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Extracellular signal-regulated kinase (ERK)1/2 signaling pathway plays a critical role in regulating tumor 
angiogenesis. Our previous studies have demonstrated that HPV-16 oncoproteins enhanced hypoxia-inducible 
factor-1a (HIF-1a) protein accumulation and vascular endothelial growth factor (VEGF) and interleukin-8 
(IL-8) expression in non-small cell lung cancer (NSCLC) cells, thus contributing to angiogenesis. In this 
study, we further investigated the role of ERK1/2 signaling pathway in HPV-16 oncoprotein-induced HIF-1a, 
VEGF, and IL-8 expression and in vitro angiogenesis in NSCLC cells. Our results showed that HPV-16 E6 and 
HPV-16 E7 oncoproteins promoted the activation of ERK1/2 signaling pathway in A549 and NCI-H460 cells. 
Moreover, PD98059, a specific inhibitor of ERK1/2, blocked in vitro angiogenesis stimulated by HPV-16 E6 
but not E7 oncoprotein. Additionally, HIF-1a protein accumulation and VEGF and IL-8 expression in NSCLC 
cells induced by HPV-16 E6 but not E7 oncoprotein were significantly inhibited by PD98059. Taken together, 
our results suggest that ERK1/2 signaling pathway is involved in HPV-16 E6 but not E7 oncoprotein-induced 
HIF-1a, VEGF, and IL-8 expression in NSCLC cells, leading to the enhanced angiogenesis in vitro.
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INtROduCtION

Lung cancer is one of the most common cancers world-
wide and is predominantly caused by cigarette smoking 
(1). However, approximately 25% of all lung cancer cases 
are observed in never smokers. Moreover, never smoking-
associated non-small cell lung cancer (NSCLC) is sug-
gested to be a distinct disease due to its unique clinical 
characteristics (1,2). The pathogenesis of never smoking-
associated NSCLC is complex, and its risk factors are 
uncertain (3). Recently, a growing body of epidemio-
logical evidence has shown that human papillomavirus 
(HPV), especially HPV-16, infection rate in NSCLC was 
higher than those in benign lung tumors, especially in 
the Asian region (4,5). Furthermore, our previous studies 
found that overexpression of HPV-16 oncoproteins pro-
moted invasion, migration, and angiogenesis in NSCLC 
cells (6,7). Noticeably, the malignant transformation of 
NSCLC induced by HPV is mainly attributed to its onco-
proteins, E6 and E7 (4–8). A series of studies have made 
it clear now that HPV-16 E6 oncoprotein binds a tumor-
suppressor gene, namely p53, and subsequently triggers 

its degradation via interaction with E6AP protein, thus 
leading to cell cycle disruption, proliferation promotion, 
and apoptosis inhibition (9,10). E7 has been demonstrated 
to bind and degrade retinoblastoma proteins (pRb, p107, 
and p130), resulting in the displacement of E2F tran-
scription factors, consequently leading to the loss of the 
checkpoint control at G

1
/S transition and resulting in an 

unbounded cell proliferation (11,12).
Angiogenesis is essential for tumor growth and 

metastasis and has a pivotal role in the development and 
progression of a variety of cancers including NSCLC 
(13–16). Vascular endothelial growth factor (VEGF), one 
of the best recognized angiogenic factors, plays a criti-
cal role in tumor angiogenesis, metastasis, and overall 
survival of NSCLC patients (14,17). Hypoxia-inducible 
factor-1a (HIF-1a), the master transcription factor in 
response to hypoxia, is suggested to be a crucial upstream 
molecule mediating VEGF expression and angiogenesis, 
and the increase of HIF-1a expression is associated with 
a poor prognosis in NSCLC patients (18). In addition, 
interleukin-8 (IL-8), a proinflammatory chemokine, has 
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been implicated in a wide variety of processes, includ-
ing angiogenesis and metastasis in NSCLC (19). On 
the whole, HIF-1a, VEGF, and IL-8 are closely related 
to angiogenesis and prognosis in NSCLC patients. 
Interestingly, our previous studies have demonstrated 
that HPV-16 E6 and HPV-16 E7 oncoproteins promoted 
angiogenesis via enhancing the accumulation of HIF-1a 
protein and the expression of VEGF and IL-8 in NSCLC 
cells (6,7).

