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Our previous study showed polysaccharide (GS-P) isolated from the leaves of Panax ginseng C.A. Meyer
possessed anti-tumor metastatic activity in mouse model. In this study, we evaluated the immunoad-
juvant effect of GS-P on the induction of humoral and cellular immune responses against ovalbumin
(OVA) in mice. When mice were immunized subcutaneously with OVA admixed with or without GS-P,
the OVA + GS-P group showed significantly higher antibody production than the group immunized with
OVA alone. This suggests that GS-P has the ability to enhance the adaptive immune response. In addition,
Adi the OVA +GS-P +FIA (Freund’s incomplete adjuvant) group induced higher levels of antigen-specific IgG1
juvant . . .
Ginseng leaves and IgG2b antibodies than the OVA +FIA group. The culture supernatant obtained from the splenocytes of
IeE mice immunized with OVA + GS-P + FIA showed higher levels of OVA-specific Th1-type (IL-2, IFN-y, GM-
CSF) and Th2-type (IL-10) cytokines. Following in vitro analysis of T cell proliferation, the splenocytes
of mice treated with OVA +GS-P +FIA showed significantly more proliferation than those treated with
OVA +FIA. Further, the production of IgE antibody was dramatically reduced when OVA + GS-P + FIA was
used to immunize mice rather than OVA +FIA or OVA +FCA (Freund’s complete adjuvant). Collectively,
these results suggest that GS-P may possess adjuvant activity that potentially enhances humoral as well
as cellular immune responses.
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1. Introduction

Immunoadjuvants are known to modulate immune cells and
enhance humoral and cellular immune responses in the host. To
date, aluminum-containing compounds (alum), such as hydrox-
ide and phosphates, are the only adjuvants approved for clinical
use [1]. However, alum adjuvants show some drawback such as
induction of allergies according to IgE production [2]. Therefore,
the development of a more effective adjuvant is needed.

The root of Panax ginseng C.A. Meyer (ginseng) has been used
as a traditional medicine for over 2000 years in East Asia. Phar-
macological and clinical studies carried out over the past 40 years
have focused on the biological activities of ginseng, such as its

Abbreviations: FIA, Freund’s incomplete adjuvant; FCA, Freund’s complete adju-
vant; OVA, ovalbumin; s.c., subcutaneously.
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radioprotective, antitumor, and antiviral activities [3,4]. The major
ingredients of ginseng known to modulate the immune system are
ginsenosides and polysaccharides, which can elicit the activation of
natural immunity [5-7] as well as the adaptive immune response
in immunizations with protein antigens and ginseng as an adju-
vant [8]. The abilities of ginseng extracts or its active ingredients to
protect against tumors and viral infections through the activation
of innate immune-related cells, such as NK cells and macrophages,
are well-documented [5-7]. Results reported by Sun et al. [8] and
Hu et al. [9] showed that ginseng crude extracts or its ingredients
possessed adjuvant activity, enhancing Th1- and Th2-type immune
responses against proteins or bacteria in mice or cattle. In addi-
tion, ginseng had a synergistic effect on the antitumor activity of
the antitumor drug paclitaxel when the two were administered in
mice, suggesting that ginseng can be used as an adjuvant in can-
cer chemotherapy [10]. In addition, River et al. [11] reported that
serum antibody titers of pigs immunized with porcine parvovirus as
an antigen plus alum and ginseng extract as adjuvants were higher
than those of pigs immunized with the antigen plus alum alone,
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suggesting that ginseng extract has a synergistic effect with com-
mercial adjuvants. The results of numerous studies have indicated
that the biological and pharmacological effects of ginseng are con-
centrated in the root [5-11]. In contrast, some studies report that
polysaccharides isolated from the leaves of P. ginseng possess bio-
logical activities, such as anti-complementary [12]| and anti-ulcer
[13] activities, enhancement of macrophage Fc receptor activity
[14] as well as the anti-metastatic activity through enhancing of
innate immune function [15]. However, there has been no report
regarding the potential immunoadjuvant activity of polysaccha-
rides isolated from the leaves of ginseng. Therefore, we investigated
the ability of GS-P, the purified polysaccharides from the leaves of
P. ginseng, to act as an adjuvant and enhance humoral and cellu-
lar immune responses specific to the ovalbumin (OVA) antigen in
mice.

