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Abstract 

Our previous study has demonstrated that cytochalasin H (CyH) isolated from mangrove-derived 
endophytic fungus induces apoptosis and inhibits migration in A549 non-small cell lung cancer (NSCLC) 
cells. In this study, we further explored the effect of CyH on angiogenesis in NSCLC cells and the 
underlying molecular mechanisms. A549 and H460 NSCLC cells were treated with different 
concentrations of CyH for 24 h. The effects of CyH on NSCLC angiogenesis in vitro and in vivo were 
investigated. Hypoxia inducible factor-1α (HIF-1α) and vascular endothelial growth factor (VEGF) 
expression in xenografted NSCLC of nude mice was analyzed by immunohistochemistry. ELISA was used 
to analyze the concentration of VEGF in the conditioned media derived from treated and untreated 
NSCLC cells. Western blot was performed to detect the levels of HIF-1α, p-AKT, p-P70S6K, and 
p-ERK1/2 proteins, and RT-qPCR was used to determine the levels of HIF-1α and VEGF mRNA in A549 
and H460 cells. Our results showed that CyH significantly inhibited angiogenesis in vitro and in vivo, and 
suppressed the hemoglobin content and HIF-1α and VEGF protein expression in xenografted NSCLC 
tissues of nude mice. Meanwhile, CyH inhibited the secretion of VEGF protein and the expression of 
HIF-1α protein in A549 and H460 cells. Moreover, CyH had a significant inhibitory effect on VEGF mRNA 
expression but had no effect on HIF-1α mRNA expression, and CyH inhibited HIF-1α protein expression 
by promoting the degradation of HIF-1α protein in A549 and H460 cells. Additionally, CyH dramatically 
inhibited AKT, P70S6K, and ERK1/2 activation in A549 and H460 cells. Taken together, our results 
suggest that CyH can inhibit NSCLC angiogenesis by the suppression of HIF-1α protein accumulation and 
VEGF expression through PI3K/AKT/P70S6K and ERK1/2 signaling pathways. 
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Introduction 
Lung cancer is the leading cause of 

cancer-related deaths in both men and women [1–4]. 
Non-small cell lung cancer (NSCLC) accounts for 

about 85% of lung cancers [5]. In spite of the 
introduction of modern therapeutic interventions 
such as chemotherapy, radiotherapy, and surgical 
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resection , the 5-year survival rate for all stages of 
NSCLC is quite poor [6–9]. Therefore, it is important 
that we explore novel drugs that show stronger 
efficacy along with robust safety profiles for the 
prevention and treatment of NSCLC.  

Angiogenesis plays a major role in the 
development, progression, and metastatic spread of 
solid tumors via mediating proliferation, migration, 
and invasion of endothelial cells [10, 11] with the 
activation of several signaling molecules, such as 
extracellular signal-regulated kinase (ERK) and AKT 
[12–14]. Hypoxia inducible factor-1α (HIF-1α), a 
downstream target of PI3K, plays a key role in 
promoting cancer angiogenesis by regulating the 
expression of numerous factors [15]. HIF-1α is 
overexpressed in solid cancer cells including lung 
cancer [16], but it does not exist in most normal tissue 
[16]. It is clear that HIF-1α regulates vascular 
endothelial growth factor (VEGF) protein synthesis, 
one of the most potent and specific pro-angiogenic 
factor [17], through PI3K/AKT pathway [18]. VEGF 
plays a critical role in tumor growth and metastasis 
[19–21]. Accumulating evidence suggests that the 
inhibition of angiogenesis should become an 
important strategy for the treatment of solid tumors, 
including lung cancer [22–24].  

Mangrove-derived endophytic fungi have been 
regarded as a rich source of structurally unique and 
biologically potent secondary metabolites, which have 
become interesting and significant resources for drug 
discovery. In our previous study, we have isolated 
cytochalasin H (CyH), a kind of cytochalasins, from 
the metabolites of endophytic fungus Phomopsis 
liquidambari derived from a type of mangrove plant in 
Zhanjiang, China, and demonstrated that CyH 
induced apoptosis and inhibited migration in A549 
NSCLC cells [25]. CyH has been reported to inhibit 
angiogenesis and tumor growth [26, 27]. However, 
the effect of CyH on NSCLC angiogenesis remains 
unclear. 

