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Dammarenediol suppresses the growth, migration and invasion
of human osteosarcoma cells by modulating PI3K/Akt and

STAT-3 signaling pathways
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Summary

Purpose: The present work was aimed at exploring the an-
ticancer potential of dammarenediol against human osteo-
sarcoma cells together with exploration of its mechanism
of action.

Methods: The osteosarcoma cell line HOS was used in this
study. The proliferation rates of cancer cells were determined
through CCK-8 kit. The colony forming assay was carried out
to analyze the viability of osteosarcoma cells. The mi
tion and invasion of osteosarcoma cells was examined
the transwell chamber method. Western blotting us
to elucidate the protein expression levels.

Results: The osteosarcoma cell growth i te

Introduction

In the past few ye r of studies have
focused on the elucidatio anticancer properties
of various chemical compotinds [1]. These studies
have not only enhanced our understanding towards
the human cancer but also have led to identification
of a series of chemical compounds with anticancer
properties [2]. Also, the studies have highlighted
in depth the crucial targets of these chemical
compounds mediating their anticancer effects
[3]. Terpenoid type of compounds are among the
most prevalent natural compounds and a battery
of terpenoid molecules were confirmed to possess
significant anticancer properties against different
types of human cancers [4,5]. Dammarenediol is a
teracyclic terpenoid compound [6]. In the present
study, we tried to infer the effects of dammaren-

dent manner, while the nor-
s nowaffected much. Dammarenediol
ightlity of cancer cells along with re-

clusgon: Dammarenediol effectively restricted the
d metastasis of osteosarcoma cells in vitro by in-
iting the PI3K/Akt and STAT-3 signaling pathways

Key words: osteosarcoma, dammarenediol, proliferation,
migration, invasion, metastasis.

ediol against human osteosarcoma cells. Osteosar-
comas is the most dominant type of primary malig-
nancy of bone [7]. Osteosarcoma results from the
primary bone forming cells [8]. This malignancy
is comparatively more frequent in children and
adolescents [9], while cases in adults are rare, but
adults with Paget’s bone disease have been found
to be more susceptible to osteosarcoma [10]. The
treatment methods used against osteosarcoma in-
clude chemotherapy, radiotherapy and surgery [11].
However, the currently applied treatment methods
are unsatisfactory, creating a need for newer thera-
peutic approaches. This study was undertaken to
investigate the anticancer effects of Dammaren-
ediol against human osteosarcoma cells and at-
tempted to explore the underlying mechanism.
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Methods

Cell lines and cell culture

The normal bone cells were obtained from the Sec-
ond Xiangya Hospital (Changsha, China) and osteosarco-
ma cell line (HOS) was purchased from the American Type
Collection Center (ATCC, USA). Both the normal bone and
osteosarcoma cell line were maintained at 37°C in hu-
midified incubator. For their culturing, the RPMI medium
added with fetal bovine serum (FBS) (10%) were used.

Cell proliferation assay

The normal bone cells and HOS cells were cultured
in 96-well plates for 24h. Afterwards, the dammarenediol
was added at 0, 7.5, 15, 22.5, 50 or 100 pM concentrations
and the cells were incubated for 24h at 37°C. After 24h, 15
pl CCK-8 reagent (Thermo Scientific, Waltham, Mass, USA)
were added and the cells were again incubated for another
4h. A spectrophotometer was then used to determine the
absorbance from the cell cultures at 570nm. The recorded
values were used to infer the relative cell growth.

Cell viability assay

Colony formation assay was performed for detecting
the viability of HOS cancer cells treated with 0, 7.5, 15
or 22.5 pM dammarenediol. Briefly, after being treated
with different concentrations of dammarenediol for 24h
in 6-well plates, the cell cultures were drained of the cul-
ture medium and then were fixed with ethanol. Stain

with 0.1% crystal violet was performed and the relati
colony number was determined using light op
to assess the relative cell viability.
Migration and invasion assays

The migration of HOS cancepfells tr with O,
7.5, 15 or 22.5 pM dammarene analyzed by the
transwell assay. Briefly, afte iza#én, about 10°

re added to the
e lower chamber

cells from each concentr
upper chamber of the tra
was supplemented with 10 S only. After 24h incuba-
tion, the cells sticking to the er surface of the tran-
swell filter were swabbed away carefully and the cells
migrated to the lower side of the filter were fixed with
methanol, stained with 0.1% crystal violet and examined
under 100x light microscope. The invasion of cells was
determined in the same fashion except matrigel was add-
ed with the cell cultures. Almost 10 microscopic fields
were randomly selected for cell counting to assess the
percent relative number of migrated and invaded cells.

