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Original Article

Honokiol inhibits EMT-mediated motility and
migration of human non-small cell lung cancer cells
in vitro by targeting c-FLIP
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Aim: Honokiol (HNK) is a natural compound isolated from the magnolia plant with numerous pharmacological activities, including
inhibiting epithelial-mesenchymal transition (EMT), which has been proposed as an attractive target for anti-tumor drugs to prevent
tumor migration. In this study we investigated the effects of HNK on EMT in human NSCLC cells in vitro and the related signaling

mechanisms.

Methods: TNF-a (25 ng/mL) in combination with TGF-B1 (5 ng/mL) was used to stimulate EMT of human NSCLC A549 and H460
cells. Cell proliferation was analyzed using a sulforhnodamine B assay. A wound-healing assay and a transwell assay were performed
to examine cell motility. Western blotting was used to detect the expression levels of relevant proteins. siRNAs were used to knock
down the gene expression of c-FLIP and N-cadherin. Stable overexpression of c-FLIP L (H157-FLIP L) or Lac Z (H157-Lac Z) was also

performed.

Results: Treatment with TNF-a+TGF-B1 significantly enhanced the migration of A549 and H460 cells, increased c-FLIP, N-cadherin (a
mesenchymal marker), snail (a transcriptional modulator) and p-Smad2/3 expression, and decreased IkB levels in the cells; these
changes were abrogated by co-treatment with HNK (30 pmol/L). Further studies demonstrated that expression level of c-FLIP was
highly correlated with the movement and migration of NSCLC cells, and the downstream effectors of c-FLIP signaling were NF-kB
signaling and N-cadherin/snail signaling, while Smad signaling might lie upstream of c-FLIP.

Conclusion: HNK inhibits EMT-mediated motility and migration of human NSCLC cells in vitro by targeting c-FLIP, which can be utilized
as a promising target for cancer therapy, while HNK may become a potential anti-metastasis drug or lead compound.
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Introduction

Lung cancer is the primary cause of cancer-associated mortal-
ity worldwide amongst men and is the second highest cause
among women, accounting for 25% of all cancer deaths. Non-
small-cell lung cancer (NSCLC) is the most common type of
lung cancer, accounting for approximately 85% of all cases'"l.
Cancer metastasis is still one of the major causes of treatment
failure and death in lung cancer patients, and there is no effec-
tive method to directly target metastasis for these patients
except traditional chemotherapy. Moreover, the underlying
mechanism has not been fully clarified until now. Recently, it
was reported that epithelial-to-mesenchymal transition (EMT),
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a biological process that occurs in epithelial carcinomas,
including lung cancer, plays an important role in enhancing
cancer motility and migration. EMT is involved in various
functions and leads to the dissociation of cell-cell adhesions,
disappearance of apical-basolateral polarity, reorganization of
spindle-cell shape, promotion of cell motility, and acquisition
of mesenchymal markers?. Tt is well known that transforming
growth factor-B (TGF-P) is a major inducer of EMT in cancer
cells during tumor progression®. Tumor necrosis factor-a
(TNF-a) is able to accelerate the EMT process induced by
TGF-BM. Thus, the present study used TGF-B and TNF-a as
co-stimulators of the EMT process.

Honokiol (HNK) (Figure 1A), a natural compound derived
from the magnolia plant and used in traditional Chinese medi-
cine, has been tested in various preclinical studies. Among
its numerous pharmacological effects, its anti-tumor effects,



especially its ability to inhibit epithelial-to-mesenchymal tran-
sition (EMT), have aroused much interest. In fact, it has been
reported that HNK inhibits EMT in breast cancer™ ®, gastro-

[7,8] [10]

intestinal cancer” ®, renal cancer, glioblastoma cells"™, and

oral cancer™

. However, no study has examined the inhibi-
tion of EMT by HNK in lung cancer. Cellular Fas-associated
death domain-like IL-1 beta-converting enzyme inhibitory
protein (c-FLIP) is the major protein that protects cells from
apoptosis induced by the extrinsic death receptors'?. C-FLIP
has been shown to be overexpressed in various tumors, such
as colon cancer, gastric cancer, pancreatic cancer, prostate can-

cer, and others!™

. Moreover, cancer-associated gene (CAGE)
increases c-FLIP (L) and snail to enhance cell migration™. All
of these reports have recommended c-FLIP as a useful thera-
peutic target for the innovative treatment of cancer patients. It
has been reported that HNK down-regulates c-FLIP levels and
potentiates the anti-tumor effects of TRAIL in lung cancer in
vitro", suggesting that c-FLIP is involved in exerting inhibi-
tory effects on proliferation by HNK in NSCLC cells.

