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Abstract. Evodiamine (EVO) is one of the main components 
extracted from Evodia rutaecarpa and has been reported to 
inhibit tumor growth by inhibiting proliferation and inducing 
apoptosis. Although the anticancer activity of evodiamine has 
been confirmed, the exact mechanism remains to be eluci‑
dated. In the present study, cancer stem‑like cells (CSCs) were 
successfully enriched from A549 cells by being cultured in 
serum‑free medium and characterized by detecting stemness 
markers. Expectedly, the addition of EVO inhibited prolifera‑
tion, migration and invasion in A549 cells, demonstrating its 
inhibitory effects on the malignant behaviors of A549 cells. 
In CSCs derived from A549 cells, EVO treatment promoted 
cell proliferation while inhibiting migration and invasion. 
By detecting the hallmarks of the epithelial‑mesenchymal 
transition (EMT), including E‑cadherin, Vimentin, Slug and 
Snail via western blotting, it was revealed that EVO treatment 
inactivated the EMT process and potentially led to the loss 
of self‑renewal capacity of CSCs and promoted proliferation. 
By activating the EMT using TGF‑β pretreatment, EVO treat‑
ment downregulated the hallmarks of the EMT and led to 
inactivation of the EMT, indicating its potential mechanism of 
regulating CSCs via the EMT pathway. The findings suggested 
that modulation of the self‑renewal capacity of CSCs may 
affect malignant cancer behaviors following surgery. EVO 
exerts inhibitory effects not only on cancer cells but also on 
CSCs in non‑small‑cell lung cancer, and therefore could be 
used as a promising drug targeting CSCs.

Introduction

Evodiamine (EVO) is a type of quinazoline carboline alkaloid 
that is a traditional Chinese medicine isolated from Wu Zhu 
Yu (Evodia rutaecarpa). EVO has been shown to improve 
cognitive function, have anti‑inflammatory properties and 
tackle circulatory failure (1). In addition, EVO may have vaso‑
dilatory and cardiotonic effects (2). Accumulating evidence 
has demonstrated the antitumor effects of EVO, including on 
gastrointestinal (3), genitourinary tract (4), breast (5), pros‑
tate (6) and colon (7) cancer. Although the precise mechanisms 
remain to be elucidated, induction of apoptosis is believed to 
be one of the major mechanisms of action for evodiamine 
against cancer cells.

Lung cancer is one of the leading causes of cancer‑asso‑
ciated deaths worldwide (8). When lung cancer is diagnosed, 
it is frequently in the late stage and the 5‑year survival rate 
is discouraging. Although incremental improvements in the 
survival rate and quality of life have been achieved in other 
common malignancies, no efficient therapeutic strategies 
for lung cancer have been developed  (9). In recent years, 
the existence of cancer stem‑like cells (CSCs) in different 
types of cancer has been recognized and accepted. The CSC 
hypothesis demonstrates the existence of a population of 
rare, stem‑like tumor cells maintaining stemness, exerting 
self‑renewal capacity and undergoing asymmetric divi‑
sion (10‑12). CSCs share molecular features with embryonic 
stem cells, including CD133 (13), Nanog (14) and Oct4 (15), 
which are considered CSC hallmarks. CSCs have been 
isolated from a number of forms of human cancer, including 
lung cancer (13,16). Considering the central role of CSCs in 
tumorigenesis, inducing malignant behavior and chemore‑
sistance, CSCs might be considered a therapeutic target to 
achieve effective cancer treatment (17). Although the effects 
of EVO on tumor cells have been well studied, the role of 
EVO in regulating the malignant behaviors of CSCs remains 
to be elucidated.

The epithelial‑mesenchymal transition (EMT) is a 
complex series of morphological changes, including the loss of 
epithelial characteristics and the acquisition of a mesenchymal 
phenotype. In solid cancers, the EMT tightly regulates the 
processes of metastasis; it is responsible for survival in the 
circulation and seeding at secondary sites (18). It has been 
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reported that activation of the EMT via either overexpres‑
sion of the EMT hallmarks or treatment with TGF‑β confers 
a number of the properties of CSCs on otherwise epithelial 
carcinoma cells (19,20), indicating that activation of the EMT 
process is closely related to entrance into the CSC state in 
several different types of cancer cells.

