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Abstract
Background: To study in vitro the effects of anlotinib combined with radiother-
apy on the lung cancer H520 cell cycle and apoptosis.
Methods: The log growth period H520 cells were divided into the control group,
anlotinib group (A group), radiotherapy group (RT group) and combined group
(A + RT group). Cell cycle and apoptosis were detected by flow cytometry and
changes in H520 cell cycle and apoptosis were analyzed in each group.
Results: Anlotinib was determined to significantly inhibit cell growth in all
groups, both alone, or in combination with radiotherapy. After receiving
corresponding treatments, the proportions of G2/M-phase cells in the control
group, A group, RT group and A + RT group were different, and statistically sig-
nificant (F = 32.086, P < 0.001). The apoptotic cell statistics of H520 cells in the
control group, A group, RT group and A + RT group were significantly different
(F = 44.537, P < 0.01). The relative expression of CDK1 in each group of cells
was 0.04 � 0.02, 0.07 � 0.12, 0.81 � 0.11, and 0.56 � 0.16, respectively. There
were differences between the groups by analysis of variance which were statisti-
cally significant (F = 58.36, P < 0.0001). The relative expression of cycle B in each
group of cells was 0.27 � 0.05, 0.40 � 0.16, 0.65 � 0.14, and 0.57 � 0.13, respec-
tively. There were differences between the groups by analysis of variance which
were statistically significant (F = 10.77, P = 0.0002).
Conclusions: Anlotinib had an inhibitory effect on lung cancer H520 cell prolif-
eration. A higher rate of apoptosis and G2/M phase block was observed in the
anlotinib-radiotherapy combined group. Anlotinib combined with radiotherapy
was able to synergistically inhibit tumor cell growth.

Key points

Anrotinib combined with radiotherapy can synergistically inhibit tumor cell
growth.

Introduction

Lung cancer has the highest incidence and mortality rate
of malignant tumors worldwide, and the five-year survival
rate of patients with advanced lung cancer is still less than
15%.1 Non-small cell lung cancer (NSCLC) accounts for
80% of lung cancers with no specific clinical signs and
symptoms in the early stages. Squamous cell lung cancer

(SqCLC) is a unique type of NSCLC, accounting for
approximately 25%–30% of all NSCLC cases.2 Compared
to nonsquamous NSCLC, SqCLC has no safe and effective
molecularly targeted agents for clinical use, and its treat-
ment faces greater challenges. Anlotinib is a new small
molecule multitargeted tyrosine kinase inhibitor developed
by China’s Chia Tai Tianqing Pharmaceutical Group,
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which can effectively inhibit VEGFR, PDGFR, FGFR, c-Kit,

Met and other kinases, and has the functions of antitumor

angiogenesis and tumor growth inhibition.3,4 In addition to

antiangiogenesis, it is unknown whether anlotinib affects

cell cycle and apoptosis. The aim of this study was mainly

to observe the effect in vitro of anlotinib combined with

radiotherapy on cell cycle and apoptosis in lung squamous

carcinoma cells.

Methods

Materials

Anlotinib (effective dose 12 mg/tablet, Chia Tai Tianqing
Pharmaceutical Group Co., Ltd); DMEM high glucose
medium (Gibco, USA); fetal bovine serum (HyClone,
USA); apoptosis detection kit (Becton, Dickinson and
Company, USA); cell cycle analysis kit (Beyotime Biotech-
nology Co., Ltd. China); human lung cancer H520, H226
and H2170 cell lines (provided by the Central Laboratory
of Shandong Cancer Hospital); and linear accelerator
(Elekta AB, Sweden).

Cell culture
The human lung squamous carcinoma cell lines were inoc-
ulated in 25 cm2 culture flasks with DMEM medium con-
taining 10% fetal bovine serum and incubated at 37�C with
5% CO2 in an incubator. The cells were observed daily
under an inverted microscope and passaged every
2–3 days. Logarithmic growth period cells were taken for
experiments.

