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Curcumol (Cur), isolated from the Traditional Chinese Medical plant Rhizoma Curcumae, is the bioactive
component of sesquiterpene reported to possess antitumor activity. However, its bioactivity and mechanisms
against lung adenocarcinoma are still unclear. We investigated its effect on lung adenocarcinoma and eluci-
dated its underlying molecular mechanisms. In vitro, Cur effectively suppressed proliferation, migration, and
invasion of lung adenocarcinoma cells A549 and H460, which were associated with the altered expressions of
signaling molecules, including p-AKT, p-PI3K, p-LRP5/6, AXIN, APC, GSK 3b and p-b-catenin, matrix metal-
loproteinase (MM P)-2, and MMP-9. Furthermore, Cur significantly induced cell apoptosis of A549 and H460
by promoting the expression of Bax, caspase 3, and caspase 9 and suppressing the expression of Bcl-2, and
arrested the cell cycle at the G /G, phase by lowering the levels of cyclin D1, CDK 1, and CDK4. Invivo experi-
ment revealed that Cur could inhibit lung tumor growth and lung metastasis, which were consistent with these
in vitro results. In xenograft model mice, Cur strongly decreased tumor weight and tumor volume, which may
be related to the downregulation of p-AKT and p-PI3K by immunofluorescence analysis. In addition, a lung
metastasis model experiment suggested that Cur dramatically decreased the ratio of lung/total weight, tumor
metastatic nodules, and the expressions of MMP-2 and MMP-9 in lung tissues compared with the control.
Overall, these data suggested that the inhibitory activity of Cur on lung adenocarcinoma viathe inactivation of
PI3K/Akt and Wnt/b-catenin pathways, at least in part, indicates that curcumol may be a potential antitumor
agent for lung adenocarcinoma therapy.
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INTRODUCTION

Lung cancer is the predominant cause of cancer-
related mortality and is ranked among the cancers with
the lowest rates of 5-year survival?. Non-small cell lung
cancer (NSCLC), accounting for about 80-85% of all
lung cancers®®, is mostly found in the middle and late
stages, and the 5-year survival rateisvery low. Lung ade-
nocarcinoma is the most diagnosed histological subtype
of NSCL C with high morbidity and mortality’. Thereare
alot of limitations in the usual way to treat NSCLC®®.
Although many recent advances have been made in the
diagnosis and treatment of tumors, the efficient treat-
ments for lung adenocarcinoma remain insufficient. For

example, the resection of tumor causes systemic inflam-
mation and may disseminate cancer cells into the blood,
which promote the metastasis of cancer®™. In addition,
the prognosis of lung adenocarcinoma after surgery is
troubling, with poor response rates, severe toxicities, and
high recurrence rates'?'®. Therefore, developing more
agents to supplement the deficiencies of conventional
treatment for cancer is urgent.

Natural products have been the subject of many drug
discovery efforts'. In Asian countries, herbal medicines
have special clinical significance without altering their
basic therapeutic features and are the natural sources of
biologically active compounds. Curcumol (Cur, C, .H,, O
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the chemical structureisshown in Fig. 1A), asesquiterpene
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Figurel. (A) Thechemica structure of curcumol (Cur). (B) Cur inhibited proliferation of A549 and H460 cells. Exponentially grow-
ing cells were treated with different concentrations of Cur (20, 40, and 80 umol/L) for 24, 48, and 72 h, and then cell proliferation was
measured by MTT assay. Data are shown as the mean+ SD. **p<0.01 versus control group.

isolated from the traditional Chinese medicinal herb
Rhizoma Curcumae, has been reported to have potent anti-
tumor activity®. It effectively inhibited the occurrence of
skin cancer, gastric cancer, duodenal cancer, colon cancer,
and breast cancer in the experimental animalsand reduced
the number of tumors and tumor size'®’. Although Cur
and its bioactivity had been reported by many research-
ers, the activities and mechanisms against lung adenocar-
cinoma are still unclear. Thus, this study was conducted
to discover the inner effect and mechanisms of Cur on
lung adenocarcinoma cell lines A549 and H460 in vitro
and in vivo. We found that Cur inhibited proliferation and
metastasis of lung adenocarcinoma by inhibiting PI3K/
Akt and Wnt/b-catenin pathways.

