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Abstract: Aberrant angiogenesis is essential to the development and progression of leukemia. Ginsenoside Rg3 has
been commonly used in anti-angiogenic therapy of solid tumors. This study aimed to investigate the anti-angiogenic
effects of Rg3 in patients with acute leukemia. Bone marrow stromal cells derived from patients with acute leuke-
mia were treated with Rg3 and the expression of vascular endothelial growth factor (VEGF) and hypoxia-inducible
factor 1a (HIF-1a) was detected by RT-PCR and western blot analysis. The results showed that Rg3 inhibited VEGF
and HIF-1a expression at both mRNA and protein levels in bone marrow stromal cells. In addition, Rg3 treatment led
to reduced serum levels of HIF-1ac and VEGF in patients with acute leukemia. Mechanistically, we demonstrated that
Rg3 downregulated the phosphorylation of Akt and ERK1/2 in BMSCs. In conclusion, Rg3 exhibits anti-leukemia
effect in part due to its anti-angiogenic activity via inhibiting PI3K/Akt and ERK1/2 pathways, which act to regulate
the expression of HIF-1a and VEGF.
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Introduction

Acute leukemia is the most common malignan-
cy originated from malignant transformation of
hematopoietic stem cells. Aberrant angiogene-
sis in the microenvironment of bone marrow is
essential to the development and progression
of acute leukemia [1]. Increased vasculariza-
tion has been found in acute myeloid leukemia
(AML) and acute lymphoblastic leukemia (ALL),
as well as various preleukemic disorders includ-
ing myelodysplastic syndromes (MDS) and
myeloproliferative neoplasms (MPN) [2, 3].
Both the leukemic blasts and the bone marrow
microenvironment contribute to neoangiogene-
sis by secreting angiogenic growth factors and
mediators, such as vascular endothelial growth
factor (VEGF). Therefore, anti-angiogenic thera-
py is an important approach to the treatment of
hematologic malignancy [4]. Ginsenoside Rg3,
a saponin extracted from ginseng, has demon-
strated anti-cancer activity in vitro and in vivo

with relatively low toxicity, especially on vessels
or angiogenesis in tumors [5].

It is known that hypoxia-inducible factor (HIF-
1) activates the transcription of VEGF and
other factors involved in tumor development
[6]. Growth factors, cytokines, and other signal-
ing molecules stimulate the synthesis of HIF-1«
protein via activating phosphatidylinositol
3-kinase (PIBK)/AKT and mitogen-activated
protein kinase (MAPK) [7]. Although Rg3 has
demonstrated anti-tumor activity in several
types of solid malignancy, the efficacy of Rg3 in
patient with acute leukemia and the underlying
mechanism are still not clear.

In this study we evaluated the efficacy of Rg3
on angiogenesis and cell growth using bone
marrow stromal cells (BMSCs) derived from
acute leukemia patients, and examined the
effects of Rg3 on the expression of HIF-1a and
VEGF in vivo using the serum obtained from
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Heparinised bone marrow
aspirates of 2-3 ml were col-
lected from each subject
with informed consent and
diluted at the ratio of 1:1
using phosphate buffered
saline (PBS) for centrifuga-
tion at 550 g. The superna-
tants were discarded and
the cell pellets were resus-
pended in 4 ml PBS.
Mononuclear cells (MNCs)
in the bone marrow were
separated by Percoll den-
sity-gradient centrifugation
(1.073 g/I, Pharmacia) and
washed twice using PBS.
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Figure 1. Rg3 inhibits the viability of BMSCs. BMSCs derived from acute leu-
kemia patients were exposed to Rg3 at the indicated concentration and time.
Te cell viability was evaluated by MTT assay and the inhibitory effect was ex-

80

pressed as the percentage of viable cells (means * SD, n=3).

patients with acute leukemia. In addition, we
explored the role of PI3K/Akt and MAPK path-
ways in mediating Rg3 induced regulation of
HIF-1a and VEGF expression in BMSCs.

Materials and methods
Reagents

Ginsenoside Rg3 was extracted from northeast
China’s ginseng with purity no less than 99.5%
from lJilin Yatai Pharmaceuticals CO., LTD
(China). Rg3 were prepared as 800 mg/L dilut-
ed in dimethyl sulfoxide (DMSO, with the con-
centration no more than 0.01%).