In our study, we hypothesized and provided strong evi-
dences that HNK inhibits EMT in NSCLC cells by targeting
c-FLIP through N-cadherin/snail signaling. Our analyses
showed that the reduction of c-FLIP levels played a key role
in impeding cancer cell migration in NSCLC cells and that
N-cadherin and snail are downstream targets of c-FLIP. In
addition, we also determined that Smad and NF-«B signaling
were involved in the process of TNF-a+TGF-p1-induced EMT
inhibition by HNK in NSCLC cells. Furthermore, NF-«B sig-
naling was also modulated by c-FLIP.

Materials and methods

Antibodies and reagents

Mouse monoclonal antibodies against human c-FLIP were
purchased from ENZO Life Sciences (New York, NY, USA).
Rabbit anti-snail and N-cadherin monoclonal antibodies were
obtained from Cell Signaling Technology (Danvers, MA,
USA). Mouse monoclonal antibodies against f-actin were
from ZSGB-BIO (Beijing, China). TNF-a and TGF-1 were
purchased from Peprotech (Rocky Hill, NJ, USA) and pre-
pared initially as 0.1 mg/mL stock solutions by dissolving in
0.1% BSA bulffer or dissolving in 1 mg/mL BSA buffer includ-
ing 4 mmol/L HCl as a 20 pg/mL stock solution, respectively.
Both stock solutions were kept at -80°C. Honokiol (HNK) was
purchased from Shanghai Ziyi-reagent Company (Shanghai,
China) and dissolved in dimethyl sulfoxide (DMSO) as a 20
mmol/L stock solution at -20°C. All stock solutions were
diluted with RPMI-1640 medium to final concentrations before
the experiments were performed.

Cell culture

The NSCLC cell lines NCI-A549, NCI-H460, H157-LacZ, and
H157-FLIPL were maintained in our laboratory in RPMI-1640
medium (ThermoFisher Scientific Inc, Waltham, MA, USA)
containing 10% (v/v) fetal calf serum (Gibco BRL, Life Tech-
nologies Inc, Carlsbad, CA, USA), penicillin (100 U/mL), and
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streptomycin (100 pg/mL) (North China Pharmaceutical Inc,
China) in a 5% CO,/95% O, incubator at 37°C. The cells were
cultured as a monolayer in culture flasks to ~90% confluence
for experiments.

Cell survival analysis

Cell viability was examined in a sulforhodamine B (SRB;
Sigma Chemical Company, St Louis, MO, USA) assay. Cells
were seeded in a 96-well plate at 5x10° cells/ well and exposed
to the indicated concentrations of chemicals overnight for 48 h.
After treatment, cold 10% (w/v) trichloroacetic acid (TCA;
Sigma Chemical Company, St Louis, MO, USA) was used to
fix the cells for 60 min at 4°C, and then the supernatant was
discarded. The plates were washed with double-distilled
water 5 times and air dried. Then, the cells were stained with
SRB solution [0.4% (w/v) in 1% acetic acid] for 5 min. After
staining, 1% acetic acid was used to wash the plates 5 times,
and the plates were air dried. Tris (10 mmol/L, pH 10.5) was
added to the plates to solubilize the SRB dye in the cells, and
the absorbance was examined at 570 nmol/L on a microplate
reader (MultiskanMK3, Thermo Fisher Scientific Inc, Waltham,
MA, USA).

Wound-healing assay

The cells were plated into 6-well plates, and a sterile pipette
tip was used to create wounds in confluent cell monolayers.
The cells were washed 3 times with PBS to remove floating
cells and debris. Normal medium containing TNF-a, TGF-
1 and other treatments were added to the wells, and the
plates were maintained at 37°C. Wounds were assayed at the
indicated time points. All experiments were repeated 3 times
under each condition.

