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In this study, we reveal that a neutral polysaccharide isolated from a Chinese medicinal herb, named Ginseng (Panaxgiseng
C.A. Meyer), promotes maturation of BMDCs via inducing changes both inside and outside BMDCs, as well as changes
of functions. These affects of NGP on BMDCs were evaluated with use of conventional scanning electronic microscopy
(SEM), transmission electronic microscopy (TEM) for morphology of BMDCs, flow cytometry (FCM) for key surface markers
of BMDCs, cytochemistry assay, FITC-dextran, bio-assay for their phagocytosis and enzyme linked immunosorbent assay
(ELISA) for cytokine production by BMDCs. Our results proved that NGP induced maturation of BMDCs as reflected by
the downregulation of acid phosphatase (ACP) activity inside the BMDCs, which occurs when phagocytosis of BMDCs
decreased, while antigen presentation increased upon maturation. These data also revealed higher expression of MHC
I, CD80, CD86, CD83, CD40 and secretion of higher level of IL-12 and low level of TNF-a. Our approach suggests that NGP
could therefore stimulate the maturation of murine BMDCs through a series of regulation to the BMDCs.

Introduction

Ginseng is a traditional Chinese herbal medicine with a pivotal
role and a well-known plant medicine in the world, which has
been used for centuries clinically for treatment of many diseases,
such as cancer, hepatitis and other immune handicapped cases.!
Also it has been using as a major tonic for poor body health or
recovery from illness. So far several components from different
Ginseng species in America, Korea and China with broad medi-
cal functions have been identified.? NGP, a key component of
immunoregulation with C _H_, O, in formula, 504 in molecular
weight, composed of O-a-(1—6)-D-Glucan is a purified com-
pound isolated from Ginseng.® The reports from early studies
claimed that NGP was with many immune-enhancing proper-
ties, like activation of macrophage and NK cells, increasing secre-
tion of cytokines such as IL-2, IL-12 and IL-6, production of
antibody by B cell, regulating immune function, inflammatory
or antiviral processes and response to stress and fatigue.*” In
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China NGP has become a commercial product for patients with
various kinds of infections to improve the immune defense dur-
ing infections, immune dysfunction and other immune boosting
needed situation, such as cancers.®'* However, so far there are no
reports on either the concrete mechanisms or maturation changes
of DCs post treatment with NGP and the precise mechanisms
to regulate the cells in immune system through dendritic cells
(DCs) by NGP remain unclear.

Dendritic cells (DCs), originally identified by Steinman
(1972), represent the milestone of the cancer immunology.'*'
DCs are professional antigen presenting cells (APCs) that possess
the ability to initiate naive T cell response. Therefore they play
key role in driving T cell responses that result in cell-mediated
immunity. More recently increasing number of articles showed
great potential of DCs in both cancer therapy and vaccine
preparations.” "’

In this study, we performed the following studies to inves-
tigate and analyze the changes of murine BMDCs induced by
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Figure 1. After cultured with GM-CSF and IL-4 for 6 d, the purity of CD11c+ cells were examined by FACS and the percentage were over 86%. Then
purified by MACS, the CD11c+ cells were enriched and the result of FACS approached 95%. FSC/SSC plot was shown in order to get an impression on

NGP, in order to gain better understanding of the mechanisms
through which NGP regulate immune cells. Based on these data
broader clinical applications can be expected.

Results

The purity of BMDC:s purified by MACS. The cultured BMDCs
were purified with MACS and lot of other cells, or debris, were
removed. The final purity of BMDCs reached approximately
95% as shown in Figure 1 for further study.

Expansion of BMDCs induced by a range of NGP. The cul-
tured BMDC:s after induced by NGP expanded into different
numbers with various degrees of maturity at different time point
(Fig. 2A). With MTS method we determined that the most opti-
mal concentration of NGP at which cells grew best was 200 g/ml
as shown in Figure 2B.

General morphology of the BMDC:s treated with NGP. The
BMDCs were cultured under the condition of GM-CSF and
IL-4 for 6 d and then the cells were observed under conventional
light microscope. The picture in Figure 3 showed the BMDCs
were large with oval or irregularly shaped nuclei and many long
or short dendrites. These phenomena were found more in the
NGP group compared with those in the control group.