MATERIALSAND METHODS
Chemicals

Curcumol (lot: 100185-200506) was obtained from
the National Institute for the Control of Pharmaceutical
and Biological Products (Beijing, China). 3-(4, 5)-
Dimethylthiahiazo(-z-y1)-2,5-diphenytetrazolium bro-
mide (MTT) and dimethyl sulfoxide (DMSO) were
purchased from Amerso Chemical Co. (St. Louis, MO,

USA). Propidiumiodide (Pl) and Annexin-V—FITC apop-
tosis detection kit were purchased from BD Biosciences
(Bedford, MA, USA). 4¢6-Diamidino-2-phenylindole
dihydrochloride (DAPI) was purchased from Kaiji
Biotechnology (Santa Cruz, CA, USA).

Cell Culture and Proliferation

Human lung cancer A549 and H460 cell lines were
purchased from Shanghai Institute of Cell Biology in
the Chinese Academy of Sciences (Shanghai, Ching)
and cultured in DMEM supplemented with 10% FBS
at a humidified atmosphere (95% air, 5% CO,, 37°C).
MTT assay was used to detect cell proliferation accord-
ing to the manufacturer’s instructions (Roche Applied
Science, Indianapolis, IN, USA). Briefly, approximately
1x 10° cellswere seeded in 96-well plates (Corning, New
York, NY, USA) for 24, 48, and 72 h at 37°C and then
exposed to designated doses of the various drug concen-
trations [Cur 20, 40 80, 100, and 120 pmol/L and cispla-
tin (DDP), positive drug, 4 pmol/L] followed by 5 mg/
ml of MTT solution. Optical density (OD) was recorded
with a 96-well microplate reader (Bio-Rad Laboratories,
Hercules, CA, USA) at 570 nm. Data represent at least
three separate experiments.
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Mor phology Analysis

A549 and H460 cells were seeded into 24-well plates
(1% 10 cells per well), and these cells were exposed to dif-
ferent concentrations of Cur (20, 40, and 80 pmol/L) for
24 h. The cell morphology was observed under inverted
light microscopy (BX41; Olympus Optical Co., Tokyo,
Japan). The lung cancer cell death pattern induced by
Cur was evaluated using acridine orange/ethidium bro-
mide (AO/EB solution, 100 mg/ml of AO and EB in PBS,
respectively) staining.

Cell Apoptosis Detection

Cell apoptosis was determined by flow cytometer
analysis using the Annexin-V—FITC apoptosis detection
kit (KeyGEN, Nanjing, China) according to the manufac-
turer’s instructions. In brief, the cells were treated with
different concentrations of Cur for 48 h, and they were
harvested and washed with PBS. Then cells were stained
with Annexin-V-FITC and PI, and analyzed with FCM
(Becton Dickinson, San Jose, CA, USA).

Cell Cycle Analysis

Cell cycle distributions were determined by Pl
(KeyGEN BioTECH) staining. In brief, A549 and H460
cellswere harvested and suspended in 500 pl of PBS after
treatment with Cur at concentrations of 20, 40, and 80
pmol/L for 24 h. After fixing (70% ethanol at 4°C for 2 h)
and Pl staining, cells were analyzed by FACStar flow
cytometry (BD Biosciences) and calculated with Mod
FIT LT 2.0 version software (BD Biosciences).

Scratch Wound Assay

Cell motility of A549 and H460 cells was assessed
using scratch wound assay. Cells (1 x 10°/ml) were seeded
inasix-well plate and cultured in medium containing 10%
FBS overnight. The cells were carefully wounded using
ayellow pipette tip, and cellular debris was removed by
washing with DMEM. A fresh medium with or without
Cur (20, 40, and 80 umol/L) was added to the wells, and
the plate was incubated for 24 h. The crosses of each well
were photographed under an Olympus |1 X-71 microscope
at 0, 12, and 24 h, respectively. Motility was determined
by the count of the migrated cells.

