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1 | INTRODUCTION
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Abstract

Objectives: To investigate the synergistic mechanisms of Paris Saponin Il (PSIl) and
Curcumin (CUR) in lung cancer.

Materials and Methods: The combination changed the cellular uptake of CUR and
PSII, apoptosis, cell cycle arrest and cytokine levels were analysed on different lung
cancer cells.

Results: The combination displayed a synergistic anti-cancer effect through promot-
ing the cellular uptake of CUR on different lung cancer cells. Hoechst H33258 stain-
ing and FACS assay indicated that the combination of PSIl and CUR induced cell cycle
arrest and apoptosis. Western blot and cytokine antibody microarray suggested that
the combination activated death receptors such as DR6, CD40/CD40L, FasL and
TNF-a to induce cancer cells apoptosis, and up-regulated IGFBP-1 leading to inhibi-
tion of PIBK/Akt pathway and increase of p21 and p27, which therefore induced a G2
phase arrest in NCI-H446 cells. Meanwhile, the combination suppressed PCNA and
NF-kB pathway in 4 kinds of lung cancer cells. They activated the phosphorylation of
p38 and JNK, and inhibited PI3K in NCI-H460 and NCI-H446 cells, enhanced the
phosphorylation of JNK in NCI-H1299 cells, and increased the phosphorylation of
p38 and ERK, and suppressed PI3K in NCI-H520 cells.

Conclusions: PSIl combined with CUR had a synergistic anti-cancer effect on lung
cancer cells. These findings provided a rationale for using the combination of cur-

cumin and PSll in the treatment of lung cancer in future.

As previous reported, paris saponin Il (PSIl) was isolated from
Rhizoma Paridis saponins (RPS). Its anti-tumour effect has been ob-

Lung cancer divided into small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC) is one of the leading causes of cancer-
related mortality worldwide.! The major causes of death in lung
cancer include aberrations in cell cycle control, metastasis and so
forth. Therefore, amounts of evidence indicated that targeting the
intracellular signalling pathway regulating cell cycle progression
and inducing apoptosis was an important strategy in lung cancer
treatment.

Shuli Man and Long Ma are contributed equally to this paper.

served in several cultural cells and animal systems through inducing
apoptosis by elevating pro-apoptotic elements including Bax, cyto-
solic cytochrome C, activated-caspase-3, and activated-caspase-9,2
promoting S phase arrest,® suppressing NF-xB signalling* and so
forth. Meanwhile, curcumin (CUR) as a multi-target agent in the
spice turmeric exhibited anti-inflammatory,® anti-proliferative,®
anti-oxidant,” pro-apoptotic® and so forth effects against a vari-
ety of cancer models. It also enhanced the efficacy of some che-

motherapy drugs by improving their pharmacokinetics,9 inducing
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apoptosis'® and so on. However, poor oral bioavailability, glucuro-

nide and sulphate conjugate in plasma account for its poor systemic
bioavailability.!*

Interestingly in our previous research, CUR not only alleviated
the toxicity and gastric stimulus induced by RPS,*? but also improved
the quality life of mice bearing tumour cells and enhanced their anti-
cancer effect.'®* With the widely application of complex mixtures
in clinic, the aim of this study was to investigate the synergistic anti-
cancer effects of PSIl and CUR in lung cancer cell lines. Taken to-
gether, these findings would provide the foundation for the use of
CUR and RPS in future.

2 | MATERIALS AND METHODS

2.1 | Reagents

Paris Saponin Il (PSIl) was provided from National Institute for the
Control of Pharmaceutical and Biological Products (purity>91.4%).
Curcumin (CUR) was purchased from Zhongda Co. (China) (90% pu-
rity). The other reagents were commercially available and of analytic

purity.

2.2 | Cell culture

The normal human pulmonary epithelial cell (BEAS-2B) and human
lung cancer cells (NCI-H1299, NCI-H460, NCI-H520 and NCI-H446
as adenocarcinoma, large cell carcinoma, squamous carcinoma and
SCLC, respectively) were acquired from Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences (Shanghai, China).
These cells were cultured in RPMI-1640 medium with 10% foe-
tal bovine serum (Thermo, China) and 1% penicillin- streptomycin
(Solarbio Science & Technology Co., Beijing, China) at 37°C in a hu-
midified atmosphere (5% CO,).

