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20S-dihydroprotopanaxatriol modulates functional activation of
monocytes and macrophages
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20S-dihydroprotopanaxatriol (2H-PPT) is a derivative of protopanaxatrol from ginseng. Unlike other components from Panax
ginseng, the pharmacological activity of this compound has not been fully elucidated. In this study, we investigated the modulatory
activity of 2H-PPT on the cellular responses of monocytes and macrophages to understand its immunoregulatory actions. 2H-PPT
strongly upregulated the release of radicals in sodium nitroprusside-treated RAW264.7 cells and the surface levels of costimulatory
molecule CD86. More importantly, this compound remarkably suppressed nitric oxide production, morphological changes,
phagocytic uptake, cell-cell aggregation, and cell-matrix adhesion in RAW264.7 and U937 cells in the presence or absence of
lipopolysaccharide, anti-CD43 antibody, fibronectin, and phorbal 12-myristate 13-acetate. Therefore, our results suggest that

2H-PPT can be applied as a novel functional immunoregulator of macrophages and monocytes.
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INTRODUCTION

Macrophages are important innate immune cells with
various immune functions including anticancer, antibac-
terial, and antiviral [1-3]. These cells are generated by
the differentiation of monocytes derived from hemato-
poietic stem cells. To perform various immunological
functions, macrophages require flexible changes in their
morphological structures for phagocytic uptake, adhe-
sion to target cells, and surface membrane changes [1-
3]. By these cellular responses, cells are eventually able
to produce numerous pro-inflammatory cytokines, che-
mokines and chemoattractants as well as cytotoxic and
inflammatory molecules (e.g., nitric oxide [NOJ], reactive
oxygen species [ROS], and prostaglandin E,) [1-3]. Due
to their significance in innate immunity, macrophages are
considered important cells, useful for anticancer and anti-
inflammatory purposes [4].

Panax ginseng, a perennial plant of Araiaceae, is an
ethnopharmacologically valuable herbal medicine used
for enhanced vitality, long life, and supplement of spirits
[5]. Although many different species of Genus Panax
are cultured, it has been accepted that Korean ginseng
(P, ginseng) is one of the best types of ginseng with re-
gard to pharmacological and phytochemical properties
[6]. The pharmacological effects of Korean ginseng are
mostly managed by ginsenosides and acid polysaccha-
rides [7-9]. Regulatory actions on cardiovascular disease,
diabetes mellitus, cancer, stress, and immunostimulation
have been reported [7]. Recent studies have investigated
ginseng-derived metabolites or derivatives such as com-
pound K, ginsenoside-F1, and 20S-dihydroprotopanaxa-
triol (2H-PPT) [10-12].

2H-PPT (Fig. 1) is one derivate generated from pro-
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Fig. 1. Chemical structure of 20S-dihydroprotopanaxatriol (2H-
PPT) and its effect on cell viability. (A) Chemical structure of 2H-
PPT. (B) RAW264.7 or U937 cells (1x10° cells/mL) were incubated
with 2H-PPT (0 to 80 uM) for 24 h. Cell viability was determined by
conventional MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolum
bromide) assay as described in the Materials and Methods section.

topanaxatriol (PPT). Although PPT has been reported
to have anti-cancer and anti-oxidative activities, studies
have yet to suggest the biological role of 2H-PPT. There-
fore, in this study, we explored the regulatory role of 2H-
PPT on the cellular responses of the immunologically
valuable cells, macrophages and monocytes.