Transwell Invasion Assays

Transwell chambers (Corning) were used to evalu-
ate the migration of A549 and H460 cells. Briefly, cells
pretreated with or without Cur (20, 40, and 80 pumol/L)
were trypsinized and resuspended with medium lacking
FBS. Cells (1x 10°) were added to the upper chamber of
the inserts with Matrix gel, while 600 pl of medium with
50% FBS was added to the lower chamber. The invading
cellswere stained by crystal violet and imaged after 30 h
of culturing (magnification: 200x).
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Western Blot Analysis

Cells treated with or without the Cur (20, 40, and
80 pmol/L) were lysed in RIPA lysis buffer on ice for 30
min. After 12,000x g centrifugation for 15 min at 4°C, the
total protein concentrations of the supernatant was deter-
mined by the BCA protein assay kit (Beyotime Institute
of Biotechnology, Haimen, China). Equivalent samples of
cell lysateswere separated using 10% SDS-PAGE and then
transferred onto a PV DF membranefor 2 h. The membranes
were blocked with 5% nonfat skim milk in TBST buffer at
room temperature for 1 h and incubated with the following
primary antibodies at 4°C overnight: b-actin, Bax, Bcl-2,
caspase 3, caspase 9, cyclinA, cyclin B, cyclin D1, cyclin
E, CDK1, CDK2, CDK4, MMP-2, MMP-9, pI3K, pAKT,
tAKT, LRP5/6, p-LRP5/6, Frizzled8, AXIN1, APC,
GSK3b, p-b-catenin, and b-catenin. The proteins were
detected by Quantity One software on a GS-800 densitom-
eter (Bio-Rad Laboratories). All data were normalized to
the mean value of the control group (b-actin).

Animal Model

Animal studies were approved by the Institutional
Animal Care and Use Committee at the Nanjing Medical
University (Nanjing, China). The BALB/c female nude
mice (N=100, 6 weeks old, 18-22 g) were housed in
steel microisolator cages at 22°C with a 12/12-h light/
dark cycle and freely received a standard mouse chow
and tap water.

Xenograft Model. After being anesthetized by inhala-
tion, mice were inoculated with the A549 cells (100 Wl of
1x10° cells) into the right armpit once a day. The mice
were randomized into Control (PBS, phosphate buffer
saline), Cur (100, 200, and 300 mg/kg), and cisplatin
(DDP, positive, 1 mg/kg) groups of six animals when
xenografts were palpable with an average size of 50-70
mm?e. These five groups were administered p.o. every day
until sacrifice. Twenty-one days after treatment, the mice
were humanely sacrificed, and the body weight of each
animal, and the morphology, volume, and weight of the
tumors were monitored. Furthermore, lung tissues were
collected and excised for immunohistochemistry and
immunofluorescence analysis.

Pulmonary Metastasis Model. Mice were injected 100
p of 1x10° A549 cellsinto the median tail vein once aday.
One week later, the mice were randomized into Control
(PBS, phosphate buffer saling), Cur (100, 200, and 300
mg/kg), and cisplatin (DDP, positive, 1 mg/kg) as positive
control. The micein Control and Cur groups were adminis-
tered p.o. every day until sacrifice, and the miceinthe DDP
group were injected with DDP (1 mg/kg) intraperitoneally
in accordance with the body weight, once aday until sacri-
fice. Then mice were sacrificed on day 21, and the lungs
were removed and weighed.
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TUNEL Saining

TUNEL staining of paraffin-embedded tumor sec-
tions demonstrated apoptosis (Beyotime Ingitute of
Biotechnology). In brief, cellswere fixed with 10% forma-
lin at 37°C for 1 h, and groups of dlips were incubated in
permesbilization solution (1% Triton X-100in PBS, freshly
prepared) for 10 min onice. After washing with PBS three
times, the dides were incubated with TUNEL working
solution in ahumidified chamber at 37°C for 1 h. Samples
were counterstained with DAPI in room temperature for
5 min and examined under a light microscope (Olympus
Corp). TUNEL-positive célls in four random fields were
counted and analyzed with GraphPad Prism software (ver-
sion 5.0) for each group (magnification: 200x).

