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Abstract: As the first-line drug therapy for non-small cell lung cancer (NSCLC), cisplatin has a wide range of ap-
plications. However, inherent and acquired resistance reduces its effectiveness in the treatment of NSCLC. Our 
study was to investigate the antitumor activity of a new camptothecin analogue FL118 on cisplatin-resistant NSCLC 
cells. Western blot assay showed that the expression of survivin protein down-regulated by FL118, Flow cytometry 
analysis displayed that A549 cells and its cisplatin-resistant counterparts (A549/DDP) cells were both arrested in 
S phase. MTT assay showed that the viability of A549/DDP cells were decreased, indicating that FL118 may effec-
tively inhibit the growth of NSCLC cells regardless of the chemoresistance of tumor cells. Meanwhile, wound healing 
scratch assay and transwell-matrigel invasion assay were used to demonstrate that FL118 may inhibit the migratory 
and invasive capabilities of A549 and A549/DDP cells. To further explore the mechanism of antitumor activity of 
FL118, the expression of ERCC1, P-gp, E-cadherin and Vimentin proteins were examined by immunohistochemistry 
and western blot. The resistance-associated proteins, P-gp and ERCC1, were both inhibited by the treatment of 
FL118, suggesting that FL118 may promote the chemosensitivity of tumor cells through inhibiting their expression. 
Consistent with the change in chemosensitivity, epithelial-mesenchymal transition (EMT) of A549/DDP cells was 
reversed by FL118, implying that the antitumor efficacy of FL118 is at least partly, dependent on regulating the 
process of EMT. These findings contribute to the the understanding of the molecular mechanism by which FL118 
reverses cisplatin-resistance of NSCLC cells and demonstrates that FL118 is a promising candidate for further clini-
cal lung cancer treatment.
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Introduction

Currently, lung cancer is the most frequent can-
cer and the leading cause of cancer death in 
the world [1]. Approximately 80% of newly diag-
nosed lung cancers are non-small cell lung can-
cer (NSCLC). Despite efforts to improve efficacy 
of therapy for NSCLC patients, the 5-year over-
all survival rate remains approximately 15% [2, 
3]. Cisplatin is used in combination with other 
antitumor agents as a first-line therapy for NS- 
CLC, but the chemoresistance to cisplatin often 
leads to the failure of therapy [3] and cancer 
recurrence. Therefore, a better understanding 
of the underlying mechanism by which the che-
moresistance arises has great clinical signifi-
cance for the successful treatment of patients 
with NSCLC, and it is urgent to uncover more 
novel anticancer drugs to effectively inhibit or 
overcome the resistances.

The molecular mechanisms of chemoresis-
tance are complicated. Growing evidence indi-
cates that survivin protein is a central molecule 
involved in drug resistance [4-6], because sur-
vivin may act as a functional molecule in cancer 
stem cells (CSCs) biology [7, 8], which result in 
inherent drug and radiation resistance cancer 
relapse and metastasis. Therefore, survivin 
appears to be a pivotal protein involved in the 
drug resistance of cancer cells by different of 
mechanisms, and the development of novel 
survivin inhibitors may overcome the challeng-
ing issues of drug/radiation resistance and 
cancer relapse.