SEM for fine morphology of BMDCs. Mature DC usually
expresses more complicated surface molecules, which include
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receptors for uptaking antigens and binding with other cell to
trigger an immune response. Great changes on surface of DC will
happen while DC goes into maturation. The pictures of secured
SEM were compared before and post treatment with NGP. The
BMDCs post treatment with NGP exhibited more matured
shape with more long protrusions and more cascading folds than
that untreated DCs did as shown in Figure 4.

TEM for intracellular changes inside the BMDCs. Generally
immature DC is stronger in phagocytosis and contains more
phagosomes. When DC becomes matured the numbers of
phagosomes inside the DC will reduce with increased expression
of key surface markers. The pictures in Figure 5 from TEM dem-
onstrated that there was greater reduction for phagosomes inside
the mature BMDC than those inside the immature BMDC.

ACP activity. The activity of ACP represents DC’s ability to
digest antigens and its number reflect the maturity of DC via an
inverse relationship. That means after the BMDCs were treated
with 200pwg/ml NGP in the culture for 48h, immature BMDCs
became matured with a marked decrease in ACP activity, accom-
panying a gradual termination of phagocytosis or antigen inges-
tion, and simultaneously, an increased antigen presentation. This
also led to the production of IL-12, which would work as an
intensified signal to initiate CD4*T cells response.

The ACP activity of the BMDCs was measured by the method
illustrated above and yielded the following activity number:
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48.032 + 1.381 U/gprot in the LPS group and A
57.850 + 3.760 U/gprot in the NGP group (p <
0.01) vs. 66.912 + 2.324 U/gprot in the RPMI
1640 group, as shown in Figure 6. This is consis-
tent with the number of phagosomes inside the
BMDC.

Confirmation of the BMDCs’ phagocytosis
by FCM. Immature DC is stronger in phago-
cytosis and contains more phagosomes. When
phagocytosis inside BMDCs took place the
BMDC:s phagocyted FITC labeled Dextran with
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matured with decreased phagocytosis as reflected
in correspondingly reduced G means, shown in

Figure 7. Mean + sd from three sample per group

Figure 2. Determination of BMDCs proliferation at different time point (A) and at different
concentration of NGP (B) by MTS method.

were shown.
Immunohistochemical staining of the

BMDC:s cells after treatment with NGP. After
staining with DAB kit, and restaining with
hematoxylin, the DC under light microscope
displayed phagocytosing. The pictures showed
phagocytosing horseradish peroxidase was in pro-
cess, and showed more phagocytosis in the imma-
ture BMDC:s cells than in the mature BMDCs
as shown in Figure 8. This is consistent with the
change of ACP activity and also with phagocytic
effect by DC.

Analysis of the BMDCs’ key surface mark-
ers by FCM. The cultured BMDCs were stained
with mAbs following steps mentioned above
and underwent FCM analysis. The compari-
son between testing group and control group
showed that the percentage of MHC II expres-
sion on NGP-treated BMDCs were 2-fold more
than those on the control. Accordingly, there

were increased percentages of CD80, CDB86,
CDS83 and CD40 on the BMDC:s treated with

NGP. The data shown in Figure 9 indicated the

distribution of the expression of the key surface

Figure 3. The morphology (200) under light microscope showed the change of BMDCs.
(A) RPMI 1640, (B) NGP.

markers.

Cytokine assay of the IL-12p70 and TNF-a by ELISA. After
the immature BMDCs were exposed to 200 pg/ml for 96h, the
cultured BMDCs became matured both morphologically and
functionally. Besides the higher expression of key surface mark-
ers the matured BMDC:s also produced higher levels of IL-12p70,
as shown in Figure 10A. Similarly, the production of TNF-a was
shown in Figure 10B.

Obviously, these results shown in Figure 10 were correspond-
ing with those obtained in morphological maturation of the
BMDC:s and data from ACP activity above.

