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Abstract

Background

The Src family tyrosine kinases (SFK) are cellular regmaproteins that influence ce
adhesion, proliferation, invasion and survival during tumor development. Ele\citaty af
Src was associated with increased cell proliferation and wtsagn human papillomaviru
(HPV)-associated malignancies; therefore, transduced human folesiatinocytes (HFK
were used to investigate whether SFK activation is a downstedi@ct of papillomaviral
oncoproteins. Activation of ubiquitously expressed SFKs, namely Srcaies-yn, wa
investigated in both proliferating and differentiating keratinocytes.

[92)

U7

Results

In proliferating keratinocytes, Src, Yes and Fyn mRNA levese not affected by HPV 16
E6 or E7 oncoproteins, while at the protein level as detected bgrwédsot, the presence |of
both E6 and E7 resulted in substantial increase in Src and Yes@sprebut did not alter
the high constitutive level of Fyn. Phospo-kinase array revealed athaibiquitously
expressed SFKs are activated by phosphorylation in the preseH&8/ai6 E7 oncoprotein.
Keratinocyte differentiation led to increased Yes mRNA and prdesiels in all transduced
cell lines, while it did not influence the Src transcription butiltes in elevated Src protein
level in HPV16 E7 expressing lines.

Conclusions

o

This study revealed that HPV 16 oncoproteins upregulate Src famdges Src and Yes Vi
posttranscriptional mechanisms. A further effect of HPV 16 E7 onapristto enhance the
activating phosphorylation of SFKs expressed in keratinocytes.
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Background

The Src family cytoplasmic tyrosine kinases (SFK) are itgmbrsignal transducers that are
activated by many different classes of cell-surface ptece including receptor tyrosine
kinases, cytokine receptors, and integrin extracellular matagpters [1-3]. This kinase
family consists of 11 homologous non-receptor tyrosine kinases, n&rel¥yn, Yes, BIK,
Yrk, Frk, Fgr, Hck, Lck, Srm, and Lyn. Src, Fyn and Yes appear to be ubiduitoysessed
in many different cell lineages, including keratinocytes ofstigamous epithelium. SFKs are
activated primarily via protein-protein interactions involving théit2lomains, followed by
a trans-autocatalytic phosphorylation of a conserved tyrosiiteiects their catalytic domain
[4,5]. SFKs interact with a network of intracellular pathwaysuigficing cell adhesion,
growth, movement and differentiation, therefore, SFKs may extifmibgenic activity when
they become overactivated [6-8]. This overactivation is frequenthcitgeten solid tumors
where it has been associated with advanced disease stagesetastatic potential [9].
Therefore, small molecule inhibitors of SFKs were developed atetltesccessfully in some



cancer types including ovarian, prostate, skin, hepatocellular, paocesat non-small cell

lung cancer for suppression of neoplastic cell proliferation and iievaspacity [10-15].

Recent studies have demonstrated elevated Src activity in decanaer tissues, and
treatment with Src kinase inhibitors caused decreased celitynatid invasion abilities of
cervical cancer cell lines [16-18]. Thus, Src inhibitors are cormidas promising therapy
molecules also for human cervical carcinomas [19]. However, therdamducing SFK

upregulation in cervical cancer, the second leading cause of deathcancer in women
worldwide, are still to be clarified.

The major etiological factors of cervical cancer are humanlpagaiviruses (HPV), as nearly
100% of cervical cancers are positive for high-risk HPVs, HPafilbHPV 18 being the most
prevalent genotypes detected in cervical carcinomas [20]. HRVsoasidered as the most
prevalent sexually transmitted infectious agents and are atpeefrdy associated with other
anogenital and oropharyngeal malignancies [21]. HPVs are small, meieped DNA
viruses that infect the cutaneous and mucosal epithelia wite ayide tightly linked to the
differentiation of the host epithelial cell [22]. Persistent higk-HPYV infection of epithelial
cells results in permanent expression of the E6 and E7 viral ondapgratdich play crucial
roles in the induction and the maintenance of malignant transformatioime host cell
[23,24]. The E6 and E7 oncoproteins of high-risk HPV viruses are abl@rogram their
host cell regulatory pathways via associating with sevegahBng molecules involved in the
regulation of cell-cycle progression and cellular differemgtthereby promoting abnormal
cell proliferation and neoplastic transformation [23,25]. This propertfR)¥ oncoproteins
raises the question whether the activation of SFKs in cemarealer tissues and cell lines is a
downstream effect of papillomaviral oncoproteins or it develops thteng the oncogenic
clonal selection.