In the present study, we observed the effect of 
CyH on angiogenesis in A549 and H460 NSCLC cells. 
To the best of our knowledge, we found for the 
first time that CyH inhibited angiogenesis through 
the inhibition of HIF-1α protein accumulation, VEGF 
expression via PI3K/AKT/P70S6K and ERK1/2 
signaling pathways in A549 and H460 cells. These 
findings suggest that CyH may be developed into a 
potential drug for anti-angiogenesis of NSCLC. 

Materials and methods 
Drug and reagents  

CyH was dissolved in 0.1% dimethyl sulfoxide 
(DMSO) at a concentration of 1 mM, and was then 

diluted in cell culture medium according to experi-
mental requirements. In vitro angiogenesis assay kit 
(ECM625) was obtained from Millipore (Temecula, 
CA, USA). BD MatrigelTM Basement Membrane 
Matrix High Concentration (354248) was obtained 
from BD Biosciences (Bedford, MA, USA). Human 
VEGF ELISA kit (cat. no. EK0539) was from Wuhan 
Boster Bio-engineering Limited Company (Wuhan, 
China). HiCN hemoglobin detection kit was from 
Shanghai Rongsheng Biotech Co., Ltd. (Shanghai, 
China). Mouse anti-human HIF-1α antibody (1:1000 
dilution; cat. no. 610959) was purchased from BD 
Transduction Laboratories (San Diego, CA, USA). 
Rabbit anti-human AKT (Ser473, 1:1000 dilution; cat. 
no. 4685), rabbit anti-human phosphorylated AKT 
(p-AKT, Ser473, 1:1000 dilution; cat. no. 4060), rabbit 
anti-human P70S6K (1:1000 dilution; cat. no. 2708), 
rabbit anti-human phosphorylated P70S6K (p- 
P70S6K, 1:1000 dilution; cat. no. 9204), and rabbit 
anti-human ERK1/2 (Thr202/ Tyr204, 1:1000 dilution; 
cat. no. 9107) primary antibodies were purchased 
from Cell Signaling Technology (Danvers, MA, USA). 
Phosphorylated ERK1/2 (p-ERK1/2, Thr202/Tyr204, 
1:1000 dilution; cat. no. AF1891) and goat anti-rabbit 
β-actin primary antibodies (1:1000 dilution; cat. no. 
AA128-1) were purchased from Beyotime Institute of 
Biotechnology (Shanghai, China). Rabbit anti-human 
VEGF polyclonal primary antibody (1:1000 dilution; 
cat. no. AF11182863) was purchased from Beijing 
Biosynthesis Biotechnology Co., Ltd (Beijing, China). 
Goat-anti mouse-HRP (1:2000 dilution; cat. no. 707 
6S) and goat-anti rabbit-HRP (1:2000 dilution; cat. no. 
7074S) secondary antibodies were purchased from 
Cell Signaling Technology (Danvers, MA, USA). One 
Step SYBR PrimeScript RT-PCR (No. DRR086A) 
was obtained from TaKaRa Biotechnology Co., Ltd. 
(Dalian, China). Gibco RPMI-1640 medium was 
purchased from Thermo Fisher Scientific, Inc. 
(Waltham, MA, USA). 

Cells and animals 
Human NSCLC cell line A549 and human 

umbilical vein endothelial cells (HUVECs) were 
purchased from the American Type Culture 
Collection (ATCC; Rockville, MD, USA). Human 
NSCLC cell line H460 was obtained from the Chinese 
Academy of Sciences Cell Bank of Type Culture 
Collection (Shanghai, China). A549 and H460 cells 
were cultured in RPMI-1640 medium containing 10% 
fetal bovine serum (FBS), 100 U/ml of penicillin and 
100 µg/ml streptomycin. HUVEC cells were cultured 
in DMEM medium supplemented with 10% fetal 
bovine serum (FBS), 100 U/ml of penicillin and 100 
µg/ml streptomycin. All cells were cultured in a 5% 
CO2 incubator at 37 °C. Cells in the logarithmic phase 
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of growth were used in the experiment. 
6~8-week-old male BALB/c nude mice with 

20~22 g weight were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd 
(Beijing, China). The animals were housed in an air-
-conditioned room at 23~25 °C. All experiments with 
animals were undertaken in accordance with the 
institution guidelines of the Institutional Animal Care 
and Use Committee of Guangdong Medical 
University. 

Western blot analysis 
The method was as described previously [28–30]. 

