
Cell Physiol Biochem 2015;37:641-650
DOI: 10.1159/000430383
Published online: September 08, 2015 641
Wang/Wang: GRh2 Induces Apoptosis of Pediatric Leukemia Cells

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2015 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Original Paper

Accepted: August 04, 2015

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution 
for commercial purposes as well as any distribution of modified material requires written permission.

DOI: 10.1159/000430383
Published online: September 08, 2015

© 2015 The Author(s) 
Published by S. Karger AG, Basel
1421-9778/15/0372-0641$39.50/0
www.karger.com/cpb

© 2015 The Author(s)
Published by S. Karger AG, Basel

Department of Pediatrics, Provincial Hospital Affiliated to Shandong University, 324 
Jingwu Road, Jinan 250021, (China)
Tel. / Fax +86053181958767, E-Mail xiaoru_wang14@163.com

Yulin Wang

Ginsenoside Rh2 Mitigates Pediatric 
Leukemia Through Suppression of Bcl-2 in 
Leukemia Cells
Xiaoru Wang   Yulin Wang

Department of Pediatrics, Provincial Hospital Affiliated to Shandong University, Jinan, China

Key Words
Pediatric leukemia • Ginsenoside Rh2 (GRh2) • Bcl-2 • MiR-21

Abstract
Background/Aims: Acute myeloid leukemia (AML) is a severe malignant cancer worldwide, in 
both adult and pediatric patients. Since bone marrow cell transplantation is seriously limited 
by the availability of the immune-paired donor sources, the therapy for pediatric leukemia 
remains challenging. Ginsenoside Rh2 (GRh2) is a well-characterized component in red 
ginseng, and has established therapeutic effects for different diseases, although whether GRh2 
may have a therapeutic effect on pediatric leukemia has not been investigated. Methods: We 
examined the effects of GRh2 on the survival of mice in an acute leukemia model. We analyzed 
the effects of GRh2 on the cell viability of leukemia cell lines in vitro, using a CCK-8 assay 
and an MTT assay. We analyzed the effects of GRh2 on the apoptosis of leukemia cell lines in 
vitro, by flow cytometry. We analyzed the levels of Bcl-2 and microRNA-21 (miR-21) in GRh2-
treated leukemia cells. Prediction of binding between miR-21 and 3'-UTR of Bcl-2 mRNA was 
performed by a bioinformatics algorithm and confirmed by a dual luciferase reporter assay. 
Results: GRh2 significantly prolonged the survival of mice with pediatric leukemia. GRh2 
significantly decreased the viability of leukemia cells in vitro, through induction of apoptosis. 
GRh2 significantly decreased the levels of an anti-apoptotic protein Bcl-2 in leukemia cells, 
possibly through induction of miR-21, which suppressed the translation of Bcl-2 mRNA via 
3’-UTR binding. Conclusion: GRh2 may be an effective treatment for pediatric leukemia, and 
GRh2 may induce apoptosis of leukemia cells through miR-21-modulated suppression of  
Bcl-2.

Introduction

Acute myeloid leukemia (AML) is a severe malignant cancer worldwide [1]. Although 
detected mainly in teenagers and adults, pediatric cases comprise a certain percentage of 
newly diagnosed AML patients [1]. The etiology and pathology of AML in children are not 
completely determined [2-5]. However, it is known that some AML in children with Down 
syndrome (DS) is characterized by a founding GATA1 mutation that cooperates with trisomy 
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21, followed by the acquisition of additional somatic mutations in epigenetic and kinase 
signaling genes [6-8]. Clinically this manifests as a transient over-proliferation of myeloid 
cells at the early years of life, followed by spontaneous resolution and the subsequent 
development into AML in some patients with a latency of one to five years [6-8]. Likewise, 
there are other types of AML, the causes of which are not understood. Moreover, current 
therapies rely largely on bone marrow cell transplantation, which is seriously limited by the 
availability of immune-paired donor sources [9, 10]. Hence, development of efficient therapy 
independent of bone marrow transplantation may substantially improve therapeutic 
outcomes.

