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Original Article 
FL118 inhibits proliferation, migration, invasion, while 
promoting apoptosis in non-small cell lung cancer
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Abstract: Background: FL118, a novel camptothecin analogue, has been extensively studied in human cancers due 
to its superior antitumor properties. However, significantly less is known about its effect and underlying mechanisms 
in non-small cell lung cancer (NSCLC). Therefore, this study aimed to investigate the effects of FL118 on NSCLC cell 
growth, migration, invasion and apoptosis. Methods: CCK-8 assay was used to detect the effect of FL118 on the 
cell viability of A549 and H520 cells. Western Blot, Hoechst 33258 staining and Annexin V-FITC/PI double staining 
followed by flow cytometry were used to detect the effect of FL118 on apoptosis of A549 and H520 cells. Transwell 
assay and wound scratch experiment were used to detect the effect of FL118 on the invasion and migration of 
A549 and H520 cells. Immunofluorescence and Western Blot were applied to detect the effects of FL118 on the 
expression levels of EMT marked proteins E-cadherin and N-cadherin. Results: FL118 inhibited cell viability in a 
dose-dependent manner. Moreover, FL118 treatment led to a significant increase of apoptotic cells, cleaved PAPR, 
Bax, as well as the decrease of Bcl-2 level. FL118 treatment also dramatically reduced the migratory and invasive 
capabilities of NSCLC cells. Furthermore, FL118 reversed the epithelial to mesenchymal transition (EMT) process 
in A549 and H520 cells. Conclusion: FL118 could effectively suppress NSCLC cell growth, migration, invasion, and 
EMT process, while promoting apoptotic cell death. 
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Introduction

Throughout the world, cardiovascular disease 
is considered the major cause of mortality and 
morbidity that is closely followed by cancer [1]. 
According to an estimation, there will be 18.1 
million newly diagnosed cases and 9.6 million 
cancer deaths worldwide in 2018. Among vari-
ous human malignant tumors, lung cancer rep-
resents the most commonly diagnosed cancer 
and the leading cause in cancer death. The 
number of new cases and deaths were approxi-
mately 2,093,876 (11.6% of total cases) and 
1,761,007 (18.4% of total cancer deaths) in 
2018, respectively [2]. Lung cancer is classified 
into two types according to distinct pathologi- 
cal patterns, including small cell lung cancer 
and non-small cell lung cancer (NSCLC) [3]. 
NSCLC is the most frequently diagnosed and 
accounts for 85% of lung cancer. Surgery, che-

motherapy and radiotherapy still represent the 
conventional treatment regime for patients [4]. 
Currently, the median survival for NSCLC pati- 
ents treated with chemotherapy was approxi-
mately 8-10 months. Most recently, the survival 
time and disease-free survival time of NSCLC 
patients were substantially improved with the 
advent of targeted therapy and immunotherapy 
[5, 6]. However, only a subgroup population 
benefit due to the inherent and/or acquired 
resistance of molecular-targeted drugs, as well 
as the individual heterogeneity of immunother-
apy [7, 8]. The 5-year overall survival time was 
still short and unsatisfactory. Accordingly, iden-
tifying novel strategies for the treatment of 
NSCLC is urgently needed.

FL118 is an anti-cancer small molecule that 
targeted Survivin gene [9]. It shares similar ch- 
emical structure features with irinotecan and 
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topotecan, which are two FDA-approved anti-
cancer agents for colon cancer treatment. 
Interestingly, accumulating preclinical studies 
have reported that FL118 exhibits superior 
anti-cancer potency than irinotecan and topo-
tecan [10]. Moreover, it has been well-estab-
lished that irinotecan and topotecan are the 
substrate of the efflux pump proteins P-gp/
MDR1 and ABCG2/BCRP, which led to the 
occurrence of inherent and/or acquired resis-
tance. In contrast, FL118 is not a substrate of 
P-gp and ABCG2 and seems to overcome mul-
tiple efflux pump protein-induced resistance 
[11]. Accordingly, FL118 has attracted many 
investigators owing to its anti-tumourigenic 
function and that it is well-tolerated. Previously, 
A great deal of research has confirmed that 
FL118 exerts anti-proliferative and anti-meta-
static effects against a variety of human malig-
nant tumors, such as colorectal cancer [12], 
breast cancer [13], head and neck cancer [9]. 
Additionally, it also has been found that FL118 
could potentiate the antitumor effect of AMR-
MeOAc in K-ras mutation pancreatic cancer 
cells [14]. However, the effect of FL118 on lung 
cancer, especially in NSCLC, has not been 
explored. To the best of current knowledge, only 
one study has reported that FL118 effectively 
halts the cancer stem cell-like properties of 
cancer stem cells in lung cancer. Surprisingly, 
FL118 showed greater antitumor efficacy than 
cisplatin [15]. Thus, the study of the effects of 
FL118 on cognition in NSCLC cells remains 
challenging and underrepresented in the 
literature.

