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Human papillomavirus type 8 (HPV8), a cutaneous genus beta HPV type, has co-

carcinogenic potential at sun-exposed sites in patients suffering from the

inherited skin disease epidermodysplasia verruciformis (EV). We had previously

shown that Langerhans cells responsible for epithelial immunosurveillance were

strongly reduced at infected sites and that the HPV8 E7 protein interferes with the

CCAAT/enhancer-binding protein (C/EBP)b to suppress the Langerhans cell

chemokine CCL20. At the same time, however, we observed that EV lesions

are heavily infiltrated with inflammatory immune cells, which is similar to the

situation in HPV8 E6 transgenic mice. To identify critical inflammatory factors, we

used a broad multiplex approach and found that the monocyte attracting

chemokine CCL2 was significantly and strongly induced by HPV8 E6 but not

E7-expressing HaCaT cells, which were used as a model for UV-damaged skin

keratinocytes. Conditioned media from HPV8 E6-expressing keratinocytes

enhanced CCL2-receptor (CCR2)-dependent monocyte recruitment in vitro,

and macrophages predominated in the stroma but were also detected in the

epidermal compartment of EV lesions in vivo. CCL2 induction by HPV8 E6 was

even stronger than stimulation with the proinflammatory cytokine TNF-a, and
both HPV8 E6 and TNF-a resulted in substantial suppression of the transcription

factor C/EBPa. Using RNAi-mediated knockdown and overexpression

approaches, we demonstrated a mechanistic role of the recently identified C/

EBPa/miR-203/p63 pathway for HPV8 E6-mediated CCL2 induction at protein
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and transcriptional levels. Epithelial co-expression of p63 and CCL2 was

confirmed in HPV8 E6-expressing organotypic air–liquid interface cultures and

in lesional EV epidermis in vivo. In summary, our data demonstrate that HPV8

oncoproteins actively deregulate epidermal immune homeostasis through

modulation of C/EBP factor-dependent pathways. While HPV8 E7 suppresses

immunosurveillance required for viral persistence, the present study provides

evidence that E6 involves the stemness-promoting factor p63 to support an

inflammatory microenvironment that may fuel carcinogenesis in EV lesions.
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1 Introduction

Human papillomaviruses (HPVs) are epitheliotropic double-

stranded DNA viruses that cause hyperproliferative lesions in

mucosa and skin. More than 200 HPV types have been

phylogenetically classified into five different genera a, b, g, d, and
h that infect either mucosal or cutaneous epithelia (Van Doorslaer

et al., 2017; Zheng et al., 2022). Based on their oncogenic potential,

mucosal HPVs can be categorized into low-risk (LR-) HPV types,

which cause benign lesions, or high-risk (HR-) HPV types, which

are involved in the development of cancer in the anogenital tract

and oropharynx. Mucosal HR-HPV types such as 16 and 18 all

belong to the genus a. There is also increasing evidence of an

oncogenic role for certain cutaneotropic genus b-HPVs, i.e., a

contribution to the development of cutaneous squamous cell

carcinoma (cSCC) (Pfister, 2003; Hasche et al., 2018; Rollison

et al., 2019; Lambert et al., 2020).

In patients with the rare genetic disorder epidermodysplasia

verruciformis (EV), cSCCs develop at high rates (30%–60%) at sun-

exposed sites (Jablonska and Majewski, 1994; Orth, 2006). Clinical

data from EV patients and animal models suggest a co-carcinogenic

role of genus b-HPVs, i.e., primarily HPV5 and 8, with ultraviolet

(UV) radiation in skin carcinogenesis (summarized in (Venuti et al.,

2019; Smola, 2020)). Already in EV precursor lesions, p53

mutations are detected (Padlewska et al., 2001), which is in strong

contrast to cervical carcinogenesis following genus a HR-HPV

infection, where p53 mutations are rarely found.

EV lesions express high levels of viral oncoproteins (Haller

et al., 1995; Dell'Oste et al., 2009) actively modulating the local

immune microenvironment. The HPV-infected epithelium

typically lacks Langerhans cells, allowing the b-HPVs to establish

persistence in EV patients. As the underlying mechanism, our

previous studies had shown that the HPV8 E7 protein suppresses

the Langerhans-attracting chemokine CCL20 by specifically

targeting CCAAT/enhancer-binding protein b (C/EBPb), a potent

cellular inducer of differentiation-associated CCL20 transcription in

human keratinocytes (Sperling et al., 2012).
02
Transgenic mouse models, further characterized the E6 protein

as the major oncogene of HPV8 (Schaper et al., 2005; Marcuzzi

et al., 2009), and there is also increasing evidence that HPV8 E6

modulates initial steps critical for skin carcinogenesis in EV

patients. One early hallmark identified in EV lesions is the

expansion of the p63-positive epithelial compartment. Based on

sequence homologies, p63 belongs to the p53 family of transcription

factors and is a major regulator of proliferation in the skin (Melino

et al., 2015). Transcription from an alternative promoter results in

the truncated DN isoform lacking the transactivation domain of

p63, which can act in a dominant-negative manner (Yang et al.,

1998; Westfall et al., 2003). DNp63 characterizes progenitor or stem
cells in skin that are particularly prone to carcinogenesis (Missero

and Antonini, 2017). Mechanistically, our previous studies have

demonstrated that HPV8 E6 downregulates C/EBPa (Marthaler

et al., 2017), a potent suppressor of UV-induced skin carcinogenesis

(Schuster and Porse, 2006; Thompson et al., 2011) to prevent

epithelial microRNA-203 induction. MiR-203 targets p63 and

reduces its expression during skin differentiation (Yi et al., 2008).

Conversely, HPV8 E6-mediated suppression of miR-203 leads

to an increase of DNp63 (Marthaler et al., 2017). Moreover,

HPV8 E6 interferes with UV-induced apoptosis (Underbrink

et al., 2008) and with mastermind-like protein 1 (MAML1) to

suppress Notch (Tan et al., 2012; Meyers et al., 2013). There is also

increasing evidence that HPV8 E6 impairs DNA repair pathways

(Hu et al., 2023) and facilitates the accumulation of UV-induced

DNA mutations (summarized in (Wendel and Wallace, 2017;

Rollison et al., 2019)).

A second hallmark found in EV patients is the infiltration of

lesional skin with CD45-positive leukocytes, and the HPV8 E2

protein was shown to contribute to the upregulation of calgranulins

S100A8 and S100A9 and neutrophil recruitment (Podgorska et al.,

2018). Also in mice transgenic either for the HPV8 early region

or the HPV8 E6 only, tumor formation was enhanced and

accelerated not only by UV irradiat ion but also by

skin wounding. In both scenarios, this was accompanied by

strong inflammatory infiltrates (Schaper et al., 2005; Marcuzzi
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et al., 2009). Importantly, crossing K14-HPV8 E6 transgenic mice

with mice lacking the chemokine receptor CCR2, which responds to

the monocyte chemoattracting protein (MCP-1, CCL2), the key

regulator of monocyte chemotaxis, prevented signs of epidermal

hyperplasia and dysplasia after UV irradiation, suggesting a key role

of monocyte recruitment in HPV8-associated skin carcinogenesis

(Lelios et al., 2021).

Stromal monocyte recruitment has previously also been

identified as a critical event in cervical carcinogenesis in vivo

(Mazibrada et al., 2007), and these immune cells were shown to

produce the angiogenesis and invasion promoting matrix-

metalloproteinase MMP-9 (Schroer et al., 2011). Oncoproteins of

mucosal genus a-HR-HPV suppress rather than induce CCL2 in

infected keratinocytes (Kleine-Lowinski et al., 2003), and expression

of this chemokine is still low in cervical cancer cells (Altenburg

et al., 1999; Hess et al., 2000). Therefore, the mechanism underlying

monocyte recruitment in cervical carcinogenesis remained unclear

until HR-HPV-transformed cells were shown to induce CCL2 to

enormous amounts in the stromal myeloid cell compartment in a

paracrine, STAT3-dependent manner (Schroer et al., 2011).

Molecular in vitro studies suggested that genus b-HPVs, however,

might differ from genus a-HPVs in this regard. Rather a direct effect

on CCL2 induction by HPV5 E6/E7 was observed, when both

oncogenes were expressed together in normal human keratinocytes,

and CCL2 protein expression was shown to be higher in the p53-

mutated HaCaT keratinocyte cell line (Lehman et al., 1993; De

Andrea et al., 2007).

