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An intestinal bacterial metabolite (M1) of
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tumor-induced neovascularization

Kazuhito SUDA® Koji MURAKAMI? Jun MURATAY
Hideo HASEGAWA® and Ikuo SAIKI*®

) Department of -Pathogenic Biochemistry, Institute of Natural Medicine,
Toyama Medical and Pharmaceutical University, ®Itto Institute of Life Science Research, Happy World Inc.

(Recetved April 14, 2000. Accepted May 24, 2000.)
Abstract

The present study demonstrated that an intestinal bacterial metabolite (M1) of protopanaxadiol-
type ginsenosides significantly inhibited the growth of implanted tumor and the intrahepatic metastasis
by the implantation of a small fragment of colon 26-L5 tumor into the liver when it was administered
orally. These findings indicates that M1 was effective for the inhibition of the growth and metastasis
of colon26-L5 cells in addition to lung metastasis of B16-BL6 melanoma cells as have been reported
previously. The conditioned medium of colon 26-L5 cells (CM-L5) induced i vitro tube formation of
hepatic sinusoidal endothelial (HSE) cells on Matrigel-coated substrates, which is considered to be an
important step in the processes of tumor angiogenesis. This activity of CM-L5 was abrogated by
noncytotoxic concentrations of M1 in a concentration-dependent manner. Similarly, M1 eliminated the
ability of CM-L5 to promote the migration of HSE cells concentration-dependently. These findings
indicate that M1-induced inhibition of tumor growth and intrahepatic metastasis may be partly related
to the suppression of tumor angiogenic responses including capillary tube formation and migration of

HSE cells.
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Introduction

Ginseng (the root of Panax ginseng C. A. MEYER,
Araliaceae) has been used in traditional medicine in
China, Korea, Japan and other Asian countries for the
treatment of various diseases, including psychiatric
and neurologic diseases as well as diabetes mellitus.
So far, ginseng saponins (ginsenosides) have been
regarded as the principal components responsible for
the pharmacological activities of ginseng. Gin-
senosides are glycosides containing an aglycone
(protopanaxadiol or protopanaxatriol) with a dam-
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marane skeleton and have been shown to possess
various biological activites, including the enhance-
ment of cholesterol biosynthesis, stimulation of serum
protein synthesis, immunomodulatory effects, and anti-
inflammatory activity.] " There are many reports on
antitumor effects of various ginsenosides, particularly
the inhibition of tumor invasion and metastasis.
Previously, it has been reported that protopanax-
adiol-type ginsenosides such as Rb,, Rb, and Rc are
metabolized by intestinal bacteria after oral adminis-
tration to their derivative 20-O-8-D-glucopyranosyl-
20 (S)-protopanaxadiol, which is referred to as M1
or compound K,”’ Yas shown in Fig. 1. When Rb, was
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administered orally into C57BL6 mice, M1 was found
in serum for 24 h, but Rb, was not detectable.m Thus,
our pharmacokinetic and antimetastatic studies demo-
nstrated that expression of the iz vivo antimetastatic
effect of the protopanaxadiol-type ginsenosides was
primarily based on their metabolite M1 resulted from
We also
found that anti-proliferative activity of M1 against

the orally administered ginsenosides."""”

tumor cells was partly associated with the induction
of apoptosis.w)

Tumor angiogenesis is one of the most important
events concerning tumor growth and metastasis.’
The angiogenic response is considered to be composed
of a series of sequential steps that endothelial cells
degrade the surrounding basement membrane,
migrate into the stroma, proliferate and finally differ-
entiate to give rise to new capillary vessels.” The
induction of tumor angiogenesis is believed to reflect
a balance between positive and negative regulatory
factors.”

In the present study, we investigated the effect of
M1 on the solitary tumor growth at the implanted site
and intrahepatic metastasis by the implantation of
colon 26-L5 tumor fragment into the liver.”” We also
examined whether M1 inhibited tumor-induced
neovascularization and migration of hepatic
sinusoidal endothelial (HSE) cells in vitro.

