BSA, bovine serum
albumin; Hex, hexose; HexNAc, N-acetylhexosamine; IL-1,
interleukin-1.



Jpn. J. Cancer Res. 89, September 1998

924

developed a procedure for evaluating the correlation
between Lex-expression and the degree of peritoneal dis-
semination in vivo after the intraperitoneal injection of
cancer cells into nude mice.5) Using the above procedure,
we observed that repeated in vivo passage of ovarian can-
cer cells resulted in increases of their potential for perito-
neal dissemination. A possible contribution of carbo-
hydrate antigens to the adhesion of ovarian cancer cells
to peritoneal mesothelial cells was also demonstrated in
this study.

MATERIALS AND METHODS

Cell lines of ovarian cancer  The ovarian cancer cell line
RMG-1 was established with cells obtained from the
tumor tissue of a patient with clear cell adenocarcinoma
of the ovary, in our laboratory,6) and another cell line
RTSG, was established with cells obtained from the pleu-
ral fluid of a patient with poorly differentiated mucinous
cystadenocarcinoma of the ovary.7)

In vivo passage of tumor cells and transfer to culture
The RMG-1 cells cultured in a plastic dish were sus-
pended with a cell scraper and injected intraperitoneally
into 5 nude mice (1×107 cells/mouse). Eight weeks after
the inoculation, the animals were killed under anesthesia.
The numbers of dissemination sites in the mesenterium
and peritoneum were counted, and the tumor size was
measured using microcalipers. Tumor nodules excised
from the animals were dissected in FCS-free Ham’s F12
medium, and incubated in the same medium containing
0.25% collagenase at 37°C for 1 h, followed by incuba-
tion in a medium containing 0.25% trypsin at 37°C for 30
min. After filtration through a mesh (150 µm), the cells
were collected by centrifugation at 700g for 2 min, and
cultured on a plastic dish in Ham’s F12 medium supple-
mented with 10% FCS.
Establishment of a cell line with a high dissemination
potential  Tumor nodules formed in the mesenterium and
the peritoneum of individual nude mice were removed
and, after dissection and filtration through a mesh (150
µm), they were implanted into the abdominal cavity of
recipient nude mice. The tumor cells obtained from the
nodules of the nude mice after the fourth in vivo passage
were transferred for culture into Ham’s F12 medium with
10% FCS, and the cells established from the cell line, the
RMG-1-h cells, were found to maintain a dissemination
potential as high as that of a cell suspension prepared
directly from the tumor nodule.
Preparation and quantitation of GSLs  GSLs from
RMG-1 and RMG-1-h cells were prepared according to
the method reported previously.8)  Briefly, the cells were
suspended in water and then lyophilized. Lipids were
extracted from the lyophilized powder with chloroform/
methanol/water (20:10:1 and 10:20:1, v/v/v) and chloro-

form/methanol (1:1, v/v) at 45°C. The extracts were com-
bined and the lipid-bound phosphorus and cholesterol
contents in the total lipid extracts were determined using
Bartlett’s method9) and gas-liquid chromatography with
5α-cholestane as the internal standard,8) respectively. The
total lipids were fractionated into neutral and acidic frac-
tions using DEAE-Sephadex A-25 (acetate form) column
chromatography. Neutral GSLs were prepared from the
neutral lipid fraction by acetylation, Florisil column chro-
matography, and deacetylation,10) and acidic GSLs were
prepared from the acidic lipid fraction by mild alkaline
hydrolysis for the cleavage of the ester-containing lipids,
followed by dialysis. The acidic and neutral GSLs thus
obtained were developed on TLC plates with chloroform/
methanol/0.5% CaCl2 in water (55:45:10, v/v/v) and chlo-
roform/methanol/water (65:35:8, v/v/v), respectively, and
visualized with orcinol-H2SO4 reagent. Lipid-bound sialic
acid in the acidic GSL fraction was measured by the
resorcinol-HCl method.11)  The concentration of each neu-
tral GSL was determined densitometrically at an analyti-
cal wavelength of 420 nm and a control wavelength of
710 nm using a dual-wavelength TLC densitometer (CS-
9000; Shimadzu Co., Kyoto) after visualization of the
spots with orcinol-H2SO4 reagent. A standard curve for
quantitation was prepared with 0.2 to 2 µg of GalCer
from human brain, on the same TLC plate. The concentra-
tion of lipid-bound sialic acid was also determined densi-
tometrically after visualization of the spots with resor-
cinol-HCl reagent and the density of the spots was deter-
mined at an analytical wavelength of 580 nm and a
control wavelength of 710 nm.
Purification of GSLs  The individual neutral GSLs were
further purified using an Iatrobeads (6RS8060; Iatron
Lab., Tokyo) column with a gradient of chloroform/iso-
propyl alcohol/water (85:15:0.2, v/v/v and 40:60:2, v/v/v)
for mono- to trihexaosylceramides, followed by a gradient
of chloroform/methanol/water (70:30:4, v/v/v and 10:90:4,
v/v/v) for polar GSLs. The homogeneity of the isolated
GSLs was examined by TLC with orcinol-H2SO4 reagent
and by TLC-immunostaining with anti-blood group mono-
clonal antibodies.12–14) Monoclonal anti-Lea and anti-Leb

antibodies were purchased from Biotest Diagnostics
(Frankfurt, Germany), and monoclonal anti-Lex (NCC-
LU-279) and anti-Ley (NCC-ST433) antibodies were
kindly donated by Dr. S. Hirohashi, National Cancer Cen-
ter (Tokyo).13)

