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Abstract

Ginsenoside Rh2, a triterpene saponin extracted from Panax ginseng, exhibits pharmacological

activity against multiple cancers. However, the anticancer mechanism of ginsenoside Rh2 is

unclear. In this study, we found that ginsenoside Rh2 effectively inhibits growth and induces apop-

tosis of HL-60 cells. Using microarray technology, we found that tumor necrosis factor-α (TNF-α) is
clearly up-regulated. Furthermore, anti-TNF-α antibody relieved the Rh2-induced HL-60 cell

apoptosis via suppression of caspase-8, caspase-9, and caspase-3 activation. In addition, TNF-α
up-regulation was also observed in other Rh2-treated cancer cell lines. These results demonstrate

that TNF-α plays a key role in ginsenoside Rh2-induced cell apoptosis.
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Introduction

Panax ginseng C. A. meyer, a medicinal herb, has been used for
>2000 years in East Asia. Ginsenosides are one of the major active
constituents extracted from ginseng [1]. The ginsenosides, which
consist of triterpene aglycones, are classified into three major cat-
egories: panaxidiols, panaxatriols, and oleanolic acid derivatives [2].
Recently, ginsenosides and their derivatives have been reported to
show antioxidant [3,4], anti-inflammatory [5–7], anti-obesity [6,8],
angiogenic [3,9,10], and anticancer activities [11–14]. The ginseno-
side Rh2 (Fig. 1A) is a rare panaxidiol with potential therapeutic
effects against breast cancer [15], leukemia [16], prostate cancer [13],
hepatocellular carcinoma [11,17], glioblastoma [18], pancreatic
cancer [19], and lung cancer [20,21]. In addition, ginsenoside Rh2
was found to induce anticancer activities via apoptosis or cell cycle
inhibition of the cancer cells [16]. However, the precise molecular
mechanisms of inhibition are unclear.

Tumor necrosis factor (TNF) was identified as a cytotoxic prod-
uct of immune cells causing lysis of tumor cells and as a therapeutic
target in cancer therapy [22]. TNF induces apoptosis through two

distinct caspase-8 activation pathways via interaction with TNF
receptors [23,24]. TNF also activates the transcription of nuclear
factor kappa B (NF-κB), which inhibits apoptosis via suppression of
caspase-8 activation [23]. Interestingly, NF-κB is down-regulated
and caspase-8 is activated following treatment with ginsenoside
Rh2, which suggests the induction of apoptosis [17,25].

In this study, the effects of ginsenoside Rh2 on mRNA levels in
human leukemia HL-60 cells were investigated using microarray
technology, and the significance of TNF-α in ginsenoside Rh2-
induced apoptosis was identified. TNF-α overexpression was also
demonstrated in human lung adenocarcinoma A549, human
erythroleukemia K562, and human breast cancer MCF-7 cells.

Materials and Methods

Ginsenoside Rh2 treatment and cell culture

The ginsenoside Rh2 (analytical grade with 98.7% purity) was
purchased from the College of Chemistry, Jilin University
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(Changchun, China), dissolved in dimethyl sulphoxide at 50 mM
and stored at −20°C until use. The human promyelocytic leukemia
cell line HL-60, the human erythroleukemic cell line K562, the human
lung adenocarcinoma cell line A549, and the human breast cancer cell
line MCF-7 were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China), and cultured in Roswell Park
Memorial Institute (RPMI) 1640 medium containing 10% fetal
bovine serum, 100U/ml penicillin, and 100 μg/ml streptomycin. All
the cells were maintained at 37°C with 5% CO2.

Cell viability assay

The viability of HL-60 cells was evaluated by methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assay. Approximately 4000 cells in 200 μl
medium were seeded in each well in 96-well plates. When cells adhered
to the plate, cells were incubated in medium supplemented with differ-
ent concentrations of ginsenoside Rh2 or dimethyl sulphoxide
(DMSO) only (as control). After 48 h, the cells were further incubated
with MTT solution (0.5mg/ml) for an additional 4 h at 37°C. The
absorbance of the samples was measured at 570 nm.