2.3 | Cell proliferation assays

Cell viability was determined by a colorimetric assay using MTT
(Solarbio Science & Technology Co., China). Different cells were
seeded at a density of 5 x 10%/well in a complete growth medium
in 96-well plates. The cells were incubated with the test compounds
for 24 hour before the MTT assay. Then, a fresh solution of MTT
(0.5 mg/mL) was added to each single well of the 96-well plate. The
plate was incubated in a CO, incubator for another 4 hour. Finally,
the cells were dissolved with 100 pL of DMSO and then analysed
in a multi-wall plate reader (BioTek Instruments, Inc., Winooski, VT,
USA).

2.4 | Cell uptake of CUR

The cells were treated with CUR or the combination of PSIl and
CUR for 24 hour. The cells were washed in phosphate buffered
saline (PBS) thrice and lysed with 1% Triton X-100 for 30 minutes.

The cellular uptake of CUR was measured by fluorescence spectro-
photometer (A excitation = 425 nm, A emission = 515 nm) (BioTek

Instruments, Inc. USA).

2.5 | Cell uptake of PSII

The cells were treated with PSll or the combination of PSIl and CUR
for 24 hour. The cells were washed in PBS thrice and lysed with
1% Triton X-100 for 30 minutes. The solution was deproteinated
by adding 100 pL of acetonitrile and 100 pL of methanol followed
by vortex mixing for 1 min, ice-cooling and centrifugation (10 000
rpm, 10 minutes, 4°C). The supernatant was then transferred to a
HPLC vial and volatilized to dryness with nitrogen prior to analysis.
(A =203 nm). Samples were dissolved in 100 pL of 50% acetonitrile
aqueous solution through 0.22 pm microporous membrane before
use. The analytical conditions were an Agilent ZORBAX SB-C18
column (250 x 4.6 mm i.d., 5 pm; Agilent, Palo Alto, CA, USA) and
a solvent system composed of acetonitrile (A) and water (B) (con-
dition: 30%-60% A from O to 40 minutes; 60%-30% A from 40 to
50 minutes) at a flow rate of 1 mL/min. The injection volume was
20 pL, and the detection was at 203 nm.

2.6 | Median-effect analysis

For combination studies, MTT assays of PSIl and CUR at non-fixed
dose ratio were done on 24 h treatment. Results are expressed
as the percentage of surviving cells determined by comparing the
MTT of each sample relative to control samples considered 100%
viable. The dose-response curves of each agent for each cell line
were obtained. The interactions between drugs were evaluated by
calculating Chou-Talalay combination indices (Cl) using Compusyn

software. Each experiment was replicated in triplicate.

2.7 | Hoechst H33258 Staining

The cells were treated with PSIl and CUR for 24 hour. The cells were
washed in PBS thrice and then fixed in 100% ice-cold methyl alco-
hol for 10 minutes. After treatment, the cells were washed in PBS
thrice and their nuclei were stained with Hoechst H33258 (1 ug/mL)
(Solarbio Science & Technology Co., China) for 15 minutes and ex-
amined by fluorescence microscopy.

2.8 | FACS analysis

The cells were seeded at a density of 3 x 10°/well in 6-well plates
and allowed to grow for 24 hour. After 24 hour of treatment with the
test compounds, the cells were collected and fixed with ice-cold 75%
ethanol at -20°C overnight. Then, the cells were resuspended in PBS
containing 200 pg/mL of DNase-free RNase A and 50 pg/mL pre-
sidium iodide and incubated at 37°C for 30 min in the dark. Samples
were analysed using a FACS (BD Accuri C6, USA). The cell cycle dis-
tribution was evaluated by counting 20 000 cells per sample.
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2.9 | Annexin-V/PI double staining

A FITC annexin-V Apoptosis Detection Kit | (Jiangsu KeyGEN
BioTECH. LTD, Nanjing, China) was used to detect apoptosis in
human lung cancer cells after exposure to PSIl and CUR. Cells were
washed in PBS thrice and resuspended in 100 pL of binding buffer
with FITC annexin-V and PI (1 pL each). The cell suspension was in-
cubated for 15 min at room temperature in the dark, and analysed by
flow cytometry (BD Accuri C6, USA) within 1 hour.

