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Human papillomaviruses (HPVs) infect the stratified epithelial
organ. The infection induces benign tumors, which occasionally
progress into malignant tumors. To elucidate the virus-induced
tumorigenesis, an understanding of the lifecycle of HPV is crucial.
In this report, we developed a new system for the analysis of the
HPV lifecycle. The new system consists of a novel HPV replicon and
an organotypic ‘‘raft’’ culture, by which the HPV-DNA is main-
tained stably in normal human keratinocytes for a long period and
the viral vegetative replication is reproduced. This system will ben-
efit biochemical and genetic studies on the lifecycle of HPV and
tumorigenesis. This system is also valuable in screening for antivi-
ral compounds. We confirmed its usefulness by evaluating the
antivirus effect of cytokines. (Cancer Sci 2010; 101: 536–542)

T he infection of high-risk type human papillomavirus (HPV)
is a major risk factor for cervical cancer.(1–3) The World

Health Organization has reported that the cases of HPV-associ-
ated cancers number about half a million, which corresponds to
10% of cancer cases in women.(4) This indicates the importance
of the prevention of and urgently developing treatment for the
cancer.

In order to control cervical cancer, it is essential to understand
the regulatory mechanisms of the HPV infection. The primary
target for HPV infection is the epithelial cells (keratinocytes) of
the stratified squamous epithelium, and replication of HPV is
strictly regulated by the differentiation program of the keratino-
cytes,(5) making it difficult to analyze the virus lifecycle in stan-
dard tissue culture systems. Several tissue culture conditions
have been used for studying the differentiation-dependent lifecy-
cle, such as a suspension culture of keratinocytes using methyl-
cellulose ‘‘semisolid’’ medium,(6,7) a calcium-induced
differentiation of keratinocytes,(8) and an organotypic raft cul-
ture.(9–11) Among them, the raft culture seems superior for
studying the HPV lifecycle, because it is able to reproduce the
stratified structure of epithelium, support the production of prog-
eny virions in the differentiated layer, and capture the virus-
induced hyperplasia as in the infected lesions. Although the raft
culture has been successfully used for the analysis of the HPV
lifecycle in combination with the genomic-type of HPV-
DNA,(12) the drawbacks to using the culture system are the intri-
cateness in the construction of it and the difficulty in obtaining
the cell population maintaining the HPV-DNA.

In this manuscript, we tried to improve the suitability of the
culture system for analysis of the HPV lifecycle. We constructed
a new HPV replicon that could be maintained for a long period
in comparison with the conventional method utilizing the geno-
mic-type HPV-DNA. The raft culture system incorporating the
new replicon could reproduce the physiological status of HPV-
infected lesions: virus-induced hyperplasia accompanied by
viral DNA amplification and late gene expression. This new sys-
Cancer Sci | February 2010 | vol. 101 | no. 2 | 536–542
tem might accelerate the investigation of the HPV lifecycle.
The usefulness of the system was verified by examining the
effects of several cytokines on HPV replication and hyperplasia
induction.

Materials and Methods

Construction of plasmid DNAs. HPV18 genomic DNA was
isolated from a plasmid containing a full-length HPV18 DNA
(GenBank accession no.: X05015). A new HPV18 replicon,
p18FLneo, was constructed as illustrated in Figure 1. pEGFP1-
ori(pBR) was constructed by replacing the origin of pEGFP1
(Clontech Laboratories, Mountain View, CA, USA) with
pBR322-ori derived from pPUR (Clontech Laboratories). The
long control region (LCR) of HPV18 (nucleotide number 7000
to 100; GenBank no.: X05015) was isolated by PCR, and then
cloned into the vector pEGFP1-ori(pBR); the resultant plasmid
was named 18LCR ⁄ pEGFP1-ori(pBR). Full-length HPV18 gen-
ome was cloned into the 18LCR ⁄ pEGFP1-ori(pBR) by using the
AflII recognition site. The genomic-type of HPV18 DNA was
obtained by self-ligation of the full-length HPV18 DNA by fol-
lowing a method previously described.(13)

