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Annexin 1 (ANXAT1) is a substrate for EGAP mediated ubiquitylation. It has been hypothesized that HPV
16 E6 protein redirects EGAP away from ANXAT1, increasing its stability and possibly contributing to viral
pathogenesis. We analyzed ANXA1 expression in HPV-positive and negative cervical carcinoma-derived
cells, in cells expressing HPV-16 oncogenes and in cells transduced with shRNA targeting EGAP. We
observed that ANXA1 protein expression increased in HPV-16-positive tumor cells, in keratinocytes
expressing HPV-16 E6wt (wild-type) or E6/E7 and C33 cells expressing HPV-16 E6wt. ANXA1 protein

Keywords: expression decreased in cells transfected with E6 Dicer-substrate RNAs (DsiRNA) and C33 cells co-
HPV16 transduced with HPV-16 E6wt and E6AP shRNA. Moreover, colony number and proliferation rate de-
f\?\IXA 1 creased in HPV16-positive cells transduced with ANXA1 shRNA. We observed that in cells infected with
P53 HPV16, the E6 binds to E6AP to degrade p53 and upregulate ANXA1. We suggest that ANXA1 may play a
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role in HPV-mediated carcinogenesis.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Cervical carcinogenesis is strongly associated with infection
with high-risk human papillomavirus (HPV). HPV is an epithelio-
tropic virus associated with several benign and malignant cuta-
neous and mucosal pathological conditions (Dunne and Park,
2013; Ljubojevic and Skerlev, 2014). The E6 and E7 proteins of the
high-risk mucosal HPV types target several cellular factors in-
volved in immunosurveillance, allowing viral persistence. More-
over, they alter cell cycle and apoptosis control, facilitating the
accumulation of DNA damage/mutations that ultimately con-
tribute to malignant transformation (Ghittoni et al., 2015). In the
productive phase of the HPV life cycle, E6 and E7 promote the
proliferation of undifferentiated and differentiated suprabasal
cells, preventing apoptosis (Moody and Laimins, 2010).

The primary transforming activity of high-risk HPVs is provided
by the E6 and E7 oncoproteins (McLaughlin-Drubin and Munger,
2009). During natural infection, the activity of oncogenes E6 and
E7 allows the small number of infected cells to expand, increasing
the number of cells that subsequently go on to produce infectious
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virions (Doorbar, 2006).

E6 can interact with proteins or interfere in the expression of
some genes to circumvent the antiviral response of infected cells.
One of the main targets of E6 from high-risk HPV types is the p53
tumor suppressor. E6 forms a complex with a 100-kDa cellular
ubiquitin ligase, EGAP, which mediates p53 polyubiquitination and
proteasomal degradation (Huibregtse et al., 1993). Shimoji and co-
workers identified ANXA1 as a normal substrate for EGAP-medi-
ated ubiquitylation (Shimoji et al., 2009) and suggested that viral
proteins may redirect EGAP away from ANXAI, increasing the
stability of this protein and thereby contributing to viral
pathogenesis.

The annexin superfamily of proteins has been implicated in
several cellular processes, including the regulation of differentia-
tion, apoptosis, proliferation and inflammation. ANXA1 may have
important regulatory roles in tumor development and progression.
Evidence for this relies on the observation that its expression is
reduced in prostate cancer, gastric and breast cancer (Kang et al.,
2002; Wang et al.,, 2010; Yu et al., 2008), while it is increased in
pancreatic cancer, melanoma and triple negative breast cancer
(Belvedere et al., 2014; Boudhraa et al., 2014; Okano et al., 2015).

In the present study, we analyzed ANXA1 the role of ANXAT in
HPV16-positive cervical carcinoma derived cell lines biology.
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2. Results

2.1. ANXAT1 protein expression in HPV positive cell lines and kerati-
nocytes expressing HPV-16 E6

The analysis of ANXA1 and p53 expression was evaluated by
Western blotting in HPV-16-positive cervical carcinoma-derived
cell lines (SiHa and CasKi), in human foreskin keratinocytes im-
mortalized with HPV-16 (HF698) and in the HPV-negative cervical
carcinoma-derived cell line C33. We observed lower levels of
ANXA1 expression in C33 compared to HPV-16 positive cells. In
contrast, and as expected, higher levels of p53 were detected in
C33 cells compared to HPV-16-positive cells (Fig. 1A).

In order to verify whether higher ANXA1 expression occurs
exclusively in tumor cells, we analyzed protein expression levels in
keratinocytes transduced with HPV-16 E6wt, E7wt and E6/E7. We
observed an increase in ANXA1 expression in keratinocytes
transduced with E6wt or E6/E7 HPV-16 compared to normal ker-
atinocytes and keratinocytes expressing HPV-16 E7wt alone or
transduced with pLXSN empty vector. On the other hand, down-
regulation of p53 expression was observed in cells expressing
HPV16 E6 wt (Fig. 1B).

Next, we analyzed p53 and ANXA1 protein levels in C33 cells
stably expressing HPV-16 E6wt. HPV-16 E6wt C33 cells showed
higher expression of ANXA1 protein when compared to cells
transduced with empty vector or not transduced (Fig. 1C). These
results suggest that ANXA1 expression is influenced by HPV16 E6
oncoprotein.