Cell culture

BMSCs were obtained from thirty-one randomly
selected patients who had been newly diag-
nosed with acute leukemia, including sixteen
patients with ALL and fifteen patients with AML,
at Xingiao Hospital (Chongging, China) in 2008.
Twenty-eight healthy subjects were recruited as
the control group. Approval from the Ethics
Committee of Xingiao Hospital and informed
consent from all subjects were obtained before
this study was started.
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460 MNCs were seeded at a
density of 1x10° cells/ml in
T25 flasks with RPMI 1640
medium supplemented with
10% fetal bovine serum,
and placed in a humidified
incubator at 37°C with 5%
CO,. The medium was chan-
ged every 24 h. The cells were ready for use
after two passages.

Patients

Twenty patients with AML were randomly
selected, who were 20-60 years of age with
expected survival time longer than 3 months,
normal function in the liver, kidney and heart,
and without other severe complications. These
AML patients underwent two courses of DA
chemotherapy as described previously [8], and
were randomly assigned to one of the two
groups: group A (control) took two placebo tab-
lets twice a day, whereas group B (treatment)
took two Rg3 tablets twice a day for 2 months.
Peripheral blood plasma was collected from all
patients both before and after Rg3 treatment.
The anti-angiogenesis effect was evaluated at
the end of the second cycle, when improve-
ment or stable complete remission was expect-
ed to appear if not terminated due to cure or
change to other treatments.

Cell viability assay

The viability of BMSCs was detected by MTT
assay. The cells were seeded into 96-well
plates at 1x10* cells/well, and then exposed to
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Figure 2. Rg3 inhibits VEGF and HIF-1a expression in BMSCs. RT-PCR assay of VEGF mRNA level (A) and HIF-1a
mRNA level (B) in BMSCs derived from control subjects, AML and ALL patients. Western blot analysis of VEGF protein
level (C) and HIF-1a protein level (D) in BMSCs derived from control subjects, AML and ALL patients. Results were
presented are mean * S.E. from three independent experiments performed in duplicate. *P < 0.05, compared with
control; **P < 0.05, compared with AML; ***P < 0.05, compared with ALL. Actin served as internal control.

20, 40, 60, 80, and 100 mg/L Rg3 for 6, 12,
24, and 48 h, respectively. The absorbance at
540 nm was recorded using OPTImax micro-
plate reader (Molecular Devices; Sunnyvale,
CA). The cell survival percentages were calcu-
lated by dividing the mean OD of cells exposed
to Rg3 by that of cells exposed to DMSO.

RT-PCR assay

Total RNA was extracted from BMSCs using
TRIzol reagent (Invitrogen) and reverse
Transcripted into cDNA using Superscribe First-
Strand Synthesis System (Invitrogen). Aliquots
of cDNA were used as the template for PCR.
The following oligonucleotides were used as
primers: HIF-1a 5-TCCATGGTACCATGAGGAAA-3’
and 5-ACCAAGCAGGTCATAGGTGG-3’; VEGF 5*-
GAGCGGAGCCGCGAGAAGTG-3' and 5-TCCAT
GAGCCCGGCTTCCGA-3’; and B-actin 5-TTGTA-
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ACCAACTGGGACGATATGG-3" and 5’-GATCTTGA-
TCTTCATGGTGGTAGG-3'. PCR conditions were
as follows: 30 s at 95°C, 30 s at 55°C, and 30
s at 72°C for 27 cycles. PCR products were
visualized on 1.0% agarose gel containing 5
pg/ml of ethidium bromide.