Extracellular signal-regulated kinases (ERK) 1/2 sig-
naling pathway, a member of mitogen-activated protein 
kinase (MAPK) family, has been shown to be a critical 
regulator of various cellular processes such as prolif-
eration, differentiation, development, and angiogenesis 
(20–22). The abnormal activation of ERK1/2 has been 
implicated in a variety of malignant tumors including 
NSCLC (21,23). Accumulating evidence has shown that 
overexpression of HPV-16 E6 and E7 oncoproteins leads 
to an increased level of phosphorylated ERK1/2 in dif-
ferent types of cells (24,25). Moreover, we have dem-
onstrated previously that ERK1/2 signaling pathway 
regulated HIF-1a, VEGF, and IL-8 expression induced 
by HPV-16 E6 and E7 oncoproteins in two types of 
cervical cancer cell lines, C-33A and HeLa cells (26). 
However, whether ERK1/2 signaling pathway is involved 
in HPV-16 oncoprotein-induced HIF-1a, VEGF, and 
IL-8 protein expression in NSCLC cells remains unclear. 
In the present study, we investigated the role of ERK1/2 
signaling pathway in the expression of HIF-1a, VEGF, 
and IL-8 and in vitro angiogenesis induced by HPV-16 
E6 and HPV-16 E7 oncoproteins in A549 and NCI-H460 
cells. We found for the first time to our knowledge that 
ERK1/2 signaling pathway is involved in HPV-16 E6 but 
not E7 oncoprotein-induced HIF-1a, VEGF, and IL-8 
expression in NSCLC cells, consequently leading to 
angiogenesis in vitro.

MAtERIALS ANd MEtHOdS

Plasmids and Antibodies

Enhanced green fluorescence protein (EGFP) plas-
mid vectors harboring HPV-16 E6 (p-EGFP-N1-HPV-16 
E6) or E7 (p-EGFP-N1-HPV-16 E7) were from our 
lab (Institute of Biochemistry and Molecular Biology, 
Guangdong Medical University). Rabbit anti-human total 
and phosphorylated ERK1/2 (Thr202/Thr204) antibodies 
were obtained from Cell Signaling Technology (Beverly, 
MA, USA). Mouse anti-human HIF-1a antibody was pur-
chased from BD Transduction Laboratories (San Diego, 
CA, USA). Mouse anti-human b-actin antibody and 
streptavidin/horseradish peroxidase (HRP)-conjugated 
secondary antibodies (streptavidin HRP-goat anti-mouse 
IgG and streptavidin HRP-goat anti-rabbit IgG) were 
purchased from Beijing Biosynthesis Biotechnology Co., 
LTD (Beijing, China).

Cell Culture

Human lung adenocarcinoma cell line A549 and human 
umbilical vein endothelial cells (HUVECs) were pur-
chased from American Type Culture Collection (ATCC; 
Rockville, MD, USA). Human NSCLC cell line NCI-
H460 was obtained from Chinese Academy of Sciences 
Cell Bank of Type Culture Collection (CBTCCCAS; 
Shanghai, China). A549 and NCI-H460 cells were grown 
in RPMI-1640 media supplemented with 10% fetal bovine 
serum (FBS), penicillin (100 U/ml), and streptomycin 
(100 μg/ml) (Invitrogen). HUVEC cells were cultured in 
DEME media containing 10% FBS. All cells were main-
tained in a 5% CO

2
 incubator at 37°C.

