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Abstract: Cervical cancer is the fourth most common
cancer and the fourth leading cause of cancer death in
women. Human papillomavirus (HPV16) E6/E7 heteroge-
nous expression in C33A cells increased the mRNA and
protein levels of KIF2A, while siRNA deletion of endo-
genous E6/E7 reduced the mRNA and protein levels of
KIF2A in SiHa cells. KIF2A promoted cell migration and
invasion, and regulated the expression of epithelial-
mesenchymal transition-related proteins in C33A and
SiHa cells. The exogenous expression of E6/E7 in C33A
cells increased the phosphorylation of Akt, ERK, and JNK.
However, Akt (API-2) and ERK (PD98059) inhibitors had
no effect on the increase in KIF2A expression induced by
E6/E7, while JNK inhibitors (JNK-IN-8 and SP600125)
blocked the increase in KIF2A expression induced by
E6/E7. The exogenous expression of E6/E7 increased
the levels of transcription factor c-Jun, which is the
classic substrate of JNK. Knockdown of c-Jun reduced
the increase in KIF2A expression induced by E6/E7. In
summary, KIF2A plays a key role in the motility and
metastasis of cervical cancer. HPV16 E6/E7 can increase
the levels of transcription factor c-Jun by activating the
JNK signal, thereby up-regulating the transcriptional
expression of KIF2A.
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1 Introduction

Cervical cancer is the fourth most common cancer and
the fourth leading cause of cancer death in women,
according to the 2018 Global Cancer Estimates [1]. There
were an estimated 570,000 cases and more than 310,000
deaths worldwide in 2018 [1]. In addition, cervical cancer
survival has not improved significantly since 1975 [2].
High-risk human papillomavirus (HPV) infection is actu-
ally a necessary cause of cervical cancer, especially HPV-
16 [3]. In fact, 79-100% of invasive cervical cancer cases
worldwide are associated with DNA from high-risk HPV
types, approximately 70% of which are associated with
HPV-16 and HPV-18 [4]. The development of cervical
cancer depends on the continued expression of viral onco-
genes E6 and E7, which together act to transform host
cells. The most well-known targets of E6 and E7 are p53
and pRb, respectively, to disrupt DNA repair and cell cycle
regulation [5,6]. However, they are not the only target.
The human kinesin-13 family consists of KIF2A,
KIF2B, KIF2C/MCAK, and KIF24 [7]. Different from the
traditional kinesin involved in the transport of intracel-
lular substances, the kinesin-13 protein does not “walk”
along the microtubules (MTs), but triggers the depoly-
merization of MT [7,8] which plays a role in a series of
physiological environments, such as spindle assembly,
chromosome separation, axon growth, and cilia disinte-
gration [9]. Therefore, KIF2A is also considered to be a
MT depolymerase [10]. The latest research shows that
AMPPNP-bound KIF2A can form a stable complex with
tubulin and trigger MT depolymerization [8]. In 2020,
Hu et al. found that the mRNA and protein expression
of KIF2A in cervical cancer tissues was higher than that
in the adjacent tissues [11]. The expression level of
KIF2A in tumor tissues is positively correlated with
lymph node metastasis and FIGO (Federation Interna-
tional of Gynecology and Obstetrics) staging, and is clo-
sely related to disease-free survival and overall survival
of the patients [11]. In addition, the expression of KIF2A
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in lung cancer cells also increased significantly [12]. Some
studies believe that the expression of KIF2A increases the
dynamic instability of MTs, thereby supporting tumor cell
migration and invasion [12]. Loss of KIF2A can impair the
ability of mutant K-Ras transformed cells to migrate and
invade the matrix gel [12].

During cervical cancer progression, the c-Jun N-term-
inal kinases (JNK) signaling pathway is activated [13]. c-Jun
is an important downstream substrate of JNK, and is often
associated with tumorigenesis [14]. Blocking JNK signaling
with small-molecule inhibitors or knocking down the JNK
substrate c-Jun inhibits cervical cancer cell proliferation and
induced apoptosis [13]. JNK/c-Jun signaling can also pro-
mote the invasive potential of cervical cancer cells, and
is required for the expression of the epithelial-mesench-
ymal transition (EMT)-related transcription factor Slug
and the mesenchymal marker vimentin [13]. Furthermore,
the HPV E6 oncogene induces JNK1/2 phosphorylation
in a manner that requires the E6 PSD95/DLG1/Z01 (PDZ)-
binding motif [13].