Cell irradiation
The radiotherapy group and combined group were irradi-
ated by 60Coγ linear accelerator, source to surface
distance = 100 cm, radiation field 40 cm × 40 cm, irradia-
tion dose 2 Gy, and the irradiated cells were placed in a
37�C with 5% CO2 incubator for further culture.

MTT method detection of proliferation
inhibitory effect on lung cancer cells by each
treatment group
Logarithmic cells were used to make a cell suspension of
5 × 104 cells/mL and they were then inoculated in a
96-well cell culture plate. Blank control groups were set
up with six double wells in each group. After 72 hours
incubation at 37�C and 5% CO2 in an incubator, 20 uL
MTT was added to each well and incubated for another
four hours, the supernatant was discarded, 150 uL DMSO
was added, and the crystalline pellet was fully dissolved
by shaking for 15 minutes at room temperature. The
absorbance value of each well was measured at 490 nm,

and cell growth inhibition rate was calculated. Cell
growth inhibition rate = (1 − treatment group D
[490 nm]/control group D [490 nm]) × 100%.

Flow cytometry detection of cell cycle and
apoptosis
Logarithmic cells were taken and 2 mL of cell suspension
at a concentration of 5 × 104 cells/mL was aspirated and
added to a 35 mm culture dish. After incubation in DMEM
medium for 12 hours(ie, cell wall growth), the cells were
divided into the control group, A group, RT group, and A
+ RT group. Anlotinib 25% half inhibitory concentration:
120 ng/L was selected as the experimental drug concentra-
tion. Anlotinib (120 ng/L) was added to the A group and
the A + RT group, with three parallel samples set up for
each group. After 24 hours of incubation, 2 Gy irradiation
was applied to the radiotherapy group and combined
groups, and incubation was terminated 24 hours after irra-
diation. The cells in each group were routinely digested,
centrifuged and resuspended. Prechilled PBS was used to
wash the resuspended cells which were then fixed in 70%
alcohol at 4�C and left overnight. The next day, the precip-
itated cells were again centrifuged, the fixative discarded,
and 0.5 mL of the prepared pyridine iodide staining solu-
tion added to each tube of cells in order to slowly and fully
resuspend the cell precipitate. Exposure to light was
avoided and they were placed in a warm bath at 37�C for
30 minutes, and the cell cycle detected by flow cytometry.
Apoptosis detection was as follows: After routine digestion,
centrifugation and resuspension of cells with PBS, the cells
were again centrifuged, the PBS aspirated and about
100 μL binding buffer added to each tube and the cells
were then resuspended. Then 7-AAD (5 μL) and PE (5 μL)
was added, respectively, they were incubated for
15 minutes at room temperature without light, and 400 μL
binding buffer added, re-suspended with a pipet, and apo-
ptosis detected by flow cytometry. All the above experi-
ments were repeated three times.

Western-blot detection of CDK1, cycle B and
caspase-3 expression in cell lines
Extraction of total protein: The culture medium was dis-
carded and the cells rinsed with PBS. The cell lines were
then lysed at a ratio of 150–250 μL of lysis solution per
well in a six-well plate, and transfered to an EP tube. They
were placed on ice for 30 minutes and then shaken for
15 seconds every five minutes before being centrifuged at
12000 rpm/minute for 10 minutes at 4�C, and the superna-
tant taken as total cell protein.
Western-blot procedures: The protein solution was

added into the same volume of buffer and boiled at 100�C
for 10 minutes, then frozen on ice. The separation gel was
prepared, the sample added and electrophoresis performed
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at 80–100 V. The membrane was then transferred on ice at
90 V for 90 minutes, sealed with 5% skimmed milk powder
for two hours and the sealing solution was diluted with
primary antibody at 4�C overnight. The membrane was
washed with PBTS, a secondary antibody added and incu-
bated for two hours. The membrane was then washed
again and exposed with an imaging system. The images
were analyzed by image processing Software Image Labora-
tory and plotted using Graph Pad Prism 8.0.

