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Abstract: Malignant peripheral nerve sheath tumors (MPNSTs) are highly aggressive soft tissue 

neoplasms that are extremely rare and are frequently associated with neurofibromatosis type 1 

patients. MPNSTs are typically fatal, and there is no effective treatment so far. In our previous 

study, we showed that flaccidoside II, one of the triterpenoid saponins isolated from Anemone 

flaccida Fr. Schmidt, has antitumor potential by inducing apoptosis. In the present study, we 

found that flaccidoside II inhibits proliferation and facilitates apoptosis in MPNST cell lines 

ST88-14 and S462. Furthermore, this study provides a mechanism by which the downregulation 

of heme oxygenase-1 via extracellular signal-regulated kinase-1/2 and p38 mitogen-activated 

protein kinase pathways is involved in the apoptotic role of flaccidoside II. This study suggested 

the potential of flaccidoside II as a novel pharmacotherapeutic approach for MPNSTs.
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Introduction
Neurofibromatosis (NF) is one of the most common human single-gene disorders, 

which clinically and genetically predisposes individuals to develop various benign 

and malignant tumors in the central and peripheral nervous systems, particularly 

in the brain.1,2 NF is an autosomal dominant disorder, which results from mutations 

in either of the two tumor suppressor genes NF1 (neurofibromin) and NF2 (merlin). 

NF1 affects one in 3,500 individuals around the world, regardless of ethnicity and 

sex,3 and the most common occurrences are benign neurofibromas in NF1 patients, 

which include two subgroups: plexiform and dermal.4,5 Plexiform neurofibromas can 

progress to malignant sarcomas known as malignant peripheral nerve sheath tumors 

(MPNSTs), which are highly aggressive, resistant to conventional chemotherapy or 

surgical resection, and typically fatal, and are therefore a leading cause of mortality 

in NF1 patients.6,7 The absence of effective treatment for MPNSTs and NF1 unfolds 

the significance of understanding NF1 tumor development and seeking for effective 

therapeutic tools. Since the progress of MPNST is associated with additional genetic 

changes in oncogenes8 or loss of tumor suppressors,9 genetic modeling alongside NF1 

has been considered to prevent MPNST development;10 although eventual resistance 

or tumor burden hinders its efficacy,11 new strategies for inhibition of both prolifera-

tion and survival are in need.
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The genus Anemone is widely distributed around the 

world, and ~1/3 species of Anemone are found in the People’s 

Republic of China, which have been shown as valuable 

sources of diverse saponin compounds with useful biological 

properties.12–14 Anemone flaccida is widely used as Chinese 

folk medicine, and triterpenoid saponins, the main effective 

and characteristic ingredients of this genus, possess exten-

sive biological activities, such as antitumor, antioxidative, 

and antibacterial properties. Several triterpenoid saponins 

were isolated, and their bioactivities have been reported.15–17 

In our previous work, we have isolated five triterpenoid 

saponins from A. flaccida Fr. Schmidt: glycoside St-I4a (1), 

glycoside St-J (2), anhuienoside E (3), hederasaponin B (4), 

and flaccidoside II (5), which have shown antitumor effects 

by inducing apoptosis via cyclooxygenase-2/prostaglandin 

E2 (COX-2/PGE2) pathway.17,18 Accumulated evidence 

suggests that saponins have potential therapeutic effects on 

central nervous system disorders, such as stroke, Alzheimer’s 

disease, and Parkinson’s disease, while phytotherapy did 

not receive widespread attention. Here, we investigated the 

effect of triterpenoid saponin from A. flaccida on NF-related 

MPNSTs, and we found that flaccidoside II inhibited prolif-

eration and facilitated apoptosis significantly in MPNST cell 

lines ST88-14 and S462.

