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ABSTRACT

AIM: To investigate the immunoenhancing activity of ginsenoside-F3 in murine spleen cells and explore its mechanism.
METHODS: The enhancing effect of ginsenoside-F3 on murine spleen cell proliferation was studied using [*H]
thymidine incorporation assay. Effects of ginsenoside-F3 on the production of type 1 cytokines IL-2, IFN-y, and
type 2 cytokines IL-4 and IL-10 from murine spleen cells were detected by ELISA method. Effects of ginsenoside-
F3 on mRNA level of cytokines IL-4, IFN-y, and transcription factors T-bet and GATA-3 were evaluated by RT-
PCR analysis. Effect of ginsenoside-F3 on NF-kB DNA binding activity in murine spleen cells was investigated by
electrophoretic mobility shift assays (EMSA). RESULTS: Ginsenoside-F3 at 0.1-100 pmol/L not only promoted
the murine spleen cell proliferation, but also increased the production of IL-2 and IFN-y, while decreased the
production of IL-4 and IL-10 from murine spleen cells with the maximal effect at 10 pmol/L. RT-PCR analysis
displayed that ginsenoside-F3 enhanced the IFN-y and T-bet gene expression and decreased IL-4 and GATA-3 gene
expression. EMSA experiment showed that ginsenoside-F3 10 pmol/L enhanced the NF-«xB DNA binding activity
induced by ConA in murine spleen cells. CONCLUSION: Ginsenoside-F3 has immunoenhancing activity by regu-
lating production and gene expression of type 1 cytokines and type 2 cytokines in murine spleen cells.

INTRODUCTION ginsenosides played important anti-inflammatory and

Panax ginseng has been a valuable and important immunomodulatory roles by affecting cytokine produc-

. C . . i i ion!'¥
tonic medicine in many Asian countries such as Korea, tion and lymphocyte proliferation™. However, the

China, and Japan. The main components of Panax gin- immunomodulatory activity of ginsenoside-F3, an im-

seng are known to be the ginsenosides that are divided portant component of PPTGs (an minor saponin in the

into two types by structural, protopanaxadiol ginsenosides leaves of Panax ginseng), has rarely been studied till
(PPDGs) and protopanaxatriol ginsenosides (PPTGyg).

To date, it has been reported that many kinds of

now.

The immune response can be broadly categorized
into cellular- or humoral-mediated responses. The two
types of immune responses are respectively regulated
! Project supported by the National Natural Science Foundation by cytokines that control two general subsets of helper
of China (No 30171105). cells known as Th1 and Th2. IFN-y and IL-2 are evalu-
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tion and expression of type 1 cytokines and type 2
cytokines are strictly regulated. During this process,
T-box expressed in T cells (T-bet) and GATA-binding
protein 3 (GATA-3) play crucial roles. T-bet, a Thl-
specific transcription factor, is thought to initiate Thl
development but inhibit Th2 cell differentiation®”,
GATA-3 is a member of the GATA family of zinc finger
proteins (so-called because they bind to consensus DNA
sequence, A/T; GATA A/G), which plays a pivotal role
in the development of the Th2 phenotype while inhibit-
ing Th1 cells®. Thus, T-bet and GATA-3 are generally
thought to represent type 1 or type 2 immune response
and the ratio of expression these transcription factors
may reflect the Thl and Th2 status in mixed popula-
tions™!.

Since cytokines are pivotal for regulation of im-
mune responses, compounds that modulate expression
of key cytokines that regulate immune responses would
have clinical utility in treating patients with characteris-
tically decreased cell-mediated immune responses or
patients with chronic inflammatory and autoimmune
disease. The present study was conducted to investi-
gate the regulatory effects of ginsenoside-F3 on type 1
and type 2 cytokines that are involved in immune
responses.

MATERIALS AND METHODS

Reagents Concanavalin A (Con A) was purchased
from Sigma. TRIzol reagent and M-MLYV reverse tran-
scriptase were from GIBCO-BRL. Tag DNA polymerase
was from TaKaRa and T4 polynucleotide kinase was
from Pharmacia. NF-kB probe was from Promega.
ELISA kits for murine recombined IL-2, interferon-y
(IFN-y), IL-4, and IL-10 were from R&D systems.

Test compound Ginsenoside-F3 was isolated from
leaves of P ginseng as described previously!'®!'"! | the

purity of which was more than 95 % at HPLC analysis.
Ginsenoside-F3 was prepared in stock solution 0.1 mol/L
with Me,SO and stored at -20 °C. Before being used,
the stock solution was diluted to appropriate concen-
trations in RPMI-1640.