2.2. ANXA1 mRNA expression is not altered but ANXA1 and p53
proteins expressions are altered in cells transfected with HPV-16 E6
DsiRNA in HPV-positive cell lines

In order to further confirm the correlation of ANXA1

upregulation in cells expressing HPV-16 E6wt, we analyzed the
effect of E6 silencing using specific DsiRNAs. As expected, we ob-
served a decrease in the levels of HPV-16 E6 mRNA compared to
cells transfected with the negative control (scrambled DsiRNA),
whereas we did not observe any alteration in the levels of ANXA1
mRNA in CasKi and SiHa cells transfected with HPV16 E6 DsiRNA
(Fig. 2A). The results of the analysis of ANXA1 mRNA prompted us
to study the effect of E6 suppression on ANXA1 protein levels. We
observed that after E6 suppression, p53 protein levels were up-
regulated in Caski and SiHa cells. On the other hand, the expres-
sion of ANXA1 protein was decreased in cells transfected with
HPV16 E6 DsiRNA compared to cells transfected with negative
control DsiRNA (Fig. 2B).

2.3. Upregulation of ANXA1 protein expression requires the presence
of HPV-16 E6wt and EGAP

To further investigate the role of EGAP in ANXA1 protein sta-
bility in the context of E6 expression, we infected Caski, SiHa and
C33 cells with retroviral particles expressing a shRNA targeting
EGAP. We observed that p53 protein levels increased in CasKi and
SiHa cells upon E6AP suppression. Unexpectedly, ANXA1 protein
expression decreased in these cells after EGAP downregulation
(Fig. 3A).

Interestingly, C33 cells expressing HPV-16 E6wt exhibited
higher ANXA1 protein levels and p53 protein downregulation
compared to control C33 cells (Fig. 3B). However, in C33 cells ex-
pressing HPV16 E6 wt and shRNA targeting EGAP, the level of
ANXAT1 protein expression decreased and the level of p53 protein
increased when compared to C33 cells expressing HPV16 E6 wt
and endogenous EGAP. In this case, and as observed for SiHa and
CasKi cell lines, EGAP suppression was associated with ANXA1
downregulation and p53 stabilization. Altogether, our results in-
dicate that ANXAT1 expression requires the presence of E6 and EGAP.
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Fig. 1. Expression of HPV16-E6 induces ANXA1 expression in normal and transformed cells. (A) Western blotting analysis of ANXA1 and p53 expression in HPV-16-positive
(SiHa and Caski) and HPV-negative (C33) cervical cancer cell lines and in HPV-16 immortalized keratinocytes (HFK698). (B) Primary keratinocytes (PHK) were or were not
transduced with the indicated vectors (top) and analyzed by Western blotting using ANXA1 and p53 antibodies as indicated (right). (C) Cervical carcinoma cells C33 were or
were not transduced with the indicated vectors (top) and subjected to Western blotting using ANXA1, p53 antibodies as indicated (right). Total proteins isolated from cells as
indicated were blotted with antibodies for ANXA1 and p53. The level of GAPDH served as a loading control.
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Fig. 2. ANXA1 mRNA expression were not altered but ANXA1 and p53 protein expression was altered in cells transfected with HPV-16 E6 DsiRNA in HPV-positive cell lines.
(A) qPCR analysis of ANXA1 and HPV16 E6 mRNA expression in cervical carcinoma cell lines (SiHa and CasKi) transfected with DsiRNAs targeting HPV16E6 (DsiRNA E6) for
72 h. Cells transfected with a non-relevant siRNA sequence pool (scrambled DsiRNA) were used as control. GAPDH: internal standard. (B) Western blotting of ANXA1 and p53
expressions in HPV16-positive cervical cancer cell lines (SiHa and Caski) transfected with DsiRNAs targeting HPV16E6 or scrambled DsiRNA gene expression for 72 h. Total
proteins isolated from cells as indicated were blotted with antibodies for ANXA1 and p53. The level of GAPDH served as a loading control.
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Fig. 3. Low ANXAT1 protein expression occurred in EGAP knockdown cells expressing HPV16 E6wt and in cells expressing EGAP and HPV16 E6 mutants. (A) Western blotting
analysis of ANXA1 and p53 expression in HPV-16-positive (SiHa and Caski) transduced with pBabe and pBabe shRNA targeting EGAP. (B) Western blotting analysis of ANXA1
and p53 expression in HPV-negative (C33) cervical cancer cell lines transduced with pBabe and pBabe shRNA targeting E6AP and C33 cells cotransduced with pLXSN E6wt
and pBabe shRNA targeting EGAP. (C) Western blotting analysis of ANXA1 and p53 expression in C33 cervical carcinoma cells transduced with C33 pLXSN, pLXSN E6wt and
with the E6 mutants pLXSN E6 A9-13 and pLXSN E6 45Y/47Y/49H. Total proteins isolated from cells as indicated were blotted with antibodies for ANXA1 and p53. The level

of GAPDH served as a loading control.

2.4. ANXA1 protein induction depends on HPV-16 E6 domains re-
quired for p53 degradation

In order to determine the E6 domains required for ANXA1
upregulation, we analyzed ANXA1 and p53 protein expression in
C33 cells expressing different HPV16 E6 mutants. We observed
that C33 cells expressing HPV-16 E6 A9-13 (deletion in the PRKLP
motif) and HPV-16 E6 45Y/47Y/49H exhibited ANXA1 down-
regulation and increased p53 levels when compared to C33 cells
expressing HPV-16 E6 wt (Fig. 3C). These observations suggest that

E6-mediated ANXA1 upregulation requires the presence of E6 and
is dependent on its integrity.