Ginsenoside Rh2 (GRh2) is a well-characterized component in red ginseng, and has 
definite therapeutic effects on inflammation [11], abnormal vascularization [12], and some 
cancers [13-16], although the underlying mechanisms are still ill-defined. Nevertheless, 
whether GRh2 may be an effective treatment for pediatric leukemia has not been investigated.

MicroRNAs (miRNAs) are non-coding small RNAs of about 22 nucleotides, and have 
been found to regulate the expression of one third of all genes post-transcriptionally through 
base-pairing with the 3′-untranslated region (3′-UTR) of target mRNAs. Cancer initiation 
and progression have been associated with abnormal and aberrant expression of some 
miRNAs [17-22]. Specifically, miRNA-21 (miR-21) has been shown to be an aberrantly 
expressed miRNAs in early malignant lesions in some type of cancer [23-27]. Nevertheless, 
the mechanism by which miR-21 regulates the growth of PDAC is still not completely 
understood.

In our previous report, we showed that MMP13 is a key regulator of metastasis of 
pediatric multiple myeloma [28]. Here, we examined the effects of GRh2 on the survival of 
mice in an acute leukemia model. We analyzed the effects of GRh2 on the cell viability of 
leukemia cell lines in vitro, using CCK-8 assay and MTT assay. We analyzed the effects of GRh2 
on the apoptosis of leukemia cell lines in vitro, by flow cytometry. We analyzed the levels 
of Bcl-2 and microRNA-21 (miR-21) in GRh2-treated leukemia cells. Prediction of binding 
between miR-21 and 3'-UTR of Bcl-2 mRNA was performed by a bioinformatics algorithm 
and confirmed by a dual luciferase reporter assay. We found that GRh2 significantly increased 
the survival time of mice with pediatric leukemia. GRh2 significantly decreased the viability 
of leukemia cells in vitro, through induction of apoptosis. GRh2 significantly decreased 
the levels of an anti-apoptotic protein Bcl-2 in leukemia cells, possibly through induction 
of miR-21, which suppressed the translation of Bcl-2 mRNA via 3’-UTR binding. Thus, our 
data suggest that GRh2 may be an effective treatment for pediatric leukemia, and GRh2 may 
induce apoptosis of leukemia cells through miR-21-modulated suppression of Bcl-2.

Materials and Methods

Mouse leukemia and GRh2 treatment
Four-week-old NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NOD-SCID-gamma) mice were obtained from 

the Jackson Laboratory (Bar Harbor, ME, USA) or bred in-house and maintained under sterile conditions. 
Animals were irradiated with 200 cGy using a RS-2000 irradiator (Rad Source, Suwanee, GA, USA), and 
immediately received intraperitoneal injection of GRh2 (1mg/kg body weight, Weikeqi Bioscience, China) 
in 0.3 ml sterile PBS. The control mice received 0.3 ml sterile PBS. Mice were monitored daily and recorded 
survival twice weekly. All experiments were conducted under the supervision of the facility’s Institutional 
Animal Care and Use Committee according to an Institutional Animal Care and Use Committee–approved 
protocol.

Cell line culture and transfection
Kasumi-1 and U-937 were two leukemia cell lines obtained from the American Type Culture Collection 

(Manassas, VA, USA), and were both maintained in RPMI 1640 media (Sigma-Aldrich, St Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA) and 1% penicillin-
streptomycin (Invitrogen) in a humidified chamber with 5% CO2 at 37°C. The Kasumi-1 cell line was 
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established from the peripheral blood of an acute myeloid leukemia (AML) patient of 7 year-old male 
Japanese individual [29]. The U-937 cell line was derived by Sundstrom and Nilsson in 1974 from malignant 
cells obtained from the pleural effusion of a 37 year-old male patient with histiocytic lymphoma [30]. These 
two lines have been widely used for studying different subtype of leukemia.