Statistical analysis

SPSS19.0 software was used for statistical analysis, and the
experimental results were expressed as−x � s. One-factor
variance analysis was used for mean value comparison
between multiple groups, and the Holm-Sidak method was
used for comparison between results within groups.
P < 0.05 was considered statistically significant.

Results

Inhibitory effect of anlotinib on cells

In the anlotinib group, compared with the control group,
the inhibition rate of H520 cell line was 1.87 � 1.33%
which was significantly higher than that in the control
group (t = 3.4440, P = 0.0063). The inhibition rate of H226
cell line was 2.01 � 1.17% which was significantly higher
than that in the control group (t = 4.2081, P = 0.0018).
The inhibition rate of H2170 cell line was 1.56 � 1.03%
which was significantly higher than that in the control
group (t = 3.7099, P = 0.0040).
In the combined group, compared with the control

group, the inhibition rate of H520 cell line was
7.61 � 2.11% which was significantly higher than that in
the control group (t = 5.6371, P = 0.0002). The inhibition
rate of H266 cell line was 7.61 � 2.11% which was signifi-
cantly higher than that in the control group (t = 6.8225,
P = 0.0000).The inhibition rate of H2170 cell line was
7.61 � 2.11% which was significantly higher than that in
the control group (t = 8.9825, P = 0.0000) (Fig 1).
After receiving anlotinib and anlotinib combined radio-

therapy for lung squamous cell lines H520, H266 and
H2170, respectively, the comparison and analysis of cell
proliferation before and after showed that all lung squa-
mous cell lines in each group were inhibited by anlotinib,
and the inhibitory effect was more significant when com-
bined with radiotherapy.
In order to select the appropriate drug concentration

and action time, we selected the appropriate drug concen-
tration for this study by selecting the appropriate action
time based on the concentration-inhibition rate graph of
the H520 cell line after receiving anlotinib, radiotherapy

and combined intervention, and by comparing the cell
inhibition under different concentrations.
After gradient concentrations of anlotinib were applied

to the H520 cell lines for 24, 48, and 72 hours, the cell
inhibition rate was calculated based on the absorbance
values, and the average of the six-well cell inhibition rate
was used as the average inhibition rate for the
corresponding concentrations to plot the concentration-
inhibition rate for the three time periods. The three time
periods calculated for the IC50 were 10.84, 7.056, and
5.135 μM respectively, and analysis of variance showed
that there was a difference between them (F = 78.866,
P < 0.001), with pairwise comparison suggesting that the
difference between them was statistically significant.
Anlotinib action for 24 hours corresponded to
IC50 = 10.84 μM with a positive inhibitory effect on cell
proliferation (Fig 2).
After 24 hours of action of gradient concentrations of

anlotinib on H520, there was a significant difference in the
inhibition rate of H520 cell proliferation by analysis of var-
iance (F = 618.398, P < 0.01). When pairwise compared
with the control group, the difference in the proliferation
inhibition rate of H520 cells at a concentration of 2 μM
began to be statistically significant (t = 3.507, P = 0.007),
while the difference between 0.5 and 1 μM on the prolifer-
ation inhibition rate of H520 cells was not significant
(t = 1.490, P = 0.371; t = 1.825, P = 0.322). Therefore,
2 μM was chosen as the test drug concentration.

Cell cycle distribution

After receiving the corresponding treatments, there was a dif-
ference in H520 cell cycle distribution between the control
group, A group, RT group, and A + RT group (F = 950.284,
P < 0.001). The proportion of G2/M-phase cells in the control
group was (9.01 � 1.73%), A group (15.81 � 2.08%), RT
group (58.91 � 2.32%), and A + RT group (66.56 � 3.01%).
Pairwise comparisons suggested that the A + RT group was
higher than RT group (t = 5.681, P < 0.001), RT group was
higher than the A group with significant difference
(t = 32.005, P < 0.001), and that A group was higher than the
control group (t = 5.050, P < 0.001) (Fig 3).