The purpose of this investigation is to evaluate 
the anti-tumor properties of FL118 in NSCLC 
cell lines. Our data showed FL118 effectively 
inhibited cell growth and metastasis, while pro-
moting apoptosis, suggesting FL118 could be 
considered as a potential therapeutic candi-
date for NSCLC patients.

Materials and methods

Reagents

FL118, 11-methylenedioxy-camptothecin (Fig- 
ure 1A), was a gift from the laboratory of 
American Roswell Park Cancer Institute (RPCI). 
FL118 was dissolved with dimethyl sulfoxide 
(DMSO) for indicated concentration. Antibodies 
against Bax (#32503, 1:1000) Bcl-2 (#1964- 
95, 1:1000), pro-PARP, and cleaved PARP (#32- 
064, 1:1000) were purchased from Abcam 

(Cambridge, UK). Antibodies against glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), 
and goat anti-rabbit immunoglobulin horse rad-
ish peroxide (IgG-HRP) or anti-mouse IgG-HRP 
were from Beyotime Biotechnology Co. Ltd. 
(Shanghai, China). The anti-E-cadherin (#3195, 
1:200 (IF), 1:1000 (wb)) and anti-N-cadherin 
(#13116, 1:200 (IF), 1:1000 (wb)) were from 
Cell signaling technology (Danvers, MA, US). 
Cell counting kit-8 (CCK-8) (#C0038), Annexin 
V-FITC/PI staining (#C1062L), and Hoechst 
33258 staining (#C1018) were purchased from 
Beyotime Institute of Biotechnology (Haimen, 
China).

Cell lines and culture

Human NSCLC cell lines, A549 and H520, were 
purchased from the American Type Culture 
Collection. Cells were cultured in McCoy’s 5a 
medium (A549) or L-15 medium (H520) con-
taining 10% fetal bovine serum at 37°C under 
5% CO2.

Cell viability assessment

CCK-8 assay was used to detect the effect of 
FL118 on NSCLC cell proliferation. Briefly, A549 
and H520 cells were plated in 96-well plates. 
Each well had 5 × 103 cells. Cells were treated 
with different concentrations of FL118 for 24 h 
and 48 h. Then, the medium was aspirated and 
cells were washed with 1 × PBS, followed by 
incubation with 10 µM CCK-8 liquor at an envi-
ronment of 37°C for 1 h. A spectrophotometer 
(Tecan Group Ltd., Männedorf, Switzerland) 
was used to measure the optical density of liv-
ing cells at 450 nm.

Hoechst 33258 staining 

A549 and H520 cells were digested with 0.05% 
trypsin, dispersed and plated in a 96-well plate 
at a density of 1 × 105 cells per well. Following 
exposure to FL118 (0, 10, and 20 nM) for 48 h, 
cells were washed 3 times with PBS, then fixed 
in 4% paraformaldehyde at 4°C for 20 min, 
stained with Hoechst 33258 staining solution 
(125 µl/well, Beyotime Institute of Biotechno- 
logy, Haimen, China) for 5 min, rewashed three 
times with PBS and covered with anti-fading 
solution. The nuclear morphology of apoptotic 
cells were observed under inverted phase con-
trast fluorescence microscope (magnification, 
× 400) (Carl Zeiss, Heidenheimer, Germany). 
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Cell apoptosis detection

