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Background: Ginsenoside Rh2 has been known to enhance the activity of immune cells, as well as to
inhibit the growth of tumor cells. Although the repertoire of genes regulated by Rh2 is well-known in
many cancer cells, the epigenetic regulation has yet to be determined, especially for comprehensive
approaches to detect methylation changes.
Methods: The effect of Rh2 on genome-wide DNA methylation changes in breast cancer cells was
examined by treating cultured MCF-7 with Rh2. Pyrosequencing analysis was carried out to measure the
methylation level of a global methylation marker, LINE1. Genome-wide methylation analysis was carried
out to identify epigenetically regulated genes and to elucidate the most prominent signaling pathway
affected by Rh2. Apoptosis and proliferation were monitored to examine the cellular effect of Rh2.
Results: LINE1 showed induction of hypomethylation at speciﬁc CpGs by 1.6e9.1% (p < 0.05). Genomewide methylation analysis identiﬁed the “cell-mediated immune response”-related pathway as the top
network. Cell proliferation of MCF-7 was retarded by Rh2 in a dose-dependent manner. Hypermethylated
genes such as CASP1, INSL5, and OR52A1 showed downregulation in the Rh2-treated MCF-7, while
hypomethylated genes such as CLINT1, ST3GAL4, and C1orf198 showed upregulation. Notably, a higher
survival rate was associated with lower expression of INSL5 and OR52A1 in breast cancer patients, while
with higher expression of CLINT1.
Conclusion: The results indicate that Rh2 induces epigenetic methylation changes in genes involved in
immune response and tumorigenesis, thereby contributing to enhanced immunogenicity and inhibiting
the growth of cancer cells.
Ó 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/).
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1. Introduction
Ginsenosides are the major active chemical constituents found in
the root of Panax ginseng Meyer, which has been widely used as a
traditional medicine in Eastern Asian countries to promote health [1].
Ginsenosides are known to have various pharmacological activities,
including antiinﬂammatory, antiallergic, antifatigue, antistress, and
anticancer activity [2]. So far, more than 100 ginsenosides have been
identiﬁed from Panax species, most of which are categorized into
four types of aglycone moieties: protopanaxadiol, protopanaxatriol,
oleanolic acid, and ocotillol-type [1]. Rh2 is one of the converted
ginsenosides that also includes K, Rg3, and Rh1, and it has shown
stronger anticancer activity compared to the major ginsenosides,
such as Rb1, Rb2, and Rg1 [3,4]. The antiinﬂammatory effect of Rh2

was achieved by inhibiting the production of inﬂammatory cytokines
through blocking the mitogen-activated protein kinase and nuclear
factor (NF)-kB signaling pathways [5]. In the inhibitory pathway, Rh2
inhibited the lipopolysaccharide-induced production of nitric oxide,
tumor necrosis factor (TNF)-a, interleukin (IL)-1b, and IL-6 [6]. Rh2
has been shown to have anticancer activity in a variety of cancer cells
without having any remarkable toxicity [7], including in lung [8],
liver [9], breast [10], prostate [11], and colorectal [12] cancer cells.
The molecular pathways affected by Rh2 in cancer cells were
revealed to be mainly cell proliferation- and/or apoptosis-related
ones. For example, Rh2 exerted anticancer activity targeting the
IL-6-induced JAK2/STAT3 pathway in human colorectal cancer cells
[12]. In glioblastoma cells, Rh2 suppressed viability of the cells via
cell cycle arrest and downregulation of cell adhesion proteins [13].
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In a study of HepG2 hepatoma cells, Rh2 suppressed proliferation
while promoting apoptosis by downregulating b-catenin through
activating GSK-3b [9]. For breast cancer cells, the major affected
pathway was the mitogen-activated protein kinase /NF-kB pathway
in MCF-7 cells [14]. As anticipated from the speciﬁc pathways,
many genes affected by Rh2 are accordingly cancer cell proliferation- and/or apoptosis-related, including transcription factors, such
as AP-1, E2F1, and c-Myc, and signaling kinases, such as cyclin D1,
CDK, and matrix metalloproteinases.
Regulation of gene expression by altering the methylation level
at the CpG of the promoter is a key epigenetic mechanism that many
tumor suppressors and oncogenes adopt during tumor development [15,16]. Representative tumor suppressors are PTEN, BRCA1,
and p16, which are hypermethylated and thereby downregulated in
cancer [17e19]. Meanwhile, oncogenes such as c-Myc, H-ras, and
cyclin D2 are hypomethylated and upregulated in cancer [20,21].
Although antiproliferation and other growth-related pathways and
genes have been identiﬁed in Rh2-treated cancer cells, nothing is
known about the methylation change of the speciﬁc genes.
In this study, to identify genes regulated by Rh2 via CpG
methylation changes in cancer cells, the breast cancer cell line MCF7 was treated with Rh2 and a genome-wide microarray-based
methylation assay was carried out after conﬁrming the ginsenoside’s ability to change global methylation. The most prominent
gene interaction networks and signaling pathways were constructed from the epigenetically affected genes.

