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Abstract

Ginseng extract has been shown to possess certain anti-virus, anti-tumor and immune-acti-
vating effects. However, the immunostimulatory effect of ginseng berry extract (GB) has
been less well characterized. In this study, we investigated the effect of GB on the activation
of mouse dendritic cells (DCs) in vitro and in vivo. GB treatment induced up-regulation of
co-stimulatory molecules in bone marrow-derived DCs (BMDCs). Interestingly, GB induced
a higher degree of co-stimulatory molecule up-regulation than ginseng root extract (GR) at
the same concentrations. Moreover, in vivo administration of GB promoted up-regulation of
CD86, MHC class | and MHC class Il and production of IL-6, IL-12 and TNF-a in spleen
DCs. GB also promoted the generation of Th1 and Tc1 cells. Furthermore, Toll like receptor
4 (TLR4) and myeloid differentiation primary response 88 (MyD88) signaling pathway were
essential for DC activation induced by GB. In addition, GB strongly prompted the prolifera-
tion of ovalbumin (OVA)-specific CD4 and CD8 T cells. Finally, GB induced DC activation in
tumor-bearing mice and the combination of OVA and GB treatment inhibited B16-OVA
tumor cell growth in C57BL/6 mice. These results demonstrate that GB is a novel tumor
therapeutic vaccine adjuvant by promoting DC and T cell activation.

Introduction

A recent effort in the development of new medication and immunomodulatory agents is to
search for candidates among natural products, since they have relatively low toxicities in clini-
cal applications [1]. Ginseng root (GR) has been used in Korean, Japan and China as a tradi-
tional medicine and has demonstrated efficacy against various human diseases, such as cancer,
viral infectious diseases, diabetes, and atherosclerosis [2]. The reports from early studies
showed that GR has strong immunostimulatory properties, such as modulating macrophage
and dendritic cell (DC) activation, proliferation and viability of mouse spleen cells [3, 4].
Recent studies demonstrated that in addition to GR, ginseng berries (GB) and leaves also have
immunostimulatory effect [5-7]. However, in vivo immune activation effects of GB, especially
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those on DC and T cell activation and anti-cancer immune responses, have not been
investigated.

DCs are professional antigen presenting cells (APCs) and key modulators of adaptive
immunity mainly owing to their superior ability to take up and present antigens (Ags) [8, 9].
DCs exist in two functionally and phenotypically distinct stages, immature and mature DCs.
Upon exposure to microbial stimuli or Ags, immature DCs phagocytose Ags and undergo a
maturation process characterized by increased expression of co-stimulatory molecules, produc-
tion of pro-inflammatory cytokines and presentation of Ags to T cells [8-10]. Moreover, DCs
have two main modes of antigen presentation, which are cross-present of exogenous Ags
through MHC class I to CD8 T cells and direct-presentation of extracellular captured Ags
through MHC class II to CD4 T cells [11, 12].

Ags used for vaccine are often poorly immunogenic and require additional reagents, termed
adjuvants, to enhance the induction of Ag-specific immune responses, as indicated by antibody
production and effector T cell functions [13, 14]. Since tumor vaccine seeks to induce CD8 T
cell activation against tumor Ags, DC-mediated cross-presentation of tumor Ags is required [8,
14] To promote activation of CD8 T cells, an effective adjuvant must be given together with Ag
peptide, formulated in a manner that facilitates entry of Ags into the MHC class I processing
pathway, trigger DC activation and maturation.

The present study is undertaken to test that in vivo administration of GB can induce the
activation of spleen DCs and the consequent activation and proliferation of Ag-specific T cells
and anti-tumor response, which may serve as a potential new vaccine adjuvant to combat viral
and bacterial infection and cancer.

