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Abstract. The present study aimed to investigate the effects 
of a gefitinib derivative, LPY‑9, on the proliferation, apoptosis 
and migration of human glioma cell line U251‑MG by CCK8, 
Transwell or flow cytometry, and the effect of LPY‑9 on the 
activity of caspase‑3 enzyme and related proteins in the vascular 
endothelial growth factor (VEGF) and epidermal growth factor 
receptor (EGFR) pathways by western blot and ELISA. It was 
found that LPY‑9 exhibited higher a inhibitory effect on the 
proliferation of U251‑MG cell lines compared with gefitinib and 
it also exhibited a certain dose‑dependence. Following LPY‑9 
treatment, typical apoptotic morphology was observed under the 
microscope after Giemsa staining. LPY‑9 induced apoptosis at 
low concentration, and the activity of caspase‑3 enzyme increased 
with the increase in drug concentration, significantly inhibiting 
the secretion of VEGF in a dose‑dependent manner. The effect 
was notably more evident compared with gefitinib at the same 
concentration. The expression level of caspase‑3 and cleaved 
caspase‑3 increased with the increase in LPY‑9 concentration; 
however, expression levels of VEGF, EGFR, phosphorylated 
AKT and PI3K decreased with the increase of LPY‑9 concen‑
tration and no change was observed in the expression level of 
AKT. LPY‑9 inhibited the proliferation of the human glioma 
cell line U251‑MG, promoted apoptosis and effectively inhibited 
the migration of U251‑MG cells. The effect of LPY‑9 was more 
noticeable compared with gefitinib. The results of the present 
study may provide a foundation for further study and clinical 
research of this as an anti‑tumor drug in animal models.

Introduction

Glioma is the most common primary malignant tumor arising 
from the neuroectodermal central nervous system with poor 

prognosis, accounting for 50‑60% of intracranial tumors (1). 
Glioma is usually treated by surgery, followed by chemotherapy 
combined with radiotherapy (2). However, the average survival 
time of the patients with low grade glioma is only 3‑5 years and 
1‑2 years in the case of patients with high grade glioma (3). The 
conventional treatment of glioma involves the removal of most 
of the tumor by craniotomy, followed by several methods that are 
used to inhibit the proliferation of residual tumor cells or to kill 
the remaining tumor cells (4). However, even for patients with 
the same WHO level and pathological type of glioma, such as 
WHO I, II and III the prognosis is quite different (5). This is due 
to the difference in treatment strategy. The biological character‑
istics of tumors, especially the differences in heredity, gene, and 
protein, also play an important role (2). With the development of 
molecular biology, immunology, biochemistry, and other related 
disciplines, researchers have taken the treatment of glioma from 
the traditional approach, as outlined above, to the targeting of 
glioma cells, oncogene genes and related proteins (6).

Epidermal growth factor receptor (EGFR), a membrane 
receptor with tyrosine kinase activity, is widely expressed in 
various human cancers (7). The EGFR‑mediated signal trans‑
duction pathway is complex and has various effects, which 
can induce cell proliferation, migration and differentiation, 
and is closely related to cell regeneration and the development 
of malignant tumors (8). EGFR is the first receptor in solid 
tumors to be used as a therapeutic target (9). Previous findings 
have shown that there is a high expression of EGFR in human 
glioma (10‑12). Thus, it can be used as a target for human 
glioma and for combining with the ligands of chemothera‑
peutic drugs and be involved in targeted therapy (11).

Previous studies have shown that the application of targeted 
therapy is relatively safe and effective; however, there are 
issues that remain to be solved, including the therapeutic effect 
of targeted therapy and its predictability, how to combine the 
targeted therapy with the conventional therapy and improve 
the curative effect, the drug resistance of the tumor cells, and 
the single factor and the single target drug research and devel‑
opment strategy, which is inadequate to prevent and control 
multiple factors and multiple targets (12‑14).

Gefitinib, an epidermal growth factor receptor antagonist, 
is currently widely used in the treatment of non‑small cell 
lung cancer  (15‑17). Although glioma also expresses high 
levels of epidermal growth factor receptor, it has been shown 
that gefitinib is not effective in the treatment of glioma (18). 
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The present study investigated the underlying molecular 
mechanism, modification and synthesis of gefitinib. A series 
of gefitinib derivatives were produced by the chemical 
modification of gefitinib, introducing hydrophilic groups and 
anti‑tumor groups.