Dr. Fengzhi Li and his team (Roswell Park 
Cancer Institute-RPCI, Buffalo, New York) has 
reported that an exceptional antitumor com-
pound, designated as FL118, was identified 
through high throughput screening (HTS) of 
compound libraries using genetically modified 
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cancer cell models in which the survivin gene is 
the biomarker and target [9]. More recent stud-
ies have further showed that FL118 also exert-
ed strong anticancer activity on human colon 
and head-and-neck tumors in vitro and in vivo 
[10, 11]. Although FL118 is structurally similar 
to camptothecin analogs, such as irinotecan, a 
known topoisomerase 1 (Top1) inhibitor, FL118 
possesses weaker Top1 inhibitor activity com-
pared to irinotecan. However, FL118 is able to 
selectively inhibit the expression of several 
members of the inhibitor of Apoptosis family 
(Survivin, XIAP, and cIAP2) and the Bcl-2 family 
(Mcl-1), which was demonstrated to contribute 
to FL118 function and anticancer activity [12, 
14]. In addition, FL118 may effectively inhibit 
cancer cell growth regardless of P53 status 
(wile type, mutant or null) [11]. Furthermore, 
the antitumor activity of FL118 is almost not 
impaired by camptothecin-resistance in human 
colon and head-and-neck cancer cells [10], 
indicating that FL118 is effective for human 
tumors that acquire irinotecan and topotecan 
resistance due to its ability to bypass the drug 
resistance induced by multiple ABC transporter 
efflux protein [15, 16]. Briefly as an inhibitor of 
survivin, FL118 has been demonstrated to be a 
novel camptothecin analogue and shows 
superb antitumor activity on colon or head-and 
neck tumors with or without irinotecan-resis-
tance. Based on the previous studies and the 
properties of FL118 using survivin as a target, 
we hypothesize that FL118 could effectively 
inhibit wider ranges of malignant tumors with 
chemoresistance.

In this study, we found that FL118 can not only 
effectively inhibit the growth of NSCLC with or 
without cisplain resistance, but also decrease 
the movement capability and chemoresistance 
of cancer cells. More importantly, we observed 
that antitumor effectiveness of FL118 may be 
related to epithelial-mesenchymal transition 
(EMT), which plays an important role in a vari-
ety of tumors with chemotherapy drug resis-
tance and metastasis. These observations 
expanded our knowledgement of the antitumor 
efficacy of FL118, and at least partially, demon-
strated FL118 as an attractive therapeutic 
option for NSCLC patients with cisplatin 
resistance.

Materials and methods

Chemicals and reagents

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetra-
zolium bromide (MTT) was purchased from 

Sigma Chemical Company (St Louis, MO, USA). 
FL118, the chemical name is 10,11-methylene-
dioxy-20 (S)-camptothecin, was supplied by  
our cooperating lab American Roswell Park 
Cancer Institute (RPCI). The secondary antibod-
ies were purchased from ABGENT (San Diego, 
USA). 

Cell culture and treatment

The human cisplatin resistance NSCLC cell line, 
A549/DDP, was from Sun Yat-sen University as 
a gift. Its parental, A549 cell line was con-
served in our institute. Cells were cultured in 
RPMI 1640 medium with 10% fetal bovine se- 
rum (FBS) and 1% penicillin-streptomycin (Hy- 
Clone SV30010) at 37°C in a 5% CO2 humidi-
fied atmosphere. To maintain the acquired re- 
sistance to cisplatin, A549/DDP cells were 
incubated with 1.0 ug/μL cisplatin and cultured 
in drug-free medium at least 7 days before use. 
In this study, FL118 concentrations were the 
same as those in previous reports made by Dr. 
Li research group. A549 and A549/DDP cells 
were treated with FL118 (1, 10, 100 or 300 
nM) for 24 h, 48 h, 72 h.

Drug resistance assay

The logarithmic growth phase of A549 and 
A549/DDP cells was digested by trypsin, then 
cells (5×103/well) were seeded into 96-well 
plates, cultured for overnight, and treated with 
cisplatin (DDP) at final concentrations of 0, 1, 5, 
10, 15, 20 μg/mL for 48 h. After treatment, 20 
μL of MTT solution (5 mg/mL) was added to 
each well and the cells were incubated at 37°C 
for 4 h. The culture media were then replaced 
with 100 μL DMSO. Absorbance of each well at 
490 nm was measured with a Microplate 
Reader (Bio-Tek, Winooski, VT, USA). The results 
were represented with the average of five paral-
lel samples. The percentage of cell survival was 
calculated using the following formula: Cell sur-
vival rate (%) = (the absorbance of the drug 
group-absorbance of the control group)/(the 
absorbance of the control group-absorbance of 
the blank control group) ×100%. The half maxi-
mal inhibitory concentration (IC50) of each drug 
concentration was calculated according to the 
linear regression equation between the con-
centrations of the drug and the survival rate of 
the cells, and the resistance index (RI) was cal-
culated according to resistant cell IC50/parental 
cell IC50.
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Cell growth/viability assay

The MTT assay was used to measure cell 
growth/viability. A549 and A549/DDP cells 
(5×103/well) were seeded into 96-well plates, 
cultured for 24 h, and treated with FL118 at 
final concentrations of 0, 1, 10, 100, and 300 
nM for 24 h, 48 h, 72 h and 96 h. After treat-
ment, following method would be same to drug 
resistance assay.