To further analyze this intriguing aspect of genus b-HPV

oncoproteins, we investigated EV lesions in situ and molecular

mechanism in vitro using a broad multiplex approach in our HPV8

models. In this study, we show that genus b-HPV8 E6 but not the

E7 oncoprotein significantly and strongly induces CCL2 in

keratinocytes, leading to CCR2-dependent monocyte recruitment

in vitro. Mechanistically, we provide evidence for a prominent role

of the recently identified C/EBPa/miR-203/p63 pathway for HPV8

E6-mediated CCL2 induction. This pathway is functional in p53-

mutated HaCaT keratinocytes, which were used a model for UV-

damaged skin keratinocytes. The presence of macrophages and

epithelial co-expression of p63 and CCL2 were confirmed in

organotypic air–liquid-interface cultures in vitro and in lesional

epidermis of EV patients in situ.

The results of this study demonstrate that both pro-

carcinogenic functions of HPV8 E6, promotion of keratinocyte

stemness and support of an inflammatory microenvironment, are

mechanistically linked and depend on the downregulation of the

tumor-suppressor C/EBPa and subsequent induction of the

stemness-regulator DNp63.
2 Materials and methods

2.1 Ethical statement

The study was conducted according to the principles expressed

in the Declaration of Helsinki. The use of human foreskin
Frontiers in Cellular and Infection Microbiology 03
keratinocytes and human blood samples was approved by the

local Ethics Committee of the Saarland (Ärztekammer des

Saarlandes, Saarbrücken, Germany, votes 15/13 and 207/10). EV

samples were identical to those used in Sperling et al. (2012) and

Marthaler et al. (2017) provided by Magdalena Malejczyk and Prof.

Sławomir Majewski, both Medical University of Warsaw, Warsaw,

Poland. The use of EV skin had been approved by the Bioethics

Committee at the Medical University of Warsaw, Poland. All

human samples were analyzed anonymously.
2.2 Cell culture and transfection

NHK were isolated from foreskin tissue and cultivated in

supplemented KGM2 medium (PromoCell, all material identifiers

in Supplementary Table 1) and 100 µM CaCl2. HaCaT cells (a gift

from Prof. P. Boukamp, German Cancer Research Center,

Heidelberg, Germany (Boukamp et al., 1988) with mutated p53

alleles (Lehman et al., 1993)), and foreskin fibroblasts, isolated from

foreskin tissue were cultivated in DMEM medium (PAN-Biotech)

supplemented with 10% FCS and 1 mM sodium pyruvate. 100 µg/

ml penicillin/streptomycin was used as antibiotic. HPV8 E6-, E7-,

or E6/E7-expressing cells were generated by retroviral infection

using the pLXSN vector system (Clontech) as described (Sperling

et al., 2012; Marthaler et al., 2017). pLXSN plasmid-containing cells

were selected with 100 µg/ml G-418. For TNF-a stimulation, 1.5 ×

105 cells were seeded into 12-well plates. Next day, cells were treated

with 1,000 U TNF-a (Boehringer Ingelheim) or PBS as control and

harvested after 16 h. Organotypic 3D cultures were generated by

seeding 5 × 105 foreskin fibroblasts (passages 3–7) in 4-mg/ml rat

tail collagen into 12-well plates and culturing in DMEM medium.

Next day, 7 × 105 HaCaT pLXSN or HPV8 E6-expressing cells were

added on top of the fibroblast containing collagen in a 1:4 mixture

of Ham’s F12 medium and DMEM medium supplemented as

described in Hadaschik et al. (2003). On day 3, the cultures were

transferred on a metal grid in 6-well plates and were cultivated at

the liquid–air interface for 7 days. 3D cultures were fixed in 4%

paraformaldehyde and embedded in paraffin.

For knockdown experiments, 3 × 105 HaCaT cells or 2 × 105

NHK, respectively, were seeded into 6-well plates. Next day, cells

were transfected with 10 nM siRNA directed against p63 and C/

EBPa or control siRNA (sequences Supplementary Table 2) using 5

µl of Lipofectamine RNAiMAX reagent (Fisher Scientific).
2.3 Quantitative real-time PCR

RNA was extracted using the NucleoSpin RNA Kit (Macherey-

Nagel), and reverse transcription was done with 500 ng RNA using

Maxima Reverse Transcriptase (Thermo Fisher). qRT-PCR was

performed using intron-spanning primers designed with the UPL

software (Roche) (Supplementary Table 3), the Universal Probe

System (Roche) and the LightCycler 480II (Roche). mRNA

expression levels were determined in relation to RPL13A and

calculated using the 2-DDCt method.
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2.4 Immunological detection methods

Protein extraction was performed with radioimmunoprecipitation

(RIPA) buffer (Sigma). 15 µg protein was analyzed with 10% SDS gels

andWestern blot using rabbit anti-p63 (1:1,000, D9L7L, Cell Signaling),

rabbit anti-C/EBPa (1:1,000, 56F10, Cell Signaling), mouse anti-b-actin
(1:10,000, AC-15, Sigma), goat anti-rabbit-peroxidase (1:2,000, Sigma),

rabbit anti-mouse-peroxidase (1:2,000, Sigma), andWesternBright ECL

HRP substrate (Advansta). Chemiluminescence was detected with

Azure 500 (Biozym). Protein expression levels were normalized to b-
actin expression levels. Immunohistochemical (IHC) staining of FFPE

sections was done as previously described (reagents in Supplementary

Table 1) (Marthaler et al., 2017). HPV-8-positive EV specimens were

identical to those previously published (Sperling et al., 2012; Marthaler

et al., 2017). CCL2 protein concentrations in cell supernatants were

measured with ELISA MAX Deluxe Set Human MCP-1/CCL2

(BioLegend) according to the manufacturer’s specifications and the

Mini ELISA Plate Reader (BioLegend). Multiplex immunoassays were

performed using the Bio-Plex Pro Human Cytokine Screening Panel

(48-Plex, Supplementary Table 4) (Bio-Rad) according to the

manufacturer’s specifications and the Bio-Plex 200 system (Bio-Rad).

For conditioned media, 1.5 × 105 pLXSN or HPV8 E6-expressing

HaCaT cells were seeded into 12-well plates and harvested after 16 h.
2.5 Migration assay

CD14+ monocytes were isolated from PBMCs of peripheral blood

of healthy donors by density gradient centrifugation using Pancoll

1.077 g/ml (PAN-Biotech) and a subsequent magnetic cell sorting

(MACS) using anti-CD14-coupled magnetic beads (Miltenyi Biotec)

and the MidiMACS Separator (Miltenyi Biotec). Purity of freshly

isolated CD14+ cells was determined by direct immunofluorescence

using a fluorescein (FITC)-labeled mouse anti-human-CD14

antibody (1:10, M5E2, BD Biosciences), monocyte viability with

500 ng/ml 7-AAD, and flow cytometry (Supplementary Figure S1)

using a FACSCanto II (BD Biosciences) and FACSDiva software

(version 8.0.1). Migration assay was performed by adding 5 × 105

CD14+ cells on a Transwell with 5-µm pore size in a 24-well plate

(Corning) in RPMI medium supplemented with 10% FCS and 1 mM

sodium pyruvate. CD14+ cells were exposed to conditioned media

derived from pLXSN- or HPV8 E6-expressing HaCaT cells. For

conditioned media, 6 × 105 cells were seeded into 6-cm plates and

harvested after 16 h. In indicated experiments, CD14+ cells were

pretreated for 1 h with 10 µM, 30 µM, and 50 µM RS102895 or

DMSO as control and their viability was measured using 7-AAD

(BioLegend). After 4 h, migrated cells were fixed with 70% ethanol

and stained with 0.2% crystal violet solution. Migrated cells of six

independent areas were counted under a microscope with 20×

magnification and documented.
2.6 Statistics

Data were generated from at least three independent

experiments if not otherwise indicated. Graphical, correlation,

and statistical analyses were performed using GraphPad Prism
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9.3.1. (GraphPad Software, San Diego, USA). Group data are

reported as mean ± SEM. Data of multiple experiments were

illustrated as bar blots showing individual results. Significance

was determined by two-tailed unpaired t-test to compare the

mean of two groups, with one-way ANOVA and Tukey

correction or two-way ANOVA and Sidak correction for multiple

comparison. Significance was accepted when p-values were ≤0.05.
3 Results

3.1 HPV8 E6 but not E7 significantly
induces CCL2 expression in
HaCaT keratinocytes

Lesional skin of EV patients, but not the non-lesional skin, is

highly infiltrated with immune cells (Figure 1A), previously shown

to be CD45-positive leukocytes (Podgorska et al., 2018).