Briefly, A549 and H460 cells were treated with CyH 
(0, 6.25, 12.5, and 25 μM) for 24 h. The cells were 
washed with cold PBS, collected, and lysed on ice 
with RIPA lysis buffer containing protease inhibitors 
for 1 h, then centrifuged at 12,000 rpm for 10 min. 
Protein concentration was detected by the BCA 
protein assay. Afterwards, 100 μg of protein samples 
were separated on 10% SDS-PAGE and transferred to 
a PVDF membrane (Millipore, Billerica, MA, USA). 
The membrane was blocked with 5% non-fat milk or 
TBS for 2 h at room temperature, and incubation 
overnight at 4°C with various primary antibodies 
against HIF- 1α, AKT, p-AKT, P70S6K, p-P70S6K, 
ERK1/2, or p-ERK1/2, followed by incubation with 
HRP-conjugated secondary antibodies (1:2000). Target 
proteins were detected by ECL reagents and 
measured using ImageJ software (National Institutes 
of Health, Bethesda, MD, USA). 

RT-qPCR  
The method was as described previously [28–30]. 

Briefly, A549 and H460 cells were treated with CyH 
(0, 6.25, 12.5, and 25 μM) for 24 h. Total RNA from the 
cells was extracted with TRIZOL Reagent (Invitro-
gen; Thermo Fisher Scientifc, Inc.) according to the 
manufacturer's protocol. RT-qPCR analysis of HIF-1α, 
VEGF, and β-actin mRNA levels was performed using 
One Step SYBR PrimeScript RT-PCR (TaKaRa, 
China). The specific primers synthesized by Sangon 
Biotech (Shanghai, China) were as follows: HIF-1α 
forwards 5′-TCTGGGTTGAAACTCAAGCAACTG-3′ 
and reverse 5′-CAACCGGTTTAAGGACACATTCTG 
-3′ [Genbank: NM_001243084.1]; VEGF forwards 5′-T 
GCTTCTGAGTTGCCCAGGA-3′ and reverse 5′-TGG 
TTTCAATGGTGTGAGGACATAG-3′ [Genbank:NM_ 
001287044.1]; β-actin forwards 5′-TCATGAAGTGTG 
ACGTGGACATCCGT-3′ and reverse 5′-CCTAGAAG 
CATTTGCGGTGGACGATG-3′ [Genbank:NM_00110 
1.4]. The cycling conditions were as follows: 42 °C for 
5 min, 95 °C for 10 s, followed by 40 cycles at 95 °C for 
5 s, and 60 °C for 31 s. Target gene mRNA levels were 
normalized to β-actin by using 2-∆∆Ct. 

Enzyme linked immunosorbent assay (ELSIA) 
The method was as described previously [28–30]. 

Briefly, 5×105 cells were plated in each well of a 6-well 
plate and were treated with various concentrations (0, 
6.25, 12.5, and 25 μM) of CyH. After 24 h, the 
supernatant was collected and centrifuged at 1,000 
rpm for 5 min. A human VEGF ELSIA kit was used to 
analyze VEGF concentration in the conditional media 
of A549 and H460 cells according to the 
manufacturer's protocols. The experiment was 
repeated at least three times.  

In vitro angiogenesis assay 
The method was as described previously [30]. 

Briefly, Matrigel was thawed at 4 °C overnight. Next 
day, the thawed Matrigel was placed in a 96-well 
plate and polymerized for 30 min at 37 °C. HUVECs 
(5×103/well) were plated onto the Matrigel layer in 
the culture medium containing various concentrations 
(0, 0.78, 1.56, 3.13, and 6.25 μM) of CyH. After 
incubation for 6~8 h, the tube formation was 
visualized and imaged under a phase-contrast 
microscope (Nikon, Tokyo, Japan). The total tube 
length in three random view-fields per well was 
measured by Scion Image software, and average value 
was calculated.  

In vivo angiogenesis assay 
The method was as described previously [30]. 

Briefly, A549 and H460 cells were treated with 
different concentrations (0, 6.25, 12.5, and 25 μM) of 
CyH. After 24 h, the cells were re-suspended in media 
at 8.0× 106 cells/mL, and 0.25 mL (2× 106 cells) of cell 
suspension was mixed with the same volume of BD 
Matrigel Matrix (0.25 mL) on ice. Then, the mixture 
was injected into axillary lateral subcutaneous of nude 
mice. Animals were euthanized and the Matrigel 
plugs were excised after 10 days, with half of each 
Matrigel plug fixed with 10 % neutral formalin for 
immunohistochemical staining, and the other half for 
the determination of hemoglobin content. The 
hemoglobin concentration of samples was determined 
spectrophotometrically by measuring absorbance at 
540 nm.  