Immunohistochemical and Immunofluorescence Analysis

Tumor specimens from the BALB/c nude mice were
immunochistochemically stained for Ki-67 using previoudy
reported protocols®®. Tumor samples stained for apoptosis
protein (Bax, Bcl-2, caspase 3, caspase 9) and PI3K, AKT,
and b-catenin protein were analyzed by immunohi stochemi-
ca or immunofluorescence methods, respectively. Briefly,
tumors were fixed in 4% neutral formalin for 24 h, embed-
ded in paraffin, and were serialy sectioned at 5 pm. Sections
were deparaffinized and rehydrated, then submerged in
hydrogen peroxide to quench peroxidase activity follow-
ing incubation with 1% BSA to block nonspecific binding
Stes. After incubation with primary antibody at 4°C for 12
h, secondary antibody was applied to didesfor 1 h a room
temperature, For immunohistochemica analysis, the dice
was colored by diaminobenzidine kit (DAB; Beyotime)
followed by counterstaining with hematoxylin. All the sec-
tions were visualized using DAB under a light microscope
(Nikon 80 i). For immunofluorescence andysis, the nuclei
were counterstained using DAPI (Invitrogen, Carlsbad, CA,
USA) before they were mounted with ProLong Gold anti-
fade reagent (Invitrogen). Fluorescence cellswere examined
and captured under an inverted fluorescence microscope.

Histological Assay

Thelung tissues were obtained and fixed in 10% form-
alin and then stained by hematoxylin eosin staining. Ten
random areas of interest were examined in each section
and were identified by computer-generated field iden-
tification. At least six different sections of lung tissues
were examined for each animal in groups. Images were
obtained using a fluorescence microscope.

Satistics

Data analyses were performed using the SPSS 18.0.
statistical software. Results were expressed as mean+ SD
(N=3). Differences between groups were calculated with
one-way ANOVA. A value of p<0.05 was considered sta-
tistically significant.
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RESULTS

Curcumol (Cur) Inhibited Proliferation of A549 and
H460 Cells

The growth-inhibitory effects of one compound can be
evaluated by testing the ability to inhibit the proliferation
of cancer cells'®. Therefore, the effect of Cur (20, 40, and
80 umol/L) on the proliferation of A549 and H460 cells
at 24, 48, and 72 h was estimated using MTT assay. The
results demonstrated that the viability of A549 and H460
cells was obviously lessened with the increase in Cur
concentration (Fig. 1B). Taken together, Cur significantly
inhibited the A549 and H460 cell proliferation in a dose-
and time-dependent manner.

Cur Induced Apoptosis of A549 and H460 Cells

Most cancer cells block apoptosis, causing the sur-
vival of malignant cells despite genetic and morphologic
transformations. The development of agents that effec-
tively induce apoptosis in cancer cells has been regarded
as an important goal in cancer research and therapy®.
In order to determine whether Cur-mediated anticancer
activity in lung adenocarcinomacellswas associated with
the induction of apoptosis, the A549 and H460 cells were
incubated with Cur (20, 40, and 80 pmol/L) for 24 h and
then visualized by light microscopy. As shown in Figure
2A, the results revealed that treatment with Cur (40 and
80 pmol/L) resulted in protuberant cytoplasmic blebs and
progressive shrinkage in both A549 and H460 cells.

Apoptotic cells exhibit increased plasma membrane per-
mesbility to certain fluorescent dyes, which allowsapoptoss-
associated biochemical changes in the DNA. These were
observed on the cell surface. Microscopic examination of
AB549 and H460 cells after Cur treatment was recommended
as the most reliable method to distinguish viable, early, or
late apoptotic and necrotic cells. A distinct phenomenon of
apoptosis was observed on Cur-treated cells (Fig. 2B), and
with the increasing concentration of the Cur, early apoptotic
cells (EA), late apoptotic cells (LA), and necrotic cells (N)
appeared sequentially. Furthermore, Cur (40 and 80 pmol/L)
had a better effect on H460 than A549 cdlls.