Cell apoptosis rate

According to the statistics of H520 apoptotic cells in the
control group, A group, RT group and A + RT group by
flow cytometry, the apoptotic rates of H520 cells in each
group were 0 � 2.23%, 4.47 � 2.63%, 9.15 � 2.19% and
15.61 � 2.71%, respectively. Analysis of variance showed
that there were significant differences (F = 44.537,
P < 0.01). Pairwise comparisons between groups showed
that the apoptosis rate was higher in the A + RT group
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than in the RT group (t = 4.565, P < 0.001), in the RT
group than in A group (t = 3.307, P = 0.007), and in the A
group than in the control group (t = 3.159, P = 0.005), all
with statistically significant differences (Fig 4).

Expression of CDK1 and cycle B in cell lines

The relative expression of CDK1 in each group of cells was
0.04 � 0.02, 0.07 � 0.12, 0.81 � 0.11, and 0.56 � 0.16,
respectively. There were differences between the groups in
analysis of variance, which were statistically significant
(F = 58.36, P < 0.0001).
The relative expression of CDK1 in each group of cells

was 0.27 � 0.05, 0.40 � 0.16, 0.65 � 0.14, and 0.57 � 0.13,
respectively. There were differences between the groups in
analysis of variance, which were statistically significant
(F = 10.77, P = 0.0002) (Fig 5).

Expression of caspase-3 in cell lines

The relative expression of caspase-3 in the control group,
A group, RT group, and combined group was 0.16 � 0.02,

0.41 � 0.08, 0.60 � 0.0.04, and 0.72 � 0.10, respectively.
There were differences between the groups in analysis of
variance, which were statistically significant (F = 75.74,
P < 0.0001). Comparison between groups showed that the
apoptosis rate in the combined group was higher than that
in the A and RT groups (q = 7.661, P < 0.0001; q = 2.809,
P = 0.0284), and that the difference was statistically signifi-
cant (Fig 6).

Discussion

Lung cancer is one of the most common malignant tumors
threatening the whole of mankind. Its morbidity and mor-
tality rates rank first among all malignant tumors, and the
number of lung cancer cases in China is increasing rapidly.
Of the total number of lung cancers, 80%–85% are non-
small cell lung cancer (NSCLC), of which 65%–80% of
NSCLC patients are already at an advanced stage at the
time of diagnosis and have a low rate of surgical resection.5

Squamous cell lung cancer (SqCLC) accounts for about
25%–30% of all NSCLC, and this pathology is often treated
with platinum-containing combination chemotherapy, with

Figure 1 (a) Inhibitory effect of anlotinib on H520, H226 and H2170 cells ( ) Anlotinib, ( ) Combined, ( ) Anlotinib, ( ) Combined, ( )
Anlotinib, ( ) Combined. (b) Inhibitory effect of anlotinib on H520, H226 and H2170 cells ( ) H520, ( ) H226, ( ) H2170.
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an overall remission rate of less than 50%.6 Since there are
currently no targeted drugs that specifically target SqCLC
targets in the clinic, the overall remission rate of SqCLC
remains to be improved.
Anlotinib is a novel small molecule, multitargeted tyro-

sine kinase inhibitor that is currently included in clinical
trials for a variety of cancers. Its targets of action include
significant inhibitory activity against angiogenesis-related
kinases such as VEGFR1/2/3, FGFR1/2/3 and other tumor-
associated kinases such as PDGFR, c-Kit and Ret that are
associated with cell proliferation; other partial kinase tar-
gets under malignant investigation include Aurora-B,
c-FMS, and DDR1, and partial kinase mutants, such as
PDGFR, c-Kit, Met, and EGFR, and the inhibitory activity
of anlotinib against partial mutants has been found to be
even stronger than that of wild-type.7–9 The probability of
EGFR-sensitive mutations in Chinese patients with
advanced lung adenocarcinoma is about 50%. On one
hand, antiangiogenic drugs target specific monoclonal anti-
bodies against VEGFR, such as bevacizumab and