Wound-healing assay

Cells were seeded into 6-well plates at a den-
sity of 105 cells/well and cultured with RPMI-
1640 medium containing 10% FBS overnight at 
37°C in a humidified atmosphere of 5% CO2, 
after which, the medium was changed to RPMI-
1640 without FBS and the cells were cultured 
for a further 24 h until >90% confluence. Then 
the artificial scratch wound was created by a 
plastic 200 μL tip. Cell debris was removed by 
washing with PBS. The medium was changed to 
serum-free RPMI-1640 with 100 nM of FL118 
and the cells were continuously cultured for 24 
h. Cell scratch wound was photographed and 
the width of the scratch wound was measured 
at 0h and 24 h. Each assay was carried out in 
triplicate and repeated in three independent 
experiments. Micrographs were taken using an 
inverted phase contrast microscope (Olympus; 
magnification, 40×). 

Transwell-matrigel invasion assay

The invasiveness of cells was evaluated by a 
Boyden chamber assay. The polycarbonate fil-
ters (8 μm poresize, Corning) were precoated 
with Matrigel Matrix (Corning Incorporated, 
New York, USA). The A549 and A549/DDP cells 
were seeded at a density of 1×105 cells/well 
and treated with FL118 (10 nM) in the upper 
chamber with 200 μL serum free RPMI-1640 
medium, while 650 μL RPMI 1640 medium 
with 15% fetal bovine serum was added to the 
lower chamber. After incubation for 48 h, the 
bottom of the inserts were fixed in methanol for 
20 min, stained with 0.1% crystal violet and 
counted under phase contrast microscope (five 
fields perchamber were collected).

Immunocytochemistry (ICC) assays

A549 and A549/CDDP cells (105/well) were cul-
tured on chamber slides for 24 h and then 

treated in RPMI 1640 medium with 10% FBS 
with or without 10 nM FL118 treatment. After 
24 h incubation, the cells were washed three 
times with phosphate saline buffer (PBS), fixed 
with 4% paraformaldehyde for 30 min and per-
meabilized with 0.3% Triton X-100 for 10 min. 
Then the cells were incubation with 3% H2O2 for 
10 min at 37°C. After incubation with primary 
antibodies against survivin, E-cadherin, vimen-
tin (Santa Cruz, CA, USA) and P-gp, ERCC1 
(ABCAM, Cambridge, MA, USA) overnight at 
4°C, the cells were washed with ice-cold PBS 
and incubated for 1 h at room temperature with 
the appropriate secondary antibodies (ABGENT, 
San Diego, USA). Next, the cells were stained 
with 100 ul DAB for 3-5 min, followed by nucle-
ar staining with hematoxylin. The cover slips 
were observed by microscopy (Eclipse E-800, 
Nikon, Japan). 

Western blot analysis

The cells were washed twice in ice-cold PBS 
and lysed in 200 μL Radio Immunoprecipitation 
Assay (RIPA) lysis buffer with protease inhibi-
tors Phenylmethanesulfonyl fluoride (PMSF). A 
BCA Protein Kit (Beyotime Biotechnology, 
Shanghai, China) were used to quantify the pro-
tein concentrations. Equal amounts of protein 
sample was separated by 10-12% SDS-PAGE 
gels, transferred to polyvinyl diflouride (PVDF) 
membranes (Millipore, Billerica, MA, USA) and 
blocked with 5% skim milk in TBST for 2 h at 
room temperature. The membranes were incu-
bated with anti-survivin (1:500), anti-E-cad-
herin (1:1000), anti-vimentin (1:1000) (Santa 
Cruz Biotechnology, USA) or anti-ERCC1 (1: 
1000), anti-P-gp (1:1000) (ABCAM, Cambridge, 
MA, USA) antibodies at 4°C overnight, washed 
three times with TBST and incubated with the 
appropriate HRP-conjugated secondary anti-
bodies for 2 h at room temperature. The protein 
bands were detected by eECL western blot kit 
(CWBIO, China) and visualized by autoradiogra-
phy on X-Ray films (CWBIO, China). And protein 
levels were normalized to GAPDH (1:2000, 
Santa Cruz Biotechnology, USA). 