Establishment of Stable-Transfected NSCLC Cells

The method has been described in our previous study (7). 
The plasmids (p-EGFP-N1-HPV-16 E6 and p-EGFP-N1-
HPV-16 E7) were respectively transfected into A549 and 
NCI-H460 cells using LipofectamineTM 2000 (Invitrogen 
Corporation, Carlsbad, CA, USA) according to the manu-
facturer’s instructions, wherein transfection with empty 
vector served as negative controls. The cells exposed to 
transfection reagent alone served as mock transfection con-
trols. The cells were selected by 400 μg/ml G418 in RPMI-
1640 and visualized with fluorescence microscopy.

Western Blot Analysis

Protein extraction was performed as described previ-
ously (6). BCA methods were used to determine protein 
concentrations. The proteins were separated on 10% poly-
acrylamide-SDS gel and then electroblotted onto polyvi-
nylidene difluoride (PVDF) membrane. After blocking 
with TBS or 5% skim milk, the membranes were incubated 
overnight at 4°C with corresponding primary antibodies at 
1:1,000. After washing with TBST, the membranes were 
incubated with specific HRP-conjugated secondary anti-
bodies at a 1:2,000 dilution or a 1:20,000 dilution, and the 
signals were detected using enhanced chemiluminescence 
reagent. Protein levels were normalized to b-actin.

Quantitative Real-Time PCR

The mRNA levels of VEGF and IL-8 were detected 
by quantitative real-time PCR using One Step SYBR 
PrimeScript RT-PCR (TaKaRa, China) according to the 
manufacturer’s instructions. The method was as described 
previously (7). Total RNA was extracted from treated and 
untreated NSCLC cells with TRIzol reagent (Invitrogen). 
The following specific primers were used: human 
VEGF (forward 5¢-TCTACCTCCACCATGCCAAGT-3¢ 
and reverse 5¢-GATGATTCTGCCCTCCTCCTT-3¢) (Gen- 
bank: NM_001025366.2); IL-8 (forward 5¢-TTGCCAA 
GGAGTGCTAAAGAA-3¢ and reverse 5¢-GCCCTCTT 
CAAAAACTTCTCC-3¢) (Genbank: NM_000584.3); b- 
actin (forward 5¢-TCAAGATCATTGCTCCTCCTG-3¢ 
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and reverse 5¢-CTGCTTGCTGATCCACATCTG-3¢) (Gen- 
bank: NM_001017992.3). All the primers were produced 
by TaKaRa Biotechnology Co., Ltd. (Dalian, China). The 
thermocycling conditions for real-time PCR were as fol-
lows: 42°C for 5 min, 95°C for 10 s, followed by the PCR 
process (40 cycles at 95°C for 5 s, and 60°C for 31 s). 
The relative mRNA levels were normalized to b-actin. 
The experiment was repeated in triplicate.

Enzyme-Linked Immunosorbent Assay (ELISA)

The concentration of VEGF and IL-8 in the conditioned 
media derived from treated and untreated cells was respec-
tively determined by human VEGF ELISA Development 
kit and human IL-8 ELISA reagent kit (Wuhan Boster Bio-
Engineering Limited Company) according to the manufac-
turer’s instructions. Results were normalized to cell number 
(2 × 105). The experiment was repeated in triplicate.

In Vitro Angiogenesis Assay

An in vitro angiogenesis assay kit (ECM625; 
Millipore, Temecula, CA, USA) was employed to analyze 
the formation of capillary tube-like structures according 
to the manufacturer’s instructions. The method was as 
described previously (7). Briefly, HUVECs were seeded 
at a density of 5 × 103 cells per well onto the surface 
of 96-well cell culture plates precoated with polymer-
ized ECMatrixTM. Subsequently, the conditioned media, 
derived from transfected A549 cells pretreated with dif-
ferent concentrations of PD98059, were respectively 
added into each HUVEC-containing well. The tubule 
formation was observed under the phase-contrast micro-
scope, and Scion image software was used to analyze 
the total tube length in three random view fields per 
well, and the average value was calculated. The experi-
ment was repeated in triplicate.