2.4. Genome-wide methylation assay
The genome-wide methylation assay was carried out as
described previously [23]. Brieﬂy, 2 mg of chromosomal DNA isolated from a 60-mm culture dish was applied to an Illumina
Inﬁnium Human Methylation EPIC Beadchip (Illumina, San Diego,
CA, USA) to detect genome-wide methylation. A methylation index
(b) was calculated for each site, which is a variable ranging from
0 (no methylation) to 1 (100% methylation). The b value was then
used to calculate a ratio of relative methylation between the control
and Rh2-treated cells. The array data is accessible from the Gene
Expression Omnibus database (http://www.ncbi.nlm.nih.gov/geo/)
with the accession number GSE93356.
2.5. Pathway analysis
The Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Redwood City, CA, USA) was used to perform functional
categorization and pathway analysis of the gene pool affected by
Rh2 treatment. Genes from the methylation array analysis were
screened showing an false discovery rate (FDR)-adjusted p
value < 0.05, Db  0.15, and jfold changej  1.5. The p value for each
network was obtained by comparing the set of differentially
methylated genes in Rh2-treated versus nontreated groups using
Fisher’s exact test, based on the hypergeometric distribution. The
highest conﬁdence functional network with the lowest p value was
designated as the top network.

2. Materials and methods
2.6. Real-time PCR
2.1. Cell culture and treatment with Rh2
The MCF-7 breast cancer cell line was purchased from the
American Type Culture Collection (ATCC, Manassas, VA, USA) and
cultured in RPMI-1640 medium supplemented with 10% fetal bovine
serum (Gibco BRL, Carlsbad, CA, USA). The cultured cells were
seeded in 60-mm culture dishes with 50% conﬂuence 1 day before
treatment of Rh2 (LKT Labs, St. Paul, MN, USA) The cells were treated
with Rh2 at concentrations of 20mM and 50mM for 24 h and then
harvested for further experiments.

Total RNA isolation and reverse transcription were carried out as
described previously [24]. Brieﬂy, RNA from a 60-mm culture dish
was eluted with 50 mL of distilled water and 2 mg was used for reverse
transcription. Gene expression was measured by quantitative real
time (RT)-PCR (qPCR) analysis using a Kapa SYBR Fast qPCR Kit (Kapa
Biosystems, Woburn, MA, USA). A 1-mL aliquot of cDNA was used for
PCR in triplicate. Gene expression was quantiﬁed according to the 2DDCt method after normalizing the RNA quantity to GAPDH. The
primers adopted for the qPCR are listed in Table S1.

2.2. Cell proliferation assay

2.7. Statistical analysis

Cells treated with Rh2 in a 60-mm culture dish were harvested
using 0.05% trypsin-EDTA (Gibco BRL) and washed with phosphate
buffered saline. To analyze cell proliferation, 2  103 cells were plated
onto a 96-well plate, cultured for 8 d, and then stained with WST-8
from a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan). OD450 was
measured on a spectrophotometer to calculate cell density. For the
colony formation assay, 1.3  104 cells were seeded onto 60-mm cell
culture dishes. Following treatment with Rh2, cells were cultured for 2
wk, ﬁxed with acetic acid/methanol (1:7), and stained with 0.1% crystal
violet to count visible colonies and to measure the covered area.

