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Abstract : Ginsenosides Rh1 and Rh2 induced the differentiation of F9 teratocarcinoma stem cells.

These agents are structurally similar to the steroid hormones, therefore, we speculated that the

steroid receptor (s) or novel nuclear receptor (s) could be involved in the differentiation process in-

duced by them. Based on this speculation, we tried to clone new nuclear receptors with reverse tran-
scription-polymerase chain reaction (RT-PCR) method by isolating RNA from FY teratocarcinoma
cells induced by ginsenosides. By using RT-PCR with degenerated primers from highly conserved
DNA binding domain of nuclear receptors, we identified several nuclear receptors. In northern blot

analysis we found that these clones are transcriptionally regulated by ginsenoside Rhl or Rh2 treat-
ment. Further characterizations of these clones are needed to identify the mechanism of gene ex-
pression which has an important role in the differentiation of F9 cells induced hy ginsenosides.
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Introduction

Ginsenosides, ginseng saponins, are known as
major effective compounds in Korean ginseng.
Ginsenosides obtained from the root of Panax gin-
seny C.A. Meyer, have been reported to induce
phenotypic reverse transformation in cultured
Morris hepatoma cells." Moreover, ginseng ex-
tract inhibited the incidence and the proliferation
of tumors induced hy some carcinogens, and the
anticarcinogenic effect of ginseng was shown to
be related to immune response.” ' It has been
also reported that some ginseng saponins derived
from different origins have various biological ac-
tivities  including anti-inflammatory  activity,*”
and induction of gene expression such as tyrosine
aminotransferase and human interleukin-1."
However, the detailed molecular action mechan-
ism of ginsenosides 1s still unknown.
identified

We previously that ginsenosides

147

have the ability to induce the differentiation of F9
stem cells.” Among various purified ginsenoside
Rhl and Rh2 the dif-
ferentiation of F9 cells most effectively in terms

derivatives, caused
of morphological change and marker gene ex-
pressions such as laminin Bl and type IV col-
lagen. Since ginsenosides and steroid hormone
are very similar in their gross molecular shapes,
we speculated that steroid receptor (s) or novel
nuclear receptor (s) could be involved in the dif-
ferentiation process induced by them. According
to the previous experiments such as gel shift as-
say. glucocorticoid receptor (GR) binding assay,
and GRE-luciferase transactivation assay, we sug-
gested that ginsenosides can interact with GR.*
Therefore, it 1s necessary to characterize the nu-
clear receptor superfamily that 1s activated by
ginsenosides in the differentiation process of F9
cells induced by ginsenosides.

Nuclear receptors are ligand-activated tran-
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scription factors which regulate the expression
of target genes by binding to specific cis-acting
sequences.”™ This family includes nuclear re-
ceptors for several hydrophobic ligands such as
steroids, vitamin D. thyroid hormones, retinoic
acid and also for regulators of development, cell
differentiation, and organ physiology. In addition
to these receptors for known ligands, many of
the new members have been described as orphan
receptors which are putative receptors for li-
gands still to be identified.”'"’ Sequence analysis
and functional studies revealed two important re-
gions of these receptors that exhibit a high de-
gree of amino acid residue conservation. The
highest level of similarity among the receptors is
found in a region that contains nine cysteine resi-
dues that bind zinc atoms to form two “zinc fing-
ers’ , which interact with the cognate response
elements of DNA."'" We tried to use this con-
served sequence of the zinc finger domain as a
mean to find other members of the nuclear re-
ceptor superfamily in F9 cells induced by gin-
senosides.

In this study, we examined a involvement of
novel nuclear receptor (s) in the differentiation
of F9 stem cells by RT-PCR analysis with de-
generated primers from highly conserved DNA
binding domain of the known nuclear receptors.

Materials and Methods

1. Materials

F9 cells were obtained from the American
Type Culture Collection (ATCC CRL 1720). Dul-
becco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), and antibiotics were ob-
tained from Gibco BRL (Gaithersburg, MD, U.S.
A.). Tissue culture flasks were purchased from
Nunc (Roskilde,
donucleases and *P-dCTP were from Amersham
(Bucks, U.K.). Guanidinium thiocyanate and P60
gel were from Bethesda Research Laboratories

Denmark), restriction en-

and zetaprobe blotting membrane was from Bio-
Rad (Zeta-Probe, Bio-Rad, CA, U.S.A). Di-
butyryl cAMP and other chemicals were also pur-

e elitebs) A

chased from Sigma Chemical Co. (St. Louis, MD,
US.A).