A549 and H520 cells in the logarithmic grow- 
th phase were collected at the density of 1 × 

106 cells/mL and incubated with indicated con-
centrations of FL118 for 48 h. Subsequently, 
cells were stained with Annexin V-FITC/Propi- 
dium Iodide (KeyGen Biotech Co., Ltd., Nanjing, 

Figure 1. The effect of FL118 on 
NSCLC cell viability. A. The chemi-
cal structure of FL118. B. A549 
and H520 cells were cultured with 
various concentrations FL118 (0-
200 nM) for 24 and 48 h. Cells 
were then subjected for cell viabil-
ity assessment using CCK-8 assay. 
Data were presented as mean ± 
SD (standard deviation). *P < 0.05, 
***P < 0.001, ****P < 0.0001.
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Jiangsu, China) according to the protocols. 
Then apoptotic cells were determined using  
a flow cytometer (Thermo Fisher Scientific, 
Shanghai).

Western blot analysis

Following FL118 treatment, RIPA lysate buffer 
(Beyotime Biotechnology Co., Ltd., Shanghai, 
China) was used to extract total protein from 
A549 and H520 cells. Quantitative analysis of 
total protein was performed using Bradford 
Protein Assay Kit (Thermo Fisher Scientific, 
Waltham, MA, USA). Then, 12% sodium dode- 
cyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) was used to separate 40 μg pro-
tein and the protein was transferred onto poly-
vinylidene fluoride (PVDF) membranes. Then 
5% skim milk was used to block the mem-
branes. After that, a shaking table was used to 
shake the membranes at an environment of 
37°C for 1 h. Then they were co-incubated with 
Bcl-2, Bax, pro-PARP, cleaved PARP, E-cadhe- 
rin, N-cadherin and GAPDH rabbit anti-mouse 
monoclonal antibody at a condition of 4°C over-
night. The membranes were washed by TBST 
for three times and each time lasted 5 minu- 
tes. Membranes and horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit antibody 
(1:3000, Cell Signaling Technology, USA) were 
co-incubated for 2 hours. Lastly, TBST was 
used to wash the membranes for three times  
(5 min each). Luminol reagent and peroxide 
solution (Millipore, Billerica, MA, USA) were 
mixed at 1:1. Then the mixed solution was  
used to detect proteins. 

Wound scratch assay

A549 and H520 cells were resuspended with 
FBS free medium. Then 5 × 105 cells in 2 mL 
medium were seed into 6-well plate and cul-
tured overnight. When the confluency of the 
cells reached 90%, a line was scraped on the 
cell monolayer with the 20 µl pipette tip. Then 
cells were rinsed gently with phosphate buffer 
saline (PBS) for 3 times. The cell migration was 
observed under a microscope (magnification, × 
100). Scratch pre-experiment was used to 
judge whether the cells had healing ability 
according to the migration area.

Transwell assay

Transwell assay was carried out to evaluate the 
effect of FL118 on cell invasion ability. Brief- 

ly, A549 and H520 cells were digested with 
0.05% trypsin and then resuspended with 100 
μl serum-free medium (with 1% FBS). The cells 
with the density of 5 × 105 cells/ml were added 
in upper chamber. 500 μl 10% FBS medium 
were added into the lower chamber. Subse- 
quently, cells were incubated at a condition of 
37°C for 24 h. The microscope was used to 
observe cells that were on the lower side. Be- 
fore observation, the cells were fixed with 4% 
paraformaldehyde and stained with 0.1% crys-
tal violet for 0.5 h. 

Immunofluorescence 

Cells were cultured on coverslips, fixed in  
4% paraformaldehyde, permeabilized in 0.5% 
Triton X-100, incubated with the primary anti-E-
cadherin and N-cadherin antibodies (Sigma 
Aldrich) for 1 h, and AlexaFluor 594-conjugated 
secondary antibody (Invitrogen, Grand Island, 
NY, USA). After counterstaining with DAPI (Mo- 
lecular Probes, Invitrogen), cells were examined 
and photographed using a confocal microsco- 
pe (Zeiss Axiovert 200 M).

