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via ERK and STAT3 inhibition

Can Liu1,2,3*, Yan Zeng2*, Long-Hai Dai2*, Tian-Yu Cai1, Yue-Ming Zhu2, De-Quan Dou1, Lan-Qing Ma1,3,  
Yuan-Xia Sun2

1Beijing University of Agriculture, Beijing 102206, China; 2National Engineering Laboratory for Industrial 
Enzymes, Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China; 3Key 
Laboratory of Urban Agriculture (North) of Ministry of Agriculture P. R. China, Beijing University of Agriculture, 
Beijing 102206, China. *Equal contributors.

Received January 22, 2015; Accepted March 10, 2015; Epub March 15, 2015; Published April 1, 2015

Abstract: Unlike solid tumors, the primary strategy for leukemia treatment is chemotherapy. However, leukemia 
chemotherapy is associated with adverse drug effects and drug resistance. Therefore, it is imperative to identify 
novel agents that effectively treat leukemia while minimizing adverse effects. The Raf/MEK/extracellular regulated 
kinase (ERK) and signal transducer and activator of transcription 3 (STAT3) pathways have been implicated in 
leukemia carcinogenesis, and provide novel molecular targets for therapeutic intervention in cancer. Mogrol, a bio-
metabolite of mogrosides found in Siraitia grosvenorii, has exhibited anti-cancer activities; however, the underlying 
mechanism of this effect remains unclear. To clarify its anti-cancer activity and mechanism of action, we treated 
K562 leukemia cells with mogrol. Mogrol suppressed leukemia cell growth via inhibition of the ERK1/2 and STAT3 
pathways, in particular, through the suppression of p-ERK1/2 and p-STAT3. Inhibition of these pathways suppressed 
Bcl-2 expression, thereby inducing K562 cell apoptosis. Furthermore, mogrol enhanced p21 expression, resulting in 
G0/G1 cell cycle arrest. The findings provide new perspectives regarding the role of mogrol in leukemia treatment.
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Introduction

Leukemia is a malignant disease of blood cell-
forming tissues. Unlike solid tumors, malignant 
hematological tumors cannot be cured by surgi-
cal treatment or radiation therapy. Therefore, 
chemotherapy is the main strategy for leuke-
mia treatment [1]. However, over time, leuke-
mia cells can show a reduced sensitivity to 
cytotoxic drugs, leading to multi drug resis-
tance. Furthermore, currently available chemo-
therapeutics can induce adverse side effects 
[2]. Thus, it is imperative to identify novel che-
motherapeutic agents that treat leukemia while 
minimizing adverse effects.

Increased knowledge of the molecular mecha-
nisms underlying cancer may provide novel 
molecular targets for therapeutic intervention 
[3]. The ERK cascade is primarily activated by 
growth factors, and is critical for proliferation 
and survival [4]. Signal transducer and activa-
tor of transcription 3 (STAT3) is another well-
known oncogene that is constitutively activated 

in many human cancers [5]. Emerging literature 
suggests that ERK and STAT3 signaling may 
play a critical role in cancer formation and pro-
gression [6, 7]. Furthermore, aberrant activa-
tion of the ERK pathway [8, 9] and constitutively 
active STAT3 is frequently found in leukemia 
[10, 11]. Thus, targeting STAT3 or ERK with no- 
vel, low-toxicity anticancer compounds could be 
promising for leukemia treatment.

Mogrosides (triterpene glycosides) are non-
caloric sweeteners derived from Siraitia grosve-
norii, a traditional Chinese fruit used in folk 
medicine. A previous study showed that oral 
administration of mogrosides had no significant 
adverse effects during clinical observations 
[12]. Furthermore, mogrosides can inhibit lipo-
polysaccharide-induced inflammation [13] and 
have an anti-oxidative effect on lipid peroxida-
tion [14]. These data indicate that mogroside 
supplementation may prevent complications 
and attenuate pathological conditions in type 2 
diabetes [15]. Additionally, mogrosides effec-
tively inhibited tumor growth in a two-stage car-
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cinogenesis test, using a mouse skin tumor 
induced by 7,12-dimethylbenz(a)anthracene 
(DMBA) [16].

