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The aim of this study was to determine the ability of the ginsenosides, extrects of Punax ginseng C.A. 
Meyer, to cause differentiation of F9 teratocarcinoma stem cells as a model system. F9 stem cells 
cultured in the presence of the ginsenosides together with dibutyryl cyclic AMP (dbcAMP) became 
parietal endoderm-like cells. Moreover, the expression of differentiation marker genes, such as laminin 
Bl and type IV collagen, was increased after treatment with the ginsenosides. Among the various 
purified ginsenosides, Rhl and Rh, were the most effective at causing differentiation of F9 cells. Since 
ginsenosides and glucocorticoid hormone have similar chemical structures, we examined the possibility 
of the involvement of a glucocorticoid receptor (GR) in the differentiation process induced by the 
ginsenosides. According to Southwestern blot analysis, a 94 kDa protein regarded as a GR was detected 
in F9 cells cultured in the medium containing the ginsenosides Rh, or Rh,. In addition, F9 stem cells 
treated with the ginsenosides Rh, or Rh, and with RU486, a glucocorticoid antagonist with a high 
affinity for the GR, did not differentiate into endoderm cells morphologically, and the expression of 
laminin Bl gene was not induced in these cells. In a gel mobility shift assay, protein factors capable of 
binding to the glucocorticoid responsive element (GRE) specifically were detected in nuclear extracts 
of the ginsenoside-treated F9 cells. Moreover, overexpression of GR by cotransfection of GR expression 
vector and GRE-luciferase vector enhanced the transactivation activity of GRE promoter in the 
presence of ginsenosides Rh, or Rh, and was further augmented by dbcAMP. In addition, ginsenosides 
Rh, and Rh, bound to a GR assessed by whole-cell binding assay, even though the specific binding 
affinity was weaker compared to dexamethasone. Based on these data, we suggest that the ginsenosides 
Rh, and Rh, cause the differentiation of F9 cells and the effects of ginsenosides might be exerted via 
binding with a GR or its analogous nuclear receptor. Copyright 0 1996 Elsevier Science Ltd 
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INTRODUCTION 
THERE HAS been an increasing interest in compounds that 
inhibit growth and induce differentiation of cancer cells which, 
compared with normal cells, tend to be less differentiated [ 11. 
These compounds are expected to be a new type of anticancer 
agent because they induce neoplastic cells to differentiate into 
normal cells [2, 31. A representative differentiation agent, 
retinoic acid (RA), has recently demonstrated promising 
results in several clinical trials for the prevention of cancer. 

Correspondence to K.-W. Kim. 
Received 10 Apr. 1995; revised 18 Jan. 1996; accepted 23 Jan. 1996. 

RA appears to play a major role in embryogenesis and homeo- 
stasis [4]. However, several observations concerning the cyto- 
toxic activities of RA have been reported [3, 51, and we 
therefore have searched for naturally occurring non-toxic 
substances that induce the differentiation of cancer cells. We 
used F9 teratocarcinoma stem cells as a model system because 
the differentiation of F9 stem cells results in the loss of their 
tumorigenicity, and, in addition, the differentiation response 
of F9 cells is irreversible and relatively synchronous [6, 71. 
Moreover, several differences in gene expression have been 
documented and serve as convenient markers of differen- 
tiation of F9 stem cells [8-lo]. 
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Ginsenosides are obtained from Panax ginseng CA. Meyer, 
an important plant in oriental medicine. Recently, the chemi- 
cal structure and biological effects of ginsenosides have been 
widely studied, and it ;has been revealed that extracts of 
Panax ginseng have been known to stimulate RNA and protein 
synthesis in rat liver and kidney in viva [ 111. The ginsenosides 
Rh, and Rh,, purified from these crude materials, affected the 
growth of B16 melanoma cells and the expression of their 
phenotype [12, 131. Ginsenosides Rh, and Rh,, possessing a 
glucose molecule at C-6 and C-3, respectively, have very 
similar chemical structures, but their effects on B 16 melanoma 
cells differ remarkably. Odashima and associates [ 141 reported 
that Rh, causes growth inhibition and stimulates melanogen- 
esis in the cultured B16 melanoma cells, whereas Rh, simply 
stimulates melanogenesis. 

This study examined the effects of ginseng extracts and 
compared the activity of various purified ginsenosides on 
the differentiation of F9 .teratocarcinoma stem cells. Because 
ginsenosides are plant glycosides with molecular structures 
remarkably similar to the glucocorticoid hormone, the effect 
of glucocorticoid receptors (GR) on the differentiation of F9 
cells was studied to clarify the relationship between ginsenos- 
ides and GR during the differentiation process. Experiments 
reported herein demonstrate that ginsenosides, especially Rh, 
and Rh,, cause the differentiation of F9 cells and the effects of 
ginsenosides are probably exerted by forming a complex with 
the GR. 

