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INTRODUCTION

In the last few decades, one of the central distesein studying malignant
malformations was to demonstrate the etiologic mfléduman papillomavirus (HPV) in the
development of cervical cancer. Epidemiological aadge studies using molecular biological
techniques demonstrated in different countries W DNA can be detected in 90-100 % of
samples from cervical cancer patients. The mostiietiu and most common high-risk
oncogenic HPV type is HPV 16, this type is found% of cervical cancer cases.

HPVs have a circular double-stranded DNA genometwdut 8 kbp length. The
virions are 55 nm in size and not enveloped. Theirome contains an early (E1-E7), a late
(L1, L2) and a control region (long control regidtCR). Over 170 types belonging to the
Papillomaviridae family have been described unt@ivnand newer types are persistently
identified.

The HPVs infect the proliferating basal cells oftleglium, cutaneous and mucosal
types have been described according to their traputaneous types (HPV 1, 2, 3, 10) cause
common warts, and some types (HPV 5, 8) causengsio patients with the hereditary
disease epidermodysplasia verruciformis. Low angdh-nisk oncogenic types can be
distinguished among types infecting the mucous mmamds. Low risk types (HPV 6, 11, 42)
are mainly found in benign genital lesions (condydoacuminatum) or in low grade cervical
dysplasias. HPV 16, 18 and other high-risk typeB\(H81, 33, 35 etc) occur in high grade
cervical intraepithelial neoplasias (CIN) and awmusally linked to the development of
cervical cancer .

The E6 and E7 oncoproteins of high-risk HPVs aspoasible for the transforming
activity of the virus. High-risk HPV EG6 induces tegradation of the p53 tumour suppressor
protein through the ubiquitin-proteosome pathwaightisk HPV E7 is able to bind to the
pPRB (retinoblastoma) tumor suppressor protein, landeleasing the E2F factors, induce the
progression of the cell cycle. The two oncoprot@h#iPV regulate several other viral and
cellular factors.

The structural component of the multilayer epitinelipresent in highest amount is the
keratinocyte. After the basal cells divide, a pmrtiof cells pass over morphological and
biochemical changes in the upper epithelial layBnsting keratinocyte differentiation, the
activity of genes involved in the process (involodVVL), loricrin (LOR), keratins (KRT),
transglutaminases (TGM), S100 calcium-binding prst€¢S100), small proline-rich proteins

(SPRR) and desmosomal proteins: desmocollin (DSEégmoglein (DSG)) is increased and a
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number of structural proteins are synthesized. pifoeess is strictly regulated in time and
space, the final result is the dead layer of gkia,stratum corneum.

The life cycle of HPV is closely related to the oratg process of the host cell. The
virus reaches the basal cells of the multilayethetium through micro-lesions, where low
level viral genome replication takes place, aloniiwhe expression of early genes, including
the E6 and E7 oncogenes. In the upper part ofgltkeemis cells exit the cell cycle, however,
as a result of HPV oncoproteins cell cycle remaaosve in the infected keratinocytes. The
expression of late genes and production of virtake place exclusively in well differentiated
epithelial layers. Papillomaviruses are non-lytiee virions are released from the cells when
the keratinocytes reach the upper layer, and gé&bm the epithelium.

It is well known that the high-risk oncogenic HPMarturb the differentiation program
of the host cell. This is thought to have a roléhea productive viral replication cycle, where
the virus has to induce the cellular replicationchiaery in differentiating keratinocytes to
provide replication of the viral genome. The viE®8 and E7 oncoprotein play an important
role in this process. Inhibition of cellular difeartiation by high-risk HPVs is even more
pronounced in premalignant and malignant genitasiotes, such as cervical intraepithelial
neoplasia (CIN) and cervical carcinoma. In thesenifeatations, non-productive viral life
cycle takes place, with lack of late gene expresaitd virion production (abortive infection).

The cellular DNA replication machinery is reacteetby the E7 oncoprotein in
differentiating keratinocytes to provide a cellukanvironment that is permissive for the
replication of the viral genome. This activity oPM 16 E7 was shown to delay the induction
of the keratinocyte differentiation markers invoiacand keratin 10 in human keratinocytes.
HPV 16 E6 was shown to inhibit epithelial differiaibn in organotypic cell cultures. Using
a xenograft model, it was shown that infection ofian keratinocytes by certain HPVs (type
11 and 59) causes altered expression of certafareiitiation-associated proteins (such as
LOR and SPRR), both on the mRNA and on the prdéziel.

Several studies reported that the expression ofesyanvolved in keratinocyte
differentiation changes in the presence of HPV geoes in cervical cancer cells and in vitro
cell cultures. However, it is not known whether tHBV oncoproteins have effects on the
promoters of differentiation-regulated genes orettesir effects post-transcriptionally. In our
study, we examined the effects of HPV 16 E6 andicbproteins on the expression of genes
involved in differentiation, and studied the medkanof their effect. Initially, we examined
the expression and the promoter activity of invdlucan important marker of differentiation,

in the presence of HPV 16 E6 and E7 oncoprotemthd second part of our work we studied
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the effect of HPV 16 oncoproteins on the expressibnseveral other differentiation-
associated genes, on the activity of their regeyategion and on the activity of some
transcription factor (such as activator protein B{&) and CCAAT enhancer binding protein

(C/EBP)) important in the regulation of keratinaegifferentiation.