Cell cycle analysis by flow cytometry

The cells were trypsinized and harvested by centrifugation at 1600 g
for 5min. After being washed with phosphate buffer saline (PBS), the
cells were fixed with 70% ethanol overnight. The fixed cells were

washed with PBS again and stained with propidium iodide (PI) solu-
tion containing 50 μg/ml PI, 100 μg/ml RNase, and 0.2% TritonX-
100 for 30min at 37°C in the dark. Finally, cells were analyzed using
FACScan (Becton-Dickinson FACScanto II, San Jose, USA).

DNA ladder assay

HL-60 cells were seeded at 2 × 106 cells/ml and treated with differ-
ent concentrations of ginsenoside Rh2 for different durations. All
the cells were harvested by centrifugation (1600 g for 5min) and
washed twice using pre-cold PBS.

DNA was extracted using DNA Ladder extraction kit with Spin
Column (Beyotime Institute of Biotechnology, Haimen, China), and
separated by 1% agarose gel electrophoresis. DNA ladders were visua-
lized using a Bio-Rad GelDoc XR System (Bio-Rad, Hercules, USA).

Microarray hybridization

The total RNA isolated from HL-60 cells was treated with 25 μM
Rh2 for 48 h. DMSO was used as the control. A cDNA template
was synthesized to generate Biotin-16-UTP-labeled cRNA target
using TrueLabeling-AMP Linear RNA Amplification Kit
(SuperArray Bioscience Corporation, Frederick, USA). Microarray
analysis was performed using the Oligo GEGEArray® Human
Cancer Microarray OHS-802, containing 480 genes (SuperArray
Bioscience Corporation). Two hours of pre-hybridization and over-
night hybridization were performed in a hybridization oven using
labeled cRNA at 60°C. Microarray was washed using a low-
stringency washing buffer (2 × saline-sodium citrate (SSC), 1%
sodium dodecyl sulfate (SDS)) and high-stringency washing buffer
(0.1 × SSC, 0.5% SDS). A Chemiluminescent detection kit
(SuperArray Bioscience Corporation) was used to detect chemilu-
minescent grayscale according to the manufacturer’s protocol. All
microarray images were saved as electronic grayscale files (16 bit) in
TIFF format and were analyzed by GEArray Expression Analysis
Suite online software.

RT-PCR analysis

To confirm the expression levels of TNF-α gene, reverse transcription-
polymerase chain reaction was performed using SuperScript II reverse
transcriptase (Invitrogen, Madison, USA) according to the manufac-
turer’s protocol. The total RNA of HL-60 cells was reverse tran-
scribed and stored at −80°C. The primers for PCR were as
follows: GAPDH forward: 5′-GTCGGAGTCAACGGATTTGG-3′
and GAPDH reverse: 5′-ACACCCATGACGAACATGGG-3′; and
TNF-α forward: 5′-TGAGCACTGAAAGCATGATC-3′ and TNF-α
reverse: 5′-TCACAGGGCAATGACCCAAA-3′.

The amplification system included a total volume of 25 μl com-
prising 3 μl of cDNA, 0.4 μM primers, 0.2 mM dNTP, and 0.3 μl of
Taq DNA polymerase (5 U). PCR was conducted under the follow-
ing conditions: 94°C for 5min, 38 cycles of 30 s at 94°C for
denaturation, 30 s at 56°C for annealing, and 60 s at 72°C for
elongation, and finally 5min at 72°C. The PCR products were ana-
lyzed by 1% agarose gel electrophoresis.

Western blot analysis

The antibody against TNF-α was obtained from Santa Cruz
Biotechnology (Santa Cruz, USA). The anti-GAPDH antibodies
were purchased from Cell Signaling Technology (Danvers, USA).
Horseradish peroxidase (HRP)-conjugated anti-mouse and anti-
rabbit IgG were purchased from Bioworld Technology (Louis Park,