2.5. ANXA1 knockdown reduces cell growth and clonogenic potential
in Caski and SiHa cells

Aiming to define the role of ANXA1 in HPV-positive cervical
cancer derived cell line biology, the expression of this gene was
suppressed using shRNA (Fig. 4A). These cells were further ana-
lyzed for proliferation and colony formation efficiencies. Our
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Fig. 4. Growth inhibition of Caski and SiHa cells after ANXA1 knockdown. (A) Western blots were performed to verify the knockdown efficiencies of the ANXA1 shRNA
lentivirus in CasKi and SiHa cells. (B) Growth curve analysis showed that inhibition of ANXA1 using shRNA targeting ANXA1 significantly decreased cellular proliferation in
SiHa and CasKi cells compared with that of the control groups (SiHa and CasKi cells transduced with pLKO.1 puro). (C) Colony formation assay showed a marked reduction in
the number of colonies in the ANXA1 knockdown CasKi and SiHa cells. Data presented are the mean of 2 independent experiments + SEM. Group comparisons were carried

out using Student's t test, P*** < 0.0001.

results demonstrate that ANXA1 suppression markedly decreased
the proliferation rate of CasKi and SiHa cells (Fig. 4B) and sig-
nificantly inhibited colony formation compared with the corre-
sponding control cells (transduced with pLKO.1 puro) (p < 0.0001)
(Fig. 4C).

3. Discussion

During the last twenty-five years, the interaction of E6 with at
least 30 different cellular proteins was reported, including EGAP
and p53 (Martinez-Zapien et al., 2016; Nomine et al., 2006; Vande
Pol and Klingelhutz, 2013; Zanier et al., 2005; Zanier et al., 2012). It
is well known that E6 oncoprotein binds to E6-associated protein
(E6AP) and the E6-E6AP complex interacts with p53, resulting in
the rapid ubiquitin-dependent degradation of p53 (Huibregtse
et al., 1991; Scheffner et al., 1993). Previous report has shown that
EGAP also binds to ANXAT1 in vivo and in vitro and suggests that
HPV-16 E6 redirect EGAP to other targets, such as p53 and PDZ
proteins, increasing the stability of ANXA1 and contributing to
viral pathogenesis (Shimoji et al., 2009).

In the present study, we show that ANXA1 expression is sig-
nificantly increased in HPV-16-positive cervical carcinoma-derived
cell lines and in keratinocytes expressing HPV-16 E6 compared to
HPV-negative cervical carcinoma cells and control keratinocytes.
We further show that ANXAT1 protein upregulation depends on the

presence of EGAP and intact E6 domains required to degrade p53.
Besides, our results show an inverse correlation between p53 and
ANXAT1 levels suggesting that p53 may negatively regulate ANXA1
expression.

A direct inhibitory effect of p53 on ANXAT1 expression has been
previously reported (Lecona et al., 2008). In this study it was ob-
served that down-regulation depends on the presence of a func-
tional binding site for the tumor suppressor p53 near the proximal
CCAAT box of the ANXA1 promoter. Therefore, it is expected that
in cells expressing E6, where p53 are low due its degradation
mediated by the viral protein, ANXA1 promoter would not be in-
hibited. In order to confirm this hypothesis we analyzed ANXA1
and p53 mRNA and protein levels in SiHa and CaSki cell lines after
E6 suppression. Unexpectedly, ANXA1 mRNA levels remained
unchanged in SiHa and CasKi cells after HPV-16 E6 silencing. On
the other hand, ANXA1 protein levels decreased while p53 in-
creased. Altogether, our data suggest that the regulation of ANXA1
expression in our experimental system occurs at a post-tran-
scriptional level. Thus, post-transcriptional p53-dependent me-
chanisms may take place in cervical cells to regulate ANXA1 ex-
pression as observed in human colon adenocarcinoma cells (Le-
cona et al., 2008). These mechanisms may add further complexity
to the regulation of ANXA1 protein expression.

To the best of our knowledge, our report is the first to describe
E6-mediated ANXA1 upregulation. Moreover, we suggest that the
model proposed by Shimoji and col. (Shimoji et al., 2009) that
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indicates that HPV-16 E6 redirects EGAP away from ANXA1, in-
creasing its stability may be inaccurate since we demonstrated
ANXA1 downregulation upon E6 or EGAP silencing. Our results
indicates that ANXA1 protein expression requires the presence of
E6wt and EGAP since E6-E6AP complex degrades p53 and this
protein may be regulating ANXAT1 protein levels by a yet undefined
mechanism.

We observed a decrease in ANXAT1 levels upon E6AP suppres-
sion in CasKi, SiHa and C33 cells expressing HPV16 E6wt. This
probably occurs as a consequence of the E6-E6AP complex dis-
ruption that leads to increased p53 levels and ANXA1
downregulation.