Materials and Methods
Mice and cell lines

C57BL/6 mice (6 weeks old) were purchased from the B&K Laboratory Animal Corp (Shang-
hai). TLR2”" and TLR4”" were obtained from Nanjing Animal Center. MyD88’/ S, OT-Tand
OT-II TCR transgenic mice and C57BL/6-Ly5.1 (CD45.1) congenic mice were obtained

from Shanghai Public Health Clinical Center, and kept under pathogen-free conditions. All
experiments were carried out under the guidelines of the Institutional Animal Care and Use
committee at the Shanghai Public Health Clinical Center. The protocol was approved by the
committee on the Ethics of Animal Experiments of the Shanghai Public Health Clinical Center
(Mouse Protocol Number: SYXK-2010-0098). The murine melanoma cell line B16F10 (ATCC,
CRL-6475) expressing OVA (B16-OVA) was cultured in 10% FCS RPMI (Sigma Aldrich, 2
mM glutamine, 1 M HEPES, 100 pg/ml streptomycin and 100 U/ml penicillin, 2 mM 2-mer-
captoethanol). All cell lines were cultured at 37°C in a humidified atmosphere of 5% CO,

and air.

Chemicals and cytokines

GR was obtained from Korea Ginseng Corporation (Seoul, Republic of Korea) and GB was pro-
vided from R&D Center, Amorepacific Corporation as described previously (Gyeongi-do,
Republic of Korea) [15]. Chicken ovalbumin (OVA) was obtained from Sigma-Aldrich. The
endotoxin levels contained in the amount of GR and GB (50 mg/kg) and OV A (50 pg) used in
each in vivo experiment were evaluated using a Limulus amebocyte lysate (LAL) assay kit
(Lonza) and were less than 0.1 endotoxin unit/ml.

PLOS ONE | DOI:10.1371/journal.pone.0130926 June 19,2015 2/14



@’PLOS ‘ ONE

Ginseng Berry Extract Induces DC Activation

Antibodies

Isotype control antibodies (Abs) (IgG1, IgG2a or IgG2b), CD11c (HL3), CD4 (GK1.5), CD8a
(YTS169.4), CD40 (3/23), CD80 (16-10A1), CD86 (GL-1), anti-IL-4 (11B11), anti-IL-6 (MP5-
20F3) and anti-IL-12/23p40 (C17.8) were from BioLegend; anti-MHC class I (AF6-88.5.3),
anti-MHC class IT (M5/114.15.2), anti-IFN-y (XMG1.2), anti-IL-17 (TCC11-18H10.1) and
anti-TNF-o (MP6-XT22) were from eBioscience.

Flow cytometry analysis

Cells were washed with phosphate buffered saline (PBS) (Gibco) containing 0.5% BSA (Sigma-
Aldrich), pre-incubated for 15 min with unlabeled isotype control Abs, and then labeled with
fluorescence-conjugated Abs by incubation on ice for 30 min followed by washing with PBS.
Cells were analyzed on a FACS Aria IT (Becton Dickinson) and FlowJo 8.6 software (Tree Star).
Cellular debris was excluded from the analysis by forward- and side-scatter gating. Dead cells
were further excluded by 7 aminoactinomycin D (7AAD) (BioLegend) staining and gating on
the 7AAD-negative population. As a control for nonspecific staining, isotype-matched irrele-
vant mAbs were used.

In vitro BMDC generation

The initial cultures were prepared as described elsewhere [16]. Bone marrow nucleated cells

(1 x 10° cells/ml) were cultured in modified 5 ml RPMI 1640 (Gibco) medium containing 10%
FBS (Gibco), in 6 well plates. 50 ng/ml rmGM-CSF (Peprotech) plus 50 ng/ml rmIL-4 (Pepro-
tech) were added in the medium for BMDC. Unless otherwise stated, cells were cultured nor-
mally for 6 days at 37°C in 10% CO, in air. The cultured cells were washed twice in fresh
medium before additional experiments.