AIMS

In my PhD work, | studied the effect of HPV 16 opomeins on the expression and
transcriptional regulation of genes associated wattatinocyte differentiation. The purpose of

this study was to:

* Investigate the effect of HPV 16 E6, E7 or E6/Etamenes on the mRNA and

protein level of involucrin in human keratinocytes.

» Study the effect of HPV 16 oncogenes on the agtigit involucrin promoter and

localize this effect on the regulatory region.

* In HPV 16 E6, E7 or E6/E7 expressing keratinocyiesgestigate expression of
cellular genes, mainly genes important in keratypedifferentiation, in microarray

analysis.

* Validate the microarray results and study the esgiom of other, well-known

keratinocyte differentiation genes with real-tinere

» Study the promoter activity of some differentiatiassociated genes in the presence of
HPV oncogenes in transient transfection assays.

* Investigate the effect of HPV 16 E6 and E7 oncogeoe the activity of some

transcription factors, which are important regulatof the differentiation process.



MATERIALS AND METHODS

Cell culture and retroviral transduction

Primary human foreskin keratinocytes (HFK) weretundd in Defined Keratinocyte-
Serum Free Medium containing < 0.1 mM calcium. PABKSN, -16E6, -16E7, and -
16E6E7 recombinant retrovirus producing cell limese maintained in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% foetalf serum. Primary keratinocytes
were infected with culture supernatants from PA3IEl lines and selected in media
containing geneticin. The infected HFK cells ard:KHLXSN (cells transduced by control
retrovirus vector), HFK-16E6, HFK-16E7 or HFK-16EGEThese cell lines were either left
untreated or induced to differentiate by culturindMEM (containing 1.8 mM calcium and
10% foetal calf serum) for 24 h.

Microarray processing

Total RNA was isolated from each transduced keoatite cell line in three biological
replicates using RNeasy Mini KiRNA integrity was checked on Agilent Bioanalyzei0@1
RNA samples with>9.0 RNA integrity number (RIN)values were used in the further
experimentsGlobal expression pattern was analyzed on AffymeiéneChip Human Gene
1.0 ST arrays. 200 ng of total RNA samples wered usethe amplifying and labelling
reaction. Samples were hybridized at 45 degreesiefor 16 hours and then standard
washing protocol was performed using Affymetrix @Ehip Fluidics Station 450. The arrays
were scanned on GeneChip Scanner 7G. RNA labaimighybridization were processed by
Szilard Pdliska (UD-GenoMed Medical Genomic Tecbgads Ltd, Debrecen, Hungary).

Microarray data analysis

Microarray data were analyzed by GeneSpring 12 Gi¥vare. Affymetrix CEL files
were normalized by Robust Multichip Analysis (RM&lgorithm and median normalization.
Expressed genes were determined by filtering caildivest 20 percentile of genes based on
raw signal intensity, then genes which did not shatwleast 2-fold change difference
compared to the median were also filtered out, thedstatistical analysis was performed on
the remaining 3293 genes. We used one-way ANOVA wath Tukey post hoc test.
Statistically significant difference was considerdp < 0.05 and fold change cut off value

was 1.5. Pathway analysis was performed using ngeRathway Analysis (IPA) software.
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Reverse transcription polymerase chain reaction (RIPCR)

Total RNA was isolated from proliferating or difésttiating transduced cells by using
TRI reagent. The High Capacity cDNA Reverse Trapsion Kit was used to prepare cDNA.
The PCR reaction was performed with GoTag DNA pdagese according to the
manufacturer's protocol. The primer pairs amplifitte HPV16 E6, E7 and GAPDH
(glyceraldehyde 3-phosphate dehydrogenase) mRNAs.

Real-time RT-PCR

The real-time PCR was performed on the 7500 ReaeTRCR System using TagMan
Gene Expression Master Mix and Assays accordinbdéananufacturer’'s recommendations.
In Relative Quantification (RQ), GAPDH was usedeaslogenous control and the RQ value
of proliferating cells transduced by LXSN was seilt and other values are shown relative to
this. The comparative Ct method was used to oliteenRQ values with standard deviation
and confidence intervals (7500 System SDS Softwaeesion 1.4). Each PCR reaction was

performed in triplicate at least three times.

Western blot

Protein extract from proliferating or differentiagy transduced HFK cells were
prepared in RIPA lysis buffer supplemented withtgase and phosphatase inhibitors. Cells
were scraped, incubated on ice, and after cengifoig the protein concentration of the
supernatants was measured by Bradford protein as§sayug of protein extracts was
electrophoresed through 10 % polyacrilamide gelBS®AGE) and electroblotted into
nitrocellulose membrane. Membranes were blockediria buffered saline with Tween 20
(TBST) containing 5% non-fat dry milk. The blots mencubated with primary antibodies
(anti-involucrin, anti-p53 and anti-actin) dilutdd2000 in 5% non-fat dry milk in TBST.
After washing in TBST, the membrane was incubatétl secondary antibodies conjugated
with horseradish peroxidase. Antibody complexesewasualized using the SuperSignal
West Pico Chemiluminescent Substrate and expos¥eray films. The amounts of proteins
were quantitatively determined by densitometry gs®el Doc 2000 gel documentation
system and the Quantity One (version 4.0.3) so#twBrotein levels of IVL and p53 were
normalized to actin levels and shown relative totam vector (LXSN) transduced cells. Each
reaction was performed in triplicate at least thnews.