Cell culture and transfection. Human foreskin fibroblasts
(HFFs) and human foreskin keratinocytes (HFKs) were commer-
cially obtained (Kurabo Industries, Osaka, Japan), and main-
tained with 10% fetal bovine serum ⁄ DMEM and a serum-free
keratinocyte growth medium (KGM) (EpiLife-KG2; Kurabo
Industries), respectively. HFKs were transfected with 2 lg of
p18FLneo or 1.5 lg of the genomic-type HPV18 DNA plus
0.5 lg of pEGFP1 by the nucleofection method (Nucleofector
Kit; Amaxa, Cologne, Germany). The HFKs transfected with
p18FLneo were cultured under the presence of G418 for more
than 4 weeks, then used for the experiments.

Southern hybridization. Total DNA was extracted from the
HFKs by following a standard protocol.(14) Five lg of the total
DNA was digested with DpnI and BglI, and then the DNA frag-
ments were separated by 0.8% agarose gel electrophoresis, and
transferred to a nylon membrane (Hybond N+; Amersham Bio-
sciences UK, Little Chalfont, UK). For the detection of HPV18-
specific DNA, a non-RI detection system was employed
(Digoxigenin [DIG] Wash and Block Buffer Set and anti-
DIG-alkaline phosphatase [AP]; Roche Diagnostics, Mannheim,
Germany). The DIG-labeled probe for the LCR (7000–100 nt;
GenBank no.: X05015) or L1 region (6137–7136 nt; GenBank
no.: X05015) of HPV18 was obtained by a PCR-mediated
method (PCR DIG Probe Synthesis Kit; Roche Applied
Science, Manheim, Germany). The chemiluminescent signal
doi: 10.1111/j.1349-7006.2009.01411.x
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Fig. 1. Structure of a new human papillomavirus (HPV) replicon. A
new replicon containing the full length of HPV18 genomic DNA
constructed with a backbone plasmid, pEGFP1-ori(pBR), based on
pEGFP1 plasmid. The replication origin (ori) element was replaced
with that of pBR322. HPV18 long control region (LCR) was cloned into
the pEGFP1-ori(pBR), and then the full-length HPV18 genome was
inserted into the AflII site located in the LCR region. The obtained
replicon was named p18FLneo.
was visualized with a chemiluminescent image analyzer (LAS-
3000; Fuji Film, Tokyo, Japan).

Organotypic raft culture system. The construction of the orga-
notypic raft culture and the preparation of frozen section have
been described previously.(15–17) For BrdU incorporation,
50 g ⁄ mL BrdU (Sigma-Aldrich, St Louis, MO, USA) was added
in the medium 6 h before harvest. The thickness of the epider-
mal layer was measured using image analysis software (Axio-
Vision 3.1; Carl Zeiss Vision, Munich, Germany).

Immunoblot analysis. Total cell lysate of HFKs was obtained
with a triple-detergent buffer (50 mM Tris-HCl [pH 8.0],
150 mM NaCl, 0.02% sodium azide, 0.1% sodium dodecyl sul-
fate [SDS], 1% Nonidet P-40, 0.5% sodium deoxycholate)(18)

supplemented with a protease inhibitor cocktail (0.5 mM PMSF,
0.15 M aprotinin, 1 M E-64, 1 M leupeptin, 0.5 M EDTA)
(Nakarai Tesuque, Kyoto, Japan) and 1 mM dithiothreitol. Equal
amounts of cell lysate (5 lg protein) were subjected to SDS–
polyacrylamide gel electrophoresis (SDS-PAGE) and the gel
was blotted to a PVDF membrane (Hypond-P; Amersham Bio-
sciences UK). The equalities of the loaded amounts were con-
firmed with the anti-actin immunoblot (1:50000) (clone AC-15;
Sigma-Aldrich) (data not shown). Antibodies for p53 (1:1000)
(Ab-6; Oncogene Research Products, San Diego, CA, USA) and
pRb (1:1000; BD Biosciences Pharmingen, San Diego, CA,
USA) were purchased commercially. Horseradish peroxidase
(HRP)-conjugated secondary antibodies (1:3000; Amersham
Biosciences UK) and a luminal reagent (Western Blotting Lumi-
nol Reagent; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
were purchased commercially. The chemiluminescent signal
was visualized with a chemiluminescent image analyzer (LAS-
3000; Fuji Film).