Western blot analysis

The cells were harvested and lysed on ice for
30 min in the lysis buffer (10 mM Tris pH 8.0, 1
mM EDTA, 400 mM NaCl, 10% glycerol, 0.5%
NP-40, 5 mM sodium fluoride, 0.1 mM phenyl-
methylsulfonyl fluoride, 1 mM dithiothreitol). An
equal amount of protein (25 pg) was separated
by 8-12% SDS-PAGE and transferred to nitro-
cellulose membranes. The membranes were
blocked overnight in the blocking buffer (250
mM NaCl, 0.02% Tween 20, 5% goat serum,
and 3% BSA), and incubated with primary anti-
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Figure 3. Rg3 inhibits the activation of Akt and ERK1/2 in
BMSCs. BMSCs were seeded in 60-mm dishes, cultured to
80~90% confluence, and treated with 40 mg/L Rg3 for 24 h.
The activation of Akt and ERK1/2 was detected by antibody
against phospho-AKT (Ser473) and phospho-ERK (Thr202/
Tyr204). *P < 0.05, compared with control; **P < 0.05, com-
pared with AML; ***P < 0.05, compared with ALL.

body against Akt, phosphorylated Akt (Ser473),
ERK1/2, phosphorylated ERK1/2 (Thr202/
Tyr204) (Cell Signaling, Beverly, MA, USA), VEGF
or HIF-1a (Santa Cruz Biotech, Santa Cruz, CA,
USA). The membranes were washed and then
incubated with peroxidase-conjugated second-
ary antibody. Immuno-reactive bands were
detected by ECL (Amersham).

Immunofluorescence

The cells were cultured on glass cover slips and
fixed with 4% paraformaldehyde. The cells were
then incubated with primary antibody against
HIF-1a, VEGF, phosphorylated ERK and Akt.
After thorough washing, the cells were incubat-
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ed with secondary antibodies conjugated
with FITC or Cy3. The nuclei were stained
with  4’,6-diamino-2-phenylindole (DAPI)
(Vector Laboratories). Fluorescent images
were processed using Leica TCS-NT confo-
cal laser scanning microscope (Leica,
Bensheim, Germany).

Enzyme-linked immunosorbent assay
(ELISA)

Serum VEGF and HIF-1x levels in the
patients before and after Rg3 treatments
were detected by ELISA kit following the
manufacturer’'s recommendations.

Statistical analysis

Data were presented as means + SD with
triplicate determinations and analyzed by
using SPSS13.0 software (SPSS Inc, USA).
Examined data were assessed using the
t-test, and P value < 0.05 was considered
statistically significant.

Results
Rg3 inhibits the viability of BMSCs

First we evaluated the effects of Rg3 on
the viability of BMSCs derived from acute
leukemia patients. MTT assay showed that
Rg3 inhibited the viability of BMSCs
derived from acute leukemia patients in a
dose and time dependent manner (Figure

1).

Rg3 inhibits VEGF and HIF-1a expression
in BMSCs

RT-PCR assay showed that the expression of
VEGF and HIF-1a at mRNA level was increased
in BMSCs derived from AML and ALL patients
compared to those from control subjects.
However, Rg3 inhibited the expression of VEGF
and HIF-1a at mRNA level in BMSCs derived
from control subjects, AML and ALL patients
(Figure 2A, 2B).

Western blot analysis showed that the expres-
sion of VEGF and HIF-1a at protein level was
increased in BMSCs derived from AML and ALL
patients compared to those from control sub-
jects. However, Rg3 inhibited the expression of
VEGF and HIF-1a at protein level in BMSCs
derived from control subjects, AML and ALL
patients (Figure 2C, 2D).
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Figure 4. Localization of HIF-1a, VEGF, and phosphorylated ERK and Akt in BMSCs.Immunofluorescence images of
the staining of HIF-1a, VEGF, and phosphorylated ERK and Akt in BMSCs derived from acute leukemia patients. HIF-
1o was detected in the cytoplasm and the nuclei, whereas VEGF and phosphorylated ERK and Akt were apparently

present in the cytoplasm.

Rg3 inhibits the activation AKT and ERK1/2 in
BMSCs

PI3BK/AKT and ERK1/2 pathways are involved

in regulating the stability and synthesis of HIF-
1a protein [8]. In order to understand whether
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Rg3 inhibits HIF-1a expression via these path-
ways, we detected the phosphorylation of AKT
and ERK1/2 in BMSCs exposed to Rg3.
Western blot analysis showed that the phos-
phorylation levels of AKT and ERK1/2 declined
in BMSCs derived from control subjects, AML
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Figure 5. Rg3 inhibits HIF-1a and VEGF expression in acute leukemia patients.
Acute leukemia patients were divided into two groups: chemotherapy alone,
and chemotherapy plus Rg3 treatment. Serum levels of HIF-1a and VEGF were
detected by ELISA. The results were expressed as means + SD from at least

twenty different donors.

and ALL patients, after exposure to Rg3 (Figure
3). These data suggest that Rg3 inhibits the
activation of AKT and ERK1/2 in BMSCs.