Statistical analysis

All data was expressed as mean ± SD (stan-
dard derivation). Each experiment was repeat-
ed at least 3 times. Statistical analysis was per-
formed with SPSS 20.0 (IBM, Armonk, NY, USA) 
and Graph Prism 7.0 (La Jolla, CA, USA). One-
way ANOVA was used to assess the difference 
between two groups. P values less than 0.05 
was considered as statistically significant.

Results

FL118 reduces the viability of NSCLC cells in a 
time and dose-dependent manner

FL118 (Figure 1A), a novel camptothecin ana-
logue, has been extensively studied in head-
and-neck and colon cancer owing to its superi-
or antitumor potency [9, 10]. However, the influ-
ence of FL118 on NSCLC has remained unclear. 
In the current study, we first investigated the 
cytotoxicity effect of FL118 on two well-estab-
lished NCSCL cell lines, A549 and H520. Cells 
were exposed to various concentrations (0-200 
nM) of FL118 for 24 h and 48 h. As shown in 
Figure 1B, only 100 and 200 nM could effec-
tively reduce the cell viability of A549 and H520 
cells at 24 h, while 0-50 nM FL118 did not 
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cause obvious cytotoxicity effect. In contrast, 
both tested concentrations of FL118 led to a 
significant reduction of cell viability at 48 h. 
Moreover, the anti-proliferative effect of FL118 
was more obvious in the high dose group, indi-
cating FL118 suppresses cell viability in a 
dose-dependent manner. Collectively, these 
findings suggested that FL118 could effect- 
ively reduce NSCLC cell viability in a time and 
dose-dependent fashion.

FL118 triggers apoptosis in NSCLC cells

Next, we also evaluated the effect of FL118 on 
the apoptosis of A549 and H520. Hoechst 
33258 staining results indicated the fragment-
ed nuclei and condensed chromatin pattern 
was significantly increased in FL118-treated 
cells (Figure 2A). Similarly, Flow cytometry re- 
sults also confirmed that both 10 and 20 nM 
FL118 could notably elevate the number of ap- 
optotic cells in comparison with control cells. In 
A549 cells, FL118 (0, 10, and 20 nM)-induced 
apoptosis rates were about 3.3%, 22.9% and 
35.8%, respectively. Moreover, the apoptosis 
rates in H520 cells were about 3.8%, 7.9%, and 
9.3%, respectively (Figure 2B). Interestingly, 
A549 cells were more sensitive to FL118 than 
H520 cells in same dose and time. We also 
examined the expression level of several apop-
tosis-related proteins, including Bax, Bcl-2, pro-
PARP, and cleaved PARP. Consistent with above 
results, western blot analysis demonstrated 
FL118 (5-20 nM) treatment led to a marked 
increase of Bax and cleaved PARP, as well as 
the decrease of Bcl-2 and pro-PARP (Figure 
2C). Taken together, these data suggested that 
FL118 induced apoptosis of NSCLC cell in a 
dose-dependent manner.

FL118 suppresses migration and invasion of 
NSCLC cells

The anti-metastatic effect of FL118 has been 
reported in some tumors. Thus, we also exam-
ined migratory and invasive activities of NSCLC 
cells. Figure 3A showed that both 20 nM and 
50 nM FL118 could effectively suppress the 
migration of A549 and H520 cells. Wound 
scratch assay results showed that FL118 sig-
nificantly reduced the migration of cells in a 
dose-dependent manner, the percent of migrat-
ed wound area were about 45% (0 nM), 30% 
(20 nM), and 12% (50 nM) in A549 cells, while 
about 48% (0 nM), 32% (20 nM), and 28% (50 

nM) for H520 cells. Similarly, Transwell assay 
results revealed that the invasive capability 
was significantly reduced in FL118-treated 
cells. Collectively, these results concluded that 
FL118 suppressed the migration and invasion 
of NSCLC cells.