TLC-immunostaining   Neutral GSLs were chromato-
graphed on plastic-coated TLC plates (Art Z12277-7;
Sigma, St. Louis, MO) with chloroform/methanol/0.5%
CaCl2 in water (55:45:10, v/v/v) and the plates were incu-
bated with a blocking buffer (1% PVP, 1% ovalbumin,
and 0.02% NaN3 in PBS) at 37°C for 1 h and then with
approximately 0.2 µg/ml of monoclonal anti-Lea, anti-Leb,
anti-Lex and anti-Ley antibodies in 3% PVP in PBS at
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37°C for 2 h. The plates were washed 5 times with 0.1%
Tween 20 in PBS, and the bound antibodies were detected
using peroxidase-conjugated anti-mouse IgM antiserum
(Cappel Laboratories, Cochraville, PA), diluted 1:1000 (v/
v) with 3% PVP in PBS and with the enzyme substrates
H2O2 and 4-chloro-1-naphthol, as described previously.12)

Structural analysis of GSLs by FABMS  The purified
GSL was subjected to negative ion FABMS (JMS HX-
110; JEOL Ltd., Tokyo) as follows. The GSL (5 µg) dis-
solved in 5 µl of chloroform/methanol (1:1, v/v) was
mixed with 5 µl of triethanolamine on a sample holder for
FABMS. Analysis was performed by bombardment with a
neutral xenon beam having a kinetic energy of 4 keV, and
the negative ions were detected by mass spectrometry.15)

Mass number assignment was achieved by comparing the
spectrum with that of perfluoroalkyl phosphazine (Ultra
Mark; PCR Laboratories, Gainesville, FL).
Flow-cytometric analysis of cells stained with anti-Lex

antibody  For comparison of the levels of Lex expression
on the cell surfaces of RMG-1 and RMG-1-h cells, the
cells (5×106) were incubated with 5% (w/v) BSA in PBS

for 30 min on ice, and with 20 µl of anti-Lex antibody
diluted serially in 5% BSA in PBS (50 ng, 25 ng and 12.5
ng). After having been washed 3 times with 500 µl of
PBS, the cells were stained with 50 µl of fluorescein-con-
jugated goat anti-mouse IgM antiserum (usually diluted
1:10) at 4°C for 40 min and washed 3 times with 500
µl of PBS. After the removal of aggregated cells with
a nylon filter (100 µm), fluorescence histograms of
the stained cells were obtained with a flow cytometer
(FACStar; Becton Dickinson, Mountain View, CA).
Assay of adhesion of human ovarian carcinoma-
derived cells to mesothelial cells  To identify the mole-
cules involved in the adhesion of human ovarian carci-
noma-derived cells to mesothelial cells, RMG-1 or RTSG
(poorly differentiated adenocarcinoma of human ovary)
cells were labeled with 5 (and 6)-carboxyfluorescein diace-
tate,5) and added to an ELISA plate bearing a meso-
thelial cell monolayer derived from omental tissue at a
final concentration of 2.0×106 cells per ml (0.1 ml per
well) in RPMI 1640 medium with 1% FCS. Prior to the
reaction, the cells were pretreated with either monoclonal

Fig. 1. Formation of tumor nodules after intraperitoneal injection of cells of human ovarian carcinoma-derived cell lines, RMG-1 (A),
and RMG-1-h cells (B), obtained from a culture established from the cells of tumor nodules formed in the mesenterium after the 4th in
vivo passage into nude mice. The formation of tumor nodules was examined 8 weeks after the injection of cells (5×106).
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anti-Lex antibody or murine IgM (1 µg) at 4°C for 2 h.
After incubation at 37°C for 20 min, the wells were filled
with the same medium, sealed with tape, inverted, and
centrifuged at 150g for 5 min. The fluid containing the
nonadherent cancer cells was discarded, and the fluores-
cence intensity of each well was measured with an ELISA
reader.

RESULTS

Establishment of a tumor cell line with high dissemi-
nation potential by repeated in vivo passaging  After
injection of RMG-1 cells, derived from a human ovarian
carcinoma-derived cell line, into the abdominal cavity of
nude mice, solid tumor nodules formed occasionally in
the mesenterium. These nodules were dissected to make
cell suspensions, which were injected into the abdominal

cavities of other nude mice. The repeated in vivo passage
of these cells into the abdominal cavities of the mice
resulted in an increase in the rate of formation and the
size of tumor nodules, and this property was maintained
at the same level as that of a cell suspension made
directly from a tumor nodule, even after the transfer of
the cells into culture (Fig. 1). The cell line, RMG-1-h,
established from cells derived from tumor nodules after
the 4th in vivo passage, exhibited a potential for the for-
mation of a larger number of, and larger-sized, nodules
than the original RMG-1 cells in all the mice tested (Table
I). In contrast to the formation of tumor nodules in 57%
of mice after the injection of RMG-1 cells, tumor nodules
appeared in all the mice injected with RMG-1-h cells,
without exception. Thus, the dissemination potential of
human ovarian tumor cells, when measured in terms of
the rate of formation of tumor nodules after intraperito-