Materials and Methods

Chemicals : Ginsenoside-Rb, was isolated from
the ginseng extract according to the reported proce-

Glc 15 Glc-0 &
OH \&

dures,”” and their major intestinal bacterial
metabolite M1 was the same as that described previ-
ously.“) For in vitro experiments, M1 was dissolved
in dimethyl sulfoxide at a concentration of 100 mM for
a stock solution and kept at -20°C until use. The
chemical structures of ginsenoside-Rb, and its meta-
bolic compound M1 are shown in Fig. 1.

Cell line: The liver metastatic cell line of the
colon26 carcinoma (colon26-L5) was obtained by the
in vivo selection method.”” Colon26-L5 cells were
maintained as monolayer cultures in RPMI-1640 sup-
plemented with 10 9 fetal bovine serum (FBS) and L-
gulutamine at 37°C in a humidified atmosphere of 5 %
C0,/95 9% air. Hepatic sinusoidal endothelial (HSE)
cells were kindly provided by Dr. G. L. Nicolson (M.D.
Anderson Cancer Center, USA) and were maintained
in Dulbecco’s Modified Eagle Medium (DMEM) /F12
supplemented with 5 % FBS, L-glutamine, and 0.1 mg/
ml endothelial mitogen in a humidified atmosphere of
59 CO, at 37°C.

Mice : Specific pathogen-free female BALB/c (5-
6 weeks old) mice were purchased from Japan SLC
Inc. (Hamamatsu). They were maintained in the
Laboratory for Animal Experiments, Institute of
Natural Medicine, Toyama Medical and Pharmaceuti-
cal University, under laminar air-flow conditions.
This study was conducted in accordance with the
standards established by the Guideline for the Care
and Use of Laboratory Animals of Toyama Medical
and Pharmaceutical University.

In vivo anti-tumor activity against intrahepatic
growth of colon 26-L5 tumor : A fragment of colon

Fig. 1 Structure of ginsenoside-Rb, and its metabolic compound M1. Ginsenoside Rb, is hydrol-
vzed to M1 by intestinal bacteria, particularly Prevotella and FEubactervium. Electron micro-
graph, a thin section of an isolate (Prevotella oriss12) (x60000).
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26-L5 tumor (~1 mm?) was implanted in the left lobe
of the liver of BALB/c mice to form a single tumor
nodule in the liver as described previously.m M1 was
administered p.o. for 14 days, beginning on day 1 after
tumor implantation. The mice implanted with colon
26-L5 tumor were sacrificed on day 15. The tumor in
the liver was removed and weighted. Intrahepatic
metastasis was evaluated by counting the number of
liver tumor colonies. The results represent mean +
S.D. of 10 mice per group.

Preparation of conditioned medium of colon 26-
L5 cells (CM-L5) : Colon 26-L5 cells (1x10%/well)
were seeded into 6-well plates and incubated for 24 h.
The medium was replaced with fresh RPMI 1640 with
59 FBS in the absence or presence of M1. After 24 h
of incubation, the medium was harvested and filtered
through a 0.2-ugm pore membrane.

Assay for in vitro tube formation by HSE cells
induced by CM-L5 : HSE cells (1x10%/well) were
incubated for 4h on 48-well plates coated with
Matrigel (Collaborative Biochemical Products, Inc.)
with 50 9% CM-L5, which was prepared in the absence
or presence of M1 (2.5, 5, or 10 uM), as described
previously.w The cultures were fixed with 2.59
glutaraldehyde and stained with hematoxylin to
observe morphological changes.

Assay for the migration of HSE cells induced by
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CM-L5 : The migration of HSE cells was assayed in
Chemotaxicell chamber (Fig.4, Kurabo Co. Ltd.,
Osaka, Japan) as described previously.w The filters
(8.0 wm pore size) of the chamber were coated with 10
1g/50 ul of gelatin on the lower surface, before being
dried at room temperature. HSE cells (1x10°/cham-
ber) were added to the upper compartment of the
chamber and incubated with CM-L5 treated with
various concentrations of M1 in the lower compart-
ments. After 2-h incubation, the cells that had migrat-
ed to the lower surface were determined by crystal
violet staining. Each assay was performed in triplicate
cultures.