To identify inflammatory cytokines and chemokines regulated

by the HPV8 E6 protein in an unbiased approach, we used HaCaT

cells as a model for UV-damaged skin keratinocytes. This

spontaneously immortalized skin keratinocyte cell line displays

p53 mutations typical of UV light-induced mutations (Lehman

et al., 1993) as expected in sun-exposed EV lesions. Media

conditioned from HaCaT keratinocytes engineered by retroviral

gene transfer to express HPV8 E6 (S1 C) or pLXSN empty vector

control cells were compared for cytokine protein expression using a

multiplex immunoassay (48-panel, Supplementary Table 4). There

were 10 cytokines detected above a threshold of 30 pg/ml

(Figure 1B). Among these, only the expression of CCL2 was

strongly and significantly (p = 0.0135) produced by HPV8 E6-

expressing HaCaT cells (914 ± 292 pg/ml) as compared with control

cells (52 ± 22 pg/ml). Other cytokines that were expressed at lower

(IL-1a, IL-1ra, IL-6, IL-8, IL-15, MIF, VEGF) or higher levels (Gro-

a, SCGF-b) were not significantly induced by HPV8 E6.

CCL2 induction had previously been demonstrated in

keratinocytes expressing HPV5 E6/E7 (De Andrea et al., 2007).

To address a potential role for HPV8 E7 in the absence or presence

of E6, we compared CCL2 in HaCaT cells transduced to express

HPV8 E6, E7, or E6/E7 together (S1 C) by qRT-PCR and ELISA.

Compared with pLXSN control cells, CCL2 protein was

significantly induced in E6, weakly in E6/E7 expressing

keratinocytes but not in cells expressing E7 alone (Figure 1C).

Treatment with 1,000 U/ml TNF-a, a potent proinflammatory

cytokine and well-described inducer of CCL2 (Zachariae et al.,

1990), increased CCL2 in all conditions tested. Notably, in HPV8

E6-expressing HaCaT cells, CCL2 expression was significantly

higher than in pLXSN control cells treated with TNF-a.
3.2 HPV8 E6 expression induces CCR2-
dependent monocyte migration in vitro
corresponding to macrophage infiltrates in
EV lesions in vivo

Recent data suggested a substantial role of CCR2-dependent

monocyte recruitment in HPV8-associated skin carcinogenesis
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(Lelios et al., 2021). Therefore, we were interested in whether HPV8

E6-expressing HaCaT cells were sufficient to stimulate monocyte

migration and whether this was dependent on the CCL2/CCR2 axis.

Cells positive for CD14, a cell surface marker expressed on

monocytes and macrophages, isolated from peripheral blood of

healthy donors were treated with conditioned media from HPV8

E6-expressing HaCaT or pLXSN control cells. Monocyte migration

through Transwells was visualized and quantified after crystal violet

staining. Media conditioned by HPV8 E6 expressing cells induced

monocyte migration significantly more (1.6 ± 0.07-fold, p = 0.0002)

than media from control cells (Figures 2A, B). HPV8 E6-dependent

monocyte migration was similarly strong as with 1 µg/ml

recombinant human (rh) CCL2 (1.8 ± 0.13-fold) used as a

positive control.

Pretreatment of CD14-positive cells with the CCR2-specific

antagonist RS102895 (10 µM, 30 µM, and 50 µM; (Schroer et al.,

2011)) significantly (p = 0.0036, p = 0.0002, and p < 0.0001 for 10

µM, 30 µM, and 50 µM, respectively) impaired monocyte migration

induced by conditioned media from HPV8 E6-expressing HaCaT

cells in a dose-dependent manner, highlighting the role of the

CCL2/CCR2 axis (Figures 2C, D).

To address the presence of monocyte-derived cells in vivo, we

stained HPV8-positive skin sections of EV patients for CD68, a

marker for macrophages. Lesional skin showed a prominent

stromal and epithelial infiltration with CD68-positive cells, which

was not observed in non-lesional skin (Figure 2E).
Frontiers in Cellular and Infection Microbiology 05
3.3 C/EBPa and p63 modulate CCL2
expression in an opposing manner

Recently, we have shown that HPV8 E6 suppresses the

transcription factor C/EBPa, which we identified as a novel

regulator of miR-203 that controls suprabasal p63 expression in

skin (Marthaler et al., 2017). It is also known that C/EBPa is

repressed by TNF-a (Stephens and Pekala, 1991; Yin et al., 1996),

a potent inducer of CCL2 expression in various cell types

(Zachariae et al., 1990). We were therefore interested to explore a

role of C/EBPa in HPV8 E6-mediated CCL2 induction. First,

we confirmed the repressive effect of HPV8 E6 and TNF-a on C/

EBPa expression in HaCaT cells. C/EBPa mRNA expression

was significantly reduced in cells treated with TNF-a (37%, 0.63

± 0.02) or in cells expressing HPV8 E6 (42%, 0.58 ± 0.08)

(Figure 3A). The effect on C/EBPa was even more pronounced,

when HPV8 E6-expressing cells were treated with TNF-a (74%,

0.36 ± 0.03) (HPV8 E6 vs. pLXSN untreated: p < 0.0001, pLXSN

untreated vs. treated: p < 0.0001, HPV8 E6 untreated vs. TNF-a
treated p < 0.0001).

To evaluate a mechanistic role of C/EBPa and p63 for

CCL2 expression, we performed knockdown experiments

in HaCaT wild-type cells. Transfection of C/EBPa siRNAs

resulted in 48% (0.52 ± 0.06) and 56% (0.44 ± 0.31) efficiency

at mRNA and protein levels as quantified by qRT-PCR and

Western blot (Figures 3B–D), respectively. C/EBPa siRNAs
A

B C

FIGURE 1

HPV8 E6 but not E7 induces CCL2 expression in HaCaT keratinocytes (A) H&E staining of non-lesional and lesional EV skin. Scale bars 100 µm.
Representative image of n = 3. (B) Cytokine detection by 48-plex array in conditioned media of HaCaT cells after retroviral gene transfer of HPV8 E6
or empty plasmid (pLXSN) (full list: Supplementary Table 4). (C) CCL2 protein expression by ELISA of HaCaT cells after retroviral gene transfer of
HPV8 E6 or/and E7 or empty plasmid (pLXSN) and 16-h TNF-a stimulation (1,000 U/ml). Data are representative images of n = 3 in A or results of
three individual experiments in (B, C) and presented as “protein concentration [pg/ml]” in (B) Significant differences were calculated with two-way
ANOVA and Sidak correction for multiple comparison and displayed as *p < 0.05, **p < 0.01.
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significantly (p = 0.0083 and p = 0.0122) increased CCL2 mRNA (2.6

± 0.58-fold) and protein (2.7 ± 1.14-fold) expression, levels in HaCaT

cells as measured by qRT-PCR and ELISA (Figures 3E, F).

Transfection of p63 siRNAs reduced p63 expression by 79% (0.21

± 0.05) and 95% (0.05 ± 0.04) at mRNA (DNp63) and protein levels,

respectively (Figures 3G–I) and significantly (p = 0.0001 and p =

0.0226) reduced CCL2 mRNA (61%, 0.39 ± 0.07) and protein

expression (58%, 0.42 ± 0.07) (Figures 3J, K). Single siRNAs

specific for p63 mRNA further supported these findings (S2 A-E).