Immunohistochemistry (IHC). IHC for the tissue sections on
slide glasses was performed as described previously.(15–17) Anti-
bodies for BrdU (1:400) (clone 2B-1; MBL, Nagoya, Japan) and
L1 (1:200) (MAB837; Millipore, Billerica, MA, USA), and p53
(Ab-6) (Oncogene Research Products), and pRb (BD Biosciences
Pharmingen) were purchased commercially.

In situ hybridization (ISH). Detection of HPV18 DNA signals
in the tissue sections was performed with the TSA-biotin system
(Perkin-Elmer, Boston, MA, USA) following the manufacturer’s
instructions. The DIG-labeled DNA for HPV18 LCR region
Satsuka et al.
(7000–100 nt; GenBank no.: X05015) (DIG high prime; Roche
Diagnostics) was used as the probe. For the detection of
DIG-labeled probe, HRP-labeled anti-DIG antibody (Dako,
Glostrup, Denmark) was used. After hybridization, biotinyl
tyramide working solution, SA-HRP (streptavidin–HRP), and
metal-enhanced DAB solution (Roche Diagnostics) was used for
detection of the signal. All slides were counterstained with
hematoxylin.

Cytokine treatment. In monolayer culture, HFKs were incu-
bated with cytokines (interferon [IFN]-b, 100 units ⁄ mL; trans-
forming growth factor [TGF]-b, 1 ng ⁄ mL; tumor necrosis factor
[TNF]-a, 5 ng ⁄ mL) for 3 days. IFNb and TGFb (Sigma-
Aldrich) and TNFa (Merk Biosciences, San Diego, CA, USA)
were purchased from the distributors. In the organotypic raft cul-
ture, cytokines were added in the culture medium for 7 days
before the sample harvest.

Apoptosis induction by cytokine. 2 · 105 cells were cultured
in the growth medium supplemented with the cytokines for
3 days. The treated cells were washed, trypsinized, and fixed
with ice-cold methanol. Apoptotic cells were labeled by M30
antibody (CytoDEATH; Roche Diagnostics) and AlexaFLU-
OR488-antimouse antibody (Invitrogen, Carlsbad, CA, USA),
and then counted by flow cytometry (BD Biosciences, San Jose,
CA, USA).

Results

Construction of new HPV replicon. Genomic-type HPV-DNA
was used as the replicon to obtain the keratinocytes maintaining
HPV-DNA. The genomic-type DNA, which was constructed by
re-circularization of full-length HPV-DNA, was transfected into
the cells with the pSV2neo expressing a neomycin-resistance gene
(neoR).(13) The transfected cells were selected in the culture med-
ium containing G418 for about 1 week, and then the surviving
cells were expanded without the drug selection. The raft culture
constructed with the cells could reproduce viral vegetative repli-
cation as reported previously.(12) By this method, there is no
selectable pressure for the maintenance of HPV-DNA, causing a
possible problem in that the cells lose HPV-DNA. It was also sug-
gested that the transfection of the genomic-type DNA was ineffi-
cient because of its non-supercoiled structure.(19) To eliminate
this potential problem, full-length HPV18 DNA was inserted into
a plasmid containing the neoR expression unit (Fig. 1). The repli-
cation of HPVs is regulated by the LCR as the promoter ⁄ enhancer
for gene expressions at the 5¢ region of the coding region and as
the transcriptional terminator at the 3¢ region. Therefore, the LCR
was added at the both sides of the coding region. We named the
new replicon p18FLneo (FL is an abbreviation for full length).