Based on these data, mogrosides may repre-
sent a novel class of bioactive plant compounds 
with anticancer effects. However, its clinical 
applications are limited, because the mecha-
nism of its anticancer effects remains unclear. 
It is worthwhile to note that mogrosides are 
digested to mogrol in vivo, and thus mogrol may 
induce the pharmacological effects of mogro-
sides. This paper reports the anti-leukemia ef- 
fects of mogrol and its mechanism of antican-
cer action.

Materials and methods

Cell culture

The human leukemia cell line, K562, was ob- 
tained from Shanghai Cell Biology Institute 
(Shanghai, China). Cells were cultured in RPMI 
1640 medium supplemented with 10% heat-
inactivated fetal bovine serum (Gibco; Grand 
Island, NY, USA), 100 U/mL penicillin, and 100 
µg/mL streptomycin in a humidified 5% CO2 
atmosphere at 37°C.

Preparation of mogrol

S. grosvenorii was provided by White Pagoda 
Pharmacy (Beijing, China). Mogrol was prepa- 
red as follows. First, mogrosides were extract-
ed from S. grosvenorii as previously described 
[17]. Dry S. grosvenorii fruit was pulverized to 
60-80 mesh and extracted with ethanol. Mo- 
grosides were then obtained by chromato-
graphic separation with Amberlite XAD-16 resin 
(Rohm & Haas Co.; Philadelphia, PA, USA) and 
ion-exchange resin D213 (Dandong Chemical 
Factory; Liaoning, China). Mogrol was produced 
by hydrolysis of the obtained mogrosides. 

Hydrolysis was performed using 0.5N HCl at 
95-100°C for 10 h. Mogrosides were degraded 
to mogrol and glucose, and mogrol was purified 
using a preparative high performance liquid 
chromatography (HPLC) system. HPLC separa-
tion was conducted on an Agilent 1200 Series 
instrument (Agilent Technologies Co., California, 
USA) coupled to a reverse-phase Ultimate C18 
column (Welch, Shanghai, China) at 30°C. The 
flow rates were 1 mL/min for analytic HPLC and 
10 mL/min for semi-preparative HPLC. Dete- 
ction was performed at a wavelength of 214 
nm.

Structural analysis

The structure of prepared mogrol from Siraitia 
grosvenorii was determined by spectrum. 
Agilent 1260 HPLC system coupled to a Bruker-
micrOTOF-II mass spectrometer with an elec-
trospray ionization (ESI) probe was used for 
LC-ESI-MS analysis. The isolated product from 
Siraitia grosvenorii were subjected to a reverse-
phase Ultimate C18 column (4.6×250 mm, 5 
μm particle, Welch, Shanghai, China) with the 
flow rate of 1 mL/min and UV wavelength of 
214 nm. The chemical structure of mogrol was 
further confirmed by NMR analysis. 1H and 
13C NMR spectra were obtained with a Bruker 
DMX-600 NMR spectrometer operating at 600 
MHz. For structural analysis, mogrol was dis-
solved in pyridine-d5 with 1% tetramethylsilane 
(TMS) as an internal standard.

Cell viability assay

Cell viability was determined with a 3-(4,5- 
dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay. Leukemia cells were plat-
ed in triplicate into a 96-well plate. After over-
night incubation, they were treated with various 
concentrations of mogrol (0, 0.1, 1, 10, 100, 
200 and 250 µM) for 24 h and 48 h. The per-
centage of viable cells was calculated as the 
ratio (A490) of treated cells over control cells. 
Triplicate experiments were performed.

Morphology of apoptotic cells

Hoechst 33258 staining was used to observe 
morphological changes in K562 cells. After 
K562 cells were treated with mogrol, the cells 
were collected and fixed with 4% formaldehyde 
in PBS for 10 min. After being stained with 
Hoechst 33258 for 10 min in the dark at room 
temperature, the cells were washed with PBS 
twice and smeared onto cover slides. Nuclear 
morphologic changes were observed and ima- 
ged under a fluorescence microscope at a mag-
nification of 400× (Olympus IX-70, Tokyo, Japan) 
[18].