2.10 | Western blot analyses

The harvested cells were washed by PBS and lysed with protein
lysis buffer. The concentrations of the proteins were tested by BCA
Protein Assay kit (Thermo Scientific, Waltham, MA, USA). Protein
samples were separated by electrophoresis in Sodium Dodecyl
Sulphonate (SDS)-polyacrylamide gel and then transferred onto
a PVDF membrane, and then incubated with primary antibody for
3 hour. The primary antibodies were Phospho-PI3-kinase p85a/f/y
(H-274), PCNA, NF-xB, Phospho-AKT (phospho-5473) (Bioworld
Technology, St Louis, MN, USA), PI3-Kinase p1108 (C-8), p38a/p (A-
12) and pro caspase-3 (Santa Cruz Biotechnology, Dallas, TX, USA),
JNK1/MAPK8, AKT1/PKBa and ERK1/2 (BOSTER, China), Phospho-
SAPK/JNK (Thr183/Tyr185), Phospho-p38 MAP Kinase (Thr180/
Tyr182) and Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (Cell
Signalling Technology, Danvers, MA, USA). After washed with TBS

(A)

HO
H
o HO oy

Paris saponin II (PSIT)

Proliferation

buffer solution for 3 times, PVDF membrane was incubated with
second antibody for 1 hour. Then, the expression of protein was de-
tected by Odyssey infrared imaging system (LI-COR Biotechnology,
USA).

2.11 | Cytokine antibody microarray

The RayBio® Custom Cytokines Antibody Array kit was pur-
chased from RayBio (RayBio, Shanghai, China) and used accord-
ing to the manufacturer’s instructions. Briefly, total proteins from
lung cancer cells were isolated using RayBio® Cell Lysis Buffer
(RayBio, Shanghai, China). After blocking with 1 x blocking buffer
(provided by the manufacturer), membranes were incubated for
2 hours with 80 uL of each sample. Following wash steps, each
array was incubated with 70 pL of biotin-conjugated antibodies
for 2 hour. Then, the membranes were washed again and incu-
bated with 70 pL of 1500 fold diluted streptavidin-conjugated
fluorescent dye for 2 hours. Subsequently, cover the incubation
chamber with adhesive film. Cover the plate with aluminium foil
to avoid exposure to light and incubate in dark room tempera-
ture for 2 hours. Soon, incubation chambers were discarded and
slides were aspirated, washed and dried completely in air at least
20 minutes. Dried slides were immediately scanned and imaged
using a GenePix 4000B microarray scanner and GenePix 5.0
software (Axon Instruments, Union City, CA, USA). All fluores-

cence intensities in scanned images were reported as background
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TABLE 1 The IC50 of PSIl and CUR, respectively (uM)
NCI-H460 NCI-H1299 NCI-H520 NCI-H446
1C50 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
PSII 2.54+0.29 2.01+0.45 2.50+0.29 1.29 £0.24 2.24 +0.20 1.54 £ 0.05 2.21+0.03 1.50+0.23
CUR 29.7 2.6 18.4 +2.1° 26.5+1.12 13.0+1.7° 229+1.8° 14.1+0.7° 17.8 £2.2° 14.9 + 1.6

Different letters meant significant differences between 2 groups (P < .05).
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TABLE 2 The Clvalues of PSll and CUR in lung cancer cell lines
Concentration (uM) NCI-H446 NCI-H1299 NCI-H520 NCI-H460
PSII CUR Effect Cl Effect Cl Effect Cl Effect Cl
0.125 15 0.64 0.66 0.40 0.83 0.56 0.31 0.40 0.87
0.25 0.66 0.66 0.47 0.74 0.62 0.25 0.50 0.73
0.50 0.70 0.64 0.52 0.75 0.63 0.30 0.47 0.98
1.00 0.75 0.61 0.70 0.37 0.65 0.38 0.62 0.86
2.00 0.79 0.59 0.77 0.30 0.70 0.44 0.78 0.72
corrected mean fluorescence intensities of the pixels within the 3 | RESULTS

spot ellipse.