2. Methods

(1) Cell Culture and differentiation of F9
teratocarcinoma stem cells

F9 stem cells were grown on gelatinized plastic
flasks in DMEM, supplemented with 10% FBS,
penicillin (100 U/ml) and streptomycin (100 pg/
m/) in a humidified atmosphere of 5% CO, at
37°C. For the induction of differentiation, F9
stem cells were trypsinized and seeded onto gela-
tinized T75 tissue culture flasks containing 25 ml
of culture medium and incubated for 24 hr prior
to the addition of drugs. Cells used for dif-
ferentiation experiments were between passages
1 to 7. When differentiation was induced by gin-
senosides, F9 stem cells were treated with 50
UM ginsenosides, 500 pM dbcAMP and 250 uM
theophylline. Ginsenosides were prepared as a 100
mM stock in ethanol, dbcAMP was prepared as
100 mM aqueous solution and theophyllin was a
100 mM stock in 0.1 N NaOH. Cell morphology
was detected by phase-contrast microscopy for a
judgement of the degree of the differentiation.

(2) Reverse transcription-polymerase chain
reaction (RT-PCR)"

The conversion of RNA into ¢cDNA was carried
out at the conditons recommended by Perkin Elm-
er Cetus using random hexamers as a primer. Fol-
lowing completion of the reaction, 2ul of the
c¢DNA solution were used in PCR reaction with de-
generate primers SR-2 (sense), SR-3 (antisense)
and SR-11 (sense) and SR-13 (anti- sense) [5'-
GGCTGCAAIGBTTTCTTYA-3', 5-GCAITTSCKG-
AASCGGCA-3',5"-TTGGATCCGAYDANDSN WS-
NGGTNWBCAYTA-3'. and 5-AAGAATTCRCA-
YT TNNNNWRNCKRCANGCDKGRCA-3', re-
spectively] (Fig. 1) at a concentration of 50 pmol.
After 40 cycles of amplification (30s at 94C, 1
min at 50°C, 30s at 72°C), the products were a-
nalysed by electrophoresis in 2% agarose gels. Am-
plified DNA fragments of the expected size were
recovered from the gel, and cloned with pGEM-T
vector system (Promega, US.A.). Recombinant
plasmids were transformed into the E. coli stramn
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DH5. White colonies were picked, and identified
by restriction enzyme analysis. Correct clones
were selected and sequenced by the dideoxy chamn
termination method 15 using sequenase version 2.0
(USB).

(3) RNA preparation and Northern blot an-
alysis

Total cellular RNA was isolated according to the
procedure of the acid-guanidinium thiocyanate-
(AGPC) extraction method."™
Equal amounts (20 pg) of denatured RNA were
fractionated on 1% agarose gels containing 1 M for-

phenol-chloroform

maldehyde, and transferred to nylon membranes
(Zeta-Probe, Bio-Rad, CA). After UV crosslinking
at 0.12] (UV Stratalinker 1800, Stratagene), blots
were hybridized in a solution containing 50% deion-
ized formamide, 0.256 M NaHPQ,, 7% SDS, and 1
mM EDTA at 42°C in the presence of “P-labeled
cDNA probhes for 24 hr. The cloned RT-PCR pro-
ducts were used as DNA probes. They were la-
beled by the random primer labeling method.™
Blots were washed 3 times for 5 min with 2x58C
and 0.1% SDS at RT, followed by two 15 min
washes in .1 XSSC and 0.1% SDS at 55°C. The filt -
ers were autoradiographed at -80°C and the X-ray
tilms were developed.

SR-2(sence)
5 -GGC TGC AAl GGT TTIC TTC A- 3
c T
T
SR-3(antisence)
5' .GCA ITT GCG GAA GCG GCA-3
cT c
SR-11(sence)
5 .TTG GAT CCG ATT ATT CTA CTG GTT ATC ATT A- 3
CA CAGCTGC CTC C
GAG A A AG
G G G G
SR-13(antisence)
5 .AAG AAT TCA CAT TTA AAA AAA CGA CAA GCA GGA CA- 3
G C TTIGTGG T& G GT G
GGGT T T T
cececc € c
Fig. 1. Degenerated PCR primers from the DNA
binding domain of nuclear receptors.
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Result and Discussion

In the previous report, we suggested that the
induction of differentiation of ginsenosides might
be mediated by the glucocorticoid receptor based
on the experiments such as gel shift assay, GR
binding assay, and GRE-luciferase transfection as-
say." However, the relative weak binding af-
finities of ginsenosides to GR according to the
result of GR-ligand binding assay suggest that gin-
senosides may have a stronger binding affinity
with unknown other nuclear receptor (s).