The progress toward understanding the cellular and 

molecular alterations that are mediated by flaccidoside II 

may help in developing effective preventative and therapeu-

tic strategies. The mammalian family of mitogen-activated 

protein kinases (MAPKs), including extracellular signal-

regulated kinase (ERK), p38 MAPK, and c-Jun N-terminal 

kinase (JNK), are evolutionarily conserved kinase modules 

that link extracellular signals to the machinery that controls 

fundamental cellular processes, including growth, prolifera-

tion, differentiation, and apoptosis,19 which play key roles 

in several steps of tumorigenesis, including cancer cell pro-

liferation, migration, and invasion.20 Here, we assessed the 

effects of flaccidoside II on MAPK signaling pathways in 

our system and found that certain underlying pathways are 

involved in the antiapoptotic role of flaccidoside II.

We also investigated the role of flaccidoside II on heme 

oxygenase (HO)-1 and its antiapoptotic effect on MPNSTs. 

HO-1 is the inducible isoform of the first and rate-limiting 

enzyme of heme degradation.21 It has been reported that HO-1 

not only protects against oxidative stress22 and apoptosis23 but 

also has potent anti-inflammatory functions.24,25 Furthermore, 

HO-1 also exerts facilitating effects on angiogenesis26 and 

on the proliferation of sarcoma and hepatoma cells in vivo.27 

These findings suggest that the cytoprotective effect of HO-1 

can modify the endogenous balance between apoptosis and 

proliferation toward an antiapoptotic and proproliferative 

status, which are relevant to oncogenesis, maintenance, and 

resistance to chemotherapy. In contrast, pharmacological 

agents that downregulate HO activity or HO-1 expression 

may become powerful tools for preventing the onset or 

progression of cancers and sensitize them to anticancer 

therapies. Coincidentally, we found in our experiments that 

flaccidoside II reduced the expression level and the activity 

of HO-1 in MPNST cell lines. Interestingly, our work also 

suggested that the roles of flaccidoside II on MAPK pathway 

might consequently affect the downstream HO-1, which 

ultimately triggers apoptosis in MPNST cell lines.

Collectively, the protective role of flaccidoside II on 

MPNSTs is revealed in this study. To our knowledge, this 

is the first study to report that flaccidoside II has antitumor 

capacity in the nervous system, which might represent a new 

insight for MPNST patient therapy and also reveal that the 

MAPK-HO-1 pathway is involved in the underlying mecha-

nisms. This study might provide us clues for the development 

of new therapeutic drugs for NF1-associated MPNSTs.

Materials and methods
cells and reagents
The NF1-deficient human MPNST cell lines ST88-14 and 

S462 were cultured in Dulbecco’s Modified Eagle’s Medium 

(10% fetal bovine serum, 1% penicillin–streptomycin, 1% 

l-glutamine, and 1% sodium pyruvate) and incubated at 37°C 

in a humidified atmosphere containing 10% carbon dioxide. 

No ethical committee approval was required for this set of 

experiments because the experiments were performed on com-

mercially available cell lines. Dulbecco’s Modified Eagle’s 

Medium, fetal bovine serum, and tissue culture reagents 

were obtained from Thermo Fisher Scientific, Waltham, 

MA, USA. The following antibodies were used: anti-HO-1 

(Epitomics, Burlingame, CA, USA), antiphospho-p38 (Cell 

Signaling Technology, Beverly, MA, USA), antiphospho-

ERK-1/2 (Cell Signaling Technology), antiphospho-JNK 

(Santa Cruz Biotechnology Inc., Dallas, TX, USA), anti-p38 

(Cell Signaling Technology), anti-ERK-1/2 (Cell Signaling 

Technology), anti-JNK (Santa Cruz Biotechnology Inc.), 

and anti-GAPDH (Abcam, Cambridge, MA, USA). All other 

chemicals and reagents were of analytical grade.