Plasmid constructs

The luciferase reporter vector pGL3-IVL contain3.@ kb fragment of the human IVL
gene regulatory region in front of the luciferasng. The other fragments of IVL promoter
were created by PCR using pGL3-IVL as template @doded into pGL3-Basic between the
Xhol andHindlIl restriction sites resulting pGL3-1VL-2418, pGL3-1V1809, pGL3-IVL-744
and pGL3-IVL-272. Amplifications were performed wiGeneAmp High Fidelity System
according to the manufacturer’s protocol. The rasglclones were verified by sequencing
(UD-GenoMed Medical Genomic Technologies Ltd, Debre Hungary).

The p53-Luc, pAP-1-Luc and pC/EBP-Luc reporter plas contain several copies of
the p53, AP-1 and C/EBP binding site and lucifergesee. The pAdE2Luc reporter construct
contains adenovirus E2 promoter. The pcDNA-16E6 poidNA-16E7 expression vectors
were described previously by our workgroup. Renilla luciferase reporter vectors contain
the promoter regions of keratin 4 (KRT4), keratifkdRT5), small prolin-rich protein 1A
(SPRR1A), S100 calcium binding protein A8 (S100AB§ desmocollin 1 (DSC1) genes.

Transient transfection

Primary human keratinocytes (within 3-6 passagesjevwplated on 6-well plates at
approximately 70-80% confluence. The cells weretransfected by 0.5ug of reporter
plasmids (pGL3-IVL, pGL3-IVL-2418, pGL3-1VL-1809, GL3-IVL-744; pGL3-IVL-272
p53-Luc, pAP-1-Luc, pC/EBP-Luc, pAdE2Luc, KRT4, KRTSPRR1A, S100A8 or DSC1)
along with 0.25ug of expression vectors (pcDNA) encoding HPV 16 d&bdl/or E7 genes
using Effectene transfection reagent. After incidmatfor 5 h at 37 °C the medium was
changed to keratinocyta medium. Twenty-four hotier aransfection, HFKs were either left
untreated or induced to differentiate in DMEM (aintng 1.8 mM calcium and 10% foetal
calf serum for 24 h). The cells were washed wittBRBhosphate buffered saline) 48 h after
transfection and lysed in appropriate lysis buffene luciferase activity of the cell extracts
was measured by Luciferase Assay System using thd@eérduminometer. Bradford protein
assay was used to standardize for the protein otmat®n of the cell extracts. Each
transfection experiment was performed independeatlfeast three times. To analyse the
results of luciferase tests, mean and SEM (staneiawost of mean) of standardized luciferase
values (from at least 3 independent experimentsg walculated using the 2-sample t-test or
the ratio t-test (a paired t-test performed aftagarithmic transformation of standardized

luciferase values). Significance was accepted atQi=



RESULTS

Effects of human papillomavirus 16 oncoproteins onthe expression of

involucrin in human keratinocytes

Effects of HPV 16 oncogenes on the expression oflested cellular genes involved in

keratinocyte differentiation

To study the effects of HPV oncogenes on the espmesof cellular genes, human
foreskin keratinocyte (HFK) cells were transduced recombinant retroviruses carrying
either the control vector (LXSN) or vectors encadiiPV16 E6 or E7 or both oncogenes.
The presence of functionally active HPV oncoprateias confirmed by demonstrating their
effect on the level of the cellular p53 oncoprot@nd telomerase reverse transcriptase
MRNA. Real-time RT-PCR assays were used to exathseffects of the HPV oncogenes on
the expression of the squamous differentiation eralkGM1 and one of its major substrate
IVL in HPV oncogene transduced cells. As expectaduction of differentiation of HFK
cells by serum and increased calcium resulted ghlhiincreased levels of both IVL and
TGM1 mRNA. In proliferating and differentiating ¢&l both E6 and E7 had significant
inhibiting effect on IVL mRNA levels. We found a myestrong down-regulation of IVL
MRNA in cells expressing both HPV oncoproteins cared to vector control transduced
cells, in proliferating and differentiating cellgn proliferating cells, HPV 16 E6 and E7
oncogenes together had only moderate inhibitorgcefbn the endogenous mRNA level of
TGM1, while in differentiating cells, the HPV oncages had no significant effect on TGM1
MRNA expression.