2.12 | Statistical analysis

Statistical evaluation was conducted by using the SPSS 17.0 for
Windows package software. Data have been expressed as the
means + standard error mean (SEM). One-way variance analysis and
Duncan multiple range test were used to determine significantly dif-
ferent groups. P < .05 was considered as significant differences for
all statistical calculations.

3.1 | CUR and PSll inhibited the proliferation of lung
cancer cell lines

MTT assay was performed to determine the effects of differ-
ent concentrations of PSIl and CUR on the cell viability in the
normal human pulmonary epithelial cells (BEAS-2B) and the lung
cancer cells lines (NCI-H1299, NCI-H460, NCI-H520 and NCI-
H446). As shown in Figure 1B, PSIl and CUR treatment did not
show cytotoxic to the normal human pulmonary epithelial cells
(BEAS-2B). However, they inhibited lung cancer cells viability
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FIGURE 3 The cellular uptake of CUR and PSIl in 4 lung

cancer cells for 24 hour treatment. The globe represents CUR.
The concentration of curcumin was measured by fluorescence
spectrophotometer (A excitation = 420 nm, A emission = 540 nm).
The white globe meant the cells treated with CUR. While the black
one indicated the cells treated with the combination of CUR and
PSIl. The column stood for PSIl. The concentration of PSII was
measured by HPLC (A = 203 nm)

in a concentration-dependent manner. The inhibitory effect of
CUR on SCLC was higher than that on NSCLC (IC50y¢| 446 <
1C50 1520 < 1C50y 11209 < 1C50yc)paeo) fOr 24 hour treat-
ment (Table 1).

3.2 | The combination of PSIl and CUR had
synergistic anti-cancer effects on lung cancer cells

PSIl and CUR inhibited proliferation of human lung cancer cells. To
test whether PSIl and CUR exert synergic or additive effects on
lung cancer cells, the dose-effect curves of single and combined
drug treatment were analysed by the median-effect method,
where the combination indexes (Cl) of less than, equal to, or more
than 1 indicated synergistic, additive or antagonistic activity, re-
spectively. As a result, the dose-effect curves, median-effect plot
and combination index plot of single and combined drug treat-
ment were shown in Figure 2. Cl values was less than 1 in com-
bination of CUR and PSII at concentration ranging from 0.125 to
2.0 pM, indicating synergic effect of combined agents in 4 lung
cancer cell lines (Table 2). ClI value was ranging from 0.3 to 0.8,
indicating synergic effects of combined agents in NCI-H520, NCI-
H446 and NCI-H1299. Meanwhile, Cl value was ranging from 0.8
to 0.99, suggesting slightly synergic effect of combined agents in
NCI-H460.

3.3 | Combination of PSIl and CUR promoted the
cellular uptake of CUR and PSII

The cellular uptakes of CUR and PSII in lung cancer cells influ-
enced their anti-tumour activity. As shown in Figure 3, combina-

tion of PSIl and CUR promoted singular cellular uptake of CUR

Proliferatio
and PSIl in cancer cells. Meanwhile, the cellular uptake of CUR
and PSIlin SCLC (NCI-H446) was more sensitive than that in other
cells.

3.4 | The synergistic anti-cancer effect of PSll and
CUR on nucleus morphological changes

In order to further study the synergic anti-cancer effect of PSIl and
CUR, the morphological changes in 4 lung cancer cells were de-
tected by Hoechst 33258 staining. As shown in Figure 4, the viable
cells exhibited bright blue, while the apoptotic cells showed deep
white. The red arrows indicated chromatin condensation, while
yellow arrows represented nucleus fragmentation. Compared with
the control group, PSIl and CUR alone increased the number of the
chromatin compaction (Figure 4B,C). Meanwhile, the combination
of PSIl and CUR induced more evident apoptosis characteristics,
including nuclear fragmentation and chromatin compaction of
apoptotic appearance (Figure 4D). It indicated that the combina-
tion of PSIl and CUR was more effective in pro-apoptosis than any
monomer alone.

