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Background: Korean ginseng has been widely evaluated to treat human diseases; however, most studies
on Korean ginseng have focused on its root. In this study, polysaccharides [acidic-polysaccharide-linked
glycopeptide (APGP) extracted with 90% ethanol and hot water] were prepared from Korean ginseng
berries, and their effect on immunosenescence was explored.
Methods: The effect of APGP on thymic involution was evaluated by measuring the size of thymi
dissected from aged mice. The effect of APGP on populations of immune cells, including natural killer
(NK) cells, dendritic cells, age-correlated CD11c-positive B cells, and several subtypes of T cells [CD4-
positive, CD8-positive, and regulatory (Treg) T cells] in the thymi and spleens of aged mice was
analyzed by fluorescence-activated cell sorting analysis. Serum levels of interleukin (IL)-2 and IL-6 were
evaluated by enzyme-linked immunosorbent assay analysis. Profiles of APGP components were evalu-
ated by high-performance liquid chromatography (HPLC) analysis.
Results: APGP suppressed thymic involution by increasing the weight and areas of thymi in aged mice.
APGP increased the population of NK cells, but showed no effect on the population of dendritic cells in
the thymi and spleens of aged mice. APGP decreased the population of age-correlated CD11c-positive B
cells in the spleens of aged mice. APGP showed no effect on the populations of CD4- and CD8-positive T
cells in the thymi of aged mice, whereas it increased the population of Treg cells in the spleens of aged
mice. APGP further decreased the reduced serum levels of IL-2 in aged mice, but serum levels of IL-6
were not statistically changed by APGP in aged mice. Finally, HPLC analysis showed that APGP had
one major peak at 15 min (a main type of polysaccharide) and a long tail up to 35 min (a mixture of a
variety of types of polysaccharides).
Conclusion: These results suggested that APGP exerted an anti-immunosenescent effect by suppressing
thymic involution and modulating several types of immune cells.

© 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

one of the most critical determinants [4—6]. Because immunose-
nescence reflects changes in the immune system with age, it de-

Aging is a complex biological and physiological process and is
one of the most critical risk factors for the development of various
human diseases [1,2]. Recently, nine specific hallmarks of aging
have been described [3], and among these nine hallmarks, a change
in the immune system known as immunosenescence is regarded as

scribes systemic alterations in both innate and adaptive immunity
[4—6]. These alterations of innate and adaptive immunity, conse-
quently, lead to a low-grade inflammatory response known as
inflammaging. Inflammaging reduces efficient immune responses
against infection by invading pathogens, against the development
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of cancers, and against injury to endogenous tissues, and compro-
mises immunity to previously recognized pathogens [7,8].

Korean ginseng (Panax ginseng) is a slow-growing perennial
plant found mostly in countries with cool climates (such as Korea
and northeast China) and has been regarded as an herbal medicine
traditionally used to treat a variety of human diseases in Asia. Many
components have been isolated from Korean ginseng and identi-
fied, including various types of ginsenosides and acidic poly-
saccharides. These have been considered to be pharmaceutically
active ingredients that exert modulatory activities in many human
diseases, including cancer, diabetes mellitus, cardiovascular dis-
ease, and immune-related disease including inflammatory/auto-
immune diseases [9—14]. However, although the pharmaceutical
effect of Korean ginseng has been successfully proved by many
research groups globally, most of these studies have extensively
focused on the root of Korean ginseng. Studies on the pharma-
ceutical effects of other parts of the Korean ginseng plant, such as
the berry and leaf, have been limited.

Previous studies have shown various biological activities of
Korean ginseng berry on immunity [15] and several disease con-
ditions, including erectile dysfunction [16,17], cancer [18—20], and
diabetes mellitus [21,22]. The berry has also been useful for
cosmetic purposes, including skin whitening [23]. In spite of these
studies, it still remains to be understood which ingredients in the
Korean ginseng berry exert biological activities against the diseases
and conditions mentioned above. Moreover, it is also necessary to
investigate the regulatory role of the Korean ginseng berry in im-
mune responses with age, representing a new area of Korean
ginseng berry research. In this study, we extracted a new type of
polysaccharide, named acidic-polysaccharide-linked glycopeptide
(APGP), from a Korean ginseng berry and explored their biological
effect on immunosenescence using a mouse model of aging.