Statistical analysis : The statistical significance of
differences between the groups was determined by
applying Student’s two-tailed ¢-test. Statistical signif-
icance was defined as p <0.05.

Results

Effect of M1 on the growth of the inoculated tumor
and intrahepatic metastasis after the implantation of
colon 26-L5 tumor fragment into the liver

We first examined the effect of M1 on the tumor
growth and metastasis caused by intrahepatic im-
plantation of a small fragment of colon 26-L5 tumor.
Oral administration of M1 (1 or 10 mg/kg) for 14 days

in liver

No. of metastatic colonies

—— . :
M1 (mg/kg)

Fig. 2 Effect of oral administration of M1 on the growth of the inoculated tumor and intrahe-
patic metastasis by the implantation of a fragment of colon 26-L5 tumor. A small fragment of
colon26-L5 tumor was implanted in the left lobe of the liver in female BALB/c mice. M1 were
given orally for 14 days. Mice were sacrificed on day 15 after the implantation, and then the
weight of implanted tumor was measured and the number of tumor colonies in the liver were
manually counted. *, p<0.05; **; p<0.01 compared with untreated control by Student’s /-test.
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resulted in a significant inhibition of the growth of
implanted tumors as compared with untreated control
(Fig. 2). M1 at the dose of 10 mg/kg markedly inhib-
ited the intrahepatic metastasis. These results indi-
cate that oral administration of M1 (or ginsenosides)
was effective at inhibiting intrahepatic metastasis of
colon 26-L5 tumor as well as lung metastasis of B16-
BL6 melanoma as had been reported previously.m
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Effect of M1 on tube formation by HSE cells induced
by CM-L5 in vitro

We examined the effect of M1 on the formation
of capillary-like structures by endothelial cells i
vitro. The incubation of HSE cells with 50 26 CM-L5
in Matrigel-coated wells caused tube-like formations
by HSE cells within 4 h (Fig. 3). Addition of CM-L5
obtained from the culture of colon 26-L5 cells with

Fig. 3 Effect of M1 on tumor-induced morphological change of HSE cells. HSE cells (1x10%/
well) were seeded into Matrigel-coated 48-well plates in the absence (A) or presence (B to E)
of 50 % CM-L5. B, control ; C, 2.5 gM of M1; D, 5 uM of M1 ; and E, 10 M of M1. After 4 h of
incubation, the plates were fixed with glutaraldehyde and stained with hematoxylin. Magnifica-

tion, X 100.
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Fig. 4 Effect of M1 on the migration of HSE cells induced by CM-L5 in vitro.
Filters of Chemotaxicell chambers (left panel) were pre-coated with 10 ug gelatin on their
lower surfaces. HSE cells (1x10%/well) in 0.1 % BSA medium were seeded into the upper
compartment and incubated with or without CM-L5 obtained from the culture with appropriate
concentrations of M1 in the lower compartment. After a 2-h incubation, crystal violet staining
was performed. *, p<0.05 compared with untreated control by Student’s #-test.
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various concentrations of M1 (2.5, 5, or 10 M) for 24 h
resulted in a dose-dependent inhibition of the tube
formation by HSE cells. The incubation of HSE cells
with M1 at the concentrations used in this study for 24
h did not affect the direct cytotoxicity against HSE
cells, nor the formation of tube-like structures (data
not shown). _
Effect of M1 on the migration of HSE cells induced
by CM-L5 in vitro