In the present study, we investigated both the expression and cthatian by
phosphorylation of the ubiquitously expressed SFKs, namely Src, Yé&yanin retrovirus
transduced keratinocytes expressing HPV 16 E6, E7 or both oncoproteins wtifeapng
and differentiating culture conditions. Src and Yes expressionnflasnced differently by
papillomaviral oncoproteins and differentiation, whereas the constiyutiieggh Fyn
expression was not affected by them. Nevertheless, the phosploorygétihe above SFKs
was uniformly increased in the presence of E7 oncoprotein.

Results

Effect of HPV 16 E6 and E7 on the expression of Sfamily kinases in human
keratinocytes

Human foreskin keratinocytes (HFK) expressing HPV 16 oncoproteans tested for the
expression and the activity of SFKs. HFK cells were transdbgedcombinant retroviruses
carrying either the empty control vector (LXSN) or vectorsoding HPV 16 E6, E7 or both
oncogenes as described previously [26]. The cell lines were cultuseduim-free medium to
maintain proliferation. The presence of functionally active E6 andicoproteins in the
studied cells was confirmed by Western blot analysis revealieged expression of their
main targets, the cellular p53 and Rb tumor suppressor proteins,tiesgedigure 1A).
Substantial reduction of p53 protein level indicated that E6 transdeeledines indeed
expressed the functional oncoprotein. Analogously, the presence of fuhd@@neas
indicated by decreased level of Rb protein.



Figure 1 Presence of HPV 16 E6 and E7 has different effect on SFK protein and mRNA
expression in proliferating human keratinocytes(A) Western blot analysis of human
foreskin keratinocytes (HFK) transduced with HPV 16 E6, E7 or both oncogenes. Levels of
cellular p53 and Rb proteins are reduced in the presence of functionally activecHES/

and E7 oncoproteins, respectivel®) @Analysis of Src, Yes, and Fyn protein expression by
western blot using antibodies specific for the native form of the kinases an@ft@rainal
tyrosine residue that is phosphorylated upon activation. Actin was used as loadinf contr
The results shown are representative of three independent experi@giise effect of

HPV 16 oncogenes on the relative mRNA expression of ubiquitously expressed SFKs in
HFK cells. Real-time PCR analysis of Src, Yes, and Fyn was performed udkguRified
from HPV 16 E6 and/or E7 transduced HFK cells. The values were normalized agains
GAPDH mRNA and presented as relative levels with respect to the valuesaraeiduced
by LXSN. The bars represent the mean + SEM of two independent experimentsjteach w
triplicate measurements. Two-tailed Student t test revealed no signifitRitrelated
alteration in any of the tested SFK mRNA levels.

In light of recent publications indicating that certain SFKs mighbveractivated during the
process of HPV-associated cervical carcinogenesis [16-18xamined both the individual
and the combined effects of HPV 16 E6 and E7 oncoproteins on the esprasdi activity
of ubiquitously expressed SFKs, namely Src, Yes, and Fyn. Westeranalgsis revealed
that there was a significant increase in Src and Yes praeeis| in the presence of both
oncogenes, compared to the cells containing the empty vector or onbf treoncogenes
(Figure 1B). A constitutively high level of Fyn protein was eved in all the studied cell
lines suggesting that E6 and E7 oncoproteins have little, if artiefueffect on Fyn
expression in human keratinocytes. Western blot analysis using phosplaoibody
revealed that SFK activation by phosphorylation required E7 butvd@pendent form E6
function. The applied antibody can detect both Src phosphorylated at Y4dhendSFKs
phosphorylated at homologous tyrosine residues. Since both the stawdiegel and the
activation state of two SFKs, Src and Fyn were affected by H& oncoproteins, we also
guantitated the RNA transcripts of the studied SFKs. Neverthélesguantitative RT-PCR
analysis could not reveal transcriptional mechanisms behind theedifferotein levels, the
HPV 16 oncoproteins did not alter significantly the transcription thfeeiSFK (Src, Yes)
with inducible protein level, and the HPV related transcriptionalepatof Src was very
similar to that of Fyn with constitutively high protein level (Figure 1C).