In vitro migration assay

Migration of A549 and H460 cells was assessed using cell cul-
ture inserts (Corning Incorporated, Corning, NY, USA) con-
taining a polycarbonate filter with an 8-pum pore size. A549
(5%10° cells/mL) and H460 (1x10° cells/mL) cell suspensions
in a volume of 100 puL of complete medium were added to the
upper compartment of the chamber, and 0.6 mL of complete
medium supplemented with 20% FBS was added to the lower
compartment of the chamber. Then, both sides of the chamber
were exposed to TGF-B1, TNF-a, and HNK as indicated. After
the culture system was incubated at 37°C for 24 h, the inserts
were fixed with methanol for 30 min followed by staining with
0.1% (w/v) crystal violet. A cotton swab was used to remove
the non-migrant cells from the upper surface of the membrane.
The migrated cells on the bottom of the membrane were
photographed using an inverted microscope (Leica Microsys-
tems Wetzlar GmbH, Germany). Finally, the membrane was
dipped into 33% acetic acid to solubilize the crystal violet, and
the solution was measured at 570 nm with a microplate reader
(MultiskanMK3, Thermo Fisher Scientific Inc, Waltham, MA,
USA). The experiments were conducted in triplicate and
repeated 3 times.
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Western blotting analysis

Cells were exposed to reagents for the indicated times,
digested with trypsin (Gibco BRL, Life Technologies Inc,
Carlsbad, CA, USA) and then collected. The cells were lysed
in cell lysis buffer [50 mmol/L Tris-HCI; pH 8.0; 2% NP-40;
150 mmol/L NaCl; 0.2% SDS; 0.5% sodium deoxycholate; 1%
PMSF (Beyotime, Haimen, China)], and the supernatant was
harvested after centrifugation. The BCA protein assay kit
(Thermo Fisher Scientific Inc, Waltham, MA, USA) was used
to determine the protein concentration. Total protein (35-45
pg) for each sample was loaded onto a 10% or 15% poly-
acrylamide gel, separated by SDS-PAGE and transferred to a
polyvinylidene difluoride membrane (Nu Protein Enterprises
Inc, Toronto, Ontario, Canada). The blotted membranes were
then incubated with primary antibodies followed by second-
ary antibodies (diluted 1:5000) conjugated with horseradish
peroxidase (ZSGB-BIO Inc, Beijing, China). Specific antigen-
antibody complexes were visualized by enhanced chemilumi-
nescence with the ECL detection system (EMD Millipore, Bill-
erica, MA, USA). A Chemilmager 5500 (Alpha Innotech Corp,
San Jose, CA, USA) was used to capture the images, and a Gel-
Pro analyzer was used to examine the integral optical density
of each group. All experiments were performed in triplicate.

siRNA transfection

N-cadherin siRNA (sense: 5’-CCAAUCAACUUGCCA-
GAAAdTdT-3’, anti-sense: 3'-dTATGGUUAGUUGAAC-
GGUCUUU-5"), c-FLIP siRNA (sense: 5'-GGUUGAGUU-
GGAGAAACUAATAT-3, anti-sense: 3’-dTdTCCAACUCA-
ACCUCUUUGAU-%5") and negative siRNA purchased from
Ruibo Biotechnology (Guangzhou, China) were transfected
using the RuiboFECT™ CP Transfection Kit according to the
instructions. The experiment was specifically designed as
follows. First, A549 and H460 cells were plated in a 6-well
plate for 24 h, and the medium was replaced with antibiotic-
free medium for transfection. After siRNA was dissolved in
the transfection solution, which was added to the plates, the
cells were incubated at 37°C for another 24 h and treated with
TNF-a+TGF-p1 for 48 h. Finally, the efficiency of the changes
induced by RNAi was measured by Western blotting.

Statistical analysis

All of the experiments were conducted independently at least
three times. All the data were represented as the mean+SD.
Student’s t-test was used to evaluate statistical significance.
For multiple comparisons, one-way ANOVA was used.
P<0.05 was considered significant.