Figure 1. Overexpression of HPV-16 oncoproteins promoted the activation of ERK1/2 signaling pathway in NSCLC cells. (A) The 
green fluorescence signals derived from stable-transfected A549 and NCI-H460 cells were observed under a fluorescence microscope 
(10×). (B) p-ERK protein levels were determined by Western blot analysis in stable-transfected A549 and NCI-H460 cells.
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Statistical Analysis

For all experiments, data are presented as the mean ±  
standard deviation (SD) for three independent experiments. 
One-way ANOVA and LSD test were performed for statisti-
cal analysis using SPSS 19.0 for windows software. A value 
of p < 0.05 was considered to be statistically significant.

RESuLtS

HPV-16 E6 and HPV-16 E7 Oncoproteins Promoted the 
Activation of ERK1/2 Signaling Pathway in A549 and 
NCI-H460 Cells

We have successfully established stable-transfected 
A549 and NCI-H460 cells overexpressing HPV-16 E6 or 
E7 oncoprotein in our previous study (7). Obvious green 
fluorescence signals were observed in stable-transfected 
NSCLC cells but not in cells with mock transfection 
(Fig. 1A). The expression of HPV-16 E6 and E7 proteins 
in the stable-transfected cells was confirmed by our pre-
vious studies (27). We have demonstrated previously that 
the expression of HPV-16 E6 and E7 oncoproteins led to 
an increased level of phosphorylated-ERK1/2 (p-ERK1/2) 
in cervical cancer cells (26). In order to clarify whether 

HPV-16 E6 and E7 oncoproteins promote the activation 
of ERK1/2 in A549 and NCI-H460 cells, we determined 
the expression levels of p-ERK1/2 protein in stable- 
transfected NSCLC cells. Our results showed that NSCLC 
cells overexpressing HPV-16 oncoproteins increased 
p-ERK1/2 protein levels compared with mock transfec-
tion and empty vector controls (Fig. 1B). These results 
indicated that HPV-16 E6 and HPV-16 E7 enhanced the 
activation of ERK1/2 signaling pathway in NSCLC cells.

ERK1/2 Signaling Pathway Was Involved in HPV-16 E6 
but not E7 Oncoprotein-Induced In Vitro Angiogenesis 
in NSCLC Cells

It has been reported that ERK1/2 signaling pathway 
played an important role in angiogenesis of NSCLC 
(21,22,24). Therefore, we further investigated the effects 
of ERK1/2 signaling pathway on angiogenesis induced by 
HPV-16 E6 and HPV-16 E7 in NSCLC cells. To this end, 
we employed an in vitro angiogenesis model to evaluate 
the capillary tube formation of HUVECs induced by the 
conditioned media derived from stable-transfected NSCLC 
cells in the presence or absence of PD98059, a specific 
pharmacologic inhibitor of ERK1/2. Our results showed 

Figure 2. PD98059 blocked HPV-16 E6 but not E7 oncoprotein-induced angiogenesis in vitro. NSCLC cells overexpressing HPV-16 
oncoproteins were treated with different concentrations of PD98059 (5 μg/ml, 50 μg/ml) for 24 h. Left: the formation of capillary tube 
was observed under a phase-contrast microscope (20×). Right: the quantification of the total tube length pixel value in three random 
view fields per well. All data are presented as mean ± SD of three separate experiments. *p < 0.05.
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that the transfected NSCLC cells overexpressing HPV-16 
E6 or HPV-16 E7 promoted HUVECs to form capillary 
tube-like structures compared with mock or empty vector 
transfection controls, which were consistent with our pre-
vious findings (6,7). Moreover, the formation of capillary 
tube-like structures stimulated by HPV-16 E6 oncoprotein 
was significantly abrogated by PD98059, which was fur-
ther confirmed by quantification of the total tube length 
pixel values (p < 0.05) (Fig. 2A). However, such inhibi-
tory effects of PD98059 on angiogenesis in vitro were not 
observed in stable-transfected cells overexpressing HPV-16 
E7 (Fig. 2B). These results suggested that ERK1/2 signal-
ing pathway mediated HPV-16 E6 but not E7 oncoprotein-
stimulated in vitro angiogenesis in NSCLC cells.