These data also demonstrated that CCL2 regulation was dependent

on the efficacy of the respective p63 siRNA. Together, these results

indicated that the C/EBPa-p63 pathway can modulate CCL2

chemokine expression.
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3.4 HPV8 E6 induces CCL2 expression via
the C/EBPa/mir-203/p63 pathway

To further investigate whether this C/EBPa- and p63-

dependent mechanism was involved in HPV8 E6-mediated

induction of CCL2, we performed the siRNA experiments also in

HPV8 E6-expressing HaCaT cells and pLXSN vector controls

(Figures 4A–E). The expression of p63 was significantly (p =

0.0106 and p = 0.0027) increased in HPV8 E6-expressing cells

transfected with control siRNAs, at both mRNA (1.77 ± 0.42-fold)

and protein levels (1.32 ± 0.01-fold) (Figures 4A–C). Transfection

of p63 siRNAs led to a significant reduction of p63 expression by

50%–75% on mRNA (DNp63a) and up to 98.5% on protein level in
A B

C CD

E

D

FIGURE 2

HPV8 E6-dependent monocyte migration and presence of CD68-positive immune cells in EV skin: (A) Crystal violet stained monocytes migrated
after stimulation with conditioned media from HaCaT cells transduced with HPV8 E6 or empty pLXSN vector, medium control, or 1 µg/ml rhCCL2.
Scale bars 100 µm. Representative images of n = 3. (B) Cells of three independent experiments in A were counted. (C) Monocytes were stimulated
with conditioned media from HPV8 E6-transduced HaCaT cells and treated with CCR2-specific antagonist RS102895 at the indicated
concentrations or vehicle control. Scale bars 100 µm. Representative images of n = 3. (D) Cells of three independent experiments in C were
counted. Calculations are presented as “relative CD14+ migration” in B and (D) Significant differences were calculated with one-way ANOVA and
Tukey correction for multiple comparison and displayed as **p < 0.01, ***p < 0.001, and ****p < 0.0001. (E) IHC of FFPE sections from non-lesional
and lesional EV skin using human CD68-specific antibody and hematoxylin counterstaining. Scale bars 100 µm. Representative image of n = 3.
Magnification of non-lesional tissue (see insert 1), stromal or epidermal sections of lesional EV skin (see insert 2 or 3) is shown in the lower panel,
scale bars 50 µm.
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pLXSN- and HPV8 E6-expressing cells (mRNA: pLXSN p = 0.0114,

HPV8 E6 p = 0.0004; protein: pLXSN and HPV8 E6 p < 0.0001).

The suppression of p63 resulted in a reduced expression of CCL2 in

pLXSN HaCaT cells on mRNA and protein levels as measured by

qRT-PCR and ELISA (Figures 4D, E). Induction of CCL2 mRNA

(20.74 ± 2.13-fold) and protein expression (6217 ± 1179 pg/ml) in

HPV8 E6-expressing cells was significantly reduced by 54% on

mRNA level (p < 0.0001) and down to 2,026 ± 1,306 pg/ml at the

protein level (p < 0.0093) upon p63 siRNA transfection. Treating

HaCaT cells with single siRNAs specific for p63 mRNA yielded

similar results (S2 D and E).

To further explore the role of miR-203 in CCL2 regulation, we

transfected a miR-203 mimic into pLXSN and HPV8 E6-expressing
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HaCaT cells. MiR-203 overexpression in pLXSN-expressing

cells led to a decreased CCL2 expression at the mRNA

(0.26 ± 0.1) and protein levels (0.46 ± 0.49, Figures 4F, G),

similar to p63 siRNA transfection. The strong effect of HPV8 E6

on CCL2 mRNA (13 ± 5.28) and protein induction (39.8 ng/ml ±

13.07) was significantly counteracted by miR-203 expression by

56.6% (5.64 ± 2.27 and 17.17 ng/ml ± 7.35 respectively, p = 0.0064

and 0.0013).

We then used HPV8 E6-expressing and pLXSN-transduced

control HaCaT cells to generate organotypic 3D cultures

(Figure 4H). As shown by immunofluorescence co-staining,

the induction of CCL2 expression in HPV8 E6-expressing

3D epithelia was associated with a pronounced expression
A B C D

E F G

H I J K

FIGURE 3

C/EBPa- and p63-dependent regulation of CCL2: (A) Expression of CEBPa mRNA in HaCaT cells transduced with HPV8 E6 or empty pLXSN vector
and treated with TNF-a or medium control. (B–F) HaCaT cells were treated with a pool of four siRNAs targeting CEBPa or control siRNAs (si).
Expression of CEBPa was detected by qRT-PCR (B), immunoblot (C, representative image), densitometry of three independent experiments (D), and
of CCL2 using qRT-PCR (E) and ELISA (F) of respective conditioned media. (G–K) HaCaT cells were treated with a pool of four siRNAs targeting p63
or control siRNAs. Expression of DNp63a-specific mRNA was detected by qRT-PCR (G), of total p63 protein by immunoblot (H, representative
images, I, densitometry of three independent experiments), and of CCL2 mRNA by qRT-PCR (J) and protein (K) using ELISA and respective
conditioned media. Results are demonstrated as “relative mRNA expression” in (A, B, E, G, J) normalized to RPL13A housekeeping gene expression,
as “relative pixel density [dpi]” calculated by ImageJ in D and I, and as “relative protein concentration [pg/ml]” in F and (K) Significant differences were
calculated with two-way ANOVA and Sidak correction for multiple comparison (A) and with two-tailed unpaired t-test (B–K) and displayed as
*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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p63. Conditioned media of the HPV8 E6-expressing 3D

cultures contained a significantly (p = 0.0277) higher amount

of CCL2 protein (5,963 ± 217 pg/ml) compared with

those with pLXSN vector control (3,449 ± 1,076 pg/ml) or
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fibroblast 3D cultures without keratinocytes (3,140 ± 1,601 pg/

ml) (Figure 4I).

Together, these data suggest that the C/EBPa/miR-203/p63 pathway

is involved in HPV8 E6-mediated induction of the CCL2 chemokine.
A B C

D E F

G H

I

FIGURE 4

HPV8 E6 involves the C/EBPa/p63/mir-203 pathway to induce CCL2: (A–E) HaCaT cells transduced to express HPV8 E6 (red) or empty vector (gray)
were treated with a pool of four siRNAs targeting p63 or control siRNAs (si). Expression of p63 was investigated by qRT-PCR (A, DNp63a mRNA) and
immunoblot (B) representative images, (C), densitometry of three independent experiments) and of CCL2 mRNA using qRT-PCR (D) and protein by
ELISA (E) in respectively conditioned media. HaCaT cells transduced with HPV8 E6 (red) or empty pLXSN vector (gray) were treated with miR-203
mimic or control. CCL2 mRNA was detected by qRT-PCR (F) and protein using ELISA (G). (H) Indirect immunofluorescence of CCL2 (red) and p63
(green) in 3D cultures of HaCaT cells transduced with HPV8 E6 or empty pLXSN vector. Scale bars 100 µm. Representative image of n = 3. (I) CCL2
content of media conditioned by organotypic 3D cultures of fibroblasts (green) and with HaCaT cells transduced with 8E6 (red) or empty vector
(gray) was detected by ELISA in three independent experiments. Results are demonstrated as “relative mRNA expression” in (A, D, F) normalized to
RPL13a housekeeping gene expression, as “relative pixel density [dpi]” calculated by ImageJ in C, and as “relative protein concentration [pg/ml]” in E
and I, [ng/ml] in G. Significant differences were calculated with two-way ANOVA and Sidak correction (A–G) and one-way ANOVA and Tukey
correction (I) for multiple comparison and displayed as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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3.5 HPV8 E6-mediated CCL2 expression in
normal keratinocytes involves p63, which
is co-expressed with CCL2 in lesional
EV skin

To validate whether CCL2 expression is associated with p63

expression in vivo, we analyzed CCL2 and p63 protein expression in

HPV8-positive EV specimens by co-immunofluorescence staining

(Figure 5A). In lesional EV epithelia, we indeed observed a

suprabasal overlapping expression pattern of p63 and CCL2. In

contrast, in non-lesional skin, suprabasal CCL2 expression was

much weaker. This corresponded to the expansion of the p63-

expressing epithelial compartment in b-HPV-positive skin lesions

as shown previously (Marthaler et al., 2017).
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In summary, our data support a role of the stemness-regulating

p63-pathway for HPV8-induced CCL2 upregulation, which may

contribute to the inflammatory microenvironment observed in

EV lesions.
4 Discussion

In the present study, we have shown for the first time that the

monocyte attracting chemokine CCL2 is strongly upregulated in the

lesional epidermis of EV patients, and we have confirmed the

presence of macrophages in the corresponding stromal and, to a

lesser extent, also in the epidermal compartment. Mechanistically,

we have demonstrated that HPV8 E6-expressing HaCaT
A

B

FIGURE 5

Co-expression of p63 and CCL2 in lesional EV epidermis and graphical summary of the underlying pathway identified in vitro with potential
consequences in vivo: (A) Indirect immunofluorescence on non-lesional and lesional EV-skin using human p63-specific (green) and CCL2-specific
(red) antibody on FFPE slides. Scale bars 100 µm. Representative image of n = 3. (B) Schematic representation of the HPV8 E6-induced C/EBPa/
miR-203/p63 pathway, mechanistically linking epithelial stemness and inflammation, both of which potentially contribute to skin cancer progression
in EV patients. Expansion of the DNp63-positive stem cell compartment increases UV susceptibility, and CCL2 induction promotes an inflammatory
microenvironment, a hallmark of cancer (Hanahan and Weinberg, 2011). Created with BioRender.com.
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keratinocytes are capable to attract monocytes via the CCL2/CCR2

axis and that the recently identified C/EBPa/miR-203/p63 pathway

plays an important role for CCL2 upregulation in the HPV8 E6-

expressing keratinocytes. Our data provide evidence for a novel

molecular mechanism driven by HPV8 E6 to actively modulate the

local immune microenvironment, potentially paving the way for

carcinogenesis in EV patients (Figure 5B).