Mixed lymphocyte reaction assay. The T cell proliferation
was measured by the MTS assay. The T cell proliferation indi-
rectly reflects the ability of DCs to stimulate the proliferation
of T cell. The results showed that, as compared with the con-
trol group, the BMDCs from NGP-treated group or LPS-treated
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group could dramatically increased the proliferation of T
cell (Fig. 11). When the ratio of dendritic cells to T cells was
at 1:1, there was a significant increase in T cell activation and
proliferation.

Discussion

There are many reports on the biological functions and clinical
application of Ginseng or its fractions of various components.
Also there are a few approaches on either properties or clinical
usage with different Ginseng polysacharisdes. NGP, being an
purified component of Ginseng extract and an effective immune
modulator, plays a very important role in both immune modula-
tion and immune boosting based clinical applicatiom.” In fact,
NGP’s general function of upregulating immune system has been
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Recently, accumulated data on NGP elucidated that
NGP alone or when combined with other agents could
retard tumor growth, resulting in marked regression of
tumor. In China, actually this clinical application has
been an very important alternative for terminal cancer
patients or other immune dysfunction cases.

From our results above, we found that NGP’s
immunomodulating effects on DCs were present and
functional, as reflected by following findings: (1) NGP
shows positive regulation on DCs at a range of concen-
tration and the best concentration is 200 pwg/ml (Fig.
2), (2) the clear changes of matured DC in morphol-
ogy are with more protrusions and rougher surface (Fig.
3), which usually indicate increased expression of key
surface markers or other receptors, which are related to
phagocytosis, (3) the number of phagosomes reduction

inside the DC (Fig. 4) and ACP activity (Fig. 5) are

Figure 4. Scanning electron microscopy showed BMDCs morphology. Most of
the BMDCs treated with RPMI 1640 were small and round with smooth rim shown
in Figure 4A (x5000). However, BMDCs treated with NGP have rough cell surface
with many folds and different types of protrusions shown in Figure 4B (x2000).

usually, parameters indicating maturation of DC, and
an indicators of phagocytosis reduction (Fig. 7), with
an simultaneous increase in antigen presentation, cor-
responding to the higher expression of MHC class 1I,

CD86 and CD40 molecules (Fig. 8), (signals between
the T cell receptor and co-receptor paths)

and (4) higher production of IL-12 lev-
els (Fig. 9) would intensify DC-CD4*T
cell pathway, resulting in increased Thl
responses, coordinating other immune cells
such as macrophage involved in immune
responses. Also the presence of IL-12 is
necessary for CD4*T cell activation which
in turn secretes other cytokines such as
IL-2, IFN-y and TNF-f, coordinating cel-
lular immune responses. Meanwhile, IL-12
is also responsible for triggering a chain of
immune responses in the immune network.
Simultaneously, proinflammatory TNF-a
secretion is downregulated in the ongoing
process of the DCs” maturation. Usually at
early stage of infection DCs secret higher
amount of TNF-a to be involved in initi-

ating innate immunity. However, with the

(A) RPMI1640, (B) NGP (x5,000).

Figure 5. Transmission electron microscopy revealed BMDCs morphology, surface, cytoplasm
and organelles. After cultured with NGP for 48 h, the majority of cells had a more irregular sur-
face with more cytoplasmic projections, less vacuoles (heavy arrow) and lysosomes (thin arrow).

infection going on DCs become matured
and begin to trigger adaptive immunity
though mounting antigen presentation and
accordingly, followed by the decreased pro-

recorded previously."?*?* The data of their findings indicated
that NGP could upregulate the functions of cells in both innate
immune and adaptive immune systems. These included: signifi-
cantly increasing phagocytosis as well as production of cytokines
of macrophage,® improving B lymphocyte proliferation induced
by LPS, enhancing the activity of monocyte by upregulating the
expression of HLA-DR and other application for various cases

clinically.?*
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duction of TNF-a.

The morphology study by SEM, TEM
for sub-cellular study and histochemistry study above, plus
ACP test after treatment with 200ug/ml NGP confirmed and
reconfirmed the boosting effect to DC maturation by NGP
consistently.

