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Polyoxometalate Sb\W9 regulates
proliferation and apoptosis of NSCLC cells
via PTEN-dependent AKT signaling pathway
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Abstract. - OBJECTIVE: To explore the influ-
ence of polyoxometalate SbW9 on proliferation
and apoptosis of non-small cell lung cancer
(NSCLC) cells and its mechanism. o become a novel drug for the clinical treat-

MATERIALS AND METHODS: NSCLC cell
lines A549 and PC9 were treated with 50 uM poly-
oxometalate. Then, the proliferation of NSCLC ) )
cells was detected via 2,3-bis(2-methoxy-4-nitro- n, Apoptosis, Polyoxometalate.
5-sulfophenyl)-5-[(phenylamino)carbony
tetrazolium hydroxide (XTT) assay and
formation assay; the apoptosis of NSCLC
was detected via flow cytometry and ter
deoxynucleotidyl transferase- medlated dUuTP
end labeling (TUNEL); and the exz
tosis-related proteins, B-cell
and Bcl-2 associated X pro

tely inhibiting the pro-
apoptosis of NSCLC

Introduction

Lung cancer is one of the most common caus-
es of cancer death in the world'?. The number of
deaths from non-small cell lung cancer (NSCLC)
accounts for about 85-90% in the total from all
types of lung cancer’. The therapeutic strate-
gies of NSCLS include operation, radiotherapy,
chemotherapy, targeted therapy, and combined
therapy’. Although the potential chemotherapeu-
tic efficacy of novel compounds on NSCLC has
been confirmed in many studies, the sensitivity
of high-grade NSCLC to chemotherapeutic drugs
remains poor, and the exact mechanism of such a
phenomenon has not been fully clarified®.

The expression of phosphatase and tensin
homolog deleted on chromosome ten (PTEN)
is inhibited in a variety of tumor tissues, and it
has been proved to be a cancer suppressor gene®.
PTEN is a major inhibitor of phosphoinositide
3-kinase (PI3K), which, therefore, exerts an im-
portant regulatory effect on the PI3K/AKT sig-
naling pathway and subsequent cellular biologi-
cal behaviors’. The PI3K/AKT signaling pathway

blotting.
bited the

: the polyoxometalate could activate the ex-
pression of PTEN and inhibit the phosphorylation

of downstream AKT (p<0.05). plays an in.lportant' rqle in regulatipg cell survival,
CONCLUSIONS: The polyoxometalate can acti- ~ growth, differentiation, apoptosis, and autoph-
vate the expression of PTEN to inhibit the phos- agy®. The activated PI3K can mediate the phos-
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phorylation of AKT Thr 308 (catalytic domain)
and Ser 473 (regulatory domain), and once AKT
is activated, it can regulate a variety of important
life activities, such as apoptosis and proliferation’.

The polyoxometalate, as a transition metal-oxy-
gen cluster, has the structural charges and size that
can be regulated and possesses the potential to pro-
duce organic-inorganic hybrids'. Based on these
chemical structures, researchers combined some
biomolecules with polyoxometalate to form spe-
cific biomacromolecules, obtaining good effects in
the treatment of disease. In this study, the effects of
polyoxometalate SbW9 on proliferation and apop-
tosis of NSCLC cells were detected, and the molec-
ular mechanism of SbW9 in affecting the prolifera-
tion and apoptosis of NSCLC was explored.

Materials and Methods

Materials and Cells

NSCLC cell lines A549 and PC9 were pur-
chased from Shanghai Kanglang Biological Tech-
nology Co., Ltd. (Shanghai, China), and SbW9
was synthesized by the Chemical Research '

NSCLC cells
into a 96-well

ide (XTT) was added for incu-
2 h, and the absorbance

9
treatment of the two kinds of NSCLC
SbW?9 for 72 h, the total protein was
xtracted, and the specific steps are as follows: (1)
culture solution in the medium was discarded
nd cells were washed with PBS for 3 times.
(2) 1000 pL lysis buffer was added into every dish
and fully vibrated for 20 min. (3) The cells at the
bottom of the dish were scraped off using a brush
and placed into the Eppendorf (EP) tube. (4) The

cells collected were lysed using an ultrasonic py-
rolyser for about 15 s. (5) After standing for 15 min,
the cells were centrifuged at 12000 rpm for 0.5 h.
(6) The supernatant was taken and placed into the
EP tube, the protein concentration was detectedauia
ultraviolet spectrometry, and all the prg

was extracted from NSCLC
decyl Sulfate-Polyacrylamj

the gel was transferre
fluoride (PVDF)
zerland) and ing

scanner, and the level
orrected using glyc-

group were cultured till log-
hase, and digested with 0.25%
psin into single cell suspension (the proportion

e cells >95%). Then, the suspension was
d into a 6-well plate (about 500 cells/
well) and added with 2 mL 1640 medium per
well, and the medium was replaced once every 48
h. After 10 d, the cells were fixed with formalde-
hyde and stained with crystal violet, and the num-
ber of colonies in each well was counted.