To see the effects of the HPV oncogenes on thel levéhe IVL protein, we
performed Western blot analysis on the HPV-traneduwells. Induction of differentiation by
serum and high calcium resulted in increased IVatgin levels. In proliferating cells, HPV
16 E6 or E7 alone had little effect on endogendds protein, while the two oncogenes
together caused strong down-regulation of IVL protevel as compared to that found in
vector transduced (LXSN) cells. This down-regulgteffect of E6/E7 on IVL protein level
was smaller but still significant in differentiagjrcells.
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Effects of HPV 16 oncogenes on the transcriptionactivity of the human involucrin

promoter

Next, we aimed to determine whether the down-rdguieof IVL expression by the
HPV oncoproteins was caused by inhibiting the ttepsonal activity of the IVL promoter.
To this end, low-passage HFK cells were transietttipsfected by either vector control or
HPV 16 E6 and/or E7 expression vectors along witiférase reporter constructs containing
the regulatory region of the human IVL gene. Thpregsion of functionally active HPV 16
E6 and E7 protein in the transfected HFK cells w@sfirmed by co-transfection of reporter
constructs containing either binding sites for g% protein or the adenovirus E2 (AdE2)
promoter containing binding site for the E2F traingmon factor, respectively.

In proliferating HFK cells, HPV 16 E6 caused sigraht down-regulation of a
reporter construct (pGL3-IVL) containing the fulldgth regulatory region of the human IVL
gene. On the contrary, E7 alone had no signifiedfect on the IVL reporter construct in
proliferating cells. Induction of differentiationytserum and high calcium resulted in highly
increased activity of the pGL3-IVL construct in theesence of the empty expression vector
pcDNA. In differentiating HFK cells, both HPV 16 E#d E7 had a non-significant tendency
to inhibit IVL promoter activity, while HPV 16 E6énd E7 together caused significant down-
regulation of the IVL promoter. Taken together, stheresults indicate that the down-
regulation of IVL promoter activity by HPV 16 E&gsificantly contribute to the inhibition of

endogenous IVL expression by the HPV 16 oncoprstein

Localisation of the effects of HPV 16 oncogenes ¢ime human involucrin promoter

In order to localise the effects of HPV 16 oncogeor the human IVL promoter, a
series of luciferase reporter vectors was congduatarrying different fragments of the
promoter. First, we checked in transient transéecexperiments whether these constructs
responded to differentiation stimuli in HFK cellhe activity of each reporter construct was
induced by differentiation of HFK cells. Next, widied the effects of HPV 16 E6 and E7 on
the transcriptional activity of the IVL reportermsiructs in HFK cells. In proliferating HFK
cells, HPV 16 E6 was able to down-regulate trapsom from each reporter construct. E6
caused significant down-regulation of all the tdst®/L reporter constructs also in
differentiating HFK cells. These results indicatattmost of the down-regulating activity of
HPV 16 E6 on the human IVL promoter can be mappetthé¢ proximal regulatory region of
the IVL gene.
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HPV 16 E7 had no significant effect on any IVL rejeo construct in proliferating
cells. In differentiating cells, E7 had a moderatg significant inhibiting effect on the full-
length IVL reporter construct (IVL-2418), whilehad no significant effect on the shorter IVL

reporter plasmids.

Effects of human papillomavirus 16 oncoproteins onthe expression of

further genes involved in keratinocyte differentiaion

Global gene expression profiling of HFK cells tranduced by HPV 16 oncogenes

To explore the effects of HPV 16 E6 and E7 oncogemethe global gene expression
profile of primary HFK cells, microarray analyseen® performed in HFK cells transduced
by recombinant retroviruses (HFK-LXSN, HFK-16E6, KHE6E7, HFK-16E6E7). We
determined the global mMRNA profile of 3 independsgts of low-passage cells transduced by
virus vectors. Differentially expressed genes wiwtermined between the four conditions by
ANOVA test and then unsupervised hierarchical €usyy was performed. IPA analysis
revealed that these differentially expressed geffest the regulation of cell cycle, cell death
and proliferation pathways/functions. In accordawath the results of previous studies using
similar methodologies, we found that the expressibseveral genes that are known to be
involved in keratinocyte differentiation (IVL, SPRRS100A proteins and KRTs) were
significantly down-regulated by the HPV oncoprogein

Effect of HPV 16 oncogenes on endogenous mRNA levebf selected keratinocyte

differentiation genes

To validate gene expression data obtained by miagaanalysis, we performed
guantitative real-time RT-PCR (gRT-PCR) assays orsubset of genes involved in
keratinocyte differentiation. Most of the genes lgsd showed significantly decreased
expression in the presence of the HPV 16 E6 andriedgenes. Some of the genes explored
(such as cornifelin (CNFN), LOR, S100A10, S100Ai&re found to have significantly
reduced expression in real-time RT-PCR analysisibutn microarray analysis.

Seven of the genes with altered expression by tA¥ Bncoproteins (in microarray
analysis and/or real time RT-PCR assays) were ohfusedetailed gene expression analysis

by real-time RT-PCR assays. For comparison, a basatin gene (keratin 5, KRT5) whose
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expression is known not to be altered by diffeddn was also included in the analysis. As
expected, KRT5 mRNA levels were not decreased byHRV oncoproteins. On the other
hand, the keratinocyte differentiation genes amalyBy real-time RT-PCR (DSC1, KRT1,
KRT4, KRT10, S100A8, S100A9 and SPRR1A) usuallyvaa significantly decreased
expression by the HPV oncoproteins. Taken togettwr,results indicate that it may be a
general function of the HPV 16 E6 and E7 oncopnatéo down-regulate the expression of

genes involved in the differentiation of stratifieguamous epithelial cells.