Immunohistochemistry 
Immunohistochemical staining was performed 

to analyze HIF-1α and VEGF expression in Matrigel 
plugs. The method was as described previously [30]. 
Briefly, 4-µm tissue sections was fixed and paraffin- 
embedded. All sections were then deparaffinized in 
xylene, rehydrated through serial dilutions of alcohol, 
and washed with PBS (pH 7.2). The sections were 
respectively incubated with anti-HIF-1α (1:100) and 
anti-VEGF (1:100) primary antibodies overnight at 
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4°C, followed by incubation with HRP-conjugated 
secondary antibody for 1 h at room tempera-
ture. Staining was detected with 3,3ʹ-diaminobenzi-
dine tetrahydrochloride (DAB) and observed under a 
light microscope (Nikon, Tokyo, Japan).  

Statistical analysis  
All data are showed as mean ± standard 

deviation. One-way ANOVA assay was performed 
for data analysis using SPSS 16.0 statistical software 
(SPSS, Inc., Chicago, IL, USA). P<0.05 was indicative 
of a statistically significant difference. 

Results 
CyH inhibited NSCLC angiogenesis in vitro  

To explore the effect of CyH on angiogenesis of 
NSCLC in vitro, the Matrigel tube formation assay was 
used to evaluate the capillary tube formation of 
HUVECs stimulated by the conditioned media 
derived from CyH-treated A549 or H460 cells. As 
expected, the conditioned media in the solvent 
control group significantly stimulated microtubule 
formation of HUVECs (Figure 1A and 1B, lane 2). 
After A549 and H460 cells were treated with different 
concentrations (0, 0.78, 1.56, 3.13, and 6.25 μM) of 
CyH, microtubule formation of HUVECs was 
inhibited (Figure 1A and 1B), and the length of the 
total tube was significantly shortened (P<0.05, Figure 
1C and 1D). The inhibitory effect was enhanced with 

the increase of CyH concentration (P<0.05, Figure 1). 
Taken together, our data demonstrated that CyH 
inhibited NSCLC angiogenesis in vitro.  

CyH inhibited angiogenesis in vivo and the 
expression of HIF-1α and VEGF in A549 and 
H460 xenografted tumor models 

Considering that CyH dramatically inhibited 
angiogenesis in vitro, we further explored the effect of 
CyH on NSCLC angiogenesis in vivo by Matrigel plug 
assays in BALB/c nude mice. Our results showed that 
the solvent controls exhibited obvious angiogenesis 
and showed much higher hemoglobin levels (Figure 
2A and 2B, lane 2). After A549 and H460 cells were 
treated with CyH (6.25, 12.5, and 25 μM), the 
angiogenesis was significantly reduced (Figure 2A 
and 2B). These results were further confirmed by the 
quantification of the hemoglobin content in tumor 
xengrafts (P<0.01, Figure 2C and 2D). We then 
examined the histology and HIF-1α and VEGF protein 
expression in tumor xenografts by H&E staining and 
immunohistochemistry, respectively. As shown in 
Figure 2E and 2F, the location of immunoreactivity to 
HIF-1α and VEGF was in nuclei and cytoplasm, 
respectively. Moreover, CyH significantly suppressed 
HIF-1α and VEGF protein expression (Figure 2E and 
2F). Taken together, these results indicated that CyH 
obviously inhibited the in vivo angiogenesis of 
NSCLC.  

 

 
Figure 1. CyH inhibited the capillary tube formation in vitro. HUVECs (5×103 /well) were seeded onto the surface of 96-well cell culture plates pre-coated with 
polymerized ECMatrixTM and then incubated at 37 °C for 6~8 h in the conditioned media containing various concentrations (0, 0.78, 1.56, 3.13, and 6.25 μM) of CyH. 
The tube formation in A549 (A) and H460 (B) was observed under a phase-contrast microscope (original magnification, ×200). The total tube length in three random 
view-fields per well was measured by Scion Image software, and average value was calculated. The results represented the mean ± SD from three replicate 
experiments. Compared with control (lane 2), **P<0.01. 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