We next investigated the effect of M1 on the
migration of HSE cells in vitro. HSE cells in the upper
compartment of the chamber was incubated with CM-
L5 obtained from the culture with M1 (5, 10 or 20 xM)
in the lower compartment (Fig.4). The incubation
with CM-L5 markedly enhanced the migration of
HSE cells as compared with untreated control. CM-
L5 obtained from the culture of colon 26-L5 cells with
M1 resulted in a concentration-dependent decrease of
CM-L5-enhanced migration (Fig. 4). However, M1 at
the concentrations used in this study did not directly
affect the inhibition of HSE cell migration (date not

shown).
Discussion

We have previously reported that protopanax-
adiol-type ginsenosides and their major metabolite
M1 markedly inhibited the lung metastasis of B16-
BL6 melanoma cells when they were administered
p.o. into mice. In addition, the ginsenosides was not
found in serum after the oral administration, but only
M1 was detected in serum and showed the inhibitory
effects on the proliferation, migration and invasion of
tumor cells in vitro.”" These findings clearly indicat-
ed that M1, a major metabolite resulted from orally
administered ginsenosides, is primarily responsible for
the induction of the in vivo anti-metastatic effect.

In the present study, a small fragment of colon 26-
L5 tumor was directly implanted into the left lobe of
the liver to form a single tumor nodule in the liver for
evaluation of antitumor and antiangiogenic activities.
Oral administration of M1 inhibited the growth of
implanted tumor and the intrahepatic metastasis after
the implantation of a small fragment of colon 26-L5
tumor (Fig.2). This indicates that M1 was effective
at inhibiting tumor growth and metastasis of colon 26-

L5 cells as well as melanoma cells. However, the
detailed mechanism underlying the antitumor and
antimetastatic effects of M1 has not been fully under-
stood yet.

Neovascularization toward and into tumor is a
crucial step for nutrient delivery to tumor and for
hematogenous metastasis of tumor cells, and it con-
sists of proliferation, migration, and capillary tube

"' It has been report-

formation of endothelial cells.’
ed that some angiogenesis-related molecules, such as
hepatocyte growth factor (HGF), VEGF and basic
fibroblast growth factor (bFGF) play an important
role in positively regulating the formation of tumor
neovascularization.” " Recently, hepatic sinusoidal
endothelial (HSE) cells have been reported to be
associated with tumor-induced angiogenesis in the
liver.””" We have also shown that vascular endothelial
growth factor (VEGF) in CM-L5 is related to the
stimulation of the proliferation and tube formation of
HSE cells.”” The coculture with noncytotoxic concen-
trations of M1 eliminated the ability of CM-L5 to
induce the capillary tube formation and the migration
of HSE cells in a concentration-dependent manner
(Fig. 3 and 4). Previously, we reported that M1 trans-
fers immediately from the blood to the liver after the
intravenous administration.”” Our preliminary study
observes that orally administered M1 (10 mg/kg)
reached the maximum level in the liver (7.1 ug/g) 2h
after the administration, and that the M1-level (more
than 10 M) required for inhibition of the tube forma-
tion of HSE cells in vitro (Fig.3) was sustained for 6
h (data not shown). These results indicate that the
suppression of tumor-induced neovascularization by
M1 may be partly associated with the down-regula-
tion of tube formation and migration of HSE cells,
and consequently lead to the inhibition of intrahepatic
tumor growth and metastasis. Further study will be
needed to examine how M1 regulates the formation of
capillary tube-like structures induced by VEGF in CM-
L5 or directly influences the function of HSE cells.
On the other hand, our previous study has shown
that the up-regulation of the p27""®! and down-regula-
tion of c-Myc and cyclin DI by M1 treatment are
responsible for the induction of apoptosis in B16-BL6
melanoma cells, suggesting the importance of cell
cycle-related proteins for MIl-induced apoptosis.m)
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Therefore, in vivo antitumor effect of M1 may be
associated with the induction of apoptosis in tumor as
well as angiogenesis.

In conclusion, the present study demonstrated
that M1 inhibited the intrahepatic growth and metas-
tasis of colon 26-L5 cells partially through the inhibi-
tion of angiogenic responses such as capillary tube
formation and migration of HSE cells.
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