ERK1/2 Signaling Pathway Regulated HPV-16 E6 
but not E7 Oncoprotein-Induced HIF-1a Protein 
Accumulation in NSCLC Cells

Our previous studies have demonstrated that the 
enhanced in vitro capillary tube formation induced by 

HPV-16 oncoproteins in NSCLC cells was, at least in 
part, in a HIF-1a-dependent manner (6,7). Here we fur-
ther analyzed the potential mechanisms by which ERK1/2 
signaling pathway mediated angiogenesis in NSCLC cells 
overexpressing HPV-16 oncoproteins. To this purpose, 
we explored whether ERK1/2 signaling pathway contrib-
uted to an elevated expression of HIF-1a in NSCLC cells. 
The accumulation of HIF-1a protein in stable-transfected 
NSCLC cells pretreated with various concentrations of 
PD98059 was examined. As shown in Figure 3, NSCLC 
cells overexpressing HPV-16 E6 or HPV-16 E7 oncopro-
tein exhibited an increase in HIF-1a protein expression, 
while control cells showed the minimal HIF-1a expres-
sion. Moreover, pretreatment with various concentrations 
of PD98059 inhibited HPV-16 E6 oncoprotein-induced 
HIF-1a protein accumulation in NSCLC cells, espe-
cially in A549 cells (Fig. 3A). However, PD98059 had no 
apparent inhibitory effects on HPV-16 E7 oncoprotein-
stimulated HIF-1a protein accumulation in both A549 
(Fig. 3C) and NCI-H460 cells (Fig. 3D). These results 

Figure 3. PD98059 inhibited HPV-16 E6 but not E7 oncoprotein-induced HIF-1a protein accumulation in NSCLC cells. Stable-
transfected A549 and NCI-H460 cells overexpressing HPV-16 E6 or HPV-16 E7 oncoprotein were pretreated with different concentra-
tions of PD98059 for 24 h. Western blot analysis was performed to detect the expression of HIF-1a protein in NSCLC cells. (A and 
B) HIF-1a protein levels in NSCLC cells overexpressing HPV-16 E6 oncoprotein. (C and D) HIF-1a protein levels in NSCLC cells 
overexpressing HPV-16 E7 oncoprotein.
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indicated that ERK1/2 signaling pathway was involved 
in the regulation of HIF-1a protein accumulation induced 
by HPV-16 E6 but not E7 oncoprotein in NSCLC cells.

ERK1/2 Signaling Pathway Regulated VEGF and IL-8 
mRNA Expression and Protein Secretion Induced by 
HPV-16 E6 but not E7 Oncoprotein in NSCLC Cells

VEGF and IL-8, the key proangiogenic factors, play a 
critical role in tumor angiogenesis, metastasis, and overall 
survival of NSCLC patients (14,17,19). Our previous stud-
ies have well established that overexpression of HPV-16 
E6 and E7 oncoproteins significantly promoted HIF-1a-
dependent VEGF and IL-8 protein secretion in NSCLC 
cells (6,7). To investigate whether ERK1/2 signaling 

pathway plays a role in VEGF and IL-8 mRNA expres-
sion and protein secretion stimulated by HPV-16 oncopro-
teins, real-time PCR and ELISA assays were performed to 
determine the concentration of VEGF and IL-8 in the con-
ditioned media derived from stable-transfected NSCLC 
cells pretreated for 24 h with difference concentrations of 
PD98059. As expected, a significant increase in VEGF and 
IL-8 mRNA expression and protein secretion was observed 
in cells overexpressing HPV-16 E6 and HPV-16 E7. 
Moreover, pretreatment with PD98059 inhibited VEGF and 
IL-8 protein secretion (Fig. 4A and B) and mRNA expres-
sion (Fig. 5A and B) induced by HPV-16 E6 in NSCLC 
cells. However, PD98059 had no notably inhibitory effect 
on HPV-16 E7 oncoprotein-stimulated VEGF and IL-8 