Cell-cycle distribution 

Cell-cycle distribution after treatment with mo- 
grol was determined by flow cytometry. K562 
cells were analyzed for alterations in cell cycle 
distribution after treatment with mogrol for 24 
h. After the cells were fixed in 70% methanol at 
4°C, the samples were treated with RNase A 
and stained with propidium iodide for analysis 
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by flow cytometry (FACS Calibur BD Flow Cyto- 
meter).

Analysis of apoptosis

Annexin V-FITC/propidium iodide (PI) assay was 
used for the measurement of cellular apopto-
sis. After K562 cells were treated with mogrol 
for 24 h, 1×106 cells were washed in 200 µL 
PBS, centrifuged, and resuspended in 100 μL 
binding buffer. Next, the cells were incubated 
for 10 min at 37°C with 2 µL of Annexin V-FITC 
and 5 µL of PI, and subsequently analyzed by 
flow cytometry. Results were evaluated with 
CellQuest software (BD Biosciences, San Jose, 
CA, USA).

Western blot analysis 

The cells were harvested on ice and allowed to 
lyse for 25 min with vortexing every 5 min. 

About 15 µg of protein from the cell lysates was 
separated by 12% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
then transferred onto a PVDF membrane. An- 
tibodies against STAT3, phosphor (p)-STAT3 
(Tyr705), ERK1/2, phosphor (p)- ERK1/2, P21, 
Bcl-2, and β-actin were used for the western 
blot analysis. The antibodies were purchased 
from Sigma-Aldrich Co. LLC [19].

Statistical analysis

All assays were performed in triplicate with 3 
independent experiments and data were pre-
sented as mean ± standard deviation (SD). 
Statistical analysis was performed using SPSS 
for Windows, version 11.5 (IBM Inc., Armonk, 
NY, USA). Results were statistically analyzed 
with Student’s t-test and p < 0.05 was consid-
ered significant.

Results

Spectroscopic identification of mogrol

Mogrol, a pure white compound, was obtained 
from S. grosvenorii. The mass spectrometric 
(MS) fragmentation pattern of the compound 
was identical to that of an authentic mogrol 
sample, with m/z ions at 521 [M-H+HCOOH]- 
and 589 [M-H+TFA]- (Figure 1). The structure of 
the pure compound was further determined by 
1H and 13C nuclear magnetic resonance (NMR) 
spectra (data not shown) (Figures S1, S2). The 
molecular formula of the isolated mogrol was 
determined to be C30H52O4. This compound was 
used for the cell growth inhibition tests. 

Figure 1. Mass spectrum of isolated mogrol from S. grosvenorii. Electrospray ionization (ESI) parameters were 
conducted as follows: the scan range was 100-1000 m/z in negative ion mode, spray voltage was 4500 V, capillary 
temperature was 400°C, dry gas was 6 mL/min, dry temperature was 180°C, nebulizer pressure was 1 bar.

Figure 2. Inhibitory effect of mogrol on K562 cell 
proliferation after 24 or 48 h, as determined by MTT 
assay. Data from three independent experiments are 
presented as the mean ± SD.
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Effect of mogrol on K562 cells proliferation

To evaluate the effects of mogrol oncell growth, 
K562 leukemia cells were exposed to 0-250 
µmol/L mogrol for 24 or 48 h, and cell viability 
was measured by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. 
As illustrated in Figure 2, mogrol significantly 
and dose- and time-dependently inhibited 
K562 cell growth. After 24 h treatment, the rate 
of inhibition was 7 to 88% at concentrations 
between 0.1 and 250 µmol/L. Furthermore, in- 
cubation with mogrol for 48 h induced dramatic 
cell mortality as compared to 24 h, decreasing 
the rate of inhibition from 50 to 22% in the 
presence of 10 µmol/L mogrol.