Effect of HPV 16 oncogenes on the promoter activés of selected keratinocyte

differentiation genes

To see the effects of the HPV oncogenes on thesdrgational activities of
keratinocyte differentiation genes whose expresh@s been analysed by real-time RT-PCR
assays, luciferase reporter assays were perforimese experiments were conducted in HFK
cells transiently co-transfected by reporter vextoontaining the promoters of different
keratinocyte differentiation genes (DSC1, KRT4, A8 and SPRR1A) along with HPV 16
E6, E7 or E6 and E7 expression vectors. The pranactevities of each of these 4 genes were
significantly decreased in cells transfected by tive HPV oncogenes together (16E6GE7)
compared to cells transfected by control expressiector. As expected, the HPV
oncoproteins had little if any effect on the traf®enal activity of the KRT5 promoter. Our
results suggest that the down-regulation of expradsy the HPV 16 oncoproteins of several
genes involved in keratinocyte differentiation iaused at least partly by inhibition of

transcriptional activities of these genes.

Effect of HPV 16 oncogenes on the activities of AP-and C/EBP transcription factors

We supposed that the HPV 16 oncoproteins down-adguthe expression of
keratinocyte differentiation genes through modifyithe activities of certain transcription
factors. Sequence analysis of the promoters theg¢ sl@own here to be inhibited by the HPV
oncoproteins revealed that each contain putativedibg sites for AP-1 and C/EBP
transcription factor family members. Therefore, wdecided to explore if the HPV 16
oncogenes have any effect on the activities ofethemnscription factors. To this end, HFK
cells were transfected by luciferase reporter wectmntaining multiple copies of binding
sites for the transcription factors AP-1 (jun/fos)C/EBP along with HPV E6/E7 expression

vectors. The results of luciferase tests showetltlieaHPV 16 E6 and E7 oncogenes together
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had significant down-regulating effect on both CREEBNnd AP-1 activity. These results
suggest that the down-regulating effect of HPV b@amenes on the promoters of certain
keratinocyte differentiation genes may be causedhbipiting the activities of transcription
factors that are key regulators of these promosersh) as C/EBP and AP-1 family members.
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DISCUSSION

In my PhD work, | studied the effect of HPV 16 EBdaE7 oncoproteins on the
expression changes of differentiation-associatategen human keratinocytes, the natural
host cells of HPV. In the first part of the thesxe examined the expression of IVL and
TGML1 genes, important markers of differentiatiorthie presence of HPV oncoproteins. We
found that the HPV 16 E6 and E7 oncoproteins cawseaynergistic down-regulation of
endogenous IVL mRNA and protein levels in humanakieocytes. Our finding is in
accordance with previous studies performing migeoaranalysis on cervical cancer
specimens and human Kkeratinocytes transduced lgvirels vectors expressing HPV
oncogenes. IVL and/or other keratinocyte differaiin associated genes (such as certain
keratins and small proline-rich proteins) were dewgulated by HPV oncogenes in these
studies. As expected, induction of keratinocytdedgntiation by serum and high calcium
highly increased the endogenous mRNA levels of bdth and TGM1 in HFK cells.
Interestingly, the HPV 16 E6 and E7 oncogenes tmgehtad a very strong down-regulating
effect on IVL mRNA but only a moderate effect on NIG mRNA. This suggests that the
HPV oncogenes may have different effects on theesgon of different genes involved in
the differentiation of squamous epithelial cells proliferating cells, the E6 and E7
oncogenes seemed to have synergistic down-regulagiffect on IVL mRNA. In
differentiating cells, where IVL expression is Higlincreased, the down-regulation of IVL
MRNA by the HPV oncogenes was lower but still digant. Western blot analysis showed
that the joint effect of HPV 16 E6 and E7 on traimmnal down-regulation resulted in
excessive decrease of IVL protein levels as wealthbn proliferating and in differentiating
cells. In a previous study, the expression of HPdr 1PV 16 E6 was shown to result in a
decrease of IVL protein levels in HFK cells. We aanclude that the HPV 16 E6 and E7
oncogenes seem to down-regulate basal IVL expmessid also decrease the differentiation-
induced expression of the IVL gene in HFK cells.

The expression of genes involved in keratinocytieintiation is generally regulated
on the level of transcription. Therefore, it seemegsonable to investigate the effects of HPV
16 oncoproteins on IVL promoter activity. This apgch included transfecting HFK cells by
HPV 16 E6 and/or E7 expression vectors along witiférase reporter constructs containing
the whole upstream-regulatory region (URR) of thenhn IVL gene. A portion of the
transduced cells was induced to differentiate #rh2 In agreement with previous results,

differentiation of HFK cells led to a significamarease in the transcriptional activity of the
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IVL promoter. In proliferating HFK cells, HPV 16 EBut not E7 caused a significant down-
regulation of IVL promoter activity. The HPV 16 Bfd E7 oncoproteins together caused a
down-regulation of IVL promoter activity in diffenéiating HFK cells. Taken together, these
results suggest that the down-regulation of endogeivVL mMRNA and protein levels in HFK
cells by the HPV 16 E6 oncoprotein is caused bybitibn of IVL promoter activity.
However, it can not be ruled out that HPV 16 E6 deegulates the expression of IVL or
other differentiation-associated genes also byratlechanisms.