Quantitative real time-PCR

Total RNA was extracted from cells with Trizol 
(CWBIO, China). Then, total RNA (1 μg) was 
reverse-transcribed into cDNA using FASTQuant 
RT Kit (TIANscript, Beijing, China) following the 
manufacturer’s instructions. Quantification of 
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target and reference (β-actin) genes was per-
formed on CFX96 Touch™ Deep Well Real-Time 
PCR Detection System (BIO-RAD, California, 
USA). The primers used in each reaction were 
as follows: survivin F: 5’-ATACCAGCACTTTGG- 
GAGG-3’, R: 5’-AGAAAGGAAAGCGCAACC-3’; ER- 
CC1 F: 5’-TGGCGACGTAATTCCCGA-CTA-3’, R: 5’- 
ACAAGCAGGACCCGCAAGG-3’; MDR1 F: 5’-TTG- 
TTTGCC-ACCACGATA-3’, R: 5’-TGCTTCTGCCCAC- 
CACTC-3’; β-actin F: 5’-AAGAGA-GGCATCCTGA- 
CCCT-3’, R: 5’-TACATGGCTGGGGTGTTGAA-3’. Fo- 
llowing normalization to β-actin gene, expres-
sion levels for target gene were calculated 
using the comparative threshold cycle (CT) 
method. The ΔCT values were calculated accor- 
ding to the formula ΔCT = CT (gene of interest)-
CT (β-actin) in correlation analysis, and the 
2-ΔΔCT was calculated according to the formula 
ΔΔCT = ΔCT (experimental group) -ΔCT (control 

group) for determination of relative. Data was 
presented as the mean ± standard deviation 
(S.D.) from three independent experiments. 

Cell cycle analysis 

After treatment with 0 nM and 10 nM FL118 for 
12 h and 24 h, the A549 and A549/DDP cells 
(106 cells/ cultured flask) were harvested and 
gently resuspended into single cell suspension 
in Fluorescence Activated Cell Sorting (FACS) 
buffer (PBS containing 2% FBS). Then the cells 
were washed with PBS twice and fixed in cold 
70% ethanol at 4°C overnight. Before detec-
tion, the cells were washed twice with cold PBS 
and resuspended in a solution of 10 mg/mL 
RNase and 1 mg/mL PI (Sigma-Aldrich) at 37°C 
in the dark for 30 minutes. Cells were then ana-
lyzed with FACS (Backman Coulter) immediate-

Figure 1. Identification of cisplatin resistance and detection of resistance-associated proteins in A549/DDP cells. 
A. MTT assay was used to detect the inhibitory ratio of cisplatin over cells (*Dosing group versus the negative 
control group P<0.05, ΔA549/DDP group versus A549 group <0.05), then according the standard formulas, IC50 
(A549), IC50 (A549/DDP) and RI of A549/DDP were calculated. B. The western blot and Immunocytochemistry as-
says showed that after FL118 treatment, the protein levels of ERCC1 and P-gp in A549/CDDP were significantly 
reduced. C. qRT-PCR displayed that FL118 did not down-regulated ERCC1 and MDR1 (P-gp) mRNA levels. (*P<0.05 
vs. the negative control group, #P<0.05 vs. the parent group).
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ly. Each assay was repeated in three indepen-
dent experiments.

Statistical analysis

Assay results were the average from at least 3 
replicates in each of three independent experi-
ments. All experimental data were shown as 
the mean ± SD. Differences between samples 
were analyzed using the Student’s t test. 
Statistical significance was accepted at P<0.05 
or P<0.01.