Interestingly, we observed that ANXA1 protein expression was
not upregulated in cells expressing HPV-16 E6 A9-13, a HPV-16 E6
mutant that has a deletion in PRKLP motif that results in great
decrease in E6AP-binding. In fact, the ability of this mutant in
binding to E6AP is similar to that exhibited by E6 from HPV-11, a
low oncogenic risk viral type (Cooper et al., 2003). Moreover, C33
cells expressing HPV-16 E6 45Y/47Y/49H, another mutant protein
that does not target p53 for degradation (Foster et al., 1994), also
exhibited lower ANXA1 protein expression when compared to C33
cells expressing HPV16 E6 wt. Our data suggest that in cells ex-
pressing HPV-16 E6, p53 degradation mediated by E6-E6AP leads
to ANXA1 upregulation. On the other hand, the expression of
ANXAT1 is reduced in cells lacking HPV-16 E6 or expressing E6
mutants that do not bind to E6AP and do not degrade p53. Besides,
our observations highlight the importance of E6-E6AP interaction
in ANXA1 upregulation. Other studies have described similar
mechanisms involving E6-mediated cellular telomerase activation.
It was described that HPV16 E6 mutants E6 proteins unable to bind
to EGAP were also unable to activate telomerase activity and hTERT
expression (Gewin and Galloway, 2001; Liu et al., 2005).

It has been reported that ANXA1 upregulation correlates with
the development of hepatocarcinoma, colorectal cancer, lung
cancer, pancreatic cancer, melanoma, skin cancer, endometrial
carcinoma, and penile carcinoma (Calmon et al., 2013; Clifton
et al, 2006; Hummerich et al., 2006; Rondepierre et al., 2009;
Voisin et al., 2011; Wong et al., 2012; Yoshida et al., 2011; Zim-
mermann et al., 2007). Besides, increase ANXA1 expression pro-
motes skin carcinogenesis and favors the invasion and metastasis
of melanoma (Sakaguchi et al., 2007). Moreover, it has been shown
that ANXAT1 is strongly expressed in the liver of transgenic animals
that develop hepatocarcinoma and is overexpressed during he-
patocyte proliferation in the regenerating liver after hepatectomy
(de Coupade et al., 2000). In this study, we observed that ANXA1
knockdown reduces the proliferation rates and the clonogenic
potential in HPV16 E6-positive cells. Our results corroborate those
obtained in a study in which ANXA1 targeting with small inter-
fering RNA (siRNA) attenuated cell proliferation induced by es-
tradiol or epidermal growth factor in MCF-7 cells (Khau et al.,
2011).

In high-risk HPVs associate cervical lesions the increased pro-
liferation of suprabasal epithelial cells is caused by the expression
of the viral oncogenes E6 and E7. E6 promotes p53 degradation,
altering cell cycle control arrest and apoptosis regulation. This may
induce the accumulation of cellular alterations in HPV-infected
cells and favor the progression towards malignancy (Ghittoni et al.,
2015). Our data indicate that E6 also upregulates ANXA1 protein
levels, which in turn plays a role in HPV-positive cervical carci-
noma-derived cells line proliferation and clonogenic potential. We
can speculate that E6-meidated ANXA1 upregulation may con-
tribute to HPV-mediated cell transformation. Further studies are
necessary to obtain insights into the molecular mechanisms un-
derlying this phenomenon and to further determine the role of
ANXAT1 in cervical carcinogenesis.

4. Conclusion

HPV16 E6 expression upregulates ANXA1 protein levels. This
effect requires the interaction of E6 with E6AP and resulting p53
degradation. ANXA1 silencing reduces HPV-transformed cells
proliferation and clonogenic potential. We suggest that ANXA1
may play a role in HPV-mediated carcinogenesis.

5. Material and methods
5.1. Cell lines

HPV-16 immortalized keratinocytes (HFK698 cell line), kindly
provided by Richard Schlegel, Georgetown University, Washington,
USA to Luisa Lina Villa, was cultured in a 3:1 mixture of kerati-
nocyte serum-free medium (LifeTech) and Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% FBS (Cultilab,
Brazil), 100 U/mL penicillin (Romanczuk et al., 1991). The cervical
cancer-derived cell lines SiHa, CasKi and C33 were cultured ac-
cording to American Type Culture Collection recommendations.
Pooled neonatal human foreskin keratinocytes (PHK, Lonza, USA)
were cultured in keratinocyte serum-free medium (Lonza, USA).
PHK cells infected with pLXSN empty retroviral vectors or trans-
ducing HPV-16 E6wt, E7wt or E6/E7 are described elsewhere
(Cardeal et al., 2012). All human cell lines were maintained in a
humidified cell culture chamber at 37 °C and 5% CO,.

5.2. Retroviral vectors and transductions

Recombinant pLXSN retrovirus transducing HPV-16 E6wt
(wild-type), HPV16 E6 mutant sequences (45Y/47Y/49H and A9-
13), E7wt (wild-type) or E6/E7 were kindly provided by Dr. Denise
Galloway (Fred Hutchinson Cancer Research Center, Seattle, WA)
and are described elsewhere (Helt and Galloway, 2001). C33, CasKi
and SiHa cells were grown in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% FBS (Cultilab, Brazil). Cells were
acutely infected with recombinant pLXSN and pBabe retroviruses
expressing the neomycin and puromycin resistance marker, re-
spectively, as described elsewhere (Boccardo et al., 2010). C33 cells
infected with pLXSN retrovirus vectors were selected with
800 pg/mL of G418 for 14 days and €33, CasKi and SiHa cells in-
fected with pBabe vectors were selected with 1 pg/mL of pur-
omycin for 14 days when 100% of mock infected controls were
dead.