Spleen DC analysis

Spleens were cut into small fragments and digested, with 2% fetal bovine serum (FCS) contain-
ing collagenase IV (Gibco) for 20 min at room temperature. Cells from the digest were centri-
fuged and the cell pellet was resuspended in 5 mL of 1077 histopaque (Sigma-Aldrich). More
histopaque was then layered below the cell suspension, with EDT'A-FCS-layered above it. After
centrifugation at 1700g for 10 min, the light density fraction (< 1.077 g/cm3) was collected and
incubated for 30 min with the following FITC-conjugated monoclonal antibodies (mAbs):
anti-CD3 (17A2), anti-Thyl.1 (OX-7), anti-B220 (RA3-6B2), anti-Gr1 (RB68C5), anti-CD49b
(DX5) and anti-TER-119 (TER-119). Cells were analyzed on a FACS Aria IT (Becton Dickin-
son). The spleen DCs were identified as lineage CD11c" cells.

Ex vivo cell stimulation and intracellular cytokine staining

Singles cells prepared from spleens were stimulated in vitro for 4 hours with phorbol 12-myris-
tate 13-acetate (50 ng/ml) and ionomycin (1 uM; both from Calbiochem), with the addition of
monensin solution (2 uM; Biolegend) during the final 2 hours. For intracellular cytokine stain-
ing, cells were stained for surface molecules first, then fixed and permeabilized with Cytofix/
Cytoperm buffer (eBioscience) and subsequently incubated with anti-cytokine antibodies in
Perm/Wash buffer (eBioscience) for 30 min. Control staining with isotype control IgGs was
performed in all experiments.
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ELISA

IL-6, IL-12p70, and TNF-o concentrations in the sera were measured in triplicate using stan-
dard ELISA kits (Biolegend).

Real-time gPCR

Total RNA was reverse-transcribed into cDNA using Oligo (dT) and M-MLYV reverse tran-
scriptase (Promega). The cDNA was subjected to real-time PCR amplification (Qiagen) for 40
cycles with annealing and extension temperature at 60°C, on a LightCycler 480 Real-Time PCR
System (Roche). Primer sequences are: mouse B-Actin forward, 5-TGGATGACGATATC
GCTGCG-3’; reverse, 5-AGGGTCAGGATACCTCTCTT-3’, IL-6 forward, 5-AACGATGA
TGCACTTGCAGA-3’; reverse, 5-GAGCATTGGAAATTGGGGTA-3', IL-12p40 forward, 5’
CACATCTGCTGCTCCACAAG-3’; reverse, 5- CCGTCCGGAGTAATTTGGTG-3’, TNF-o.
forward, 5’-CCTTTCACTCACTGGCCCAA-3’; reverse, 5-AGTGCCTCTTCTGCCAGTTC-
3’ T-bet forward, 5-CAACAACCCCTTTGCCAAAG-3’; reverse, 5’-TCCCCCAAGCATTGA
CAGT-3, GATAS3 forward, 5-CGGGTTCGGATGTAAGTCGAGG-3’; reverse, 5- GATGTC
CCTGCTCTCCTTGCTG-3’, RORyt forward, 5-CCGCTGAGAGGGCTTCAC-3’; reverse 5'-
TGCAGGAGTAGGCCACATTACA-3, IEN-y forward, 5-GGATGCATTCATGAGTAT
TGC-3’; reverse, 5-CTTTTCCGCTTCCTGAGG-3’, IL-4 forward, 5-ACAGGAGAAGGGAC
GCCAT-3’ reverse 5-GAAGCCCTACAGACGAGCTCA-3’, IL-17A forward, 5-GCGCAA
AAGTGAGCTCCAGA-3’; reverse 5-ACAGAGGGATATCTATCAGGG-3.