Besides these, we also need to notice that the increased IL-12
production not only acts on DCs themselves as an autocrine and
paracrine signal molecule, resulting in DCs expansion further,
but also would augment CD4*T cell population, and increase sta-

bility of the pathway between the DCs and CD4*T cells, which,
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in turn, will result in more secretion of cytokines like
IL-12 and TNF by the DCs and IFN-y by the CD4*T
cells to be involved in initiatinga chain of immune
responses in body.”

The immune system is a diverse and very complicated
entity, in which numerous immune cells as well as mol-
ecules are interconnected, forming a coordinated inter-
action between innate and adaptive immune systems.
Moreover, internal interactions among the immune
cells are done through a variety of signal cytokines that
regulate or even police each other as a part of dynamic
immune system. When NGP works, it modulates the
functions of DCs, not only via a direct binding to the
receptors on DCs, but also via an indirect route by regu-
lating other immune cells such as macrophages, which
can secrete high levels of IL-12, IL-6 and TNF-a, add-
ing a synergistic effect to DCs and NK cells, which can
also secrete IFN-v, inducing the maturation of DCs. As a

ACP activity (U/gprot)

T
- T =
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result of this chain of effects, there is then an intensified

immune network maintaining the balance of the body.

Because DCs have emerged as the most potent and

Figure 6. NGP decreased ACP activity inside the BMDCs. All data of ACP activity
were shown as means + S.E.M. (n = 3).

professional antigen presenting cells to stimulate naive T
cells and initiate T cell responses, functioning as mes-

sengers between the innate and adaptive immunities. We may
think about potential application of NGP as an adjuvantin
therapeutic vaccines in cancer immunotherapy and for other
immune handicapped diseases.

Our contribution could therefore help further understand-
ing of NGP’s immunoregulating impact on immune system
via modulating DC, and activation of chain responses among
immune cells, through which NGP would be functioning. At
last, this inestigation also provides a practicable mode of action
for NGP and highlights its clinical potential as an immune
remedy for for cancer patients with damaged immune system
after chemotherapy. As far as we know this is the first time to
present data about detailed analysis of morphology, cellular
and sub-cellular structure of BMDC under influence of NGP
and this approach will help us with better understanding posi-
tive modulation by NGP to BMDC via the mechanisms elu-

40-

% cells FITC-dextran

20+

RPMI 1640 LPS NGP

cidated above and to whole immune system as well. NGP can

markedly enhance BMDC’s maturation and functions with
supplying MHC class II molecules, plus other co-stimulatory
molecules like CD80 (86), CD83 and CD40, accompanying
higher production of IL-12, and this chain activation resulted
in upregulation of antigen presentation and thus effectively

Figure 7. Cellular immunohistochemistry of phagocytosis by BMDC. The
BMDCs in different groups were stained with DAB kit. The BMMCs were
observed with an inverted phase contrast microscope (CMS GmbH Light
Microscopes, Leica Microsystems) (x400). The immature BMDC filled with
DAB precipitate could be seen clearly.

activating CD4*T cell, strengthening the DC-CD4'T cell
pathway and IFN-vy secreted by CD4*T cell will activate mac-
rophage, so that whole immune system is intensified.

Materials and Methods

Major reagents. NGP (> 99% purity, 3 mg/ml) was bought from
Pude Pharmaceutical Company. The affect of NGP at a range
of concentrations from 1 g/ml to 1000 g/ml on the proliferation
of DCs in vitro was tested, and the optimal concentration was
found out. Based on these approaches, the optimal concentration

www.landesbioscience.com

0f 200 g/ml was used in current study. Interleukin-4 (IL-4) and
recombinant murine granulocyte macrophage colony stimulat-
ing factor (GM-CSF) were obtained from PeproTech Inc. The
mAbs used in this study include FITC-conjugated anti-CD40,
PE-anti-MHC-Iland PE-anti-CD83, PE-anti-MHC-II and
PE-anti-CD86 from eBioscience and BD PharMinge. The
ELISA assay kits for IL-12p70 and TNF-a were purchased from
eBioscience. Lipopolysaccharide (LPS) was a product of Sigma-
Aldrich. Other chemicals frequently used in our laboratory were
all products from Sigma-Aldrich or BD PharMingen.
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Morphological study of the BMDCs with SEM.
The BMDCs post treatment with 200 pg/ml NGP
for 48 h, were collected and checked for morphological
study by SEM (JEOL, JSM-T300). The cell prepara-
tion steps included glutaraldehyde fixation, cleaning,
osmium tetroxide post-fixation, cleaning, replacement,
critical point drying and spraying gold. Finally the pre-
pared samples underwent check with SEM.