Table I. Formation of Tumor Nodules in the Abdominal Cavity of Nude Mice after Intraperitoneal
Injection of Human Ovarian Tumor Cells, RMG-1 and RMG-1-h

RMG-1 RMG-1-h

Rate of formation of tumor nodules 12/21 11/11
Number of nodules 2.2±2.8 6.0±3.6
Total size of nodules (mm3) 330.8±546.3 15283.7±17870.4

Fig. 2. Chromosomal analysis of RMG-1 (A) and RMG-1-h (B) cells.
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neal injection into nude mice, was significantly increased,
probably due to the selection of tumor cells with a high
dissemination potential during repeated in vivo passages.
Comparison of chromosomes between RMG-1 and
RMG-1-h cells  As shown in Fig. 2, the number of chro-
mosomes in RMG-1-h cells was the same as that in
RMG-1 cells, being 46, and their chromosomal profiles
were essentially the same, confirming that the RMG-1-h

cells established from cells obtained from tumor nodules
in the mesenterium of nude mice after the 4th in vivo pas-
sage, are human-derived cells. The abnormalities of indi-
vidual chromosomes, as distinct from those in normal
human cells, were as follows: 3q+, 7q−, 9q+, 10p+, 12q+

and 13q+ for RMG-1 cells, and 3q+, 5p+, 7p−, 9q+, 10p+,
12q+ and 13q+ for RMG-1-h cells.
Expression of Lex in RMG-1 and RMG-1-h cells  Origi-

Fig. 3. Fluorescence histograms of RMG-1 (A) and RMG-1-h (B) cells stained with murine monoclonal anti-Lex antibody. Cells
(5×106) were stained with 12.5 ng of monoclonal anti-Lex antibody in 20 µl of 5% BSA in PBS, followed by fluorescein-labeled anti-
murine IgM antiserum (1:20) under the conditions described in the text.

Fig. 4. TLC (A) and TLC-immunostaining (B) of neutral GSLs from RMG-1 (lanes 1 and 4) and RMG-1-h cells (lanes 2, 3 and 5).
Neutral GSLs, corresponding to 0.5 mg of dry tissue weight, were chromatographed on a plastic-coated TLC plate with chloroform/
methanol/water (65:35:8, v/v/v) and the spots were visualized with orcinol-H2SO4 reagent for (A) and with monoclonal anti-Lex anti-
body (5 ng/ml) for (B). St, standard glycolipids mixture, GlcCer, LacCer, Gb3Cer and Gb4Cer from the top; Lex, III 3Fucα-nLc4Cer.
Glycolipids, GL-1 and GL-2, were positive with monoclonal anti-Lex antibody.



Jpn. J. Cancer Res. 89, September 1998

928

nal RMG-1 cells and the newly established RMG-1-h
cells were stained using the indirect immunofluorescence
technique with murine monoclonal anti-Lex antibody. In
contrast to the broad histogram for the Lex-bearing cells
in the RMG-1 cells, the weakly and moderately positive
cells toward anti-Lex antibody were found to have been
eliminated from the histogram for the RMG-1-h cells,
which consisted predominantly of strongly positive cells
(Fig. 3), indicating that the high dissemination potential of
RMG-1-h cells is closely related to the expression of Lex,
and the cells expressing Lex strongly are selected by the
repeated in vivo passaging. TLC-immunostaining with
anti-Lex antibody revealed two glycolipids having the Lex-
determinant (GL-1 and GL-2) in the neutral glycolipid
fraction from both RMG-1 and RMG-1-h cells (Fig. 4),