cetuximab, which have high target specificity and require
genetic testing before application, and on the other, they
inhibit the VEGFR domain of small-molecule tyrosine
kinase inhibitors, such as apatinib and sorafenib, which are
multitargeted drugs.10,11 There are no monoclonal
targeting agents that specifically target SqCLC targets. Clin-
ical remission has been reported in some patients after
third-line application of tyrosine kinase inhibitors, with
significantly fewer side effects than chemotherapy.
A number of clinical trials have shown that the combi-

nation of anlotinib and radiotherapy is effective in the
treatment of advanced lung squamous cell carcinoma, but
there are still some patients with radiation resistance.
Therefore, it is of great significance to investigate the effect
of anlotinib combined with radiotherapy on apoptosis and
the mechanism of radiosensitization in squamous cell car-
cinoma of lung cells in vitro. This study assesses the effi-
cacy of the treatment by combination radiotherapy.
Previous literature has reported that the IC50 for anlotinib
is about 10 μM, which is very similar to the IC50 calculated
by drug concentration and cell inhibition rate in the pre-
sent study.12 Since combination radiotherapy acted on the
H520 cell line in this study, in order to effectively observe
the inhibitory effect of anlotinib and radiotherapy on cell
proliferation, lower drug concentrations were used in the
experiment to compare the effect of gradient concentra-
tions on the cell inhibition rate, and there was no signifi-
cant difference between the inhibitory effect of 0.5 and
1 μM and the control group (t = 1.490, P = 0.371;
t = 1.825, P = 0.322). Effective inhibition of cell prolifera-
tion started from 2 μM (t = 3.507, P = 0.007), so this con-
centration was used as the working concentration in this
study. The results confirmed that the H520 cell apoptosis
rate was higher in the combined group than in the radio-
therapy group (t = 4.565, P < 0.001), higher in the radio-
therapy group than in the anlotinib group (t = 3.307,
P = 0.007), and higher in the anlotinib group than in the
control group (t = 3.159, P = 0.005), indicating that the
combination of anlotinib and radiotherapy could inhibit
the proliferation of H520 cells, and the treatment protocol
containing radiotherapy had a stronger apoptosis-inducing
effect on the cells than anlotinib alone. Another clinical
implication of this finding is that the systemic therapeutic
effect of anlotinib cannot substitute for the therapeutic
effect of radiotherapy in local treatment. This result has
also been confirmed by numerous clinical trials.13–15

Different antiangiogenic drugs have different cell cycle
blockades. Studies in gastrointestinal tumors and hepato-
cellular carcinoma have shown that sorafenib, BD0801 or
bevacizumab predominantly blocks G0/G1 phase, and in
ovarian cancer, G2/M phase.16–18 The results of the present
study showed that the anlotinib group and the combined
group predominantly blocked G2/M-phase cells with

Figure 2 (a) Inhibitory effect of anlotinib on H520 cells ( ) 24 hours,
( ) 48 hours, ( ) 72 hours. (b) Inhibitory effect of anlotinib on H520
cells.
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Figure 3 (a) Flow cytometric results of four groups. (b) Comparison of G2/M proportion in four groups.
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Figure 4 (a) Apoptosis of cell lines in four groups. (b) Apoptosis of cell lines in four groups.
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15.81 � 2.08% and 66.56 � 3.01)%, and the treatment pro-
tocol with the participation of anlotinib could increase the
proportion of G2/M-phase cells, while the proportion of S-
phase cells was slightly higher in the radiotherapy group.
This indicates that anlotinib blocks H520 cells in the G2/M
phase. In the cell cycle, the G2/M phase is the most sensi-
tive to ionizing radiation, the G1 phase is relatively sensi-
tive, and the S phase is radio-resistant. The response of
tumor cells to ionizing radiation is dependent on their cell
cycles. At the same time, radiotherapy promotes apoptosis
and enhances the efficacy of radiotherapy by affecting sig-
naling pathways through intracellular DNA damage. Hence
theoretically, anlotinib could increase the radiosensitivity
of H520 cells. The significance of this synergistic effect is
to reduce the drug dosage and prolong the duration of
drug action, thus reducing the associated side effects.
For the blocking effect of anlotinib on the tumor cell