3.5 | The synergistic anti-cancer effect of PSIl and
CUR on cell apoptosis

To further characterize the synergistic anti-cancer effect of PSII
and CUR, Annexin-V FITC/PI double staining was used to con-
firm this pro-apoptotic phenomenon. As shown in Figure 5, the
percentage of apoptotic cells treated by PSIl was 21.6%, 0.07%,
2.52% and 21.2%, respectively. The percentage of apoptotic
cells induced by CUR was 30.1%, 5.56%, 21.23% and 18.8%, re-
spectively. When exposed to their combination, the percentage
increased to 44.4%, 15.13%, 40.02% and 30.2% in NCI-H446,
NCI-H520, NCI-H1299 and NCI-H460 human lung cancer cells.
Therefore, the combination of PSIl and CUR was more effective

on pro-apoptosis than any agent alone.

3.6 | The combination of PSIl and CUR induced
apoptosis via PISK/AKT, MAPK and NF-xB pathways

In order to understand the potential molecular mechanisms of PSII
and CUR, several related pathways including phosphatidyl inositol
3 kinase (PI3K)/AKT, MAPK and nuclear factor-kB (NF-kB) signals
were tested. As Figure 6 displayed, the expression of proliferating
cell nuclear antigen (PCNA), p-PI3K and NF-kB was decreased and
pro caspase 3 was increased in PSlI- and CUR-treated lung cancer
cells (Figure 6A,B,D,F). Combination group increased phospho-
rylated level of p38MAPK in SCLC (NCI-H446) and NSCLC (NCI-
H460 and NCI-H520), c-jun NH2-terminal kinase (JNK) in SCLC
(NCI-H446) and NSCLC (NCI-H1299 and NCI-H460), and extra-
cellular signal-regulated kinase1/2 (ERK1/2) in NSCLC (NCI-H520)
(Figure 6C). In addition, combination group induced p-AKT down
in NCI-H446 (Figure 6E). The results showed that the combination
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FIGURE 4 Morphological changes caused by PSll and CUR in (1) NCI-H446, 2) NCI-H520, 3) NCI-H1299 and 4) NCI-H460 human lung
cancer cells for 24 hour (400x, final magnification). (A) Control, (B) PSII, (C) CUR and (D) combination groups. The viable cells exhibited bright
blue, while the apoptotic cells showed deep white. The red arrows indicated chromatin condensation, while yellow arrows represented
nucleus fragmentation

of PSII and CUR induced apoptosis through MAPK, PI3K and NF-
kB signalling pathways, which were slightly different in NSCLC and
SCLC.

3.7 | The synergistic anti-cancer effect of PSIl and
CUR on cell cycle arrest in NCI-H446 cells

For they were more sensitive in SCLC (NCI-H446) than that in other
cells based on the above assays, further characterize the synergistic
anti-cancer effect of PSIl and CUR based on the cell cycle arrest was
carried out. As Figure 7 shown, an increasing accumulation of sub-
diploid cells displayed in those cells treated with combination of PSII
and CUR for 24 hour compared with other groups. Meanwhile, cells

were accumulated at G2-phase in NCI-H446 cells.

3.8 | Screening of the content of differential
cytokines after the combination of PSII- and CUR-
treated NCI-H446 cells

In order to understand the combination effects of PSIl and CUR on
cell cycle and apoptosis in lung cancer cells, cytokine analyses were
detected in the sensitive cells (NCI-H446). As shown in Table 3, the
combination of PSIl and CUR significantly increased protein ex-
pression levels of mitochondria-related proteins including BCL-2/
BCL-XL-associated death promoter (Bad), BCL2-associated X pro-
tein (BAX) and Bcl-2 (the ratio of Bad/Bcl-2 was 1.0), death recep-
tors such as CD40/CD40L, DRé, fatty acid synthetase ligand (FasL)
and tumour necrosis factor (TNF)-a, growth factor like insulin-like

growth factor-binding protein 1 (IGFBP 1), and cell cycle-related



(D1) (E1)
~ g0, 3 Dead EE3 Late apoptosis
Early apoptosis
q
9 ¥
2
:Va §
7 @
g*g §_
%4
. Q1-LRY Q1-LR
P I B e | wt oF P Con. FC CUR Com.
FL1-H FL1-H
(D2) (E2)
h;‘;m-UL Q1-UR| Q1-UR| 2 JaTUC Q1-UR] [ Dead EE3 Late apoplosis
01% 12.4% 11.5% 0.1% 10.4% 60-