The aims of the current study were to evaluate the effects of 
EVO on the physiological processes of the non‑small‑cell lung 
cancer cell line A549 and CSCs derived from A549. It then 
focused on the effects of EVO on the maintenance of stemness 
and the EMT process in CSCs to evaluate the potential role 
of CSCs as a therapeutic target of non‑small‑cell lung cancer 
cells and demonstrates that EVO may a promising natural 
compound targeting to CSCs.

Materials and methods

Cell culture and CSCs enrichment. The human non‑small 
cell lung cancer cell line A549 was purchased from ATCC 
and was cultured in Dulbecco's Modified Eagle Medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Inc.) at  37˚C in 5%  CO2. In order to enrich 
CSCs from A549 cells, 1x106  A549 cells were cultured 
in DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 20 ng/ml of epidermal growth factor 
(EGF; PeproTech, Inc), 10 ng/ml of basic fibroblast growth 
factor (bFGF; PeproTech, Inc) and 2% B‑27 (Thermo Fisher 
Scientific, Inc.). Every four days, medium was half‑refreshed. 
At day 10 and 20, cells were imaged under a X71 (U‑RFL‑T) 
fluorescence microscope (Olympus Corporation) and stored 
in liquid nitrogen.

EVO treatment. EVO (Fig. 1A, MilliporeSigma) was with 
DMSO to a final concentration of 1 mmol/l. A549 cells or 
CSCs were incubated in DMEM supplemented with 10% FBS 
and without or without 1, 2.5, 5, 7.5 or 10 µmol/l of EVO 
at 37˚C. For cell proliferation assay, 1, 2.5, 5, 7.5 or 10 µmol/l 
of EVO exposure lasted for 24 h at 37˚C. For CCK‑8 assay, 
cells were co‑cultured with EVO for 24, 48 and 72 h at 37˚C. 
The intralipid treated cells were considered as negative control.

Cell cycle assay. The cell cycle distribution of 1x106 cells 
was checked using propidium iodide (PI; MilliporeSigma) 
staining on a flow cytometer. The cells were collected by 
centrifugation at 400 x g for 5 min at 37˚C. The cell pellet 
was collected and fixed with 4% paraformaldehyde and 
stained with 5 µg/ml PI for 10 min in darkness at room 
temperature. Then cells were washed three times with PBS 
and PI absorbance was determined by FACS on a flow 
cytometry (FACSCalibur, Becton, Dickinson and Company). 
Data was analyzed using FlowJo software (version 8.7.1; Tree 
Star Inc.).

EdU staining. For EdU staining, EdU‑labeling reagent 
(Thermo Fisher Scientific, Inc.) was added and incubated with 
cells for 4 h. Then the medium was removed and cells were 
washed with PBS for three times at 37˚C. Cells were fixed with 
4% paraformaldehyde for 15 min at room temperature. Clik‑iT 
kit (Thermo Fisher Scientific, Inc.) was employed for EdU 

detection following the manufacturer's instructions. Then the 
cells were counterstained with 5 µg/ml DAPI at room tempera‑
ture for 5 min. Images from five fields of view were randomly 
chosen and captured using a X71 (U‑RFL‑T) fluorescence 
microscope (Olympus Corporation) at x40 magnification 
and analyzed using ImageJ software (version 1.2; National 
Institutes of Health).