Figure 4. PD98059 inhibited HPV-16 E6 but not E7 oncoprotein-induced VEGF and IL-8 protein secretion. A549 cells, transfected 
with HPV-16 E6 or HPV-16 E7, were exposed to various concentrations of PD98059 for 24 h. (A and B) VEGF (A) and IL-8 (B) 
protein concentration in the conditioned media derived from A549 cells overexpressing HPV-16 E6 oncoprotein was determined by 
ELISA. (C and D) VEGF (C) and IL-8 (D) protein concentration in the conditioned media derived from A549 cells overexpressing 
HPV-16 E7 oncoprotein was determined by ELISA. *p < 0.05.
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protein secretion (Fig. 4C and D) and mRNA expression 
(Fig. 5C and D) in NSCLC cells. Taken together, these 
results suggested that the enhanced VEGF and IL-8 protein 
secretion and mRNA expression stimulated by HPV-16 E6 
but not E7 oncoprotein in NSCLC cells were, at least in 
part, mediated by ERK1/2 signaling pathway, which were 
consistent with the effects of ERK1/2 signaling pathway 
on HIF-1a protein accumulation induced by HPV-16 E6 
but not E7 oncoprotein.

dISCuSSION

Angiogenesis is a fundamental prerequisite for pro-
gressive expansion of tumors including NSCLC; there-
fore, the inhibition of tumor angiogenesis serves as an 
important strategy for cancer therapy (13–16,20). It is 
well known that ERK1/2 signaling pathway plays an 

important regulatory role in tumor angiogenesis, prog-
nosis, and survival of cancers including NSCLC (23,24). 
Accumulating evidence has also shown that ERK1/2 
signaling pathway was involved in the upregulation of 
multiple proangiogenic factors such as HIF-1a, VEGF, 
and IL-8 (20–22). Recently, various antiangiogenic drugs 
were supported as promising candidates for the inhibition 
of tumor progression via blocking the ERK1/2 signaling 
pathway (23,24). Interestingly, our previous studies have 
revealed that ERK1/2 signaling pathway was involved 
in HIF-1a protein accumulation and HIF-1a-dependent 
VEGF protein secretion induced by HPV-16 oncopro-
teins in human cervical cancer cell lines, thus contrib-
uting to the formation of capillary tube (26). However, 
the role of ERK1/2 signaling pathway in HIF-1a, VEGF, 
and IL-8 expression induced by HPV-16 oncoproteins 

Figure 5. PD98059 downregulated the mRNA levels of VEGF and IL-8 induced by HPV-16 E6 but not E7 oncoprotein. Real-time 
PCR was performed to determine VEGF and IL-8 mRNA levels in transfected A549 cells treated with different concentrations of 
PD98059. (A and B) The mRNA levels of VEGF (A) and IL-8 (B) in A549 cells overexpressing HPV-16 E6 oncoprotein. (C and D) 
The mRNA levels of VEGF (C) and IL-8 (D) in A549 cells overexpressing HPV-16 E7 oncoprotein. *p < 0.05.
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in NSCLC was unknown. In this study, we detected 
the effects of HPV-16 oncoproteins on the activation of 
ERK1/2 signaling pathway in two types of NSCLC cell 
lines, A549 and NCI-H460 cells. Our results showed that 
HPV-16 E6 and E7 oncoproteins activated ERK1/2 sig-
naling pathway in NSCLC cells. Furthermore, we also 
explored the role of ERK1/2 in the expression of HIF-1a, 
VEGF, and IL-8 stimulated by HPV-16 E6 and E7 onco-
proteins in A549 and NCI-H460 cells. We first found that 
PD98059, a specific ERK1/2 inhibitor, disturbed HPV-16 
E6 but not E7 oncoprotein-induced HIF-1a protein accu-
mulation, VEGF and IL-8 expression, and the capillary 
tube formation in NSCLC cells. Our results suggested 
that ERK1/2 signaling pathway may be, at least in part, 
involved in HPV-16 E6 oncoprotein-induced HIF-1a, 
VEGF, and IL-8 expression in NSCLC cells, thus regu-
lating angiogenesis in vitro. However, HPV-16 E7 onco-
protein induced HIF-1a protein accumulation, VEGF and 
IL-8 expression, and angiogenesis in vitro via ERK1/2-
independent pathway in NSCLC cells. These conflicting 
results may be due to the different mechanisms for tumor 
angiogenesis between HPV-16 E6 and HPV-16 E7 onco-
protein in NSCLC cells.