We verified the potential of p18FLneo as the replicon by
examining whether it could be maintained stably in culture cells.
HFKs were transfected with p18FLneo, then cultured under the
presence of G418 for 4 weeks. Under the same condition, we
found that the mock-transfected cells were dislodged within a
week and that the cells transfected with pEGFP1, which contains
the neoR expression unit and is replication-defective in the
HFKs, could not survive for more than 2 weeks. The total DNAs
were collected from the cells, and then HPV-DNA was detected
by Southern hybridization analysis. The result indicated that
p18FLneo was stably maintained in the HFKs as a HPV18 repli-
con (Fig. 2A, p18FLneo). In order to validate its potential as the
replicon, the genomic-type of HPV18 DNA was used as the con-
trol replicon (Fig. 2A, 18-ligation). The genomic-type HPV18
was introduced with the pEGFP1 into the HFKs. The transfected
cells were selected under the presence of G418 for 1 week, and
then the surviving cells were cultured without the drug-selection
for 3 weeks. The amount of replicated HPV-DNA was analyzed
by Southern blot analysis, and it appeared that the efficiency of
the maintenance or the replication of the genomic-type HPV18
Cancer Sci | February 2010 | vol. 101 | no. 2 | 537
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Fig. 2. Maintenance of the new human papillomavirus (HPV) replicon
in primary keratinocytes. (A) Maintenance of the HPV replicon in the
human foreskin keratinocytes (HFKs) 4 weeks after transfection was
examined by Southern blot analysis. Total DNA was extracted from the
normal HFKs (Cr), the HFKs harboring either the HPV replicon
(p18FLneo) or the genomic-type HPV18 DNA (18-ligation) and subjected
to DpnI + BglI digestion. Each lane was loaded with 5 lg of the total
DNA. p18FLneo DNA was used as the control for the copy number per
cell. p18FLneo was digested with BglI and applied to the agarose gel at
an amount equivalent to 1 copy, 10 copies, or 100 copies per cell. The
probe used for the detection of HPV-DNA was DIG-labeled 18LCR or
18L1 DNA fragment. Closed triangle indicates the position of the full-
length HPV18 genomic DNA. Gray and open triangles indicate the
positions of the fragments containing a portion of long control region
(LCR) and the backbone plasmid; those fragments could not be detected
with L1 probe. (B) The maintenance of the HPV replicon in HFKs
10 weeks after transfection was examined as described in (A). Closed
triangle indicates the position of the full-length HPV18 genomic DNA.
Gray and open triangles indicate the positions of the fragments
containing a portion of LCR and the backbone plasmid. The extra signals
observed in each lane were considered the integrated form of HPV-DNA.
(C) The scheme of pFL18neo. Gray region indicates HPV18 DNA. Black
and white bars indicate the regions targeted by LCR and L1 probes,
respectively. The recognition sites for BglI are indicated, and the
digestion produced three DNA fragments, 7.9 kb, 2.6 kb, and 1.2 kb.
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DNA was lower than that of p18FLneo. These results suggested
the advantage of p18FLneo as the HPV replicon.

The HFKs containing p18FLneo could be maintained for
more than 10 weeks under the presence of G418. The growth
potential of normal HFKs apparently declined after 6 weeks of
culturing and the cells acquired senescence status, indicating
that the HFKs containing p18FLneo were immortalized by the
functions of HPV E6 and E7. The existence of HPV-DNA in
the cells was examined, and it was revealed that the majority
of HPV-DNA was maintained as the episomal status and
that some portion of the DNA might be integrated in the host
chromosome (Fig. 2B, p18FLneo). In the accompanying exper-
iment, the DNA status in the HFKs containing the genomic-
type HPV-DNA was examined, and it found that most of the
HPV-DNA was maintained as integrated form (Fig. 2B,
18-ligation).

Raft culture with HFKs harboring the new HPV replicon. The
HFKs or the spontaneously immortalized keratinocytes (normal
immortal keratinocytes, NIKS)(20) harboring HPV genomic
DNA were used to organize the organotypic raft cul-
ture,(11,13,21,22) and they could support HPV replication in a dif-
ferentiation-dependent manner. We examined whether the HFKs
maintaining p18FLneo (HFKp18FLneo) could also support the
HPV lifecycle in the raft culture.

HFKp18FLneo could organize a stratified epithelial structure
and it appeared that significant hyperplasia was induced (Fig. 3,
H&E). In the epithelial layer of the HFKp18FLneo raft culture,
BrdU-positive cells were detected in the parabasal layer. On the
contrary, BrdU-positive cells were restricted at the basal layer in
the raft culture with normal HFKs (Fig. 3, BrdU). This observa-
tion suggested that p18FLneo had the potential to disturbe the
differentiation program of the epithelial cells and induced hyper-
proliferation.