Figure 1. Effects of ginsenoside Rh2 on the viability of HL-60 cells (A) The

chemical structure of ginsenoside Rh2. (B) Cells were treated with ginseno-

side Rh2 for the indicated times and concentrations. Data represent the

mean ± SD of three independent experiments. *P < 0.05 compared with

control.
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USA). The cells were lysed by radio-immunoprecipitation assay
buffer containing 50 mM Tris, 150 mM NaCl, 1% TritonX-100,
1 mM PMSF, 1% sodium deoxycholate, 0.1% SDS, 2 mM sodium
pyrophosphate, 25 mM β-glycerophosphate, 1 mM EDTA, 1 mM
Na3VO4, and 0.5 µg/ml leupeptin. After centrifugation, the pro-
tein concentration in the supernatant was measured using the
Pierce bicinchoninic acid (BCA) protein assay kit (Rockford,
USA). Then, the lysates were boiled in Laemmli sample buffer and
separated on 10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis, followed by transferring to polyvinylidene fluor-
ide membrane. The membrane was blocked in 5% nonfat-dried
milk blocking solution for 2 h, and incubated with primary anti-
body overnight at 4°C. After incubation, the membranes were
washed four times with PBS containing 0.1% Tween-20, and
incubated with HRP-conjugated secondary antibody for 2 h at
room temperature.

Caspases-3, -8, -9 activity analysis

Caspases-3, -8, -9 activity was measured using caspases-3, -8, -9
Colorimetric Assay Kit (KeyGen BioTECH, Nanjing, China). HL-60
cells were harvested by centrifugation and washed twice with
ice-cold PBS. The lysis buffer (1% NP-40, 20mM EDTA, and 50mM
Tris-HCl, pH 7.5) was added into the cell pellet, and the reaction
was performed on ice for 20min. After centrifugation (12,000 g) for
10min, the protein concentration in the supernatant was measured
using a BCA kit. After using lysis buffer to dilute different protein
samples to same concentration, 50 μl of supernatant was mixed with
50 μl of 2 × reaction buffer (Caspases-3, -8, -9 Colorimetric Assay
Kit). The caspase-3, caspase-8, and caspase-9 substrates were added,
respectively, into the mixture. The OD400 values were measured
using a spectrophotometer and the caspases-3, -8, and -9 activities
were evaluated as follows: activity = the OD400 of the experiment
group/the OD400 of the control group.

Figure 2. Effects of ginsenoside Rh2 on growth and apoptosis in HL-60 cells (A) Cell cycle analysis of HL-60 cells treated with 25 μM ginsenoside Rh2 from 0 to

72 h compared with DMSO. (B) Rh2-induced apoptosis was assessed by DNA ladder assay in HL-60 cells treated with different concentrations of ginsenoside

Rh2 for 6 h and with 25 μM ginsenoside Rh2 for different times.
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Neutralization assay

Goat anti-human TNF-α polyclonal antibody was obtained from
PeproTech (Rocky Hill, USA). HL-60 cells were seeded at 2000 per
well in 96-well plate and incubated with appropriate concentrations
of ginsenoside Rh2 and TNF-α antibody for 48 h. The optimum
concentration of TNF-α antibody was determined by cell viability
assay.

The HL-60 cells were seeded at 5 × 105 per well in a 12-well
plate and incubated with optimum concentrations of ginsenoside
Rh2 and TNF-α antibody for 48 h. All the cells were harvested for
analysis of DNA fragmentation.

Statistical analysis

The data are expressed as the mean ± standard deviation (SD).
Statistical analysis was conducted using SPSS 18.0 software (SPSS
Inc. Chicago, USA). Student’s t-test was used between two groups
and the differences were considered significant when P-value < 0.05.

Results

Ginsenoside Rh2 inhibits HL-60 cell line viability

Using the MTT assay, the HL-60 cell viability after the treatment
with ginsenoside Rh2 was evaluated. HL-60 cells were incubated for
24, 48, and 72 h with various concentrations of ginsenoside Rh2.
Ginsenoside Rh2 inhibited HL-60 cell proliferation in a dose-
dependent manner. The IC50 value of ginsenoside Rh2 treatment for
48 h was 25 μM (Fig. 1B).

Ginsenoside Rh2 blocks HL-60 cell cycle at G1 phase

and induces HL-60 cell apoptosis

The cell cycle profiles after ginsenoside Rh2 treatment were deter-
mined using flow cytometry. Compared with control, HL-60 cells
were blocked and arrested at G1 phase with increased treatment
time (Fig. 2A and Table 1).