but the concentrations of GL-1 and GL-2 were less than
5% of the total concentration of neutral GSLs and
were not significantly different between RMG-1 and
RMG-1-h cells. The structures of GL-1 and GL-2 were
confirmed by negative-ion FABMS, after purification
using Iatrobeads column chromatography. The glyco-
lipid GL-1 purified from RMG-1-h cells (lane 3 in Fig.
4) yielded the molecular ion at m/z 1399, corresponding
to III3Fucα-nLc4Cer with stearoylsphingosine in the cera-
mide moiety, and fragment ions lacking one Hex and one
fucose residue were detected at m/z 1237 and 1253,
respectively, indicating that Hex and fucose occupy the
nonreducing terminals of the carbohydrate chain (Fig. 5).
Furthermore, fragment ions due to cleavage at the glyco-
sidic linkages were obtained as follows: (ceramide-Hex-
Hex-HexNAc)− at m/z 1091, (ceramide-Hex-Hex)− at m/z
888, (ceramide-Hex)− at m/z 726 and (ceramide)− at m/z
564. Hence, the structure of GL-1 was concluded to be
Galβ1-4(Fucα1-3)GlcNAcβ1-3Galβ1-4Glcβ1-1′ceram-
ide, III3Fucα-nLc4Cer. Similarly, the glycolipid GL-2
(lane 3 in Fig. 4) was identified as Galβ1-4(Fucα-
1-3)GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4Glcβ1-1′-
ceramide, V3Fucα-nLc6Cer. Both III3Fucα-nLc4Cer and
V3Fucα-nLc6Cer exhibited two bands on TLC-immuno-
staining due to a difference in their fatty acid composi-
tion, the upper and lower bands being composed primarily
of lignoceric and stearic acids, respectively. As clearly
presented in Fig. 4, the relative concentrations of ligno-
ceric acid-containing III3Fucα-nLc4Cer and V3Fucα-
nLc6Cer were higher than those of their stearic acid-con-
taining counterparts in the original RMG-1 cells, whereas
the stearic acid-containing GSL molecules were the major
molecular species in RMG-1-h cells. The concentration of
stearic acid-containing Lex-glycolipids in RMG-1-h cells
was approximately twice that in RMG-1 cells, though the
total concentration of Lex-glycolipids in RMG-1-h cells
was similar to that in RMG-1 cells (Table II). A similar
difference in molecular species was observed with respect
to neutral GSLs with two to four carbohydrate chains,

Table II. Concentrations of Various GSLs in RMG-1 and
RMG-1-h Cells

Glycolipid
Concentration (µg/mg of dry weight)

RMG-1 RMG-1-h

CMH-1 0.31 0.11
CMH-2 0.12 0.20
LacCer-1 0.34 0.06
LacCer-2 0.24 0.15
Gb3Cer-1 1.14 0.66
Gb3Cer-2 0.56 0.72
Gb4Cer-1 0.79 0.44
Gb4Cer-2 0.44 0.45
III 3Fucα-nLc4Cer-1 0.06 0.00
III 3Fucα-nLc4Cer-2 0.03 0.04
V3Fucα-nLc6Cer-1 0.07 0.05
V3Fucα-nLc6Cer-2 0.03 0.09

Glycolipids 1 and 2 represent the upper and lower bands corre-
sponding to the molecules with lignoceric and stearic acids,
respectively.
Mean values for three samples are shown. Standard deviations
were within 10%.

Fig. 5. Negative-ion FABMS of glycolipid (GL-1) stained with monoclonal anti-Lex antibody, from RMG-1-h cells. About 5 µg of
glycolipid was used for the analysis.
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between RMG-1 and RMG-1-h cells. The concentrations
of lignoceric acid- and stearic acid-containing glycolipids
were consistently higher in the RMG-1 and RMG-1-h
cells, respectively, and hence, the higher concentration of
stearic acid-containing Lex-glycolipids in RMG-1-h cells
seems to account for the enhanced expression of the Lex-
determinant, as determined by flow-cytometric analysis.
On the other hand, Ley, Lea, Leb, sialyl Lea and sialyl Lex

were not detected by TLC-immunostaining using carbohy-
drate-specific antibodies, or even after spotting GSLs cor-
responding to 5 mg of dry tissue weight.
Assay of adhesion of RMG-1 cells to mesothelial cells
To explore the involvement of Lex in the adhesion of
RMG-1 cells to mesothelial cells, we carried out an inhi-
bition assay of the adhesion with monoclonal anti-Lex

antibody. As shown in Figs. 6 and 7, the extent of adhe-
sion of RMG-1 cells after treatment with anti-Lex anti-
body was reduced to 23% compared to that after
treatment with control immunoglobulin. However, no
inhibition of adhesion of RTSG cells, which were nega-
tive toward anti-Lex antibody, to mesothelial cells was
observed after pretreatment with anti-Lex antibody under
the same conditions. A similar inhibitory effect of anti-Lex

antibody was observed in the adhesion of RMG-1-h cells
to mesothelial cells. Thus, the adhesion of RMG-1 and
RMG-1-h cells, but not of RTSG cells, to mesothelial
cells was shown to be largely mediated by Lex-determi-
nant, accounting for the high dissemination potential of
RMG-1-h cells with their higher expression of Lex.

DISCUSSION

We demonstrated that cells from a human ovarian carci-
noma cell line, established from cells recovered from
tumor nodules in the mesenterium of nude mice, showed
a higher potential for dissemination than the cells origi-
nally injected for the formation of these tumor nodules,
and that repeated passage of the cells in vivo resulted in
the increase in the dissemination potential. The RMG-1-h
cells from a cell culture established from cells derived
from the tumor nodules after the 4th in vivo passage
formed tumor nodules in all the nude mice examined. The
tumor nodules that formed in the abdominal cavity after
injection of RMG-1-h cells were more numerous and
larger in size than those formed after the intraperitoneal
injection of RMG-1 cells, suggesting an enhanced dissem-
ination potential of the RMG-1-h cells due to selection of
cells with a higher propensity for adhesion or invasion.
From the peritoneal dissemination model using mesothe-
lial cells and ovarian cancer cells,5) RMG-1 cells were
found to be of the adhesion type, the number of dissemi-
nation sites being much higher than that of invasive-type
cell lines. This finding is consistent with clinical observa-
tions, and indicates that dissemination is a characteristic
of clear cell ovarian carcinoma.