To confirm the quantity of cell death, Annexin-V—
FITC/PI dual staining was performed by flow cytometry.
As shown in Figure 2C, when A549 and H460 cells were
treated with 20, 40, and 80 pmol/L of Cur for 24 h, the
apoptotic rate was significantly increased in lung cancer
cells, especially in A549 cells. Western blotting results
indicated that Cur could increase the levels of Bax, cas-
pase 3, and caspase 9, and decrease the antiapoptotic pro-
tein of Bcl-2 in A549 and H460 cells (Fig. 2D).

Cur Arrested Cell Cyclein A549 and H460 Cells

To gain further insights into the mechanism of the
antiproliferative activity for Cur in A549 and H460 cells,
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Figure2. Curinduced the apoptosis of A549 and H460 cells treated with concentrations of 20, 40, and 80 pmol/L. (A) Morphological
changes of cells (200x). (B) Morphological changes of A549 and H460 cells and analyzed by AO/EB double-staining under fluores-
cence microscope (200x). Live cells (L) are shown in green; apoptotic cells are shown in orange-yellow fragments (EA, early apoptotic
cells as orange fragments; LA, late apoptotic cells as yellow fragments), and necrotic cells (N) are indicated as red. (C) The apoptosis
rate of A549 and H460 was determined by FACS assay with Annexin-V—FITC/PI dual staining method. (D) Western blotting of Bax,
Bcl-2, caspase 3, and caspase 9 proteins after 48 h of treatment with different concentrations of Cur in A549 and H460 cancer cells.
Equal protein loading was evaluated by b-actin.
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its effects on cell cycle distribution were analyzed using
flow cytometry. As shown in Figure 3A, the treatment
of A549 and H460 cells with Cur (80 pmol/L) caused an
obvious increase in the proportion of cells in the G /G,
phase (15.01% and 19.32% at 24 h, respectively), which
was accompanied by acorresponding reduction in the per-
centage of cellsin the S phase (5.61% and 9.10% at 24 h)
and G,/M phase (9.41% and 10.22% at 24 h, respectively),
compared with the control group. Western blotting results
indicated that Cur evidently decreased the levels of cyclin
D1, CDK1, and CDK4, closely related to the progress of
G,/G, phase, while the expression of cyclinA, cyclin B1,
cyclin E, and CDK2 involved in the G,/M or S phase had
no distinct changes (Fig. 3B). These results demonstrated
that Cur blocked the proliferation of A549 and H460 cells
by arresting the cell cycle at the G /G, phase.

Cur Suppressed Cell Migration and Invasion of A549
and H460 Cells

The migratory and invasion ability of A549 and H460
cells was determined using the scratch wound assay and
Transwell assay. The cells were cultured with different
concentrations of Cur (20, 40, and 80 pmol/L) for 24 h.
In the scratch wound assay, the open wound area of the
cellstreated with Cur at 20 to 80 pmol/L was significantly
greater than that of the untreated controls, indicating that
Cur significantly inhibited A549 and H460 cell migration
in a dose-dependent manner (Fig. 4A). In the Transwell
invasion assay, incubation of A549 and H460 cells with
increasing concentrations of Cur (20, 40, and 80 pmol/L)
led to a concentration and decrease in the number of
invasive cells (Fig. 4B). In addition, the matrix metal-
loproteinases (MMPs), a group of zinc-dependent ECM-
degrading enzymes, are thought to play a critical role in
tumor cell invasion and migration. Thus, we assessed the
levels of MMP protein by Western blotting. As a result,
the expression of MMP-2, and MMP-9 protein was dose-
dependently decreased in Cur-treated cells compared
to the control treatment, especially in the Cur group
(80 pmol/L) (Fig. 4C). These results revealed that Cur
had an important role in inhibiting migration and inva-
sion of lung adenocarcinoma cellsin vitro, which may be
related to the depressed levels of MMP protein.