Therefore, this study will investigate the role of KIF2A
in the migration and invasion of cervical cancer cells, and
the molecular mechanism of E6/E7 protein regulating the
transcription and expression of KIF2A by activating the
JNK signaling pathway.

2 Methods

2.1 Cell culture

C33A cells are HPV16 negative, and SiHa cells contain 1-2
integrated copies of HPV16. The human cervical cancer
cell lines C33A and SiHa were purchased from ATCC, cul-
tured in DMEM with 10% (v/v) FBS at 37°C with 5% CO..

2.2 Cell transfection and processing

GFP-E2, GFP-E6/E7, pcDNA3.1-KIF2A, and pcDNA3.1-c-Jun
overexpression plasmids, as well as siRNAs specifically
targeting E2, E6/E7, KIF2A, and c-Jun, were purchased
from Jikai Gene (Shanghai, China), and transfected into
cells by using lipofectamine 2000 (Invitrogen). Cells trans-
fected with empty vector served as negative controls for
each experiment. 2puM API-2 (triciribine), 10 puM PD98059,
10 uM JNK-IN-8 (covalent), and 10 pM SP600125 were
purchased from Calbiochem (San Diego, CA, USA), and
treated cells for 24 h.
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2.3 RT-gPCR

Total RNA was prepared by using TRIzol reagent (Sigma),
and cDNA was synthesized using the PrimeScript™ cDNA
synthesis kit (Takara Bio). The cDNA samples were ana-
lyzed using the SYBR® Premix Ex Taq™ (Takara Bio) on
Bio-Rad cyclers (Bio-Rad, Hercules, CA, USA). Relative
gene expression was normalized to the GAPDH, and cal-
culated using the 22T method. The KIF2A primer
sequences were forward, 5'-GCCGAATACATCAAGCAAT-
3’ and reverse, 5-CTCTCCAGGTCAATCTCTT-3’. GAPDH
primer sequences were 5-AATCCCATCACCATCTTCCAG-
3’ and 5’-TCATGAGTCCTTCCACGATACC-3'.

2.4 Western blot

Cells were lysed with RIPA lysis buffer containing pro-
tease inhibitor cocktail (GenDEPOT, Harris County, TX,
USA) for 20 min on ice. The lysate was centrifuged at
12,000 rpm for 30 min at 4°C. The protein concentrations
were measured using a BCA assay kit (Thermo Fisher
Scientific, Waltham, MA, USA). The lysates were sepa-
rated by SDS-PAGE and transferred to a PVDF membrane
(Millipore, Billerica, MA, USA). The membrane was incu-
bated with 5% skim milk at room temperature for 1h,
then incubated with primary antibodies overnight at
4°C. After washing extensively, the membrane was incu-
bated with HRP-conjugated secondary antibody for 2h.
The signal was detected using enhanced chemilumines-
cence system.

The primary antibody information used in this study is
as follows: anti-KIF2A (ab197988), anti-GAPDH (abh8245),
anti-N-cadherin (ab18203), anti-p-Akt (ab38449), anti-Akt
(ab8805), anti-p-ERK (ab79483), anti-ERK (ab184699), anti-
p-JNK (ab4821), anti-JNK (ab112501), anti-p-c-Jun (ab32385),
and anti-c-Jun (ab40766) were purchased from Abcam;
anti-E-cadherin (60335-1-Ig) and anti-Vimentin (10366-
1-AP) were purchased from Proteintech.

2.5 Transwell

For migration assay, 5 x 10’ cells were seeded in 100 pL
serum-free medium in a Transwell chamber (24-well
insert; pore size, 8 um; Corning Incorporated). About
600 pL medium containing 2% FBS was added to the
lower chamber. After incubating for 24 h, the cells in the
upper chamber were removed with PBS and cotton swabs.
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The cells in the lower chamber were fixed in 2.5% glutar-
aldehyde for 20 min and stained with crystal violet for
15 min at room temperature. The cells were observed under
an inverted light microscope (Leica MicroSystems GmbH),
and the number of cells were counted in three randomly
selected fields of view at 100x magnification (Olympus
Corporation). For the invasion assay, the upper surface
of the chamber was coated with Matrigel.