To develop more active small molecules targeting anti‑
cancer drugs, the present study used quinazoline as the 
research subject because it exhibits relatively suitable biolog‑
ical activities, including anticancer, bactericidal, insecticidal 
and antiviral properties (19‑21). Quinoline compounds play an 
important role in tumor therapy and inhibit EGFR tyrosine 
kinase, vascular endothelial growth factor receptor, platelet 
derived growth factor receptor, FMS like tyrosine kinase 3 
and other targets (22‑25).

In previous studies, a few anticancer compounds were 
derived by introducing small molecular heterocycles on the 
four sites of quinazoline (including pyridine, pyrimidine and 
pyrazole)  (26,27). Non‑quinazoline heterocycles, such as 
Tozasertib, also have relatively effective anticancer activities. 
Therefore, the present study used gefitinib as the precursor 
compound and introduced small molecular heterocyclic rings 
to its four sites, in order to achieve the ‘superposition’ of the 
activity and obtain more anticancer compounds.

Materials and methods

Chemicals, antibodies, and reagents. LPY‑9 and gefitinib 
were provided by Guizhou University School of Pharmacy. 
U251‑MG cells were obtained from Procell. Fetal bovine 
serum (FBS) was purchased from Gibco (Thermo Fisher 
Scientific, Inc.; 10091148). DMEM was purchased from 
Hyclone (GE Healthcare Life Sciences; SH30022.01). DMSO 
was purchased from Sigma‑Aldrich (Merck KGaA). CCK‑8 
proliferation toxicity test kit was obtained from Dojindo 
Molecular Technologies, Inc. (CK04), Giemsa staining kit 
was obtained from Beijing Solarbio Science & Technology 
Co., Ltd. (G4641), PI‑Annexin V double dye flow reagent 
kit was obtained from Nanjing KeyGen Biotech. Co., Ltd. 
(40303ES20). Caspase‑3 Enzyme Activity kit was purchased 
from Nanjing KeyGen Biotech. Co., Ltd. (41345ES50), 
Transwell assay kit was obtained from Corning Inc. (3428), 
BCA protein quantitative kit was obtained from GenStar 
Biosolutions (E162‑05).

Cell culture. The U251‑MG cells were obtained from Procell 
and cultured using DMEM supplemented with 10% FBS, 1% 
sodium pyruvate (100 mM), 1% non‑essential amino acids 
(10 mM), and 1% penicillin/streptomycin solution (Invitrogen; 
Thermo Fisher Scientific, Inc.). Cells were maintained at 37˚C 
under a 5% CO2 atmosphere. The cells were passaged after 
every 2 days.

Cell Counting Kit‑8. U251‑MG cells (2x104 cells/well) were 
seeded in 96‑well plates and incubated for 24  h at 37˚C 
followed by treatment with different concentrations of gefi‑
tinib and LPY‑9. Then, 10 µl of CCK‑8 solution (Dojindo 
Molecular Technologies, Inc.) was added to each well and 
incubated for 4 h. The samples were then detected at 450 nm 
by a microplate reader (Bio‑Rad Laboratories, Inc.), and 
analyzed using the formula: [(OD value of test‑OD value of 

blank)/(OD value of control‑OD value of blank)], to quantify 
the cell viability.

Giemsa staining. According to the results of CCK‑8 assay, 
U251‑MG cells were treated with 15, 30 or 60 µmol/l LPY‑9, 
or the same concentrations of gefitinib. After 24 h, U251‑MG 
cells were fixed with methanol and washed carefully twice, 
and were then incubated with 10% Giemsa stain at room 
temperature for 10 min and washed carefully twice. Finally, 
the cell morphology was observed, and images captured, under 
an inverted microscope in three different fields at random.

Caspase‑3 activity. To investigate caspase‑3 activity, 4x106 cells 
were collected according to the manufacturer's protocol of an 
ELISA kit (Biovision, K4221‑100). After washing with PBS 
twice, lysis buffer was added into cells, mixed, incubated for 
30 min on ice, and oscillated four times (each time 10 sec 
at 3,000 rpm). Then, the cells were centrifuged at 8,000 x g 
at 4˚C for 30 min, and protein was quantified by a BCA kit.