Stromal infiltration with inflammatory monocytes, which we

have detected in EV lesions, has previously also been observed in

cervical carcinogenesis. Infiltrates culminated at the stage of high-

grade lesions (al-Saleh et al., 1995; Schroer et al., 2011). However, in

mucosal genus a HR-HPV-associated carcinogenesis CCL2 was

induced via a mechanism differing from cutaneous genus b-HPVs.

Oncoproteins from mucosal high-risk HPV types rather suppress

CCL2 expression (Kleine-Lowinski et al., 2003; De Andrea et al.,

2007) and other proinflammatory responses in normal human

keratinocytes (Karim et al., 2011, 2013). Detailed analyses

revealed that during cervical carcinogenesis, CCL2 is massively

induced in myelomonocytic cells in a paracrine manner by HPV-

transformed cells. Mechanistically, this involved a STAT3-

dependent signaling pathway and led to the expression of the

pro-tumorigenic matrix-metalloproteinase MMP-9 in the myeloid

cells (Schroer et al., 2011).

In contrast, HPV5 E6/E7 (De Andrea et al., 2007) or HPV8 E6

alone (as shown here) promoted CCL2 upregulation in the host

keratinocytes. HPV8 E6 led to a strong transcriptional induction of

CCL2 in HaCaT keratinocytes, and this was also observed in normal

human keratinocytes retrovirally transduced to express HPV8 E6

(S3 A and B). Interestingly, CCL2 protein was detectable in higher

quantities only in the supernatants of the HPV8 E6-expressing

HaCaT cells but not in those of the normal human keratinocytes

(data not shown) corresponding to the observations made for

HPV5 E6/E7 (De Andrea et al., 2007). HaCaT cells are skin-

derived keratinocytes with mutated TP53 alleles (Lehman et al.,

1993). TP53 genes are classical targets of UV photocarcinogenesis

(Ziegler et al., 1994), and mutations occur as a result of UV-induced

pyrimidine–pyrimidone photoproducts and unrepaired

cyclobutane pyrimidine dimers. UV signature mutations do not

only play a role for skin carcinogenesis of the normal population,

but they are also found in precursor lesions of EV patients

(Padlewska et al., 2001). Therefore, it can be speculated that the

genus b-HPV E6 protein, which upregulates CCL2 at the

transcriptional level, is further supported by the intracellular

conditions of p53-mutated keratinocytes to fully promote CCL2

protein production (Figure 5B). This hypothesis would fit with the

assumption that CCL2 production, and thus the inflammatory

microenvironment, is enhanced by the b-HPV E6 protein

particularly in skin areas that had previously been damaged by

UV radiation. Moreover, it will be interesting to study in the future

whether or not acute UV radiation of primary keratinocytes

expressing HPV8 E6 would also lead to increased CCL2 production.

Notably, HPV8 E6 is not the only activator of innate

inflammatory responses. We have recently demonstrated that

genus b-HPV E2, another early protein, supports neutrophil

recruitment via the calgranulins S100A8 and S100A9 (Podgorska

et al., 2018). Why b-HPVs directly promote innate inflammatory
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responses supposed to activate the adaptive immune system, and how

the viruses cope with this, can only be speculated. b-HPVs are

adapted to UV irradiation and exploit UV-induced inflammatory

signaling via AP-1 or interferon regulatory factor 7, to promote their

life cycle (Stubenrauch et al., 1992; Akgul et al., 2005; Oldak et al.,

2011). On the other hand, through expression of the E7 protein,

HPV8 represses the chemokine CCL20 responsible for Langerhans

cell recruitment to the epithelium. As a consequence, productive EV

lesions are almost devoid of Langerhans cells, which may prevent

antigen presentation in the epithelium (Sperling et al., 2012), and

potentially also subsequent steps activating adaptive immunity.

As a side effect, chronic inflammation, a hallmark of cancer

(Hanahan and Weinberg, 2011), could promote the malignant

progression of benign lesions in EV patients. In our study, HPV8

E6 induced the recruitment of CD14-positive monocytes in vitro via

the CCL2/CCR2 axis, as demonstrated with the inhibitor RS102895,

which specifically blocks the CCL2 receptor CCR2 (Schroer et al.,

2011). Other chemotactic cytokines for monocyte recruitment

(MCP-3, MIP1a, MIP1b, RANTES, M-CSF, and GM-CSF

(Pollard, 2004) were not detectable by cytokine profiling. The in

vivo importance of this CCL2/CCR2 axis was recently demonstrated

in a K14-HPV8 E6 transgenic mouse model, in which cSCC occurs

spontaneously at a rate of 6% and is strongly enhanced and

accelerated by UV irradiation or skin wounding (Marcuzzi et al.,

2009). HPV8 E6-expressing mice crossed to Ccr2−/− mice lacked

lesional monocyte infiltration and were shown to be resistant to

UV-induced cSCC formation (Lelios et al., 2021). This strongly

supported the notion that recruited monocytes were required for

HPV8 E6-driven tumor development.

Our in vitro experiments demonstrated that CCL2 induction by

HPV8 E6 was even stronger than stimulation with the

proinflammatory cytokine TNF-a. TNF-a can suppress C/EBPa
in various tissues (Stephens and Pekala, 1991; Yin et al., 1996), a

transcription factor which we recently identified as a target of HPV8

E6 signaling (Marthaler et al., 2017). C/EBPa is a tumor suppressor

in multiple tissues (Schuster and Porse, 2006) and is involved in

UV-induced skin carcinogenesis (Thompson et al., 2011). Our

previous studies identified C/EBPa as a critical regulator of miR-

203 (Marthaler et al., 2017), which controls suprabasal expression of

the stemness regulator DNp63a, proliferation, and epidermal

differentiation (Lena et al., 2008; Yi et al., 2008).

In the present study, we have demonstrated that HPV8 E6

involves this recently identified C/EBPa/miR-203/p63 pathway for

CCL2 induction using siRNA and microRNA mimic. Despite

similar potency of C/EBPa downregulation, HPV8 E6-expressing

cells always produced higher amounts than C/EBPa knockdown

cells. Our study therefore does not exclude the contribution of other

molecular pathways to HPV8 E6-mediated CCL2 induction. In the

lesional EV epithelium, we have previously demonstrated a strong

suprabasal upregulation of p63 (Marthaler et al., 2017), and this

corresponded to an induction of CCL2 as shown here. DNp63a,
lacking the N-terminal transactivation domain, is the predominant

isoform of p63 in keratinocytes. Our findings correspond very well

to previous reports showing that the stemness regulator DNp63a
plays a significant role in orchestrating the cross-talk between

neoplastic cells and the microenvironment of SCCs (Gatti et al.,
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2019) qualifying it as an oncogenic driver of SCCs (Riege et al.,

2020). DNp63a has previously been demonstrated to regulate

cytokine expression (Yang et al., 2011). Beyond that, in HPV16-

associated penile carcinoma, we have recently shown that elevated

p63 levels are associated with increased production of the

neutrophil-recruiting chemokine CXCL8 (Bernhard et al., 2021).

p63 contributed to the E6-induced CCL2 mRNA induction also in

primary human keratinocytes. Treatment with p63-specific siRNA

reduced CCL2 mRNA induction mediated by HPV8 E6 to basal

levels comparable with pLXSN control cells (S3 C-F). P63 is a

member of the p53 family. Both transcription factors p63 and p53

share overlapping response elements (Riege et al., 2020), and

mutations in TP53 can have a critical impact on the overall

complex interplay between p53 family members and their

activities (Stindt et al., 2015). Our data clearly demonstrate that

the C/EBPa/miR-203/p63 pathway plays an important role for

HPV8 E6-mediated CCL2 transcription also in the keratinocyte

cell line HaCaT, which harbors mutated TP53 genes (Lehman et al.,

1993). Moreover, since TNF-a alone also suppresses C/EBPa, it is
reasonable to assume that the C/EBPa/miR-203/p63 pathway could

also contribute to CCL2 induction and myeloid cell recruitment in

the absence of viral proteins but presence of, e.g., TNF-a only.