In order to identify the molecules that are involved in
the adhesion of cancer cells to the peritoneum, compari-
son of cell surface molecules on RMG-1 and RMG-1-h
cells should be a useful approach, and should yield infor-
mation on the biological properties of clear cell ovarian
carcinoma. In particular, the expression of glycoconjugate
molecules on the cell surface is frequently found to be
associated with the metastatic phenotype,16, 17) as well as
with other cellular functions and characteristics, such as
adhesiveness,2, 18) immunogenicity, immune recognition

Fig. 6. Fluorescence micrographs of RMG-1 cells adhering to
the mesothelial cell monolayer. RMG-1 cells stained with 5(6)-
carboxyfluorescein diacetate were reacted with the mesothelial
cell monolayer after treatment of RMG-1 cells with murine con-
trol IgM (A) and murine anti-Lex antibody (B).

Fig. 7. Inhibition of cell adhesion of RMG-1 and RTSG cells to
the mesothelial cell-monolayer with murine control IgM (closed
column) and murine anti-Lex antibody (open column). The rela-
tive fluorescence intensity of cells adhering to the mesothelial
cell monolayer was measured with an ELISA reader.
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processes,19–22) induction of platelet aggregation,23, 24) and
invasion.25) Among the glycoconjugate molecules related
to the above functions, sialyl Lex 26) and sialyl Lea 27, 28)

antigens expressed on the surface of cancer cells have
been found to be involved in the processes of vascular
invasion and hematogenous metastasis. Sialyl Lex antigen
is known to be expressed frequently on lung and ovarian
cancer cells, and to a lesser extent, on digestive organ
cancer cells.29) On the other hand, sialyl Lea antigen is
expressed on cancer cells of the pancreas and other diges-
tive organs much more frequently than sialyl Lex

antigen,27, 28) and is probably involved in the hematoge-
nous metastasis of cancer cells originating in these
organs.29) However, we did not detect sialyl Lex and sialyl
Lea antigens in the acidic GSLs of RMG-1 and RMG-1-h
cells by TLC-immunostaining and flow cytometry.
Instead, neutral GSLs with the Lex determinant, III3Fucα-
nLc4Cer and V3Fucα-nLc6Cer, were found in RMG-1-h
cells, on which the level of Lex expression was also
shown to be significantly higher than that on RMG-1 cells
by flow-cytometric analysis. In addition, the adhesion of
RMG-1 and RMG-1-h cells to mesothelial cells was
shown to be inhibited by monoclonal anti-Lex antibody,
while the antibody was unable to inhibit the adhesion of
RTSG cells (without Lex) to mesothelial cells. These
observations clearly demonstrated that the Lex-determi-
nant is implicated in the adhesion of ovarian cancer cells.

When the histogram of RMG-1-h cells obtained by
flow cytometry is compared with that of RMG-1 cells, the
moderately positive cells toward anti-Lex antibody, which
comprised half of the RMG-1 cells, were effectively elim-
inated from the RMG-1-h cells by the repeated passage of
the cells in the abdominal cavity of nude mice, resulting
in the concentration of highly positive cells in the RMG-
1-h cells. The Lex determinant is known to be contained
in glycolipids and glycoproteins, but no procedure for
accurate quantitation of Lex in the glycoproteins has been
established yet, and accordingly we determined the con-
centration and the structure of Lex-glycolipids. As shown
in Table II, the total concentration of Lex-glycolipids in
RMG-1-h cells was not much different from that in RMG-
1 cells, though the relative concentration of Lex-glycolip-
ids with stearic acid in RMG-1-h cells was significantly
higher than that in RMG-1 cells, being comprised 100%
and 33% of III3Fucα-nLc4Cer, and 64% and 30% of
V3Fucα-nLc6Cer in RMG-1-h and RMG-1 cells, respec-
tively. In addition, all GSLs from ceramide monohexoside
to ceramide pentahexoside, as well as Lex, in RMG-1-h
cells were composed primarily of N-stearoylsphingosine,
in contrast to the observation that the major ceramide of

GSLs in RMG-1 cells was N-lignoceroylsphingosine.
Although the relationship between the structure of the
ceramide and the reactivity of the carbohydrate is not yet
fully understood, and the involvement of glycoproteins
bearing Lex in its expression on the cell surface is unclear,
our observations that RMG-1-h cells were stained more
intensely than RMG-1 cells indicated that an increase in
the concentration of shorter-chain fatty acid-containing
Lex contributed in part to the high exposure of the carbo-
hydrate antigen in RMG-1-h cells. In addition, the more
intense staining of RMG-1-h cells than RMG-1 cells with
anti-Lex antibody was attributed to the higher concentra-
tion of V3Fucα-nLc6Cer in RMG-1-h cells, suggesting
that the longer carbohydrate chain is susceptible to bind-
ing with the antibody, as well as with receptor molecules
in mesothelial cells. Since adhesion of RMG-1 cells to
mesothelial cells was shown to be mediated by Lex, it is
possible that RMG-1 cells with a high expression of the
Lex-determinant readily diffused into the mesenterium and
peritoneum to form solid tumor nodules, and in vivo pas-
sage resulted in the selection of these Lex-bearing cells
with a high dissemination potential.