2. Materials and methods
2.1. Materials

Polysaccharide-K (PSK) was purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA). Old (17 mo) and young (2 mo)
male C57BL/6] mice were purchased from Central Laboratory Ani-
mal Inc. (Seoul, Korea). Fluorochrome-labeled monoclonal primary
antibodies specific for CD-11c (CD11¢-PE), NK1.1 (NK1.1-APC), B220
(B220-APC), Foxp3 (Foxp3-PE), and CD25 (CD25-biotin) and
streptavidin—fluorescein isothiocyanate for fluorescence-activated
cell sorting (FACS) analysis were purchased from BD Biosciences
(San Jose, CA, USA) and ThermoFisher Scientific (Waltham, MA,
USA). Enzyme-linked immunosorbent assay (ELISA) kits for mouse
interleukin (IL)-2 (Mouse IL-2 ELISA Ready-SET Go) and mouse IL-6
(Mouse IL-6 ELISA Ready-SET Go) were purchased from Thermo-
Fisher Scientific. Fetal bovine serum and RPMI 1640 medium were
purchased from Gibco (Grand Island, NY, USA).

2.2. Mice and compound administration

Old (17 mo) and young (2 mo) male C57BL/6] mice were
maintained under standard conditions in plastic cages. Water and a
pellet diet (Samyang, Daejeon, Korea) were provided ad libitum, and
all studies were performed according to the guidelines established
by the Institutional Animal Care and Use Committee at Sung-
kyunkwan University, Suwon, Korea.

The mice were orally administered the indicated doses of APGP
or PSK daily for 20 d, and the amounts of administered compounds
were determined based on the body weights of the mice.

2.3. Preparation of APGP from Korean ginseng berries

The berries were first refluxed with 90% ethanol for 5 h. Then,
the residues that remained were extracted with water at 100°C for
5 h to obtain the polysaccharide mixture. The supernatant of the
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Fig. 1. Effect of APGP on thymic involution in aged mice. (A) Thymi were dissected
from old (17 mo) and young (2 mo) mice administered either APGP or PSK, and
photographs were taken with a digital camera. (B) The area of each dissected thymus
was measured by a ruler. (C) The weight of each dissected thymus was measured by an
electronic scale. Data are presented as the means + SD of one biological experiment
performed with six technical replicates (n = 6). *p < 0.05, **p < 0.01 compared to a
control group. APGP, acidic-polysaccharide-linked glycopeptide; PSK, polysaccharide-
K; SD, standard deviation.
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Fig. 2. Effect of APGP on the populations of NK cells and dendritic cells in aged mice. (A) Total thymic and splenic cells (5 x 10° cells/mL) isolated from old and young mice
administered the indicated compounds were analyzed by flow cytometry using antibodies specific for NK1.1 (a marker of NK cells) and CD11c¢ (a marker of dendritic cells). The NK
cell population in (B, left panel) total splenic cells and (B, right panel) total thymic cells was measured and plotted. The dendritic cell population in (C, left panel) total splenic cells
and (C, right panel) total thymic cells was measured and plotted. Data are presented as the means + SD of one biological experiment performed with six technical replicates (n = 6).
*p < 0.05, **p < 0.01 compared to a control group. APGP, acidic-polysaccharide-linked glycopeptide; NK, nakural killer; PSK, polysaccharide-K; SD, standard deviation.
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extracted mixture was collected. By adding 95% ethanol to the su-
pernatant, the berry polysaccharides were precipitated and then
lyophilized to ginseng berry polysaccharide extract. The ginseng
berry polysaccharide portion was dissolved in water and dialyzed
with molecular weight cut off at 20,000. The dried powder was
collected after lyophilization and stored at —20°C until use.