MiRNAs mimics (miR-21) and miRNAs antisense oligonucleotides (as-miR-21) were obtained 
from Origene (Beijing, China). A null sequence was transfected as a control (null). The sequences were: 
miR-21 sequence: 5’-UAGCUUAUCAGACUGAUGUUGA-3’, miR-21 antisense sequence (as-miR-21): 
5’-UCAACAUCAGUCUGAUAAGCUA-3’, control null sequence: 5’-UUGUACUACACAAAAGUAAUG-3’. These 
plasmids were transfected into cultured Kasumi-1 and U-937 cells at a concentration of 50nmol/l using 
Lipofectamine 2000, according to the manufacturer’s instructions (Invitrogen). The plasmids also contained 
a GFP reporter to allow determination of transfection efficiency, which was nearly 100% in the current 
study.

MiRNA target prediction and 3'-UTR luciferase-reporter assay 
MiRNAs targets were predicted as has been described before, using the algorithms TargetSan (https://

www.targetscan.org) [31]. The Bcl-2 3'-UTR reporter plasmid (pRL-Bcl-2) was purchased from Creative 
Biogene (Shirley, NY, USA). Mir-21-modified Kasumi-1 and U-937 cells were transfected with pRL-Bcl-2 
by Lipofectamine 2000 (5 × 104 cells per well). Cells were collected 48 hours after transfection for assay 
using the dual-luciferase reporter assay system gene assay kit (Promega), according to the manufacturer’s 
instructions.

Quantitative RT-PCR (RT-qPCR)
MiRNA and total RNA were extracted from resected specimen from the patients or from cultured cells 

with miRNeasy mini kit or RNeasy kit (Qiagen, Hilden, Germany), respectively. Complementary DNA (cDNA) 
was randomly primed from 2μg of total RNA using the Omniscript reverse transcription kit (Qiagen). RT-
qPCR was subsequently performed in triplicate with a 1:4 dilution of cDNA using the Quantitect SyBr 
green PCR system (Qiagen) on a Rotorgene 6000 series PCR machine. Quantitative PCR (RT-qPCR) were 
performed in duplicates with QuantiTect SYBR Green PCR Kit (Qiagen). All primers were purchased from 
Qiagen. Data were collected and analyzed with the Rotorgene software accompanying the PCR machine, 
using 2-△△Ct method for quantification of the relative mRNA expression levels. Values of genes were first 
normalized against α-tubulin, and then compared to controls.

Cell counting kit-8 (CCK-8) assay
The CCK-8 detection kit (Sigma-Aldrich) was used to measure cell viability according to the 

manufacturer’s instructions. Briefly, cells were seeded in a 96-well microplate at a density of 5 x 104/ml. 
After 24h, cells were treated with resveratrol. Subsequently, CCK-8 solution (20 ml/well) was added and 
the plate was incubated at 37°C for 2 h. The viable cells were counted by absorbance measurements with 
a monochromator microplate reader at a wavelength of 450 nm. The optical density value was reported as 
the percentage of cell viability in relation to the control group (set as 100%).

MTT assay
For assay of viable cell number, 5×103 cell per well were seeded into 96 well-plate and subjected to a Cell 

Proliferation Kit (MTT, Roche, Indianapolis, IN, USA), according to the instruction of the manufacturer. The 
MTT assay is a colorimetric assay for assessing viable cell number, taking advantage that NADPH-dependent 
cellular oxidoreductase enzymes in viable cells reduce the tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) to its insoluble formazan in purple readily being quantified by 
absorbance value (OD) at 570 nm in a microtiter plate reader (Promega, Fitchburg, WI, USA). Experiments 
were performed 5 times.