OT-l and OT-II T cell proliferation

CDA4 T cells from OT-II mice or CD8 T cells from OT-I mice were isolated from spleens using
CDA4 T cell or CD8 T cell isolation kit (Miltenyi Biotec), respectively. The cells were suspended
in PBS/0.1% BSA containing 10 uM CFSE (Invitrogen) for 10 min. CFSE-labeled cells (1 x 10°)
were i.v. transferred into CD45.1 congenic mice, and 24 hours later, mice were injected with
PBS alone, 50 ug of OVA in PBS or OVA plus GB (50 mg/kg) in PBS. At 3 days after immuni-
zation, splenocytes were harvested and OT-I or OT-II T cell proliferation was determined by
analyzing the CFSE fluorescence intensity through flow cytometry.

DC activation in tumor and tumor protection

B16 melanoma cells (1 x 10%) were injected subcutaneously (s.c.) at the right flank of mice.

15 days later, mice with well-established tumor received GB administration and analyzed for
DC activation in the spleen and tumor drLN. For the assessment of tumor protection, C57BL/6
mice were injected s.c. with B16-OVA melanoma cells (1 x 10°). Once the tumors were well
established on day 7, mice received i.p. injection of PBS, 50 ug of OVA, 50 mg/kg of GB or the
combination of OVA and GB. 5 days later, mice were treated with the same amount of OVA
and GB again and the tumor growth was measured. Tumor size was measured every 5 days till
day 22 after the initial tumor challenge.

Statistical analysis

Results are expressed as the mean + standard error of the mean (SEM). Statistical significance
was determined by Student’s t-test (two-tailed, two-sample equal variance). P values smaller
than 0.05 were considered as statistically significant.
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Fig 1. Activation of BMDC by GB. Bone marrow cells (1 X 10°) were incubated with 50 ng/ml GM-CSF and
50 ng/ml IL-4 for 6 days, and then stimulated with GB or GR for 24 hours. (A) Morphological changes were
analyzed by microscopy. (B) Expression of surface co-stimulatory molecules measured by flow cytometry.
(C) CD86 and MHC class Il expression levels were measured from GR- or GB-treated BMDC in indicated
dose. All data are representative of or the average of analyses of 6 independent samples (2 samples per
experiment, total 3 independent experiments). *p < 0.05, **p < 0.01.

doi:10.1371/journal.pone.0130926.g001

Results
GB Promotes the Activation of BMDCs

Previous reports showed that GR can induce the activation of mouse bone marrow-derived
DCs (BMDCs) [17]. We therefore assessed whether GB can also induce the activation or matu-
ration of BMDC:s in vitro. Bone marrow cells were isolated from C57BL/6 mice and cultured
with GM-CSF and IL-4 to generate immature BMDCs. After 6 days of culture, the majority of
the cells were immature BMDCs based on the expression of CD11c. We further stimulated
these cells with 100 pg/ml GB or GR, with the latter as a positive control. After 24 hours of cul-
ture, we found that treatment with GB promoted the dendritic morphological changes in
BMDC:s (Fig 1A). Moreover, the expression levels of co-stimulatory molecules CD40, CD80,
CD86 and MHC class I on BMDCs were substantially increased by GB (Fig 1B). Interestingly,
GB treatment showed a stronger effect on inducing BMDC activation than GR, as indicated by
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higher levels of co-stimulatory molecule expression in the BMDCs (Fig 1B). To confirm this
observation, we assessed the dose-dependent effect of GB and GR on BMDC activation. GB
treatment at 50 or 100 pug/ml induced more potent up-regulation of CD86 and MHC class II
compared to GR at the same doses (Fig 1C). These data demonstrate that GB induces activa-
tion of BMDCs and its effect is stronger than that of GR.

GB Induces the Activation of Spleen DCs in vivo

Our in vitro observation that GB promotes BMDC activation prompted us to examine the
effect of GB on spleen DC activation in vivo. We injected 10 or 50 mg/kg GB intraperitoneally
(i.p.) to C57BL/6 mice and analyzed spleen DCs 24 hours later. 50 mg/kg GB treatment led to a
significant increase in the proportion and number of spleen DCs, which were identified as
lineage CD11c" cells, whereas 10 mg/kg GB had no significant effect (Fig 2A, p = 0.05). More-
over, administration of 50 mg/kg GB induced a substantial increase in the surface levels of
CD86, MHC class I and MHC class IT in spleen DCs (Fig 2B). We also examined how the
methods of GB injection affect spleen DC activation. We found that i.p. or intravenous (i.v.)
injection of GB showed almost similar effect on up-regulation of CD86, and MHC class I and
II, whereas oral injection of GB did not induce up-regulation of these molecules (Fig 2C).