Animals Male BALB/c mice (H-29, 17+1 g, 6-7
weeks old) were from the Experimental Animal Center,
Chinese Academy of Medical Sciences & Peking Union
Medical College (SPF, certificate No SCXK 11-00-
0006). All animals were housed in groups under 12 h
regime (lights on from 7:00 AM to 19:00 PM) at 23+2 °C
prior to the experiments, and were given standard labo-
ratory chow and tap water ad libitum.

Preparation of spleen cells Mice were sacri-
ficed by cervical dislocation, and spleens were removed
aseptically. Spleens were placed in cold Hank’s solu-
tion and teased apart with a pair of forceps and a needle.
A single cell suspension from the teased tissue was ob-
tained by passing it through a 20-gauge needle and
hemolysed by buffer containing 1 mmol/L Tris-HCI and
1 % NH,CI. Cells were washed twice with RPMI-1640
medium and subsequently suspended in complete RPMI-
1640 culture medium. Cell viability was determined by
trypan blue dye exclusion.

[*H]thymidine incorporation assay To deter-
mine the effect of ginsenoside-F3 on the proliferation
of spleen cells, 2x10° cells/L spleen cells treated with T
lymphocyte mitogen ConA (1 mg/L) and different con-
centrations of ginsenoside-F3 were cultured in flat bot-
tom 96 well plates in a total volume of 200 pL/well.
After an incubation for 3 d at 37 °C in 95 % humidity
and 5 % CO,, cultures were harvested with an auto-
matic cell harvester using distilled water. The amount
of radioactivity incorporated into DNA was determined
in a liquid scintillation spectrometer.

ELISA Kkits for cytokine determination Spleen
cells (2x10° cells/L) were treated with ginsenoside-F3
in presence of Con A (1 mg/L) for 48 h or 72 h, and cell
supernatants were collected and levels of IL-2 (48 h),
IFN-y (72 h), IL-4 (48 h), and IL-10 (48 h) were mea-
sured by ELISA Kkits.

RT-PCR for cytokine and transcription factor
gene expression The total RNA was extracted from
5x10° spleen cells stimulated by different concentra-
tions of ginsenoside-F3 and ConA (1 mg/L) for 10 h.
Cultured spleen cells were washed and the RNA was
extracted with the TRIzol reagent according to the rec-
ommendation of the manufacturer. First strain cDNA
was synthesized from equal amount of total RNA with
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M-MLYV reverse transcriptase and random hexamer.
Genes were amplified by PCR using sense and anti-
sense primers of IFN-y, T-bet, IL-4, GATA-3 as de-
scribed before®” with some modifications. T-bet prim-
ers were designed corresponding to the mouse T-bet
gene sequence outside of the T box domain to maintain
its specificity for T cells. GATA-3, IFN-y, and IL-4
PCR primers were designed according to the corre-
sponding structures of mouse genes. Primers were as
follows: T-bet: sense: 5'-AACCAGTATCCTGTTCCCAGC-
3', anti-sense: 5'-TGTCGCCACTGGAAGGATAG-3;
GATA-3: sense: 5'-CTCCTTTTTGCTCTC CTTTTC-
3', anti-sense: 5'-AAGAGATGAGGACTGGAGTG-3";
IFN-y: sense: 5-CGTCTTGGTTTTGCAGCTC-3', anti-
sense: 5'-ACTCCTTTTCCTCTTCCTTA -3'; 1L-4:
sense: 5'-ACGGCACAGAGCTATTGATG-3', anti-sense:
5'-ATGGTGGC CAGTACTACGA-3'; GAPDH: sense:
5'-CATCACCATCTTCCAGGAGCG-3'; anti-sense 5'-
GAGGGGCCATCCACAGTCTTC-3". PCR annealing
temperature: T-bet: 58 °C; GATA-3: 60 °C; IFN-y: 53 °C;
IL-4: 65 °C; GAPDH: 58 °C. Semi-quantitative RT-PCR
was performed using GAPDH as an internal control to
normalize gene expression for the PCR templates. The
PCR products were studied on a 1 % agarose gel and
the amplified bands were visualized after staining with
ethidium bromide. The size of the amplified fragments
was determined by comparison with a standard DNA
marker.