MATERIALS AND METHODS

Materials

2H-PPT, ginsenoside-Rpl, and ginsenoside-Rg3
were obtained from Ambo Institute (Daejeon, Korea).
The purity of these compounds was measured at 95%
by HPLC analysis. Lipopolysaccharide (LPS), sodium
nitroprusside (SNP), crystal violet, and phorbol 12-my-
ristate 13-acetate (PMA) were obtained from Sigma (St.
Louis, MO, USA). U0126, SP600125, and SB203580
were obtained from Calbiochem (La Jolla, CA, USA).
RAW264.7 and U937 cells were purchased from Ameri-
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Fig. 2. Effect of 20S-dihydroprotopanaxatriol (2H-PPT) on reactive
oxygen species (ROS) generation in sodium nitroprusside (SNP)-
treated RAW264.7 cells. RAW264.7 cells pre-incubated with 2H-PPT
were treated with H,DCFDA (50 uM) in the presence or absence of
SNP (0.25 mM) for 2 h. The level of radicals was determined by flow
cytometric analysis as described in Materials and Methods section.
MFI, mean fluorescence intesity. **p<0.01 compared with normal.

can Type Culture Collection (Manassas, VA, USA). Cell-
cell-adhesion-inducing antibodies to CD43 (161-46,
ascites, IgG1) were used as reported previously [13,14].
Fibronectin (FN) and R-phycoerythrin-conjugated an-
tibodies to CD80 (16-10-A1), CD82, and CD86 (GL1)
were from BD Bioscience (San Diego, CA, USA).

Cell culture

RAW264.7 and U937 cells were cultured in
RPMI1640 with 10% fetal bovine serum and with 100
U/mL penicillin/streptomycin at 37°C in a humidified
atmosphere with 5% CO,.

Cell viability assay

Cell viability and the extent of proliferation were
assessed by conventional 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolum bromide (MTT) assay [15].
RAW264.7 and U937 cells (5x10* cells/well) were in-
cubated with various concentrations of 2H-PPT for 24 h
and were further incubated with MTT solution (0.5 mg/
mL) for an additional 4 h at 37°C. The absorbance of the
samples was measured at 490 nm with a microplate read-
er (Molecular Devices corp., Menlo Park, CA, USA).

Determination of reactive oxygen species genera-
tion

The level of intracellular ROS was determined by a
change in fluorescence resulting from the oxidation of
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the fluorescent probe, H,DCFDA. Briefly, 5x10° cells of
RAW264.7 cells were exposed to 2H-PPT for 30 min.
After incubation, cells were then incubated with LPS (1
ug/mL) as an inducer of ROS production at 37°C for 6 h.
Cells were incubated with 50 uM of the fluorescent probe
H,DCFDA for 1 h at 37°C. The degree of fluorescence,
corresponding to intracellular ROS, was determined us-
ing a FACScan flow cytometer (Beckton-Dikinson, San
Jose, CA, USA), as reported previously [16].

Flow cytometric analysis

The expression of co-stimulatory molecules (CD80
[16-10A1, 1:50] and CD86 [GL1, 1:50]) in RAW264.7
cells or differentiation marker (CD82) in PMA-treated
or non-treated U937 cells was determined by flow cyto-
metric analysis [15,17]. The RAW264.7 or U937 cells
(2x10° cells/mL) treated with 2H-PPT in the presence or
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absence of LPS (1 pg/mL) or PMA (10 ng/mL) for 12 or
24 h were washed with a staining buffer (containing 2%
rabbit serum and 1% sodium azide in phosphate-buffered
saline (PBS) and incubated with directly labeled antibod-
ies for an additional 45 min on ice. After washing three
times with staining buffer, stained cells were analyzed on
a FACScan flow cytometer (Becton-Dickinson).

Determination of nitric oxide production

After preincubating RAW264.7 cells (1x10° cells/mL)
for 18 h, 2H-PPT, ginsenoside-Rp!1 or ginsenoside-Rg3
in the presence or absence of LPS (1 ug/mL) was incu-
bated for 24 h, as reported previously [18]. The nitrite
in the culture supernatants was measured by adding 100
uL of Griess reagent (1% sulfanilamide and 0.1% N-[1-
naphthyl]-ethylenediamine dihydrochloride in 5% phos-
phoric acid) to 100 pL. medium samples.
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Fig. 3. Effect of 20S-dihydroprotopanaxatriol (2H-PPT) on costimulatory molecule expression, nitric oxide (NO) production, and morphological
changes in lipopolysaccharide (LPS)-treated RAW264.7 cells. RAW264.7 cells (2x10° cells/mL) pre-incubated with 2H-PPT were treated with
LPS for indicated time. (A) The surface levels of CD80 and CD86 in LPS-treated RAW264.7 cells for 12 h were determined by flow cytometry.
(B) NO production level was determined by Griess assay using culture supernatants prepared from 2H-PPT-treated cells in the presence or ab-
sence of LPS for 24 h. (C) Images of the cells in culture at 24 h were obtained using an inverted phase contrast microscope, attached to a video
camera, and captured using NIH image software. MFI, mean fluorescence intesity; G, ginsenoside; Conc, concentration. **p<0.01 compared with

control.
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Morphological change test