MATERLXLS AND METHODS 
Materials 

F9 cells were obtained from the American Type Culture 
Collection (ATCC CRL 1720). RA was purchased from 
Sigma, and Dulbecco’s modified Eagle medium (DMEM), 
fetal bovine serum (FBS), and antibiotics were obtained from 
Gibco Laboratories. Tissue culture flasks were from Costar, 
restriction endonucleases were purchased from Promega and 
nitrocellulose papers and! 3ZP-dCTP were from Amersham. 
Guanidinium thiocyanate and P60 gel were from Bethesda 
Research Laboratories. RU486 was kindly provided by Rous- 
sel, UCLAF (France). Other chemicals were purchased from 
Sigma. 

Cell culture 
F9 stem cells were grown on gelatinised plastic flasks in 

DMEM, supplemented with 10% FBS, penicillin (100 U/ml) 
and streptomycin (100 &ml) in a humidified atmosphere of 
5% CO, at 37°C. For the induction of differentiation, the 
cells were cultured in a DMEM supplemented with 2% FBS. 
The medium was changed twice a week, and subcultured 
every 5 days with one medium change. Cells used for differen- 
tiation experiments were between passages 1 and 7. 

Purification of ginsenosides 
Fourteen fractions of ginsenosides were purified according 

to the method described by Kitagawa and associates [15]. 
Powdered red ginseng (steamed and dried roots of Panax 
ginseng C.A. Meyer, Araliaceae which was produced by the 
Monopoly Bureau of Korea) was refluxed with methanol. The 
extract, concentrated to dryness, was suspended in water and 
extracted with n-butanol (saturated with water). The extract 
was dried, and this dried powder was used as total ginsenos- 
ides. To purify each ginsenoside, total ginsenosides powder 
was dissolved in methanol. To the methanol solution of total 

ginsenosides, diethylether was added with stirring to provide 
an ether-soluble and ether-insoluble portion. Thus, repeated 
chromatography of the ether-soluble portion using Bondapek 
C,, column eluting with methanol-water (1: 1 - 7:3) and 
silica gel eluting with CHCl,-methanol (1O:l) provided 
ginsenosides Rh, and Rh,. The ether-insoluble portion was 
submitted to column chromatography on silica gel eluting 
with CHCl,-methanol-water (65:35:10, the low phase) and 
n-butanol-ethylacetate-methanol-water (4:2: 1: 1, the low 
phase), and Bondapek C,, eluting with methanol-water 
(1: 1+7:3) to give ginsenoside Rb,, Rc, Rd, Re, Rf, Rg,, Rg,, 
Rg,,, Ro, panaxatriol, panaxadiol and protopanaxadiol. The 
purity of each ginsenoside was determined by melting point, 
optical rotation, and pos. FAB-MS spectra. The melting 
points were determined by Fisher-John Apparatus, optical 
rotations were measured with Jasco DIP-370 Instrument, 
and pos FAB-MS spectra were determined with VG-VSEQ 

(type EBqQ). 

In vitro induction of differentiation in F9 cells 
For differentiation, F9 stem cells were trypsinised and 

seeded on to gelatinised T75 tissue culture flasks containing 
25 ml of culture medium and incubated for 24 h prior to the 
addition of drugs. For induction of differentiation by RA, 
1 X 10e6 M all trans-RA, 5 X 10m4 M dibutyryl cyclic AMP 
(dbcAMP) and 2.5 X 10m4 M theophylline @ACT) were 
added to F9 stem cells plated in T75 culture flask. In the case 
of ginsenoside-induced differentiation, F9 stem cells were 
treated with 40 &ml total ginsenosides, 5 X 10m4 M 
dbcAMP and 2.5 X 10m4 M theophylline (GSCT). The 
effects of various ginsenosides on F9 cells were examined 
using medium containing 5 X 10e5 M ginsenosides, 5 X 
10m4 M dbcAMP and 2.5 X 10m4 M theophylline. RA was 
prepared as a lo-’ M stock in ethanol, dbcAMP was prepared 
as 10-l M aqueous solution and theophylline was a 10-l M 
stock in 0.1 N NaOH, and total ginsenosides were a 10-i M 
aqueous solution. After differentiation, cell morphology was 
judged by phase-contrast microscopy. To test the effect of the 
synthetic antiglucocorticoid drug, RU486, on the differen- 
tiation of F9 cells, F9 cells were plated in T75 culture flasks, 
and 5 X 10m5 M ginsenoside Rh, plus 5 X 10m4 M dbcAMP 
and 2.5 X 1O-4 M theophylline (Rh,CT) together with 
1.5 X 1O-5 M RU486 were added 1 day after plating. Cells 
pretreated with 1.5 X 10m5 M RU486 for 3 days to occupy 
GR completely were also treated with Rh,CT. At the end of 
treatment, cells were examined under the phase-contrast pho- 
tomicroscopy. 

Preparation of radiolabeled DNA probes 
The 464 bp EcoRI fragment of mouse laminin Bl, 2.0 kb 

Pstl fragment of mouse type IV collagen (o2), 0.6 kb Pstl 
fragment of mouse J3-actin, 200 bp BsrEII-Sac1 fragment of 
glucocorticoid responsive element (GRE) present in pMTV- 
CAT cDNA and 274 bp EcoRI-Hi&III fragment of phospho- 
enol pyruvate carboxykinase (PEPCK) promoter cDNA, were 
used as DNA probes. They were labelled by the random 
primer labelling method [ 161. 