5.3. Western blot analysis

Cells were lysed in cold cell lytic MT lysis buffer (Sigma, St.
Louis, USA). After 15 min on ice, centrifugation was conducted for
10 min at 12,000 x g and 4 °C to separate the insoluble material.
Protein concentrations were determined by a commercial protein
assay (Bio-Rad Laboratories, Hercules, CA, USA). Equivalent
amounts of protein (50 pg) were resolved by SDS-PAGE (8-12%)
and transferred to polyvinylidene difluoride membranes (Amer-
sham Pharmacia Biotech, Little Chalfont, UK) using the Mini Trans-
Blot Electrophoretic Transfer system (Bio-Rad Laboratories, Her-
cules, USA). Membranes were blocked for 1 h in 5% non-fat milk
and probed overnight with the following primary antibodies: anti-
ANXA1 (2.5 pg/mL) (Abcam, San Francisco, USA) and anti-p53 at
1:500 (Abcam, San Francisco, USA). GAPDH expression was used as
a loading control using anti-GAPDH at 1:5000 (MilliPore Cor-
poration Bedford, MA, USA). Membranes were washed and then
reprobed with horseradish peroxidase (HRP)-conjugated second-
ary antibodies. The bands were revealed using Enhanced Chemi-
luminescence procedures according to the manufacturer’s
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recommendations (Thermo Fisher Scientific, USA).

5.4. DsiRNA transfection

HPV16 E6 DsiRNA was used to knock down endogenous HPV-
16 E6 expression. The nucleotide sequences of HPV16 E6 or control
DsiRNAs used in this study are as follows: for HPV16 E6 (sense: 5’
CAGAAAGUUACCACAGUUAUGCACA3’; antisense: 5'UGUGCAUAA-
CUGUGGUAACUUUCUGGG3') and its control (sense: 5’
CGUUAAUCGCGUAAAUACGCGUAT  3'; antisense:  AUACGC-
GUAUUAUACGCGAUUAACGAC 3’) (Integrated DNA Technologies,
Coralville, USA). Transfection of SiHa and CasKi cells was carried
out using Lipofectamine RNAiIMAX Transfection Reagent (Life
Technologies, Carlsbad, USA) according to the manufacturer’s
protocol. For DsiRNA transfection, cells were incubated with
30 nM of the DsiRNA pool targeting HPV-16 E6 for 72 h before RNA
and protein extraction. For control, a non-relevant siRNA sequence
pool (scrambled DsiRNA) (Integrated DNA Technologies, Coralville,
USA) was used.

5.5. RNA extraction and qPCR

Total RNA was isolated from cell lines using TRIzol reagent (Life
Technologies, Carlsbad, USA) according to the manufacturer's in-
structions. qPCR was used to assess the expression of ANXA1 and
HPV-16 E6. Gene-specific primers for qPCR were designed for
optimal hybridization kinetics using the Primer 3.0 program
(provided by the Whitehead/MIT Center for Genome Research,
MA, USA). Quantitative real-time PCR was performed using an ABI
prism 7300 sequencer detector system and SybrGreen PCR Core
Reagent (Applied Biosystems, Foster City, USA) following the
manufacturer's protocol. In brief, the reaction mixture (20 pl total
volume) was composed of 25 ng of cDNA, gene-specific forward
and reverse primers for each gene, and 10 ul of 2x Quantitative
Sybr Green PCR Master Mix (Applied Biosystems, Foster City, USA).
Relative quantification was given by CT values, determined for
triplicate reactions of cell lines and reference samples for each
gene and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
an endogenous control. Primer sequences are described in Sup-
plementary Table 1. The relative expression of each gene was
calculated using the formula: R=(E target)ACt target (control -
sample)/(E endogenous) ACt endogenous (control - sample), as
previously described (Pfaffl, 2001). The cut-off for analysis of gene
expression was > 2 increased or decreased expression.

5.6. ANXA1 knockdown by shRNA

The lentivirus-based shRNA expression plasmids, pLKO.1 puro
and pLKO.1 expressing shRNA targeting ANXA1, were purchased
from Sigma (Sigma-Aldrich, St. Louis, USA). The viral particles were
produced and purified by cotransfecting pLKO.1-Axl-shRNA and
the lentivirus packaging plasmids (psPAX2 and PMD2.G) into
HEK293T cells. ANXA1 knockdown cells generated from CasKi and
SiHa cells were selected in the culture medium containing
1.0 pg/mL puromycin.

5.7. Colony formation assay

After infection with the indicated shRNA lentiviruses for 48 h,
atotal of 5000 cells were seeded in 6-wells plates in triplicate and
cultured for 14days in complete medium containing 1.0 pg/mL
puromycin. Surviving colonies were stained with crystal violet
after formaldehyde fixation.

5.8. Proliferation assay

CasKi and SiHa transduced with PLKO.1 puro and PLKO.1 shRNA
targeting ANXA1 were seeded into 96-well plates. Proliferation
rates were measured at 48, 72 and 96 h after seeding using MTT.
Then, 1 mg/mL 3-(4,5-dimethylthiazol-2-yl)—2, 5-diphenyl-tetra-
zolium bromide (MTT) (Sigma Aldrich, St Louis, MO, USA) was
added to the wells and incubated for 30 min at 37 °C. The MTT was
removed, 100 ul of 100% DMSO (Sigma Aldrich, St Louis, MO, USA)
was added to each well and the absorbance was measured at
562 nm. Each experiment was performed in triplicate and in two
independent assays.

5.9. Statistical analysis

Statistical analysis was performed using GraphPad Prism
5 Software. Group comparisons in the colony formation assay and
analysis of the proliferation rate were performed with Student's t
test. In all analyses, the differences were considered statistically
significant when p < 0.05.