Morphology of apoptotic K562 cells

A Hoechst 33258 staining assay revealed mor-
phological alterations in the nucleus of mogrol-
treated K562 cells. In the untreated group, the 
nuclei maintained a regular shape, and were 
homogeneously stained. However, in the mog-
rol-treated group, condensed chromatin and 
irregular nuclei were observed by brilliant blue 
staining (Figure 3). Mogrol dose-dependently 
increased the number of apoptotic cells. These 

results provided evidence for mogrol-induced 
apoptosis in K562 cells.

Detection of apoptosis 

To assess the mechanism responsible for the 
growth-inhibitory activity of mogrol, cell apopto-
sis detection was performed in K562 cells. The 
population of necrotic or post-apoptotic cells 
was significantly elevated (from 5.50% to 
25.56%) in cells treated with mogrol (0, 10, 
100, and 250 µmol/L) for 24 h (Figure 4). Mo- 
grol induced apoptosis in K562 cells in a dose-
dependent manner, relative to control cells. 

Detection of cell-cycle distribution

Cell-cycle distribution of K562 cancer cells 
after treatment with mogrol was measured by 
flow cytometry. Mogrol treatment inhibited a 
cell cycle progression in K562 cells, which was 
reflected by a distinct increase of the percent-
age of cells in the G0/G1 phase and a signifi-
cant reduction in the S and G2/M phase (Figure 
5). The percentage of K562 cells in the G0/G1 
phase increased from 36.48% to 77.41% with 
increasing mogrol concentrations. Mogrol cau- 

Figure 3. Fluorescence photomicrograph of K562 cells stained with Hoechst 33258. A. Control: untreated K562 
cells show homogeneous nuclear staining. B-D. Mogrol-treated: cells were treated with, 10, 100, and 250 µmol/L 
mogrol for 24 h. Marked morphological changes including chromatin condensation and nuclear fragmentation 
(brightly stained regions) were observed. 

Figure 4. Apoptotic effects of mogrol on K562 cells as determined by flow cytometry. A-D. K562 cells were treated 
for 0, 10, 100, and 250 µmol/L of mogrol for 24 h. 
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Figure 5. Mogrol induced G1 phase cell cycle arrest in K562 cells. Cells were treated with mogrol for 24 at indicated concentrations. Cells were stained with Annexin 
V-FITC and PI and analyzed by flow cytometry. A-D. K562 cells treated with 0, 10, 100, and 250 µmol/L of mogrol for 24 h. 
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sed a dose-dependent growth arrest in the G0/
G1 phase of the cell cycle.

Effects of mogrol on ERK phosphorylation and 
Bcl-2 expression

The ERK signaling pathway is activated in res- 
ponse to cell stress, and is implicated in cell 
death and survival signaling [20]. To analyze 
whether inhibition of ERK phosphorylation is 
related to mogrol-induced apoptosis, we mea-
sured total and phosphorylated levels of this 
protein. As shown in Figure 6A, treatment with 
mogrol significantly decreased ERK phosphory-
lation as compared to control cells, whereas 
total ERK protein was not affected. Both the 
upper and lower bands, corresponding to p- 
ERK1 and p-ERK2, were decreased.

ERK activity is associated with the regulation of 
the pro-apoptotic protein Bcl-2 [21]. Bcl-2 is a 
critical determinant of, and is essential for, the 
induction of apoptosis [22]. To determine whe- 

ther mogrol-induced apoptosis in K562 cells 
was associated Bcl, we evaluated the effect of 
mogrol on Bcl-2 expression. As illustrated in 
Figure 6B, Bcl-2 levels dose-dependently dec- 
reased in mogrol-treated K562 cells. Combined, 
these results indicate mogrol may inhibit leuke-
mia cell growth via the modulation of ERK1/2 
and Bcl-2.