RNA preparation and Northern blot analysis 
Total cellular RNA was isolated according to the procedure 

of the acid-guanidinium thiocyanate-phenol-chloroform 
(AGPC) extraction method [17]. Equal amounts (20 pg) 
of denatured RNA were fractionated on 1% agarose gels 
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containing 1.0 M formaldehyde, and transferred to nylon 
membranes (Zeta-Probe, Bio-Rad, California, U.S.A.). After 
baking at 80°C for 2 h, blots were hybridised in a solution 
containing 50% deionised formamide, 0.25 M NaHPO,, 7% 
sodium dodecyl sulphate (SDS), and 1 mM EDTA at 42°C 
in the presence of 32P-labelled cDNA probes for 24 h. Blots 
were washed three times for 5 min with 2 X SSC (0.15 M 
NaCl, 0.015 M sodium citrate) and 0.1% SDS at room tem- 
perature, followed by two 15-min washes in 0.1 X SSC and 
0.1% SDS at 55°C. The filters were autoradiographed at 
- 80°C. Then, the X-ray films were developed. 

Southwestern blot analysis of the DNA binding activity in protein 
extracts of F9 cells 

The Southwestern hybridisation technique was adopted 

from the modified method of Silva and associates [18]. 
Approximately 2-4 X 10’ F9 cells were incubated in the 
medium containing either 5 X 10u5 M ginsenoside Rh, or 
2.5 X 10e5 M dexamethasone (Dex) for 2 h at 0°C with gentle 
agitation. Then the cells were harvested, resuspended in 
100 ~1 of 5 mM NaCI, 5 mM MgCl,, 2 mM EDTA, 50 mM 
Tri-HCl (pH 8.0), 5 mM EGTA, 5 mM 2-mercaptoethanol, 
0.1 mM dithiothreitol (DTT), 1 mM phenylmethylsulphonyl- 
fluoride (PMSF), 1 l&ml leupeptin, and 1 ng/ml pepstatin, 
and then sonicated. The mixtures were immediately centri- 
fuged at 13000g for 10 min at 0°C and the supematant 
was transferred to a fresh tube. Protein concentration was 
measured by the method of Bradford [ 191. Aliquots of 

denatured proteins were electrophoresed on preparative slab 
gels consisting of 3.0% acrylamide stacking gel and 7.5% 
acrylamide resolving gel. After electrophoresis, the proteins 
were electrophoretically transferred on to Hybond C-extra 
nylon membrane. Then the membrane was washed for 24 h 
in 200 ml of renaturation buffer (10 mM HEPES, 50 mM 
NaCl, 0.1 mM EDTA, 10 mM MgCl,, 0.1 mM ZnSO,, 
1 mM DIT, 10% (v/v) glycerol and 5% (w/v) non-fat milk 
powder) with gentle agitation. The membrane was placed into 
heat-sealable plastic bags containing binding buffer (10 mM 
HEPES, 0.1 mM EDTA, 10 mM MgCl,, 50 mM NaCl, 
1 mM DTT, 10% glycerol and 0.25% non-fat milk powder) 
and 2 bg of poly(dl-dC) (Pharmacia), and pretreated for 1 h 

with gentle agitation to block non-specific DNA binding. The 
binding buffer was then added with 6 X lo6 cpm of 32P-DNA 
per ml, and the filter was incubated at 4°C overnight. After 
DNA binding, the filter was washed for 2 X 20 min in 50- 
100 ml binding buffer, air dried, and exposed to X-ray films 
at -70°C. 

Gel mobility shif assay 
Nuclear extracts from F9 stem cells and F9 cells treated 

with 5 X 10m5 M ginsenoside Rh, or 2.5 X 10m5 M Dex as a 
control were prepared as described by Dignam and associates 
[ZO]. The double-stranded oligonucleotides for the GRE 
sequences were 5’-end labelled with [oI-~‘?]ATP using T4 
polynucleotide kinase @omega) and purified by ethanol pre- 
cipitation. Indicated amounts of F9 nuclear extracts preincu- 
bated with 2 kg of poly(dl-dC) at 0°C for 15 min were 
incubated with labelled oligonucleotide (approximately 5 
fmol, 10000 cpm) for 20 mm at room temperature in buffer 
containing 10 mM Tris-HCl (pH 7.5), 50 mM NaCl, 
0.5 mM DT’T, 10 mM MgCl,, 10% (v/v) glycerol, 0.05% 
NP40. In gel shift competition assay, 10 pg of F9 nuclear 
extracts were preincubated with 2 p,g of poly(dl-dC) and 

25X or 50X unlabelled oligonucleotide at 0°C for 15 min, 

and then further reacted with the probe for 20 min at room 
temperature. Protein-DNA complexes were separated from 
protein-free DNA by non-denaturing 4% polyacrylamide 

(29:1, acrylamide: bisacrylamide) gel electrophoresis in 
buffer containing 50 mM Tri-HCl, 0.5 M glycine, 2 mM 

EDTA, pH 8.5 at 4°C. Gels were run at constant voltage of 
200 V. After suitable separation was achieved, the gel was 
vacuum dried for autoradiography and exposed to Kodak 

XAR-5 film. 