Transwell assay. Cell migration and invasion was evaluated 
using an 8‑mm pore size Transwell system (Costar; Corning, 
Inc.) without or with Matrigel (BD Biosciences), which was 
pre‑coated at 37˚C for 2 h. Briefly, cells were dissociated 
into single cells and resuspended in DMEM medium at a 
density of 1x105 cells/ml. The top chamber of the Transwell 
was loaded with 200 µl cell suspension and 800 µl DMEM 
medium supplemented with 10% FBS was added to each 
lower chamber. Following incubation in the incubator for 
24 h at 37˚C, the cells remain on the upper surface of upper 
chamber were removed and the cells on the lower surface 
of upper chamber were fixed in 4% paraformaldehyde at 
room temperature for 10 min and subsequently stained with 
0.25% crystal violet (MilliporeSigma) at room temperature 
for 10 min followed by three washes with PBS. Images of 
the stained cells from five random views were captured 
under a X71 (U‑RFL‑T) fluorescence microscope (Olympus 
Corporation) at x20 magnification.

Western blotting. Cells were collected by centrifugation 
at 800 x g, 4˚C for 10 min and washed with PBS for three 
times. Total protein was extracted using NP‑40 lysis buffer 
(Beyotime Institute of Biotechnology), according to the manu‑
facturer's instructions. The concentration of total protein was 
measured using a BCA detection kit (MilliporeSigma). Total 
protein (20  µg) was fractionated via 10% sodium dodecyl 
sulfate polyacrylamide gel (SDS‑PAGE, Beyotime Institute of 
Biotechnology) electrophoresis, followed by blot transfer onto 
a polyvinylidene fluoride membrane (PVDF, Thermo Fisher 
Scientific, Inc.). Following transfer, the PVDF membrane was 
blocked in 5% skimmed milk at room temperature for 30 min. 
Then the PVDF membrane was incubated with the following 
primary antibodies at 4˚C overnight: Rabbit anti‑human poly‑
clonal antibody against CD24 (1:1,000; cat. no.  ab179821); 
rabbit anti‑human polyclonal antibody against CD44 (1:1,000; 
cat.  no.  ab157107); rabbit anti‑human polyclonal antibody 
against CD133 (1:1,000; cat. no. ab19898); rabbit anti‑human 
polyclonal antibody against Oct4 (1:1,000; cat. no. ab181557); 
rabbit anti‑human polyclonal antibody against Nanog (1:1,000; 
cat. no. ab21624); rabbit anti‑human polyclonal antibody against 
β‑actin (1:5,000; cat. no. ab8227); rabbit anti‑human polyclonal 
antibody against E‑cadherin (1:1,000; cat. no. ab40772); rabbit 
anti‑human polyclonal antibody against Vimentin (1:1,000; 
cat.  no.  ab92547); rabbit anti‑human polyclonal antibody 
against Slug (1:1,000; cat. no. ab27568); and rabbit anti‑human 
polyclonal antibody against Snail (1:1,000; cat. no. ab82846). 
All antibodies were purchased from Abcam. Following three 
washes with PBS supplemented with 0.1% Tween‑20, the 
membranes were subsequently incubated with horseradish 
peroxidase‑linked goat anti‑rabbit IgG (1:5,000, cat. no. ab7090) 
at room temperature for 2 h. Enhanced chemiluminescence solu‑
tion (Thermo Fisher Scientific, Inc.) was added for luminescent 
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image development. The amount of β‑actin was considered as 
a reference. Blots were quantitatively analyzed using Image J 
software (version 1.8.0.172).

RNA extraction and reverse transcription‑quantitative (RT‑q) 
PCR. TRIzol® reagent (Thermo Fisher Scientific, Inc.) was 
purchased for RNA extraction. In brief, cDNA was synthesized 
by using the Reverse Transcriptional kit (Guangzhou RiboBio 
Co., Ltd.) from 1  µg of total RNA. The RT reaction was 
carried under the following conditions: 10 min at 25˚C, 60 min 
at 42˚C and 10 min at 85˚C in a total 20 µl of reaction mixture. 
RT‑qPCR was performed in an ABI7500 (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The reaction mixture consists 
of 2 µl of forward and reverse primers in 10 µl of SYBR Green 