Results

Effects of HNK in combination with TNF-a and TGF-B1 on the
inhibition of proliferation in NSCLCs

TNF-a and TGF-f1 have been applied to stimulate the EMT of
cancer cells in previous studies'®'”); therefore, an SRB assay
was used to examine the proliferation of A549 and H460 cells
to observe the effects of TNF-a and TGF-f1 on the prolifera-
tion inhibition induced by HNK. In the experiment, the cells
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Figure 1. Effects of TNF-a+TGF-B1+HNK and HNK on the proliferative
activity of A549 and H460 cells. (A) The chemical structure of HNK.
A549 (B) and H460 (C) cells were treated with TNF-a+TGF-B1+HNK (TNF-o+
TGF-B1 pretreated for 30 min) and HNK for 48 h. The proliferative
activities of A549 and H460 cells were investigated in an SRB assay.
Data are shown as the mean+SD. n=3. "P<0.05, "P<0.01 compared
with the HNK group.

were exposed to 25 ng/mL TNF-a and 5 ng/mL TGF-p1
combined with the indicated concentrations of HNK (Figure
1B, 1C). The results showed that HNK reduced the growth of
Ab549 and H460 cells in a dose-dependent manner, as previ-
ously reported™. At the same time, TNF-a+TGF-B1 enhanced
the inhibitory effects exerted by HNK on the proliferation
of A549 cells, but there was no significant difference in cell
growth for H460 cells between the three agents and HNK
alone. Based on the results, we chose TNF-a (25 ng/mL),
TGF-p1 (5 ng/mL), and HNK (30 pmol/L) for further experi-
ments.

HNK inhibits the migration of A549 and H460 cells induced by
TNF-a+TGF-B1

It has been reported that HNK inhibits the migration of
NSCLC cells by targeting p-catenin signaling activation medi-



ated by PGE,". Wound-healing assays and a transwell co-
culture system were used to examine the effects of HNK
in combination with TNF-a+TGF-p1 on the inhibition of
motility and the migration abilities of cancer cells. In the
wound-healing assay, TNF-a+TGF-p1 treatment resulted
in a decrease in the wound area through the movement of
A549 and H460 cells into the scarred region compared to
the control, and the morphology of A549 cells was particu-
larly elongated (Figure 2A). For A549 cells, after 35 h of
culture, the motility indices of different groups treated with
TNF-a+TGF-p1, TNF-a+TGF-f1+HNK and HNK were 2.31,
0.88 and 0.82, respectively. There was a significant difference
between the TNF-a+TGF-p1, the control (P<0.01) and the
TNF-a+TGF-$1+HNK (P<0.01) groups. For H460 cells, after
53 h of culture, the motility indices of different groups treated
with TNF-a+TGF-p1, TNF-a+TGF-pf1+HNK and HNK were
1.95, 0.98 and 0.43, respectively. There was a significant differ-
ence between the HNK groups and the control (P<0.05).

Similarly, in the transwell assay, TNF-a+TGF-f1 treatment
resulted in a high migration index compared to the control
in A549 and H460 cells (Figure 2B). The migration indices
of A549 in the TNF-a+TGF-p1, TNF-a+TGF-p1+HNK and
HNK groups were 1.50, 1.07 and 0.88, respectively. There was
a significant difference between the TNF-a+TGF-p1 group
and the control (TNF-a+TGF-1 versus control, P<0.01) or
TNF-a+TGF-f1+HNK (TNF-a+TGF-p1 versus TNF-a+TGF-
B1+HNK, P<0.05) groups. The migration indices of H460 in
the TNF-a+TGF-p1, TNF-a+TGF-p1+HNK and HNK groups
were 1.29, 1.11 and 0.92, respectively. There was a significant
difference between the TNF-a+TGF-p1 group and the control
(P<0.05).

HNK and TNF-a+TGF-B1 affect the expression levels of EMT-
associated proteins and c-FLIP in A549 and H460 cells

c-FLIP influences the expression of N-cadherin and snail, while
HNK modulates the expression level of c-FLIP and inhibits
the motility and migration of non-small cell lung cancer cells.
To investigate the relationship between c-FLIP and EMT, we
first assessed the effects of the expression levels of N-cadherin,
snail and c-FLIP after HNK or TNF-a+TGF-p1 treatment for
the indicated times on the cells via Western blotting. The
results showed that TNF-a+TGF-p1 increased N-cadherin,
snail, and c-FLIP expression levels (Figure 3A, 3B) from 12 h to
72 h in A549 and H460 cells, but HNK significantly decreased
these protein levels (Figure 3C, 3D). Based on the results, the
changes in the indicators at 48 h were obvious; thus, we chose
48 h as a time point for the following experiments.