In order to determine the apoptosis in HL-60 cells, DNA ladder
assay was used. Results showed that ginsenoside Rh2-induced HL-
60 cell apoptosis in a dose- and time-dependent manner (Fig. 2B).

Microarray analysis following treatment

with ginsenoside Rh2

High-throughput screening results of different genes from 14,000
cDNA fragments after treatment with 25 μM ginsenoside Rh2 are
shown in Supplementary Fig. S1 and Supplementary Table S1. The
Human Cancer Microarray, which contains 480 relative cancer genes,
was used to corroborate our findings. After microarray hybridization,
76 significant genes (ratio ≥2 or ≤0.5, flags is P, S/N > 2) were identi-
fied from the 480 relative cancer genes (Fig. 3). Sixteen genes were
found to be up-regulated (Supplementary Table S2) and 60 genes
down-regulatated in the ginsenoside Rh2-treated HL-60 cells
(Supplementary Table S3). Compared with control, TNF-α mRNA
was up-regulated by about 9 folds. In addition, the TNF-α mRNA
level showed the maximum growth in both microarrays.

Table 1. Cell cycle distribution of HL-60 cells treated with 25 μM of ginsenoside Rh2

Time of treatment (h) G0/G1 (%) S (%) G2/M (%)

Control 25 μM G-Rh2 Control 25 μM G-Rh2 Control 25 μM G-Rh2

0 38.6 ± 1.2 35.6 ± 1.5 47.3 ± 2.1 48.6 ± 2.8 14.1 ± 1.5 15.8 ± 2.8
6 26.5 ± 1.5 30.1 ± 2.2 61.1 ± 2.3 56.0 ± 2.7 12.4 ± 1.7 13.9 ± 2.4
12 25.8 ± 2.3 36.2 ± 3.2* 64.7 ± 2.5 53.2 ± 2.8 9.6 ± 1.9 10.6 ± 2.3
24 42.5 ± 2.6 52.1 ± 2.1* 36.8 ± 1.4 33.8 ± 2.9 20.7 ± 1.2 14.1 ± 2.6
48 42.0 ± 3.1 44.8 ± 1.9 42.1 ± 1.3 46.4 ± 3.1 15.9 ± 1.5 8.7 ± 1.9
72 44.6 ± 2.8 54.6 ± 1.7* 42.5 ± 1.8 37.4 ± 3.6 13.0 ± 1.4 8.1 ± 1.5

*Significant difference between 25 μM G-Rh2 treated and control in G0/G1 phase.

Figure 3. Microarray analysis after treatment with 25 μM ginsenoside Rh2

for 48 h Seventy-six significant genes were identified. TNF-α gene was the

most significantly up-regulated gene.

Figure 4. Verification of TNF-α expression levels (A) RT-PCR analysis of HL-

60 cells treated with 25 μM ginsenoside Rh2 for different times. (B) Western

blot analysis of HL-60 cells treated with different concentrations of Rh2.

753Anticancer mechanisms of ginsenoside Rh2

Downloaded from https://academic.oup.com/abbs/article-abstract/48/8/750/2236617
by guest
on 25 June 2018

http://ABBSIN.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw049/-/DC1
http://ABBSIN.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw049/-/DC1
http://ABBSIN.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw049/-/DC1
http://ABBSIN.oxfordjournals.org/lookup/suppl/doi:10.1093/abbs/gmw049/-/DC1


TNF-α overexpression induced by ginsenoside Rh2

inhibits HL-60 cell viability

RT-PCR and western blot analysis were performed to clarify TNF-α
expression. After treatment with 25 μM ginsenoside Rh2, a time-
dependent up-regulation of TNF-α mRNA was observed in HL-60
cells (Fig. 4A). Western blot analysis revealed a time-dependent up-
regulation of TNF-α in HL-60 cells (Fig. 4B).