Detection of Apoptosis
Via Flow Cytometry

The cells in the logarithmic growth phase
were taken, digested with 0.25% trypsin-EDTA
(ethylenediaminetetraacetic acid) into the cell
suspension, and inoculated into the 6-well plate.
The sample was loaded and the apoptosis rate was
detected according to the operation steps of the
Annexin V-FITC PI (Propidium lodide) apoptosis
assay kit (Beyotime, Shanghai, China).

Terminal Deoxynucleotidyl Transfer-
ase-Mediated dUTP Nick End Labeling
(TUNEL) Staining

The cells on the slide were fixed in fixing solu-
tion for 1 h and washed with PBS for 3 times. Af-
ter transparentization, TUNEL reagent was pre-
pared and two negative controls were set. After
staining, the cells were observed, photographed
and counted under a fluorescence microscope.
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Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 software (IBM, Armonk, NY, USA)
was used for the analysis of all data. Measure-
ment data were expressed as mean =+ standard de-
viation, and the #-test was used for the comparison
of data between the two groups. p<0.05 suggested
that the difference was statistically significant.

Results

Polyoxometalate SbW9 Inhibited
Proliferation of NSCLC Cells in
a Concentration-Dependent Manner
After treatment of two kinds of NSCLC cell
lines with SbW9 in different concentrations (0.1,
1, 5, 10, 20, 50, and 100 uM) for 72 h, the cell
proliferation in each group was detected via XTT
assay. As shown in Figure 1, SbW9 (5, 10, 20, 50,
and 100 uM) could significantly inhibit the pro-
liferation of A549 and PC9 cells in a concentra-
tion-dependent manner (»<0.05). SbW9 in a con-
centration of 0.1 and 1 pM had no influence on the
proliferation of NSCLC cells (p>0.05). Ther
in the subsequent experiments, SbW9 in
centration of 50 uM was selected for verific

Polyoxometalate SbW9 Inhibited
Proliferation of NSCLC Cel
a Time-Dependent Mani;

As shown in Figure
A549 cells significantl

PC9 cells at 12, 24, 36, 48, and 72 h. Therefore,
SbW9 in a concentration of 50 uM was selected
in the subsequent experiments, and NSCLC cells
were stimulated for 72 h.

Polyoxometalate SbW?9 Inhibited
Formation of NSCLC Cells
Furthermore, the proliferation g

wo kinds of

same was true in
(199.83£10.32)]

s rate in control group and
two kinds of cell lines was
78+2.11)% and (1.49+0.34)%

indicating that the polyoxometalate SbW9 can
e apoptosis of NSCLC cells.

Influence of Polyoxometalate
SbW9 on Apoptosis-Related Proteins
in NSCLC Cells

The results of Western blotting showed that
after treatment with polyoxometalate SbW9, the
expression of pro-apoptotic gene Bax was up-reg-
ulated, while the expression of anti-apoptotic
gene Bcl-2 was significantly inhibited in the two
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Figure 1. Polyoxometalate SbW9 inhibits proliferation of NSCLC cells in a concentration-dependent manner. Control: con-
trol group, *p<0.05: There is a statistically significant difference compared with control group.
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Figure 2. Polyoxometalate SbW9 inhibits proliferation of NSCLC cells in a time-depeq

kinds of cell lines (p<0.05) (Figure 5), suggesting group and SbW9 group
that the inducible effect of polyoxometalate SbW9 s was (2.34+0.77)% vs.
on apoptosis of NSCLC cells is dependent on the . . W)Yo vs. (24.77£1.92)%,
Bcl-2 pathway.