In order to localize the effect of the HPV oncogenéthin the IVL promoter, we
made luciferase reporter constructs containingerfit parts of the URR of the human IVL
gene. The URR of the human IVL gene contains aldisgulatory region (DRR, -2473/-1953
from transcription start site) and a proximal regoty region (PRR, -241/-7 from the
transcription start site). From the 5 possible Afiding sites in the URR, AP1-5 (in DRR)
and AP1-1 (in PRR) are essential for optimal pranattivity. AP1 factors (c-fos, fosB, Fra-
1, Fra-2, c-jun, junB and junD) are expressed atifip epidermal layers and the expression
pattern of these factors is thought to have airotéfferentiation-regulated gene expression in
keratinocytes. In our experiments, the level ofibitton by HPV 16 E6 was the highest for
the construct containing the whole URR of the IVéng, but an IVL reporter construct
carrying only the PRR was still significantly inited by the HPV 16 E6 protein, both in
proliferating and in differentiating HFK cells. ®hisuggests that the PRR of IVL gene
contains binding sites for transcription factorattare regulated by HPV 16 EG6.

HPV 16 E7 had a significant inhibitory effect oy the construct containing the full-
length IVL promoter (IVL 2418), and this effect wasen only in differentiating cells. This
may suggest that the effect of E7 on the IVL praanat less direct and/or less specific than
that of E6. We find it conceivable that the effeats£7 seen on IVL expression (synergistic
down-regulating effect with E6) and on IVL promotéslight down-regulation only in
differentiating cells) are caused not by a dirext apecific interaction with the IVL promoter,
but rather by recently described other mechani$msinstance, the DEK protein was found
to be transcriptionally and nucleophosmin (NPM) @snd to be posttranscriptionally up-
regulated by HPV 16 E7, and this was shown to laarae in the inhibition of differentiation
in keratinocytes.

To continue our research, we tested the expressfonther genes involved in
keratinocyte differentiation in the presence of HB& oncoproteins. In the next part of our
work we were able to perform global gene expresgwoofiling of human keratinocytes
transduced by HPV 16 E6 and/or E7 oncogenes. Wiricad our results with real-time PCR
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in the case of differentiation genes. Also in tkisdy, some of the genes with altered
expression by the HPV oncogenes (such as CNFN, KRDR, S100A10 and S100A12)
could be identified by real-time PCR assays, batayanicroarray analysis.

Most of the keratinocyte differentiation genes fdurere to be down-regulated by the
HPV 16 oncogenes have been already shown to haueead expression in cervical cancer
compared to normal cervical cells. Accordingly, shegenes have been shown to be down-
regulated by high-risk HPV oncogenes by using tnoveell culture model systems. Thus, it
seems to be a general activity of high-risk HPVamroteins to down-regulate the expression
of genes associated with keratinocyte differerratiThis activity of HPV oncoproteins may
have a role in the productive viral life cycle. THelay of host cell differentiation is also a
prominent feature of HPV-associated premalignantical lesions (CIN), and it can be also
seen in HPV-immortalized keratinocytes grown inasrgtypic (raft) culture.

There are few data on the mechanism of action ef HPV oncogenes on the
expression of keratinocyte differentiation geneghis study, we went on to see the effects of
HPV 16 oncogenes on the transcriptional activititurther differentiation-associated genes
(DSC1, KRT4, S100A8 and SPRR1A) which were showhawe reduced expression by the
HPV oncoproteins in this study and also in previeemorts. We found that the promoters of
each of these genes were usually down-regulateithddy1PV oncogenes. In each case, the
strongest effect was found when both HPV oncopnsteiere expressed. It may be speculated
that the high-risk HPV E6 and E7 oncoproteins haweadditive or synergistic effect on the
expression of keratinocyte differentiation genes.

Usually, there was good correlation between theegexpression data obtained by
real-time RT-PCR and the promoter activity dateaot#d by luciferase tests. However, there
were also examples where the promoter activitielsndit correspond closely to the gene-
expression data. These results may indicate thai]dition to transcriptional regulation other
mechanisms (such as post-transcriptional regulatiway contribute to the down-regulation
of expression of these genes by the HPV oncopmtein

The HPV oncoproteins had no inhibitory effect oa firomoter of KRT5, which is a
basal keratin gene, i.e. its expression is notledgd by differentiation. Thus, it appears that
the HPV 16 oncoproteins down-regulate specificttly transcription of those keratinocyte
genes whose expression is regulated by differeémiaTaken together, our luciferase results
indicate that the HPV 16 oncogenes have a downaBgg effect on the transcriptional

activities of several keratinocyte differentiatiagenes, and this mechanism seems to

17



contribute to the reduced expression of these genpsemalignant and malignant cervical
lesions compared to normal cervical epithelium.