2. Materials and methods
2.1. Preparation of polysaccharides from ginseng leaves

Ginseng leaves were collected in Keumsan, Chungnam Province,
Korea late in the fall of 2013 and dried using a conventional oven
for 24 h. The isolation and purification methods of polysaccharide
fraction (GS-P) from the leaves of ginseng were described previ-
ously [15]. In brief, the ginseng leaves (1000 g) were broken into
pieces and then decocted with distilled water (20L) for 6 h. The
supernatant (GS-W) was collected by centrifugation at 7000 rpm
for 30 min and adjusted to pH 6.0 using a diluted HCl solution.
The GS-W fraction was loaded onto a Diaion HP-20 column (Mit-
subishi Chemical Co. Ltd., Japan) to remove low-molecular-weight
materials, and the unabsorbed fraction was collected (GS-C1). Next,
GS-C1 was loaded onto a Diaion PA-312 (Mitsubishi Chemical Co.
Ltd) anion exchange column, which was subsequently washed with
washing buffer (20 mM Tris-HCI buffer, pH 8.0) and eluted with
0.55M NaCl in 20 mM Tris-HCl buffer. The eluent was concentrated
by an evaporator and then precipitated by adding four volumes
of EtOH (GS-C2). The GS-C2 fraction was dialyzed using a dialysis
bag (molecular mass cut off: 1000; Spectrum Medical Industries
Inc., USA) to remove ethanol and lyophilized to obtain the purified
polysaccharide fraction GS-P.

2.2. Mice

Specific pathogen-free (SPF) mice (BALB/c, female, 5-6 weeks)
were purchased from Orient Bio (Seongnam, Korea) and main-
tained under constant conditions (temperature 20-25 °C; humidity
40-60%; light/dark cycle 12h) in an SPF room. Animal experi-
ments were performed according to the guidelines of the Ethics
Committee for Use of Experimental Animals at Kyonggi University
(2015-003).

2.3. Immunization of mice and serum collection

Mice were immunized with OVA (Sigma, USA; 5 pg/mouse)
alone, OVA+GS-P (5pg/mouse), OVA+FCA (Freund’s com-
plete adjuvant), OVA+FIA (Freund’s incomplete adjuvant),
or OVA+FIA+GS-P by s.c. injection. OVA emulsified in FCA
(OVA +FCA) was used as a positive control for a typical adjuvant.
The mice in each group were immunized twice every 2 weeks
using the same protocol. The immunized mice were bled from the
retro-orbital sinus on the indicated weeks (2nd week or 5th week),
and serum samples of each mouse were collected then, analyzed
for antigen-specific antibody production.

2.4. Measurement of antigen-specific antibody production

Levels of antibody production in immunized mice sera were
measured by enzyme-linked immunosorbent assay (ELISA). In
brief, flat-bottomed 96-well plates were coated with antigen (OVA)
in 50 mM bicarbonate buffer (pH 9.6) for overnight incubation at
4°C. The plate was then blocked with 3% skim milk for 2 h at RT
and washed with PBS-T (PBS containing 0.05% Tween 20) three
times. Next, 1000-fold diluted serum was added to each well and
incubated for 2h at RT. After washing three times, horseradish
peroxidase (HRP)-conjugated goat anti-mouse IgGAM (peroxidase-
goat-anti-mouse IgG+A+M; Invitrogen, USA) was added to each
well as a secondary antibody and incubated for 1h at RT. The
plate was washed again five times and developed with sub-
strate solution (3,3',5,5'-tetramethylbenzidine, TMB; Invitrogen).
The enzyme reaction was terminated by adding 2 N H,SO4 solution.
The absorbance was measured at 450 nm using a microplate reader
(Molecular Devices, USA). To identify the immunoglobulin isotypes
in sera, IgG1 or IgG2a (Invitrogen) was used as the secondary anti-
body. The plate was again washed five times and developed with
TMB solution, followed by the addition of 2N H,SO4 solution. The
absorbance was measured at 450 nm using a microplate reader
(Molecular Devices).

2.5. Cytokine production assay

Splenocytes were harvested from mice which immunized
OVA alone (ovalbumin, Sigma, ST USA), OVA+GS-P, OVA +FCA,
OVA+FIA or OVA+FIA+GS-P for 2 weeks or 5 weeks, and spleno-
cytes (2 x 106 cells/well, 24-well plate) were cultured with or
without OVA (5 pg/ml) in plates at 37 °C in 5% CO, incubator. After
72 h, the supernatants collected by centrifugation at 1000 rpm for
5min. The level of cytokines (IL-2, IFN-y, GM-CSF, IL-10) in the
supernatant were evaluated by indicated ELISA kit (BD Bioscience,
USA) according to the manufacture’s guideline. The concentration
of mouse IgE in serum protein was determined using ELISA kit (BD
Biosciences, CA, USA) according to the recommended protocol.

2.6. Lymphocyte proliferation

Splenocytes (5 x 10° cells/well, 96-well plate) were harvested
from mice immunized for 5 weeks and co-incubated with or
without OVA (100 pL/well) for 72 h. To evaluate splenocyte pro-
liferation, 20 p.L of EZ-cytox solution was added to each well and
incubated for 3 h. The absorbance was measured at 450 nm using a
microplate reader (Molecular Devices Co., CA, USA).