A Student t test was applied to detect differences in the mean
expression levels for genes selected from the methylation array. All
statistical analysis was carried out using SPSS for Windows, release
17.0 (SPSS Inc., Chicago, IL, USA). A p value < 0.05 was considered to
be statistically signiﬁcant.

2.3. Pyrosequencing
Measuring the methylation level at the CpG sites of the LINE1
and Alu sequence was carried out by pyrosequencing as described
previously [22]. Brieﬂy, 1 mg of genomic DNA was treated with
bisulﬁte chromosomal DNA and the CpG-containing region was
ampliﬁed by polymerase chain reaction (PCR). The methylation
level was denoted by the percentage of methylated cytosines over
the total of methylated and unmethylated cytosines after pyrosequencing. Sequencing was carried out for ﬁve independent samples
treated with 20mM and 30mM Rh2, and assays were performed at
least two times per sample.

3. Results
3.1. Rh induced global hypomethylation of the LINE1 sequence in
MCF-7
To examine the effect of Rh2 on the epigenetic proﬁle of cancer
cells, the breast cancer cell line MCF-7 was treated with the ginsenoside and then global as well as genome-wide methylation
analyses were carried out. As global markers, LINE1 and Alu were
selected because they were scattered on the chromosome in high
copy numbers representing long- and short-sized repetitive elements, respectively. The methylation levels of speciﬁc CpG sites in
the elements were determined by pyrosequencing, which could
offer accurate estimation of the methylation levels at CpG loci
(Fig. 1A). In LINE1, all the examined CpGs showed hypomethylation
in the Rh2-treated cells compared to the nontreated cells. The
decreased methylation level ranged from 1.6% to 5.0% at 20mM of
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Fig. 1. Effect of ginsenoside Rh2 on the global methylation level of LINE1 in MCF-7 cells. The methylation levels of the four CpGs on the LINE1 gene from the MCF-7 cells were
determined by pyrosequencing after treatment with Rh2. (A) The LINE1 sequence adopted in this study [22]. The analyzed four CpGs are indicated in red and numbered. (B) The
methylation level of the CpGs is shown on the bar graphs. Three independent treatments were performed and the values are given with mean  standard error. (C) Representative
pyrosequencing diagrams for 0mM, 20mM, and 30mM Rh2 treatment. EtOH, ethanol.

Rh2 and from 5.5% to 9.1% at 30mM, showing dose-dependency
(Figs. 1B and 1C). In contrast to LINE1, no signiﬁcant change at the
three examined CpG sites of Alu was observed regardless of Rh2
concentration (Fig. S1). These results indicate that Rh2 induced
global hypomethylation but with element-speciﬁcity.

3.2. Rh2 changed methylation of genes involved in the
cell-mediated immune response-related pathway
To interrogate the effect of Rh2 on the genome-wide methylation proﬁle of the MCF-7 breast cancer cells, the methylation levels
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between Rh2-treated and nontreated MCF-7 cells were compared
using a microarray covering 850K CpGs. 495 CpGs were ﬁltered
ﬁtting our criteria: FDR < 0.05, Db  0.15, and jfold changej  1.5. A
total of 355 CpGs were hypermethylated and 140 were hypomethylated in the Rh2-treated cells. The CpGs were scattered on
the chromosomes with 74 being found in the promoter region, 18 in
the coding region, and 213 in the intergenic region. The transcripts
displaying the highest levels of altered methylation at the promoter
CpG were SAMM50 (hypermethylated, Db ¼ 0.63) and ST3GAL4
(hypomethylated, Db ¼ e0.65). SAMM50 is a component of the SAM
complex or the MINOS/MITOS complex, responsible for protein
sorting or for the structural stability of mitochondrial cristae
[25,26]. ST3GAL4 is an enzyme accomplishing sialylation of Nglycans and its overexpression in cancer cells leads to altered
glycosylation [27].
The 74 promoter CpGs, corresponding to 119 genes due to some
promoters regulating more than two genes, were submitted to the
IPA software tool to investigate functional interrelatedness. As a
result, the “cell-mediated immune response”-related pathway
emerged as the top network (Fig. 2). As Rh2 has been known to
regulate many genes in the immune system such as CASP1 [28] and
CARD17 [29] in the top network, the result may give us the insight
that Rh2 regulates its immune-related target genes through, at
least in part, an epigenetic mechanism.