Effect of HPV 16 E6 and E7 on the phosphorylationfaSrc family kinases in
human keratinocytes

Since western blot analysis revealed that the presence of I8PK7 is associated with
elevated SFK phosphorylation in HFK cells, we wished to evaluateftbet of E6 and E7
oncoproteins on the phosphorylation state of the individual members &r¢hiamily on
those tyrosine residues that are phosphorylated upon activation antbréhenelicating
increased kinase activity. To this end, human phospho-kinase arraperfasmed from
whole cell lysates. The results showed that in the presence tiey was a significant
increase in the phosphorylation levels of all three ubiquitously exgur¢dsKs, while E6 had
no effect on their activating phosphorylation when compared to control cells (FABe 2



Figure 2 Human phospho- kinase array to study the effect of HPV16 E6 and E7 on the
phosphorilation state of SFKs.(A) Whole cell lysates were analyzed with a human
phospho-kinase array to detect phosporylation state of SFKs in HFK cells tranadthced

HPV 16 E6 or E7 or both oncogenes. Signals of tyrosine phosphorilated SFKs are indicated
in the membranes, and intensity of corresponding spots are presented as ba(Rjr Spus-
densities of phosphoproteins were quantified by using ImageJ software and ecbtapare

those of LXSN control spots. Data are presented as mean £ SEM of two independent
experiments with duplicates.

The phospho-kinase array also provided further information on activating phosypioorgif
relevant proteins such as p53 and four other SFKs. As expected, theflg/sd protein
phosphorylated at serine residues S15, S46 or S392 increased in seaceref E7
oncoprotein and reflected well the p53 degradation in the presence Bigife(3A-B). The
p53 phosphorylation pattern assisted the study in two ways: fifsiitier confirmed the
eligibility of the transduced cell lines for papillomavirkinctional analysis; second, it
revealed that the capture based array could measure even the phaspthdrgiction of
protein levels hardly or not detected by western blot.

Figure 3 Effect of HPV 16 E6 and E7 on the phosphorilation state of p58A) p53
phosphorilation at serine residues S392, S46, and S15 detected by phosho-kinase array.
Different phosphorilation variants of p53 are indicated by arrows in the membranes, and
intensity of corresponding spots are presented as grafhicSgot-densities of
phosphoproteins were quantified by using ImageJ software and compared to th¥S&of L
control spots. Data are presented as mean + SEM of two independent experiments with
duplicates.

The other extra information obtained from the phospho-kinase arrathevagtection of four
other SFKs, namely Lyn, Lck, Fgr, and Hck, which tend to be exgréssmlls of lymphoid
origin. All transduced keratinocyte lines lacked activated Lyrk and Fgr non-receptor
tyrosine kinases, while some spot densities could be detected tioateat Hck in the
presence of E7 (Figure 2A). Hck mRNA could also be detected indepgndemtt
papillomaviral oncoproteins (data not shown); however, the Hck proteindiagebelow the
detection limit of western blot suggesting a minor role for themier of the family in
keratinocytes.

Cellular differentiation alters expression of SFKsin keratinocytes expressing
HPV16 E6, E7 or both oncoproteins

Next, we studied whether the effect of HPV 16 E6 and E7 oncoproteins on the expression and
activity of Src, Yes and Fyn could be affected by cellular diffgation. Human
keratinocytes transduced by HPV 16 E6, E7 or both oncogenes werectulttine presence

of serum and high calcium to induce cellular differentiation. In tésted cell cultures,
successful initiation of cellular differentiation was confirmeddescribed previously [26].