Master Mix (Thermo Fisher Scientific, Inc.) to a total volume 
of 20 µl. The RT‑qPCR cycle conditions were 2 min at 50˚C, 
10 min at 95˚C, followed by 40 cycles of 15 sec at 95˚C and 
1 min at 60˚C. The primer sequences were identified through 
PrimerBank (https://pga.mgh.harvard.edu/primerbank/) and 
were: E‑cadherin Forward: 5'‑CGA​GAG​CTA​CAC​GTT​CAC​
GG‑3', E‑cadherin Reverse: 5'‑GGG​TGT​CGA​GGG​AAA​AAT​
AGG‑3'; Vimentin Forward: 5'‑GAC​GCC​ATC​AAC​ACC​GAG​
TT‑3', Vimentin Reverse: 5'‑CTT​TGT​CGT​TGG​TTA​GCT​
GGT‑3'; Slug Forward: 5'‑CGA​ACT​GGA​CAC​ACA​TAC​AG​
TG‑3', Slug Reverse: 5'‑CTG​AGG​ATC​TCT​GGT​TGT​GGT‑3'; 
Snail Forward: 5'‑TCG​GAA​GCC​TAA​CTA​CAG​CGA‑3', Snail 
Reverse: 5'‑AGA​TGA​GCA​TTG​GCA​GCG​AG‑3'; β‑actin 
Forward: 5‑CAT​GTA​CGT​TGC​TAT​CCA​GGC‑3; and β‑actin 

Figure 1. EVO treatment inhibited A549 cell proliferation without detectable effect on cell apoptosis after 24‑h treatment in a dose‑dependent way. (A) Chemical 
structure of EVO. (B) CCK‑8 assay was performed to evaluate cell viability following EVO treatment. *P<0.05 vs. 0 µM EVO group. (C) High‑content cell 
imaging assay was performed to identify the effects of EVO on cell proliferation. (D) Annexin V‑FITC/PI double staining was performed to identify the effects 
of 1, 2.5, 5 or 10 µM EVO on cell survival rate. EVO, evodiamine.
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Figure 2. EVO treatment inhibited A549 migration and invasion. The effects of 1, 2.5, 5 or 10 µM EVO on (A) migration after 24‑h incubation or (B) on 
invasion after 48‑h incubation were detected, separately. EVO, evodiamine. *P<0.05 and **P<0.01 vs. Mock group.

Figure 3. Enrichment and identification of CSCs from parental A549 cells. (A) Morphology of A549 CSCs after 10 and 20‑day culture. (B) Serial replating 
assay was performed to identify the self‑renewal capacity of A549 CSCs. (C) Sphere formation was observed from passage 1 to 5 at x10 magnification. 
(D) Semi‑quantitative western blotting was performed to identify the expressing levels of hallmarks of CSCs, including CD24, CD44, CD133, Oct4 and Nanog 
normalized to β‑actin. *P<0.05 vs. parental A549 group. CSCs, cancer stem‑like cells.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  24:  746,  2022 5

Reverse: 5‑CTC​CTT​AAT​GTC​ACG​CAC​GAT‑3. The rela‑
tive quantification of LIN28B gene was determined by using 
the comparative Cq (ΔΔCq) method as recommended by the 
manufacturer (21).

Serial replating assay. For evaluating self‑renewal capacity, 
serial replating assay was assessed. Briefly, 1,000 cells were 
plated in DMEM/F12 medium supplemented with 20 ng/ml of 
epidermal growth factor, 10 ng/ml of basic fibroblast growth 
factor and 2% B‑27 and incubated at 37˚C for 10 days. Then 
the same number of dissociated cells were replated and four 
passages were replated.

CCK‑8 assay. To evaluate the effects of EVO exposure on 
cell viability, CCK‑8 assay was performed. Cells were seeded 
in 96‑well plates (5x104 cells/well) and 10 µl CCK‑8 solution 
(MilliporeSigma) was added to each well and incubated at 37˚C 
for 2 h in a CO2 incubator. The absorbance value was measured 
at 620 nm wavelength on the MultiSkan spectrum microplate 
reader (Thermo Fisher Scientific, Inc.). The experiments were 
repeated three times.