We found that each of the promoters that were showthis study to be down-
regulated by the HPV oncoproteins have putativeibosites for AP-1 (jun/fos) and C/EBP
transcription factors. These transcription factasong others have been shown to be
significant in the transcriptional regulation ofr&gnocyte differentiation genes and are
themselves regulated by epithelial differentiatibhe HPV 16 E7 protein was shown to bind
to AP1 transcription factors, including c-jun, junBunD and c-fos. Our experiments
performed with reporter constructs containing bigdsites for these transcription factors
indicated that the HPV oncoproteins had signifigahibitory effects on the activities of these
transcription factors. Therefore, it is conceivatblat the HPV 16 oncoproteins down-regulate
certain keratinocyte differentiation promoters tigh modifying the activities of AP-1 and
C/EBP transcription factors. In order to prove theenario, further experiments would be
needed including promoter mutagenesis and chrormatimunoprecipitation (ChIP) assays.

Our results suggest that the HPV 16 E6 and/or Edgenes may have the potential to
down-regulate the expression of several keratireodifferentiation genes at least partially by
down-regulating their promoter activity. HPV replion takes place in differentiating
epithelial cells, which exit the cell cycle in tabsence of viral infection. The E7 oncogene is
able to induce the progression of the cell cycldiffierentiating keratinocytes, which is
important for viral DNA replication. On the othearnd, the ability of the E6 oncogene to
cause a delay in the induction of epithelial défgiation may also have a role in providing a
cellular environment that is favourable for HPV lregtion. The decreased expression of IVL
and other differentiation-regulated genes by thé/HiAcoproteins may have an important

role in the productive virus life cycle, and prolahlso in virus induced carcinogenesis.
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SUMMARY

The life cycle of the human papillomavirus (HPV)cissely linked to keratinocyte
differentiation. The HPV 16 E6 and E7 oncoprotdiase been shown to hamper the normal
differentiation of keratinocytes; however, the umglag mechanisms responsible for this
phenomenon are yet to be clarified. The purpoghisfstudy was to investigate the effects of
HPV16 oncoproteins on the expression of genes wedbin keratinocyte differentiation.

Human foreskin keratinocytes (HFK) were transdubgdLXSN-based retrovirus
vectors expressing HPV 16 E6 and E7. The diffea¢iomn of HFK cells significantly
increased both the mRNA and the protein levels molucrin (IVL). The E6 and E7
oncoproteins of HPV 16 together caused strong degnilation of IVL mRNA and protein
both in proliferating and in differentiating HFK lie In transient transfection assays and
luciferase tests, we found that HPV 16 E6 repre$8é&dpromoter activity in proliferating
HFK cells. The inhibitory effect of HPV 16 E6 orethuman IVL promoter could be localised
to the proximal regulatory region (PRR) of the gefhbese results suggest that the down-
regulation of IVL promoter activity by HPV 16 E&gsificantly contribute to the inhibition of
endogenous IVL expression by the HPV 16 oncoprstdimcontrast, the down-regulation of
endogenous IVL expression by HPV16 E7 is proballysed by a less direct and specific
effect of E7 on the IVL promoter.

Gene expression analysis performed with microaaaglysis and quantitative real-
time polymerase chain reaction confirmed that HBVEG and E7 oncogenes down-regulate
the expression of several genes involved in kevatite differentiation in HPV oncogene
transduced HFK cells. Furthermore, luciferase repassays revealed that the HPV 16 E6
and E7 oncoproteins were able to down-regulateptivenoter activity of several of these
genes. The regulatory region of each studied genwaims putative binding sites for AP-1 and
C/EBP transcription factors, which are importarguiators of keratinocyte differentiation and
the HPV oncoproteins also reduced their activityour transient transfection experiments.
Our results suggest that the HPV 16 E6 and/or EEdgenes may have the potential to down-
regulate the expression of several keratinocyterdiftiation genes (such as desmocollin 1,
keratin 4, S100 calcium-binding protein A8 and dnmabline-rich protein 1A) at least
partially by down-regulating their promoter actiwimaybe through modifying the activities
of AP-1 and C/EBP factors. This activity of the HRYicoproteins may have a role in the

productive virus life cycle, and also in virus irgd carcinogenesis.

19



(7]
A

UNIVERSITY OF DEBRECEN [I / |
UNIVERSITY AND NATIONAL LIBRARY DD

Registry number: DEENK/75/2015.PL
Subject: Ph.D. List of Publications

Candidate: Eszter Gyéngyési

Neptun ID: POG8UI

Doctoral School: Doctoral School of Pharmaceutical Sciences
MTMT ID: 10035491

List of publications related to the dissertation

1. Gyongy®osi, E., Szalmas, A, Ferenczi, A., Péliska, S., Kénya, J., Veress, G.: Transcriptional
regulation of genes involved in keratinocyte differentiation by human papillomavirus 16
oncoproteins.

Arch. Virol. 160 (2), 389-398, 2015.
DOI: http://dx.doi.org/10.1007/s00705-014-2305-y
IF:2.282 (2013)

2. Gyongyési, E., Szalmas, A., Ferenczi, A., Kénya, J., Gergely, L., Veress, G.: Effects of human
papillomavirus (HPV) type 16 oncoproteins on the expression of involucrin in human
keratinocytes.