Apoptosis assay
For analysis of cell proliferation, the cultured cells were dissociated and re-suspended at a density 

of 106 cells/ml in PBS. After double staining with FITC-Annexin V and propidium iodide (PI) from a FITC 
Annexin V Apoptosis Detection Kit I (Becton-Dickinson Biosciences, San Jose, CA, USA), cells were analyzed 
using FACScan flow cytometer (Becton-Dickinson Biosciences) equipped with Cell Quest software (Becton-
Dickinson Biosciences) for determination of Annexin V+ PI- apoptotic cells.
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Western blot
Total Protein was extracted from the cultured cells by RIPA buffer (Sigma-Aldrich). Equal amount 

of proteins was loaded in the gel. Primary antibodies for Western Blot are rabbit anti-Bcl-2 and anti-α-
tubulin (all purchased from Cell Signaling, St Jose, LA, USA). Secondary antibody is HRP-conjugated anti-
rabbit (Jackson ImmunoResearch Labs, West Grove, PA, USA). The protein levels were first normalized to 
α-tubulin, and then normalized to control. Densitometry of Western blots was quantified with NIH ImageJ 
software (Bethesda, MA, USA).

Statistical analysis
All statistical analyses were carried out using the SPSS 18.0 statistical software package. All values in 

cell and animal studies are depicted as mean ± standard deviation and are considered significant if p < 0.05. 
All data were statistically analyzed using one-way ANOVA with a Bonferoni correction, followed by Fisher’ 
Exact Test for comparison of two groups. The survival of the mice was determined by Kaplan-Meier analysis.

Result

GRh2 significantly prolongs the survival of mice with pediatric leukemia
Four week-old male NOD/SCID mice (N=20) were irradiated with 200 cGy, and received 

an intraperitoneal injection of GRh2 (1mg/kg body weight) in 0.3 ml sterile PBS (N=10). The 
control mice received 0.3 ml sterile PBS (N=10). Mice were monitored daily and recorded 
survival twice weekly. We found that GRh2 treatment significantly prolonged the survival of 
mice with pediatric leukemia, analyzed by Kaplan-Meier curves (Fig. 1).

GRh2 significantly decreases the viability of leukemia cells in vitro
Then, we used two leukemia cell lines Kasumi-1 and U-937, to analyze the effects of 

GRh2 on cell growth. We found that GRh2 dose-dependently decreased the viable Kasumi-1 
cells in either CCK-8 assay (Fig. 2A), or MTT assay (Fig. 2B). Similarly, we found that GRh2 
dose-dependently decreased the viable U-937 cells in either a CCK-8 assay (Fig. 2C), or an 
MTT assay (Fig. 2D). Thus, these data suggest that GRh2 significantly decreases the viability 
of leukemia cells in vitro.

GRh2 significantly increases the apoptosis of leukemia cells in vitro
To determine whether the decreases in leukemia cells by GRh2 were mediated through 

modulation of cell apoptosis, we used a flow cytometry-based apoptosis assay. We found that 
GRh2 dose-dependently increased the apoptosis of Kasumi-1 cells, shown by quantification 

Fig. 1. GRh2 significantly prolongs the survival of mice with pediatric leukemia. Four week-old male NOD/
SCID mice (N=20) were irradiated with 200 cGy, and received an intraperitoneal injection of GRh2 (1mg/
kg body weight) in 0.3 ml sterile PBS (N=10; +GRh2). The control mice received 0.3 ml sterile PBS (N=10; 
-GRh2). Mice were monitored daily and recorded survival twice weekly. We found that GRh2 treatment 
significantly prolonged the survival of mice with pediatric leukemia, analyzed by Kaplan-Meier curves.  
** p <0.01. N=10.
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(Fig. 3A), and by representative flow charts (Fig. 3B). Similarly, GRh2 dose-dependently 
increased the apoptosis of U-937 cells (Fig. 3C)). Hence, GRh2 significantly decreases the 
viability of leukemia cells in vitro, through induction of apoptosis.