To determine the effect of TNF-α on proliferation inhibition
induced by ginsenoside Rh2, HL-60 cell viability was measured again
after neutralization with different concentrations of anti-TNF-α anti-
body. Except at extremely high concentrations of TNF-α antibody
such as 50mg/l, the HL-60 cell survival rates were significantly
restored with increasing anti-TNF-α antibody concentrations (Fig. 5A).
DNA Ladder assay showed that DNA fragmentation induced by ginse-
noside Rh2 was reduced after treatment with anti-TNF-α antibody,
which suggests the inhibition of apoptosis by neutralizing TNF-α
(Fig. 5B). In addition, the antibody suppressed the activity of cysteinyl
aspartate-specific proteinases including caspase-3, caspase-8, and
caspase-9, which were activated by ginsenoside Rh2 (Fig. 5C).

TNF-α overexpression is induced by ginsenoside Rh2

in different cell lines

In order to determine the ginsenoside Rh2-induced apoptosis in
other cancer cell lines via TNF signaling, the levels of TNF-α were
also determined in A549562 and MCF-7 cells. Compared with con-
trol, significant up-regulation of TNF-α was observed in the ginseno-
side Rh2-treated cells (Fig. 6).

Discussion

Ginsenoside Rh2 is a potent anticancer compound targeting multiple
cancers [11,13,15–19,26,27]. Recent reports suggested that ginseno-
side Rh2-induced apoptosis in human leukemia cell via mitochondrial
signaling pathways. Following the up-regulation of Bax and Bak,
cytochrome c was released from mitochondria into cytoplasm and
caspase 3 was activated following cleavage of pro-caspase 8 and pro-
caspase 9 [26,28]. In this study, the overexpression of TNF-α in Rh2-
treated HL-60 cells was examined by high-throughput screening using
microarray technology. Furthermore, our results demonstrated that
TNF-α plays a key role in Rh2-induced apoptosis. Moderate anti-
TNF-α antibody levels attenuated Rh2-induced apoptosis, suggesting
that ginsenoside Rh2-induced apoptosis via TNF signaling.

Epidermal growth factor receptor (EGFR) signaling also plays an
important role in Rh2-induced inhibition of cancer cell growth. In pre-
vious studies, it was found that ginsenoside Rh2 down-regulated
EGFR and recombinant EGFR reduced anticancer activity of ginseno-
side Rh2 in glioblastoma [29]. Ginsenoside Rh2 inhibited the growth
of glioblastoma by binding EGFR competitively against EGF, and by
inactivating EGFR/PI3k/Akt/mTOR signaling. Ginsenoside Rh2 is a
potent inhibitor of EGFR in cancer therapy [30]. It suggests that the

Figure 5. The effects of TNF-α neutralizing antibody on Rh2-induced apoptosis in HL-60 cells (A) Viability of HL-60 cells treated with 40 μM Rh2 and various

concentrations of TNF-α neutralizing antibody measured by MTT assay. The data represent the mean ± SD of three independent experiments. *P < 0.5 vs. con-

trol group. (B) Rh2-induced apoptosis after treatment with TNF-α neutralizing antibody was assessed by DNA ladder assay. (C) The caspases-3, -8, and -9 activ-

ities in HL-60 cells were analyzed after treatment with various concentrations of Rh2 and TNF-α neutralizing antibody.

Figure 6. Western blot analysis of TNF-α After 48 h, TNF-α was detected in

the HL-60, K562, A549, and MCF7 cells which were treated with 25 μM ginse-

noside Rh2, and compared with DMSO controls. All these analyses were per-

formed in triplicate. *P< 0.05.
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anticancer mechanisms of ginsenoside Rh2 are mediated by enhancing
TNF-induced apoptosis and inhibiting EGFR survival.

In this study, two types of microarray were used to explore gene
regulation in HL-60 cells following Rh2-treatment under physio-
logical conditions. The microarray analysis indicated that the clas-
sical MAP kinase pathway was inhibited in Rh2-treated HL-60
cells. The mRNA levels of platelet-derived growth factor (PDGF),
Ras, and Raf were down-regulated, which confirmed that Rh2
inhibited the activation of extracellular signal-regulated kinase [31].
PI3K/Akt signaling pathway was also inhibited by Rh2 [30]. These
mechanisms may explain the ginsenoside Rh2-mediated effects on
inhibition of survival, invasion, migration, and angiogenesis of can-
cer cells.

Supplementary Data

Supplementary data is available at ABBS online.
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