cycle, it was validated in this study by detecting the levels
of CDK1 and cycle B affecting the G2/M phase. For the
blocking effect of anlotinib on the tumor cell cycle, it was
validated in this study by detecting the levels of CDK1 and
cycle B which affect the G2/M phase. The CDK1 and cycle
B expression levels were found to be significantly higher in

the anlotinib group than in the control group. The key to
blocking cells in the G2/M phase is to maintain the stabil-
ity of maturation promoting factor (MPF), which consists
of CDK1 and cycle B. CDK1 activity is regulated by the
phosphorylation of Myt1 and Wee1. Wee1 is a tyrosine
kinase located in the nucleus,19–21 and the biological
effect of Wee1 is diminished by anlotinib, which
decreases CDK1 activity, thus maintaining the structural
stability of the MPF. Myt1 is a serine/threonine kinase
that is itself regulated by anlotinib. The accumulation of
CDK1 and cycle B in the present study in the anlotinib
group indicates that MPF is in a relatively stable state.
Tumor cells stagnated in G2 phase, on the one hand,
inhibited tumor proliferation and on the other caused
cells to accumulate DNA damage to induce apoptosis,
and this result was confirmed in the experiment. Mean-
while, we also found that radiotherapy had an extremely
strong killing effect on cells, and the expression levels of
CDK1 and cycle B were lower in the radiotherapy-only
group than in the anlotenib group. However, in the
anlotinib + radiotherapy group, CDK1 and cycle B
expression levels were again lower than those in
anlotinib-only group due to the addition of radiotherapy,

Figure 5 (a) Expression and statistical analysis of CDK1 in each group of cells. (b) Expression and statistical analysis of CDK1 in each group of cells
( ) Control, ( ) RT, ( ) A, ( ) Combined. (c) Expression and statistical analysis of cycle B in each group of cells. (d) Expression and statistical analy-
sis of cycle B in each group of cells ( ) Control, ( ) RT, ( ) A, ( ) Combined.
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which was probably related to a higher proportion of
apoptosis.
To study in depth the inhibition of cell cycle by the

combination of anlotinib and radiotherapy, we attempted
to investigate apoptotic cells in each group. It is known
that, unlike cell necrosis, apoptosis performs programmed
cell death by apoptotic signal transduction. Therefore, by
studying the apoptosis signaling pathway, we can better
understand the influence of interfering factors on the cell
cycle. In this study, the expression of cysteine-containing
aspartic enzyme caspase was used to investigate the effects
of anlotinib and radiotherapy on cell cycle. Caspase is a
hemophenine protease, which is a key substrate in the sig-
nal transduction pathway of apoptosis. According to the
role of caspase family members in the apoptosis pathway,
they can be classified as initiator caspases and effector
caspases. The effector caspase is directly involved in cutting
the intracellular substrate and destroying the cell structure,
which is the direct executor of cell apoptosis. Endogenous,
exogenous and granzyme B pathways ultimately activate
caspase-3 as effector caspase. Therefore, the expression of
caspase-3 can represent the apoptosis of cells. In this study,

we detected the expression of caspase-3 in each group and
found that both anlotinib and radiotherapy could signifi-
cantly improve the apoptosis of tumor cells, and the com-
bination of both could significantly enhance apoptosis of
tumor cells. Radiotherapy can inhibit tumor cells mainly
by promoting apoptosis and inducing autophagy. As a
multitarget tyrosine kinase inhibitor targeting VEGFR,
PDGFR, FGFR and C-KIT, anlotinib promotes apoptosis
by regulating the C-Kit /PI3K/AKT pathway. Anlotinib
and radiotherapy share some similar biological signal
transduction pathways, thus providing a theoretical basis
for their synergistic effect.
In conclusion, the radiation sensitization effect of