Western blotting

The HOS cancer cells treated with or without dam-
marenediol were centrifuged and cell pellets were lysed
with the RIPA lysis buffer. The extracted proteins were
quantified with the Bradford’s method. Equal concentra-
tions of extracted proteins were loaded on SDS-PAGE gels
and separated proteins were transferred to nitrocellulose
membranes which were then blocked using skimmed
milk. The membranes were then incubated with primary
antibodies designed against p-Akt, Akt, p-PI3K, PI3K, p-

STAT?3 and STAT? proteins at 4°C overnight in the dark.
Afterwards, the membranes were exposed to secondary
antibodies conjugated with horseradish peroxidase. After
being washed by PBS, the membranes were processed
with ECL Plus Kit method for detecting the specific pro-
tein bands. Human (-actin was used as internal control.

Statistics

The values obtained were presented as mean+ SD
of 3 independent experiments. Student’s t-test was per-
formed for estimating the level of inter-value difference
using SPSS 16.0 software. The difference between two
values was considered significant where p values were
lower than 0.05.

Results
Dammarenediol selectively inhibits the proliferation of

osteosarcoma cells

The chemi
presented in

e of dammarenediol is
en the normal bone cells

Figure 1. Chemical structure of dammarenediol.
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Figure 2. Dammarenediol inhibits selectively the osteo-
sarcoma cell proliferation. Percent proliferation rates of
normal bone cells and HOS osteosarcoma cells treated
with 0, 7.5, 15, 22.5, 50 or 100 pM dammarenediol. The
experiments were performed in triplicate and expressed as
mean+SD (*p<0.05).
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and HOS osteosarcoma cells were treated with
this terpenoid compound, the proliferation was
inhibited in a dose-dependent manner (Figure 2).
However, dammarenediol inhibited the prolifera-
tion of HOS osteosarcoma cells to a greater ex-
tent than the normal bone cells with an IC,  value
of 12.5 utM vs 100 pM for the normal bone cells,
showing selective inhibition of osteosarcoma
cells.

Dammarenediol reduced the viability of osteosarcoma
cells

The anticancer effects of dammarenediol
against the HOS osteosarcoma cells were ana-
lyzed by estimating the relative number of colonies
formed by the HOS cells treated with or without
dammarenediol. The results showed that HOS can-
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cer cells formed significantly less colonies when
treated with dammarenediol (Figure 3). The rela-
tive percentage of number of colonies formed by
HOS decreased with the increase of dammarenediol
dosage. The results thus infer that dammarenediol
is effective in declining the viability of osteosar-
coma cells in vitro.

Migration and invasion of osteosarcoma cells was re-
stricted by dammarenediol

The migration and invasion of HOS osteosar-
coma cells treated without or with different con-
centrations of the molecule were determined by
transwell assay. The migration of HOS cells was
seen to decrease dose-dependently under the dam-
marenediol treatment (Figure 4). Similar results
were obtained for the invasion of HOS osteosar-
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Figure 4. Dammarenediol reduces the migration of osteosarcoma cells. Transwell assay for assessment of migration

of HOS carcinoma cells and percent cell migration of HOS
experiments were performed in triplicate and expresses as
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coma cells (Figure 5). Thus, it can be stated that
dammarenediol has a potential to restrict the os-
teosarcoma cell metastasis.

Dammarenediol inhibited PI3K/Akt and STAT-3 sign-
aling pathways of osteosarcoma cells

To investigate the effect of dammarenediol
on the PI3K/Akt and STAT-3 signaling pathways
of HOS osteosarcoma cells, these cells were ex-
posed to 0, 7.5, 15 or 22.5 pM dammarenediol.
The results showed that the concentrations of
phosphorylated proteins i.e., p-Akt, p-PI3K and
p-STAT3 decreased under dammarenediol treat-
ment. However, there was little or no effect on
the concentrations of normal proteins, Akt, PI3K
and STA-3 (Figure 6). Therefore, dammarenediol
inhibits the PI3K/Akt and STAT-3 signaling path-
ways of osteosarcoma cells to exert its anticancer
effects.