The receptor for the Lex-related antigens has been iden-
tified as ELAM-1,30) a cell adhesion molecule expressed
on the surface of cytokine-activated human endothelial
cells. Cytokines such as IL-1 and tumor necrosis factor-α
induce the expression of ELAM-1 on the surface of
human endothelial cells,31–33) and ELAM-1 is thought to
be involved in the recruitment of leukocytes to stimulate
the vascular endothelium during inflammation. On the
other hand, the expression of Lex-related antigens on the
surface of cancer cells is suggested to occur during
hematogenous metastasis of cancer cells.26–28) However,
since the above adhesion molecules so far identified have
an affinity for sialylated or sulfated Lex-structure, it seems
likely that other molecules with an affinity for Lex are
also involved in the dissemination process. The selection
of cancer cells with high expression of carbohydrate
ligands might contribute to high risk of hematogenous
metastasis and peritoneal dissemination in patients.

ACKNOWLEDGMENTS

The authors are grateful to Dr. S. Hirohashi of the National
Cancer Center (Tokyo, Japan) for providing monoclonal anti-Lex

and anti-Ley antibodies. The skillful assistance of Miss S.
Yamanouchi is also gratefully acknowledged.

(Received February 16, 1998/Revised May 6, 1998/2nd Revised
June 1, 1998/3rd Revised June 26, 1998/Accepted July 1, 1998)



Enhanced Dissemination Potential by in vivo Passage of Ovarian Cancer Cells

931

REFERENCES

1) Yogeeswaran, G. and Salk, P. L.  Metastatic potential is
positively correlated with cell surface sialylation of cul-
tured murine tumor cell lines.  Science, 212, 1514–1516
(1981).

2) Dennis, J. W. C., Timpl, R. and Schirrmmacher, V.  Sur-
face sialic acid reduces attachment of metastatic tumor
cells to collagen type IV and fibronectin.  Nature, 300,
274–276 (1982).

3) Kiguchi, K., Nozawa, S., Iwamori, M. and Nagai, Y.
Glycosphingolipids of various human ovarian tumors: a
significantly high expression of I3SO3GalCer and Lewis
antigen in mucinous cystoadenoma.  Cancer Res., 52, 416–
421 (1992).

4) Hakomori, S.  Glycosphingolipids as differentiation depen-
dent tumor associated markers and as regulators of cell pro-
liferation.  Trends Biol. Sci., 9, 453–458 (1984).

5) Kishikawa, T., Sakamoto,  M., Ino, Y., Kubushiro, K.,
Nozawa, S. and Hirohashi, S.  Two distinct patterns of
peritoneal involvement shown by in vitro and in vivo ovar-
ian cancer dissemination models.  Invasion Metastasis, 15,
11–21 (1995).

6) Nozawa, S., Tsukazaki, K., Sakayori, M., Jeng, C. H. and
Iizuka, R.  Establishment of a human ovarian clear cell car-
cinoma cell line (RMG-1) and its single cell cloning — with
special reference to the stem cell of the tumor.  Hum. Cell,
1, 426–434 (1988).

7) Udagawa, Y., Nozawa, S., Chin, K., Sakayori, M., Mikami,
M., Ohta, K., Tsukazaki, K., Kiguchi, K. and Iizuka, R.
Establishment and characterization of a human chorionic
gonadotropin (hCG) producing cell line (RTSG) from an
ovarian epithelial cancer.  Hum. Cell, 3, 70–75 (1990).

8) Iwamori, M., Sawada, K., Hara, Y., Nishino, M., Fujikawa,
T., Imura, H. and Nagai, Y.  Neutral glycosphingolipids
and gangliosides of bovine thyroid.  J. Biochem., 91, 1875–
1887 (1982).

9) Bartlett, G. R.  Phosphorus assay in column chromatogra-
phy.  J. Biol. Chem., 234, 466–468 (1959).

10) Saito, T. and Hakomori, S.  Quantitative isolation of total
glycosphingolipids from animal cells.  J. Lipid Res., 12,
257–259 (1971).

11) Miettinen, T. and Takki-luukainen, J. T.  Use of butyl ace-
tate in determination of sialic acid.  Acta Chem. Scand., 13,
856–858 (1959).

12) Iwamori, M., Sunada, S., Ishihara, E., Moki, E., Fujimoto,
S. and Nagai, Y.  Differential expression of fucosyl GM1
and disialoganglioside with a NeuAcα2-6GalNAc linkage
(GD1e) in various rat ascites hepatoma cells.  FEBS Lett.,
198, 66–70 (1986).

13) Watanabe, M., Hirohashi, S., Shimosato, Y., Ino, Y.,
Yamabe, T., Teshima, S., Sekine, T. and Abe, O.  Carbo-
hydrate antigen defined by monoclonal antibody raised
against a gastric cancer xenograft.  Jpn. J. Cancer Res., 76,
43–52 (1985).