Wound healing assay. Prior to seeding cells, three straight 
lines were drawn parallel to the bottom of a 6‑well using 
marker pen. Cells were seeded in 6‑well plates and cultured 
in a DMEM containing 1% FBS, 1% penicillin/streptomycin 
solution in order to protect cell proliferation, although the 
usage of FBS is a limitation of the present study. After the 
cells adhered to the wall and formed a monolayer, a 200 µl 
pipette tip was used to make three parallel scratches, followed 
by washing with PBS to remove the delimiting cells. Then the 
cell migration was observed with a light microscope (magnifi‑
cation x10) in three different fields.

Effects of LPY‑9 and gefitinib on VEGF secretion. The effects 
of LPY‑9 and gefitinib on VEGF secretion were detected 
using an ELISA kit. U251‑MG cells were treated with 15, 30 
or 60 µmol/l LPY‑9, or 15, 30 or 60 µmol/l gefitinib. ELISA 
for VEGF (ab65345, Abcam) was performed following the 
manufacturer's protocol.

Transwell assay. U251‑MG cells were digested at log phase 
and washed with PBS. The cells were suspended in 3% FBS 
containing DMEM, and the cell density was adjusted to 
5x105 cells/ml. Then, ~200 µl of cell suspension treated with 
60 µmol/l of LPY‑9 and gefitinib were added to the Transwell 
(cat. no. 3460, Corning Life Sciences, 8 µm) upper chamber. 
Then, ~500 µl DMEM medium containing 10% FBS was added 
to the lower chamber and cultured for 12 h in 37˚C under 5% 
CO2 incubator. The cells were fixed with 10% formaldehyde at 
room temperature for 10 min and stained using 10% Giemsa 
stain at room temperature for 10 min and then observed, and 
images captured, under a light microscope (magnification x10) 
in three different fields at random.

Cell apoptosis detection. The proportion of cells actively 
undergoing apoptosis was quantified by annexin and prop‑
idium iodide staining using the Annexin V‑FITC Apoptosis 
Detection kit (Nanjing KeyGen Biotech, Co., Ltd.) and a 
Beckman flow cytometer (Beckman Coulter, Inc.) according 
to the manufacturer's instructions. Briefly, according to results 
of CCK‑8 assay, the cells were treated with either 15 µmol/l 
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gefitinib or 15 µmol/l LPY‑9 and then harvested and washed 
with PBS twice. Then, 5 µl Annexin V‑FITC and 5 µl PI were 
added and after mixing, the mixture was incubated at room 
temperature for 5 min in the dark and analyzed using FlowJo 
Software v10.5.3 (FlowJo LLC).

Western blotting. U251‑MG cells were treated with 15, 30 
or 60 µmol/l LPY‑9 or gefitinib for 24  h and lysed with 
RIPA buffer (Yeasen Biotechnology (Shanghai) Co., Ltd.) 
on ice for 30 min. Then 50‑150 mg of thermally denatured 
protein as detected by a BCA kit (GenStar Biosolutions) 
extract was loaded on a 10% polyacrylamide gel, electrob‑
lotted onto a nitrocellulose membrane and blocked at room 
temperature for 1 h with 5% BSA. The membrane was then 
incubated with antibodies against caspase‑3 (Cell Signaling 
Technology, Inc., 9662; 1:1,000), cleaved caspase‑3 (Cell 
Signaling Technology, Inc., 9664; 1:1,000), VEGF (Bioworld 
Technology, Inc., BS91432; 1:1,000), EGFR (Sigma‑Aldrich; 
Merck KGaA, SAB1306008; 1:1,000), AKT (Cell Signaling 
Technology, Inc., 4691; 1:1,000), p‑AKT (Cell Signaling 
Technology, Inc., 9611; 1:600), PI3K (Cell Signaling 
Technology, Inc., 4249; 1:1,000) and GADPH antibody 
(Hangzhou Goodhere Biotechnology Co., Ltd., AB‑P‑R001; 
1:2,500) at 4˚C overnight. The membranes were washed 
with PBS three times and incubated with HRP‑labeled goat 
anti rabbit antibody from Boster Biological Technology Co., 
Wuhan, China (BA1054; 1:5,000) at room temperature for 
2 h. ECL buffer (Yeasen Biotechnology (Shanghai) Co., Ltd.) 
was used to develop the blots. The X‑ray film was dried and 
scanned with a scanner. Glyko Bandscan 5.0 software (Glyko 
Inc.) was used to analyze the gray value of the film after 
scanning the obtained image. The relative expression level 
of the protein was expressed by normalizing against internal 
reference protein.