Results

FL118 significantly reduces the expression of 
resistance-associated proteins in A549/DDP 

MTT assay (Figure 1A) showed that the IC50 of 
cisplatin on A549 cell proliferation was 1.59 
μg/mL, while its IC50 on A549/DDP was 122.2 
ug/mL. The resistance index was then 76.9, 
demonstrating A549/DDP cells possess the 
resistance against cisplain. Consistent with the 
above results, Western blot and immunocyto-
chemistry assay displayed that resistance-
associated proteins, ERCC1 and P-gp were 
both highly expressed in A549/DDP cells com-

pared with A549 (Figure 1B). After the treat-
ment with 10 nM and 100 nM FL118 for 24, 48 
and 72 h, the protein levels of ERCC1 and P-gp 
were significantly reduced in A549/DDP cells 
(Figure 1B), suggesting that FL118 can effec-
tively inhibit the expression of resistance-asso-
ciated proteins in A549/DDP cells. These 
observations implied that FL118 is not only 
able to eliminate irinotecan and topotecan 
resistant tumor cells [10], but also effective for 
at killing cisplain-resistant tumor cells. In- 
terestingly, although FL118 significantly inhib-
ited the expression of ERCC1 and P-gp proteins 
in A549/DDP cells, qRT-PCR displayed that 
ERCC1 and MDR1 (P-gp) mRNA levels (Figure 
1C) were not down-regulated. These data sug-
gested that the inhibitory effect of FL118 on 
ERCC1, MDR1 protein expression is likely to be 
involved with both transcriptional and post-
transcriptional mechanisms.

FL118 effectively inhibits the proliferation of 
cisplatin-resistant NSCLC cells

In order to study the inhibitory effect of FL118 
on cisplatin-resistant NSCLC cells, MTT assay 
was used to detect the inhibitory rates in both 
A549 and A549/DDP cells after the treatment 

Figure 2. The inhibition effect of FL118 on A549 and A549/DDP growth. FL118 inhibits NSCLC cells viability begin 
at 24 h and achieved 50% inhibition rate at 100 nM after 72 h treatment. It presented as time and concentra-
tion dependent manner. Compared with cisplatin, FL118 showed an superior inhibitory effect on NSCLC cells at 
concentrations of 10-300 nM (#FL118 group versus the cisplatin group P<0.05), especially for the A549/DDP, the 
inhibition rate of FL118 was more obvious than that in A549 at 72 h and 96 h. (ΔA549/DDP group versus A549 
group P<0.05).
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with FL118 and cisplain. As shown in Figure 2, 
the results indicated that FL118 obviously 
inhibited the growth of both A549 and A549/
DDP cells in a time- and dose-dependent fash-
ions, suggesting that the inhibitory effect of 
FL118 on NSCLC cells wasn’t affected by the 
existence of chemoresistance. Furthermore, 
compared with cisplatin, FL118 showed a su- 
perior inhibitory effect on NSCLC cells with cis-
platin resistance at concentrations of 10-300 
nM (P<0.05). More importantly, after the treat-
ment with FL118 for 72 h, the inhibitory effect 
of FL118 on A549/DDP cells was significantly 
higher than A549 cells (P<0.05). These obser-
vations suggested that cisplatin-resistant tu- 
mor cells are more sensitive to FL118.

FL118 shows antitumor efficacy through sup-
pressing the expression of survivin in the 
NSCLC cells

Several reports have demonstrated that sur-
vivin inhibitors, FL118 plays a key role in inhibit-
ing cancer cell growth and apoptosis [7, 8, 10]. 
In our study, Western blot, ICC and qRT-PCR all 
displayed that both A549/DDP cells and A549 
cells have aberrant expression of Survivin, 
especially in A549/DDP cells, there is a higher 
expression of Survivin compared to its parental 
cells (Figure 3A, 3B). After the treatment of 
FL118, survivin mRNA and protein were down-
regulated in A549/DDP cells. Therefore, the 
cells survival was significantly inhibited by 
FL118, even at a 1 nM level (Figure 2). 
Furthermore, A549/DDP cells with high Survivin 
expression are more sensitive to FL118.