3.3. Rh2 inhibited proliferation of MCF-7 through epigenetic
regulation
Rh2 has been known to increase apoptosis and inhibit cell
growth in a few cancer cell lines [9e11]. We conﬁrmed and detailed
these effects by carrying out the experiments at two different Rh2
concentrations and found that 50mM was able to signiﬁcantly
induce early and late apoptosis of MCF-7 (Fig. 3A). At this concentration, cell growth was completely inhibited (Fig. 3B). Apoptosis
was not induced at 20mM but cell proliferation was slightly
inhibited. The effect of Rh2 on tumorigenicity was monitored by
colony forming assay and the result showed a similar pattern to
that observed for the cell growth inhibition with a 40% decrease at
20mM and a complete decrease at 50mM (Fig. 3C).
To see whether the methylation change by Rh2 accompanied
any change of gene expression and eventually alteration of cell
proliferation, we selected nine genes from the top 30 proteincoding genes (Table 1), ﬁve hypermethylated and four hypomethylated. Especially, CLINT1 [30] is known to be a tumor suppressor, and TCF4 [31] and INSL5 [32] are oncogenes or oncogenic
markers. qPCR analysis revealed a strong opposite relationship
between the levels of methylation and expression, i.e., hypermethylated genes were downregulated while hypomethylated
genes were upregulated except for RNLS at 20mM of Rh2 (Fig. 4). For

Fig. 2. Ginsenoside Rh2 epigenetically affects genes in the cell-mediated immune response pathway. The 850K microarray analysis identiﬁed 40 hypermethylated and 34 hypomethylated CpGs in promoter regions (Db  0.15 and jfold changej  1.5), and these were submitted for the construction of the highest conﬁdence Ingenuity Pathway Analysis (IPA)
network. The highest conﬁdence network in the Rh2-treated MCF-7 cell was the “cell-mediated immune response” pathway. Shaded in red and green are those that are hypermethylated and hypomethylated, respectively, with intensity signifying the magnitude of the methylation change. Solid and dashed lines denote direct and indirect interactions,
respectively.
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Fig. 3. Ginsenoside Rh2 increased apoptosis and inhibited proliferation of MCF-7 cells. (A) MCF-7 cells were treated with Rh2 for 24 h and apoptosis was analyzed by FACS. The assay
was performed in triplicate and the results are shown in a representative FACS diagram. The ratio of cells at apoptosis is represented by a bar graph with mean  SE. (B) The effect of
Rh2 on cell proliferation was analyzed using a Cell Counting Kit-8. Each sample was analyzed in triplicate, with the results shown as mean  SE. (C) Colony formation was assayed on
a 60-mm culture dish by staining the cells with crystal violet. The colonized areas are shown as a bar graph of the mean  SE of three independent experiments. EtOH, ethanol.

Table 1
Top 30 protein coding genes displaying differential methylation by Ginsenoside Rh2 in MCF-7 cells
Symbol
SAMM50
CCNDBP1
EYA1
CASP1
CARD17
VWC2L
PXDNL
INSL5
GALNT5
TCF4
OR4L1
ADAMTSL1
VWA2
MEI4
OR52A1
OVCH2
SDR39U1
BAZ2B
C6orf203
OR9G4
OR8U8
OR8U1
OR1L8
LOC284798
SPOCK3
RNLS
C1orf198
CLINT1
DGKZ
ST3GAL4

Accession no.