2001 

 
Figure 2. CyH inhibited angiogenesis in vivo and HIF-1α and VEGF protein expression in A549 and H460 NSCLC xenografts. A549 and H460 cells were treated with 
different concentrations (0, 6.25, 12.5, and 25 μM) of CyH. (A, B) Matrigel plugs. (C, D) The hemoglobin levels in Matrigel plugs. Hemoglobin content was expressed 
as (mg/g) of Matrigel plug. Immunohistochemical studies on the expression of HIF-1α (F) and VEGF (G) proteins in A549 and H460 xenografted tumors (original 
magnification, ×400). The results are representative of five independent experiments. Compared with control (lane 2),*P<0.05, **P<0.01. 
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Figure 3. CyH inhibited HIF-1α and VEGF protein expression in A549 and 
H460 cells. A549 and H460 cells were treated with different concentrations (0, 
6.25, 12.5, and 25 μM) of CyH for 24 h. (A) Western blot analysis was 
performed to detect the expression of HIF-1α protein. (B) VEGF protein 
production in the conditioned media was determined by ELISA. Results are 
representative of three independent experiments. Compared with control (lane 
2),*P<0.05, **P<0.01.  

 

 
Figure 5. Effects of CyH on the degradation of HIF-1α protein in A549 and 
H460 cells. A549 (A) and H460 (B) cells were pre-treated with cycloheximide 
(CHX; 10 μg/mL) for different time periods, followed by the treatment with 
6.25 μM of CyH for 24 h. HIF-1α protein expression was determined by 
Western blot analysis. The results were representative of three independent 
experiments. 

 
Figure 4. Effect of CyH on HIF-1α and VEGF mRNA expression in A549 and 
H460 cells. A549 and H460 cells were treated with different concentrations (0, 
6.25, 12.5, and 25 μM) of CyH for 24 h. RT-qPCR was performed to determine 
HIF-1α (A) and VEGF (B) mRNA levels. The relative value of the control (lane 1) 
was arbitrarily set as 1.0. The results represented the mean ± SD from three 
replicate experiments. Compared with control (lane 2), *P<0.05, **P<0.01. 

 

CyH inhibited HIF-1α protein accumulation 
and VEGF expression in A549 and H460 cells 

In A549 and H460 cells, we also found that CyH 
inhibited HIF-1α protein expression (Figure 3A). At 
the same time, CyH at 12.5 and 25 μM significantly 
inhibited the secretion of VEGF protein in A549 and 
H460 cells in a concentration-dependent manner 
(P<0.01, Figure 3B). To study whether the 
suppression of HIF-1α and VEGF protein expression 
was the result of transcriptional inhibition, HIF-1α 
and VEGF mRNA levels were determined by 
RT-qPCR. As shown in Figure 4, CyH had a 
significantly inhibitory effect on the expression of 
VEGF mRNA (P<0.05), but had no obvious effect on 
HIF-1α mRNA expression in A549 and H460 cells, 
suggesting that CyH inhibited HIF-1α protein 
expression through a posttranscriptional mechanism.  

CyH inhibited HIF-1α protein expression by 
promoting its degradation in A549 and H460 
cells 

RT-qPCR analysis showed that CyH did not 
significantly affect HIF-1α mRNA level (Figure 4A), 
while CyH downregulated HIF-1α protein expression 
in A549 and H460 cells (Figure 2). To explore whether 
CyH treatment affects the stability of HIF-1α protein, 
cycloheximide (CHX), a protein translation inhibitor, 
was utilized to prevent de novo HIF-1α protein 
synthesis in the presence or absence of CyH. The 
stability of HIF-1α protein was reduced in CyH- 
treated A549 and H460 cells in comparison with 
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controls (Figure 5). The half life of HIF-1α protein in 
CyH-treated cells (A549: 13.88±1.12 min, H460: 
21.12±2.43 min) was much shorter than that in control 
cells (A549: 57.893±11.83 min, H460: 66.22±12.42 min), 
indicating that CyH accelerated the degradation of 
HIF-1α protein. Collectively, our findings suggested 
that CyH decreased HIF-1α protein levels mainly by 
promoting its degradation.  

CyH inhibited angiogenesis through the 
suppression of PI3K/AKT/P70S6K and ERK1/2 
pathways in A549 and H460 cells 

To determine whether CyH inhibits tumor 
angiogenesis by suppressing PI3K/AKT/P70S6K and 
ERK1/2 signaling pathways, we detected the phos-
phorylation of AKT, P70S6K, and ERK1/2 by western 
blot analysis. As showed in Figure 6, the expressions 
of p-AKT, p-P70S6K, and p-ERK1/2 were inhibited in 
CyH-treated A549 and H460 cells, and the inhibitory 
effects were also enhanced with the increase of CyH 
concentration.  