Cur Inactivated the PI3K/AKT and Wnt/3-Catenin
Sgnaling Pathway

PIBK/AKT and Wnt/b-catenin signaling play acrucial
role in regulating cell proliferation and survival, motil-
ity and migration, and tumor cell invasion®?2 Thus, to
confirm that the antiproliferation effects of Cur on the
lung adenocarcinoma are related with the inactivation of
these pathway, the effect of Cur on the PI3K/AKT and
Whnt/b-catenin signal was preliminary conducted. A549
and H460 cells were stimulated with Cur (20, 40, and 80

LI ETAL.

pmol/L) for 24 h, and Western blotting analysis was used
to investigate the protein expression of PI3K/AKT and
Whnt/b-catenin. We found that Cur effectively reduced
the phosphorylation levels of PI3K and AKT protein
(Fig. 5A), indicating that curcumol could suppress the
activation of PI3K and AKT in A549 and H460 cells. Cur
could suppress the phosphorylation of LRP5/6, while it
had no changes on Frizzled8 (Fig. 5B), and in turn sig-
nificantly increased the AXIN, APC, and GSK3b protein
expression (Fig. 5C). Moreover, as shown in Figure 5D,
the phosphorylation level of b-catenin protein was signif-
icantly increased, while the b-catenin protein expression
was distinctly decreased.

Cur Retarded Tumor Growth in Nude Mice

In view of the ability of Cur to inhibit lung adeno-
carcinomaA549 and H460 cells' proliferation and metas-
tasis in vitro and to further understand these effect in
vivo, a pulmonary xenograft model was duplicated using
male nude mice. The results indicated that Cur trest-
ment significantly inhibited tumor volume (Fig. 6A),
tumor weight (Fig. 6B), and body weight loss (Fig. 6C).
The tumor size in the Cur-treated group was remarkably
reduced (Fig. 6D). Immunohistochemistry staining of
the excised tumor sections from Cur groups (100, 200,
and 300 mg/kg) showed lower expression of Ki-67, but
a higher percentage of TUNEL-positive cells compared
to those of the control group, suggesting that Cur could
inhibit proliferation and induce apoptosis in vivo, which
is consistent with the in vitro results (Fig. 6E).

In addition, immunofluorescence staining was used to
determine the translocation of protein in PI3K/AKT and
Whnt/b-catenin. As shown in Figure 7, Cur downregul ated
the expression of the phosphorylation of PI3K (p-PI3K)
(Fig. 7B) and AKT (pAKT) (Fig. 7D), and had no effect
on the level of PI3K (Fig. 7A) and t-AKT (Fig. 7C). Cur
also dramatically blocked b-catenin nuclear translocation,
asindicated by the decreased expression of b-catenin and
elevated phosphorylation level of b-catenin (p-b-catenin)
(Fig. 8A). Furthermore, Cur significantly increased the
expression of Bax, caspase 3, and caspase 9, and down-
regulated the levels of Bcl-2 (Fig. 8B). These results
further confirmed that Cur could also inhibit lung adeno-
carcinoma cell proliferation via regulation of the PI3K/
AKT and Wnt/b-catenin pathway in vivo.

Cur Suppressed Tumor Metastasis in Nude Mice

The metastasis model was performed to determine the
effect of Cur on lung adenocarcinoma metastasis. After
being sacrificed on day 21, the lung tissues were removed
(Fig. 9A) and perfomed by histological assay. As a result,
the lung/total weight and tumor nodules were obvioudy
reduced after treatment with Cur (100, 200, and 300 mg/kg)
(Fig. 9B). Histological examination (H& E) resultsindicated