Description

Db

Fold change

NM_015380
NM_037370
NM_172059
NM_033294
NM_001007232
NM_001080500
NM_144651
NM_005478
NM_014568
NM_001243235
NM_001004717
NM_052866
NM_198496
NM_001282136
NM_012375
NM_198185
NM_020195
NM_001289975
NM_016487
NM_001005284
NM_001013356
NM_001005204
NM_001004454
NR_027093
NM_001040159
NM_001031709
NM_032800
NM_014666
NM_201533
NM_006278

SAMM50 sorting and assembly machinery component
Cyclin D1 binding protein 1
EYA transcriptional coactivator and phosphatase 1
Caspase 1
Caspase recruitment domain family member 17
von Willebrand factor C domain containing protein 2-like
Peroxidasin like
Insulin like 5
Polypeptide N-acetylgalactosaminyltransferase 5
Transcription factor 4
Olfactory receptor family 4 subfamily L member 1
ADAMTS like 1
von Willebrand factor A domain containing 2
Meiotic double-stranded break formation protein 4
Olfactory receptor family 52 subfamily A member 1
Ovochymase 2 (gene/pseudogene)
Short chain dehydrogenase/reductase family 39U member 1
Bromodomain adjacent to zinc ﬁnger domain 2B
Chromosome 6 open reading frame 203
Olfactory receptor family 9 subfamily G member 4
Olfactory receptor family 8 subfamily U member 8
Olfactory receptor family 8 subfamily U member 1
Olfactory receptor family 1 subfamily L member 8
Uncharacterized LOC284798
sparc/osteonectin, cwcv and kazal-like domains proteoglycan (testican) 3
Renalase, FAD dependent amine oxidase
Chromosome 1 open reading frame 198
Clathrin interactor 1
Diacylglycerol kinase zeta
ST3 beta-galactoside alpha-2,3-sialyltransferase 4

0.632
0.362
0.237
0.2
0.2
0.198
0.188
0.185
0.182
0.18
0.179
0.179
0.178
0.176
0.173
0.183
0.196
0.198
0.208
0.238
0.244
0.244
0.248
0.314
0.422
0.481
0.577
0.585
0.586
0.654

3.175
8.048
1.876
2.373
2.373
2.902
1.898
2.073
2.651
2.019
1.555
1.568
3.874
2.034
1.696
2.626
2.137
1.783
2.207
1.728
1.923
1.923
2.511
1.589
2.562
4.75
8.064
6.158
18.605
15.594
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CLINT1, INSL5, and OR52A1, the relationship between expression
and prognosis of breast cancer patients was investigated through
the GOBO database and the results indicated a high rate of distant
metastasis-free survival for patients with higher expression of
CLINT1 while with lower expression of INSL5 and OR52A1
(p < 0.05) (Fig. 5).
4. Discussion

Fig. 4. Real time-polymerase chain reaction analysis of selected genes hypermethylated
or hypomethylated by ginsenoside Rh2 in MCF-7 cells. Quantitative polymerase chain
reaction analysis of selected genes showing altered methylation levels in response to
Rh2 in MCF-7 cells. Cells were treated with 20mM and 30mM Rh2 and cultured for 24 h
before harvesting. The control is 0.1% ethanol in the culture media used for dissolving
Rh2. Each sample was analyzed in triplicate and the results are shown as the
mean  standard error.

The aim of this study was to identify pathways epigenetically
regulated by Rh2 and to examine the association between the
epigenetic change and cancer cell proliferation. As a ﬁrst step to
check whether Rh2 has potential for inducing methylation changes,
the genome-wide scattered LINE1 and Alu were examined. Notably,
Rh2 induced hypomethylation of LINE1 but not Alu. This fact suggests a gene- or locus-speciﬁc action mode of Rh2 for epigenetic
alteration. This kind of global marker-speciﬁc methylation change
has been observed in a few cancers. For example, Alu methylation
level but not LINE1 was associated with increased prostate cancer
risk [33]. A characteristic chromatin structure imposed by unique
histone modiﬁcation was speculated to explain the differential
methylation [34]. Furthermore, the existence of multiple subfamilies of the repetitive elements could also result in the typespeciﬁc methylation [35]. LINE1 has shown hypomethylation in
various cancers, including breast, lung, and gastric cancer, possibly
causing genomic instability, eventually leading cells to become
cancerous [36]. Hypomethylation, however, was not the only cause
of the development of cancer because hypermethylation of LINE1
was observed in melanoma [37]. The induction of hypomethylation
by Rh2 does not seem to strengthen the cancerous state of MCF-7
because the cells rather showed higher apoptosis and a lower
proliferation rate. Therefore, the hypomethylated LINE1 could be
utilized as a global epigenetic marker to monitor whether Rh2 is
able to induce an appropriate epigenetic change.
In the top IPA network, CASP12, CASP1, CARD17, ME1, JAK1, and
RIMS1 are hypermethylated. CASP1, CASP12, and CARD17 are constituents of the so-called inﬂammasome, which has been known to
play a central role in caspase-mediated inﬂammation. Activation of
caspase-1 (CASP1) and subsequent processing of IL-1b are essential
for initiation of the inﬂammatory response [28]. Previous investigations suggested that CARD17 can function as a negative
regulator of CASP1 activity by binding the CARD domain of CASP1
[29]. CASP12 plays a major role in estrogen receptor stress-induced
apoptosis and in the development of Alzheimer’s disease [38].
Activation of the inﬂammasome by danger signals seems to play a
diverse, and sometimes conﬂicting, suppressive or stimulatory role