Statistical analysis. Statistical analysis was performed using 
SPSS17.0 software. The differences were evaluated using 
one way or two‑way ANOVA followed by Tukey's test. Error 
bars represent standard deviation (SD), and three independent 
experiments were performed for each assay All statistical 
analyses and comparisons were made against a control group. 
Histograms were drawn using GraphPad Prism 5.01 (GraphPad 
Software, Inc.) and every figure was combined using Photoshop 
CS6 (Adobe Systems, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Construction of gefitinib derivative, GLPY‑9. In the present 
study, gefitinib was used as a parent compound to introduce 
some novel heterocycles into its four sites in order to achieve 
the superposition of activity and obtain compounds with 
higher anti‑cancer activity than gerfitinib. In addition, the 
functional group at 6 and 7 position of quinazoline was also 
exchanged (Fig. 1A).

Observation of cell morphology. The human glioma U251‑MG 
cells grew rapidly and adhered. The shape of U251‑MG cells 
included spindle, star and irregular shapes. The cells had 
strong luminance, strong refraction in the cell body, and the 

nuclei were round and oval (Fig. 1Ba and b). The cells that were 
treated with different concentrations of LPY‑9 grew slowly, 
their cell bodies became smaller, cell synapse decreased and 
their transparency decreased. Their cell morphology was 
significantly different compared with normal glioma cells; 
the intercellular space was enlarged and the cell debris were 
visible. The number of parietal cells decreased significantly 
with the increase of drug concentration (Fig.  1Bc  and  e). 
Compared with the same concentration of gefitinib, LPY‑9 
exhibited more significant inhibitory effect on proliferation of 
glioma cells (Fig. 1B). Following Giemsa staining, the nuclei 
of normal U251‑MG cells were stained uniformly purple, 
a large number of mitotic cells were observed and the cells 
were healthy (Fig. 1C). Following treatment with LPY‑9, the 
cells showed nuclear condensation, nuclear fragmentation and 
nuclear dissolution (Fig. 1D). With an increase in drug concen‑
tration, the abovementioned effects became more prominent. 
Compared with cells treated with the same concentration of 
gefitinib, the changes in LPY‑9‑treated cells were significantly 
more evident compared with gefitinib‑treated cells.

Effect of LYP‑9 on the proliferation and apoptosis of 
U251‑MG cells. After treatment of human glioma U251‑MG 
cells with LPY‑9 and gefitinib for 24 h, a dose‑dependent 
inhibitory effect (P<0.01) was identified, except at the dose of 
0.9375 µmol/l (P=0.208). The higher the LPY‑9 and gefitinib 
concentration, the stronger the inhibition of U251‑MG cells. 
The effect of LPY‑9 was more prominent compared with that 
of gefitinib (P<0.01). The median inhibitory concentration 
(IC50) of LPY‑9 was 19.2265 µmol/l, and IC50 of gefitinib was 
38.2740 µmol/l (Fig. 2A).

The effects of LPY‑9 and gefitinib on apoptosis of 
U251‑MG cells were detected by the flow Annexin V/PI FITC 
double‑labeling method. The induction of a significant level 
of apoptosis was found in the LPY‑9 (46.3±1.5875%) and gefi‑
tinib (20.8±1.4731%) groups compared with the control group 
(11.6±0.5568%; P<0.01). Thus, the LPY‑9‑treated cells exhib‑
ited a higher apoptosis rate compared with gefitinib‑treated 
cells (P<0.01; Fig. 2B and C).