To identify a novel nuclear receptor which
could act in the differentiation event induced by
ginsenosides, RT-PCR was performed by using
degenerated primers of the highly conserved
DNA binding domain of the known nuclear re-
ceptor family. Reverse transcript ¢cDNAs from
RNA of F9 stem cells or ginsenoside-treated F9
cells were amplified by using degenerated prim-
ers. As the result, DNA fragment of about 130
and 200 base pairs (bp) were produced by using
SR-2, 3 and SR-11, 13 primers, respectively (Fig.
2). The amplified cDNA was inserted into pGEM-

Primer: SR-2, SR-3

Primer: SR-11, SR-13

(A)

Fig. 2. Amplification of nuclear receptor ¢DNAs by
RT-PCR with the degenerated primers in F9
cells treated witn ginsenosides. RT-PCR with
primers SR-2.3 (A) and SR-11.13(B) was per-
formed with RNA from F9 cells (F9) and F9
cell treated with Rhl (Rhl). The amplified
products were electrophoresed in 2% agarose
gel. GR plasmid was used for a positive con-
trol of known nuclear receptors(GR). M
means molecular weight marker, PUC19/Hae
1I1(584, 458, 434, 298, 267/257, 174, 102, 80
bp, respectively).
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T cloning vector and the positive clones were
selected by the restriction enzyme analysis. The
sequences of the clones were determined hy
Sanger's dideoxy method and then compared
with those of the known nuclear receptors. As
shown in Fig. 3, several clones having a very sim-
ilar sequence homology were identified. One of
the clones, ¢2-1 was highly homologous to em-
bryonal LTR binding protein (ELP). ELP was in-
itially identified as a repressor of transcription of
the Moloney murine leukemia virus genome and
it is exrpessed specifically in undifferentiated
mouse embryonal carcinoma cells.™ It was later
found to be a mouse homologue of Drosophila
FTZ-F1, which is also a member of the nuclear
receptor superfamily and positively regulate tran-

:Czh1lUSEkP Mouse mRNA for embryonal LTR binding protein (ELP)
ldentities = 93/97 (95%)
c2-1
MUSELP
21
MLUSCLP

AGCG 622

c2-2
: MUSNUR77A Mouse thyroid hormone receptor (nur{77) mRNA
Identities - 96/98 (97%)

c2-2 1 GGETGC .MGGGI'[‘I:(;[’[CMGI’GCACAGTACAGAAAAGCGCCAAGI’ACATCF(XZCFGGCA 60

NUR77 976 GGCTGCAAGO(K_TI'C‘[TCAAGC(IACAGNCAGMAAGCGCCAAGTACATCF(I:CFGGCA 1035
22 61 AACAAGGATTGCCCTGTGG ACAAGAGGCGCCGOAACCG 98

NUR77: 1036 AACAAGGATTCCCCI’GFGGACMGAGGCGGCGGMCCG 1073

?iﬁMGCRR Mouse mRNA for glucocorticoid receptor (GR)
ldentities = 82/87 (94%)
34
MMGCRR: 1369 TTCWTAAAAGAGCAGTGGAAGGACA(IACHTTACCTI'I'GTGCI'CGAAGAMTGATTGC 1428
S4Bl ATCATCOATAMATIOOMOMMANG 87
WWGCRR: 1429 ATCATTGATAAATTCGAAGAAAAAAL 1455

:csf;ileSPPARA Mus musculus peroxisome proliferator-activated receptor (PPAR)
Identities = 73/74 (98%)

c8-5
PPAR:
c8-5 CG TATGACAAGT ATCCG GGCAAGATCCAGMGAAGAACCGC 35

GCAAGATCCAGAAGAAGAACCW 420

PPAR

Fig. 3. Comparison of nucleotide sequence between
the RT-PCR products and the nuclear re-
ceptor superfamily. The RT-PCR products
were arbitrarily named as c2-1, ¢2-2, ¢34
and ¢8-5. The sequence homology scarch
was performed by using the program of gene-
hank. Identical sequences are marked with
vertical lines.