Localization of HIF-1a, VEGF, and phosphory-
lated ERK and Akt in BMSCs

Next we utilized immunofluorescence tech-
nique to detect the localization of HIF-1«, VEGF,
and phosphorylated ERK and Akt in BMSCs
derived from acute leukemia patients. HIF-1a
was detected in the cytoplasm and the nuclei,
whereas VEGF and phosphorylated ERK and
Akt were apparently present in the cytoplasm.
In addition, exposure to Rg3 reduced the levels
of HIF-1a, VEGF, and phosphorylated ERK and
Akt in BMSCs (Figure 4).

Rg3 inhibits HIF-1a and VEGF expression in
acute leukemia patients

Finally, we evaluated the in vivo effects of Rg3
in acute leukemia patients. Rg3 was adminis-
tered to patients in the treatment group for two
months, simultaneously with the routine che-
motherapy. ELISA assay of the patient serum
showed that serum level of HIF-1a and VEGF
declined significantly in acute leukemia patients
treated with Rg3, compared to patients treated
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with chemotherapy only
(Figure 5).

Discussion

The importance of bone
marrow angiogenesis to
the progression of acute
leukemia has been widely
recoghized recently, but
the underlying mechanism
remains unclear. The micr-
oenvironments of bone
marrow and leukemic bla-
sts both contribute to
angiogenesis by secreting
different angiogenic growth
factors and mediators [9].
HIF-1« is an important fac-
HIF-1a tor that activates the tran-
scription of multiple genes
which encode angiogenic
growth factors and cyto-
Kines which are involved in
the angiogenesis in acute
leukemia. The genes acti-
vated by HIF-1 include
those encoding VEGF, stromal-derived factor 1,
placental growth factor, angiopoietin 1 and 2,
and platelet-derived growth factor [10]. These
growth factors bind to cognate receptors on
vascular endothelial, smooth muscle cells, as
well as endothelial progenitor cells, mesenchy-
mal stem cells, and other bone marrow-derived
angiogenic cells [7].

Patients with haematological malighancies
exhibit increased bone marrow MVD, and anti-
angiogenic drugs are currently tested in these
patients [11, 12]. Ginsenoside Rg3 is the effec-
tive component extracted from ginseng with
C,,H,,0,, framework and 784 Da molecular
weight. The anti-cancer activity of Rg3 has
been postulated to be related to the suppres-
sion of growth, invasion, and metastasis of vari-
ous tumors, as well as the inhibition of neovas-
cularization [13]. In this study, we evaluated the
effects of Rg3 in vivo and our results showed
that Rg3 treatment led to reduced serum levels
of HIF-1ac and VEGF in acute leukemia patients.
These data complement our in vitro results and
confirm the anti-angiogenesis effects of Rg3.

To further investigate the molecular mecha-
nism of Rg3 induced anti-angiogenesis effect
in acute leukemia, we detected HIF-1lx and

Int J Clin Exp Pathol 2014;7(5):2172-2178
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VEGF expression at mRNA and protein levels in
BMSCs exposed to Rg3. Our results showed
that Rg3 inhibited HIF-1oc and VEGF protein syn-
thesis in BMSCs derived from acute leukemia
patients. Furthermore, we explored the signal-
ing pathways by which Rg3 regulates HIF-1a
and VEGF expression. Our results indicated
that Rg3 blocked the activation of Akt and
MAPK in BMSCs derived from acute leukemiam
patients, suggesting that Rg3 regulates HIF-1a
and VEGF expression via inhibiting Akt and ERK
kinases. Future studies such as multi-centered
clinical trials and long term follow-up are need-
ed to confirm that Rg3 could be utilized for anti-
angiogenesis therapy of haematological malig-
nancies.
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