Observation of intracellular phagosomes inside the
BMDCs with TEM. Another portion of BMDCs post
treatment with 200 pg/ml NGP for 48 h, were col-
lected and observed for intracellular phagosomes with
TEM (JEOL JEM-1200EX). The sample preparation
steps included cultured cell digestion by trypsin, cen-
trifugation at 1,000 RPM for 10 min, glutaraldehyde
fixation, slicing. Finally the prepared samples were ana-

lyzed by TEM.

ACP activity detection. The concentration of the

Figure 8. Comparison of FITC-dextran uptaking by (A) immature and (B) mature
BMDCs. The BMDCs in different groups were prepared and compared in their
ability to uptake FITC-dextran. A representative of three independent experiments
was shown. The cells with lower FITC-dextran uptake were preincubated with LPS
or NGP. For the analysis of dextran uptaking, the data for controls incubated at

4°C should be subtracted from the 37°C data. All data are represented as means +
S.E.M. (n = 3). *p < 0.05 vs. these in RPMI 1640. **p < 0.01 vs. those in RPMI 1640.

BMDCs was adjusted to 10°/ml. The ACP activity
inside the DCs post treatment with 200 pg/ml NGP
for 48 h was measured at OD 520 nm by the phenol-
4-AAP (amino anti-pyrine) method with ACP testing
kit (Jiancheng Bio-engineering Institute of South).
BMDCs’ phagocytosis by FCM. Another portion
of BMDC:s post treatment with 200 wg/ml NGP for 48

Preparation of murine BMDCs. A modified protocol from
a previously described method® was used for preparation of
BMDC:s as follow:The bone marrow cells from the femurs and
tibias of female C57BL/6 mice (4—6 weeks old from pathogen
free animal house, China Medical University) were depleted of
red cells with lyses buffer. Approximately, a total 10° cells were
placed in 24-well plates fulfilled with 3 ml of RPMI 1640 supple-
mented with 10% fetal bovine serum, GM-CSF (10 ng/ml), IL-4
(10 ng/ml), 2 mM L-glutamine, 100 units/ml penicillin and 100
g/ml streptomycin. The cells incubated for 4 h in plates were then
gently swirled and the medium containing non-adherent cells was
replaced with fresh medium as described above. Supplemented
medium was replaced every 3d and on 6d of culture, all the cells
expressing CD1Ic in all wells were sorted out respectively using
MACS (MiltenyiBiotec) per manufacturer’s instruction and
seeded them into new wells with fresh medium. The purity of
the sorted cells was determined by FCM analysis (Fig. 1). Finally,
the CD1lc-positive cells (BMDCs) were treated with or without
NGP at 200 pwg/ml for another 48h for the phenotypic studies.

MTS assay to determine expansion of BMDCs treated with
a range of concentrations of NGP. The BMDCs were digested
into cell suspension and the number of the BMDCs was adjusted
to 10°/ml. Subsequently the BMDCs were seeded to 96 well
microplates, 100 wl/well, triplicate/well.

NGP was dissolved in RPMI1640 medium, filtrated and
diluted at range of concentrations from 1 pg/ml to 1000 pg/ml.
LPS (10 ng/ml) was used as positive control in this study. The
OD number of each well was measured at 570 nm (A570) with
use of bichomaticmicroplate reader post treatment with NGP for

48 h by established method of MTS for cell expansion.
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h, were collected and tested for phagocytic effect. 100
Wl FITC-Dextran was added to the BMDC culture, incubated at
4°Cfor 2 h, subsequently for 1 h at 37°C. After incubation, cells
were harvested and re-suspended in PBS, and analyzed in a flow
cytometer.