Cell proliferation
MPNST cell lines ST88-14 and S462 were plated onto 

96-well plates at a concentration of 10,000 cells/well 

in serum-containing growth medium.28 Viability of 

MPNST cell lines treated with triterpenoid saponin was 

assessed using CellTiter 96® Aqueous Non-Radioactive 
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Cell Proliferation Assay (Promega Corporation, Fitchburg, 

WI, USA). After 24-hour incubation, cells were treated 

with carrier alone (0.1% dimethyl sulfoxide [DMSO]), or 

flaccidoside II at the following gradient concentrations: 

40.0 μmol L−1, 20.0 μmol L−1, 10.0 μmol L−1, 5.0 μmol L−1, 

and 2.50 μmol L−1. After incubation for 24 hours or 48 hours, 

the medium was carefully removed, replaced with fresh 

medium, 20 μL of [3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2H-tetrazolium, 

inner salt] (MTS) was added to each well, and incubated at 

37°C for 2 hours. The amount of proliferation was quantified 

by MTS assay using Cell titer 96 proliferation kit (Promega 

Corporation), and absorbance at 490 nm was read in a Spec-

tramax M2 plate reader (Molecular Devices LLC, Sunnyvale, 

CA, USA) at the designated time points.29 The percentage 

of viable cells at each condition was calculated by dividing 

the absorbance (A490) of treated cells by that of control 

cells. The half maximal inhibitory concentration (IC
50

) was 

determined from the graph of cell viability (%) vs concentra-

tions. Each experiment was performed in quadruplicate and 

repeated three times independently.

apoptosis assay
The ST88-14 and S462 cells were plated in serum-containing 

growth medium in 60 mm culture dishes at a seeding density 

of 5×105 cells/dish. Cells were treated with carrier alone 

(0.1% DMSO) or flaccidoside II at the following gradient 

concentrations: 40.0 μmol L−1, 20.0 μmol L−1, 10.0 μmol L−1, 

5.0 μmol L−1, and 2.50 μmol L−1 for 24 hours or 48 hours. 

After incubation for designated times, apoptosis was assayed 

by using an Annexin V-PI staining kit by following the 

manufacturer’s procedure (KeyGen Biotechnology Co. Ltd., 

Nanjing, People’s Republic of China) as described earlier.17,30 

The apoptotic rate was then detected by flow cytometry with 

the standardized program of the instrument (FACSCalibur; 

BD Biosciences, San Jose, CA, USA). Experiments were 

performed in four duplicates for each condition in each 

experiment, and a minimum of 500 cells was counted in each 

case. Assays were repeated three times independently.

Protein isolation and Western blotting
Protein extracts were prepared as previously described from 

MPNST cell lines ST88-14 and S462 growing in log phase 

in serum-containing growth medium. Cells were treated with 

40.0 μmol L−1 flaccidoside II for 48 hours. Nuclear and cyto-

solic fractions of proteins were obtained by a commercially 

available nuclear extraction kit (Panomics, Inc., Fremont, CA, 

USA).31 Then, cells were rinsed twice in ice-cold phosphate-

buffered saline (pH 7.5), and cell lysates were prepared for 

Western blotting analysis by using whole cellular protein 

extraction kits (Santa Cruz Biotechnology Inc.). Protein con-

centration was determined using BCA kit (Pierce, Rockford, 

IL, USA). The cell lysate with certain amount of protein 

(20–50 μg) was first separated by 10% sodium dodecyl sulfate 

polyacrylamide gel electrophoresis gels and then electrically 

transferred to polyvinylidene difluoride membrane (EMD Mil-

lipore, Billerica, MA, USA). Detected proteins were incubated 

with specific antibodies overnight, immunoreactive bands 

were then visualized by an enhanced chemiluminescence plus 

detection kit (GE Biosciences, GE Healthcare Bio-Sciences, 

PA, USA) and exposed to CL-XPosure film. Protein bands 

were quantitatively analyzed by Kodak Digital Science 1D 

software (Eastman Kodak Company, New Haven, CT, USA) 

and were expressed as sum optical density.32

hO enzyme activity assay
HO enzyme activity was determined as described previously.33 

The reaction was carried out in the dark for 1 hour at 37°C 

then stopped by placing the tubes on dry ice, and bilirubin 

was extracted with chloroform. The amount of extracted bili-

rubin was estimated by the difference in absorbance between 

463 nm and 520 nm by using a scanning spectrophotometer. 