Fig. 2. GRh2 significantly decreases the viability of leukemia cells in vitro. We used two leukemia cell lines 
Kasumi-1 and U-937, to analyze the effects of GRh2 on cell growth. (A-B) GRh2 dose-dependently decreased 
the viable Kasumi-1 cells in either a CCK-8 assay (A), or an MTT assay (B). (C-D) GRh2 dose-dependently 
decreased the viable U-937 cells in either a CCK-8 assay (C), or an MTT assay (D). *p <0.05. N=5.

Fig. 3. GRh2 significantly increases the apoptosis of leukemia cells in vitro. (A-B) GRh2 dose-dependently 
increased the apoptosis of Kasumi-1 cells, shown by quantification (A), and by representative flow charts 
(B).  (C) GRh2 dose-dependently increased the apoptosis of U-937 cells. *p <0.05. N=5.
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GRh2 significantly decreases the levels of Bcl-2 in leukemia cells
We then evaluated the levels of apoptosis-associated proteins in GRh2-treated leukemia 

cells. Specifically, we found that although the Bcl-2 transcripts in Kasumi-1 cells did not 
change by GRh2 (Fig. 4A), the protein level of Bcl-2 in Kasumi-1 cells was significantly 
decreased by GRh2 treatment (Fig. 4B). Similarly, although the Bcl-2 transcripts in U-937 cells 
did not change by GRh2 (Fig. 4C), the protein levels of Bcl-2 in U-937 cells were significantly 
decreased by GRh2 treatment (Fig. 4D). These data suggest that the translation of Bcl-2 in 
leukemia cells may be regulated at the post-transcriptional level by GRh2.

GRh2 significantly decreases the levels of Bcl-2 in leukemia cells, possibly through induction 
of miR-21, which suppresses the translation of Bcl-2 mRNA via 3’-UTR binding
Since miRNAs are well-known to be major post-transcriptional regulators, we 

hypothesized that GRh2 may alter specific miRNAs that target Bcl-2 mRNA. We thus screened 
all Bcl-2 mRNA-targeting miRNAs, and found that miR-21 targeted 3’-UTR of Bcl-2 mRNA 
at one binding site of base pair 720th to 726th (Fig. 5A). Moreover, GRh2 dose-dependently 
increased the levels of miR-21 in Kasumi-1 cells (Fig. 5B), and in U-937 cells (Fig. 5C). Thus, 
the intact 3'-UTR of Bcl-2 mRNA was cloned into luciferase reporter plasmids, and used for 
transfection of miR-21-modified Kasumi-1 and U-937 cells (Fig. 5D). We found that miR-21 
significantly reduced the luciferase activity of 3'-UTR reporter for Bcl-2, while as-miR-21 
significantly increased the luciferase activity of 3'-UTR reporter for Bcl-2, in both Kasumi-1 
and U-937 cells (Fig. 5E). These data suggest that miR-21 targets Bcl-2 mRNA to suppress its 
translation. Together, we showed that GRh2 may induce apoptosis of leukemia cells through 
miR-21-modulated suppression of Bcl-2 (Fig. 6).

Fig. 4. GRh2 significantly decreases the levels of Bcl-2 in leukemia cells. (A-B) Bcl-2 levels in Kasumi-1 cells 
treated with GRh2 by mRNA (A), and by protein (B). (C-D) Bcl-2 levels in U-937 cells treated with GRh2 by 
mRNA (A), and by protein (B). *p <0.05. NS: non-significant. N=5.
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Discussion

Despite significant improvements over the past decades, 5-year survival rates for 
children with acute myeloid leukemia (AML) are only about 50%, and patients with high-
risk factors have an even lower predicted survival. Using current therapy, patients with 
relapsed AML have an extremely poor survival rate and frequently survive as little as 1 year 
after relapse diagnosis. Unfortunately, other than the use of all-trans retinoic acid in acute 
promyelocytic leukemia and the option of bone marrow cell transplantation, there have not 
been any new drug approvals or significant changes in AML therapy in recent years.