HNK reduces the increases in N-cadherin, snail, and c-FLIP
expression induced by TNF-a+TGF-B1

Based on the above results, TNF-a+TGF-p1 increased
N-cadherin, snail, and c-FLIP expression, while HNK
decreased these protein levels in A549 and H460 cells. Thus,
we examined whether HNK influenced the expression of
EMT-associated proteins and c-FLIP after TNF-a+TGF-f1 pre-
treatment of cells for 30 min. As shown in Figure 4A and 4B,
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HNK significantly lowered the levels of N-cadherin, snail, and
c-FLIP detected by Western blot. The elevation of these pro-
teins induced by TNF-a+TGF-f1 in NSCLC cells was reduced
after the cells were exposed to HNK, TNF-a, and TGF-p1 for
another 48 h (after the pretreatment time), which further vali-
dated the above results.

C-FLIP regulates the expression of N-cadherin and snail

Based on the above results, TNF-a+TGF-p1 significantly
enhanced the migration of A549 and H460 cells and increased
the expression of N-cadherin, snail and c-FLIP, while HNK
clearly suppressed the motility of the cells and reduced pro-
tein levels. Furthermore, HNK lowered the migratory capac-
ity of NSCLC cells and blocked the elevation of these proteins
induced by TNF-a+TGF-B1. Thus, this suggested that c-FLIP
was involved in the EMT process.

Western blotting was used to examine the expression lev-
els of N-cadherin, snail and c-FLIP after siRNAs were trans-
fected into A549 and H460 cells to elucidate the relationship
between c-FLIP, N-cadherin and snail. First, we applied
c-FLIP siRNA to knock down gene expression and detected
c-FLIP, N-cadherin and snail proteins. The results showed
that the long-form (c-FLIP L) and short-form of c-FLIP (c-FLIP
S) were significantly decreased after transfection for 72 h,
and N-cadherin and snail protein levels in A549 and H460
cells were lowered compared to the control, even with TNF-
a+TGF-p1 treatment (Figure 5A). Second, N-cadherin siRNA
was used to assess the upstream and downstream cell signal-
ing pathways for c-FLIP, N-cadherin, and snail. As shown
in Figure 5B, c-FLIP L levels did not change compared to the
control after N-cadherin was knocked down with/without
TNF-a+TGEF-p1 treatment in A549 and H460 cells. Further-
more, the expression of c-FLIP S was slightly decreased with
both conditions for A549 cells and without any treatment for
H460 cells, while there was no difference in c-FLIP S levels
after N-cadherin siRNA was transfected into H460 cells treated
with TNF-a+TGF-p1 for 48 h. For A549 and H460 cells, snail
protein levels were clearly reduced, especially in the presence
of TNF-a and TGF-p1.

At the same time, the cell proliferation of A549 and H460
cells was examined in an SRB assay to determine the effects of
c-FLIP and N-cadherin siRNAs on the growth of cancer cells.
Figure 6A indicates that control siRNA did not impact the pro-
liferation of A549 and H460 cells compared to the blank group.
The rate of cell growth in the c-FLIP siRNA group was less
than that in the control group with/without TNF-a and TGEF-
1 in A549 and H460 cells (P<0.01). Moreover, after knocking
down c-FLIP, the survival of cells treated with TNF-a+TGF-p1
was reduced significantly (P<0.01), although it was greater
than that of the N-cadherin siRNA group (P<0.01 in A549 and
P<0.01 in H460).