14) Hirohashi, S., Shimosato, Y., Ino, Y., Tome, Y., Watanabe,

M., Hirota, T. and Itabashi, M.  Distribution of blood
group antigens and CA 19-9 in gastric cancers and non-
neoplastic gastric mucosa.  Jpn. J. Cancer Res., 75, 540–
547 (1984).

15) Arita, M., Iwamori, M., Higuchi, T. and Nagai, Y.
Negative ion fast atom bombardment mass spectrometry of
gangliosides and asialo-gangliosides: a useful method for
the structural elucidation of gangliosides and related neutral
glycosphingolipids.  J. Biochem., 94, 249–256 (1983).

16) Dennis, J. W. and Laferte, S.  Tumor cell surface carbo-
hydrate and the metastatic phenotype.  Cancer Metastasis
Rev., 5, 185–204 (1987).

17) Irimura, T. and Reading, C. L.  Surface properties of meta-
static tumor cells.  Cancer Bull., 39, 132–141 (1987).

18) Irimura, T., Gonzales, R. and Nicolson, G. L.  Effects of
tunicamycin on B16 metastatic melanoma cell surface
glycoproteins and blood borne arrest and survival proper-
ties.  Cancer Res., 41, 3411–3418 (1981).

19) Dennis, J. W. and Laffrte, S.  Recognition of asparagine-
linked oligosaccharides on murine tumor cells by natural
killer cells.  Cancer Res., 45, 6034–6040 (1985).

20) Altevogt, P., Fogel, M., Chein Song-popov, R., Dennis, J.
and Schirrmmacher, V.  Related high and low metastatic
tumor lines show different patterns of lectin binding and
cell surface sialylation.  Cancer Res., 43, 5138–5144
(1983).

21) Codington, J. F., Klein, G., Lee, N., Brown, R. W. and
Jeanloz, R. W.  Further studies on the relationship between
large glycoprotein molecules and allotransplantability in the
TA3 tumor of the mouse: studies on segregating TA-3 Ha
hybrids.  J. Natl. Cancer Inst., 60, 811–818 (1978).

22) Sherblom, A. P. and Moody, C. E.  Cell surface sialomucin
and resistance to natural cell mediated cytotoxicity of rat
mammary tumor ascites cells.  Cancer Res., 46, 4543–4546,
(1986).

23) Pearlstein, E., Salk, P. L., Yogeeswaran, G. and Karpakin,
S.  Correlation between spontaneous metastatic-variant
derivatives of rat renal sarcoma cell line.  Proc. Natl. Acad.
Sci. USA, 77, 4336–4339 (1980).

24) Kijima-Suda, I., Miyamoto, Y., Toyoshima, S., Itoh, M. and
Osawa, T.  Inhibition of experimental pulmonary metastasis
of mouse colon adenocarcinoma 26 subline by a sialic acid
nucleoside conjugate having sialyltransferase inhibiting
activity.  Cancer Res., 46, 858–862 (1986).

25) Blosher, J. M., Schallier, D. C. C., Van Rooy, H., Storme,
G. A. and Smets, L. A.  Modification of cell surface carbo-
hydrates and invasive behavior by an alkyl lysophospho-
lipid.  Cancer Res., 48, 977–982 (1988).

26) Kannagi, R., Fukushii, Y., Tachikawa, T., Noda, A., Shin,
S., Shigeta, K., Hirakawa N., Fukuda Y., Inamoto, T.,
Hakomori, S. and Irimura, H.  Quantitative and qualitative
characterization of human cancer-associated serum glyco-
protein antigens expressing fucosyl or sialyl-fucosyl type 2
chain poly lactosamine.  Cancer Res., 46, 2619–2626