The HO activity was calculated as pmol mg−1 h−1 and pre-

sented as fold change.

statistical analysis
Statistical analysis among the various treatment groups in 

cell proliferation and apoptosis studies was performed by 

Prism (GraphPad Software, Inc., La Jolla, CA, USA). The 

one-way or two-way ANOVA procedure followed by least 

significant difference post hoc tests and Student’s t-test 

was used to determine the statistical significance of differ-

ences of the means. P,0.05 was considered statistically 

significant. The data were expressed as mean ± standard 

deviation (SD).

Results
Flaccidoside II inhibits proliferation and 
facilitates apoptosis in MPNST cell lines
First, we investigated the effect of triterpenoid saponin from 

the A. flaccida on NF by performing flaccidoside II in NF1-

related human MPNST cell lines ST88-14 and S462. The 

reason why we applied flaccidoside II here as a representative 

triterpenoid from compounds 1–5 is based on its “compre-

hensive” antitumor effect. We have assessed the antitumor 

effects of different triterpenoid saponins on several cancer 

cell models, including human BEL-7402 and HepG2 hepa-

toma cell lines, as well as the model of HeLa cells treated 
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with lipopolysaccharide. According to our previous data, 

flaccidoside II has stronger antitumor effects comparing to 

other triterpenoid saponins in all the cell models we have mea-

sured.17 We measured the effect of flaccidoside II on MPNST 

cell proliferation by MTS assay. ST88-14 and S462 cells 

were treated with flaccidoside II at the following five gradient 

concentrations: 40.0 μmol L−1, 20.0 μmol L−1, 10.0 μmol L−1, 

5.0 μmol L−1, and 2.50 μmol L−1 for 24 hours or 48 hours. As 

shown in Figure 1A and B, treatment of flaccidoside II at vary-

ing doses on ST88-14 and S462 cells showed that cytotoxicity 

induced by flaccidoside II was dose and time dependent with 

90%–95% inhibition achieved at maximum concentration of 

40.0 μmol L−1 after 48 hours of treatment.

We then characterized apoptosis of ST88-14 and S462 

cells when treated with flaccidoside II that was demon-

strated by Annexin V-FITC/PI flow cytometry assay. The 

results from ST88-14 and S462 cells are illustrated in 

Figure 2A and B, respectively. Consistent with the cell 

growth inhibition effect of flaccidoside II, the percentage 

of both early (18.7%) and late apoptotic cells (32.8%) for 

flaccidoside II treatment in ST88-14 and S462 cells sig-

nificantly increased compared to controls. The apoptosis of 

ST88-14 and S462 cells induced by flaccidoside II was also 

confirmed by Western blotting measurements on the expres-

sion of cleaved PARP and cleaved caspase 3 at the gradient 

performance of flaccidoside II for 24 hours and 48 hours 

(Figure 2C–F). These data suggested that flaccidoside II 

inhibits proliferation in MPNST ST88-14 and S462 cells via 

inducing apoptosis.

Flaccidoside II-mediated signal activates 
p38 MAPK and inhibits ERK-1/2 via 
phosphorylation
To gain insight into the mechanism of action for flaccidoside II 