First we confirmed that the activities of E6 and E7 oncoproteine weaintained in
differentiating cells as well. Concomitant with the preserfdétoor E7, decreased levels of

p53 or pRb proteins could be observed, respectively (Figure 4A).



Figure 4 Differentiation of human keratinocytes influences SFK protein and i®NA
expression in transduced HFK cells(A) Western blot analysis of differentiating human
foreskin keratinocytes (HFK) transduced with HPV 16 E6, E7 or both oncogenes. Cellular
differentiation was induced by culturing cells in the presence of serum andaigum.

Levels of cellular p53 and Rb proteins are reduced in the presence of functionad -ty

16 E6 and E7 oncoproteins, respectiveB). Analysis of Src, Yes, and Fyn protein
expression by western blot using antibodies specific for the native form of thesanas for

a C-terminal tyrosine residue that is phosphorylated upon activation. Actin wassused a
loading control. The results shown are representative of three independennerfserC)

The effect of HPV 16 oncogenes on the relative mRNA expression of Src, Yes, and Fyn in
differentiating HFK cells. Real-time PCR analysis was performetyuRNA purified from

the transduced HFK cells. The values were normalized against GAPDH raRiNA
presented as relative levels with respect to the value of cells transdulc¥& My The bars
represent the mean = SEM of two independent experiments, each with triplicate
measurements. Two-tailed Student t-test was carried out for the adlysRiNA

expression levels to determine statistical significance (P < 0.05).

In differentiating keratinocytes, Src protein expression waggulated in a similar manner
to that in proliferating keratinocytes except the presence @& was sufficient to induce
upregulation (Figure 4B). Neither differentiation, nor the presencepagfillomaviral
oncoproteins resulted in significantly altered Src mRNA lev@glgure 4C). On the other
hand, differentiation upregulated Yes protein expression to a levelinfloenced by
papillomaviral oncoproteins (Figure 4B). Yes upregulation involved #tgoscriptional
mechanisms, differentiation itself resulted in significantease (P < 0.05) in Yes mRNA
levels. Unlike in proliferating HFK lines, presence of E6 in thdedgtiating lines was
significantly (P < 0.05) associated with increased Yes mRNpression (Figure 4C).
However, this transcriptional effect of E6 did not result in debdetalteration of Yes protein
level (Figure 4B). Fyn protein level, likewise in proliferatinigrK cells, was constitutively
high and independent from papillomaviral oncoproteins (Figure 4B). FynAndel was
also significantly increased (P < 0.05) in differentiating keoatytes but it was not
significantly altered in the presence papillomaviral oncoproteinguf& 4C). Although
differentiation of keratinocytes proved to act as a further remylanechanism for the
expression of certain SFKs, it left SFK phosphorylation unaffected (Figure 4B).

Discussion

This study identified Src family non-receptor tyrosine kingdS&¥<s) that are activated in the
presence of HPV 16 oncoproteins. Enhanced activity of SFKs has beetedietea wide
range of malignancies including cervical cancer , where tbst studied member of the
family, Src was shown to be overactive based on the presencevatiagtphosphorylation
at Y416 [5,7,8]. Besides Src, this kinase family involves two other ubiglytexpressed
non-receptor tyrosine kinases, namely Yes and Fyn, which are expresseious cell types
including keratinocytes. Although Yes and Fyn have not yet been studiedvinat cancer,
they are overactivated in several malignancies. For instamsekiviase has been associated
with increased cell proliferation and invasion of human melanoma&aod carcinoma cells
[9,27] and Fyn kinase has been implicated in the progression and sistagtgrostate
cancer [14]. Since activation of SFKs occurs by phosphorylation @itexminal Y416
residue of Src and at homologous tyrosine residues of the other nseafbire family,
therefore, in our experiments we also used a phospho-SFK specifiodgnto assess the



changes in the overall activity of the SFKs, then we refinedntthgidual activation state of
these kinases.