Transwell assays were performed to further determine if
c-FLIP was involved in cancer EMT. As shown in Figure 6B,
the number of migrating cells was significantly reduced in the
c-FLIP siRNA group compared to the negative control group,
demonstrating that c-FLIP knockdown potently influenced
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Figure 2. HNK inhibits the migration of A549 and H460 cells induced by TNF-a+TGF-B1. A549 and H460 cells were treated with TNF-a+TGF-B1 (TNF-o
25 ng/mL, TGF-B1 5 ng/mL), TNF-a+TGF-B1+HNK, or HNK (30 pmol/L) and assessed with the scratch test and transwell assays. (A) The results of the
scratch test after cells were treated for 35 h (A549 cells) and 53 h (H460 cells). Data are the mean+SD. n=3. "P<0.05, ““P<0.01 compared with the
TNF-0+TGF-B1 group. *P<0.05 compared with the blank group. (B) The results of the transwell assays are shown after cells were treated for 15 h (A549)
and 18 h (H460). TNF-a+TGF-B1 pretreatment was administered for 30 min. The results of the transwell assays were measured with a microplate
reader. Data are shown as the mean+SD. n=3. "P<0.05, “"P<0.01 compared with the TNF-o+TGF-B1 group.
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Figure 3. Effects of TNF-a+TGF-B1 or HNK on the expression of EMT-related proteins and c-FLIP in A549 and H460 cells. A549 and H460 cells were
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#P<0.05, #P<0.01 compared with the blank control.

Ab549 cell migration. Additionally, the migration index after
c-FLIP siRNA transfection was decreased from 1.00 to 0.60
without TNF-a and TGF-p1 treatment, while the migration
indices were 1.18 and 0.89 for the negative control and siRNA
group, respectively, with TNF-a and TGF-f1 treatment. There
was a statistically significant difference between the siRNA
and negative control regardless of the addition of cell cyto-
kines (P<0.01). These results strongly suggested that c-FLIP
was a key regulator of A549 cell motility.

Overexpression of c-FLIP L enhances the migration of H157 cells
To further confirm the effects of c-FLIP on the EMT of can-
cer cells, we generated H157-FLIP L and H157-Lac Z cells
with stable overexpression of c-FLIP L (H157-FLIP L) or Lac
Z (H157-Lac Z). First, a Western blotting assay was used to
examine the overexpression of c¢-FLIP L in H157-FLIP L in
contrast to the H157-Lac Z control (Figure 7A). The results
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showed that c-FLIP L was overexpressed in H157-FLIP L cells.
The migration ability of H157-FLIP L and H157-Lac Z was
tested in a wound-healing assay and a transwell assay. As
shown in Figure 7B and 7C, H157-FLIP L cells distinctly exhib-
ited more movement and migration than H157-Lac Z cells, and
the relative movement area and migration index were, respec-
tively, 1.48 and 4.07 times greater than the control. There was
a statistically significant difference in the wound-healing rate
and transwell cell numbers between H157-FLIP L and H157-
Lac Z (P<0.01).

C-FLIP regulates the expression of IkBa but not p-Smad2/3

Further effects exerted by HNK on EMT should be investi-
gated. It was reported that HNK induces osteoblast differenti-
ation in vitro because of its capacity to inhibit basal and TNF-a-
induced NF-xB activation and to reduce the suppressive action

of TNF-a on BMP-2-induced Smad activation® %!, Based on
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Figure 5. c-FLIP influences the expression of EMT related proteins. A549 and H460 cells were transfected with N-control and c-FLIP or N-cadherin siRNA
and then treated with TNF-a+TGF-B1 for another 48 h. After c-FLIP (A) and N-cadherin (B) were knocked down, the expression of N-cadherin, snail and
c-FLIP was tested in A549 and H460 cells in each treatment group by performing Western blotting assays. Data are shown as the mean+SD. n=3.
“P<0.05, ""P<0.01 compared with N-control untreated cells. P<0.05, *P<0.01 compared with the TNF-a+TGF-B1 treated N-control group.

this, we examined whether Smad and NF-xB signaling were
linked with c-FLIP after NSCLC cells were exposed to HNK.
In the experiment, A549 and H460 cells were pre-treated
with TNF-a+TGF-B1 for 30 min followed by HNK treatment
for 48 h. The results showed that no obvious change was
observed in the expression levels of Smad-2/3 proteins, while
Smad-2/3 phosphorylation levels increased and IxkBa expres-
sion decreased after TNF-a+TGF-p1 treatment. Meanwhile,
HNK decreased the increase in Smad-2/3 phosphorylation
and increased the reduction of IxBa expression levels induced
by TNF-a+TGF-p1 pretreatment with no obvious change in
the expression levels of total Smad-2/3 proteins (Figure 8A).

Interestingly, c-FLIP siRNA did not change Smad-2/3 protein
and phosphorylation levels, but the expression of IxBa was
increased in H460 cells (Figure 8B).