Effects of mogrol on p-STAT3 and p21 expres-
sion

STAT3 is constitutively activated in many human 
cancers via tyrosine phosphorylation [23]. To 
determine whether mogrol suppresses STAT3 
phosphorylation, dose-escalation studies were 
conducted in K562 cells. As illustrated in Figure 
7A, mogrol dose-dependently reduced p-STAT3 
levels in K562 cells, with little or no change in 
total STAT3 levels. These data suggest that 
mogrol-mediated inhibition of K562 cell growth 
may involve STAT3 signaling suppression. 

Figure 6. Effects of mogrol on p-ERK1/2 and Bcl-2 expression. K562 cells were treated with mogrol for 24 h. Cell 
lysates were then subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by 
western blotting with anti-ERK1/2 (total and phosphorylated) and anti-Bcl-2 antibodies. Proteins were quantified 
by densitometric analysis of the western blotting results. The expression of β-actin served as a loading control. A. 
Effects of mogrol on p-ERK expression; B. Effects of mogrol on Bcl-2 expression. Data are presented as the mean ± 
S.D. Results were statistically analyzed by the Student’s t-test (*P<0.05, **P<0.01, and ***P<0.001 were versus 
control values).
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Mogrol dose-dependently induced growth ar- 
rest in G0/G1 phase of the cell cycle (Figure 5), 
as determined by flow cytometry. p21 is a 
downstream gene of STAT3 that regulates cell 
cycle progression through G0/G1 phase [24]. 
To determine whether mogrol-induced cell cycle 
arrest was associated with p21 expression, we 
evaluated p21 protein expression by western 
blot. 

As shown in Figure 7B, mogrol significantly and 
dose-dependently enhanced p21 protein ex- 
pression in K562 cells. The maximum effect, a 
3.5-fold increase versus control cells, was 
observed after 24 h exposure to 250 µmol/L 
mogrol. Combined, our western blot data sug-
gests that mogrol regulates p-STAT3 and p21 
expression in K562 cells.

Discussion

Mogrosides were approved by the Food and 
Drug Administration (FDA) as a food additive. In 
vivo, mogrosides are metabolized to mogrol 

(Figure 8). Previous work has shown that mo- 
grosides can be digested without adverse 
effects, suggesting that mogrol may be safe for 
use [12]. Furthermore, mogrol may play a role 
in the pharmacological effects of mogrosides. 
However, the anticancer properties of this com-
pound in leukemia cells remain unclear. In this 
study, we used K562 leukemia cells to evaluate 
the anticancer properties and molecular mech-
anisms of mogrol. We found that mogrol exerts 
a strong anticancer effect on K562 cells via the 
induction of apoptosis and cell cycle arrest.

Treatment with mogrol for 24 and 48 h mark-
edly inhibited leukemia cell growth in a concen-
tration- and time-dependent manner. Flow cy- 
tometry analysis revealed that mogrol induced 
apoptosis, which may mediate its growth inhibi-
tory effects in K562 cells. However, the under-
lying molecular mechanism remained unclear. 

Ras/Raf/ERK pathway activation is typically 
associated with cell proliferation [25-27], and 

Figure 7. Effects of mogrol on p-STAT3 and p21 expression. K562 cells were treated with mogrol for 24 h. Cell ly-
sates were then subjected to SDS-PAGE, followed by western blotting with anti-STAT3 (total and phosphorylated) or 
anti-p21 antibodies. Proteins were quantified by densitometry analysis. A. Effects of mogrol on pSTAT3 expression; 
B. Effects of mogrol on p21 expression. β-actin served as the loading control. Data are presented as the mean ± 
S.D. Results were statistically analyzed using the Student’s t-test (*P<0.05, **P<0.01, and ***P< 0.001 versus 
control values).
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ERK1/2 activation can provide tumor cells with 
a survival advantage [28]. Furthermore, aber-
rant activation of the ERK pathway is frequently 
observed in leukemia patients [8, 29]. Th- 
erefore, ERK inhibitors may be promising anti-
cancer therapeutics [28]. Based on these data, 
we next evaluated whether mogrol inhibits cell 
growth via regulation of the ERK pathway in 
K562 cells. p-ERK levels were measured evalu-
ated by western blot analysis, revealing that 
mogrol significantly suppressed ERK phosphor-
ylation (Figure 6). As ERK plays a critical role in 
cellular proliferation [30], inactivation of the 
ERK pathway by mogrol may contribute to its 
anti-proliferative effects.