In this study, transduction of primary human keratinocytes ensured teetide of early
downstream effects of the papillomaviral oncogenes in the natural dedlst The
experiments were performed from 5 to 8 passages after traiosdutherefore, our
observations were probably unaffected by clonal expansion of any rageéomwmic
alteration. Primary human keratinocytes can also be driven towd#fdsentiation, which
leads to changes similar to those in the upper layers of rdidistl squamous epithelium.
Differentiating squamous cells lose their ability to proliferand to replicate DNA which
results in an intracellular condition targeted and reverted bylgrapviral oncoproteins.
This mechanism ensures the effective viral replication in nakliPal infection [28,29]. As
previously shown, the applied method was suitable to induce keratinocigeemtiftion,
thus, the differentiating keratinocyte cultures were considereépt@sent the upper layers,
while the proliferating cultures to represent the basal layer of the squapithedium [26].

Cervical carcinogenesis has the unique feature of requiring grapiiral i.e. exogenous
oncoproteins from initiation to final stage. The E6 and E7 oncoproteihe ¢figh-risk HPV
types promote viral replication by interacting with cellulagulatory proteins [25]. More
specifically, association of high-risk E6 with tumor suppressor iprqi®3 leads to the
proteasomal degradation of p53 via recruitment of an ubiquitin liga&&PE In addition,
p53-independent activities of E6 such as telomerase activation, assogidh PDZ proteins

and other cellular target proteins may also contribute to the enmogctivities of high-risk

E6 proteins [30,31]. High-risk E7 oncoprotein is able to promote neoplestisfdarmation
mainly by binding and subsequently promoting the proteasome-mediated tiegraddahe
hypophosphorylated, growth suppressive form of the retinoblastoma tumor suppregsor prot
(pRb, p105) and the related pocket proteins p107 and pRb2/p130, thus, causing aberrant S-
phase entry in cells that would have normally withdrawn from tHelisésion cycle. Besides
pRb, E7 can also associate and interfere with the activitiesulipta cellular factors, such

as AP1, HDAC-1, PCAF, BRCAL1, CDK, and ATM that contribute to the dysregulation of the
cell cycle and apoptosis, and cause genomic instability [25,32]. drsthdy, the levels of
p53 and pRb tumor suppressor proteins in the transduced cells were dsetbttwstrate the
presence of functional E6 and E7, respectively.

The key role of papillomaviral oncoproteins in cervical carcinogisnehe ubiquitous
availability of Src, Fyn and Yes non-tyrosine receptor kinaseshenditserved Src activation
in cervical cancer suggest a link between these important oncofgetors and the
papillomaviral oncoproteins. Indeed, increased Src Y416 phosphorylatidrebabserved
in both established cell lines (SiHa, HeLa) and biopsies of cérm@rainoma origin [16].
The importance of SFK activation during cervical carcinogensdigrther supported by the
notion that treatment with a small molecule Src kinase inhibitauppression of Src mMRNA
by siRNA treatment inhibited the proliferation of cervical eancell lines HeLa and SiHa
[16]. Yasmeen and colleagues demonstrated that treatment didhe mentioned cervical
carcinoma cell lines with Src kinase inhibitors significantcr@ases cell motility and
invasion abilities, as well [18]. Furthermore, nude mice xenogrgieriments using HelLa
cells showed that Src kinase inhibitors can also inhibit subcutanewmosr growth
significantly [16,17]. Despite the accumulating evidence regardingntpertance of Src
activation during cervical carcinogenesis, it is still not knownthrethe activation of Src
and other SFKs in cervical cancer tissues and establishdueslis linked to papillomaviral
oncoproteins or it develops later during the oncogenic clonal selection.



To investigate the involvement of high-risk HPV oncoproteins in SFiamn, first the
effect of HPV 16 E6 and E7 oncoproteins was analyzed on SFK protpiession in
transduced human primary keratinocytes, which revealed a heteragemsponse by Src,
Yes and Fyn. In details, Src and Yes had similar requirement for B®tand E7 to be
upregulated in proliferating but not in differentiating keratinosyfiéhe latter condition itself
made all transduced cell lines upregulate Yes protein expresgiomo further effect by
papillomaviral oncoproteins. For Src upregulation, differentiation maedahe necessity of
E7 activity but abrogated that of E6. Fyn protein expression was not influenceddbydieel
papillomaviral oncoproteins at all. Noteworthy, mRNA alterationsa@owit be identified in
the background of HPV 16 mediated SFK upregulation suggesting the impgontédnc
posttranscriptional regulatory mechanisms.