1

The second
clone, ¢2-2 showed a high degree of similarity to
the Nur 77, which is also known as NGF1-B and
N10.”*"" It has been reported that Nur 77 en-
codes a member of nuclear receptor superfamily

scription of the fushi tarazu gene.

and can act as a potent transcription activator,
which may function in mediating the cellular
responses to growth factors by regulating the ex-
pression of specific genes.”* The third clone, ¢3-4
showed a high degree of homology to glu-
cocorticoid receptor (GR)*" and 1t was regarded
as a homologue of GR in F9 cells. As we have
suggested, GR might act as a transcriptional re-
gulator, which can control the expression of dif-
ferentiation-specific genes of F9 cells. Sequence
analysis of the c8-5 suggested that this clone 1s
highly related to the peroxisome proliferator ac-
tivated receptor (PPAR). PPAR is another mem-
ber of the nuclear receptor superfamily and
structurally related to the subfamily of receptors
that includes the thyroid receptor (TR), retinoic
acid receptor (RAR), and vitamin D3 receptor
(VDR).”™ PPAR has been shown to be tran-
scriptionally activated by treatment of cells with
chemicals such as clofibric acid, nafenopin, and
WY-14, 643 which

26.27)

induce peroxisome prol-
iferation.”*” Due to this high degree of homology,
we consider these clones to be related to the
known nuclear receptors and hence further clon-
ing for the full sequence of these clones would
be very important to identify the interaction
between ginsenosides and them. Nuclear hor-
mone receptors have been implicated in a var-
tety of functions during the development of ver-
tebrates, such as morphogenesis, differentiation,
and proliferation of cells. Elucidation of the func-
tions of these receptors will help to explain the
differential control of gene expression.

To examine the expression of the clones dur-
ing the differentiation of F9 cells induced by gin-
senosides, northern blot hybridization was per-
formed. Differentiation of F9 cells was induced
into parietal endoderm-like cells by treatment of
ginsenosides with dibutyryl cyclic AMP and theo-
phylline (CT). The expression level of clone 2-1,



Vol. 21, No. 3(1997)

F P
£ T 8
a5 s &
(A)
L Y
Fold
28
188

Stem
CT
Rh1CT
Rh2CT

(C)

Fold 1 20 22 14

Identification of Nuclear Receptors by RT-PCR in F9 Cells Induced by Ginsenosides 151

Stem
CT
Rh1CT
Rh2CT

(B)

c 2-2

288

Stem
CT
Rh1CT
Rh2CT

(D)

Fig. 4. Northern blot analysis of the newly identified RT-PCR clones in F9 cells. Total cellular RNAs from the
9 stem cells (Stem), F9 cells treated with 500 uM dhc AMP and 250 pM theophyline (CT), 50 pM Rh1
plus CT (Rh1CT), 50 pM Rh2 plus CT (Rh2CT) for 6 days were isolated, electrophoresed, and transf-
erred onto nylon membranes. Then the RNAs were hybridized with “P-labeled probes of clone 2-1 (A),
clone 2-2 (B), clone 3-4 (C), and clone 8-5 (D). Low panels, ctidium bromide-stained RNA samples he -
fore transfer are shown and ribosomal RNA markers (285 and 18S) are indicated.

an analog of the known embryonal TR hinding
protem (ELP) was decreased in F9 cells treated
with ginsenosides Rhl or Rh2, and this 1s con-
sistent with the result of the previous report
showing that ELP expression is specific in un-
differentiated EC cells"" (Fig. 4A). In contrast,
the expression levels of clone 2-2, a homolog of
Nur 77 and clone 3-4, a homolog of GR, clone 8-5,

a homolog of peroxisome proliferator-activated

receptor (PPAR) were increased in Rhl or Rh2-
treatd F9 cells (Fig. 4B, C, D).

These results suggest that ginsenosides may re-
gulate the transcriptional level of these clones,
dif -
by ginsenosides.

which, in turn, may have a role in the

ferentiation process induced
These clones may act as a monomer or oligomer
with other nuclear receptor (s) or orphan re-

ceptor (s) mn the regulation of gene expressions of
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the differentiation of F9 cells. Further charact-
erization of these nuclear receptor clones, that is,

identification of true nuclear receptor (s) in-

teracting with ginsenosides, or physical interac-
tions of nuclear receptors will be needed for bett-

er

understanding of the mechanism by which gin-

senosides induce differentiation.
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