To further verify the mechanism of FL118-
mediated inhibitory effect on NSCLC, cell cycle 
distribution was analyzed using flow cytometry 
after the treatment with FL118 for 12 h and 24 
h (Figure 4A, 4B). The results showed that 
FL118 treatment resulted in a reduction in the 
percentage of the G0/G1 and G2/M phases in 
both A549/CDDP and A549 cells, while the per-
centage of S phase were significantly increased 
(aP<0.05 or bP<0.01; Tables 1, 2). Consistent 
with the function of survivin, which is involved 
in the inhibition of apoptosis and in the promo-
tion of G1/S transition, our data indicated that 
NSCLC cells were arrested in the S phase of the 
cell cycle by FL118 treatment. 

FL118 effectively inhibits the migratory and in-
vasive capabilities of NSCLC cells and reverse 
EMT phenotype in A549/DDP cells

Tumor cells with an aggressive phenotype 
should acquire migratory and invasive capabili-
ty, which is characteristic of degradation of the 
basement membrane and extracellular matrix 
(ECM) to allow the dissemination of cells to dis-
tant secondary organs. In order to observe 
whether FL118 inhibits the migratory and inva-
sive capability of A549 and A549/DDP cells, 
wound healing scratch assay and transwell 
invasion assays were performed, respectively. 
As shown in Figure 5A, wound healing scratch 
assay showed that A549/DDP cells have an 
obviously enhanced migratory capacity, com-
pared with parental A549 cells. The migration 
distance of A549/DDP cells was increased by 
approximately 2 folds (Figure 5A). Transwell 
invasion assay also revealed that A549/DDP 

Figure 3. Effect of FL118 on the expression of Survivin mRNA and protein detected by ICC, Western blot and qRT-
PCR assays. A. The expression of survivin protein in A549/DDP was higher than that in A549, and were down-
regulated with treatment of FL118. B. qRT-PCR assay of Survivin mRNA showed the similar result (*P<0.05 vs. the 
negative group, #P<0.05 vs. the parent group).
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cells have an enhanced invasiveness than 
A549 cells (Figure 5B). Compared with A549 

cells, the number of invasive A549/DDP cells 
was increased by 2 folds (Figure 5B). Next, the 

Figure 4. Flow cytometry analysis of cell cycle distribution in both A549 and A549/DDP cells by FL118 treatment. 
The A549 (A) and A549/DDP (B) cells were both arrested in S phase after the treatment of FL118 (10 nM) for 12 
and 24 h with a time dependent manner.
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treatment of FL118 resulted in a significant 
decrease in the migration (Figure 5A) and inva-
siveness (Figure 5B) of both A549/DDP and 
A549 cells (P<0.05). Although the number of 
transwell cells in A549/DDP group was higher 
than that in A549 group (Figure 5B) after the 
treatment of FL118, the inhibitory effect of 
FL118 on invasive capability of both A549/DDP 
and A549 cells was similar. The above discover-
ies demonstrated FL118 suppressed the 
migratory and invasive capabilities of NSCLC 
cells. 

Recent studies showed that EMT plays an 
essential role in the metastasis and chemore-
sistance of many types of tumors [17-20], and 
there are phenotypic and molecular associa-
tions between tumor progression and EMT [21-
23]. Therefore, EMT phenotype markers were 
also detected by ICC and Western blot assay 
after FL118 treatment. As shown in Figure 6A, 
A549/DDP cells had a spindle-shaped mor-
phology, a higher expression of vimentin and 
lower expression of E-cadherin, while A549 
cells showed polygon-like shape and only 
expressed E-cadherin. After the treatment of 
FL118, the expression level of E-cadherin was 
dramatically increased in A549/DDP cells, 
whereas the expression level of vimentin was 
reduced (Figure 6B). These data suggested 
that the treatment of FL118 induced the rever-
sal of EMT phenotype in A549/DDP cells, rais-
ing the possibility that the effect of FL118 on 
chemoresistance and movement capability of 
A549/DDP cells is likely to be related to EMT.

Discussion

Lung cancer is one of the most common malig-
nant tumors, and the platinum drugs are widely 
used for the treatment of cancer. But the drug 
resistance of tumor cells frequently leads to 
the failure of treatment. Therefore, there is an 
urgent need to find new drugs used to over-

come drug resistance. Due to FL118’s superior 
antitumor activity, favorable tolerability, and 
low toxicity, we believe that FL118 may become 
a good option for targeted lung cancer thera-
peutics to avoid drug failure by circumventing 
multiple mechanisms of drug resistance. 