7233237&form=6&db=m&Dopt=b     
7233237&form=6&db=m&Dopt=b     
7233237&form=6&db=m&Dopt=b     
7144883&form=6&db=m&Dopt=b     
7144883&form=6&db=m&Dopt=b     
7144883&form=6&db=m&Dopt=b     
1728413&form=6&db=m&Dopt=b     
1728413&form=6&db=m&Dopt=b     
1728413&form=6&db=m&Dopt=b     
7545653&form=6&db=m&Dopt=b     
7545653&form=6&db=m&Dopt=b     
7545653&form=6&db=m&Dopt=b     
3154025&form=6&db=m&Dopt=b     
3154025&form=6&db=m&Dopt=b     
2083225&form=6&db=m&Dopt=b     
2083225&form=6&db=m&Dopt=b     
2083225&form=6&db=m&Dopt=b     
7118850&form=6&db=m&Dopt=b     
7118850&form=6&db=m&Dopt=b     
7118850&form=6&db=m&Dopt=b     
4324310&form=6&db=m&Dopt=b     
4324310&form=6&db=m&Dopt=b     
2420639&form=6&db=m&Dopt=b     
2420639&form=6&db=m&Dopt=b     
2420639&form=6&db=m&Dopt=b     
2579005&form=6&db=m&Dopt=b     
2579005&form=6&db=m&Dopt=b     
2579005&form=6&db=m&Dopt=b     
6619111&form=6&db=m&Dopt=b     
6619111&form=6&db=m&Dopt=b     
6619111&form=6&db=m&Dopt=b     
3549035&form=6&db=m&Dopt=b     
3549035&form=6&db=m&Dopt=b     
7260906&form=6&db=m&Dopt=b     
7260906&form=6&db=m&Dopt=b     
7260906&form=6&db=m&Dopt=b     
4063962&form=6&db=m&Dopt=b     
4063962&form=6&db=m&Dopt=b     
4063962&form=6&db=m&Dopt=b     
6616451&form=6&db=m&Dopt=b     
6616451&form=6&db=m&Dopt=b     
6616451&form=6&db=m&Dopt=b     
633390&form=6&db=m&Dopt=b     
633390&form=6&db=m&Dopt=b     
633390&form=6&db=m&Dopt=b     
3731108&form=6&db=m&Dopt=b     
3731108&form=6&db=m&Dopt=b     
6933486&form=6&db=m&Dopt=b     
6933486&form=6&db=m&Dopt=b     
6933486&form=6&db=m&Dopt=b     
3753583&form=6&db=m&Dopt=b     
3338089&form=6&db=m&Dopt=b     
3338089&form=6&db=m&Dopt=b     
3338089&form=6&db=m&Dopt=b     
3008996&form=6&db=m&Dopt=b     
3008996&form=6&db=m&Dopt=b     
3008996&form=6&db=m&Dopt=b     


Jpn. J. Cancer Res. 89, September 1998

932

(1986).
27) Itai, S., Arii, S., Tobe, R., Kitahara, A., Kim, Y. C.,

Yamabe, H., Ohhashi, H., Kurihara, Y., Shigeta, K. and
Kannagi, R.  Significance of 2-3 and 2-6 sialylation of
Lewis antigen in pancreas cancer.  Cancer, 61, 775–787
(1988).

28) Itai, S., Nishikawa, J., Yoneda, T., Ohmori, K., Tsunekawa,
S., Hiraiwa, N., Yamabe, H., Arii, S., Tobe, T. and
Kannagi, R.  Tissue distribution of sialyl 2-3 and 2-6 Lewis
a antigen and the significance of serum 2-3/2-6 sialyl
Lewis a antigen ratio for the differential diagnosis of malig-
nant and benign disorders of the digestive tract.  Cancer,
67, 1576–1587 (1991).

29) Takada, A., Ohmori, K., Takahashi, N., Tsuyuoka, K.,
Yago, A., Zenita, K., Hasegawa, A. and Kannagi, R.
Adhesion of human cancer cells to vascular endothelium
mediated by a carbohydrate antigen, sialyl Lewis-A.  Bio-
chem. Biophys. Res. Commun., 179, 713–719 (1991).

30) Takada, A., Ohmori, K., Yoneda, T., Tsuyuoka, K.,
Hasegawa, A., Iso, M. and Kannagi, R.  Contribution of
carbohydrate antigens sialyl Lewis A and sialyl Lewis X to
adhesion of human cancer cells to vascular endothelium.
Cancer Res., 53, 354–361 (1993).

31) Bevilacqua, M. P., Pober, J. S., Menderick, D. L., Cotran,
R. S. and Gimgrone, M. A., Jr.  Identification of an induc-
ible endothelial-leukocyte adhesion molecule.  Proc. Natl.
Acad. Sci. USA, 84, 9238–9242 (1987).

32) Bevilacqua, M. P., Stengelin, S., Gimbrone, M. A., Jr. and
Seed, B.  Endothelial leukocyte adhesion molecule 1: an
inducible receptor for neutrophils related to complement
regulatory proteins and lectins.  Science, 243, 1160–1165
(1989).

33) Phillips, M. L., Nudelman, E., Gaeta, F. C. A., Perez, M.,
Singhal, A. K., Hakomori, S. and Paulson, J. C.  ELAM-1
mediates cell adhesion by regression of a carbohydrate
ligand, sialyl-Lex.  Science, 250, 1130–1132 (1990).

3422178&form=6&db=m&Dopt=b     
3422178&form=6&db=m&Dopt=b     
3422178&form=6&db=m&Dopt=b     
2001547&form=6&db=m&Dopt=b     
2001547&form=6&db=m&Dopt=b     
1716885&form=6&db=m&Dopt=b     
1716885&form=6&db=m&Dopt=b     
1716885&form=6&db=m&Dopt=b     
7678075&form=6&db=m&Dopt=b     
7678075&form=6&db=m&Dopt=b     
2827173&form=6&db=m&Dopt=b     
2827173&form=6&db=m&Dopt=b     
2827173&form=6&db=m&Dopt=b     
2466335&form=6&db=m&Dopt=b     
2466335&form=6&db=m&Dopt=b     
2466335&form=6&db=m&Dopt=b     
1701274&form=6&db=m&Dopt=b     
1701274&form=6&db=m&Dopt=b     
1701274&form=6&db=m&Dopt=b     
3008996&form=6&db=m&Dopt=b