In summary, our data provide evidence that two pro-

carcinogenic functions of the genus b-HPV type 8, to promote

keratinocyte stemness and to support an inflammatory

microenvironment, are mechanistically linked. Both depend on the

E6-mediated downregulation of the tumor-suppressor C/EBPa/miR-

203 pathway and subsequent induction of the stemness-regulator

p63. Particularly in EV patients with persistent genus b-HPV

infection, this inflammatory pathway could further intensify once

p53 is mutated and pave the way for carcinogenesis (Figure 5B).
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the local Ethics

Committee of the Saarland and by the Bioethics Committee at the

Medical University of Warsaw, Poland. All human samples were

analyzed anonymously. The studies were conducted in accordance

with the local legislation and institutional requirements. Written

informed consent for participation in this study was provided by the

participants’ legal guardians/next of kin.
Author contributions

LV: Conceptualization, Formal analysis, Investigation,

Methodology, Visualization, Writing – original draft. AS:
Frontiers in Cellular and Infection Microbiology 11
Conceptualization, Formal analysis, Investigation, Methodology,

Validation, Visualization, Writing – original draft. SL:

Conceptualization, Methodology, Supervision, Visualization,

Writing – original draft. AF: Investigation, Methodology, Writing

– review & editing. TS: Investigation, Methodology, Writing –

review & editing. CW: Investigation, Writing – review & editing.

MS: Resources, Writing – review & editing. TV: Resources, Writing

– review & editing. KR: Resources, Writing – review & editing. MO:

Methodology, Supervision, Writing – review & editing. SS:

Conceptualization, Funding acquisition, Project administration,

Supervision, Validation, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the Helmholtz-Institute for Pharmaceutical

Research Saarland (HIPS) to SS, Helmholtz Centre for Infection

Research (HZI) to SS and the Saarland University to SS.
Acknowledgments

The authors thank Magdalena Malejczyk and Prof. Sławomir

Majewski of the Medical University of Warsaw, Warsaw, Poland,

for providing EV samples. Both recently deceased before

completion of the study. The authors would also like to thank

Philipp Lapp, Katrin Thieser and Barbara Best for excellent

technical support.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1336492/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcimb.2024.1336492/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1336492/full#supplementary-material
https://doi.org/10.3389/fcimb.2024.1336492
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Vella et al. 10.3389/fcimb.2024.1336492
References
Akgul, B., Lemme, W., Garcia-Escudero, R., Storey, A., and Pfister, H. J. (2005). UV-
B irradiation stimulates the promoter activity of the high-risk, cutaneous human
papillomavirus 5 and 8 in primary keratinocytes. Arch. Virol. 150, 145–151. doi:
10.1007/s00705-004-0398-4

al-Saleh, W., Delvenne, P., Arrese, J. E., Nikkels, A. F., Pierard, G. E., and Boniver, J.
(1995). Inverse modulation of intraepithelial Langerhans' cells and stromal
macrophage/dendrocyte populations in human papillomavirus-associated squamous
intraepithelial lesions of the cervix. Virchows Arch. 427, 41–48. doi: 10.1007/
BF00203736

Altenburg, A., Baldus, S. E., Smola, H., Pfister, H., and Hess, S. (1999). CD40 ligand-
CD40 interaction induces chemokines in cervical carcinoma cells in synergism with
IFN-gamma. J. Immunol. 162, 4140–4147. doi: 10.4049/jimmunol.162.7.4140

Bernhard, M. C., Zwick, A., Mohr, T., Gasparoni, G., Khalmurzaev, O., Matveev, V.
B., et al. (2021). The HPV and p63 status in penile cancer are linked with the infiltration
and therapeutic availability of neutrophils. Mol. Cancer Ther. 20, 423–437. doi:
10.1158/1535-7163.MCT-20-0173

Boukamp, P., Petrussevska, R. T., Breitkreutz, D., Hornung, J., Markham, A., and
Fusenig, N. E. (1988). Normal keratinization in a spontaneously immortalized
aneuploid human keratinocyte cell line. J. Cell Biol. 106, 761–771. doi: 10.1083/
jcb.106.3.761

De Andrea, M., Mondini, M., Azzimonti, B., Dell'Oste, V., Germano, S., Gaudino, G., et al.
(2007). Alpha- and betapapillomavirus E6/E7 genes differentially modulate pro-
inflammatory gene expression. Virus Res. 124, 220–225. doi: 10.1016/j.virusres.2006.09.010

Dell'Oste, V., Azzimonti, B., De Andrea, M., Mondini, M., Zavattaro, E., Leigheb, G.,
et al. (2009). High beta-HPV DNA loads and strong seroreactivity are present in
epidermodysplasia verruciformis. J. Invest. Dermatol. 129, 1026–1034. doi: 10.1038/
jid.2008.317

Gatti, V., Fierro, C., Annicchiarico-Petruzzelli, M., Melino, G., and Peschiaroli, A.
(2019). DNp63 in squamous cell carcinoma: defining the oncogenic routes affecting
epigenetic landscape and tumour microenvironment. Mol. Oncol. 13, 981–1001. doi:
10.1002/1878-0261.12473

Hadaschik, D., Hinterkeuser, K., Oldak, M., Pfister, H. J., and Smola-Hess, S. (2003).
The Papillomavirus E2 protein binds to and synergizes with C/EBP factors involved in
keratinocyte differentiation. J. Virol. 77, 5253–5265. doi: 10.1128/JVI.77.9.5253-
5265.2003

Haller, K., Stubenrauch, F., and Pfister, H. (1995). Differentiation-dependent
transcription of the epidermodysplasia verruciformis-associated human
papillomavirus type 5 in benign lesions. Virology 214, 245–255. doi: 10.1006/
viro.1995.0028

Hanahan, D., and Weinberg, R. A. (2011). Hallmarks of cancer: the next generation.
Cell 144, 646–674. doi: 10.1016/j.cell.2011.02.013

Hasche, D., Vinzon, S. E., and Rosl, F. (2018). Cutaneous papillomaviruses and non-
melanoma skin cancer: causal agents or innocent bystanders? Front. Microbiol. 9, 874.
doi: 10.3389/fmicb.2018.00874

Hess, S., Smola, H., Sandaradura De Silva, U., Hadaschik, D., Kube, D., Baldus, S. E.,
et al. (2000). Loss of IL-6 receptor expression in cervical carcinoma cells inhibits
autocrine IL-6 stimulation: abrogation of constitutive monocyte chemoattractant
protein-1 production. J. Immunol. 165, 1939–1948. doi: 10.4049/jimmunol.165.4.1939

Hu, C., Bugbee, T., Palinski, R., Akinyemi, I. A., McIntosh, M. T., MacCarthy, T.,
et al. (2023). Beta human papillomavirus 8E6 promotes alternative end joining. Elife 12,
e81923. doi: 10.7554/eLife.81923.sa2

Jablonska, S., and Majewski, S. (1994). Epidermodysplasia verruciformis:
immunological and clinical aspects. Curr. Top. Microbiol. Immunol. 186, 157–175.
doi: 10.1007/978-3-642-78487-3_9

Karim, R., Meyers, C., Backendorf, C., Ludigs, K., Offringa, R., van Ommen, G. J.,
et al. (2011). Human papillomavirus deregulates the response of a cellular network
comprising of chemotactic and proinflammatory genes. PloS One 6, e17848. doi:
10.1371/journal.pone.0017848

Karim, R., Tummers, B., Meyers, C., Biryukov, J. L., Alam, S., Backendorf, C., et al.
(2013). Human papillomavirus (HPV) upregulates the cellular deubiquitinase UCHL1
to suppress the keratinocyte's innate immune response. PloS Pathog. 9, e1003384. doi:
10.1371/journal.ppat.1003384

Kleine-Lowinski, K., Rheinwald, J. G., Fichorova, R. N., Anderson, D. J., Basile, J.,
Munger, K., et al. (2003). Selective suppression of monocyte chemoattractant protein-1
expression by human papillomavirus E6 and E7 oncoproteins in human cervical
epithelial and epidermal cells. Int. J. Cancer 107, 407–415. doi: 10.1002/ijc.11411

Lambert, P. F., Münger, K., Rösl, F., Hasche, D., and Tommasino, M. (2020). Beta
human papillomaviruses and skin cancer. Nature 588, E20–e21. doi: 10.1038/s41586-
020-3023-0

Lehman, T. A., Modali, R., Boukamp, P., Stanek, J., Bennett, W. P., Welsh, J. A., et al.
(1993). p53 mutations in human immortalized epithelial cell lines. Carcinogenesis 14,
833–839. doi: 10.1093/carcin/14.5.833