691

CURCUMOL CAN INHIBIT LUNG ADENOCARCINOMA

‘unde-q Aq pareniess sem Buipeo| uelold enb3 "psioelIxe slemsuplold [e10l pue ‘Y g 104 IND YlIM patesl 8.eMmS|[D BuIno|g USISSAN
Aq pezAeue sem 8040 |0 Ul POAIOAUL £AD PUB ‘ZMAD ‘THAD ‘T ulphd ‘1@ uipkd ‘Tg ulpAd ‘v ulphd Jo uossaldxe ay L (g) "(x00z) Aswolfo moyy Ag pezAeue pue ‘(Id)
apipo! wnipidoid yum pauess ‘Y g 404 (T1/jowrl 08 pue ‘Or ‘02) InD yim patesi aems|pD (V) SIR0 097H PUe 617G Y Ul uonngLisip sseyd 8040 |90 U0 InD JO 10943 "€ 9.nbi4

[—— — —— o0 [— — — - ooy
[ . | 00 [ - - . a0
[ — e | 0O [——— o ]| 1O
[ e o = | O [ - -] @O
_| — — '_ q Uk _‘ — — '_ q Uk
_1\ — - "_ 1Q uIpPi) _ - - S ‘_ 1 uIpPi)
_l.' — — '_ 19 uIpPi) _, —_— R - l_ 19 uIpk)
_ - - _ V uIpAD _' A — '_ Vv uIpi)
09YH 6vSV
.QQ %00 00 OO 000 .QQ .90 ﬁ/o Q OQ
S & & &S
QIS & & &
vzotT 89L <Mmm 9sz ) $20T 89L <mem 9sT 20T 89L (mmW_L 9sT 1 $20T 89L (MMME 9sT [}
|ezz m Lc61 m Oovm
20T 89L (MWML 9sT R24)¢ 89L (Mm& 9sT 0 20T 89L (MWML 9ST o R 2414 89L (m“m 95T L] 201 89L (MWM& 9sT 0
&ﬂm |-ss W,, m vmmnm o.vm<
|-9€T |18z f-8s€ :. |-sve
Lsig LSLE - A4 ﬁ A4
(/10w 08)m) (/0w op)ny (/10w gg)m) (/70w H)dAd [oxuo) v



692 LI ETAL.

A Control DDP (4 pmoL/L) Cur (20 pmoL/L) Cur (40 pmoL/L) Cur (80 umoL/L)
0Oh
A549
24 h
Control DDP (4 pmoL/L) Cur (20 umoL/L) Cur (40 pmoL/L) Cur (80 umoL/L)
Oh
H460
24h
B Control DDP (4pmoL/L) Cur (20 pmoL/L) Cur (40 umoL/L) Cur (80 pmoL/L)
A549
H460
C MO P ) O N 5 o
SO APV G\ ¥ M Y
& ) Qo o <& S R S
X & & & X N & &
A549 > & oY oY oY H460 > & oY oY ¥
S &S EE S g & &
¢ ¢ T ¢ ¢ & ¢ O
MMP-2 |w  —— | MMP-2 | o w— — |
MMP-0 [ — MMP-9 [ o — |

B-actin M| B-actin m

Figure 4. Inhibitory effect of Cur on A549 and H460 cell migration and invasion. Migration ability was determined by scratch wound
assay (A), and invasive ability was determined by Transwell assay (B), and photographed at 200x magnification. (C) Western blot
analysis of MMP-2 and MMP-9 in A549 and H460 cells treated with Cur (20, 40, and 80 pumol/L) for 24 h, and b-actin was used as
loading control.
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that therearelower metastasesin Cur treatment groups (Fig.
9C). Furthermore, Cur (100, 200, and 300 mg/kg) groups
showed lower expression of MMP-2 and MMP-9, com-
pared with controls (Fig. 9D). Collectively, these results
provided the some evidence to support the hypothesis that
Cur could suppress tumor metastasisin mice.

DISCUSSION

At present, more and more studies have found the
important role of natural medicines’ chemical com-
pounds originating from plant extracts for treatment of
human disease®. It is an efficient therapeutic method
for the treatment of metastatic tumors by targeting natu-
ral products®*%, In this study, we found that curcumol
(Cur) suppressed lung adenocarcinoma cells (A549 and
H460) both in vitro and in vivo as the expression of
antiproliferative, apoptosis inducible, antimigration,
anti-invasion, and antimetastasis, and these effects
maybe mediated by inhibiting the PISK/AKT and Wnt/
b-catenin pathways.