Preparation of nuclear protein fractions and
electrophoretic mobility shift assay (EMSA) for DNA
binding activity Nuclear extracts of spleen cells were
prepared as described previously'? with some modifi-
cations. Spleen cells were washed twice with D-Hank’s
balanced salt solution, resuspended in Buffer A (HEPES
10 mmol/L, MgCl, 1.5 mmol/L, KCI 10 mmol/L, DTT
0.5 mmol/L, Triton X-100 0.05 %) and then disrupted
in Pestle B. After centrifugation, nuclei were resus-
pended in Buffer C (HEPES 20 mmol/L, glycerol 25 %,
NaCl 420 mmol/L, MgCl, 1.5 mmol/L, EDTA 0.2 mmol/L,
PMSF 0.5 mmol/L, DTT 0.5 mmol/L) and lysed on
ice. Supernatants were collected, diluted with Buffer
W (HEPES 20 mmol/L, KCI 20 mmol/L, MgCl, 1 mmol/L,
DTT 2 mmol/L, PMSF 1 mmol/L, glycerol 17 %). Oligo-
nucleotides used for the gel shift analysis were as follows:
NF-«xB (5'-AGTTGAGGGGACTTTCCCA-AGGC-3',
5'-GCCTTGGGAAAGTACCCTCAACT-3"). Mut- NF-
kB (5'-AGTTGAGGCGACTTTCCCAAGGC-3', 5'-
GCCTTGGGAAAGTCCCCTCAACT-3"). Nuclear ex-
tracts were incubated with **P-labeled oligonucleotides,
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solved on 8 % nondenaturing polyacrylamide gels and
analyzed by autoradiography.

Statistical analysis All values expressed as mean+
SD were obtained from at least 3 separate observations
performed in triplicate. Statistical analysis was carried
out using one-way ANOVA, followed by multiple com-
parisons by Dunnett’s test using SPSS 11.5 for windows.
P<0.05 was considered statistically significant.

RESULTS

Effect of ginsenoside-F3 on proliferation of
ConA-induced murine spleen cells Lymphocytes
played an important role in immune functions as they
acted both as effectors and regulators. To assess the
effect of ginsenoside-F3 on the proliferation of murine
spleen cells, *H-TdR incorporation assay was performed.
As the results, ginsenoside-F3 significantly increased
(P<0.01) the proliferation of ConA-induced murine
spleen cells at the concentrations of 0.1-100 pmol/L with
the maximal increase at 10 pmol/L by 87.2 % (Fig 1).
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Fig 1. Effect of ginsenoside-F3 on the proliferation of ConA-
induced murine spleen cells. Murine spleen cells were
treated with different concentrations of ginsenoside-F3 in
the presence of ConA 1 mg/L for 72 h. n=5. Mean£SD. ‘P<(.01
vs ConA group.

Effect of ginsenoside-F3 on cytokines produc-
tion from murine spleen cells To assess the effects
of ginsenoside-F3 on the production of type 1 and type
2 cytokines, murine spleen cells were treated with ConA
and various concentrations of ginsenoside-F3 for 48 h
or 72 h. The levels of IL-2, IFN-y (type 1 cytokoine)
and IL-4, IL-10 (type 2 cytokine) were analyzed by
ELISA method. Ginsenoside-F3 was found to increase
type 1 cytokines production at the concentrations of
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0.1-100 pmol/L compared with ConA alone with the
maximal increase at 10 pmol/L, while decreased type 2
cytokines production at the same concentration range
(Tab 1).

Effect of ginsenoside-F3 on cytokines and tran-
scription factors gene expression To determine if
effects of ginsenoside-F3 on type 1 and type 2 cytokines
were transcriptionally regulated, mRNA level of type 1-
specific cytokine IFN-y, type 2-specific cytokine IL-4
and transcription factors T-bet and GATA-3 were mea-
sured using RT-PCR. Ginsenoside-F3 at the concen-
trations of 0.1-100 pmol/L increased ConA-induced
expression level of IFN-y and T-bet, while decreased
that of IL-4 and GATA-3 (Fig 2).

Effect of ginsenoside-F3 on NF-kB activation
in murine spleen cells Ginsenoside-F3 displayed maxi-
mal effects at the concentration of 10 umol/L, so we
measured the activation of NF-kB DNA binding activity
in murine spleen cells treated with ginsenoside-F3 10
pmol/L and Con A 1 mg/L for 1 h to investigate whether
effects of ginsenoside-F3 resulted from their interfer-
ence of NF-kB activation. The results from the study
showed that ginsenoside-F3 at the concentration of 10
umol/L enhanced the NF-kB DNA binding activity in-
duced by ConA in murine spleen cells (Fig 3).

DISCUSSION

Cellular- and humoral-mediated responses are two
important aspects of immune response. The produc-
tion of IL-2, IFN-y leads to a Th1-type cellular response,
while production of IL-4 and IL-10 leads to Th2-type
humoral immunity. It has been reported"*'* that levels
of Th2 cytokines were higher than that of Th1 cytokines
in various diseases including cerebral infarction (CI),
allergy and asthma. In the present study, we showed
that ginsenoside-F3 not only increased the proliferarion
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of spleen cells but also strongly increased the produc-
tion of type 1 cytokines IL-2, and IFN-y, while de-
creased the production of type 2 cytokines IL-4, IL-10
with the maximal effects at 10 umol/L. These results
suggested ginsenoside-F3 might be a desirable agent
for the correction of Th2 dominant pathological
disorders.