% % ES Early apoplosisd
% ; Q "‘a.; s
R E £ 40-
w
= g 2
- o
Y -
g 204
%
Q1-LR
: E e ol
: i wl wfd Con. FC CUR Com.
(C3),, (E3)
"= OT-UL G1-UR] "= o100 Q1-UR 609 ] Dead B3 Late apoptosis
A :5,6% 0% . :3,5% 11.8% £ Early apoplosis
%4 % 2 404
E E ]
=% g g 8
L 9 2
ey «% g 20
& <
Q1-LR Q1 -L] Q1-LR|
e LN Y % R i ;

w2

(

FL1-H

Con. FC CUR Com.

—
m
B

-

Q1-UR
4.9%

50 ) Dead EZ3 Late apoptosis
Early apoptosis
b

Apoptosis (%)
8 8

3 i .
w W Wt
FL1-H

P

04
Con. FC CUR Com.

FIGURE 5 Effects of PSIl and CUR on cell apoptosis in lung cancer cell lines including 1) NCI-H446, 2) NCI-H520, 3) NCI-H1299 and 4)
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significant differences between 2 groups (p < .05)

proteins containing p21 and p27. All these cytokines or receptors
as initiators to induce tumour cell apoptosis indicated that the
combination treatment induced death receptor-related apoptosis
pathway.

4 | DISCUSSION

Rhizoma paridis saponins (RPS) played a good anti-tumour role in
many clinical applications. Combination of RPS and CUR not only al-
leviated the toxicity and gastric stimulus induced by RPS,'? but also
improved the quality life of mice bearing tumour cells and enhanced
their anti-cancer effect.’®>'* In our previous research, PSII (formosa-
nin C) as one of the main effective compounds in RPS™ was ab-
sorbed in rat plasma after oral administration of RPS.1 Meanwhile,

the anti-tumour effect of PSIl has been observed in several cultural

cells and animal systems through inducing apoptosis,? promoting S
phase arrest® and suppressing NF-kB signalling.? It was reported that
CUR as a multi-target agent enhanced the efficacy of some chemo-
therapy drugs by improving their pharmacokinetics9 and inducing
apoptosis.’®' In addition, poor oral bioavailability of PSII'® and
CUR alone promoted the application of their combination in clinic.
This research was to investigate the synergistic anti-cancer effects
of PSIl and CUR in lung cancer cell lines.

The present results demonstrated that PSIl and CUR had syn-
ergic anti-cancer effects on lung cancer cells (Figures 1 and 2). As
our previous report, CUR promoted the absorption of RPS and
thereby increased its anti-tumour effect.®>!* In this experiment, it
also proved that the main compound of RPS, PSIl combined with
CUR promoted both of their cellular uptake and possibly enhanced
their bioavailability. Furthermore, Hoechst 33258 staining assay
and FACS analysis assay demonstrated that PSIl and CUR had a
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FIGURE 6 The combination of PSIl and CUR inhibited PISK/AKT, MAPK and NF-kB signalling pathways. The expressions of (A) PCNA, (B)
Pro caspase3, (C) MAPKs, (D) NF-kB and PIBK/AKT were examined by Western blot assay. Protein levels were normalized with $-actin levels
(p < .05). *p < .05 compared with control group
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FIGURE 7 Effects of PSIl and CUR on cell cycle distribution in NCI-H446 cell including (A1) control, (A2) PSII, (A3) CUR and A4)
Combination groups for 24 hour. (B) Column diagram of the cell cycle distribution