2H-PPT-treated RAW264.7 or U937 cells in the pres-
ence or absence of LPS or PMA were incubated for in-
dicated times. Images of the cells in culture at each time
point were obtained using an inverted phase contrast mi-
croscope, attached to a video camera, and captured using
NIH image software.

Determination of phagocytotic uptake

To measure the phagocytic activity of RAW264.7
cells, we modified a method reported previously [19].
RAW264.7 (5x10% cells treated with 2H-PPT were re-
suspended in 100 pL PBS containing 1% human AB se-
rum and incubated with fluorescein isothiocynate (FITC)-
dextran (1 mg/mL) at 37°C for 30 min. The incubations
were stopped by adding 2 mL ice-cold PBS containing
1% human serum and 0.02% sodium azide. The cells
were then washed three times with cold PBS-azide and
analyzed on a FACScan flow cytometer, as reported pre-
viously [16].

Cell-cell or cell-extracellular matrix protein (fibro-
nectin) adhesion assay

U937 cell-cell adhesion assay was performed as re-
ported previously [15,20]. Briefly, U937 cells were pre-
incubated with 2H-PPT or MAPK inhibitors (U0126,
SB203580, and SP600125) for 1 h at 37°C and they were
further incubated with function-activating (agonistic)
anti-CD43 antibody (1 pg/mL) in a 96-well plate. After a
2-h incubation, cell-cell clusters were determined by ho-
motypic cell-cell adhesion assay using a hemocytometer
[15,17]. A photo was then taken with an inverted light
microscope equipped with a high-performance charge-
coupled devices (Diavert) video camera (COUH, San
Diego, CA, USA). For a cell-fibronectin adhesion assay,
U937 cells (5x10° cells/well) were seeded on a fibronec-
tin (50 pg/mL)-coated plate and incubated for 3 h [21].
After removing unbound cells with PBS, the attached
cells were treated with 0.1% of crystal violet for 15 min.
The optical density value at 570 nm was measured by a
Spectramax 250 microplate reader.

Statistical analysis

Student’s #-test and a one-way ANOVA were used to
determine the statistical significance of the difference
between values for the various experimental and control
groups. Data are expressed as means+standard errors,
and the results were obtained from at least three indepen-
dent experiments performed in triplicate. A p-value of
0.05 or less was considered statistically significant.
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RESULTS AND DISCUSSION