Virol. J. 9, 36, 2012.
DOI: http://dx.doi.org/10.1186/1743-422X-9-36
IF:2.092

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok@]lib.unideb.hu, & Web: www.lib.unideb.hu

20



UNIVERSITY OF DEBRECEN [I f |
UNIVERSITY AND NATIONAL LIBRARY DD

List of other publications

3. Hernadi, K., Gyoéngy®osi, E., Mészaros, B., Szakacs, L., Szalmas, A., Csoma, E., Mogyorési, R.,
Czompa, L., Veress, G., Varga, |., Marton, 1.J., Kénya, J.: Elevated Tumor Necrosis Factor-
alpha Expression in Periapical Lesions Infected by Epstein-Barr Virus.

J. Endod. 39 (4), 456-460, 2013.
DOI: http://dx.doi.org/10.1016/j.joen.2012.12.028.
IF:2.788

4. Ferenczi, A., Gyongy®osi, E., Szalmas, A., Hernadi, Z., Téth, Z., Kénya, J., Veress, G.: Sequence
variation of human papillomavirus Type 31 long control region: Phylogenetic and functional
implications.

J. Med. Virol. 85 (5), 852-859, 2013.
DOI: http://dx.doi.org/10.1002/jmv.23542
IF:2.217

5. Szalmas, A., Gyongy®ési, E., Ferenczi, A., Laszlé, B., Karosi, T., Csomor, P., Gergely, L., Veress,
G., Kénya, J.: Activation of Src, Fyn and Yes non-receptor tyrosine kinases in keratinocytes
expressing human papillomavirus (HPV) type 16 E7 oncoprotein.

Virol. J. 10 (1), 79, 2013.
DOI: http://dx.doi.org/10.1186/1743-422X-10-79
IF:2.089

6. Hernadi, K., Csoma, E., Adém, B., Szalmas, A., Gyéngy®ési, E., Veress, G., Marton, |., Kénya, J.:
Association of human herpesvirus 6 subtypes with symptomatic apical periodontitis.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 112 (3), 401-406, 2011.
DOI: http://dx.doi.org/10.1016/j.tripleo.2011.02.007
IF:1.457

Total IF of journals (all publications): 12,925
Total IF of journals (publications related to the dissertation): 4,374

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of Web of Science, Scopus and Journal Citation Report (Impact Factor) databases.

07 April, 2015

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok@]lib.unideb.hu, @ Web: www.lib.unideb.hu

21



LIST OF PRESENTATIONS RELATED TO THE THESIS

Gyongyosi E.,Veress G.: Effect of human papillomavirus oncogeae the expression of
cellular genes involved in keratinocyte differeiba. Annual Meeting of the Hungarian
Society for Microbiology, October 15-17, 2008, Hdtelikon, Keszthely, Hungary

Gyongyoési E, Szalmas A., Ferenczi A. Konya J., Veress G.. Hunpapillomavirus
oncogenes down-regulate involucrin expression. Ahmdieeting of the Hungarian Society
for Microbiology, October 12-15, 2010, Hotel HelikdKeszthely, Hungary

Gyongyosi E, Szalmas A., Ferenczi A. Konya J., Veress G.:dfté human papillomavirus
oncoproteins on the expression of involucrin in Bankeratinocytes. 16th International
Congress of the Hungarian Society for Microbiologyly 20-22, 2011, Budapest, Hungary

Gyongyosi E, Szalmas A., Ferenczi A., Konya J., Veress G..ed# of human
papillomavirus (HPV) type 16 oncoproteins on thepression of involucrin in human
keratinocytes. Annual Meeting of the Hungarian 8tcifor Microbiology, October 24-26,
2012, Hotel Helikon, Keszthely, Hungary

Gyobngyosi E, Szalmas A., Ferenczi A., Kénya J., Veress Gy.mHn papillomavirus 16
alters the expression of genes important in kevatite differentiation. 4th Central European
Forum for Microbiology, October 16-18., 2013, Kdsdy, Hungary

Gyongyosi E, Szalmas A., Ferenczi A., Pdliska Sz., Kénya Jeregs Gy.: Human
papillomavirus E6 and E7 oncoproteins alter theresgion of differentiation-associated
genes in human keratinocytes. Annual Meeting ofHli@garian Society for Microbiology,
October 15-17., 2014, Hotel Helikon, Keszthely, Hary

LIST OF POSTERS RELATED TO THE THESIS

Gyongyosi E, Szalmas A., Konya J., Veress Gy.: Effect of humpapillomavirus 16 E6 and
E7 oncogenes on the expression of involucrin in drukeratinocytes. 2nd Central European
Forum for Microbiology, October 7-9, 2009, Keszthdtiungary

Gyobngyosi E, Szalmas A., Ferenczi A., Koénya J., Veress Gy.:raleocytak
differencialodasaban résztwev gének expressziés valtozasainak vizsgalata human
papillomavirus onkoproteinek hatasara. Debreceglettudomanyi kutatasokért. Majus 29,
2014., Debrecen

22