Transient transfection assay 
Transient transfections were performed in F9 stem cells 

(5 x lo5 cells/60 mm dish) using the calcium phosphate tech- 
nique with 5 p,g of human glucocorticoid receptor expression 

plasmid (RShGRo), 5 p.g of GRE-luciferase reporter plasmid 

@GLZGRE), and 1 p,g of P-galactosidase containing plasmid 
@MMuLV-SV-1acZ) as described previously [2 11. Cells were 
exposed to the precipitate for 12-24 h and washed by fresh 
medium and then cultured in the absence or presence of 
2.5 X lo+ M dexamethasone, 5 X 10m5 M ginsenosides Rh, 
or Rh, alone or plus 5 X 10e4 M dibutyryl cyclic AMP 
(dbcAMP) and 2.5 X 10m4 M theophylline (DexCT, Rh,CT, 

Rh,CT). Cell extracts were prepared after 30-36 h and 
assayed for luciferase enzyme activity using luciferase assay 
system (Promega, U.S.A.). To normalise for transfection 
efficiency, luciferase activities were corrected for P-galactosid- 
ase activity. Each transfection was performed in triplicate, and 

the fluorescence of each sample was measured with a lumino- 

meter. 

Whole-cell ligand binding assay 
The receptor binding assay was carried out as described 

previously [22]. F9 cells (5 X 106) were cultured for 1 h 
at 37°C with 10nM of [1,2,4,6,7-3H]dexamethasone (83 
Wmmol, Amersham, U.K.) in the absence or presence of lo- 
fold, lOO-fold and 500-fold excess of unlabelled dexame- 
thasone, ginsenosides Rh, or Rh, as a competitor. Then the 
cells were washed three times in ice-cold PBS to remove free 
ligand. Cell pellets were solubilised in a toluene-based, Triton 
X- 1 00-containing scintillation cocktail. Radioactivity in 

whole-cell pellets was assayed by a liquid scintillation counter. 

RESULTS 
Mo~hologi~al observations in ginsenosides-treated F9 
teratocarcinoma stem cells 

F9 teratocarcinoma stem cells usually grow in culture as 
closely packed colonies, and it is difficult to distinguish cell- 
cell boundaries (Figure la). F9 cells cultured in the presence 

of GSCT for 10 days formed a flat round cell (Figure lb), 
and resembled F9 cells differentiated by RACT in shape 
(Figure 1 c) . 

Effects of purified ginsenosides on the dz#erentiation of F9 cells 
To exclude the possibility that the differentiation inducing 

effects of total ginsenosides are mediated partly through co- 
purified retinoids present in these extracts, we repeated the 
differentiation-inducing experiments with purified ginsenos- 
ides. The purity of preparations of ginsenosides was confirmed 
by melting point [Mp(“C)], optical rotation ([cr]n), and mass 
spectra (pos. FAB-MS [M + l]+) as shown in Table 1. F9 
cells were cultured in the medium containing 14 ginsenosides 

[Rb,, Rc, Rd, Re, Rf, Rh,, Rh,, Rg,, Rg,, Rg,,, Ro, panaxatriol 
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Figure 1. Phase-contrast photomicrographs of F9 cells cul- 
tured in the presence of retinoic acid or ginsenosides. (a) F9 
cells growing exponentially in the undifferentiated state. (b) F9 
cells cultured in the prerence of 40 &ml crude ginsenosides, 
5 x 10e4 M dbcAMP and 2.5 X 10m4 M theophylline (GSCT) for 
10 days. (c) F9 cells cultured in the presence of 1 X lo-‘M 
retiuoic acid, 5 x 10m4 M dbcAMP and 2.5 X lo-* M theophyl- 

line (RACT) for 6 days. 

(PT), panaxadiol (PD),, protopanaxadiol (PPD)], respect- 
ively, with dbcAMP and theophylline (CT) and then the 
morphological change and expression of marker gene (laminin 
Bl and type IV collagen) were examined. Among them, 11 
ginsenosides (Rb,, Rc, F:d, Re, Rf, Rh,, Rh,, Rg,, Rg,., PT, 
and PD) induced the morphological alteration of F9 cells 
(data not shown). Particularly, transcripts of laminin Bl and 
type IV collagen were detected strongly in F9 cells treated 
with ginsenosides Rh, (YFigure 2a) or Rh, (Figure 2b). The 
mRNA levels of laminin Bl in the Rh,CT-treated F9 cells 
were much higher than the CT-treated cells and almost the 
same as the RACT-treated F9 cells (Figure 2b). 