Caspase‑3 activity. In order to detect caspase‑3 activity, 
ELISA were used to detect caspase‑3 enzyme activity. As 
shown in Fig. 2D, both LPY‑9 and gefitinib increased the 
activity of caspase‑3 in a dose‑dependent manner and the 
difference was statistically significant (P<0.01). Specifically, 
at 15 µmol/l, no significant difference in casepase‑3 enzyme 
activity was observed between LPY‑9 and gefitinib (P>0.05). 
At 30 and 60 µmol/l, the enzyme activity of the two drugs 
was statistically different (P<0.01). At low concentrations, 
the effect of LPY‑9 was similar to that of gefitinib. However, 
when the concentration increased, LPY‑9 significantly 
increased the activity of casepase‑3 enzyme, and the effect 
was more evident compared with gefitinib (P<0.01) at the 
same concentration.

Effect of LPY‑9 on cell migration and invasion. In order to 
explore the effect of LPY‑9 and gefitinib on migration of 
U251‑MG cells, scratch assay was used. After treatment 
with drugs for 24 h, the cells in the control group exhibited 
normal migration (Fig. 3Aa and b); however, the migration of 
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cells of the LPY‑9 group was not significant (Fig. 3Ac and d), 
and was even less than that of cells of the gefitinib group 
(Fig. 3Ae and f). The difference of migration distance was 
not statistically significant (P>0.05; Fig. 3B). The Transwell 
assay was also used to detect cell migration. There were more 
cells in the blank control group (Fig. 4Aa and b), while LPY‑9 
(Fig. 4Ac and d) inhibited the migration of U251‑MG cells, 
and the inhibitory effect of LPY‑9 was significantly more 
compared with gefitinib (P<0.01; Fig. 4Ae and Af and B).

Effects of LPY‑9 and gefitinib on VEGF secretion. VEGF 
secretion was detected in the U251‑MG cell media of different 
groups using ELISA. It was found that low and high concen‑
tration of LPY‑9 significantly inhibited the secretion of 
VEGF protein, and the difference was statistically significant 
(P<0.01). The effect of LPY‑9 did not change significantly with 
concentration (P>0.05). Compared with the gefitinib treatment 
group, the effect of LPY‑9 was more evident (Fig. 5A) and the 
result was statistically significant (P<0.01).

Effects of LPY‑9 and gefitinib on expression of caspase‑3 
and cleaved Caspase‑3 protein. The expression of caspase‑3 
and cleaved caspase‑3 protein in the normal cells was low. 
Following treatment with LPY‑9 and gefitinib, the expression 

of caspase‑3 and cleaved caspase‑3 in U251‑MG cells increased 
in a drug‑dependent manner, and the difference was statisti‑
cally significant (P<0.05). The expression level of caspase‑3 
protein in LPY‑9‑treated group was higher compared with the 
gefitinib‑treated group (P<0.05). At a drug concentration of 
15 µmol/l, the expression of cleaved caspase‑3 protein in the 
gefitinib treatment group was higher compared with that of 
the LPY‑9 treatment group. At drug concentrations of 30 and 
60 µmol/l, the expression of cleaved caspase‑3 protein in the 
LPY‑9 treatment group was higher compared with the gefitinib 
treatment group, and the difference was statistically significant 
(P<0.05) (Fig. 5B and C).

Effects of LPY‑9 and gefitinib on VEGF and its subunit protein. 
The expression of VEGF and its subunit protein in the normal 
cells was high. Following treatment of LPY‑9 and gefitinib, 
the expression of VEGF and its subunit decreased with the 
increase of drug concentration. At drug concentrations of 15 
and 30 µmol/l, the difference was not statistically significant 
(P>0.05). At 60 µmol/l concentration, the effect of LPY‑9 
and gefitinib increased significantly, and the difference was 
statistically significant (P<0.05). LPY‑9 exhibited a greater 
inhibitory effect on VEGF, and the difference was statistically 
significant (P<0.05; Fig. 5B and D).