Acknowledgments

This work was supported by the Sdo Paulo State Research
Foundation — FAPESP (2009/11203-4).

Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.virol.2016.05.016.

References

Belvedere, R., Bizzarro, V., Popolo, A., Dal Piaz, F., Vasaturo, M., Picardi, P., Parente, L.,
Petrella, A., 2014. Role of intracellular and extracellular annexin A1 in migration
and invasion of human pancreatic carcinoma cells. BMC Cancer 14, 961.

Boccardo, E., Manzini Baldi, C.V., Carvalho, A.F.,, Rabachini, T., Torres, C., Barreta, L.A.,
Brentani, H., Villa, L.L.,, 2010. Expression of human papillomavirus type 16 E7
oncoprotein alters keratinocytes expression profile in response to tumor ne-
crosis factor-alpha. Carcinogenesis 31, 521-531.

Boudhraa, Z., Rondepierre, F., Ouchchane, L., Kintossou, R., Trzeciakiewicz, A.,
Franck, E, Kanitakis, J., Labeille, B., Joubert-Zakeyh, ]., Bouchon, B., Perrot, J.L.,
Mansard, S., Papon, J., Dechelotte, P., Chezal, ].M., Miot-Noirault, E., Bonnet, M.,
D’Incan, M., Degoul, F, 2014. Annexin Al in primary tumors promotes mela-
noma dissemination. Clin. Exp. Metastas. 31, 749-760.

Calmon, M.F, Mota, M.T., Babeto, E., Candido, N.M., Girol, A.P., Mendiburu, C.F,
Bonilha, J.L, Silvestre, R.V., Rosa, B.M., Thome, J.A., Medeiros, G.H., Soares, FA.,
Guimaraes, G.C., de Arruda, J.G., Oliani, S.M., Villa, L.L., Vassallo, ]J., Rahal, P,
2013. Overexpression of ANXAT1 in penile carcinomas positive for high-risk
HPVs. PLoS One 8, 53260.

Cardeal, L.B., Boccardo, E., Termini, L., Rabachini, T., Andreoli, M.A., di Loreto, C.,
Longatto Filho, A., Villa, L.L., Maria-Engler, S.S., 2012. HPV16 oncoproteins in-
duce MMPs/RECK-TIMP-2 imbalance in primary Keratinocytes: possible im-
plications in cervical carcinogenesis. PLoS One 7, e33585.

Clifton, J.G., Brown, M.K., Huang, F,, Li, X., Reutter, W., Hofmann, W., Hixson, D.C.,
Josic, D., 2006. Identification of members of the annexin family in the de-
tergent-insoluble fraction of rat Morris hepatoma plasma membranes. J.
Chromatogr. A 1123, 205-211.

Cooper, B., Schneider, S., Bohl, J., Jiang, Y., Beaudet, A., Vande Pol, S., 2003. Re-
quirement of EGAP and the features of human papillomavirus E6 necessary to
support degradation of p53. Virology 306, 87-99.

de Coupade, C,, Gillet, R., Bennoun, M., Briand, P., Russo-Marie, F., Solito, E., 2000.
Annexin 1 expression and phosphorylation are upregulated during liver re-
generation and transformation in antithrombin IIl SV40 T large antigen trans-
genic mice. Hepatology 31, 371-380.

Doorbar, J., 2006. Molecular biology of human papillomavirus infection and cervical
cancer. Clin. Sci. (Lond. ) 110, 525-541.

Dunne, E.F, Park, I.U.,, 2013. HPV and HPV-Associated Diseases. Infect. Dis. Clin. N
Am. 27, 765-778.

Foster, S.A., Demers, G.W., Etscheid, B.G., Galloway, D.A., 1994. The ability of human
papillomavirus E6 proteins to target p53 for degradation in vivo correlates with


http://dx.doi.org/10.1016/j.virol.2016.05.016
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref1
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref1
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref1
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref2
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref2
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref2
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref2
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref2
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref3
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref4
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref4
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref4
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref4
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref4
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref5
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref5
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref5
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref5
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref6
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref6
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref6
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref6
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref6
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref7
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref7
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref7
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref7
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref8
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref8
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref8
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref8
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref8
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref9
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref9
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref9
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref10
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref10
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref10
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref11
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref11

M.E Calmon et al. / Virology 496 (2016) 35-41 41

their ability to abrogate actinomycin D-induced growth arrest. J. Virol. 68,
5698-5705.

Gewin, L., Galloway, D.A., 2001. E box-dependent activation of telomerase by hu-
man papillomavirus type 16 E6 does not require induction of c-myc. J. Virol. 75,
7198-7201.

Ghittoni, R., Accardi, R., Chiocca, S., Tommasino, M., 2015. Role of human papillo-
maviruses in carcinogenesis. Ecancermedicalscience 9, 526.

Helt, A.M., Galloway, D.A., 2001. Destabilization of the retinoblastoma tumor sup-
pressor by human papillomavirus type 16 E7 is not sufficient to overcome cell
cycle arrest in human keratinocytes. J. Virol. 75, 6737-6747.

Huibregtse, .M., Scheffner, M., Howley, P.M., 1991. A cellular protein mediates as-
sociation of p53 with the E6 oncoprotein of human papillomavirus types 16 or
18. EMBO ]. 10, 4129-4135.