2.4. Measurement of thymic involution

The thymi were dissected from the old (17 mo) and young (2
mo) mice administered APGP or PSK, and the thymic involutions of
these mice were determined by photographing the thymi and
measuring the weights and areas of the thymi.

2.5. Flow cytometry analysis

Old and young mice administered APGP or PSK were sacrificed,
and total cells were prepared from the spleens and thymi as reported
previously [24]. The cells were washed with FACS buffer (phosphate

buffer saline containing 2% fetal calf serum and 0.1% sodium azide)
and then incubated in 50 pL FACS buffer containing 10% rabbit serum
for 10 min on ice. The cells were incubated with the indicated dye-
conjugated antibodies specific for CD11¢, NK1.1, B220, Foxp3, and
CD25 for 45 min on ice and washed three times with ice-cold FACS
buffer. The stained cells were analyzed by a FACSCalibur instrument
(Becton Dickinson, Mountain View, CA, USA).

2.6. Enzyme-linked immunosorbent assay

The sera were prepared by centrifuging the blood of the old and
young mice administered APGP and PSK, and the serum levels of IL-
2 and IL-6 were determined by ELISA using the antibodies specific
for IL-2 and IL-6 according to the manufacturer’s instructions.

2.7. High-performance liquid chromatography analysis

A high-performance liquid chromatography (HPLC)-9500 in-
strument (Young-Lin Co., Gyeonggi, Korea) equipped with a
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Fig. 3. Effect of APGP on age-correlated CD11c-positive B cells and on T cell subpopulations in aged mice. (A) Total splenic cells (5 x 10° cells/mL) isolated from old and young mice
administered the indicated doses of compounds were analyzed by flow cytometry using antibodies specific for CD11c and B220, a marker of B cells. (B) The population of age-
correlated CD11c-positive B cells in total splenic cells was measured and plotted. (C) Total thymic cells (5 x 10 cells/mL) isolated from old and young mice administered the
indicated compounds were analyzed by flow cytometry using antibodies specific for CD4, a marker of helper T cells, and CD8, a marker of cytotoxic T cells. The populations of (C, left
panel) CD4-positive helper T cells and (C, right panel) CD8-positive cytotoxic T cells in total thymic cells were measured and plotted. (D) Total splenic cells (5 x 10° cells/mL) isolated
from old and young mice administered the indicated compounds were analyzed by flow cytometry using antibodies specific for Foxp3 and CD25, markers of activated Treg cells. (E)
The populations of Foxp3-positive Treg cells and activated double-positive (Foxp3 and CD25) Treg cells in total splenic cells were measured and plotted. Data are presented as the
means + SD of one biological experiment performed with six technical replicates (n = 6). *p < 0.05, **p < 0.01 compared to a control group. APGP, acidic-polysaccharide-linked
glycopeptide; NK, natural killer; PSK, polysaccharide-K; SD, standard deviation; Treg, regulatory T cells.
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Superdex 200 GL (GE Healthcare) was performed to high-
performance size exclusion chromatography. First, 20 pL of each
polysaccharide solution was analyzed by an isocratic mobile phase
(50mM ammonium formate buffer, pH 5.5) at a flow rate of 0.5 mL/
min at room temperature. Then the molecular weights of the pu-
rified polysaccharides were calculated from a calibration curve
constructed with Pullulan (P-800, 400, 200, 100, 50, 20, 10 and 5;
Showa Denko Co., Ltd., Tokyo, Japan).

2.8. Statistical analysis

All data are expressed as means + standard deviation of ex-
periments performed with six samples. All other data presented are
representative of three different experiments that yielded similar
results. Similar experimental data were also obtained in an addi-
tional independent set of in vitro experiments that were performed
with the same number of samples. For statistical comparisons, re-
sults were analyzed with analysis of variance, Scheffe’s post hoc
test, Kruskal—Wallis test, and Mann—Whitney test. A p value <0.05
was considered statistically significant. All statistical tests were
performed with the SPSS software package (Version 22.0, 2013;
IBM Corp., Armonk, NY, USA).