2.6 Dual luciferase

The reporter plasmid expressing firefly luciferase (pGL3
Basic, Promega) under the control of c-Jun response ele-
ment and c-Jun overexpression plasmid were co-trans-
fected into cells. After 24 h of incubation, the samples
were lysed in passive lysis buffer (Promega, USA), and
the activity was measured using the dual luciferase
reporter gene detection system (Promega).

2.7 Statistical analysis

All data were displayed as mean + standard deviation
of three replicates. The difference was evaluated by
Student’s t-test using GraphPad Prism 8. It was signifi-
cant at P < 0.05.
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3 Results

3.1 KIF2A facilitates migration and invasion
of C33A and SiHa cells

The expression of KIF2A was overexpressed and knocked
down in C33A and SiHa cells, respectively (Figure 1a). The
exogenous expression of KIF2A in C33A cells reduced the
expression of the epithelial marker E-cadherin and increased
the expression of mesenchymal markers N-cadherin and
Vimentin (Figure 1b). In contrast, the down-expression of
KIF2A in SiHa cells increased the expression of E-cadherin
and decreased the expression of N-cadherin and Vimentin
(Figure 1b). This result suggests that the KIF2A expression
level is associated with the EMT process of cervical cancer
cells. In addition, transwell experiment showed that the
exogenous expression of KIF2A in C33A cells promoted
cell migration and invasion (Figure 1c), while the down-
expression of KIF2A in SiHa cells inhibited cell migra-
tion and invasion (Figure 1d).

3.2 HPV16 E6/E7 up-regulates KIF2A
expression

The exogenous expression of HPV16 E6/E7 in C33A cells
increased the mRNA and protein levels of KIF2A (Figure 2a
and b). Furthermore, the siRNA deletion of endogenous
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Figure 1: KIF2A facilitates migration and invasion of C33A and SiHa cells. (a) Expression of KIF2A in C33A and SiHa cells were overexpressed
and knocked down, respectively. (b) Expression of EMT-related proteins in C33A and SiHa cells. The invasion and migration of C33A (c) and

SiHa (d) cells. *P < 0.05.
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Figure 2: HPV16 E6E7 up-regulates KIF2A expression. mRNA (a) and protein (b) levels of KIF2A in C33A cells heterogenous expressed HPV
E6E7. mRNA (c) and protein (d) levels of KIF2A in SiHa cells which endogenous E6/E7 was reduced by siRNA deletion. *P < 0.05.

E6/E7 reduced the mRNA and protein levels of KIF2A in
SiHa cells (Figure 2c and d). In addition, the expression of
E2 did not affect KIF2A expression in C33A and SiHa cells
(Figure 2).

3.3 HPV16 E6/E7 up-regulates KIF2A
expression by activating JNK

To continue to explore how E6/E7 oncogenes up-regulate
KIF2A, we examined the activation of key signaling path-
ways, Akt, ERK, and JNK. As shown in Figure 3a and b,
exogenous expression of E6/E7 in C33A and SiHa cells
increased the phosphorylation of Akt, ERK, and JNK
(Figure 3a). However, Akt (API-2) and ERK (PD98059)
inhibitors had no effect on the increase in KIF2A expres-
sion induced by E6/E7, while JNK inhibitors (JNK-IN-8 and
SP600125) blocked the increase in KIF2A expression
induced by E6/E7 (Figure 3c and d). That is, activation of
JNK is required for E6/E7 to up-regulate KIF2A expression.