Huibregtse, J.M., Scheffner, M., Howley, P.M., 1993. Cloning and expression of the
Cdna for E6-Ap, a protein that mediates the interaction of the human papillo-
mavirus E6 oncoprotein with P53. Mol. Cell Biol. 13, 775-784.

Hummerich, L., Muller, R., Hess, ]., Kokocinski, F., Hahn, M., Furstenberger, G.,
Mauch, C,, Lichter, P., Angel, P., 2006. Identification of novel tumour-associated
genes differentially expressed in the process of squamous cell cancer devel-
opment. Oncogene 25, 111-121.

Kang, ].S., Calvo, B.F,, Maygarden, SJ., Caskey, L.S., Mohler, ].L., Ornstein, D.K., 2002.
Dysregulation of annexin I protein expression in high-grade prostatic in-
traepithelial neoplasia and prostate cancer. Clin. Cancer Res. 8, 117-123.

Khau, T., Langenbach, S.Y., Schuliga, M., Harris, T., Johnstone, C.N., Anderson, R.L.,
Stewart, A.G., 2011. Annexin-1 signals mitogen-stimulated breast tumor cell
proliferation by activation of the formyl peptide receptors (FPRs) 1 and 2. Faseb
J. 25, 483-496.

Lecona, E., Barrasa, J.I, Olmo, N., Llorente, B., Turnay, J., Lizarbe, M.A., 2008. Upre-
gulation of annexin A1 expression by butyrate in human colon adenocarcinoma
cells: role of p53, NF-Y, and p38 mitogen-activated protein kinase. Mol. Cell
Biol. 28, 4665-4674.

Liu, X.F,, Yuan, H., Fu, BJ., Disbrow, G.L., Apolinario, T., Tomaic, V., Kelley, M.L., Baker,
C.C., Huibregtse, ]J., Schlegel, R., 2005. The E6AP ubiquitin ligase is required for
transactivation of the hTERT promoter by the human papillomavirus E6 on-
coprotein. J. Biol. Chem. 280, 10807-10816.

Ljubojevic, S., Skerlev, M., 2014. HPV-associated diseases. Clin. Dermatol. 32,
227-234.

Martinez-Zapien, D., Ruiz, FX., Poirson, J., Mitschler, A., Ramirez, ]., Forster, A.,
Cousido-Siah, A., Masson, M., Pol, S.V., Podjarny, A., Trave, G., Zanier, K., 2016.
Structure of the E6/E6AP/p53 complex required for HPV-mediated degradation
of. Nature p53.

McLaughlin-Drubin, M.E., Munger, K., 2009. Oncogenic activities of human pa-
pillomaviruses. Virus Res. 143, 195-208.

Moody, C.A.,, Laimins, L.A., 2010. Human papillomavirus oncoproteins: pathways to
transformation. Nat. Rev. Cancer 10, 550-560.

Nomine, Y., Masson, M., Charbonnier, S., Zanier, K., Ristriani, T., Deryckere, E,, Sibler,
A.P,, Desplancq, D., Atkinson, R.A., Weiss, E., Orfanoudakis, G., Kieffer, B., Trave,
G., 2006. Structural and functional analysis of E6 oncoprotein: insights in the
molecular pathways of human papillomavirus-mediated pathogenesis. Mol.
Cell 21, 665-678.

Okano, M., Kumamoto, K., Saito, M., Onozawa, H., Saito, K., Abe, N., Ohtake, T., Ta-
kenoshita, S., 2015. Upregulated annexin A1 promotes cellular invasion in tri-
ple-negative breast cancer. Oncol. Rep.

Pfaffl, M.W., 2001. A new mathematical model for relative quantification in real-

time RT-PCR. Nucleic Acids Res. 29, e45.

Romanczuk, H., Villa, L.L.,, Schlegel, R., Howley, P.M., 1991. The viral transcriptional
regulatory region upstream of the E6 and E7 genes is a major determinant of
the differential immortalization activities of human papillomavirus types 16
and 18. J. Virol. 65, 2739-2744.

Rondepierre, ., Bouchon, B., Papon, ]., Bonnet-Duquennoy, M., Kintossou, R., Moins,
N., Maublant, J., Madelmont, ]J.C., D’'Incan, M., Degoul, E.,, 2009. Proteomic stu-
dies of B16 lines: involvement of annexin Al in melanoma dissemination.
Biochim. ET Biophys. acta 1794, 61-69.

Sakaguchi, M., Murata, H., Sonegawa, H., Sakaguchi, Y., Futami, J., Kitazoe, M., Ya-
mada, H., Huh, N,, 2007. Truncation of annexin Al is a regulatory lever for
linking epidermal growth factor signaling with cytosolic phospholipase A2 in
normal and malignant squamous epithelial cells. J. Biol. Chem. 282,
35679-35686.

Scheffner, M., Huibregtse, ].M., Vierstra, R.D., Howley, P.M., 1993. The Hpv-16 E6
and E6-Ap complex functions as a ubiquitin-protein ligase in the ubiquitination
of P53. Cell 75, 495-505.

Shimoji, T., Murakami, K., Sugiyama, Y., Matsuda, M., Inubushi, S., Nasu, J., Shirakura,
M., Suzuki, T., Wakita, T., Kishino, T., Hotta, H., Miyamura, T., Shoji, I, 2009.
Identification of annexin A1 as a novel substrate for HAP-mediated ubiquity-
lation. J. Cell Biochem. 106, 1123-1135.