Discussion

Honokiol, a natural product that exerts many pharmacologi-
cal effects, has attracted attention from scientists in different
medical fields. HNK has been applied to treat neurodegenera-

21 and has potential
1[26]

tive diseases, such as Alzheimer’s disease
anti-diabetic™, anti-acnegenic®, anti-viral™!, anti-tumora
and other activities. Our previous study showed that HNK
effectively inhibits the proliferation of NSCLC cells through

Acta Pharmacologica Sinica
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the induction of apoptosis and inhibition of autophagy and
also at least partially promotes the apoptosis of NSCLC cells
induced by TRAIL by reducing c-FLIP expression levels! ',
Given that EMT is a major biological process that results in
malignancy®, EMT could be an effective target for drugs by
inhibiting cancer and distant metastases and improving dis-
ease conditions™. It is known that HNK regulates EMT in
various cancers, including lung cancer. Based on these discov-
eries, we attempted to elucidate whether c-FLIP is involved in
the EMT of NSCLC cells and how HNK modulates EMT via
the c-FLIP-mediated signaling pathway. A primary goal in
our study was to set up an EMT model. As mentioned above,
TGF-B1 combined with TNF-a is often used to effectively
promote the EMT of cancer cells. Indeed, EMT is a process in
cancer cells that leads to local migration and distant metasta-
sis with molecular and phenotypic changes™. Thus, wound-
healing assays and transwell assays were used to confirm our

Acta Pharmacologica Sinica

model after A549 and H460 cells were treated with TGF-f1
plus TNF-a. We also tested the potential capacity of HNK in
combination with TGF-f1 plus TNF-a to inhibit the EMT of
cancer cells.

At first, because different cell lines have different drug sen-
sitivities, we examined the anti-tumor activity of HNK in A549
and H460 cells in vitro with TNF-a+TGF-p1 co-treatment to
observe the effects of TNF-a and TGF-p1 on the proliferation
inhibition of HNK. Based on the results, 25 ng/mL TNF-a
plus 5 ng/mL TGF-B1 exerted no obvious changes on the
proliferation inhibitory effects of 30 pumol/L HNK in both cell
lines. Thus, the indicated concentrations of the three agents
were applied in the following experiments to avoid the effects
of cell growth on migration and distant metastasis. The results
from wound-healing assays and transwell assays demon-
strated that TNF-a+TGF-f1 accelerated the migration rate and
increased the transwell cell number, while HNK decreased
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employing H157 cells cultured for 18 h were measured using a microplate reader (n=3). ~"P<0.01 compared with control.

the rate and number of A549 and H460 cells with/without
TNF-a+TGF-p1 treatment.

It is well known that c-FLIP is a promising target for cancer
therapy due to its ability to prevent cancer cell apoptosis®’.
Thus, the reduction of c-FLIP is significant for enhancing
death receptor-induced apoptosis with certain anticancer
drugP!l. It is therefore of interest to investigate whether c-FLIP
is involved in cancer EMT inhibited by HNK. During EMT,
there are often increases in snail (a transcriptional modulator)
and N-cadherin (a mesenchymal marker)™. In our study, a
Western blotting assay was used to determine the expression
levels of N-cadherin, snail and c-FLIP in A549 and H460 cells
with TNF-a+TGF-p1 or HNK-only treatment at different time
points. Our data indicated that TNF-a+TGF-p1 not only pro-
moted cancer cell migration but also increased the expression
of N-cadherin, snail and c-FLIP. Furthermore, HNK not only
inhibited cancer cell migration but also decreased the expres-
sion of the three proteins from 12 h to 72 h. We chose 48 h as
our study time point, and our next Western blotting results
showed that HNK reduced the TNF-a+TGF-p1-up-regulated
expression of N-cadherin, snail and c-FLIP, which revealed
that HNK was able to effectively inhibit the EMT of NSCLC
cells. Notably, when c-FLIP was knocked down, the expres-