Next, to determine the effect of GB treatment on cytokine production, we injected 50 mg/kg
GB to C57BL/6 mice for 12 or 24 hours and analyzed the levels of pro-inflammatory cytokines
in splenocytes and blood serum. Administration of GB caused a marked increase in mRNA
levels of IL-6, IL-12p40 and TNF-a in splenocytes 12 hours post-injection compared to
PBS-treated control mice (Fig 2D). Serum levels of IL-6, IL-12p70 and TNF-o. were also sub-
stantially increased by GB treatment 24 hours post-injection (Fig 2E). We next examined intra-
cellular cytokine production in spleen DCs after 24 hours of GB treatment. As shown in Fig 2F,
GB treatment led to marked increases in the percentage of IL-6-, IL-12- and TNF-o.-producing
spleen DCs. Therefore, systemic administration of GB induced activation of spleen DCs as
indicated by up-regulation of co-stimulatory molecules and production of pro-inflammatory
cytokines.

GB Promotes Generation of Th1 and Tc1 Cells in vivo

Since GB induced spleen DC activation, we next assessed whether GB-induced activation of
spleen DCs can promote the generation of effector T cells, including Th1, Th2 and Th17 cells.
C56BL/6 mice received i.p. injection of 50 mg/kg GB twice, 3 days apart, and were analyzed 3
days after the second injection. Intracellular production of IFN-y and TNF-a, the critical cyto-
kine for Th1 and Tc1 cells, were greatly increased in CD4 and CD8 T cells in GB-treated mice,
whereas the percentages of IL-17- or IL-4-producing CD4 and CD8 T cells were not signifi-
cantly increased (Fig 3A). Moreover, serum levels of IFN-y and TNF-o were also markedly
increased by GB treatment (Fig 3B). Furthermore, GB induced a marked increase in mRNA
levels of IFN-y and T-bet, the critical transcription factor for Th1 and T«c1 cells, in the spleen
24 hours after injection. However, the mRNA levels of GATA3 and RORyt, signature tran-
scription factors for Th2 and Th17, and IL-4 and IL-17A were not changed by GB treatment
(Fig 3C). These data indicate that GB treatment promotes Th1 and Tcl responses in vivo.

TLR4 and MyD88 Signaling Pathways are Essential for GB-induced DC
activation
To further elucidate the mechanism by which GB promotes maturation of DCs, we examined

the effect of GB in TLR2, TLR4 and MyD88 gene knockout mice. C57BL/6, TLR2"", TLR4™" or
MyD88”" mice were injected i.p. with PBS or GB. As shown in Fig 4A, GB-induced increase in
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Fig 2. In vivo administration of GB induces spleen DC activation. C57BL/6 mice were injected i.p. with 10 or 50 mg/kg GB for 24 hours. (A) Percentage of
lineage'CD11c* spleen DCs was analyzed on a flow cytometry (left panels). Absolute cell number of lineage’CD11c* cells within live cells were shown (right
panel). (B) Expression levels of CD40, CD80, CD86, MHC class | and MHC class |l were measured by flow cytometry. Data are representative of analyses of
8 independent samples. (C) C57BL/6 mice were treated orally, i.p. ori.v. with 50 mg/kg GB for 24 hours and measured Expression levels of CD40, CD80,
CD86, MHC class | and MHC class Il by flow cytometry. (D) Expression levels of IL-6, IL-12p40 and TNF-a mRNA were measured from spleen 2 hours after
50 mg/kg GB injection. (E) IL-6, IL-12p70 and TNF-a levels in sera were shown from spleen 24 hours after 50 mg/kg GB injection. (F) Intracellular cytokine
production levels were measured spleen DCs. All data are from analyses of 6 individual mice each group (2 mice per experiment, total 3 independent