In this study, we explored the regulatory function of
2H-PPT (Fig. 1A), an enzymatic metabolite of PPT, on
the cellular responses of macrophages and monocytes,
including phagocytic uptake, ROS generation, NO pro-
duction, cell-cell adhesion, morphological change, and
regulation of surface adhesion molecules in RAW264.7
murine macrophages and U937 human monocytic cells.
Interestingly, without affecting cell viability (Fig. 1B),
2H-PPT significantly enhanced the release of ROS in
SNP-treated RAW264.7 cells (Fig. 2), indicating that this
compound could stimulate macrophage cells to release
more levels of radicals. Furthermore, 2H-PPT strongly
upregulated the surface level of CD86 (Fig. 3A, right
panel), which is known as costimulatory molecules es-
sential for major histocompatibility complex class II/T
cell receptor interaction [22], in RAW264.7 cells, imply-
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Fig. 4. Effect of 20S-dihydroprotopanaxatriol (2H-PPT) on phago-
cytic uptake and clustering formation in RAW264.7 cells. (A)
RAW264.7 cells pre-incubated with 2H-PPT were treated with fluo-
rescein isothiocynate-dextran (1 mg/mL) for 2 h. The level of dextran
uptake was determined by flow cytometric analysis as described in
Materials and Methods section. (B) Effect of 2H-PPT on clustering
formation of RAW264.7 cells was analyzed by taking a picture of
incubated cells. MFI, mean fluorescence intensity; FITC, Fluorescein
isothiocyanate. *p<0.05 and **p<0.01 compared with control.
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ing that macrophages can be activated by the exposure
of 2H-PPT. However, under LPS-treated conditions,
the upregulatory activity of 2H-PPT was not seen in the
expression of CD80 (Fig. 3A, left panel). Rather, this
compound suppressed NO production in LPS-treated
RAW264.7 cells (Fig. 3B). Although the inhibitory ac-
tivity of NO production by 2H-PPT was not higher than
that of ginsenoside-Rpl, an anti-inflammatory ginsen-
oside derivative [23], the NO suppressive activity seems
to clearly suggest that 2H-PPT is able to reduce the
production of inflammatory mediators such as NO, as in
the previously reported cases of other anti-inflammatory
ginsenosides like 20S-ginsenoside-Rh2, ginsenoside-Re,
ginsenoside-Rbl1, and ginsenoside-Re [23,24]. Interest-
ingly, the suppressive activity of 2H-PPT in RAW264.7
cells was also found in their morphological changes dur-
ing LPS exposure at 60 uM (Fig. 3C), implying that this

compound could modulate morphology-dependent ac-
tions of macrophages.

Morphological changes are understood to be critical
phenomena in macrophage functions such as phago-
cytosis, migration, and adhesion to other cells [25,26].
Furthermore, we have also reported that interruption of
morphological changes induced by LPS leads to the di-
minishment of inflammatory responses of macrophages
[27,28]. Therefore, we next examined whether 2H-
PPT is capable of controlling phagocytic responses of
RAW264.7 cells. To do this, we employed FITC-labeled
dextran and measured its florescence level in RAW264.7
cells by flow cytometric analysis. As Fig. 4A indicates,
2H-PPT strongly blocked the phagocytic uptake of the
dextran at 60 to 80 uM, suggesting that this compound
could modulate morphological change-based cellular re-
sponses in RAW264.7 cells. Supportively, the strength of

A B
2h 120
c
S 100
2H-PPT (uM) 0 40 60 80 3~
[<}
- E _g 80
8o 0
Normal 32
o X
~< 40
[s2}
(2]
> 20
CD43 0
2H-PPT (uM)
CD43 mAb (1 pg/mL)
C D
140
120
§ 120
(73 c
3 _ 100
£ 3 100 2
© = O ~ *
=6 80 S5 804
c 9 * S
T 9Q
§ o\?, 60 8o 60
2w 8
: 2R 40
& 20 >
£ 20 -
0
0 20 40 80 0 -
2H-PPT (uM) Vehicle U0 SB SP

FN (50 pg/mL)

Normal FN-coated condition

Fig. 5. Effects of 20S-dihydroprotopanaxatriol (2H-PPT) on U937 cell adhesion. (A,B) U937 cells (1x10° cells/mL) pretreated with 2H-PPT
were incubated in the presence or absence of pro-aggregative antibodies (1 ug/mL each) to CD43 (161-46) for 30 min. Images of the cells in
culture were obtained using an inverted phase contrast microscope attached to a video camera. Quantitative evaluation of U937 cell-cell clus-
ters was performed by a quantitative cell-cell aggregation assay. (C,D) Effects of 2H-PPT or MAPK inhibitors, U0 [U0126], SB [SB203580],
and SP [SP600125], on cell-fibronectin (FN) adhesion were examined with U937 cells pretreated with 2H-PPT by seeding on FN (50 pg/mL)-
coated plates for 3 h. Attached cells were determined by crystal violet assay, as described in Materials and Methods section. Data represent
meanzstandard error of three independent observations performed in triplicate. *p<0.05 and **p<0.01 compared to control.
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the RAW264.7 cell cluster was also reduced by 2H-PPT
(Fig. 4B). Therefore, these results strongly indicate that
2H-PPT could have the ability to modulate functional
activation of fully differentiated macrophages in a mor-
phological change-based manner.