Figure 1. The effect of LPY‑9 and Gefitinib on the morphology and structure of U251‑MG cells. (A) The chemical structure of LPY‑9. (B a and b) Untreated 
Human Glioma Cell U251 (magnification x100). (c, e and g) U251‑MG cells were treated with 15, 30 and 60 µmol/l LPY‑9 for 24 h (scale bar=10 µm). (d, f 
and h) U251‑MG cells were treated with 15, 30 and 60 µmol/l gefitinib for 24 h (scale bar=10 µm). (C) Untreated U251‑MG cells after Giemsa's staining; the 
cell nuclei were dyed uniform purple and numerous mitotic cell division cells were identified (indicated by arrows), the cells exhibited healthy morphology; 
scale bar=40 µm. (D) Untreated U251‑MG cells Following LPY‑9 intervention and Giemsa's staining; scale bar=40 µm.
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Effects of LPY‑9 and gefitinib on EGFR protein. The 
expression of EGFR protein in the normal cells was high. 
Following treatment with LPY‑9 and gefitinib, the expres‑
sion of EGFR decreased, and the difference was statistically 
significant (P<0.01 or P<0.05). By contrast, LPY‑9 exhib‑
ited a greater inhibitory effect on EGFR expression. There 
was no significant difference in EGFR expression between 
LPY‑9 and gefitinib groups when the concentrations of 
LPY‑9 and gefitinib were 30 and 60 µmol/l (P>0.05), but 
the effect was more prominent than that observed after 
treatment with 15  µmol/l drug concentration (P<0.05; 
Fig. 5B and E).

Effects of LPY‑9 and gefitinib on PI3K protein. The expres‑
sion of PI3K protein in the normal cells was high. Following 
LPY‑9 and gefitinib treatment, the expression of PI3K 
decreased in a dose‑dependent manner (P<0.05). The effect 
at 15 µmol/l concentration was not significant (P>0.05 and 
P>0.05). At relatively high concentrations, both gefitinib and 
LPY‑9 showed a significant inhibitory effect on PI3K protein 
(P<0.05), while the effect of LPY‑9 was greater compared with 
gefitinib (P<0.01; Fig. 5B and E).

Effects of LPY‑9 and gefitinib on AKT and p‑AKT protein. The 
expressions of AKT and p‑AKT proteins in the normal cells 

Figure 2. The effect of LPY‑9 on cell apoptosis. (A) The inhibition rate standard curve of different concentrations of LPY‑9 and gefitinib in U251‑MG cells 
for 24 h. (B)The apoptosis rate of U251‑MG cells induced at the same concentration of LPY‑9 and gefitinib as measured by flow cytometry. (C) The apoptosis 
statistical results of U251‑MG cells induced at the same concentration of LPY‑9 and gefitinib.  (D) The influence of different concentrations of LPY‑9 and 
gefitinib on caspase‑3 activity for 24 h.
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were high. Following treatment with LPY‑9 and gefitinib, no 
significant change was observed in the expression level of AKT 
(P>0.05). However, the expression of p‑AKT decreased signifi‑
cantly as the concentration of LPY‑9 and gefitinib increased 
(P<0.01). By contrast, the inhibitory effect of LPY‑9 was greater 
than gefitinib at the same concentration (P<0.01; Fig. 5B and E).

Discussion

Human glioma is one of the most common malignant 
tumors of the nervous system (1). Routine treatment includes 
surgical excision, followed by chemotherapy combined with 
radiotherapy (2). Patients with low malignancy usually have 
a survival period of 3‑5 years; however, patients with higher 
malignancy have only 1‑2 years of survival (3). As the incidence 
of glioma is on the increase annually, and the treatment not 
effective enough, it is necessary to develop new and improved 
treatment strategies.

Gefitinib is a type of epidermal growth factor receptor 
antagonist, which has been widely used in the treatment 
of non‑small cell lung cancer, and glioma cells also express 
high levels of epidermal growth factor receptor (7). However, 
previous findings have shown that gefitinib is not effective in 
the treatment of glioma (28,29).

The present study studied the molecular mecha‑
nism of glioma and the transformation and synthesis of 

chemotherapeutic drugs. These drugs were derived after 
chemical modification of gefitinib, such as introducing 
hydrophilic groups and antitumor active groups. The present 
study used the gefitinib derivative, LPY‑9 and its effects on 
the glioma U251‑MG cell line were investigated, to verify 
whether it was effective, and to explore the possible underlying 
mechanism of its action.