3. Results and discussion

The thymus is a critical primary immune system organ in the
body that initiates immune responses against various invading
pathogens. Therefore, appropriate development and proper size of
the thymus are required for active immune functions. One of the
representative characteristics of immunosenescence is shrinking of
the thymus with age. This process is known as thymic involution,
resulting in changes in the thymic architecture and a decrease in
tissue mass [25]. Therefore, thymic involution with age is regarded
as one biological process of immunosenescence that causes a sig-
nificant reduction in immune function [26—28]. We investigated
the protective role of APGP, a polysaccharide extracted from a
Korean ginseng berry, on immunosenescence in aged mice. We first
evaluated the effect of APGP on thymic involution in aged mice. To
examine whether APGP had an anti-immunosenescent effect on
thymic involution in aged mice, old (17 mo) mice were orally
administered APGP, and the sizes of their thymi were measured.
The sizes of the thymi dissected from young (2 mo) and old mice
administered APGP were compared by taking photographs. The
sizes of the thymi from old mice were smaller than those from
young mice, but were increased by APGP in a manner similar to
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PSK, which is a positive control polysaccharide (Fig. 1A). We further
confirmed the anti-immunosenescent effect of APGP on thymic
involution in aged mice by measuring the weights and areas of the
thymi. As expected, both the weights (Fig. 1B) and areas (Fig. 1C) of
thymi from old mice were smaller than those from young mice, but
were dose-dependently increased by APGP in a manner similar to
PSK. These results indicated that APGP exerted a protective effect
on age-induced thymic involution in mice.

There are two groups of immune system organs, primary and
secondary immune organs. Primary immune organs, such as the
bone marrow and thymus, are organs where immature immune
cells develop, whereas secondary immune organs, such as the
lymph nodes, spleen, and tonsils, are organs where immune re-
actions occur via the recognition of antigens exposed to mature
immune cells. Therefore, we investigated the effect of APGP on the
population of natural killer (NK) cells (cytotoxic immune cells that
recognize and directly remove invading pathogens) and on the
population of dendritic cells (professional antigen presenting cells
that initiate adaptive immune reactions in both primary and sec-
ondary immune organs). The populations of NK cells and dendritic
cells in total thymic and splenic cell samples were determined by
FACS analysis after staining the cells with a specific marker for each
cell type (NK1.1 [29] and CD11c [30], respectively). FACS analysis
revealed that the population of NK cells decreased in both the
thymi and spleens of old mice compared to those of young mice,
but was increased by APGP. Unlike NK cells, the population of
dendritic cells was not increased by APGP in thymi and spleens of
old mice (Fig. 2A). Unexpectedly, the dendritic cell population was
not decreased in the thymi and spleens of old mice, but rather was
increased in the thymi of old mice compared to those of young
mice. The percentages of NK cells and dendritic cells in each organ,
obtained from FACS analysis, were calculated and plotted (Figs. 2B
and 2C). Of note, APGP increased the population of NK cells in the
immune organs of aged mice in a manner similar to PSK (Fig. 2B)
but did not have this effect on the population of dendritic cells in
the immune organs of aged mice (Fig. 2C). These results indicate
that APGP may exert an anti-immunosenescent role by facilitating
cytotoxic activity against invading pathogens rather than by
directly inducing adaptive immune responses through antigen
presentation.

Recent studies have successfully identified a novel subset of
CD11c-positive B cells in the spleens of aged mice [31,32],
possibly implying that the population of CD11c-positive B cells
increased with age. Therefore, we investigated the effect of APGP
on the population of CD11c-positive B cells in aged mice. The
population of CD11c-positive B cells in total splenic cell samples
of aged mice was determined by FACS analysis after staining the
cells for CD11c and the B cell-specific marker, B220 [33]. FACS
analysis revealed that the population of B220-positive/CD11c-
positive B cells was increased in the spleens of old mice
compared to those of young mice, but was decreased by APGP in
a manner similar to PSK (Fig. 3A). The percentage of B220-
positive/CD11c-positive B cells in the spleens, obtained from
FACS analysis, was calculated and plotted (Fig. 3B). These results
strongly suggest that APGP exerts an anti-immunosenescent ac-
tivity by reducing the population of age-correlated CD11c-posi-
tive/B220-positive B cells in aged mice.