A series of initial discoveries have demonstrat-
ed that a novel small chemical molecule desig-
nated as FL118, exerts antitumor activity 
through selectively inhibiting survivin promoter 
activity [11]. Firstly, in our study, we verified 
that A549 and A549/DDP cells both have the 
expression of survivin protein and mRNA 
(Figure 3A, 3B). Especially in A549/DDP cells, 
there is a higher level of survivin, which was 
downregulated with treatment of FL118. These 
data imply that FL118 may effectively exert 
antitumor efficacy on A549/DDP cells. Second- 
ly, we found that FL118 markedly inhibits 
NSCLC cell growth based on the results from 
MTT assay (Figure 2). Along with the concentra-
tion of FL118 was increased, the inhibitory rate 
was also increased. Furthermore, we found 
that FL118 inhibited the proliferation of NSCLC 
cells regardless of the existence of cisplatin 
resistance, and the inhibitory effects of FL118 
on A549 and A549/DDP cells are significantly 
higher than cisplatin, revealing that FL118 not 
only inhibits the proliferation of NSCLC cells, 
but also has a superior antitumor activity com-
pared to cisplatin. 

This conclusion was further confirmed by flow 
cytometry analysis of cell cycle progression. As 
known, cell proliferation is correlated with the 
regulation of cell cycle progression. Our data 
(Tables 1, 2) showed that there was a time-
dependent increase in the percentage of cells 
entering S phases after FL118 treatment. 
Blockade of DNA synthesis in S phase may pre-
vent the replication of the damaged or mutated 
DNA, which allows cells to repair pre-mitotic 

Table 1. Cell cycle distribution (%) in A549 
cells by flow cytometry analysis
Groups 
phase G0/G1 phase S phase G2/M 

Control 62.58±1.15 26.57±0.52 10.84±0.71
12 h 42.35±1.45a 56.34±0.36b 1.31±0.52
24 h 0 97.65±1.23a 2.35±0.48
aP<0.05; bP<0.01 vs. control group.

Table 2. Cell cycle distribution (%) in A549/
DDP cells by flow cytometry analysis
Groups 
phase G0/G1 phase S phase G2/M 

Control 46.57±1.72 30.91±0.59 22.52±0.73
12 h 62.97±1.40b 32.82±0.46b 4.21±0.33
24 h 2.52±0.12 96.95±1.32a 0.83±0.78
aP<0.05; bP<0.01 vs. control group.
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DNA damage or undergo apoptosis [24]. 
Because survivin is involved in the inhibition of 

apoptosis, the regulation of mitotic cell division, 
and the promotion of G1/S transition [25], 

Figure 5. FL118 effectively inhibited the migratory and invasion abilities of A549 and A549/DDP. (A) The migration 
and (B) invasion capabilities are impaired in A549 and A549/DDP cells after FL118 treatment. (*P<0.05 vs. the 
negative group).

Figure 6. The changes in the morphology of A549 and A549/DDP cells and the expression of E-cadherin and vimen-
tin. A. A549/DDP cells were incubated with 1.0 μg/mL of cisplatin and showed a spindle-shaped morphology, while 
A549 cells showed polygon shape. B. ICC and Western blot analysis of EMT markers. 
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FL118 acts as an inhibitor of survivin and is 
capable of arresting A549 and A549/DDP cells 
in the S phase of the cell cycle, which explains 
the mechanism of inhibitory effect of FL118 on 
NSCLC cells.

It has been found that FL118 possessed supe-
rior function and distinct mechanism from 
those camptothecin analogues like irinotecan 
and topotecan [11, 14-16]. On one side, FL118 
may effectively inhibit the proliferation of tumor 
cells as shown above. On the other side, FL118 
may overcome irinotecan and topotecan resis-
tance in human head-and-neck or colon tumors 
by bypassing multiple ATP-binding cassette 
(ABC) transporter efflux protain-induced drug 
resistance. ABC transporter (ABCG2/BCRP) 
and P-glycoprotein (P-gp/MDR1) are both major 
efflux pump protains. Although for many drugs, 
inhibition of ABCG2 and/or P-gp is an effective 
way to increase drug efficacy [26-30], FL118 
can bypass ABCG2 and P-gp-mediated resis-
tance and thus has an inherent advantages 
over many other drugs. 