2.7. Statistical analysis

Statistical analysis was performed using Student’s t-test, with
P<0.05 determined to be significant. Results are expressed as the
mean =+ standard deviation of triplicate experiments.

3. Results and discussion
3.1. Properties of polysaccharides purified from ginseng leaves

In general, hot-water extracts contain both high- and low-
molecular-weight materials. Therefore, to remove low-molecular-
weight materials, the GS-W fraction was double-refined using
Diaion HP-20 (GS-C1 fraction) and Diaion PA312 (GS-C2 fraction)
columns. Subsequently, the CS-C2 fraction was further refined by
EtOH precipitation and dialysis and was then lyophilized, resulting
in a purified GS-P fraction (yield of GS-P, 0.48% w/w). Our previous
study indicated that the polysaccharides isolated from P. gin-
seng comprised 15 kinds of monosaccharides, including rhamnose,
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Fig. 1. Effect of GS-P on induction of OVA-specific antibody response. Balb/c mice (n=3) were immunized subcutaneously twice every 2 weeks with indicated immunogens.
IgG+A+M, IgG1, and IgG2b of OVA-specific antibodies were determined with ELISA using 1000-fold diluted mouse sera obtained 5 weeks after primary immunization.

fucose, arabinose, xylose, apiose (Api), mannose, galactose, glu-
cose, 2-methylfucose (2MeFuc), 2-methylxylose (2-MeXyl), aceric
acid (AceA), 2-keto-3-deoxy-D-manno-2-octulosonic acid (Dha), 2-
keto-3-deoxy-D-lyxo-2-heptulosaric acid (Kdo), galacturonic acid,
and glucuronic acid. Among these are six unusual sugars, namely
2-MeFuc, 2-MeXyl, Api, AceA, Kdo, and Dha, which have been iden-
tified as components of rhamnogalacturonan (RG)-II-containing
polysaccharides of pectic substance isolated from plant cell walls
[14-16]. Some studies already reported that biological activity of
pectic substances resulted from rhamnogalacturonan—I and —II
regions, not homogalacturonan, a linear chain of 1,4-linked a-D-
galacturonic acid residues [17,18].

3.2. Effect of GS-P on induction of OVA-specific antibody response

Adjuvants bind antigens by adsorption or entrapment in alu-
minum hydroxide or a water-in-oil emulsion, and antigens are then
released slowly from the vaccination spot, whichis critical for adju-
vant activity [1,2]. FCA is one of the most popular experimental
adjuvants, containing heat-killed and dried Mycobacterium tuber-
culosis [1]. The bacterial components of FCA induce activation of
the immune system non-specifically, and the oil components (FIA)
entrap antigens in a water-in-oil emulsion, providing the chance

to encounter antigen-presenting cells (APCs) slowly. Therefore, we
examined the efficacy of GS-P on enhancement of adjuvant activ-
ity. As shown in Fig. 1A, serum antibody production levels were
significantly enhanced in the OVA alone (OVA), OVA + GS-P (GS-P),
OVA+FCA (FCA), OVA +FIA (FIA), and OVA + GS-P + FIA (GS-P + FIA)
groups compared with that in the normal group. Next, the FCA and
FIA + GS-P groups showed significantly higher antibody production
than the FIA group. FCA is a well-known adjuvant, used as a positive
control in our experiments. There were no significant differences
in antibody production between mice immunized with FCA and
those immunized with FIA+GS-P. This indicates that GS-P might
be a substitute for M. tuberculosis in FCA. M. tuberculosis has been
shown to variably interfere with the generation and function of
APCs, affecting the cytokine-inducing activity of APC cells such as
dendritic cells and macrophages [19]. Indeed, immunization with
GS-P induced the stimulation of various cytokines, such as TNF-a
and IL-12, by T cells from mouse peritoneal exudate macrophages or
dendritic-like cells (data not shown). Therefore, we speculated that
one of the reasons for the enhanced antibody production following
immunization with GS-P +FIA compared to FIA was the cytokine-
producing activity of GS-P. Furthermore, there was no weight loss
in mice during experiments.
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Fig. 2. Effect of GS-P on induction of OVA-specific cytokine production. Splenocytes from mice immunized with the indicated components using the same method described
in Fig. 1 were harvested and incubated with OVA (5 ng/ml) in 24-well plates for 3 days. Levels of IL-2, [FN-y, GM-CSF, and IL-10 in culture supernatant were measured using

ELISA kits.