TUNEL Staining of NSCLC Cells in Each
Group

To further detect the apoptosis in each gas

{11 Considering the important role of the PTEN/

for cells in each group and the TUNEL-po ; naling pathway in the tumor, whether the
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Figure 3. Polyoxometalate

50 SbWO9 inhibits colony forma-

tion of NSCLC cells. Con-

0 T trol: control group, Polyox-

&@ &q‘ﬁ'@ &@\ @q}“ ometalate: polyoxometalate

o @0\ < <@ SbWO group, *p<0.05: There
O O . o e . .

o \%o“' is a statistically significant

& <° difference compared with

control group.
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/AKT signaling pathway
in the anti-proliferative and

Discussion

ng cancer is one of the most common and
severe cancers, and the number of deaths from
lung cancer is larger than the total number of
deaths from breast cancer, colon cancer, and pros-
tate cancer every year'!!, SCLC and NSCLC are

LC cells. Control: control group, Polyoxometalate: polyoxome-
difference compared with control group.

two major types of lung cancer. Despite the great
progress in the diagnosis and treatment of lung
cancer, neither treatment nor prognosis of lung
cancer is satisfactory, which is related to the high
recurrence and mortality rates'>". There is in-
creasing evidence that the proliferation and apop-
tosis of lung cancer cells have a great influence
on the incidence and prognosis of lung cancer'.
Therefore, inhibiting the proliferation and pro-
moting the apoptosis of lung cancer cells in time
and effectively are of great significance in delay-
ing the progression of lung cancer.

Apoptosis is mediated through the death re-
ceptor pathway (exogenous) or the mitochondrial
pathway (endogenous), thereby eliminating the
damaged cells and keeping the homeostasis'. In
both pathways, poly ADP-ribose polymerase-1 is
cleaved and caspase 3/7 is activated to respond to
DNA damage stress in cells'®. Therefore, target-
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ein is the regula factor of apopto-
bers can ®gulate apoptosis,
Bak, important pathways for
th. The Bcl-2/Bax ratio

ctivation of the PI3K/AKT
as been observed in various

survival and proliferation of can-
er cells’”. PTEN negatively regulates the AKT
gnaling pathway through dephosphorylation
pP3 to produce PIP2. There is often a genet-
ic mutation in the PTEN gene in cancer tissues,
and its protein expression is inhibited. Besides,
PTEN can also negatively regulate the cell pro-
liferation®’. For example, in prostate cancer cells,

lated proteins in NSCLC cells. Control: control group, Polyox-
atistically significant difference compared with control group.

PTEN can inhibit the cell proliferation and pro-
mote the apoptosis through down-regulating the
IGF-IR expression on cell membrane?. In addi-
tion, in pancreatic cancer cells, IGF-1-mediated
inhibition on PTEN can enhance the cell invasion
and proliferation through activating the PI3K/
AKT signaling pathway?2. In NSCLC, the low ex-
pression of PTEN and excessive phosphorylation
of AKT have close correlations with the poorer
prognosis of NSCLC patients®. In this study, two
kinds of NSCLC cell lines were stimulated with
polyoxometalate SbW9 in different doses for dif-
ferent time in in-vitro experiments. It was found
in XTT assay and colony formation assay that
the polyoxometalate SbW9 (50 uM, 72 h) signifi-
cantly inhibited the proliferation and colony for-
mation of the two kinds of NSCLC cell lines. At
the same time, the apoptosis in each group was
further detected via flow cytometry and TUNEL
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staining, and the
ometalate SbW.

ould effectively enhance
of PTEN and significantly

V9 on lung cancer cells. Moreover,
e experiments have revealed that the reason for
low expression of PTEN is closely related to
ethylation in its promoter region®*. There-
fore, it is speculated that the regulatory effect
of polyoxometalate SbW9 on proliferation and
apoptosis of NSCLC cells may be related to its
inhibition on PTEN gene methylation, and more

ontrol: control group, Polyoxometalate: polyoxometalate SbW9
mpared with control group.

in-depth experiments are needed for verification.
However, there were still some deficiencies in this
experiment: 1) The animal experiments were not
designed, and 2) the anti-cancer effect of the poly-
oxometalate SbW9 was not verified using PTEN
or AKT inhibitors.

Conclusions

This investigation revealed the anti-prolifera-
tive and pro-apoptotic effects of polyoxometalate
SbW9 on NSCLC cells for the first time, whose
mechanism may be mediated by the PTEN/AKT
signaling pathway.
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Figure 7. Influence of polyoxq ignaling pathway in NSCLC. Control: control group, Polyox-
ometalate: polyoxometalate SbV statistically significant difference compared with control group.
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