Because the size of the thymus, where T cells mature, was
reduced in aged mice (Fig. 1), the effect of APGP on populations of
thymic T cells was further investigated. To examine this, total
thymic cells obtained from old mice were stained for the helper T
cell marker CD4 and the cytotoxic T cell marker CD8, and the
population of each T cell type was determined by FACS analysis.
Unexpectedly, populations of CD4-positive and CD8-positive T cells
were not reduced in the thymi of aged mice, and APGP also failed to

show any effect on populations of these cell types (Fig. 3C). These
results indicated that thymic involution with age may have resulted
from changes in thymic architecture owing to a reduction of cell
types other than T cells, and studies to identify the types of cells
that directly correlate with thymic involution will be required.
Moreover, studies on the effect of APGP on helper and cytotoxic T
cells in the thymi of aged mice are needed. The effect of APGP on
the population of splenic regulatory T cells (Treg cells) in aged mice
was also investigated. Treg cells, also known as suppressor T cells,
comprise a subpopulation of T cells that play crucial roles in
providing tolerance to self-antigens and preventing autoimmunity
by suppressing the activation of effector T cells [34]. Treg cells are
thought to be derived from the same lineage as CD4-positive T cells.
Therefore, naturally occurring Treg cells express both CD4 and
another specific marker, Foxp3 [35—38]. Because effector T cells
express another cell surface marker, CD25 (which is an IL-2 re-
ceptor alpha chain that interacts with CD4), functionally activated
Treg cells express three different cell surface markers: CD4, CD25,
and Foxp3 [36—38]. We determined the population of Treg cells in

A
Young mice Old mice
(2 mo) (17 mo)
140
—*
120 **
= I % % I
g 100 —**
<
80
8 I
i\i 60
N
=|' 40
20 |
0 I I
APGP (mg/kg) - - 5 30 -
PSK (mg/kg) - - - - 30
B
Young mice Old mice
(2 mo) (17 mo)
140
£
120 ].
S 100 **
=]
S so I |
(3]
X 60 I
©
=|' 40
20 |
0
APGP (mg/kg) - - 5 30 -
PSK (mg/kg) - - - - 30

Fig. 4. Effect of APGP on the serum levels of IL-2 and IL-6 in aged mice. Sera were
obtained from the blood of old and young mice administered the indicated com-
pounds, and serum levels of IL-2 and IL-6 in these mice were determined by ELISA. (A)
IL-2. (B) IL-6. Data are presented as the means + SD of one biological experiment
performed with six technical replicates (n = 6). *p < 0.05, **p < 0.01 compared to a
control group. APGP, acidic-polysaccharide-linked glycopeptide; ELISA, enzyme-linked
immunosorbent assay; IL, interleukin PSK, polysaccharide-K; SD, standard deviation.
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total splenic cell samples of aged mice administered APGP. CD4-
gated total T cells were stained for CD25 and Foxp3, and the pop-
ulation of Foxp3-positive Treg cells was analyzed by FACS. FACS
analysis revealed that the population of activated triple-positive
(CD4-positive/CD25-positive/Foxp3-positive) Treg cells decreased
in the total splenic cell samples of old mice compared to those of
young mice, which were increased after 5 mg/kg APGP adminis-
tration. In old mice, this Treg cell population was not increased by a
high dose (5 mg/kg) of APGP, and even decreased after PSK
administration (Figs. 3D and 3E). Interestingly, in contrast to our
results, populations of functional Treg cells have been reported to
increase with age [39,40]. Vianna et al [41] reported that the fre-
quency of Treg cells progressively increased in thymectomized
young mice, whereas grafting of a functional thymus in aged mice
decreased the frequency of Treg cells. It is not clear why our results
are different from the previous observations. Clearly, additional
studies designed to explain why the population of splenic activated
Treg cells in aged mice was decreased (and increased on APGP
administration) will be required.