Despite the heterogenous effects on the protein expression, actovfaBon Yes and Fyn by
phosphorylation was uniformly dependent on the presence of HPV 16 E7. ThH&\thEo

E7 oncoprotein, assisted also by the E6, might have dual effect ona&kily. It can
activate constitutively available non receptor tyrosine kinasedryl it can also elevate the
intracellular level of others such as Src and Yes. Beingablajl Src, Yes and Fyn are
uniformly activated by phosphorylation on Y416 and homologous tyrosine residue
respectively, in the presence of HPV 16 E7.

In this study, we observed HPV related alterations in the prexgiression and activation of
SFKs as a phenomenon. Underlying mechanisms can be proposed based on otheDstudies
results on HPV mediated SFK activation are in agreement wehbeat study where a kinase
screen performed in HPV 16 E7 expressing RKO colorectalnmana cell lines revealed,
that HPV 16 E7 expression results in substantially altered kiegs@ements for viability of
RKO cells [33]. The presence of HPV 16 E7 was proposed to relieveegjuarement of
certain kinases for RKO viability either by targeting pRb aadsing cell cycle progression
or by targeting other signal transduction pathways. Another finding aarswirus 40 large

T antigen revealed that pRb binding viral oncoproteins can activatbySohosphorylation

via relieving the pRb control [34].

In addition to the multiple intracellular pathways affected bgilfmanaviral oncoproteins,
one has to consider their effect also on transmembrane tyrosine kétaptors, since HPV
has been shown to upregulate EGF-R and the associated focal adhessen danaell

[35,36]. The increased activity of growth factor receptors and tkeciaged signaling
molecules can also lead to SFK overactivation [37-40]. Neverthedessmydel system of
culturing homogeneous cell population will more likely detect mechanmonfined to the
intracellular compartments then exogenous receptor mediatedsefiequiring cognate
ligand binding.

Recent studies focusing on the downstream effects of Src activatiosrvical cancer

suggest that our results describing the phenomenon can be verifieddbiprial assays to
assess the effect of HPV oncoproteins on migrating or invading piespef the host cell

[16-18]. In this approach, either mutated HPV oncogenes coding oncoproteingvedlith
characterized deficiencies or suppression of HPV oncogenessigrddy RNA interference
might be used. Correlating the HPV related SFK alterationspithedial structure and

keratinocyte interactions in either organotypic raft cultures edmograft studies can also
support our findings in keratinocytes with calcium induced differentiation.



We believe the present study enlightened an important mechanispapdfomaviral
oncoproteins which contributes to the development of malignant phenotype tioshe
epithelial cell. Since HPV oncogene expression is necessaryatatamn the malignant
phenotype of cervical cancer cells, the HPV related alterasock as the altered SFK
expression or activity can be regarded as both initiating anchtamang oncogenic
mechanisms.

Conclusion

In addition to the high constitutive level of Fyn in keratinocytes, heuitd E7 oncoproteins
of HPV 16 increase the level of other Src family kinaseshsas Src and Yes via
posttranscriptional mechanism. A further effect of HPV 16 E7 onoeiprig to enhance the
activating phosphorylation of all available SFKs. Taken together, adinfis imply that
high-risk HPV oncoproteins might influence the activation of SBiisng the development
of HPV-associated malignancies, which should be taken into cornsiterduring the
development of treatment strategies with SFK inhibitors for these cancers.