A growing body of epidemiological evidence sug-
gested that HPV infection has been hypothesized to be 
a possible causal agent of a wide variety of human can-
cers including anogenital and oral cancers, head and neck 
cancers, and cervical cancer (28–30). It is worth not-
ing that the oncogenic properties of high-risk HPV are 
mainly mediated by two virus proteins, E6 and E7, which 
can mediate various regulators at cell cycle and genome 
stability to perturb the fundamental processes including 
proliferation, survival, transcription, and angiogenesis 
(4–12). It was well established that high-risk HPV E6 
and E7 oncoproteins are responsible for the degradation 
of p53 and pRb, respectively (9–12). E6 oncoprotein 
promotes ubiquitin-dependent conjugation and degrada-
tion of p53, an important mediator of DNA damage and 
cell apoptosis (9,10). An increasing body of evidence 
has indicated that p53 promotes Mdm2-mediated ubiq-
uitination and proteasomal degradation of HIF-1a, and 
the loss of p53 in tumor cells enhances HIF-1a levels 
and augments HIF-1a-dependent transcriptional activa-
tion of the VEGF gene, thus contributing to angiogenesis 
(31,32). Therefore, according to previous reports and our 
results, it can be hypothesized that HPV-16 E6 oncopro-
tein may upregulate VEGF through p53-HIF-1a path-
way. Moreover, an E6-responsive region is observed in 
the VEGF promoter between -194 and -50 bp, suggesting 
E6 may improve tumor angiogenesis by the direct stimu-
lation of VEGF promoter (33). Taken together, HPV-16 
E6 oncoprotein may promote VEGF expression through 
p53-dependent and p53-independent manner in NSCLC 
cells, hence contributing to angiogenesis in vitro. On the 

other hand, HPV E7 oncoprotein binds to cullin2 ubiquitin 
ligase complex, resulting in the ubiquitination and degra-
dation of pRb family members, leading to the release of 
E2F transcription factor and the activation of E2F target 
genes, consequently contributing to an uncontrolled cell 
proliferation and the malignant transformation of tumors 
(11,12). Interestingly, the ability of HPV-16 E7 onco-
protein to induce VEGF is pRb independent and may be 
dependent upon degradation of pRb family member p107 
and/or p130 (34,35). E7 oncoprotein could also enhance 
the level of VEGF through transactivating AP-1 sites on 
the VEGF promoter (36). Furthermore, E7 oncoprotein 
is responsible for the enhanced HIF-1a activity and the 
enhanced HIF-1-mediated transcription by inducing the 
dissociation of histone deacetylases from HIF-1a (37). 
Additionally, HPV-16 E7 oncoprotein HIF-1a depend-
ently increases the levels of VEGF and IL-8 in NSCLC, 
thus resulting in angiogenesis (6,7). Therefore, it can be 
hypothesized that the regulation mechanisms for tumor 
angiogenesis between HPV-16 E6 and HPV-16 E7 may 
be different in NSCLC. This hypothesis may help to 
explain our present results that ERK1/2 signaling path-
way mediated HIF-1a protein accumulation and VEGF 
and IL-8 expression induced by HPV-16 E6 but not E7 
oncoprotein. These results also suggested the possibility 
that there may be some potential links between p53 and 
ERK1/2 in NSCLC cells, which need to be investigated 
in future studies.

Summarily, in the present study, we found to our 
knowledge for the first time that ERK1/2 signaling path-
way was involved in HPV-16 E6 but not E7 oncoprotein-
induced HIF-1a protein accumulation and VEGF and 
IL-8 expression in both A549 and NCI-H460 cells, con-
tributing to angiogenesis in vitro.
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