Southwestern blot analysis 
With the observation that the chemical structure of ginseno- 

sides is very similar to that of glucocorticoid hormone as 
shown in Table 2, we became interested in the role of GR 
during the differentiation of F9 teratocarcinoma stem cells 
induced by ginsenosides. We therefore considered the possi- 
bility that ginsenosides (exert differentiation-inducing effects 
via GR. To investigate t.his possibility, we examined F9 cell 
proteins which selectively bind with the glucocorticoid respon- 
sive element (GRE) sequence. When protein extracts of F9 
cells treated with 5 X lo-* M ginsenoside Rh, or 2.5 X 
10m5 M Dex was probed with 32P-labelled PEPCK promoter 
cDNA containing the GRE sequence, both a high molecular 

weight protein (94 kDa) band and a low molecular weight 
protein (45 kDa) band were detected (Figure 3a). Ginseno- 
side Rh, showed a similar result (data not shown). In addition, 
a 94 kDa protein band was also detected when probed with 
32P-labelled GRE cDNA (Figure 3b). It has been previously 
reported that a 97 kDa and a 45 kDa GR protein is present in 
HeLa S3 cells [18]. Moreover, GR protein is very unstable 
and its 45 kDa proteolytic form has been reported [23]. 
According to these data, the 94 kDa protein in F9 cells treated 
with ginsenoside Rh, or Dex can be identified as a GR protein 
and the 45 kDa protein might be a proteolytic form of GR. 

Tests for the effects of RU486 on the da#erentiation of F9 cells 
To confirm that ginsenosides bind with GR, we examined 

the action of a glucocorticoid antagonist, RU486 (Figure 4a), 
on the differentiation of F9 cells by ginsenosides Rh, or Rh,. 
The result with Rh, is similar with that of Rh,, hence, only the 
data of Rh, is shown here. Figure 4bii shows that F9 cells 
treated with Rh,CT alone became round. Most of F9 cells 
pretreated with 1.5 X 10e5 M RU486 for 3 days and then 
treated with RhiCT did not acquire the differentiated mor- 
phology (Figure 4biii). In addition, it was observed that treat- 
ment with 1.5 X 10m5 M RU486 alone showed no increase in 
laminin Bl mRNA and exposure to Rh,CT induced 
expression of laminin Bl in F9 cells. RU486 inhibited the 
expression of laminin Bl in F9 cells either pretreated with 
1.5 X 1O-5 M RU486 and then induced to differentiate by 
Rh,CT or treated with 1.5 X 10m5M RU486 and Rh,CT at 
the same time. However, the mRNA level of laminin Bl was 
not changed in RACT plus RU486 treated F9 cells (Figure 
4~). These results suggest that ginsenosides Rh, and Rh, 
might have agonistic activity of GR in F9 cells. 

Ge2 mobility shift assay 
A gel mobility shift assay was used to investigate the binding 

of GRE to nuclear protein extracts of F9 cells treated with 
ginsenosides to examine whether the MMTV DNA binding 
protein of 94 kDa was fortuitous or was, in fact, indicative of 
a selective interaction between GR and GRE. Nuclear extracts 
of F9 cells treated with 5 X 10m5 M ginsenosides Rh, or Rh2 
(data not shown) or 2.5 X 1O-5 M Dex as a control were 
incubated at 0°C for 15 min in the presence of poly(dl-dC) to 
decrease non-specific binding, and then for 20 min at room 
temperature with the 32P-labelled GRE oligonucleotide. The 
sequence of GRE oligonucleotide was 5’-TCG ACT GTA 
CAG GAT GTT CTA GCT ACT-3’ and was purchased 
from Promega. As shown in Figure 5a, the nuclear proteins of 
Dex-treated F9 cells formed a complex with GRE, whereas 
no complex was detected with the untreated F9 cells. With 
increasing concentrations of the nuclear proteins of Rh,- 
treated F9 cells, a single band with increasing density, migrat- 
ing slower than the uncomplexed DNA probe, was detected 
(Figure 5b). Since these results indicate that the nuclear 
factors form a DNA-protein complex, competition exper- 
iments were carried out to define the specificity of the com- 
plex. We allowed the complex to form in the presence of 
unlabelled GRE oligonucleotide. A very weak retarded com- 
plex was observed when unlabelled GRE oligonucleotide was 
added to the reaction mixture, and we found that increasing 
amounts of unlabelled GRE increasingly blocked the complex 
formation which was almost complete at a 50-fold molar 
excess of competitor DNA (Figure 5~). 
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Table 1. Purity ofpreparations of ginsenosides 

Ginsenosides Properties Mp(“C) 

Rb, White powder 201-203 

Rc White powder 199-202 

Rd White powder 206-208 

Re White powder 201-203 

Rf White powder 197-198 

Rg, White powder 298-300 

Rg,, White powder 187-195 

& White powder 159-161 

a, White powder 218-220 

Panaxadiol White powder 237-238 

Panaxatriol White powder 238-239 

[aID 

[ol]$’ 4.1” 
(C = 1.28, MeOH) 

[o!lD22 2.1° 
(C = 1.73, MeOH) 

[(Y]n22 21.5O 
(C = 1.63, MeOH) 

[(YlD’5 1.2” 
(C = 1.06, MeOH) 

[(r]n15 1.2O 
(C = 0.98, MeOH) 

[L&24 - 15.1° 
(C = 0.86, C,H,N) 

[c&25 5.9O 
(C = 1.25, MeOH) 

[c&25 22.2O 
(C = 1.17, MeOH) 