in MPNST tumorigenesis, we evaluated the MAPK signaling 

pathways. We and others have shown that triterpenoid saponins 

inhibit the COX-2/PGE2 pathway in cancer cells, which con-

tribute their apoptotic effects, and the upstream MAPK-related 

inflammatory pathways play important roles for prevention and 

treatment of cancer by triterpenoids.34–36 Here, we wished to 

check whether flaccidoside II can modulate the activation of 

ERK-1/2, JNK, and p38 MAPK. The ST88-14 and S462 cells 

were treated with either 40.0 μmol L−1 flaccidoside II or DMSO 

for 48 hours. Following treatment, the phosphorylation statuses 

and total levels of p38, JNK, and ERK-1/2 were measured by 

Western blot. As shown in Figure 3A–C, the application of 

flaccidoside II increased the phosphorylation of p38 MAPK 

and reduced ERK-1/2 phosphorylation, while there were no 

significant changes in the phosphorylation of JNK, as well as 

the total levels of p38, JNK, and ERK-1/2 (Figure 3A–D). In 

addition, we found that the COX-2 protein expression level 

was markedly downregulated by flaccidoside II treatment, as 

shown in Figure 3A and E.

Flaccidoside II-mediated signaling 
downregulates the expression and 
activation of antiapoptotic HO-1
As shown in our previous work, flaccidoside II inhibits the 

COX-2/PGE2 pathway, which has key roles in the hallmarks 

Figure 1 Flaccidoside II inhibits proliferation in MPNST cell lines.
Notes: NF1-related human MPNST cell lines ST88-14 (A) and S462 (B) were treated with flaccidoside II at five gradient concentrations: 40.0 μmol l−1, 20.0 μmol l−1, 
10.0 μmol l−1, 5.0 μmol l−1, and 2.50 μmol l−1 for 24 hours or 48 hours, respectively, and the dose-dependent antiproliferative effects were measured by MTT assay. *P,0.05, 
**P,0.01 vs control (mean ± SD). Each experiment was repeated at least three times, except specifically stated.
Abbreviations: MPNST, malignant peripheral nerve sheath tumor; NF1, neurofibromatosis type 1; SD, standard deviation.
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of cancer and adaptation to the tumor microenvironment. 

HO-1 has been reported to play a central role in protect-

ing cells against oxidative stress and apoptosis as a prime 

cellular defense mechanism.24 Serendipitously, we found 

in our experiment that HO-1 protein levels were markedly 

decreased in ST88-14 and S462 cells after treatment with 

flaccidoside II as shown in Figure 4A, and HO-1 has also 

shown to be inactivated by flaccidoside II (Figure 4B). In 

contrast, we also evaluated how the growth inhibitory func-

tions of flaccidoside II can be affected if we overexpress 

Figure 2 Flaccidoside II facilitates apoptosis in MPNST cell lines.
Notes: NF1-related human MPNST cell lines ST88-14 (A) and S462 (B) were treated with flaccidoside II at five gradient concentrations: 40.0 μmol l−1, 20.0 μmol l−1, 
10.0 μmol l−1, 5.0 μmol l−1, and 2.50 μmol l−1 for 24 hours or 48 hours, respectively, and the early and late apoptotic rates were determined by Annexin V-PI, staining and 
flow cytometry for quantification. *P,0.05, **P,0.01, and ***P,0.001 vs control (mean ± SD). (C) The ST88-14 cell lines were treated with five gradient concentrations 
of flaccidoside II for 24 hours or 48 hours, then the C-caspase 3, total PARP, and cleaved PARP level were determined by Western blotting, GAPDH was used as loading 
control. (D) Quantitative analysis of the blots in (C). (E) The S462 cell lines were treated with five gradient concentrations of flaccidoside II for 24 hours or 48 hours, then 
the C-caspase 3, total PARP, and cleaved PARP level were determined by Western blotting. (F) Quantitative analysis of the blots in (E). Data represented as mean ± SD of 
four independent experiments. *P,0.05, **P,0.01, and ***P,0.001 vs control.
Abbreviations: MPNST, malignant peripheral nerve sheath tumor; NF1, neurofibromatosis type 1; Cont, control; SD, standard deviation.
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Figure 3 Flaccidoside II activates p38 MAPK and inhibits ERK-1/2 via phosphorylation, but not JNK pathway.
Notes: The ST88-14 and S462 cells were treated with either 40.0 μmol l−1 flaccidoside II or DMSO for 48 hours, and the protein expression levels of phosphorylation and 
total p38 MAPK, ERK-1/2, and JNK as well as the protein expression level of COX-2 were measured by Western blotting, and β-actin was used as loading control (A). (B–E) 
Quantitative analyses of the blots in (A). Data represent the mean ± SD of four independent experiments. *P,0.05, **P,0.01, and ***P,0.001 vs control.
Abbreviations: MAPK, mitogen-activated protein kinase; ERK-1/2, extracellular signal-regulated kinase 1/2; JNK, c-Jun N-terminal kinase; DMSO, dimethyl sulfoxide; 
COX-2, cyclooxygenase-2; CON, control; fII, flaccidoside II; p-JNK, phosphor-JNK; SD, standard deviation.
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HO-1 in MPNST cells. We treated MPNST cells ST88-14 