experiments). *p < 0.05, **p < 0.01.
doi:10.1371/journal.pone.0130926.g002

lineage'CD11¢" DC numbers was almost completely abrogated by TLR4- and MyD88-defi-
cieny. Moreover, GB-induced up-regulation of CD86, MHC class I and MHC class II was also
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Fig 3. GB promotes IFN-y-producing CD4 and CD8 T cells in vivo. C57BL/6 mice were injected i.p. with 50 mg/kg GB and 3 days later, injected again with
same amount of GB for further 3 days. (A) Percentage of IFN-y, IL-4, IL-17 and TNF-a positive cells within CD4 and CD8 T cells in spleen were assessed by
flow cytometric analysis (Upper panel). Mean of IFN-y and TNF-a positive cells in spleen (B) IFN-y and TNF-a production levels in sera were measured by
ELISA. (C) Expression levels of mMRNA were measured from spleen 24 hours after GB injection. All data are representative of 6 samples from 3 independent
experiments. ¥*p <0.017.

doi:10.1371/journal.pone.0130926.9003

almost completely abolished by TLR4- and MyD88-deficiency (Fig 4B). In addition, GB-
induced production of IL-6, IL-12 and TNF-o in serum was also severely impaired in TLR4™"
and MyD88”" mice (Fig 4C). On the other hand, treatment of GB still induced an increase in
lineage CD11c¢* DC numbers in TLR2”" mice (Fig 4A). Furthermore, GB-induced up-regulated
of co-stimulatory molecules in spleen DCs and the production of pro-inflammatory cytokines
were not impaired in TLR2™" mice (Fig 4B and 4C). Hence, these data indicate that GB-
induced activation of spleen DCs is dependent on TLR4 and MyD88 signaling pathways but
not TLR2 pathway.

GB functions as an adjuvant to enhance antigen presentation and
antigen specific T cell proliferation

To determine the adjuvant effect of GB in antigen-specific T cell response in vivo, we examined
whether GB can promote antigen-presentation or cross presentation by DCs. C57BL/6 mice
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Fig 4. TLR4 and MyD88 singling pathway is essential for GB-induced DC activation. C57BL/6, TLR2”, TLR4”- or MyD88™" mice were injected i.p. with
PBS or 50 mg/kg GB for 24 hours. (A) Percentage of lineage’CD11c* spleen DCs was analyzed on a flow cytometry (left panels). Absolute cell number of
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IL-6, IL-12p70 and TNF-a levels in sera were shown. All data are representative or the average of analyses of 6 samples from 3 independent experiments.
*p<0.05, **p <0.01.

doi:10.1371/journal.pone.0130926.g004

were injected with PBS, OVA or the combination of OVA and GB for 24 hours, and then mea-
sured for expression of MHC class I and II on spleen DCs. Spleen lineage CD11c" DCs sub-
stantially up-regulated surface expression of MHC class I and II molecules after treatment with
the combination of OV A and GB, whereas those treated with OV A alone did not (Fig 5A).
Next, to determine antigen-specific T cell proliferation, we transferred CFSE-labeled OT-I CD
8 T cells or OT-II CD4 T cells into CD45.1 congenic mice and 24 hours later, the mice received
injection of PBS, OVA or the combination of OVA and GB. OT-I and OT-II T cells prolifera-
tion was robustly increased in mice immunized with the combination of OVA and GB com-
pared to those in mice immunized with OV A alone, as determined by CFSE dilution after 3
day treatment (Fig 5B). These data demonstrated that GB functions as an adjuvant to enhance
antigen presentation and antigen-specific CD4 and CD8 T cell activation.
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Fig 5. GB promotes antigen presentation and antigen-specific T cell proliferation in vivo. (A) Mice were
injected with PBS, OVA or the combination of OVA and GB for 24 hours, and then expression levels of MHC
class | and Il were analyzed in lineage’CD11c¢c* DCs in spleen. (B) Purified CD8 T cell from OT-| or isolated
CDA4 T cell from OT-ll were labeled with CFSE and transferred into CD45.1 congenic mice, and 24 hours
later, mice were further treated with PBS, OVA or the combination of OVA and GB. After 3 day treatment,
splenocytes were stained with CD45.2 and OT-I or OT-lI cell proliferation was determined by CFSE dilution in
CD45.2" cells. All data are from analyses of 6 individual mice each group (2 mice per experiment, total 3
independent experiments).