[(Y]~‘~ 20.8’ 
(C = 1.16, MeOH) 

[ol],,= 21.4’ 
(C = 1.25, CHCI,) 

[UlDZ5 15.1” 
(C = 1.72, CHCI,) 

pm. FAB-MS 
[m + l]+ 

1079 

1079 

947 

947 

801 

785 

767 

639 

623 

461 

476 

Formula 

C,,H&,, 

C,,H&L 

C,,H,,O 18 

CHO 48 82 18 

C,,H,@,, 

CHO 42 72 13 

C,,H,,O,, 

CHO 36 62 9 

C,,H,,O, 

CHO 30 52 3 

CHO 30 52 4 

To determine whether ginsenosides Rh, and Rh, act on 
GR-mediated gene transcription, we investigated transcrip- 

tional activity of GR through GRE in the presence of Rh, or 
Rh, (5 X 10m5 M) and with or without 5 X 10m4 M dbcAMP 
and 2.5 X 10e4M theophylline (Rh,CT, Rh,CT), and the 
activity was compared with dexamethasone (2.5 X 10d5 M). 
F9 cells were transfected with GR expression plasmid and 
GRE-luciferase reporter plasmid, and the luciferase activity of 
the cells was monitored. As shown in Figure 6a, ginsenosides 
Rh, or Rh, doubled luciferase activity compared with controls 
and the levels were similar to that produced by dexame- 
thasone. To evaluate whether the inductive effect of ginsenos- 
ides was mediated via CAMP as a second messenger, GR- 
induced transactivation was determined in the presence of 
dbcAMP and theophylline (CT). As indicated in Figure 6b, 
dbcAMP revealed a strong additive effect on the GRE-trans- 
activation. Taken together, dbcAMP alone doubled the 
luciferase activity compared with that of F9 stem cells, 
whereas RhiCT and Rb,CT increased the activity by approxi- 
mately 6-fold, and the levels were somewhat lower than 
DexCT. 

Transactivation studies using GRE-luciferase construct DISCUSSION 
In many respects, cancer is fundamentally a disease of 

abnormal cell differentiation [3], and it could be controlled by 
agents which control cell differentiation rather than kill cells. 
Differentiation of F9 teratocarcinoma stem cells provides a 
unique opportunity to explore new differentiation inducers 
because F9 cells, which do not undergo significant spon- 
taneous differentiation, can be induced to differentiate, upon 
the addition of agents such as RA, into endoderm-like cells, 
which begin to synthesise retinoic acid receptor p and base- 
ment membrane proteins including laminin and type IV col- 

lagen [4, 241. Thus, the F9 cell is a useful model system for 
searching for new differentiation inducers. 

Glucocorticoid receptor binding assay 

The binding affinities of ginsenosides to GR were estimated 
by examining their inhibitory effects on the specific binding of 
[3H]dexamethasone (Figure 7). Ginsenosides Rh, and Rhz 
showed somewhat lower binding affinity for GR than dexame- 
thasone. The inhibitory effects were approximately 60% of the 
specific binding of [3H]dexamethasone when treated with 
500-fold excess ginsenoside Rhi. 

Recently, a number of chemical compounds that inhibit 
growth and induce phenotypic reversion in certain cancer cells 
have been found and studies also suggest that several of 
these compounds have potential value as chemopreventive or 
therapeutic agents [25, 261. In order to find new differen- 
tiation agents, we have screened many compounds which have 
been used as antitumour agents isolated from plant sources 
using F9 teratocarcinoma stem cells as a model system in this 
work. We have shown that total ginsenosides obtained from 
I? ginseng C.A. Meyer induce differentiation of F9 cells. F9 
cells cultured in the medium containing total ginsenosides 
together with dbcAMP (GSCT) became flat and round. They 
strikingly resembled the parietal endoderm-like F9 cells differ- 
entiated by RA, a typical differentiation inducer. These results 
suggest the possibility that ginsenosides have the ability to 
change the morphology of F9 stem cells into the differentiated 
form. To determine whether the morphological alteration of 
F9 cells is the result of differentiation, the modulation of 
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(4 

(b) 

- Laminin B 1 

Figure 2. Effects of various ginsenosides on the expression of 
laminin Bl and type IV collagen of F9 cells. (a) Total celhalar 
RNAs from F9 stem cells, F9 cells cultured in the presence of 
5 X 10e4M dbcAMF aud 2.5 X 10m4M theophylline with 
5 x 10m5M Rb,, Rc, Rd, Re, Rh,, Rg,, Rg,., FT (panaxatriol), 
Rf, PD (panaxadiol), respectively, were isolated, and hybrid- 
ised with 32P-labelled laminin Bl, type IV collagen, and S-a&n 
cDNA probes. (b) Total cellular RNAs from F9 stem cells, 
F9 cells cultured in the presence of 5 x lo-“ M dbcAMP and 
2.5 X lo-“ M theophylline (CT), 1 X 10m6 M retinoic acid plus 
5 X 10e4M dbcAMP and 2.5 X 10m4M theophylline @ACT), 
5 X 10-5MRb,plus5 X 10-4MdbcAMFand2.5 X 10e4Mtheo- 
phylline (Rh,CT), 5 X lo-’ M Rh, plus 5 X lo-“ M dbcAMF and 
2.5 X lo-“ M theophylline (Rh,CT), respectively, were isolated, 

and hybridised with a ‘“I’-labelled 1 aminm Bl cDNA probe. 