and S462 with flaccidoside II in the absence or presence of 

HO-1 overexpressed plasmid transfection and then compared 

the apoptotic rate of the transfected cells with nontrans-

fected cells after 48 hours. The overexpression of HO-1 was 

confirmed by Western blotting (Figure 4C), and then the 

apoptosis of the cells was measured by flow cytometry and 

Western blotting of apoptosis marker PARP and caspase 3. 

As shown in Figure 4C–E, flaccidoside II increased apoptosis 

of ST88-14 and S462 cells; while flaccidoside II could not 

induce apoptosis with HO-1 overexpression up to the similar 

level as observed in nontransfected cells.

HO-1 downregulation induced by 
flaccidoside II is mediated by ERK-1/2 
and p38 MaPK pathways
Several signaling pathways are reported to be involved in 

the regulation of HO-1,37 including PKC,38 PI3K/AKT,39 and 

Figure 4 Flaccidoside II downregulates the expression and activation of antiapoptotic HO-1, which is involved in the apoptotic facilitation of flaccidoside II.
Notes: (A) The ST88-14 and S462 cells were treated with either 40.0 μmol l−1 flaccidoside II or DMSO for 48 hours, and the protein expression level of HO-1 was 
measured by Western blotting, which was normalized to GAPDH. (B) The HO activity was measured in ST88-14 and S462 cells at 48 hours after treatment of these cells 
with 40.0 μmol l−1 flaccidoside II or DMSO. (C) The ST88-14 and S462 cells were treated with 40.0 μmol l−1 flaccidoside II with the transfection of either vector plasmid 
as a negative control or full-length HO-1 plasmid. The expression of HO-1, C-caspase 3, total PARP, and cleaved PARP were determined by Western blotting, and GAPDH 
was used as loading control (C). (D) Quantitative analysis of the apoptosis markers cleaved caspase 3 and cleaved PARP in (C). (E) The apoptotic rates of ST88-14 and S462 
cells were determined by Annexin V-PI staining and flow cytometry for quantification. Each bar represents the mean ± SD of four independent experiments. ***P,0.001 vs 
control, ##P,0.01, ###P,0.001 vs fII + vector.
Abbreviations: HO-1, heme oxygenase 1; DMSO, dimethyl sulfoxide; CON, control; fII, flaccidoside II; SD, standard deviation.
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MAPK40 pathways. Here, we investigated whether the 

upstream MAPK signaling pathway is involved in flaccidoside 

II-mediated HO-1 regulation, we next tested the effects of 

ERK-1/2 inhibitors PD98059 and p38 inhibitor SB203580 on 

HO-1 and MPNST apoptosis in the presence of flaccidoside II. 

Interestingly, we have found that the inhibitors alone did not 

change the apoptosis on basal level, while the application of 

ERK-1/2 inhibitors PD98059 further facilitated the apoptotic 

rate of ST88-14 and S462 cells with treatment of flaccidoside 

II; and it was reduced by p38 inhibitor SB203580 verified 

by Western blotting of apoptosis marker cleaved PARP and 

cleaved caspase 3 (Figure 5A–C). Meanwhile, PD98059 

decreased the expression/activity of HO-1, while SB203580 

increased them contrarily, although the effects were not 

significant when flaccidoside II was absent (Figure 5A,  

B, and D). These data suggested that ERK-1/2 and p38 

MAPK pathways are involved in the downregulation of HO-1 

mediated by flaccidoside II.