Discussion

Osteosarcoma is the primary malignancy of
bone frequently affecting the children and adoles-
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Figure 5. Dammarenediol (uM) restricts the invasion of
osteosarcoma cells. Transwell assay for assessment of in-
vasion of HOS carcinoma cells and percent cell invasion of
HOS cells treated with 0, 7.5, 15 or 22.5 pM dammarenediol.
The experiments were performed in triplicate and expressed

as mean+SD (*p<0.05).

cents [12]. Osteosarcoma accounts for about 20%
of the cancer mortality among children [13]. Al-
though the recent advancements in the treatment
strategies and curative measures has improved
the survival rate of osteosarcoma patients, still
almost 35% of patients detected with this malig-
nancy die within 5 years [13]. This calls for urgent
exploration of more possible ways for treating os-
teosarcoma. In our study, we explored the effects
of a tetracyclic terpenoid compound, dammaren-
ediol, against human osteosarcoma cells. The re-
sults were conclusive that dammarenediol-treated
osteosarcoma cells proliferate at much lower rates
than the control cells. Interestingly, the dam-
marenediol-treated normal bone cells were not
affected much and they proliferated at signifi-
cantly higher rates than the cancer cells. Such
selective targeting true for other chemical

TS SO
compounds as @ a previous study [14].
., N

Dammarenedi t in osteosarcoma cells
led to decr ability in dose-dependent man-
ner. Thedoss er cell viability by chemical

com has%@lso been found for many other
pcal ounds [15]. The anticancer effects
renediol on osteosarcoma cells were also
rms of decrease of their migration and
potentials. Other terpenoid compounds
been shown to exhibit similar effects against
uman cancer cells [16]. The PI3K/Akt signaling
pathway is important for regulating the prolifera-
tion of cancer cells as it has been proposed by a
research study [17]. This pathway has prominent
role in regulating the growth of cancer cells. The
PI3K/Akt pathway has been elucidated to be de-
regulated in human cancers which is responsible
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Figure 6. Dammarenediol inhibits the PI3K/Akt and STAT-3
signaling pathways in osteosarcoma cells. The western blot
analysis depicts the expression levels of p-Akt, Akt, p-PI3K,
PI3K, p-STAT3 and STAT?3 proteins in HOS osteosarcoma
cells treated with 0, 7.5, 15 or 22.5 pM dammarenediol.
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for tumorigenesis [18]. The signal transducer and
activator of transcription (STAT3) signaling path-
way is one of the crucial pathways whose consti-
tutive activation has been proven to be associated
with induction of a number of human cancers [19].
The activation of this pathway is responsible for
either inhibting the apoptosis of cancer cells or
has role in cell proliferation and metastasis. In
our research, we found that dammarenediol treat-
ment of osteosarcoma cells led to inhibition of
both PI3K/Akt and STAT-3 signaling pathways in
cancer cells and thus reduced their proliferation
and metastasis.
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Conclusion

The results of the present study are indicative
of anticancer effects of dammarenediol against the
human osteosarcoma cells. The anticancer effects
were evident as decrease of proliferation, loss of
viability and decline of cell metastasis and the an-
ticancer effects were exerted through inhibition of
PI3K/Akt and STA-3 signaling pathways.

Conflict of interests

The authors declare no conflict of interests.

11. Hogendoor urobonet Working Group,
nasiou N, Bielack S, De Alava
elderblom H, Grimer R, Hall KS.
MO Clinical Practice Guidelines
eatment and follow-up. Ann Oncol
pl 5):v204-13.
men Baena-Ocampo L, Ramirez-Perez E, Lin-
nzalez LM, Delgado-Chavez R. Epidemiology
e tumors in Mexico City: retrospective clinico-
thologic study of 566 patients at a referral institu-
tion. Ann Diagn Pathol 2009;13:16-21.

13. Ottaviani G, Jaffe N. The epidemiology of osteosarco-
ma. In: Pediatric and adolescent Osteosarcoma 2009,
pp. 3-13. Springer, Boston, MA.

14. Smith KM, Datti A, Fujitani M et al. Selective target-
ing of neuroblastoma tumour-initiating cells by com-
pounds identified in stem cell-based small molecule
screens. EMBO Molec Med 2010;2:371-84.

15. Ying W, Du Z, Sun L et al. Ganetespib, a unique tria-
zolone-containing Hsp90 inhibitor, exhibits potent an-
titumor activity and a superior safety profile for cancer
therapy. Mol Cancer Ther 2012;11:475-84.

16. Huang M, Lu JJ, Huang MQ, Bao JL, Chen XP, Wang YT.
Terpenoids: natural products for cancer therapy. Exp
Opin Investig Drugs 2012;21:1801-18.

17. Li W, Wang H, Kuang CY et al. An essential role for
the Id1/PI3K/Akt/NFkB/survivin signalling pathway
in promoting the proliferation of endothelial progeni-
tor cells in vitro. Mol Cell Biochem 2012;363:135-
45.

18. Vara JA, Casado E, de Castro J, Cejas P, Belda-Iniesta C,
Gonzélez-Barén M. PI3K/Akt signalling pathway and
cancer. Cancer Treat Rev 2004;30:193-204.

19. Huang S. Regulation of metastases by signal transduc-
er and activator of transcription 3 signaling pathway:
clinical implications. Clin Cancer Res 2007;13:1362-
6.

E, Tos

del
res