TABLE 3 Representative apoptotic

biomarkers in NCI-H446 cells after drug Fold change
treatment Biomarkers PSII/Control Cur/Control Com./Control Pathway
Bad — — 1(1.30) Mitochondria
Bax - - 1(1.32)
Bid 1(0.74) = =
Bcl-2 = = 1T(1.36)
Bad/Bcl-2 1.1 1.1 1.0
CD40 — — 17(1.26) Death receptor
CD40L - - 1(1.32)
DRé6 - — T1.27)
Fas - - -
FasL — — 1(1.25)
TNF-a T(1.21) T(1.36) T(1.33)
IGFBP-1 = = 17(1.35) IGF/IGFBP
IGF-I 1(0.74) = =
p21 — — 1(1.20) Cell cycle arrest
p27 = = 1(1.20)

The biomarkers in one color shading indicated that they acted in the same pathway

synergistic anti-cancer effect on the promotion of cancer cell apop- also modulated cellular growth, apoptosis and development.!? PCNA
tosis. The apoptotic pathway may be based on the activation of the was regarded as a critical protein in regulating the growth of cancer
phosphorylation of p38 and JNK, and inhibition of PI3K in NCI-H460 cells and cell cycle arrest.?® Both of them were down-regulated in
and NCI-H446 cells, enhancement of the phosphorylation of JNK in cancer cells (Figure 6).

NCI-H1299 cells, and increase of the phosphorylation of p38 and For they were more sensitive in SCLC (NCI-H446) than that in
ERK, and suppression of PI3K in NCI-H520 cells. Meanwhile, NF-xB other cells based on several assays, cell cycle assay and cytokine
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antibody microarray analyses in NCI-H446 cancer cells were car-
ried out. The main pathways involved in the cell apoptosis were the
extrinsic death receptor pathway and intrinsic mitochondria path-
way.?! According to the cytokine antibody microarray analyses in
NCI-H446 cancer cells, the combination of PSIl and CUR mainly in-
duced extrinsic death receptor pathway involved in the programmed
cell death (Table 3). Combination treatment activated the death
receptors such as TNF-a, FasL, DR6 and CD40/CD40L to increase
the protein expression of caspase 3 and then induced apoptosis
(Figure 8).

As we know, the cell cycle was mediated by the activation
of cyclin-dependent kinase inhibitors (CKIs), such as p21 and
p27.22 In this research, combination treatment suppressed cell
cycle progression in the G2-phase through decreasing p-Akt and
therefore up-regulating expression of p27 and p21 in NCI-H446
cells.?® Furthermore, combination treatment increased the level of
IGFBP1 and subsequently inhibited the activity of IGF1 receptor/
PI3K/Akt pathway,?* which was involved in the cellular differen-
tiation, inflammatory responses, cell cycle arrest and apoptosis in
cancer cells.?®

In conclusion, the combination of PSIl and CUR had a synergic
anti-cancer effect on lung cancer cells through the suppression of
the NF-kB pathway and PCNA expression in every cancer cells, ac-

tivation of the phosphorylation of p38 and JNK, and inhibition of

FIGURE 8 Schematic representation
of proposed mechanism of action

of PSll and CUR induced cell cycle

arrest and apoptosis in lung cancer

cells. Combination of PSIl and CUR
activated death receptors such as DRé,
CD40/CDA40L, FasL and TNF-« to induce
cell apoptosis. The up-regulation of
IGFBP-1 decreased phosphorylation

of PI3K to regulate cell cycle and
pro-apoptosis. Meanwhile, the down-
regulation of PISK/Akt, NF-kB pathways,
PCNA and increasing the phosphorylation
of P38 and JNK took part in the anti-
tumour effect of the combination
treatment

Cell cvcle
arrest

PI3K in NCI-H460 and NCI-H446 cells, enhancement of the phos-
phorylation of JNK in NCI-H1299 cells, and increase of the phos-
phorylation of p38 and ERK, and suppression of PI3K in NCI-H520
cells. The synergic effect displayed more sensitive in NCI-H446
than that in other cells. The combination up-regulated IGFBP-1 to
inhibit the PI3K/Akt pathway and then increased the expression
of p21 and p27 to induce G2 phase arrest in NCI-H446 cells. They
also activated the death receptors such as DR6, CD40/CD40L,
FasL and TNF-a to induce cancer cells apoptosis. Therefore, PSII
combined with CUR had a synergistic anti-cancer effect on lung
cancer cells, which provided the foundation for the use of CUR
and RPS in future.
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