The morphology-based cellular response was also
observed in monocytic cells. Thus, we have reported that
promonocytic U937 cells can be a useful model to study
morphological change-based cell adhesion [15,17]. For
example, anti-CD43 mAD treatment was found to trigger
homotypic cell-cell adhesion of U937 cells mediated by
CD43 [29], which is one of the representative adhesion
molecules [30]. Immobilized fibronectin was able to in-
duce B1-integrin-mediated cell adhesion [14]. Therefore,
using previously established conditions, we examined
whether 2H-PPT could modulate U937 cell adhesion
events. In agreement with results obtained with macro-
phages, it was revealed that this compound is capable of
significantly reducing both CD43-mediated homotypic
aggregation (Fig. 5A, B) and fibronectin/B1-integrin-
mediated cell adhesion events (Fig. 5C), as seen in the
significantly inhibited case of ERK inhibitor U0126 (Fig.
5D).

Finally, we investigated whether PMA-treated mor-
phological change and differentiation of monocytic cells
could be controlled by 2H-PPT. As Fig. 6A depicts, this
compound blocked the morphological change of U937
cells under PMA treatment conditions. In addition, PMA-
induced differentiation was also reduced by 2H-PPT (Fig.
6B), according to the measured level of CD82, a differ-
entiation marker of monocytes into macrophages [31],
implying that 2H-PPT suppresses the differentiation pro-
cess of monocytes into macrophages. However, whether
differentiation is first blocked by 2H-PPT or whether
suppression of morphological changes is directly linked
to differentiation of monocytes is not clear in this study.
Further experiments will be performed to elucidate these
molecular mechanisms.

Morphological changes and cell adhesion are normal
important cellular events for immune responses, angio-
genesis, and embryogenesis [32,33]. More importantly,
when cancer cells are in metastatic phases, these re-
sponses are also critical. In fact, suppression of adhesion
responses of breast cancer cells has been known to block
their metastatic characteristics [34]. Consequently, sup-
pression of cellular migration and adhesion is now agreed
to be one therapeutic tool in treating cancer metastasis.
It is assumed that 2H-PPT can be also applied as anti-
cancer drugs targeted to cancer cell adhesion and metas-
tasis with efficacy to modulate morphological alteration

Kim et al. 2H-PPT as a macrophage function regulator
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Fig. 6. Effect of 20S-dihydroprotopanaxatriol (2H-PPT) on CD82 ex-
pression and morphological changes in phorbol 12-myristate 13-ac-
etate (PMA)-treated U937 cells. U937 cells (2x10° cells/mL) pre-
incubated with 2H-PPT were treated with PMA for 24 h. (A) Images
of the cells in culture at 24 h were obtained using an inverted phase
contrast microscope, attached to a video camera, and captured using
NIH image software. (B) The surface levels of CD82 in PMA-treated
RAW264.7 cells were determined by flow cytometry. MFI, mean fluo-
rescence intensity. **p<0.01 compared with normal.

and cell-cell or cell-tissue adhesions. Since morphologi-
cal changes and cell-cell adhesion have been found to be
modulated by actin cytoskeleton change [15,29,35], how
2H-PPT is capable of controlling these events in terms of
actin cytoskeleton rearrangement will be further studied.
In conclusion, we have found that 2H-PPT was able to
suppress various cellular events such as phagocytic up-
take, NO production, morphological changes, monocytic
differentiation, and cell-cell/cell-fibronectin adhesion
events. These results strongly suggest that 2H-PPT can
act as a functional immunomodulator of macrophages
and monocytes. In addition, considering that these cel-
lular events are critical steps in cancer cell migration and
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metastasis, it is assumed that 2H-PPT can be applied as a
novel modulator targeted to cell morphology-dependent
phenomena. Further in vivo efficacy and molecular
mechanism studies on cancer migration and metastasis
will be continued in the next project.
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