FL118 inhibits EMT process of NSCLC cells

A plethora of literature has confirmed the role 
of epithelial to mesenchymal transition (EMT) 
in tumor metastasis. During an EMT, epithelial 
cells lose their polarized organization and ac- 
quire migratory and invasive capabilities [16]. 
Accordingly, we also evaluated the effect of 
FL118 through detecting the relative abundan- 
ce of EMT-markers. As shown in Figure 4A, 
FL118-treated A549 and H520 cells showed a 
stronger red fluorescence in cell membranes 
stained with E-cadherin, while a weaker red 
fluorescence when stained with N-cadherin 
antibody compared with the control cells. Mo- 
reover, FL118 regulated the relative abundan- 
ce of E-cadherin and N-cadherin in a dose-
dependent manner. Consistent with above re- 
sults, western blot analysis also confirmed that 
FL118 led to a significant increase of E-cadhe- 
rin and a decrease of N-cadherin (Figure 4B). 
Based on these results, we concluded that 
FL118 might suppress metastasis by inhibiting 
EMT process in NSCLC cells.

Discussion

NSCLC represents the most commonly diag-
nosed lung cancer and with shorter survival. 
Based on the pathological types, NSCLC is clar-
ified into squamous cell cancer, adenocarcino-
ma, as well as large cell carcinoma. Despite 
considerable developments in the treatment of 
NSCLC, including molecular targeted therapy 
and immunotherapy, the current situation for 
NSCLC patients still remains poor. The long-
term survival (5-year survival rate is ~60%)  
and mortality remained unchanged. There- 
fore, novel therapeutic strategies are urgently 
required that can effectively act via various 
anticancer mechanisms. FL118 is firstly identi-
fied as the inhibitor of Survivin through high-
throughput screen [9]. Recently, accumulating 
evidence has reported that FL118 exerts anti-
tumor effect against various human malignan-
cies through multiple distinct mechanisms [17]. 
As we all known, p53 status (wild type, mutant 
or null) in tumor cells is strongly associated the 
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Figure 2. Effect of FL118 on apoptosis and apoptosis-related proteins expression in NSCLC cells. A549 and H520 cells were treated with FL118 (0, 10, and 20 nM) 
for 48 h. A. Apoptosis analysis of FL118-treated cells through microscopy using Hoechst 33258 staining (magnification, × 200). Hoechst 33258 staining enrichment 
represents the apoptotic cells. B. Following Annexin V-FITC/PI staining, apoptotic cell rate in every group was quantified by using flow cytometry. C. Western blot 
analyzes the expression level of apoptosis-related proteins (Bax, Bcl-2, pro-PARP, cleaved PARP) in indicated cells. GAPDH was chosen as the internal control. Data 
were presented as mean ± SD (standard deraition). ns: no significant, *P < 0.05, **P < 0.01, ****P < 0.0001.
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efficacy of chemotherapeutic drugs in clinical 
setting. Surprisingly, preclinical research has 
reported that FL118 could effectively suppre- 
ss neoplasm growth and metastasis in regard-
less of the status of p53. Additionally, it has 

been well-established that the inherent and/or 
acquired resistance of chemotherapeutic drugs 
represents the major challenge for improving 
overall survival time. Available evidence also 
reveals that FL118 could overcome the resis-

Figure 3. Effect of FL118 on the migratory and invasive capabilities of NSCLC cells. A549 and H520 cells in logarith-
mic growth phase were incubated with FL118 (0, 20, and 50 nM) for 24 h. A. The cells were subjected to evaluate 
the migratory properties by using Wound scratch assay. Data were presented as mean ± SD (standard deviation). 
B. The invasion of A549 and H520 cells were examined by Transwell assay. Data were presented as mean ± SD 
(standard deviation). *P < 0.05, **P < 0.01, ****P < 0.0001.
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tance mediated by efflux pump system in tumor 
cells. Collectively, FL118 represents an attrac-
tive therapeutic option for cancer treatment. In 

the current study, we preliminary evaluated the 
anticancer activity of FL118 in NSCLC cell lines 
and found FL118 markedly inhibited prolifera-