3.3. Effect of GS-P on changes in OVA-specific antibody subclasses

The production of immunoglobulins (IgG1 and IgG2b) against
OVA was measured by ELISA using subclass-specific antibodies
(Fig. 1B and C). The FCA, FIA, and GS-P + FIA groups exhibited signif-
icantly enhanced OVA-specific serum IgG1 levels compared with
those of the OVA or GS-P groups. In contrast, strong increases in
IgG2b antibody levels were observed in the FCA and GS-P+FIA
groups and a moderate increase was observed in the FIA group.
The highest efficacy in anti-OVA IgG2b production was exhibited by
FIA + GS-P, followed by FCA, FIA, GS-P,and OVA alone. The GS-P + FIA
and FIA groups also exhibited a significant difference compared
with levels in control serum. These results suggest that GS-P is
effective on Th1 and Th2 cells, associated with an increase in the
production of IgG1 and IgG2b [20,21].

3.4. Effect of GS-P on induction of OVA-specific cytokines

In the humoral immune response involving helper T cells, IFN-y
produced by Th1 or IL-4 produced by Th2 regulates the effec-

tor functions of B cells; B lymphocytes to switch to specific Ig
classes from IgM [22]. For example, IFN-y help B cells to pro-
duce IgG2-type antibodies, whereas IL-4 differentiate and activate
B cells to produce IgG1 and IgE [23-26]. Therefore, we examined
the involvement of T lymphocytes in the GS-P-induced increase in
the OVA-specific antibody response by assessing the production of
antigen-specific Th1-type (IL-2, GM-CSF, and IFN-vy) and Th2-type
cytokines (IL-4, IL-6, and IL-10). As shown in Fig. 2, both the FCA-
and FIA-immunized groups produced Th1 cytokines such as IL-2,
IFN-vy, and GM-CSF (Fig. 2A-C) and Th2 cytokines such as IL-10
(Fig. 2D). There was no cytokine production in the absence of OVA
in cultured splenocytes, indicate that the detected cytokines were
OVA-specific.

3.5. Effect of GS-P on T lymphocyte proliferation in response to
OVA

As shown in Fig. 3, splenocytes harvested from mice immunized
with FCA as well as those immunized with GS-P+FIA exhibited
much stronger proliferation than those harvested from the FIA
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Fig. 3. Effect of GS-P on T lymphocyte proliferation in response to OVA. Spleno-
cytes from mice immunized with the indicated components using the same method
described in Fig. 1 were cultured (1 x 10%/well, 96-well plate) with OVA for 3 days.
OVA-specific T lymphocyte proliferation was measured by the EZ-cytox method.
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Fig. 4. Determination of IgE levels in mouse serum. Balb/c mice (n=3) were immu-
nized subcutaneously twice every 2 weeks with indicated immunogens. Mouse sera
were collected at 2 or 5 weeks after primary immunization. Levels of total IgE were
determined with an ELISA kit using 20-fold diluted mouse sera.

group. This suggests that the cellular immune response induction
was strongest in the FCA group, followed by the GS-P +FIA and FIA
groups, which correlates with the Th1 cytokine profiles and IgG2b
antibody production activities (Figs. 1 and 2).

3.6. Effect of GS-P on production of IgE in serum

Next, we evaluated the effect of GS-P on total serum IgE levels
in OVA-immunized mice. OVA, which was used in this experi-
ment as an antigen, is a known allergen. As shown in Fig. 4, IgE
antibody levels significantly increased beginning at week 2 after

the primary immunization in mice immunized with FCA and FIA.
However, the GS-P group did not exhibit an increase in serum IgE
levels, and GS-P+FIA immunization decreased the production of
IgE compared with levels induced by FCA or FIA. At 5 weeks after
immunization, IgE was strongly detected in the OVA-, FCA-, and
FIA-immunized groups, but GS-P treatment significantly inhibited
FIA-induced IgE production in mouse serum. These results demon-
strate that a different antibody response was induced against the
same OVA antigen through the use of GS-P. Some studies have doc-
umented that the use of liposome or FCA as an adjuvant results in
IgE-selective unresponsiveness, which occurs when the immune
response is polarized toward the Th1 type [24,25]. However, it has
also been reported that the regulation of IgE production may not be
due to polarization toward Th1 or Th2 cell subsets [26-28]. Indeed,
Taneichi et al. reported that an alternative mechanism not involv-
ing T cells exists to regulate the production of IgE [24]. Therefore,
the underlying mechanism requires intensive investigation. Conse-
quently, the combination of GS-P and FIA significantly suppress the
production of IgE in response to OVA. Taken together, our results
demonstrate that the polysaccharides isolated from the leaves of
ginseng are a potent adjuvant, enhancing OVA-specific humoral
and cellular immune responses. Because GS-P also substantially
diminishes the production of IgE, it may have potential use as an
adjuvant constituent.
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