Discussion
The MPNSTs are aggressive, chemoresistant soft-tissue 

tumors with poor 5-year survival that arise in patients with 

NF1 or sporadically. By using NF1-related human MPNST 

cell lines, we sought to discover new compounds isolated 

from natural plants, which have potential therapeutic effects 

on MPNST by comparing the chemical structures with the 

data from an unbiased high-throughput chemical library 

screening approach (data not shown here). In this way, we 

found the promising compounds such as flaccidoside II, one 

of the triterpenoid saponins from A. flaccida Fr. Schmidt. 

Here, we performed cell proliferation assay and flow cyto-

metry to confirm that flaccidoside II inhibits proliferation 

and facilitates apoptosis in NF1-associated MPNSTs cell 

lines ST88-14 and S462. Importantly, this is the first study 

to report that a compound from natural plants has antitumor 

capacity, which might represent a new insight for MPNST 

patient therapy.

Figure 5 HO-1 downregulation induced by flaccidoside II is mediated by ERK-1/2 and p38 MAPK pathways.
Notes: (A–C) The ST88-14 and S462 cells were treated with 40.0 μmol l−1 flaccidoside II with performance of ERK-1/2 inhibitors PD98059 or p38 inhibitor SB203580, 
and the protein expression level of HO-1, C-caspase 3, total PARP, and cleaved PARP were measured by Western blotting, and β-actin was used as loading control (A). 
(B) Quantitative analysis of the blots in (A). (C) The apoptotic rates of cells were determined by Annexin V-PI staining and flow cytometry for quantification. (D) hO 
activity was measured in ST88-14 and S462 cells at 48 hours treatment of 40.0 μmol l−1 flaccidoside II with/without the performance of ERK-1/2 inhibitors PD98059 or p38 
inhibitor SB203580, respectively. Each bar represents the mean ± SD of at least four independent experiments. *P,0.05, **P,0.01, and ***P,0.001 vs control; #P,0.05 and 
##P,0.01 vs fII treatment.
Abbreviations: HO-1, heme oxygenase 1; ERK-1/2, extracellular signal-regulated kinase 1/2; MAPK, mitogen-activated protein kinase; fII, flaccidoside II; SD, standard deviation.
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Flaccidoside II triggers apoptosis via MAPK-HO-1 pathway

The use of medicinal plants or their active components 

is becoming an increasingly attractive approach for the 

treatment of various inflammatory disorders and cancer. 

Flaccidoside II, as a bidesmosidic triterpene saponin iso-

lated from Chinese folk medicine, has been synthesized 

and reported in previous research.13,41 However, very little is 

known about the function of flaccidoside II and its therapeutic 

potentials for human diseases. Resistance against apoptosis 

plays a central role in the cancer-supportive environment 

and provides significant rejection to the cytotoxicity of 

chemotherapy.42 Our previous work has revealed the anti-

apoptotic role of flaccidoside II in cancer cell lines. In the 

present work, we investigated its effect on NF1-associated 

MPNSTs in the central and peripheral nervous systems. 

Combining our previous work18 with the data from high-

throughput chemical library screening, it is not surprising to 

observe the roles on proliferation inhibition and apoptosis 

facilitation of flaccidoside II in MPNST cell lines, which 

could be due to its structure in which an l-rhamnopyranose 

links to other sugars at the end of glycosidic chain in C-3 

position.17

Furthermore, we define the mechanism by which 

flaccidoside II can mediate novel growth inhibitory signals 

in MPNST cells. Since we have reported in our previous 

work that the expression of COX-2 is inhibited by perform-

ing triterpenoid saponins, including flaccidoside II,17 and 

MAPK signaling pathways are known to be involved in the 

regulation of COX-2 expression,43,44 we sought to investigate 

whether MAPK signaling pathways participate in the under-

lying mechanisms of antiapoptotic role of flaccidoside II. 