Cell migration is the movement of cells induced by stimu‑
lation of migration signals or gradients of concentration of 
certain substances and plays an important role in the metastasis 
of tumor cells. Using wound healing and Transwell assays, it 
was found that the cell migration in the normal U251‑MG 
cell group was high and the cells could migrate in a short 
time period. The migration of U251‑MG human glioma cells 
reduced after LPY‑9 and gefitinib treatment. LPY‑9 inhibited 
the migration of cells more significantly compared to gefitinib, 
which provided a basis for further research on the inhibition of 
cell invasiveness by LPY‑9.

Figure 3. The migration distance after 24 h of different groups. (A) LPY‑9 
and Gefitinib were used to treat U251‑MG cells at the same concentration 
for 24 h, and cell migration distance was observed by microscope. a and b, 
untreated group; c and d, LPY group; e and f, Gefitinib group. (B) The migra‑
tion distance after 24 h of different groups. ***P<0.001 as indicated.

Figure 4. Detection of cell invasiveness by Transwell assay. (A) U251‑MG 
cells were treated with the 60 µmol/l of LPY‑9 and gefitinib for 12 h. a and b, 
Untreated group. c and d, LPY‑9 group; fewer migrating cells were found 
and most of the cells were morphologically different (spherical and irregular 
shapes) from the untreated U251 cells. e and f, Gefitinib group; some migration 
cells were found and the cells were morphologically similar to the untreated 
U251‑MG cells. Scale bars=40 µm (a, c and e) and 10 µm (b, d and f). (B) The 
number of migrating cells following treatment for 12 h in the different groups 
was statistically analyzed. Each data point represents the mean ± SD of three 
independent experiments and were analyzed with a T‑test. *P<0.05.
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Apoptosis is a common feature in tumor cells and tissues. 
However, in tumor cells, due to the anti‑apoptotic effect, the 
apoptosis rate of tumor cells decreases, and the abnormal 
proliferation of cells increases; the specific mechanism of 
tumor cells remains unclear  (30,31). The caspase family 
is the core link in the process of apoptosis. The degree of 
apoptosis depends on the activation and abnormal expression 
of caspase proteins (32,33). The activation of caspase‑3 can 
lead to abnormal cell cycle and cell structure, and protein 
kinase inactivation, leading to cell apoptosis (34,35). The 
present study found that the expression of caspase‑3 in 
glioma cells without any drug intervention was relatively 
low compared with drug intervention, which is consistent 
with the results of Chhanabhai et al (16). LPY‑9 and gefitinib 
treatment significantly increased the expression of caspase‑3 
and the expression of cleaved caspase‑3 to induce apoptosis 

(P<0.05), and the effect of LPY‑9 was more prominent than 
gefitinib (P<0.05). The findings suggested that both drugs 
can promote cell apoptosis by increasing the expression level 
of caspase‑3 and increasing its activation.

VEGF is a vasogenic factor commonly found in cells 
and tissues and promotes endothelial cell division, prolif‑
eration and angiogenesis by interacting specifically with 
VEGF receptor, which is closely related to the develop‑
ment, metastasis, and infiltration of tumors (36‑38). In 1971, 
Folkman  (36) first proposed that the tumor development 
depended on the neovascularization of its internal forma‑
tion, and Nesbit  (37) proposed that tumor tissue will not 
increase and may even deteriorate when the tumor volume 
is larger than 1 mm3 and no new blood vessels grow. As a 
result, researchers have turned their attention to inhibiting 
tumor growth by inhibiting tumor angiogenesis. Kil et al (38) 

Figure 5. The detection of the signal pathway of the anti‑tumor activity of LPY‑9. (A) Following treatment of U251‑MG cells with different concentrations of 
LPY‑9 and gefitinib, the secretion of VEGF in the supernatant was detected by ELISA. (B) U251‑MG cells were treated with different concentrations of LPY‑9 
and gefitinib for 24 h, and the expression of anti‑tumor related genes was detected by western blotting. (C‑E) Statistical results of the expression of anti‑tumor 
related proteins, including (C) Casepase‑3 and cleaved casepase‑3, (D) VEGF and VEGF subunit, and (E) EGFR and its related proteins. Each data point 
represents the mean ± SD of three independent experiments and were analyzed with a T‑test. *P<0.05.
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showed that increased expression of VEGF promoted glioma 
U251‑MG cell proliferation.