The molecular mechanisms of drug resistance 
are complicated. One of mechanisms is the 
enhancements in DNA damages repairing. 
Nucleotide excision repair (NER) system is an 
important way to repair DNA damage. In human 
tumor cells, DNA damages caused by ultravio-
let rays and chemotherapy drugs are mainly 
repaired by NER pathway [31], and ERCC1 plays 
a key role during DNA damage recognition in 
the NER pathway [32, 33]. Inhibition of ERCC1 
expression can reduce the ability of tumor cell 
to repair DNA damage, causing tumor cells to 
be sensitive to chemotherapeutic agents, such 
as cisplatin. In vitro transfection experiments 
showed that, down-regulated expression of 
ERCCl can improve the chemosensitivity of cis-
platin-resistant human ovarian cancer cells. 
meaning that the function of cellular DNA mis-
match repair pathway is lost by inhibiting 
expression of ERCCl [34]. Consistent with the 
previous conclusion that acquired cisplatin 
resistance of tumor cells have an overexpres-
sion of ERCC1 [35, 36], A549/DDP has an obvi-
ous expression of ERCC1 protein. Moreover as 
mentioned above, P-gp/MDR1 has a strong 
outer pumping action to platinum, thus reduc-
ing the concentration of the platinum drugs 
inside tumor cells and then rendering tumor 
cells with platinum-resistance. In our study we 

found the similar results that FL118 may inhibit 
A549/DDP cells even if the tumor cells have a 
higher expression of P-gp and ERCC1 (Figures 
1B and 2). It suggested that FL118 may 
enhance drug-sensitivity of the NSCLC cells 
through decreasing the expression of resistant-
associated proteins.

Nevertheless, there was an interesting discov-
ery detected by real-time PCR (Figure 1C) dis-
played that, contrary to the protein expression 
of the ERCC1 and P-gp, the mRNA expression in 
A549/DDP cells obviously increased after the 
treatment of FL118. These data suggest that 
inhibition of ERCC1 and P-gp protein expres-
sion by FL118 likely occurs during transcrip-
tional or post- transcriptional level, and there 
may be other potential protein targets interact-
ed with FL118. 

Another important theory which is closely relat-
ed to chemoresistance is epithelial-mesenchy-
mal transition (EMT). Many studies have shown 
that EMT plays an important role in the carcino-
genicity, metastasis and poor prognosis in 
many types of tumor [37-40], and EMT is 
involved in drug resistance in NSCLC [41, 42]. 
During EMT, epithelial markers such as the 
expressions of E-cadherin decrease, while 
mesenchymal markers such as vimentin were 
overexpressed [43]. Our study showed that 
FL118 weakened the mesenchymal character-
istics of A549/DDP (Figure 6A, 6B) including 
morphologic change and the reversal of EMT 
phenotypic markers, suggesting that FL118 
may inhibit cisplatin resistance tumor cells by 
regulating EMT. We also observed the ability of 
migration and invasion in NSCLC cells after the 
treatment of FL118 (Figure 5). Its migration 
and invasion abilities was associated with EMT. 
Furthermore, FL118 may has more potential 
protein targets to exert inhibitory effect on 
movement ability.

In conclusions, the present study demonstrat-
ed that FL118 not only effectively inhibits the 
growth and motility of NSCLC cells with or with-
out cisplatin resistance, but also significantly 
enhances drug sensitivity through decreasing 
resistance-associated proteins, ERCC1 and 
P-gp. Except that FL118 selectively inhibits 
suvivin, Mcl-1, XIAP, and c-IAP2 and bypasses 
ABCG2 and P-gp-associated drug resistance, 
the effect of FL118 on EMT of tumor cells is 
also likely to play a key role for drug resistance 
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and tumor relapse. Taken together, our and oth-
ers’ studies showed that FL118 application is a 
novel therapeutic approach for cisplatin-resis-
tant NSCLC. 
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