ERK activity is associated with the upregulation 
of pro-apoptotic proteins, such as Bcl-2 [31]. 
Previous work has suggested that reductions in 
intracellular Bcl-2 levels can induce apoptosis 

in several myeloid leukemias [32, 33]. Upon 
activation, ERK is translocated to the nucleus, 
where it mediates Bcl-2 transcription, thereby 
increasing anti-apoptotic protein levels [33]. 
Bcl-2 is considered a critical determinant of cell 
survival versus apoptosis. Our data indicated 
that Bcl-2 expression was dose-dependently 
decreased in mogrol-treated K562 cells. Since 
Bcl-2 is an oncogenic protein that inhibits pro-
grammed cell death [32, 33], decreased Bcl-2 
expression may mediate mogrol-induced apop-
tosis. Our data suggests that mogrol inhibits 
p-ERK expression, thereby downregulating 
Bcl-2 expression to promote cancer cell ap- 
optosis.

STAT3 plays a key role in cell-cycle transition 
[34, 35], and numerous studies have demon-
strated constitutive STAT3 activation in human 
cancers [36, 37]. Furthermore, STAT3 is consti-

Figure 8. The interconversion of mogrol and mogrosides. Mogrol can be converted to mogrosides by glycosyltransfer-
ases in Siraitia grosvenorii, while mogrosides can be reconverted into mogrol by digestive enzymes in vivo.
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tutively active in K562 cells [38]. These studies 
suggest that STAT3 may represent a novel 
molecular target for cancer therapeutics [39]. 
Inhibition of Tyr705 phosphorylation on STAT3 
could suppress aberrant STAT3 signaling [40-
42]. Our western blot data revealed that mogrol 
dose-dependently reduced p-STAT3s level in 
K562 cells, suggesting that mogrol inhibits 
K562 growth via its anti-STAT3 activity.

The STAT3 pathway can also influence cycle 
progression by altering the expression of down-
stream cycle proteins, such as p21 [43]. Down-
regulation of p-STAT3 expression leads to p21 
upregulation, which can thereby inhibit cell 
cycle progression through the G1/S phase [44]. 
Interestingly, p21 was upregulated in K562 
cells when exposed to mogrol. Overexpression 
of p21 induces cell cycle arrest, consistent with 
our finding that the cell DNA was characteristic 
of G1 arrest following mogrol treatment (Figure 
5). 

Activated STAT specifically upregulates p21 
messenger RNA [45]. After treatment with mog-
rol, a negative correlation was observed be- 
tween p-STAT3 and p21 expression (Figure 7). 
Decreases in pSTAT3 were associated with 
increased p21 expression, consistent with a 
role for p-STAT3 in upregulation. These findings 
demonstrated mogrol-induced inhibition of ST- 
AT3 signaling in human leukemia cells. Further, 
mogrol-induced inhibition of STAT3 signally may 
induce G0/G1-phase arrest via p21 upregula-
tion [46, 47].

Both ERK and STAT3 phosphorylation were 
reduced by mogrol in K562 cells. Our data sug-
gest that the ERK and STAT3 pathway are coor-
dinately involved in mogrol-mediated inhibition 
of K562 cells.

In conclusion, we showed that mogrol sup-
presses both the ERK and STAT3 signaling 
pathway in K562 cells. This is the first study to 
demonstrate a dual effect of mogrol on ERK 
and STAT3. Targeting both of these signaling 
pathways is an important strategy for antican-
cer therapeutic intervention. This work reveals 
the molecular mechanism of the anticancer 
activity of mogrol, and suggests that mogrol 
may be a promising anti-leukemia agent. 
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Figure S1. 1H NMR spctra of mogrol.
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Figure S2. 13C NMR spctra of mogrol.