The present study analyzed the effects of LPY‑9 and gefi‑
tinib on VEGF by ELISA and western blotting. It was found 
that the expression of both intracellular and extracellular 
VEGF was high. Following LPY‑9 and gefitinib treatment, 
the levels of VEGF in the intracellular and secreted medium 
decreased significantly, in a dose‑dependent manner. The 
effect of LPY‑9 was greater than that of gefitinib.

EGFR is a transmembrane protein receptor, exhibiting 
the activity of tyrosine kinase. It is closely associated with 
the proliferation, invasion and anti‑apoptotic ability of tumor 
cells. It has been found that the activity of EGFR in malignant 
tumors is significantly higher than that in normal cells (39,40). 
The high expression of EGFR protein in glioma is considered 
a sign of abnormal differentiation, and with the increase of 
tumor malignancy the expression of the protein is significantly 
increased (41).

At present, a number of EGFR downstream signal trans‑
duction pathways are known, among which the main signal 
transduction pathways are the Ras/Raf/mitogen‑activated 
protein kinase kinase/mitogen‑activated protein kinase 
kinase  1 pathway, the PI3K/3‑phosphoinositide depen‑
dent protein kinase 1/AKT/mTOR pathway and the Janus 
kinase/STAT pathway (42). PI3K plays an anti‑apoptotic role 
in many kinds of tumors (43). It is also one of the causes of 
induction of drug resistance in malignant tumor cells (44). 
AKT, also named PKB, is a serine/threonine protein kinase, 
which plays an important role in cell survival and apop‑
tosis (45). Abnormal activation of PI3K/AKT pathway can 
increase the level of phosphorylated AKT in cells, leading to 
tumor resistance, reduced tumor necrosis and the promotion 
of the progression of malignant tumors (46,47). The present 
study found that LPY‑9 decreased the expression of EGFR, 
reduced the expression of PI3K and significantly inhibited 
the phosphorylation of AKT, thus promoting the apoptosis 
of tumor cells. Compared with gefitinib, LPY‑9 exhibited a 
greater inhibitory effect on AKT phosphorylation.

Although the present study found that LPY‑9 is more useful 
than gefitinib in treatment of U251‑MG cells, whether LPY‑9 
was effective in other types of cancer cells will be investigated 
in the future. An effective anti‑cancer drug does not only 
kill cancer cells, but also minimizes damage to normal cells. 
Future studies will further explore the effectiveness for other 
cancer cells and toxicity for normal cells.

In conclusion, LPY‑9 and gefitinib effectively inhibited the 
proliferation and growth of human glioma U251‑MG cells. 
By comparing two drugs, it was found that the effectiveness 
of LPY‑9 was superior to gefitinib and that LPY‑9 could 
exhibit significant effects at relatively low concentrations. By 
comparing the effects of LPY‑9 and gefitinib on the migration 
of U251‑MG cells in human glioma, it was found that both 
the drugs significantly inhibited the migration of tumor cells, 
and the effect of LPY‑9 was more pronounced compared 
with gefitinib. In addition, LPY‑9 also increased the levels of 
caspase‑3 and cleaved caspase‑3 in tumor cells, and increased 
the activity of caspase‑3 enzyme to promote the apoptosis of 
tumor cells; again, the effect was more pronounced compared 
with gefitinib. As a multi‑target drug, LPY‑9 exerted signifi‑
cant effects on caspase‑3, cleaved‑caspase‑3, VEGF, EGFR, 

p‑AKT, PI3K and other proteins. Several target sites syner‑
gistically promoted apoptosis of tumor cells, and the effect of 
LPY‑9 was more pronounced compared with gefitinib.

The experimental results of the present study demonstrated 
that the gefitinib derivative LPY‑9 can be used as a multi‑target 
targeted drug for the treatment of glioma, and it shows a more 
pronounced effect than Gefitinib. The authors are currently 
applying for the patent for LPY‑9. After the patent document 
is approved, the authors will further disclose the preparation 
process of LPY‑9, as well as the further data of water property, 
and toxicity, in order to conduct further research.
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