doi:10.1371/journal.pone.0130926.g005

GB induces anti-cancer effectimmune response

Since tumor environment suppresses immune cell activity [18], we examined whether GB can
induce DC activation in tumor-bearing mice. C57BL/6 mice were injected subcutaneously (s.c.)
with 1 X 10° B16 melanoma cells. After 15 days, once tumors were well established, mice
received GB injection and were analyzed for the activation of DCs in spleen and tumor drain-
ing lymph node (drLN) 24 hours later. Treatment of tumor-bearing mice with GB led to a sub-
stantial increase in the proportion and number of spleen DCs but not tumor drLN DCs (Fig
6A). Moreover, GB treatment of tumor-bearing mice induced up-regulation of CD80, MHC
class I and II expression in spleen and tumor drLN DCs (Fig 6B).

Since GB can induce DC activation in the spleen and drLN of tumor-bearing mice, we next
examined whether GB can promote therapeutic anti-cancer effect by enhancing Ag-specific
immune responses. C57BL/6 mice were inoculated s.c. with 1 X 10° B16-OVA tumor cells.
After 7 days, once tumors were well established, mice were i.p.-injected with PBS, OVA, GB or
the combination of OV A and GB, and 5 days later, injected again with the same amount of
OVA and GB. B16-OVA tumor cell growth was almost completely inhibited by the combina-
tion of OVA and GB treatment, but not by GB or OVA treatment alone (Fig 6C). These data
suggest that GB-induced antigen-specific activation of DCs can protect against tumor cell
growth.
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Fig 6. GB promotes anti-cancer activity by DC activation. C57BL/6 mice were injected s.c. with 1 X 10° B16 cells. After 15 days, once tumors were well
established, mice were treated with GB for 24 hours. (A) Percentage of lineage'CD11¢* DCs in spleen and drLN were analyzed on a flow cytometry (left
panels). Absolute cell number of DCs in spleen and drLN were shown (right panel). **p < 0.07. (B) Expression level of CD86, MHC class | and MHC class Il
in spleen and drLN were measured by flow cytometry. (C) C57BL/6 mice were injected s.c. with 1 X 10° B16 cells. Once tumors were well established on day
7, mice were received i.p. with PBS, OVA, GB or the combination of OVA and GB and 5 days later, treated with the same amount of OVA and GB again and
tumor growth was measured. All data are representative of or the average of analyses of 6 independent samples (2 mice per experiment, total 3 independent

experiments). **p < 0.01.

doi:10.1371/journal.pone.0130926.g006

Discussion

GR has been reported to prevent certain viral and bacterial infections [2, 19] and enhances
immune activation as demonstrated by in vitro and in vivo studies [7, 20]. Although a variety
of biological activities of ginseng extract from root, berry and leaf have been reported, its
immune-related functions in the in vivo settings were not fully investigated. In this study, we
demonstrated that GB has a stronger DC-activating effect than GR. Moreover, in vivo adminis-
tration of GB induces maturation of spleen DCs and Th1 and Tcl immune responses. OVA
immunization in the presence of GB primed OV A-specific T cell proliferation, which together
protected mice against the challenge of B16-OVA tumor cells. These data clearly demonstrate
the adjuvant activity of GB, which mediated by DC activation.