Fig. 5. KaplaneMeier survival analysis of breast cancer patients with variable expression levels of CLINT1, INSL5, and OR52A1. Samples (n; sum of cases) were stratiﬁed into tertiles
based on the expression level. Higher and medium CLINT1 expression is signiﬁcantly associated with longer DMFS compared to lower expression. Lower expression of INSL5 and
OR52A1 is associated with longer DMFS. DMFS stands for distant metastasis-free survival meaning the period until metastasis is detected. Samples were stratiﬁed into three
quantiles based on gene expression, low (grey), medium (red), and high (sky-blue) with the log2 expression in the parenthesis. DMFS, distant metastasis-free survival.
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in cancer development and progression [39,40]. Our results indicate that hypermethylation of CASP1 and its related genes by Rh2
would inactivate the inﬂammatory response, eventually leading to
suppression of cancer development.
Malic enzyme 1 (ME1) links the glycolytic and citric acid cycles
and is important for nicotinamide adenine dinucleotide phosphate
production, glutamine metabolism, and lipogenesis. ME1 overexpression is associated with unfavorable prognoses in patients
with various cancers, suggesting that ME1 is a poor prognostic
predictor of carcinoma [41]. JAK1 is a pleiotropic signal transducer
and is upregulated in various cancers [42,43]. Hypermethylation of
the two genes by Rh2 regulates the gene expression towards suppressing tumor development.
Hypomethylated genes in the top network are DGKZ, Dgk, ANK2,
SOX6, KDM5A, ARHGAP18, and BAZZB. Among these, a few are notable
because of being involved in cancer pathways. SOX6 has been
described as a tumor suppressor in several cancers, inhibiting cell
proliferation by stabilizing p53 protein and subsequently upregulating p21 [44]. KDM5A is an H3K4me3 demethylase required for NK
cell activation by suppressing the suppressor SOCS1 [45].
The association between methylation and expression level for
the genes appearing in the network is credited by the altered
cellular activity and more speciﬁcally conﬁrmed by qPCR for
randomly selected genes from the list in Table 1, which showed
altered methylation by Rh2. Furthermore, the tight association
between the prognosis of breast cancer patients and the expression
levels of the epigenetically regulated genes by Rh2 supplies clinical
data showing that Rh2 can induce epigenetic changes of cancerrelated genes.
The current study is limited by the absence of an assessment of
genome-wide methylation to various concentration ranges of Rh2,
even though two different concentrations were adopted for
monitoring other events, including global marker methylation, cell
activities, and gene expression. Experiments with a wider range of
Rh2 concentrations will help pinpoint the precise concentration to
achieve a desired epigenetic change in cultured cells and furthermore in applications such as in vivo animal models.
Taken together, Rh2 was proven to be able to induce hypomethylation of a global chromosomal element, LINE1. A genomewide methylation analysis of the Rh2-treated MCF-7 cells identiﬁed “cell-mediated immune response”- and “cancer”-related
pathways as the top networks. It is therefore suggested that the
epigenetic methylation change by Rh2 accompanies gene expression change, leading to promotion of apoptosis and inhibition of
proliferation for the cancer cells. The ﬁndings in the current study
are, to the best of the authors’ knowledge, the ﬁrst observations on
Rh2 via an epigenetic approach and could contribute to understanding the epigenetic mechanism of Rh2, how to stimulate immune response, and also how to inhibit cancer cell growth.
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