Vande Pol, S.B., Klingelhutz, A.J., 2013. Papillomavirus E6 oncoproteins. Virology
445, 115-137.

Voisin, S.N., Krakovska, O., Matta, A., DeSouza, L.V., Romaschin, A.D., Colgan, T]., Siu,
K.W.M,, 2011. Identification of novel molecular targets for endometrial cancer
using a drill-down LC-MS/MS approach with iTRAQ. PLoS One, 6.

Wang, L.P, Bi, ], Yao, C,, Xu, X.D., Li, X.X., Wang, S.M., Li, Z.L., Zhang, D.Y., Wang, M.,
Chang, G.Q., 2010. Annexin A1 expression and its prognostic significance in
human breast cancer. Neoplasma 57, 253-259.

Wong, PF, Cheong, W.E, Shu, M.H,, Teh, C.H., Chan, K.L., AbuBakar, S., 2012. Eur-
ycomanone suppresses expression of lung cancer cell tumor markers, prohi-
bitin, annexin 1 and endoplasmic reticulum protein 28. Phytomed. Int. J.
Phytother. Phytopharm. 19, 138-144.

Yoshida, K., Kuramitsu, Y., Murakami, K., Ryozawa, S., Taba, K., Kaino, S., Zhang, X.L.,
Sakaida, I., Nakamura, K., 2011. Proteomic differential display analysis for TS-1-
resistant and -sensitive pancreatic cancer cells using two-dimensional gel
electrophoresis and mass spectrometry. Anticancer Res. 31, 2103-2108.

Yu, G.Z., Wang, ]J., Chen, YJ., Wang, X., Pan, J., Li, Q., Xie, K.P., 2008. Tissue micro-
array analysis reveals strong clinical evidence for a close association between
loss of annexin A1 expression and nodal metastasis in gastric cancer. Clin. EXp.
Metastas. 25, 695-702.

Zanier, K., Charbonnier, S., Baltzinger, M., Nomine, Y., Altschuh, D., Trave, G., 2005.
Kinetic analysis of the interactions of human papillomavirus E6 oncoproteins
with the ubiquitin ligase E6AP using surface plasmon resonance. J. Mol. Biol.
349, 401-412.

Zanier, K., Sidi, A.0.M.O., Boulade-Ladame, C., Rybin, V., Chappelle, A., Atkinson, A.,
Kieffer, B., Trave, G., 2012. Solution structure analysis of the HPV16 E6 onco-
protein reveals a self-association mechanism required for E6-mediated de-
gradation of p53. Structure 20, 604-617.

Zimmermann, U., Woenckhaus, C., Teller, S., Venz, S., Langheinrich, M., Protzel, C.,
Maile, S., Junker, H., Giebel, J., 2007. Expression of annexin Al in conventional
renal cell carcinoma (CRCC) correlates with tumour stage, Fuhrman grade,
amount of eosinophilic cells and clinical outcome. Histol. Histopathol. 22,
527-534.


http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref11
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref11
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref11
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref12
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref12
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref12
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref12
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref13
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref13
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref14
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref14
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref14
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref14
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref15
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref15
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref15
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref15
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref16
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref16
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref16
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref16
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref17
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref17
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref17
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref17
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref17
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref18
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref18
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref18
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref18
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref19
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref19
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref19
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref19
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref19
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref20
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref20
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref20
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref20
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref20
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref21
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref21
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref21
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref21
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref21
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref22
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref22
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref22
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref23
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref23
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref23
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref23
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref24
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref24
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref24
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref25
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref25
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref25
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref26
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref27
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref27
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref27
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref28
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref28
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref29
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref29
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref29
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref29
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref29
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref30
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref30
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref30
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref30
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref30
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref31
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref32
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref32
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref32
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref32
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref33
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref33
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref33
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref33
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref33
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref34
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref34
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref34
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref35
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref35
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref35
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref36
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref36
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref36
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref36
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref37
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref37
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref37
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref37
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref37
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref38
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref38
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref38
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref38
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref38
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref39
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref39
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref39
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref39
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref39
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref40
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref40
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref40
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref40
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref40
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref41
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref41
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref41
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref41
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref41
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42
http://refhub.elsevier.com/S0042-6822(16)30125-8/sbref42

	HPV16 E6 regulates annexin 1 (ANXA1) protein expression in cervical carcinoma cell lines
	Introduction
	Results
	ANXA1 protein expression in HPV positive cell lines and keratinocytes expressing HPV-16 E6
	ANXA1 mRNA expression is not altered but ANXA1 and p53 proteins expressions are altered in cells transfected with HPV-16...
	Upregulation of ANXA1 protein expression requires the presence of HPV-16 E6wt and E6AP
	ANXA1 protein induction depends on HPV-16 E6 domains required for p53 degradation
	ANXA1 knockdown reduces cell growth and clonogenic potential in Caski and SiHa cells

	Discussion
	Conclusion
	Material and methods
	Cell lines
	Retroviral vectors and transductions
	Western blot analysis
	DsiRNA transfection
	RNA extraction and qPCR
	ANXA1 knockdown by shRNA
	Colony formation assay
	Proliferation assay
	Statistical analysis

	Acknowledgments
	Supplementary material
	References