In this study, we found that GB has a stronger BMDC-activating effect than GR. Consistent
with our observation, GB showed better anti-hyperglycemic activity than GR when used at the
same concentration [21]. The difference in their activities may result from different contents of
ginsenosides. Ginseng extracts contain ginseng saponins (GS) and ginsenosides. Recent
research has showed that ginsenoside can induce macrophage activation [22]. Importantly, GB
has a higher content of total ginsenosides than GR, especially ginsenosides Re [21, 23, 24].

PLOS ONE | DOI:10.1371/journal.pone.0130926 June 19,2015 11/14



@’PLOS ‘ ONE

Ginseng Berry Extract Induces DC Activation

Moreover, ginsenosides Re and Rgl, which are major contents of GR, have been shown to acti-
vate TLR4 signaling pathway [25, 26]. We also showed that GR-induced spleen DC maturation
is dependent on TLR4 signaling pathway. We thus hypothesize that ginsenosides, such as Re
and Rgl, are the major components that induced spleen DC maturation, and that the higher
contents of ginsenosides in GB account for its higher potency of effect compared to GR. Fur-
ther research will be required to test this hypothesis and determine whether specific ginseno-
sides purified from GB can promote activation of spleen DCs and TLR4 signaling pathway.

We also found that oral administration of GB does not induce spleen DC activation,
although ginseng products are mostly used as edible medicine. It has been shown that oral
administration of LPS can activate intestinal B-1 cells and protect against bacterial in colon
[27-29], but cannot induce systemic immune responses [28, 30]. Similarly, i.p. or i.v. adminis-
tration of GB may be required for inducing systemic immune activation. It will also be impor-
tant to determine whether oral administration of GB can induce intestinal immune activation
and exert protective effect against intestinal bacterial infection.

DCs can be activated by pathogen components through pattern recognition receptors
(PRRs) [31]. Recent studies have shown that various types of natural products can activate
DCs through both PRRs, such as TLRs and scavenger receptors (SRs) [32-35]. Moreover,
many lines of research showed that TLR ligand-induced DC maturation requirs MyD88 signal-
ing pathway [16, 35, 36]. We also found that GB-induced DC activation is dependent on TLR4
and MyD88 signaling pathways. These data suggest that ginsenosides in GB may stimulate
TLRs to induce spleen DC activation. To determine this, our future studies will investigate
whether purified ginsenosides from GB can induce spleen DC activation.

The development of therapeutic cancer vaccines is a challenging task. For therapeutic vac-
cines to be effective, they must circumvent regulatory mechanisms that limit the activation of
DCs and expansion of CD4 and CD8 T cells [18, 33]. Thus, the need to enhance immunogenic-
ity of peptide vaccines is paramount. An effective vaccine adjuvant should boost cell-mediated
antigen-specific immune responses in order to effectively eliminate pathogens [13, 14]. How-
ever, since tumor environment suppresses immune activities, many vaccine adjuvants cannot
induce full activation of immune responses against specific tumor Ags. In this study, our find-
ings indicate that GB exhibits an adjuvant activity of priming T cell responses to the soluble
OVA Ag. Moreover, GB induces the activation of spleen and tumor drLN DCs in tumor-bear-
ing mice. Finally, administration of GB plus OVA to tumor-bearing mice successfully inhibits
B16-OVA tumor cell growth, suggesting that the activation of spleen and tumor drLN DCs by
GB may in turn enhance OVA-specific Th1 and CTL responses, which consequently inhibit
B16-OVA tumor cell growth.

In conclusion, our results provide evidence that the GB is a novel therapeutic tumor vaccine
adjuvant, which can stimulate DC activation, Th1 and Tcl immune responses, and Ag-specific
T cell proliferation to inhibit tumor cell growth. The immune-activating effect of GB will make
it a promising candidate in the translational and clinical research of tumor vaccines.
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