Reconfirmation of BMDCs’ phagocytosis by cellular immu-
nohistochemistry. Another portion of BMDCs post treatment
with 200 pg/ml NGP for 48 h, were collected for immunohis-
tochemistry. The cell preparation steps included 0.08 mg/ml
horseradish peroxidase was added to the cells, followed by fixa-
tion with methanol for 4 h, staining with DAB Kkit, restaining
with hematoxylin. Finally, the sample was observed under con-
ventional light microscope.

Analysis for key surface markers by FCM. The cultured
BMDC:s served as both testing groups (post treatment with 200
pg/ml NGP for 48 h) and control groups were collected respec-
tively and stained with anti-CD40, anti-CD-83, anti-CD86
and anti-MHC I antibodies for 30 min, and then washed twice
with PBS/2% FACS. The cells were harvested and immediately
fixed in 4% paraformaldehyde, followed by being collected using
FACS Calibur (Becton Dickinson). The data, obtained from
the analysis of the fixed cells by FCM, were then analyzed using
WinMDI 2.9 (Joseph Trotter, BD Biosciences).

Cytokine assay. The culture supernatant of the BMDCs
post treatment with 200 pwg/ml NGP for 96 h was collected for
IL-12p70 and TNF-a assaying per the instruction included in
the ELISA kit. The absorbance at 450 nm (A450) was measured
using a bichomaticmicroplate reader.

Mixed lymphocyte reaction assay (MLR). The BMDCs from
C57BL/6 mice were treated with LPS, NGP or left untreated for
48 h. At 3d, the BMDCs were collected and washed three times
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Figure 9. (A) NGP enhanced the phenotypic maturation of BMDC. The
BMDC were phenotypically assessed using FACS analyses to determine
the expression levels of specific cell surface molecules, as shown in

the percentage of expression. NGP clearly increased the expression of
CD40, CD80, CD83, CD86 and MHC-II (a representative of three indepen-
dent experiments). (B) NGP enhanced the phenotypic maturation of
murine DCs. All data were shown as means + S.E.M. (n = 3). *p < 0.05 vs.
these in RPMI 1640. **p < 0.01 vs. those in RPMI 1640.

with RPMI 1640 culture medium, and finally the cells concen-
tration was adjusted to 3 x 10°/ml to serve as stimulator cells.
The lymphocytes were isolated from the spleen of C57BL/6 mice
to serve as responder cells. The lymphocytes (3 x 107/ml) were
incubated in 96-well cell-culture plates (Corning-Costar) with
graded numbers of BMDCs (at a ratio of 1:1, 1:10, 1:50 and
1:100) for 3d. The cell activation and proliferation was moni-
tored by measuring the absorbance in each well at 492 nm (A492)
using a bichromaticmicroplate reader. Results were expressed as
the mean = sd from triplicate wells.

Statistical analysis. Mean, standard deviation and statistical
significance were calculated using the SPSS application software
and Prism (Statistical Package for Social Sciences, Version 16.0
for Windows). The results were expressed as mean = sd of three
or more independent experiments. The differences were evalu-
ated by ANOVA for multiple groups and by the student ttest
for two groups using the Prism (Graph Pad Software). The tur-
key test was used to compare testing group with control group.
Statistical results used for post hoc analysis when p < 0.05 indi-
cated significance. The results will be discussed later.
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samples. NGP led to an approximate twice of production in IL-12p70 with *p < 0.05 vs. these in RPMI 1640 and TNF-a with **p < 0.01 vs. those in RPMI

1640.
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Figure 11. Mixed lymphocyte reaction assay. Dendritic cells derived from bone marrow were
co-cultured with the lymphocytes for 3 d at the ratios of 1:1, 1:10, 1:50, 1:100 and proliferation of
lymphocytes was measured by MTS assay. All data were shown as means + S.E.M. (n = 3). *p < 0.05
vs. these in RPMI 1640. **p < 0.01 vs. those in RPMI 1640.
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