laminin Bl and type IV collagen in F9 cells by exogenous 
addition of ginsenosides was examined using Northern blot 
analysis. The mRNA levels of laminin B 1 and type IV collagen 
in parietal endoderm-like F9 cells were increased upon 
exposure to GSCT, and the levels were slightly lower than 
those of RACT-treated IF9 cells. These results suggest that 
ginsenosides act as a differentiation agent like RA, and that 
they affect mainly the expression of basement membrane 
proteins such as laminin and type IV collagen. The effects of 
various ginsenoside fractions isolated from total ginsenosides 
were examined using 14 ginsenosides. Among them, ginsenos- 
ides Rh, and Rhz were most effective for differentiation of F9 
cells in terms of the induction of morphological change and 
gene expression. These results can be compared with that of 
Odashima and associates [14]. They reported that purified 
Rh2 caused a reverse transformation of mouse B 16 melanoma 
cells, inhibited their growth and stimulated melanogenesis, 
and induced two patterns of response, Gl phase arrest and S 

Table 2. Structural formulae of ginsenosides pur$ied from Panax 
ginseng C. A. Meyer 

20(S)-protopanaxadiol group 

R2 = H 

R’ R3 

PPD -Glc2-Glc -H 

Rbz -Glc~-GIc -Cilc6-Ara(p) 

Rc -Glc2-Glc -Glc6-Ara(f) 
Rd --Glc2-Glc -Glc 
Rgs -Glc2-Glc -H 

Rhz -GlC -H 

20(S)-protopanaxatriol group 

R’ = H. RZ = O-R4 

R4 R3 

PPT -H -H 

Re -Glc2-rham -Glc 

Rf -Glc2-Glc -H 
Rh, -Glc -H 

HO 

R = H Panaxadiol R = OH Panaxatriol 

- 94 kd -94kd 

-445 kd 

(a) (b) 

Figure 3. Southwestern blot analysis of the glucocorticoid 
responsive element binding activity. Total proteins from F9 
cells (lane l), incubated with 5 x lo-’ M ginsenoside Rh, (lane 
2), or 2.5 X 10m5 M dexamethasone (lane 3) were electro- 
phoresed, transferred on to nylon membrane and probed with 
“2P-labelled phosphoenol-pyruvate carboxykinase promoter 

(a) and “I’-1abelled pMTV-CAT EDNA (b). 
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Figure 4. Effects of RU486 on the differentiation of F9 cells. 
(a) Chemical structure of RU486. (b) Phase-contrast photo- 
micrographs of F9 stem cells (i), F9 cells treated with 
5 x IO-’ M ginsenoside Rh, plus 5 X 10e4 M dbcAhW and 
2.5 x 10m4 M theophylline @h&T) (ii), and F9 cells pretreated 
with 1.5 x 10m5 M RU486 and then treated with Rh,CT (iii). 
(c)Northern blot analysis of laminin Bl mRNA in F9 stem 
cells, F9 cells treated with 1.5 x lo-‘M RU486, 1.5 x lo-‘M 
RU486 plus Rh,CT, Rh,CT, 1.5 X lo-’ M RU486 plus 
1 x lo-’ M retinoic acid, 5 X 10M4 M dbcAMP and 2.5 x lOA M 

theophylline @ACT), and RACT. 

phase prolongation, in the tumour cell lines [ 141. They also 
showed that Rh, is the most effective at inhibiting B16 mela- 
noma cell growth among many ginsenosides with similar 
chemical structures extracted from P. ginseng CA. Meyer. 

In addition, actions of ginsenosides on cancer cells and 
epidemiological studies on the preventive effect of ginsenos- 
ides against various human cancers have been reported [13, 
14, 27, 281, but the detailed mechanisms of action of these 

plant glycosides are still unknown. We therefore speculate 
that ginsenosides bind the GR or its analogue(s) because 
glucocorticoid hormones and ginsenosides are very similar in 
their gross molecular shapes. The GR is a member of the 
nuclear receptor family of ligand-inducible transcription fac- 
tors [29-311. The ligand-activated GR binds to GREs, located 
close to hormone-regulated genes and, depending on the 
gene, activates or inhibits gene transcription by a still largely 
unknown mechanism [32]. It is widely assumed that transcrip- 
tional transactivation by the glucocorticoids occurs via con- 
tacts between parts of the receptor protein and proteins of the 
transcriptional apparatus [33]. Based on such considerations, 

Bound 

Free 

Protein (pg) 