Lelios, I., Stifter, S. A., Cecconi, V., Petrova, E., Lutz, M., Cansever, D., et al. (2021).
Monocytes promote UV-induced epidermal carcinogenesis. Eur. J. Immunol. 51, 1799–
1808. doi: 10.1002/eji.202048841
Frontiers in Cellular and Infection Microbiology 12
Lena, A. M., Shalom-Feuerstein, R., Rivetti di Val Cervo, P., Aberdam, D., Knight, R.
A., Melino, G., et al. (2008). miR-203 represses 'stemness' by repressing DeltaNp63. Cell
Death Differ 15, 1187–1195. doi: 10.1038/cdd.2008.69

Marcuzzi, G. P., Hufbauer, M., Kasper, H. U., Weissenborn, S. J., Smola, S., and
Pfister, H. (2009). Spontaneous tumour development in human papillomavirus type 8
E6 transgenic mice and rapid induction by UV-light exposure and wounding. J. Gen.
Virol. 90, 2855–2864. doi: 10.1099/vir.0.012872-0

Marthaler, A. M., Podgorska, M., Feld, P., Fingerle, A., Knerr-Rupp, K., Grasser, F.,
et al. (2017). Identification of C/EBPalpha as a novel target of the HPV8 E6 protein
regulating miR-203 in human keratinocytes. PloS Pathog. 13, e1006406. doi: 10.1371/
journal.ppat.1006406

Mazibrada, J., Ritta, M., Mondini, M., De Andrea, M., Azzimonti, B., Borgogna, C.,
et al. (2007). Interaction between inflammation and angiogenesis during different
stages of cervical carcinogenesis. Gynecol Oncol. 108, 112–120. doi: 10.1016/
j.ygyno.2007.08.095

Melino, G., Memmi, E. M., Pelicci, P. G., and Bernassola, F. (2015). Maintaining
epithelial stemness with p63. Sci. Signal 8, re9. doi: 10.1126/scisignal.aaa1033

Meyers, J. M., Spangle, J. M., andMunger, K. (2013). The human papillomavirus type
8 E6 protein interferes with NOTCH activation during keratinocyte differentiation. J.
Virol. 87, 4762–4767. doi: 10.1128/JVI.02527-12

Missero, C., and Antonini, D. (2017). p63 in squamous cell carcinoma of the skin:
more than a stem cell/progenitor marker. J. Invest. Dermatol. 137, 280–281. doi:
10.1016/j.jid.2016.10.032

Oldak, M., Tolzmann, L., Wnorowski, A., Podgorska, M. J., Silling, S., Lin, R., et al.
(2011). Differential regulation of human papillomavirus type 8 by interferon regulatory
factors 3 and 7. J. Virol. 85, 178–188. doi: 10.1128/JVI.00998-10

Orth, G. (2006). Genetics of epidermodysplasia verruciformis: Insights into host
defense against papillomaviruses. Semin. Immunol. 18, 362–374. doi: 10.1016/
j.smim.2006.07.008

Padlewska, K., Ramoz, N., Cassonnet, P., Riou, G., Barrois, M., Majewski, S., et al.
(2001). Mutation and abnormal expression of the p53 gene in the viral skin
carcinogenesis of epidermodysplasia verruciformis. J. Invest. Dermatol. 117, 935–942.
doi: 10.1046/j.0022-202x.2001.01515.x

Pfister, H. (2003). Chapter 8: Human papillomavirus and skin cancer. J. Natl. Cancer
Inst Monogr. 31, 52–56. doi: 10.1093/oxfordjournals.jncimonographs.a003483

Podgorska, M., Oldak, M., Marthaler, A., Fingerle, A., Walch-Ruckheim, B., Lohse,
S., et al. (2018). Chronic inflammatory microenvironment in epidermodysplasia
verruciformis skin lesions: role of the synergism between HPV8 E2 and C/EBPbeta
to induce pro-inflammatory S100A8/A9 proteins. Front. Microbiol. 9, 1–12. doi:
10.3389/fmicb.2018.00392

Pollard, J. W. (2004). Tumour-educated macrophages promote tumour progression
and metastasis. Nat. Rev. Cancer 4, 71–78. doi: 10.1038/nrc1256

Riege, K., Kretzmer, H., Sahm, A., McDade, S. S., Hoffmann, S., and Fischer, M.
(2020). Dissecting the DNA binding landscape and gene regulatory network of p63 and
p53. Elife 9, e63266. doi: 10.7554/eLife.63266.sa2

Rollison, D. E., Viarisio, D., Amorrortu, R. P., Gheit, T., and Tommasino, M. (2019).
An emerging issue in oncogenic virology: the role of beta human papillomavirus types
in the development of cutaneous squamous cell carcinoma. J. Virol. 93, e01003-18. doi:
10.1128/JVI.01003-18

Schaper, I. D., Marcuzzi, G. P., Weissenborn, S. J., Kasper, H. U., Dries, V., Smyth, N.,
et al. (2005). Development of skin tumors in mice transgenic for early genes of
human papillomavirus type 8. Cancer Res. 65, 1394–1400. doi: 10.1158/0008-5472.CAN-
04-3263

Schroer, N., Pahne, J., Walch, B., Wickenhauser, C., and Smola, S. (2011). Molecular
pathobiology of human cervical high-grade lesions: paracrine STAT3 activation in
tumor-instructed myeloid cells drives local MMP-9 expression. Cancer Res. 71, 87–97.
doi: 10.1158/0008-5472.CAN-10-2193

Schuster, M. B., and Porse, B. T. (2006). C/EBPalpha: a tumour suppressor in multiple
tissues? Biochim. Biophys. Acta, 1766 (1), 88–103. doi: 10.1016/j.bbcan.2006.02.003

Smola, S. (2020). Human papillomaviruses and skin cancer. Adv. Exp. Med. Biol.
1268, 195–209. doi: 10.1007/978-3-030-46227-7_10

Sperling, T., Oldak, M., Walch-Ruckheim, B., Wickenhauser, C., Doorbar, J., Pfister,
H., et al. (2012). Human papillomavirus type 8 interferes with a novel C/EBPbeta-
mediated mechanism of keratinocyte CCL20 chemokine expression and Langerhans
cell migration. PloS Pathog. 8, e1002833. doi: 10.1371/journal.ppat.1002833

Stephens, J. M., and Pekala, P. H. (1991). Transcriptional repression of the GLUT4
and C/EBP genes in 3T3-L1 adipocytes by tumor necrosis factor-alpha. J. Biol. Chem.
266, 21839–21845. doi: 10.1016/S0021-9258(18)54714-1

Stindt, M. H., Muller, P. A., Ludwig, R. L., Kehrloesser, S., Dötsch, V., and Vousden,
K. H. (2015). Functional interplay between MDM2, p63/p73 and mutant p53.Oncogene
34, 4300–4310. doi: 10.1038/onc.2014.359

Stubenrauch, F., Malejczyk, J., Fuchs, P. G., and Pfister, H. (1992). Late promoter of
human papillomavirus type 8 and its regulation. J. Virol. 66, 3485–3493. doi: 10.1128/
jvi.66.6.3485-3493.1992
frontiersin.org