3.4 JNK substrate c-Jun drive KIF2A
transcription

The exogenous expression of E6/E7 in C33A cells
increased the levels of c-Jun and p-c-Jun, which is classic
substrate of JNK (Figure 4a). Both inhibition of JNK sig-
naling and knockdown of c-Jun decreased the levels of

c-Jun and p-c-Jun, and neutralized the expression of
KIF2A up-regulated by E6/E7 (Figure 4a). That is, activa-
tion of c-Jun is required for E6/E7-induced KIF2A expres-
sion. In addition, PROMO [15] was used to predict the
site where c-Jun binds to the KIF2A promoter sequence
(Figure 4b), and a dual luciferase experiment was per-
formed (Figure 4c). The results showed that c-Jun initiates
the transcription of KIF2A by binding to the putative site
(Figure 4c).

4 Discussion

KIF2A, an MT depolymerase, is found to be highly
expressed in cervical cancer, and closely related to the
prognosis of cervical cancer [11]. A team believes that high
expression of KIF2A increases the dynamic instability of
MT, thereby supporting cell migration and invasion [12].
However, there is no exact experiment to verify the role of
KIF2A expression in cervical cancer cell motility. The
results of transwell experiments in this study showed
that high expression of KIF2A promoted the migration
and invasion of cervical cancer, and low expression of
KIF2A hindered the migration and invasion of cervical
cancer. The results of western blot also indicated that
the expression of KIF2A was closely related to the EMT
process. These results suggest an important role of KIF2A
expression in cervical cancer motility, although in vivo
experiments are still lacking. The regulation of MT
dynamics by KIF2A can affect the activation of signaling
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Figure 3: HPV16 E6E7 up-regulates KIF2A expression by activating JNK. Exogenous expression of E6/E7 in C33A (a) and SiHa (b) cells
increased the phosphorylation of Akt, ERK, and JNK. Effect of Akt, ERK, and JNK inhibitors in KIF2A expression induced by E6/E7 in C33A

(c) and SiHa (d) cells.

pathways that affect the cell behavior more broadly. For
example, Elma et al. found that KIF2A can regulate the
localization of lysosomes in the cytoplasm, thereby acti-
vating the mTORC1 signaling on the lysosomal mem-
brane [16]. Furthermore, KIF2A appears to activate the
PI3K/Akt signaling pathway in lung cancer and gastric
cancer [17-20].

High-risk HPV infection is associated with the devel-
opment of cervical cancer. The continuous expression
and regulation of viral E6/E7 oncoprotein integrated
into the host cell is necessary for initiation and mainte-
nance of the transformed phenotype. The malignant
progression of HPV-related precancerous lesions into
malignant tumors is a rather slow and rare event. In
addition to interfering with key regulatory pathways,

namely p53 and pRb tumor suppressor pathways, high-
risk HPV E6/E7 proteins must also regulate many key
molecules. For example, study has found that HPV16 E7
can be associated with B-tubulin in primary human cells
to induce abnormal centrosome replication, which is
independent of pRb/p107/p130 [21]. The resulting cen-
trosome-related mitotic abnormalities are related to the
occurrence of aneuploid genomes [21]. As an MT depo-
lymerization protein, KIF2A plays a role in cancer pro-
gression. This study found that HPV16 E6/E7 protein can
up-regulate the expression of KIF2A, which can regulate
the motility of cervical cancer cells. We seem to find a
new molecular mechanism that HPV16 E6/E7 protein
participates in cervical cancer metastasis by regulating
the depolymerization of MT.
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Figure 4: JNK substrate c-Jun drive KIF2A transcription. (a) Exogenous expression of E6/E7 in C33A cells increased the levels of c-Jun and
p-c-Jun, and the JNK inhibitor (JNK-IN-8) and siRNA specifically targeting c-Jun reduced the expression levels of c-Jun, p-c-Jun, and KIF2A
induced by E6/E7. (b) PROMO was used to predict the site where c-Jun binds to the KIF2A promoter sequence. (c) Dual luciferase experiment

was performed. *P < 0.05.
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Figure 5: Signal pathways. KIF2A plays a key role in the invasion,
migration, and EMT of cervical cancer cells. HPV16 E6/E7 can
increase the levels of transcription factors c-Jun by activating the
JNK signal, thereby up-regulating the transcriptional expression of
KIF2A.