anlotinib on H520 cell line is mainly reflected in two
aspects: in the cell cycle, anlotinib blocks tumor cells to
stay in the G2/M phase, creating conditions for the imple-
mentation of radiotherapy; at the cell growth block level,
radiotherapy can work synergistically with anlotinib to
block cell growth more effectively. Current clinical reports
on the use of anlotinib for third-line treatment of SqCLC22

are lacking large-scale clinical data, but the available results
are still impressive. In this study, in vitro experiments con-
firmed the higher tumor cell inhibitory capacity of the
combination of anlotinib and radiotherapy, and confirmed
the above clinical findings. However, due to the presence
of more confounding factors, drug interactions, and radia-
tion resistance in in vivo experiments, there is more uncer-
tainty about the clinical use of anlotinib. In addition, there
is a lack of data to quantify the synergistic effects of
anlotinib and radiotherapy, and the relationship between
the dosages of radiotherapy and anlotinib remains to be
studied.

References
1 He CH, Shih JF, Lai SL, Chen YM. Non-small cell lung
cancer in the very young: Higher EGFR/ALK mutation
proportion than the elder. J Chin Med Assoc 2020;
83: 461–5.

2 Li L, Li Q, Xu Y et al. Phase II study of oral etoposide
maintenance for patients with extensive stage small cell lung
cancer who have responded to the induction on an EP
regimen. Thorac Cancer 2013; 4 (3): 234–40.

3 Binyan L, Xiuming S, Dawei Y, Dongsheng B, Yuyuan Y,
Na L. Corrigendum to "Anlotinib inhibits angiogenesis via
suppressing the activation of VEGFR2, PDGFRbeta and
FGFR1" [gene 654 (2018) 77-86]. Gene 2020; 723: 144119.

4 Chai P, Zhou C, Jia R, Wang Y. Orbital involvement by
NUT midline carcinoma: New presentation and encouraging
outcome managed by radiotherapy combined with tyrosine
kinase inhibitor: A case report. Diagn Pathol 2020; 15 (1): 2.

5 Sakai T, Hara J, Yamamura K et al. Histopathological type
of lung cancer and underlying driver mutations in patients

Figure 6 (a) Expression and statistical analysis of caspase-3 in each
group of cells. (b) Expression and statistical analysis of caspase-3 in
each group of cells ( ) Combined, ( ) RT, ( ) A, ( ) Control.

Thoracic Cancer 12 (2021) 593–602 © 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 601

L. Guo et al. In vitro cell cycle and apoptosis study



with chronic obstructive pulmonary disease (COPD) versus
patients with asthma and COPD overlap: A single-center
retrospective study. Turk Thorac J 2020; 21 (2): 75–9.

6 You HS, Gao CX, Wang HB et al. Concordance of treatment
recommendations for metastatic non-small-cell lung cancer
between Watson for oncology system and medical team.
Cancer Manag Res 2020; 12: 1947–58.

7 Jiang B, Li J, Chen J, Xiang X, Xiong J, Deng J. Aortic
dissection in a patient treated with anlotinib for metastatic
lung squamous cell carcinoma. Thorac Cancer 2020; 11
(2): 461–4.

8 Jiang S, Liang H, Liu Z et al. The impact of anlotinib on
brain metastases of non-small cell lung cancer: Post hoc
analysis of a phase III randomized control trial
(ALTER0303). Oncologist 2020; 25: e870–4.

9 Lian Z, Du W, Zhu J, Zeng Y, Liu Z, Huang JA. Anlotinib
can overcome acquired resistance to EGFR-TKIs via FGFR1
signaling in non-small cell lung cancer. Ann Oncol 2019; 30
(Suppl 2)): ii50.