Figure 4. Effect of FL118 on E-cadherin and N-cadherin expression in NSCLC cells. A549 and H520 cells in loga-
rithmic growth phase were incubated with FL118 (0, 20, and 50 nM) for 24 h. A. Localization and quantification of 
EMT marker proteins (E-cadherin and N-cadherin) in indicated cells were examined by using immunofluorescence 
staining (magnification, × 400). Representative pictures from immunofluorescence staining. Red: EMT markers, 
blue: DAPI. B. Western blot analyzes the expression level of EMT marker proteins (E-cadherin and N-cadherin) in 
A549 and H520 cells. GAPDH was chosen as the internal control. Data were presented as mean ± SD (standard 
deviation). *P < 0.05, **P < 0.01, ****P < 0.0001.
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tion, migration, and invasion, while promoted 
apoptosis in A549 and H520 cells. Sustaining 
proliferative signaling and resisting cell death 
are two key hallmarks of tumor cells, which 
could make them have abilities of oncogenicity 
and malignant transformation [18]. Thereby, 
blocking cell proliferation and inducing apop-
totic cell death represent an effective strategy 
to halt tumorigenesis and disease progression 
[19]. The anti-proliferation and pro-apoptosis 
ability of FL118 have been confirmed in a vari-
ety of human malignancies. For instance, previ-
ous study found that FL118 treatment led to 
significant growth inhibition and cell cycle 
arrest in breast cancer MDA-MB-231 cells [13]. 
Similarly, FL118 also exerts obvious anti-prolif-
erative effect in colon cancer cells [20]. Consis- 
tent with published results, our current find- 
ings demonstrated the growth and clonogenic 
capacity of NSCLC cells were dramatically halt-
ed by FL118. Additionally, recent studies have 
shown that FL118 triggered apoptotic cell de- 
ath through regulating multiple apoptosis-relat-
ed proteins, including Bax and Bcl-2. Consis- 
tently, our data demonstrated that FL118 expo-
sure resulted in an increase of apoptotic cells 
and the level of Bax, while it decreased the 
expression level of anti-apoptotic protein Bcl-2. 
Conjointly, these results showed that FL118 
would be a potential therapeutic candidate 
drug for NSCLC through inducing growth inhibi-
tion and apoptosis.

To a great deal, tumors from epithelial tissues 
progressing to higher pathological grades of 
malignancy are caused by activating invasion 
and metastasis [21, 22]. During an EMT pro-
cess, epithelial cells lose their polarized organi-
zation and acquire migratory and invasive ca- 
pabilities [23]. E-cadherin, a key cell to cell ad- 
hesion molecule, assists to enable the epithe-
lial cell sheets to fit together and keep the cells 
quiescence within these sheets [24]. The phe-
nomenon that E-cadherin expresses higher is 
confirmed to antagonize invasion and metasta-
sis. On the contrary, the reduction of its expres-
sion is identified to enhance these phenotypes. 
In general, during organogenesis, N-cadherin is 
expressed in migrating neurons and mesenchy-
mal cells. In addition, in many invasive tumor 
cells, N-cadherin is up-regulated [25]. Conse- 
quently, the abundance of E-cadherin and N- 
cadherin in tumor cells reflects the invasion 
and metastasis capabilities. Wound scratch 
experiment and Transwell assay demonstrated 

that FL118 effectively alleviated the migration 
and invasion of NSCLC cells. Furthermore, the 
abundance of E-cadherin was significantly ele-
vated in FL118-treated cells, while N-cadherin 
level was reduced. Consistent with our results, 
previous study found that FL118 inhibits migra-
tion, invasion and EMT process in breast can-
cer cell via inactivating Wnt/β-catenin signaling 
pathway [13]. However, the underlying mecha-
nism that contributes the anti-metastatic effect 
of FL118 in NSCLC is largely unknown.

In conclusion, our current study demonstrated 
that FL118 could effectively inhibit cell prolif-
eration, migration, invasion, and EMT process, 
while promote cell apoptosis in NSCLC cells. 
These data suggest FL118 may be a potential 
therapeutic candidate drug for NSCLC. However, 
the mechanisms underlying the anti-cancer 
activity of FL118 in NSCLC are largely an enig-
ma. Future studies on the current topic are 
therefore recommended.
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