@I (cl 

Figure 5. Specific binding of the F9 nuclear proteins to gluco- 
corticoid responsive element (GRE) sequence. (a) Labelled 
GRE DNA but no extract (G), nuclear extracts Tom undiffer- 
entiated F9 cells as a negative control (S), F9 cells treated with 
2.5 x 10m5M dcxamethasone (Dex) as a positive control were 
reacted with a “‘P-labelled GRE. (b) The indicated quantities 
of nuclear proteins (pg) from the F9 cells treated with 
5 x 10e5 M ginsenosides Rh, were tested for DNA binding 
activity with a W-labelled GRE oligonucleotide. (c) Nuclear 
extracts from the F9 cells treated with 5 X lo-’ M ginsenoside 
Rh, were reacted with a V-labelled GRE probe in the absence 

or presence of 25x and 50X unlabelled cold GRE probe. 

we investigated the involvement of GR during ginsenoside- 
induced differentiation of F9 cells using Southwestern analy- 
sis, gel mobility shift analysis, treatment with the antiglucocor- 
ticoid reagent, RU486, transactivation studies using GRE- 
luciferase construct and GR binding assay. 

According to the Southwestern blot analysis using probes 
containing GRE, a 94 kDa protein was detected in F9 cells 
treated with ginsenosides Rh, or Rh,. Several lines of evidence 
indicate that the 94 kDa protein with which the GRE interacts 
is the GR [ 181. Moreover, GR protein is very unstable and its 
45 kDa proteolytic form has been reported [23]. Thus, it is 
likely that the 94 kDa protein in F9 cells treated with ginsenos- 
ides Rh, or Rh, is a GR and the 45 kDa protein is a proteolytic 
form of GR. Furthermore, F9 cells treated with Rh,CT and 
RU486 did not differentiate into endoderm cells in terms of 
morphological change and laminin Bl gene expression. The 
steroid analogue RU486 is a potent antagonist of glucocortico- 
ids and it binds with high affinity to GR to compete with the 
natural ligand [34]. The mechanism of action of RU486 lies 
in its ability to bind GR with high affinity and to behave as an 
antagonist in the transcriptional control of a target gene in 
target cells [35-391. Therefore, the blocking by RU486 of 
differentiation of F9 cells induced by ginsenosides Rh, or Rh, 
suggests that Rh, and Rh, may be agonistic to GR in F9 cells. 
In the gel shift assay, we identified a nuclear protein which is 
capable of binding to the GRE in the Rh,- or Rh,-treated F9 
cells. With increasing concentrations of this nuclear protein, a 
single band with increasing density, migrating slower than the 
uncomplexed DNA probe, was detected by autoradiography. 
The specificity of the slower complex was confirmed by com- 
petition experiments. A weak complex was formed between 
F9 nuclear proteins and GRE probe when cold GRE was 
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Figure 6. Activation of glucocorticoid receptor by ginsenos- 
ides. (a) F9 cells were cotransfected with GRE-luciferase plas- 
mid and GR expression plasmid. The transfected cells were 
treated witb 5 X lo-’ M ginsenosides (Rh, or Rh,) or 
2.5 x 10e5 M dexamethasone (Dex) as a positive control. 
Luciferase activities are .presented as fold activation relative 
to the undifferentiated i:9 stem cells. (b) Experiments were 
performed as described iu (a) except that F9 cells treated with 
ginsenosides (Rh, or Rh,) or Dex in the presence of 5 x lo-“ M 

dbcAMP and 2.5 x 10e4 M theophylline (CT). 

added to binding reactions. In addition, the GR-mediated 
transactivation ability of gjnsenoside was tested by performing 
a cotransfection assay. As a result, ginsenosides Rh, and 
Rh, induced GRE-transactivation and an additive effect of 
dbcAMP was found. Using the GR binding assay, it was 
shown that the relative weak binding affinities of ginsenosides 
for GR compared to that of dexamethasone were observed, 
and it suggests that ginsenosides and glucocorticoids may have 
different binding sites for GR, or other homologous nuclear 
receptor(s) could be involved in the differentiation inducing 
mechanism of ginsenosides. Taken together, these results 
suggest that ginsenosides have differentiation inducing effects 
through interaction with GR. 

The actual cellular mechanism by which ginsenosides 
modulate phenotypic expression has not yet been unravelled. 
Moreover, how individual ginsenosides elicit such different 
responses is still unknown and identification of the receptors 
for ginsenosides is required. Nevertheless, it seems that some 
chemical compounds having glucoconicoid-like structures 
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Figure 7. Binding of ginsenosides to glucocorticoid receptor. 
The inhibitory effects of dexamethasone (Dex), ginsenosides 
Rh,, and Rh, on the specific binding of [3H]dexamethasone 
(10 nM) to GR was examin ed. The percentage of 3H-binding 
was calculated as a percentage of the specific binding noted 
when a SOO-fold molar excess of unlabelled Dex was used as the 
competitor. Specific binding of [%]Dex is shown as 100%‘0. 

Each point is an average of two sets of experiments. 

affect the differentiation of cancer cells. The study of the 
effects of ginsenosides on cancer cells will be valuable in 
elucidating the relationship between growth capacity and dif- 
ferentiation and in advancing effective therapies for cancer. 
Thus, the ginsenosides, which are non-toxic natural com- 
pounds, should be a subject for further in viva animal studies 
in order to determine the possibility of clinical trials. 
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