Tumor spreading to cancer to bones, lungs, and brain
islargely dependent on the ability of tumor cellsto invade
the adjacent tissues, which also successfully establishes
a metastatic tumor. Therefore, prevention of cancer cell
metastasis is an effective strategy for successful manage-
ment of cancers. Cur has been reported to be effective
against multiple conditions, particularly cancers’?°. To
date, the mechanisms of Cur on lung cancer metastasis
have been poorly understood. We found that Cur inhib-
ited cell proliferation, migration, and invasion, promoted
cell apoptosis, and arrested the cell cyclein two lung can-
cer cell lines. These results were related to the signaling
molecules regulating several tumor properties including
proliferation (p-AKT, p-PI3K, p-LRP5/6, AXIN, APC,
GSK3b, and p-b-catenin), migration and invasiveness
(MMP-2 and MMP-9), apoptosis (Bax, Bcl-2, caspase
3, and caspase 9), and cell cycle (cyclin D1, CDK1, and
CDK4). These dataindicate that Cur possesses significant
antiproliferation and antimetastatic properties against
lung cancer cellsin vitro.

Pathways in cancer represent a comprehensive net-
work of the integration of all pathways related to tum-
origenesis and cancer progression, such as PISK-AKT,
MAPK, WNT, Wnt/b-catenin, and other pathways
associated with cancer cell proliferation, invasion, and
metastasis?*, Using adatabase, we confirmed that PI3K/
AKT and Wnt/b-catenin could regulate the cell prolifera-
tion and survival, motility and migration, apoptosis, and
invasion®32, A recognized hallmark of cancer cell sur-
vival and growth is an aberrant activation of growth sig-
naling pathwaysincluding Wnt, which hasbecomeavalid
target in antitumor therapy®-°, Western blot and immu-
nofluorescence analysis showed that Cur downregulated
the expression of p-PI3K and p-AKT, and reduced PI3K/

LI ETAL.

AKT nuclear translocation (Figs. 5A and 7). In addition,
Cur negatively regulated the Wnt/b-catenin pathway by
suppressing p-LRP5/6, in turn increasing AXIN, APC,
and GSK3b protein expression to inhibit the expression
and nuclear translocation of b-catenin (Figs. 5B-D and
8A). Importantly, the current study isthe first demonstra-
tion that antiproliferation and antimetastatic activity of
Cur is mediated through modulation of PISK/AKT and
Whnt/b-catenin activity.

The in vitro studies have shown that Cur has notable
antiproliferation/antimetastasis activities. The results of
in vivo studies are consistent with in vitro data. Ki-67
monaoclonal antibody detects only the nuclear antigen in
proliferating cells. Cur treatment significantly decreased
Ki-67 expression in tumors, which confirmed that Cur
could inhibit osteosarcoma cell proliferation in vivo.
Developing more effective drugs to aberrant cell prolif-
eration and apoptosis has been one of the promising che-
motherapeutic strategies?’-. Here, Cur increased nuclear
TUNEL staining, controlled proapoptotic Bax and
antiapoptotic Bcl-2 proteins (Figs. 6F and 8). Besides,
PI3BK/AKT and Wnt/b-catenin inhibition by Cur sup-
pressed lung cancer cell proliferation and metastasisin a
mice model (Figs. 7 and 8). Our in vivo results are also
consistent with studies on other tumor types, including
melanoma, prostate, pancreas, and glioma cancer, where
inhibition of FAK kinase activity results in inhibition of
tumor metastasis®*. Effects of PI3K/AKT and Wnt/b-
catenin inhibition may be attributed to modest inhibition
of tumor procedure.

Taken together, our data demonstrated the antiprolif-
erative and antimetastatic effect of curcumol in vitro and
in vivo. These inhibitory effects are mediated through
inhibition of PISK/AKT and Wnt/b-catenin, supporting
therapeutic approaches targeting PISK/AKT and Wnt/b-
catenin activity to prevent lung adenocarcinoma devel op-
ment and tumor metastasis.
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