We measured the activation and expression status of major 

MAPK family members, including ERK, p38, and JNK. 

Our data suggested that flaccidoside II activates p38 MAPK 

and inhibits ERK-1/2 via phosphorylation, while it has no 

significant effect on the phosphorylation of JNK and the 

total expression levels of ERK, p38, and JNK. Since MAP 

kinase signaling pathways represent a potential target for 

therapeutic intervention for cancers,45 here we revealed that 

flaccidoside II facilitates apoptosis in MPNSTs via regulat-

ing the activation of p38 MAPK and ERK-1/2, but not JNK 

pathway, which gave us a hint that flaccidoside II could 

be considered as a novel pharmacotherapeutic approach to 

MPNSTs based on its regulation of MAPK pathways.

HO-1 is one of the cytoprotective enzymes in response 

to various stimuli, including cellular oxidative stress and 

inflammation. HO-1 is highly induced in various disease 

states, including neurodegenerative diseases and cancer. 

Several lines of evidences have suggested the protective role 

of HO-1 in oxidative stress-induced neuronal injury46 and the 

expression of HO-1 may be regulated by oxidative stresses in 

a coordinated manner with tau, which plays a pivotal role in 

the cytoprotection of neuronal cells.47 However, in contrast, 

accumulating reports have supported that HO-1 participates 

in carcinogenesis and tumor progression by promoting 

proliferation and survival, inducing angiogenesis through 

regulating expression of angiogenic factors, and modulat-

ing tumor microenvironment as well.48 The protumorigenic 

role of HO-1 renders its potential as a molecular target for 

cancer therapy, while very little is known about the role of 

HO-1 on tumors in nervous system such as NF1-associated 

MPNSTs. In this study, we have shown that flaccidoside II 

downregulates the expression and the activation of HO-1, 

which is involved in the mechanisms of apoptotic facilitation 

of flaccidoside II. Furthermore, several reports demonstrated 

that p38-MAPK,49 ERK,49,50 PI3K,51 and PKC-δ52 are involved 

in HO-1 expression/activity. Signaling mechanisms involved 

in HO-1 induction may depend on cell types and inducers. 

Consistent with previous reports that MAPK pathways are 

important in modulating the HO-1 expression,49,53 we found 

in our experiments that ERK-1/2 and p38 MAPK pathways 

are upstream of HO-1 and involved in the downregulation 

of HO-1 mediated by flaccidoside II. Interestingly and 

importantly, we noticed in our experiments that the inhibi-

tors alone did not change the HO-1 expression/activity on 

basal level, while the decrease in HO-1 expression/activity 

induced by flaccidoside II is regulated by ERK-1/2 and p38 

MAPK inhibitors. These data strongly suggested the thera-

peutic potentials of ERK-1/2 and p38 MAPK pathways in 

HO-1 downregulation induced by flaccidoside II due to the 

specific effects at pathological state. There is no doubt that 

the in vivo verification of the phytotherapeutic potential of 

flaccidoside II on NF1-associated MPNSTs via the MAPK-

HO-1 pathway such as in MPNST mouse model would be 

necessary in further research, although the MPNST cell lines 

ST88-14 and S462 are reliable for exploring the molecular 

mechanisms of the apoptotic effect of flaccidoside II.

Taken together, this study supports the view that flac-

cidoside II inhibits proliferation and facilitates apoptosis in 

NF1-associated MPNST cell lines, which renders its poten-

tial as a novel pharmacotherapeutic approach for MPNSTs. 

Furthermore, downregulation of HO-1 is required for the 

apoptotic role of flaccidoside II in MPNST cell lines ST88-14 

and S462, and ERK-1/2 and p38 MAPK pathways are the 

upstream modulators for the process.
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