https://doi.org/10.1007/s00705-004-0398-4
https://doi.org/10.1007/BF00203736
https://doi.org/10.1007/BF00203736
https://doi.org/10.4049/jimmunol.162.7.4140
https://doi.org/10.1158/1535-7163.MCT-20-0173
https://doi.org/10.1083/jcb.106.3.761
https://doi.org/10.1083/jcb.106.3.761
https://doi.org/10.1016/j.virusres.2006.09.010
https://doi.org/10.1038/jid.2008.317
https://doi.org/10.1038/jid.2008.317
https://doi.org/10.1002/1878-0261.12473
https://doi.org/10.1128/JVI.77.9.5253-5265.2003
https://doi.org/10.1128/JVI.77.9.5253-5265.2003
https://doi.org/10.1006/viro.1995.0028
https://doi.org/10.1006/viro.1995.0028
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.3389/fmicb.2018.00874
https://doi.org/10.4049/jimmunol.165.4.1939
https://doi.org/10.7554/eLife.81923.sa2
https://doi.org/10.1007/978-3-642-78487-3_9
https://doi.org/10.1371/journal.pone.0017848
https://doi.org/10.1371/journal.ppat.1003384
https://doi.org/10.1002/ijc.11411
https://doi.org/10.1038/s41586-020-3023-0
https://doi.org/10.1038/s41586-020-3023-0
https://doi.org/10.1093/carcin/14.5.833
https://doi.org/10.1002/eji.202048841
https://doi.org/10.1038/cdd.2008.69
https://doi.org/10.1099/vir.0.012872-0
https://doi.org/10.1371/journal.ppat.1006406
https://doi.org/10.1371/journal.ppat.1006406
https://doi.org/10.1016/j.ygyno.2007.08.095
https://doi.org/10.1016/j.ygyno.2007.08.095
https://doi.org/10.1126/scisignal.aaa1033
https://doi.org/10.1128/JVI.02527-12
https://doi.org/10.1016/j.jid.2016.10.032
https://doi.org/10.1128/JVI.00998-10
https://doi.org/10.1016/j.smim.2006.07.008
https://doi.org/10.1016/j.smim.2006.07.008
https://doi.org/10.1046/j.0022-202x.2001.01515.x
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003483
https://doi.org/10.3389/fmicb.2018.00392
https://doi.org/10.1038/nrc1256
https://doi.org/10.7554/eLife.63266.sa2
https://doi.org/10.1128/JVI.01003-18
https://doi.org/10.1158/0008-5472.CAN-04-3263
https://doi.org/10.1158/0008-5472.CAN-04-3263
https://doi.org/10.1158/0008-5472.CAN-10-2193
https://doi.org/10.1016/j.bbcan.2006.02.003
https://doi.org/10.1007/978-3-030-46227-7_10
https://doi.org/10.1371/journal.ppat.1002833
https://doi.org/10.1016/S0021-9258(18)54714-1
https://doi.org/10.1038/onc.2014.359
https://doi.org/10.1128/jvi.66.6.3485-3493.1992
https://doi.org/10.1128/jvi.66.6.3485-3493.1992
https://doi.org/10.3389/fcimb.2024.1336492
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Vella et al. 10.3389/fcimb.2024.1336492
Tan, M. J., White, E. A., Sowa, M. E., Harper, J. W., Aster, J. C., and Howley, P. M.
(2012). Cutaneous beta-human papillomavirus E6 proteins bind Mastermind-like
coactivators and repress Notch signaling. Proc. Natl. Acad. Sci. U.S.A. 109, E1473–
E1480. doi: 10.1073/pnas.1205991109

Thompson, E. A., Zhu, S., Hall, J. R., House, J. S., Ranjan, R., Burr, J. A., et al. (2011).
C/EBPalpha expression is downregulated in human nonmelanoma skin cancers and
inactivation of C/EBPalpha confers susceptibility to UVB-induced skin squamous cell
carcinomas. J. Invest. Dermatol. 131, 1339–1346. doi: 10.1038/jid.2011.31

Underbrink, M. P., Howie, H. L., Bedard, K. M., Koop, J. I., and Galloway, D. A.
(2008). E6 proteins from multiple human betapapillomavirus types degrade Bak and
protect keratinocytes from apoptosis after UVB irradiation. J. Virol. 82, 10408–10417.
doi: 10.1128/JVI.00902-08

Van Doorslaer, K., Li, Z., Xirasagar, S., Maes, P., Kaminsky, D., Liou, D., et al. (2017).
The Papillomavirus Episteme: a major update to the papillomavirus sequence database.
Nucleic Acids Res. 45, D499–D506. doi: 10.1093/nar/gkw879

Venuti, A., Lohse, S., Tommasino, M., and Smola, S. (2019). Cross-talk of cutaneous
beta human papillomaviruses and the immune system: determinants of disease
penetrance. Philos. Trans. R Soc. Lond B Biol. Sci. 374, 20180287. doi: 10.1098/
rstb.2018.0287

Wendel, S. O., and Wallace, N. A. (2017). Loss of genome fidelity: beta HPVs and the
DNA damage response. Front. Microbiol. 8, 2250. doi: 10.3389/fmicb.2017.02250

Westfall, M. D., Mays, D. J., Sniezek, J. C., and Pietenpol, J. A. (2003). The Delta
Np63 alpha phosphoprotein binds the p21 and 14-3-3 sigma promoters in vivo and has
transcriptional repressor activity that is reduced by Hay-Wells syndrome-derived
mutations. Mol. Cell Biol. 23, 2264–2276. doi: 10.1128/MCB.23.7.2264-2276.2003
Frontiers in Cellular and Infection Microbiology 13
Yang, A., Kaghad, M., Wang, Y., Gillett, E., Fleming, M. D., Dotsch, V., et al. (1998).
p63, a p53 homolog at 3q27-29, encodes multiple products with transactivating, death-
inducing, and dominant-negative activities. Mol. Cell 2, 305–316. doi: 10.1016/S1097-
2765(00)80275-0

Yang, X., Lu, H., Yan, B., Romano, R. A., Bian, Y., Friedman, J., et al. (2011). DNp63
versatilely regulates a Broad NF-kB gene program and promotes squamous epithelial
proliferation, migration, and inflammation. Cancer Res. 71, 3688–3700. doi: 10.1158/
0008-5472.CAN-10-3445

Yi, R., Poy, M. N., Stoffel, M., and Fuchs, E. (2008). A skin microRNA
promotes differentiation by repressing 'stemness'. Nature 452, 225–229. doi: 10.1038/
nature06642

Yin, M., Yang, S. Q., Lin, H. Z., Lane, M. D., Chatterjee, S., and Diehl, A. M. (1996).
Tumor necrosis factor alpha promotes nuclear localization of cytokine-inducible
CCAAT/enhancer binding protein isoforms in hepatocytes. J. Biol. Chem. 271,
17974–17978. doi: 10.1074/jbc.271.30.17974

Zachariae, C. O., Anderson, A. O., Thompson, H. L., Appella, E., Mantovani, A.,
Oppenheim, J. J., et al. (1990). Properties of monocyte chemotactic and activating
factor (MCAF) purified from a human fibrosarcoma cell line. J. Exp. Med. 171, 2177–
2182. doi: 10.1084/jem.171.6.2177

Zheng, K., Egawa, N., Shiraz, A., Katakuse, M., Okamura, M., Griffin, H. M., et al.
(2022). The reservoir of persistent human papillomavirus infection; strategies for
elimination using anti-viral therapies. Viruses 14, 214. doi: 10.3390/v14020214

Ziegler, A., Jonason, A. S., Leffell, D. J., Simon, J. A., Sharma, H. W., Kimmelman, J.,
et al. (1994). Sunburn and p53 in the onset of skin cancer. Nature 372, 773–776. doi:
10.1038/372773a0
frontiersin.org

https://doi.org/10.1073/pnas.1205991109
https://doi.org/10.1038/jid.2011.31
https://doi.org/10.1128/JVI.00902-08
https://doi.org/10.1093/nar/gkw879
https://doi.org/10.1098/rstb.2018.0287
https://doi.org/10.1098/rstb.2018.0287
https://doi.org/10.3389/fmicb.2017.02250
https://doi.org/10.1128/MCB.23.7.2264-2276.2003
https://doi.org/10.1016/S1097-2765(00)80275-0
https://doi.org/10.1016/S1097-2765(00)80275-0
https://doi.org/10.1158/0008-5472.CAN-10-3445
https://doi.org/10.1158/0008-5472.CAN-10-3445
https://doi.org/10.1038/nature06642
https://doi.org/10.1038/nature06642
https://doi.org/10.1074/jbc.271.30.17974
https://doi.org/10.1084/jem.171.6.2177
https://doi.org/10.3390/v14020214
https://doi.org/10.1038/372773a0
https://doi.org/10.3389/fcimb.2024.1336492
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	The cutaneous beta human papillomavirus type 8 E6 protein induces CCL2 through the CEBPα/miR-203/p63 pathway to support an inflammatory microenvironment in epidermodysplasia verruciformis skin lesions
	1 Introduction
	2 Materials and methods
	2.1 Ethical statement
	2.2 Cell culture and transfection
	2.3 Quantitative real-time PCR
	2.4 Immunological detection methods
	2.5 Migration assay
	2.6 Statistics

	3 Results
	3.1 HPV8 E6 but not E7 significantly induces CCL2 expression in HaCaT keratinocytes
	3.2 HPV8 E6 expression induces CCR2-dependent monocyte migration in vitro corresponding to macrophage infiltrates in EV lesions in vivo
	3.3 C/EBPα and p63 modulate CCL2 expression in an opposing manner
	3.4 HPV8 E6 induces CCL2 expression via the C/EBPα/mir-203/p63 pathway
	3.5 HPV8 E6-mediated CCL2 expression in normal keratinocytes involves p63, which is co-expressed with CCL2 in lesional EV skin

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