Subsequently, using specific small-molecule inhibi-
tors, we found that activation of downstream JNK signaling
is required for E6/E7 to up-regulate KIF2A expression. The
findings of Morgan et al. support our results. They found
that HPV E6 oncogene induces JNK phosphorylation in
the form of PDZ binding motifs, activates JNK/c-Jun sig-
nals, thereby regulating the invasion of cervical cancer
cells [13]. However, their study did not show how acti-
vated JNK signaling regulates cell motility, whereas ours
innovatively identified a role for KIF2A in this. Further-
more, their study used HeLa and CaSKi cell lines, which
are different from those used in our study.

JNK is a stress-activated kinase belonging to the
mitogen-activated protein kinase family. It was first dis-
covered in 1990 and is able to phosphorylate Ser-63
and Ser-73 of c-Jun. Activation of JNK/c-Jun signaling
plays a key role in the proliferation, apoptosis, invasion,

chemosensitivity, and radiosensitivity of cervical cancer
cells [22-26]. This study found that E6/E7 enhanced the
phosphorylation of c-Jun by activating JNK signaling.
p-c-Jun acts as a transcription factor to activate the tran-
scription of KIF2A.

In conclusion, this study confirmed the role of KIF2A
in cervical cancer cell motility, and found that E6/E7
oncogenes can activate the transcription of KIF2A by
activating the JNK/c-Jun signaling pathway, thereby
regulating cervical cancer cell migration and invasion
(Figure 5). However, this study also lacked in vivo experi-
mental validation and did not clarify the role of E6 and E7
alone.

Abbreviations

DFS disease-free survival

EMT epithelial-mesenchymal transition

FIGO  Federation International of Gynecology and
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MAPK mitogen-activated protein kinase

MT microtubules

0S overall survival

SAPK stress-activated kinase

Acknowledgments: Not applicable.

Funding information: The authors received no financial
support for the research, authorship, and/or publication
of this article.



1786 —— Yuyan Wang et al.

Author contributions: Xin Zhang has made substantial
contributions to the conception and design of the work.
Each author has made substantial contributions to the
acquisition, analysis, and interpretation of data.

Conflict of interest: The authors declare that they have no
competing interest.

Data availability statement: The datasets used and/or
analyzed during the current study are available from
the corresponding author on reasonable request.

References

(1]

(2]

3]

(6]

(7]

(9]

[10]

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer ) Clin. 2018;68(6):394-424. doi: 10.3322/caac.
21492.

Anderson C, Nichols HB. Trends in late mortality among ado-
lescent and young adult cancer survivors. ) Natl Cancer Inst.
2020;112(10):994-1002. doi: 10.1093/jnci/djaa014.

Pappa KI, Lygirou V, Kontostathi G, Zoidakis ), Makridakis M,
Vougas K, et al. Proteomic analysis of normal and cancer cer-
vical cell lines reveals deregulation of cytoskeleton-associated
proteins. Cancer Genomics Proteom. 2017;14(4):253-66.

doi: 10.21873/cgp.20036.

Rogovskaya Sl, Shabalova IP, Mikheeva IV, Minkina GN,
Podzolkova NM, Shipulina OY. Human papillomavirus preva-
lence and type-distribution, cervical cancer screening practices
and current status of vaccination implementation in Russian
Federation, the Western countries of the former Soviet Union,
Caucasus region and Central Asia. Vaccine. 2013;31(Suppl
7):H46-58. doi: 10.1016/j.vaccine.2013.06.043.

Vande Pol SB, Klingelhutz A). Papillomavirus E6 oncoproteins.
Virology. 2013;445(1-2):115-37. doi: 10.1016/j.virol.2013.
04.026.

Roman A, Munger K. The papillomavirus E7 proteins. Virology.
2013;445(1-2):138-68. doi: 10.1016/j.virol.2013.04.013.
Walczak CE, Gayek S, Ohi R. Microtubule-depolymerizing
kinesins. Annu Rev Cell Dev Biol. 2013;29:417-41.

doi: 10.1146/annurev-cellbio-101512-122345.

Trofimova D, Paydar M, Zara A, Talje L, Kwok BH, Allingham JS.
Ternary complex of Kif2A-bound tandem tubulin heterodimers
represents a kinesin-13-mediated microtubule depolymeriza-
tion reaction intermediate. Nat Commun. 2018;9(1):2628.
doi: 10.1038/s41467-018-05025-7.