Cytokines are small proteins secreted mainly from immune cells
and play critical roles in immune response modulation. Among
these cytokines, IL-2 and IL-6 have been shown to exert particular
roles in immunosenescence. Previous studies using mouse models
of aging have demonstrated that IL-2 and IL-6 restore the genera-
tion of and improve the memory and responses of CD4-positive
effector T cells activated from naive CD4-positive T cells in a
manner superior to that observed in younger animals [42—45].
Moreover, dendritic cells activated by a ligand of a Toll-like receptor
highly produced IL-6 during cognate T cell interactions, resulting in
the induction of aged mouse CD4-positive naive T cell expansion
and survival, as well as the production of high levels of IL-2 from T
cells [46]. A recent study also has demonstrated that the generation
of CD8-positive cytotoxic T cells responding to live viruses was
significantly enhanced by the cooperation of IL-2 and IL-6 in both
aged mice and humans [47]. Therefore, we investigated the effect of
APGP on the production of IL-2 and IL-6 in the sera of aged mice by
ELISA analysis. IL-2 production was reduced in aged mice compared
to young mice and also decreased in the aged mice receiving APGP
treatment, whereas PSK increased IL-2 production in aged mice
(Fig. 4A). It has been reported that IL-2 production decreased in
CD4-positive T cells of aged mice [42], and our result that IL-2
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Fig. 6. Schematic description of the regulatory roles of APGP extracted from Korean
ginseng berries on immunosenescence in aged mice. APGP was associated with re-
covery of thymic involution and also increased the reduced population of thymic and
splenic NK cells in aged mice, and reduced the increased population of age-correlated
splenic CD11c-positive B cells in aged mice. In addition, APGP restored the population
of functionally activated splenic Treg cells in aged mice. APGP, acidic-polysaccharide-
linked glycopeptide; NK, natural killer; Treg, regulatory T cells.

production was reduced in aged mice compared to young mice
was consistent with this study. However, contrary to our expecta-
tion, IL-2 production was even further decreased in the aged mice
receiving APGP treatment. In addition, IL-6 production was also
reduced in aged mice compared to young mice, whereas IL-6 pro-
duction levels were not statistically changed in the aged mice
receiving APGP treatment (Fig. 4B). It is still unclear why APGP
decreased the production of IL-2 but exerted no effect on the pro-
duction of IL-6 in aged mice, and further studies in this regard need
to be conducted.

Lastly, we analyzed APGP HPLC profiles. HPLC analysis showed
that APGP had one major sharp peak around 15 min (corresponding
to the main form of polysaccharide in APGP) and a long tail up to
35 min (corresponding to a mixture of different polysaccharides in
APGP) (Fig. 5). Identification of the major peak at 15 min will be
required.
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Fig. 5. HPLC chromatogram of APGP extracted from Korean ginseng berries. HPLC analysis showed that APGP had one major peak at 15 min (a main type of polysaccharide) and a
long tail up to 35 min (a mixture of a variety of types of polysaccharides). HPLC, high-performance liquid chromatography.
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In summary, APGP polysaccharides extracted from a Korean
ginseng berry were associated with recovery of thymic involution.
APGP also increased the reduced population of thymic and splenic
NK cells in aged mice and reduced the increased population of age-
correlated splenic CD11c-positive B cells in aged mice. Moreover,
APGP restored the population of functionally activated splenic Treg
cells in aged mice. Taken together, these results strongly suggest
that APGP suppresses immunosenescence by suppressing thymic
involution (induced by aging) and by modulating populations of
various types of immune cells that are critical for active immune
responses (Fig. 6). Our findings also indicate that APGP could be
useful as a novel antiaging agent by strengthening the body’s im-
mune functions.
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