CFSE/PI double staining assay. The cytotoxicity of EVO was 
evaluated by CFSE/propidium iodide (PI; MilliporeSigma) 
double staining. Briefly, CFSE‑pre‑stained cells were incubated 
with EVO at 37˚C for 24 h, then cells were stained with 5 µg/ml 
PI at room temperature for 10 min in darkness. Then cells were 
washed three times with PBS and PI absorbance was determined 
by FACS on a flow cytometer (FACSCalibur, Becton, Dickinson 
and Company).

Statistical analysis. All data in the present study were presented 
as mean ± SD. Unpaired t‑test was applied to compare between 

two groups. One‑way analysis of variance (ANOVA) followed 
by Tukey's post‑hoc test was used to analyze the statistical 
significance of >2 groups. P<0.05 was considered to indicate a 
statistically significant difference. All experiments were carried 
out in triplicate.

Results

Physiological processes of A549 were inhibited by EVO treat‑
ment. A549 cells were treated with 0, 1, 2.5, 5, 7.5 or 10 µmol/l 
EVO over 24 h and cell viability was determined following EVO 
exposure. The results were that, with 5, 7.5 or 10 µmol/l EVO 
exposure for 24 h, cell viability was significantly decreased 
compared to mock group, respectively (Fig. 1B). Then high 
content imaging was employed to observe cell growth from 
24‑72 h following addition of EVO (Fig. 1C). Similar results 
were found that with exposure to 5, 7.5 or 10 µmol/l EVO, cell 
confluence was obviously decreased (Fig. 1C). Notably, 24‑h 
treatment of EVO presented no effect on apoptosis (Fig. 1D), 
which indicated that EVO affects proliferation but not apoptosis 
after 24‑hour treatment.

For evaluating the effects of EVO exposure on malignant 
behaviors including cell migration and invasion, Transwell 
assay without or with Matrigel was performed after 24‑hour 
pretreatment of different concentration of EVO. As expected, 
1‑10 µmol/l of EVO decreased both migration and invasion 
activity in A549 (Fig. 2A and B), which is consistent with a 
previous finding (6).

Enrichment and identification of CSCs from A549 cells. 
The inhibitory effects of EVO on A549 cells promoted 
speculation on whether EVO exerted similar effects on CSCs 
derived from A549 cells. By considering the widely accepted 

Figure 4. The effects of EVO on physiological processes of CSCs derived from A549 cells. (A and B) CCK‑8 assay was performed to detect the effect of EVO 
exposure on proliferation. *P<0.05 vs. mock group. (C) PI‑stained cells were analyzed using flow cytometry assay to evaluate the distribution of cell cycle 
phases. *P<0.05 vs. EVO-negative group. (D) Transwell assay without or with Matrigel was performed to evaluate the effects of EVO exposure on migration 
or invasion.  *P<0.05 vs.Mock group. EVO, evodiamine; CSCs, cancer stem‑like cells; PI, propidium iodide.
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method for enriching the stem‑like cells by sphere‑forming 
ability of cancer cells in serum‑free medium, A549 cells 
were cultured in serum‑free DMEM/F12 supplemented with 
EGF, bFGF and B27 for 10 and 20 days. Morphologically, 
unattached spheres were observed at both 10 and 20 days 
(Fig.  3A). To confirm whether enriched spheres present 
self‑renewal capacity, additional serial replating experi‑
ments were performed. By passaging for five times, no 
detectable decrease in the number of formed spheres in 
each 1,000 cells, indicates the notable self‑renewal capacity 
of stem‑like cells enriched from A549 (Fig.  3B  and  C). 
Furthermore, several hallmarks of stemness, including 
CD24, CD44, CD133, Oct4 and Nanog, were determined 
by semi‑quantitative western blot. As expected, compared 
with parental A549 cells, CD44, CD133, Oct4 and Nanog 
were found significantly upregulated in both 10‑ and 20‑day 
spheres (Fig. 3D).