Miyamoto T, Hosoba K, Ochiai H, Royba E, Izumi H, Sakuma T,
et al. The microtubule-depolymerizing activity of a mitotic
kinesin protein KIF2A drives primary cilia disassembly coupled
with cell proliferation. Cell Rep. 2015;10(5):664-73.

doi: 10.1016/j.celrep.2015.01.003.

Xu R, Xu'Y, Huo W, Lv Z, Yuan J, Ning S, et al. Mitosis-specific
MRN complex promotes a mitotic signaling cascade to regulate
spindle dynamics and chromosome segregation. Proc Natl

(11]

(12]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[22]

(23]

DE GRUYTER

Acad Sci U S A. 2018;115(43):E10079-88. doi: 10.1073/pnas.
1806665115.

Lei G, Xin X, Hu X. Clinical significance of kinesin family
member 2A as a facilitating biomarker of disease surveillance
and prognostication in cervical cancer patients. Ir ] Med Sci.
2022;191(2):665-70. doi: 10.1007/s11845-021-02510-9.
Zaganjor E, Osborne JK, Weil LM, Diaz-Martinez LA,

Gonzales JX, Singel SM, et al. Ras regulates kinesin 13 family
members to control cell migration pathways in transformed
human bronchial epithelial cells. Oncogene.
2014;33(47):5457-66. doi: 10.1038/0nc.2013.486.

Morgan EL, Scarth JA, Patterson MR, Wasson CW,
Hemingway GC, Barba-Moreno D, et al. E6-mediated activation
of JNK drives EGFR signalling to promote proliferation and viral
oncoprotein expression in cervical cancer. Cell Death Differ.
2021;28(5):1669-87. doi: 10.1038/s41418-020-00693-9.
Zhang )Y, Selim MA. The role of the c-Jun N-terminal kinase
signaling pathway in skin cancer. Am J Cancer Res.
2012;2(6):691-8.

Messeguer X, Escudero R, Farre D, Nunez O, Martinez J,

Alba MM. PROMO: detection of known transcription regulatory
elements using species-tailored searches. Bioinformatics.
2002;18(2):333-4. doi: 10.1093/bioinformatics/18.2.333.
Zaganjor E, Weil LM, Gonzales JX, Minna JD, Cobb MH. Ras
transformation uncouples the kinesin-coordinated cellular
nutrient response. Proc Natl Acad Sci U S A.
2014;111(29):10568-73. doi: 10.1073/pnas.1411016111.

Xu L, Zhang X, Wang Z, Zhao X, Zhao L, Hu Y. Kinesin family
member 2A promotes cancer cell viability, mobility, stemness,
and chemoresistance to cisplatin by activating the PI3K/AKT/
VEGF signaling pathway in non-small cell lung cancer. Am |
Transl Res. 2021;13(4):2060-76.

Wang K, Lin C, Wang C, Shao Q, Gao W, Song B, et al. Silencing
Kif2a induces apoptosis in squamous cell carcinoma of the
oral tongue through inhibition of the PI3K/Akt signaling
pathway. Mol Med Rep. 2014;9(1):273-8. doi: 10.3892/mmr.
2013.1804.

Yin H, Cui X. Knockdown of circHIPK3 Facilitates temozolomide
sensitivity in glioma by regulating cellular behaviors through
miR-524-5p/KIF2A-mediated PI3K/AKT pathway. Cancer
Biother Radiopharm. 2021;36(7):556-67. doi: 10.1089/cbr.
2020.3575.

Zhang X, Wang Y, Liu X, Zhao A, Yang Z, Kong F, et al. KIF2A
promotes the progression via AKT signaling pathway and is
upregulated by transcription factor ETV4 in human gastric
cancer. Biomed Pharmacother. 2020;125:109840.

doi: 10.1016/j.biopha.2020.109840.

Nguyen CL, Eichwald C, Nibert ML, Munger K. Human papillo-
mavirus type 16 E7 oncoprotein associates with the centro-
somal component gamma-tubulin. ) Virol.
2007;81(24):13533-43. doi: 10.1128/)VI.01669-07.