Discussion  
Lung cancer, as the primary cause of cancer 

death worldwide, is the most commonly diagnosed 
cancer worldwide. Current chemotherapeutic 
approaches show serious undesirable side effects as 
well as intrinsic or acquired chemoresistance in 
patients [1, 31, 32]. Therefore, it is urgent to search for 

new anticancer drugs with advanced efficiency and 
fewer side effects [33].  

In our previous studies, we isolated CyH from 
the mangrove-derived endophytic fungus Phomopsis 
sp. in Zhanjiang, China, and demonstrated that CyH 
induced apoptosis and inhibited migration with low 
toxicity in A549 NSCLC cells [25]. Moreover, Lee et al 
[26] found that CyH extracted from G. sinensis thorns 
is an active anti-angiogenic constituent. Angiogenesis 
is a key mediator of NSCLC progression, and 
anti-angiogenic therapy has been proven to be 
beneficial to patients with NSCLC [34, 35]. Therefore, 
we investigated whether CyH was useful in the 
prevention and treatment for NSCLC. In this study, 
we demonstrated that CyH dramatically inhibited 
NSCLC angiogenesis both in vitro (Figure 1) and in 
vivo (Figure 2), suggesting that CyH may be a 
potential agent for the prevention and treatment of 
NSCLC. 

HIF-1α, activated by hypoxic stress, plays an 
important role in promoting cancer angiogenesis [36]. 
HIF-1α activates transcription of the promoter of 
VEGF, an important factor in angiogenesis and 
invasion [37]. In the present study, we found that CyH 
inhibited HIF-1α protein accumulation and VEGF 
expression in A549 and H460 NSCLC cells (Figure 3 
and 4). Meanwhile, immunohistochemical results 
further confirmed that CyH obviously inhibited 
HIF-1α and VEGF expression in the NSCLC 

xenografts of nude mice (Figure 2E 
and 2F). These results suggest that 
HIF-1α and VEGF may be key 
molecular targets for CyH against 
angiogenesis of NSCLC. 

In this study, we demonstrated 
that CyH had no effect on HIF-1α 
mRNA expression in A549 and H460 
cells, implying the involvement of 
posttranscriptional mechanism. More-
over, our results further showed that 
CyH inhibited HIF-1α protein 
expression by accelerating the degra-
dation of HIF-1α protein (Figure 5). 
HIF-1α can directly interact with the 
von Hippel–Lindau (VHL), triggering 
the ubiquitination and subsequent 
degradation via the 26S proteasome 
system [38, 39]. It suggested that CyH 
suppressed HIF-1α protein accumula-
tion in A549 and H460 cells mainly by 
promoting its degradation via the 26S 
proteasome system, which needs to be 
further studied.  

PI3K/AKT/mTOR and ERK1/2 
signaling pathways regulate the 

 

 
Figure 6. Effect of CyH on activation of PI3K/AKT/P70S6K and ERK1/2 signaling pathways. A549 and 
H460 cells were treated with different concentrations (0, 6.25, 12.5, and 25 μM) of CyH for 24 h. 
Protein samples (100 μg) were subjected to 10% SDS-PAGE, and phosphorylated ERK, AKT, and 
P70S6K protein expression was detected by Western blot analysis. 
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growth, survival, migration, and epithelial-mesen-
chymal transition in cancer cells [40–43]. AKT 
stimulates angiogenesis by increasing cell migration 
and invasion [44]. A growing body of evidence 
demonstrates that P70S6K can regulate angiogenesis 
[45]. Therefore, to further understand the signaling 
mechanisms by which CyH inhibited HIF-1α protein 
accumulation, we next examined the effects of CyH 
on the activation of PI3K/AKT/ P70S6K and ERK1/2 
pathways in A549 and H460 cells. Our results showed 
that CyH significantly inhibited AKT, P70S6K, and 
ERK1/2 activation in A549 and H460 cells (Figure 6), 
which was consistent with its inhibitory effects on 
HIF-1α and VEGF protein expression (Figure 3). 
Taken together, these results indicate that CyH 
inhibits PI3K/AKT/P70S6K and ERK1/2 signaling 
pathways to suppress HIF-1α protein expression in 
A549 and H460 cells. 

In conclusion, in this study, we demonstrated for 
the first time, to the best of our knowledge, that CyH 
inhibited NSCLC angiogenesis in vitro and in vivo, 
which may be involved in the inhibition of HIF-1α 
protein accumulation and VEGF expression via 
PI3K/AKT/P70S6K and ERK1/2 signaling pathways. 
These findings suggest that CyH may be developed 
into a potential drug for anti-angiogenesis of NSCLC.  
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