In order to further elucidate the mechanism re-
sponsible for the changes in the amounts of type 1 and
type 2 cytokines, we utilized RT-PCR to analysis the
mRNA expression of IFN-y, the archetypal Thl
cytokine, and IL-4, the signature Th2 cytokine.
Furthermore, cytokines mRNA levels were for the most
part transcriptionally regulated, and selective expres-
sion of T-bet and GATA-3 correlated with cytokine gene
and protein expression”!, so we measured T-bet and
GATA-3 gene expression in murine spleen cells cultured
with ginsenoside-F3 and ConA. Ginsenoside-F3 was
shown to enhance the expression of IFN-y and T-bet
mRNA and decrease that of IL-4 and GATA-3 mRNA at
the concentrations of 0.1-100 pmol/L, so the effects of
ginsenoside-F3 on the production of type 1 and type 2
cytokines may result, at least in part, from regulation
mRNA expression of these cytokine themselves and tran-
scription factors T-bet and GATA-3.

Activation and nuclear translocation of transcrip-
tion factor NF-xB are important for expression of genes
involved in the development of immune and inflamma-
tory responses and spleen cell proliferation'"*" Aronica
et al reported!"® that NF-kB/Rel signaling had a prefer-
ential role in type 1 but not type 2 T cell-dependent
immune response. Our results showed that ginsenoside-
F3 increased ConA-induced NF-kB DNA binding activ-
ity in murine spleen cells, which could be, at least in
part, responsible for the enhancement effect of
ginsenoside-F3 on ConA-induced spleen cell prolifera-
tion and type 1 cytokines production and expression.

Tab 1. Effects of ginsenoside-F3 on cytokines secretion from ConA-induced murine spleen cells. n=3. Mean+SD. "P<0.05,

‘P<0.01 vs ConA group.

Groups IL-2/ng-L"! IFN-y/ng-L"! IL-4/ng-L"! IL-10/ng-L"
ConA 1613+37 865+34 425+14 887+22
ConA~+F3 (0.1 pmol/L) 1948+98¢ 1077£64° 365430 736+7"
ConA~+F3 (1 pmol/L) 2564+137° 1248+121¢ 288+11° 609+99¢
ConA+F3 (10 umol/L) 3624+34¢ 1590+94° 198+9°¢ 512+27¢
ConA+F3 (100 pmol/L) 3011+135°¢ 1181+66° 296+20°¢ 619+27¢
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Fig 2. mRNA level of IFN-y, IL-4, T-bet, GATA-3, GAPDH in mouse spleen cells treated with ginsenoside-F3 and ConA 1 mg/L.
Mouse spleen cells were incubated with ginsenoside-F3 at the concentrations of 0.1-100 pmol/L and ConA for 10 h. mRNA
level of IFN-y (A), IL-4 (B), T-bet (C), GATA-3 (D), GAPDH (E) were detected by PCR using specific primers. The amplified
cDNA were resolved on 1 % (w/v) agarose gel and visualized by ethidium bromide. Lane M: DNA marker; Lane 1: untreated
cell control; Lane 2: ConAj; Lane 3: ginsenoside-F3 0.1 pmol/L+ConA; Lane 4: ginsenoside-F3 1 pnmol/L+ConA; lane 5:
ginsenoside-F3 10 pmol/L+ConA; Lane 6: ginsenoside-F3 100 pmol/L+ConA.

Fig 3. Effects of ginsenoside-F3 on activation of NF-xB in
murine spleen cells. Nuclear extracts were prepared from
murine spleen cells treated with ConA 1mg/L and
ginsenoside-F3 10 pmol/L and incubated with ¥*P-labeled
oligonucleotides encompassing NF-kB or mutational (mut)
consensus motifs followed by analysis with EMSA. In lane
3 a 100-fold molar excess of unlabeled specific oligonucle-
otide was added to the binding reactions. Lane 1: Probe
alone; Lane 2: NF-kB mut probe; Lane 3: NF-kB+ competi-
tive none **P-labeled probe; Lane 4: NF-xB positive control;
Lane 5: control (unstimulated spleen cells) Lane 6: ConA;
lane 7: ConA+ginsenoside-F3. Similar results were ob-
tained in three experiments.

It is well known that P ginseng can stimulate the
immune system, but the exact components that stimu-
late immune system in P ginseng and the exact mecha-
nisms were not clear and needed to be studied further.
Our study demonstrated that ginsenoside-F3 not only
enhanced ConA-induced murine spleen cells proliferation,
but also increased type 1 cytokines production, and de-
creased type 2 cytokines production by modulation
cytokines and transcription factors gene expression and
regulation NF-kB DNA binding activity in murine spleen
cells. Thus, ginsenoside-F3 has immunodulatory activ-
ity and potential role in improving cell-mediated immune
response.
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