Effects of EVO treatment on physiological processes of 
CSCs derived from A549 cells. By considering the inhibi‑
tory effects of different concentration of EVO on A549's 
malignant behaviors including proliferation, migration and 
invasion (Fig. 2), whether EVO exerted similar effects to 
CSCs enriched from A549 was investigated. By performing 

CCK‑8 assay, it was found that 5.0, 7.5 and 10 µmol/l EVO 
exposure clearly promoted cell viability after 24 and 48 h 
(Fig. 4A). To further confirm its effects on proliferation of 
CSCs, 5 µmol/l EVO was employed. As shown in Fig. 4B, 
EVO exposure significantly promoted cell viability, which 
was opposite to the expectation of the present study. In order 
to rule out the possibility of promoting viability instead of 
promoting proliferation, EVO‑exposed CSCs were fixed with 
4% paraformaldehyde and stained with 5 µg/ml PI followed 
by cytometric analysis. The results confirmed that EVO 
exposure decreased the proportion of G1/G0 phase in CSCs 
and, by contrast, arrested cell phase at G1/G0 in A549 cells, 
which explained the opposite effects in CSCs and A549 cells 
(Fig. 4C). The present study then evaluate the effects of EVO 
on migration and invasion in CSCs. Oddly, EVO treatment 
inhibited migration and invasion in CSCs, similar to the 
effects in A549 cells (Fig. 4D).

EVO treatment inactivated EMT program and decreased 
stemness of CSCs. EMT has been accepted as a key 
and reversible process, which allows cancer cells to 
be activated during the metastasis process  (22,23). By 
considering the effects of EVO on migration and inva‑
sion in CSCs enriched from A549 cells, the present study 

Figure 5. EVO exposure inactivated EMT program and decreased stemness of CSCs derived from A549. (A) Reverse transcription‑quantitative PCR and 
(B) semi‑quantitative western blotting were performed to evaluate the expressing levels of hallmarks of EMT. *P<0.05 vs. Mock group. (C) Morphological 
changes following EVO exposure. (D) Serial replating assay was performed to detect the maintenance of stemness of CSCs derived from A549. *P<0.05 
vs. Mock group. EVO, evodiamine; EMT, epithelial‑mesenchymal transition; CSCs, cancer stem‑like cells.
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measured the relative expressing levels of EMT hallmarks, 
including E‑cadherin, Vimentin, Slug and Snail. As 
shown in Fig. 5A and B, both mRNA and protein levels 
of E‑cadherin, were upregulated and those of Vimentin, 
Slug and Snail were downregulated in EVO‑treated CSCs, 
compared to untreated CSCs, demonstrating that EVO 
treatment inactivated EMT‑program. It has been reported 
that the changes in expression levels of these hallmarks 
of EMT lead to morphological changes in the cells (24). 
After being cultured in EVO‑contained medium for 3‑6 
days, spheres attempted to attach to the bottom of the 
wells (Fig. 5C), indicating that EVO treatment promoted 
cells differentiation or inhibited maintenance of stemness. 
By performing self‑replating experiment, it was confirmed 
that EVO exposure decreased self‑renewal capacity of 
CSCSs (Fig. 5D).

EVO treatment regulated physiological processes of CSCs 
potentially via inactivating EMT. TGF‑β is the most studied 
growth factor and it serves a central regulating role in acti‑
vating EMT. The present study, by employing TGF‑β as an 
EMT‑activator before EVO exposure, tried to clarify whether 
the effects of EVO exposure on physiological processes of CSC 
by inactivating EMT‑program. By measuring the hallmarks 
of EMT with semi‑quantitative western blotting, it was shown 
that upregulation of EMT hallmarks by TGF‑β stimulation 

was inhibited following EVO exposure, indicating that EVO 
exposure not only morphologically inhibited migration and 
invasion, but also affected EMT signaling in CSCs (Fig. 6A). 
By performing Transwell assay with Matrigel, consistent 
results were obtained with the expressing levels of EMT hall‑
marks (Fig. 6B). TGF‑β‑promoted cell proliferation was also 
inhibited by EVO exposure in CSCs (Fig. 6C). By performing 
serial replating experiments, as expected, EVO decreased 
self‑renewal capacity in CSCs and exerted antagonistic effect 
on maintaining stemness by TGF‑β stimulation (Fig. 6D).