Materials and methods

Cell cultures

Primary neonatal human foreskin keratinocytes (HFK) purchased fnwitrogen were

transduced with the control LXSN retroviral vector or LXSN-basettoviral vectors

expressing HPV16 E6, HPV16 E7 or both HPV16 E6 and E7 genes as depcetiedsly

[26]. Infected HFK cells were either cultured in Defined Kiatyte-Serum Free Medium
containing < 0.1 mM calcium (DK-SFM, Invitrogen) to promote proéif®n or induced to
differentiate by culturing for 24 h in DMEM (Sigma) containing t& calcium and 10%
fetal calf serum (Gibco).

Western blot

Proliferating and differentiating HFK cells were collected thypsin treatment and whole
cellular protein extracts were obtained by using RIPA lysis buffer (150Na®l1, 1% NP-40,

50 mM Tris—HCI pH 8.0, 0.5% Na-dezoxycholate, 0.1% SDS, 0.01% Na-azide, 1 mM
EDTA, pH 7.4) supplemented with Complete EDTA-free Protease Inhililtocktail
(Roche), 1 mM NaF, and 1 mM B&0O,. The total protein concentration of the lysates was
estimated using Bradford protein assay. The extracts weredmuké Laemmli buffer,
incubated at 95 °C for 5 minutes, and electrophoresed on 10% SDS-polyateitphi25ug

of each sample was loaded per lane. The separated proteins|earetransferred onto
nitrocellulose membrane (GE Healthcare) and after transferm#mabrane was blocked
using 3% BSA in phosphate-buffered saline (pH 7.2) containing 0.05% Twé¢RBEX).
Membrane was probed with mouse monoclonal anti-p53 (sc-126, Santa Caume m
monoclonal anti-Rb (sc-102, Santa Cruz), mouse monoclonal anti-Src (sc-22&6,C3uz),
mouse monoclonal anti-Yes (sc-48396, Santa Cruz), mouse monoclonal af#ciR2#1293,
Santa Cruz), rabbit polyclonal anti-pY416 Src (2101, Cell Signalingjalavit polyclonal
anti-actin (A2066, Sigma) primary antibodies diluted in 3% BSA in PB3e blot was then
incubated with a HRP-conjugated goat anti-mouse (sc-2005, Santa @rbtgP-conjugated
goat anti-rabbit (sc-2004, Santa Cruz) at a dilution of 1:10000 in 3%iB8BST for 1 h at
room temperature. The signals were detected by using SuparSMyest Pico



Chemiluminescent Substrate (Pierce) followed by exposure tayXfim (Thermo
Scientific).

Phospho-kinase array

Protein phosphorylation was detected using the Human Phospho-Kinas&Ariasoteome
Prolifer Array, R&D Systems). Total protein extracts wegnepared from HFK cells
transduced by recombinant retroviruses carrying either the coectir (LXSN) or vectors
encoding HPV 16 E6, E7, or E6/E7. The signals were detected iy 8sperSignal West
Pico Chemiluminescent Substrate (Pierce) followed by exposubéeray film (Thermo
Scientific). The obtained signals were quantified with ImageJ software

Quantitative real-time RT-PCR

Total RNA was isolated from cells using TRI reagent (Signaacording to the
manufacturer’s instructions and revers transcribed using the Haghdly cDNA Reverse
Transcription Kit (Life Technologies). Quantitative real-tiRER was performed on 7500
Real Time PCR System (Life Technologies) using TagMan GepeeEsion Master Mix and
Assays according to the manufacturer's recommendations (alllfif@nTechnologies) at a

total volume of 20ul. The applied TagMan Gene Expression Assays were for Src (SRC;
Hs01082246_m1), Yes (YES; Hs01080041_g1), Fyn (FYN; Hs00941600_m1), Hck (HCK;
Hs00176654_m1), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 07%1024) a
endogenous control. Each PCR reaction was performed in triplicate at leasintleee ti

Statistical analysis

For the analysis of real-time RT-PCR results, the compar@tiveethod was used to obtain
the Relative Quantification (RQ) values (7500 System SDS Saffwarsion 1.4). Statistical
anlysis of gene expression data was performed with two-tailedest t test with P < 0.05
considered as statistically significant.

To analyse the results of the phospho-kinase arrays, mean and S&khadrdized spot
densities were calculated (from two independent experiments with dugjicate
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