sion of N-cadherin or snail was also decreased. When
N-cadherin was knocked down by N-cadherin siRNA, the
expression level of snail was reduced, but there was no obvi-
ous change in c-FLIP L expression. Data from other reports
and our study suggest that c-FLIP siRNA reduces the growth
of cancer cells™; therefore, the SRB assay was used to con-
firm these results. Our data demonstrated that c-FLIP siRNA
significantly lowered the rate of A549 and H460 cell growth
even with TNF-a+TGF-p1 treatment compared to the con-
trol. Additionally, there was a decline in the rate of NSCLC
cell proliferation after N-cadherin siRNA was applied in the
experiment. Thus, siRNA treatments effectively exerted bio-
logical roles in our system. Moreover, the results from the
transwell assays showed that the migration abilities of cancer
cells treated with c-FLIP siRNA were significantly reduced.
Taken together, these experiments demonstrated that c-FLIP
was involved in the EMT of cancer cells, and the downstream
effectors of c-FLIP signaling were N-cadherin and snail.

The study first showed that c-FLIP, the apoptosis-inhibiting
protein, modulated the EMT of cancer cells, and HNK mark-
edly inhibited the EMT of cancer cells by decreasing c-FLIP
expression in NSCLC. Moreover, based on our results, we
found that the snail protein was regulated by N-cadherin.

Acta Pharmacologica Sinica
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group.

Snail, a transcriptional factor, regulates other related pro-
teins, including epithelial and mesenchymal markers!®.
Transcription factors are modulated through feedback from
their effective proteins. However, it was reported that
miR-10b promotes the EMT of Hep-2 cells by increasing
N-cadherin expression levels with no changes in snail mRNA
and protein levels™. Thus, our results suggesting that snail
is influenced by N-cadherin are of interest and enabled the
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authors to integrate N-cadherin-regulating snail into the EMT
signal transduction network. However, our aim in this study
was to sufficiently demonstrate that c-FLIP would modulate
EMT in NSCLC cells, and by targeting c-FLIP, HNK effec-
tively impeded the EMT of NSCLC cells. We also generated
H157 cells that stably overexpressed c-FLIPL to test whether
the increase in c-FLIP expression enhanced the movement and
migration in H157 cells, and the data suggested that c-FLIP



played a crucial role in triggering the EMT of NSCLC cells.
TNF-a and TGF-PB1 both induce Smad signaling and acti-
vate NF-kB signaling® *!. Our experiments revealed that
TNF-a combined with TGF-B1 also increased Smad2/3
phosphorylation and reduced IxkBa expression levels. Nota-
bly, HNK decreased the expression of p-Smad2/3 and
induced IxBa expression after NSCLC cells were exposed to
TNF-a and TGF-p1. Thus, HNK inhibited EMT induced by
TNF-a+TGF-p1. Concurrently, Smad signaling and NF-xB
signaling influenced by TNF-a+TGF-p1 were disrupted by
HNK. We wanted to determine whether c-FLIP plays a role
in the effects of HNK on these signals. However, when c-FLIP
was knocked down with siRNA, we found that the expres-
sion of IxBa was increased but the expression of p-Smad2/3
demonstrated no obvious change. In fact, there have been
no reports regarding the relationship between c-FLIP and
p-Smad2/3, but the results showing the increased expression
of IxBa are consistent with the finding that c-FLIP modulates
NF-B signaling™
NF-xB signaling occurred downstream of c-FLIP, and Smad

. In conclusion, these results showed that

may be upstream of c-FLIP.

In our study, we report for the first time that HNK inhibits
EMT-mediated motility and migration by targeting c-FLIP
in NSCLC cells (Figure 9A). Our findings reveal that c-FLIP
plays an important role in promoting the EMT of cancer cells.
The expression level of c-FLIP is highly correlated with the
movement and migration of NSCLC cells. The results also
indicate that the downstream pathways of c-FLIP are NF-«xB
signaling and N-cadherin/snail signaling, while Smad signal-
ing may be active upstream of c-FLIP (Figure 9B). c-FLIP can
be utilized as a promising target for cancer therapy, and HNK
may become a potential anti-metastasis drug or lead com-
pound.

c-FLIP

Migration Snail N-cadherin A4

EMT

Figure 9. Presentation of a schematic mechanism. (A) We have provided
sufficient evidences to demonstrate that HNK inhibits EMT by regulating
the expression of c-FLIP in NSCLC cells. (B) We also demonstrate that
HNK inhibits the expression of p-Smad while increasing the expression of
IkBa. However, NF-kB lies downstream of c-FLIP, while Smad singling may
lie upstream of c-FLIP.
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