Fig. 5. GRh2 significantly decreases the levels of Bcl-2 in leukemia cells, possibly through induction of miR-
21, which suppresses the translation of Bcl-2 mRNA via 3’-UTR binding. (A) Bioinformatics analyses sho-
wing that miR-21 targets 3’-UTR of Bcl-2 mRNA at one binding site of base pair 720th to 726th. (B-C) GRh2 
dose-dependently increased the levels of miR-21 in Kasumi-1 cells (B), and in U-937 cells (C).  (D) The levels 
of miR-21 in miR-21-modified Kasumi-1 and U-937 cells. (E) The intact 3'-UTR of Bcl-2 mRNA was cloned 
into luciferase reporter plasmids, and used for transfection of miR-21-modified Kasumi-1 and U-937 cells. 
The luciferase activities were quantified. *p <0.05. N=5.

Fig. 6. The schematic model. GRh2 may in-
duce apoptosis of leukemia cells through 
miR-21-modulated suppression of Bcl-2.
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GRh2 has been shown to have therapeutic effects on various diseases. For example, in 
a pioneering study, Ye et al. showed that GRh2 treatment significantly alleviated dextran 
sulfate sodium (DSS)-induced colitis, through augmenting transforming growth factor beta 
(TGF-beta) signaling in colon epithelial cells [11]. In another recent report, psoriasis has 
been shown to be alleviated by GRh2, seemingly through suppression of VEGF-A-signaling-
mediated endothelial cell damages [12]. Moreover, in different cancers, GRh2 has been 
shown to exert anti-cancer effects through different signaling pathways, e.g. PI3k/Akt/
FoxO1 or mTor [14], WNT/beta-catenin signaling [16], epidermal growth factor receptor 
(EGFR) signaling [13, 14], or through regulation of matrix metallopeptidases (MMPs) [15]. 
These previous studies prompted us to examine the effects of GRh2 on pediatric leukemia.

Here, we examined the effects of GRh2 on the survival of the mice in an acute leukemia 
model induced by radiation. We found that GRh2 significantly increased the survival time of 
mice that had developed leukemia, suggesting a therapeutic effect of GRh2. Moreover, GRh2 
significantly decreased the viability of leukemia cells in vitro, through induction of apoptosis. 
Since previous studies have demonstrated little adverse effects of GRh2 on normal cells [13-
16], these data suggest that GRh2 may specifically and selectively kill leukemia cells in vivo, 
which substantially delays disease progression and protects the body.

Since we hypothesized that GRh2 may regulate leukemia survival through miRNAs, 
we performed a screening strategy in that the levels of all Bcl-2-targeting miRNAs were 
examined in patients’ specimens and those that significantly altered between control and 
leukemia were selected. With this strategy, we specifically found that miR-21 was the key 
player in this model. Further, we found that GRh2 significantly decreased the levels of an 
anti-apoptotic protein Bcl-2 in leukemia cells, possibly through induction of miR-21, which 
suppressed the translation of Bcl-2 mRNA via 3’-UTR binding.

Interestingly, miR-21 has been recently reported to be a regulator of PI3k/Akt/FoxO1 
in pancreatic cancer [26, 27]. Based on this evidence, it may be possible that GRh2 could 
induce miR-21 to regulate PI3k/Akt/FoxO1 in leukemia cells, which warrants testing in 
future experiments. We have checked the levels of other apoptosis-associated proteins, e.g. 
Bid and Bak. However, it appeared that only Bcl-2 levels were predominantly affected after 
GRh2 treatment.

Together, our data suggest that GRh2 may be an effective treatment for pediatric 
leukemia, and GRh2 may induce apoptosis of leukemia cells through miR-21-modulated 
suppression of Bcl-2.
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