10 Qiang H, Chang Q, Xu J et al. New advances in
antiangiogenic combination therapeutic strategies for
advanced non-small cell lung cancer. J Cancer Res Clin
Oncol 2020; 146 (3): 631–45.

11 Ruan H, Lv Z, Liu S et al. Anlotinib attenuated bleomycin-
induced pulmonary fibrosis via the TGF-beta1 signalling
pathway. J Pharm Pharmacol 2020; 72 (1): 44–55.

12 Shao L, Wang W, Song Z, Zhang Y. The efficacy and safety
of anlotinib treatment for advanced lung cancer. Onco
Targets Ther 2019; 12: 6549–54.

13 Si X, Zhang L, Wang H et al. Quality of life results from
a randomized, double-blinded, placebo-controlled,
multi-center phase III trial of anlotinib in patients with
advanced non-small cell lung cancer. Lung Cancer 2018;
122: 32–7.

14 Tian Z, Liu H, Zhang F et al. Retrospective review of the
activity and safety of apatinib and anlotinib in patients with

advanced osteosarcoma and soft tissue sarcoma. Invest New
Drugs 2020; 38: 1559–69.

15 Wang HY, Chu JF, Zhang P et al. Safety and efficacy of
chemotherapy combined with anlotinib plus anlotinib
maintenance in Chinese patients with advanced/metastatic
soft tissue sarcoma. Onco Targets Ther 2020; 13: 1561–8.

16 Wang L, He Z, Yang S et al. The impact of previous therapy
strategy on the efficiency of Anlotinib hydrochloride as a
third-line treatment on patients with advanced non-small
cell lung cancer (NSCLC): A subgroup analysis of
ALTER0303 trial. Transl Lung Cancer Res 2019; 8 (5):
575–83.

17 Wang Y, Wang X, Guan Y, Song Y, Zhuang H, Wang E.
Stereotactic radiosurgery combined with anlotinib for
limited brain metastases with perilesional edema in non-
small cell lung cancer: Revision-001 study protocol. Thorac
Cancer 2020; 11 (5): 1361–1364.

18 Xie C, Wan X, Quan H et al. Preclinical characterization of
anlotinib, a highly potent and selective vascular endothelial
growth factor receptor-2 inhibitor. Cancer Sci 2018; 109 (4):
1207–19.

19 Hanna CB, Yao S, Martin M et al. Identification and
screening of selective WEE2 inhibitors to develop non-
hormonal contraceptives that specifically target meiosis.
Chemistry Select 2019; 4 (45): 13363–9.

20 Jackman M, Marcozzi C, Barbiero M et al. Cyclin B1-Cdk1
facilitates MAD1 release from the nuclear pore to ensure a
robust spindle checkpoint. J Cell Biol 2020; 219 (6):
e201907082.

21 Michowski W, Chick JM, Chu C et al. Cdk1 controls global
epigenetic landscape in embryonic stem cells. Mol Cell 2020;
78: 459–476.e13.

22 Cheng Y, Han B, Li K et al. Effect of anlotinib as a third- or
further-line therapy in advanced non-small cell lung cancer
patients with different histologic types: Subgroup analysis in
the ALTER0303 trial. Cancer Med 2020; 9 (8): 2621–2630.

602 Thoracic Cancer 12 (2021) 593–602 © 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

In vitro cell cycle and apoptosis study L. Guo et al.


	 In vitro studies of H520 cell cycle and apoptosis by anlotinib combined with radiotherapy
	Introduction
	Methods
	Materials
	Cell culture
	Cell irradiation
	MTT method detection of proliferation inhibitory effect on lung cancer cells by each treatment group
	Flow cytometry detection of cell cycle and apoptosis
	Western-blot detection of CDK1, cycle B and caspase-3 expression in cell lines

	Statistical analysis

	Results
	Inhibitory effect of anlotinib on cells
	Cell cycle distribution
	Cell apoptosis rate
	Expression of CDK1 and cycle B in cell lines
	Expression of caspase-3 in cell lines

	Discussion
	References