Wang H, Yang YB, Shen HM, Gu J, Li T, Li XM. ABT-737 induces
Bim expression via JNK signaling pathway and its effect on the
radiation sensitivity of HelLa cells. PLoS One.
2012;7(12):€52483. doi: 10.1371/journal.pone.0052483.

Lu Z, Chen H, Zheng XM, Chen ML. Experimental study on the
apoptosis of cervical cancer Hela cells induced by juglone
through c-Jun N-terminal kinase/c-Jun pathway. Asian Pac |
Trop Med. 2017;10(6):572-5. doi: 10.1016/j.apjtm.2017.
06.005.


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/jnci/djaa014
https://doi.org/10.21873/cgp.20036
https://doi.org/10.1016/j.vaccine.2013.06.043
https://doi.org/10.1016/j.virol.2013.04.026
https://doi.org/10.1016/j.virol.2013.04.026
https://doi.org/10.1016/j.virol.2013.04.013
https://doi.org/10.1146/annurev-cellbio-101512-122345
https://doi.org/10.1038/s41467-018-05025-7
https://doi.org/10.1016/j.celrep.2015.01.003
https://doi.org/10.1073/pnas.1806665115
https://doi.org/10.1073/pnas.1806665115
https://doi.org/10.1007/s11845-021-02510-9
https://doi.org/10.1038/onc.2013.486
https://doi.org/10.1038/s41418-020-00693-9
https://doi.org/10.1093/bioinformatics/18.2.333
https://doi.org/10.1073/pnas.1411016111
https://doi.org/10.3892/mmr.2013.1804
https://doi.org/10.3892/mmr.2013.1804
https://doi.org/10.1089/cbr.2020.3575
https://doi.org/10.1089/cbr.2020.3575
https://doi.org/10.1016/j.biopha.2020.109840
https://doi.org/10.1128/JVI.01669-07
https://doi.org/10.1371/journal.pone.0052483
https://doi.org/10.1016/j.apjtm.2017.06.005
https://doi.org/10.1016/j.apjtm.2017.06.005

DE GRUYTER

[24] Yuan B, Cui J, Wang W, Deng K. Galpha12/13 signaling
promotes cervical cancer invasion through the
RhoA/ROCK-JNK signaling axis. Biochem Biophys Res
Commun. 2016;473(4):1240-6. doi: 10.1016/j.bbrc.2016.
04.048.

[25] Teng F, Ruan HJ, Xu J, Ni J, Qian B, Shen R, et al. RBBP6 pro-
motes human cervical carcinoma malignancy via JNK signaling

(26]

E6E7 up-regulates KIF2A by JNK/c-Jun signal = 1787

pathway. Biomed Pharmacother. 2018;101:399-405.

doi: 10.1016/j.biopha.2018.02.083.

Chambers TP, Portalatin GM, Paudel I, Robbins CJ,
Chambers JW. Sub-chronic administration of LY294002 sen-
sitizes cervical cancer cells to chemotherapy by enhancing
mitochondrial JNK signaling. Biochem Biophys Res Commun.
2015;463(4):538-44. doi: 10.1016/j.bbrc.2015.05.075.


https://doi.org/10.1016/j.bbrc.2016.04.048
https://doi.org/10.1016/j.bbrc.2016.04.048
https://doi.org/10.1016/j.biopha.2018.02.083
https://doi.org/10.1016/j.bbrc.2015.05.075

	1 Introduction
	2 Methods
	2.1 Cell culture
	2.2 Cell transfection and processing
	2.3 RT-qPCR
	2.4 Western blot
	2.5 Transwell
	2.6 Dual luciferase
	2.7 Statistical analysis

	3 Results
	3.1 KIF2A facilitates migration and invasion of C33A and SiHa cells
	3.2 HPV16 E6/E7 up-regulates KIF2A expression
	3.3 HPV16 E6/E7 up-regulates KIF2A expression by activating JNK
	3.4 JNK substrate c-Jun drive KIF2A transcription

	4 Discussion
	Abbreviations
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