Discussion

Although rapid advances in diagnostic and operative tech‑
niques have been developed, due to the advanced stage of 
lung cancer (8) it remains one of the most difficult human 
malignancies to treat, which leads to a low survival rate and 
poor quality of life. The potential roles of CSCs in regulating 
malignant behaviors, including metastasis and recurrence, 
have attracted attention (9,10).

Accumulating studies have demonstrated that EVO exerts 
an inhibitory effect on the proliferation of several types of 
cancer, including gastrointestinal (3), genitourinary tract (4), 
breast (5), prostate (6) and colon (7) cancer. Consistent with 
previous studies, the present study found that EVO inhibited 

Figure 6. The inhibition of EMT by EVO exposure potentially leads to cell cycle arrest. (A) Hallmarks of EMT in untreated (Mock), EVO treated (EVO), 
TGF‑β treated (TGF‑β) and EVO/TGF‑β co‑treated (EVO/TGF‑β) cells were evaluated. (B) Transwell with or without Matrigel was performed to detect the 
migration and invasion ability. (C) Cell viability of the aforementioned cells was measured.  (D) Serial replating assay was performed. *P<0.05 vs. Mock group; 
#P<0.05 vs. TGF‑β group. EMT, epithelial‑mesenchymal transition; EVO, evodiamine.
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NSCLC cell proliferation. However, EVO treatment promoted 
cell proliferation and cell viability in A549‑derived stem‑like 
cells, indicating that A549 CSCs are more resistant to EVO. 
Considering the contradictory results, a concentration range 
of EVO exposure (1‑10 µmol/l) was set to test its effect on the 
malignant behaviors of A549 cells and CSCs derived from 
A549 cells. The results showed that A549 cells and CSCs 
derived from A549 cells presented different reactivities to EVO. 
EVO exposure inhibited migrating and invasive abilities in 
both A549 cells and CSCs derived from A549 cells. However, 
instead of inhibiting proliferation in A549 cells, EVO exposure 
promoted proliferation in CSCs. By considering that existence 
of CSCs contributes to chemoresistance, exposure to EVO may 
be a promising strategy to overcome chemoresistance caused 
by CSCs. However, as a limitation, the effect of EVO on over‑
coming chemoresistance related to the presence of CSCs was 
not detected, which is worth further study.

The present study exposed non‑small‑cell lung cancer cells 
A549 and CSCs derived from A549 to EVO and tested its efficacy 
against physiological processes, including self‑renewal capacity, 
proliferation, migration and invasion. It was determined that 
EVO exposure exerted inhibitory effects on malignant behavior 
in A549 cells. In CSCs, despite promoting proliferation, EVO 
exposure also inhibited malignant behaviors. It was found that 
EVO treatment significantly decreased the maintenance of the 
self‑renewal capacity in CSCs by inactivating the EMT process. 
The inducing effects of the EMT by TGF‑β were confirmed in 
CSCs and EVO treatment abolished the induction of TGF‑β 
on the EMT. This finding indicated the potential mechanism 
by which EVO regulates CSCs by affecting the EMT process. 
Considering that all the experiments were carried out in vitro, 
the exact roles of EVO on lung epithelial cancer cells and CSCs 
should be investigated in vivo.

In summary, the present results show that EVO treatment 
inhibited physiological processes in A549 cells. To the best of 
our knowledge, this is the first study to evaluate the effects of 
EVO exposure on CSCs derived from non‑small cell lung cancer 
cells, and the inhibitory effects towards CSCs, potentially by 
regulating EMT, were confirmed. Taken together, the results 
suggested that EVO can be an promising chemoagent that exerts 
inhibitory effects not only on non‑small‑cell lung cancer cells 
but also on CSCs, which are a critical subpopulation contributing 
to poor prognosis. The data may provide therapeutic suggestions 
on the use of EVO in non‑small‑cell lung cancer‑related surgery.
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