We next examined whether the late-phase of the virus
lifecycle was reproduced with HFKp18FLneo. By ISH with the
HPV18 probe, the cells positive for HPV18 DNA were detected
in the suprasurface layer (Fig. 3, ISH), indicating that the copy
number of p18FLneo was amplified in the differentiated layer of
the epithelium. The expression of the late gene product, L1, was
also detected in the differentiated layers by IHC (Fig. 3, IHC).
These observations indicate that HFKp18FLneo in combination
with the raft culture is an appropriate tool for the analysis of the
HPV lifecycle. Although the HFKp18FLneo maintained for long
period (10 weeks) was also used for the raft culture, it failed to
organize a stratified epithelial layer, indicating it lost the prop-
erty of normal cellular differentiation.

Application of the new HPV replicon: (1) Effects of cytokines
on the latent phase of HPV infection. Cytokine production is a
biological response in vivo to virus infection or inflammation.
One of the cytokines, type I IFN, is used in chemotherapy for
HPV-positive cervical neoplasia.(23) Other cytokines, TGFb and
TNFa, have been reported to be involved in the response to
HPV infection.(24–30) We examined the effects of these cyto-
kines on HPV replication using the new HPV replicon system.

The monolayer culture of HFKp18FLneo is supposed to repre-
sent the status of the latent infection of HPV in basal cells. We
first examined the effects of the cytokines on the HFKp18FLneo

monolayer culture. We chose doses of cytokines that had mini-
mal effects on the growth of normal HFKs (IFNb,
100 units ⁄ mL; TGFb, 1 ng ⁄ mL; TNFa, 5 ng ⁄ mL) in order to
observe the specific effects on HPV replication (Fig. 4). These
doses of the cytokine treatments had also no significant effects
on the growth of HFKp18FLneo. The apoptosis induction by the
cytokines was also examined by FACS analysis using an apopto-
sis-specific antibody (M30 CytoDEATH; Roche Diagnostics),
and it appeared that these cytokine treatments did not induce
any apoptotic response (data not shown). Note that the treatment
of higher doses of the cytokines induced growth arrest or
doi: 10.1111/j.1349-7006.2009.01411.x
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Fig. 3. Vegetative replication of the human papillomavirus (HPV)
replicon in the raft culture. Thin sections (7 lm) were obtained from
the raft culture organized with normal human foreskin keratinocytes
(HFKs) and HFKp18FLneo. The DNA synthesis of the cell was monitored
by immunohistochemistry for incorporated BrdU. HPV18 DNA was
detected by in situ hybridization (ISH) with DIG-labeled L1 probe. The
expression of L1 protein was analyzed by IHC with anti-L1 antibody.

Fig. 4. Effects of cytokines on the proliferation of human foreskin
keratinocytes (HFKs) harboring p18FLneo. The effects of cytokine
treatments (interferon [IFN]-b, 100 units ⁄ mL; transforming growth
factor [TGF]-b, 1 ng ⁄ mL; tumor necrosis factor [TNF]-a, 5 ng ⁄ mL) on
the proliferation of HFKs were monitored. The growth rate in 72-h
culture of the exponentially growing cells is indicated (growth rate of
not treated normal HFKs, 1). The living cells were distinguished by
Trypan blue exclusion. The value is the average of at least three
independent experiments and the SD is indicated.

(A)

(B)

Fig. 5. Effects of cytokines on the maintenance of the human
papillomavirus (HPV) replicon. (A) The HFKp18FLneo was treated with
cytokines for 3 days and total DNA was extracted. The DNA was
digested with both BglI and DpnI and 2 lg of it was subjected to
Southern blot analysis with the DIG-labeled L1 probe. Normal human
foreskin keratinocytes (HFKs) were used as the control (Cr). (B)
Expressions of p53 and pRb in the same cells monitored by
immunoblot analysis.
apoptotic cell death of both normal HFKs and HFKp18FLneo (data
not shown).

Next, we examined the effects of the cytokines on the mainte-
nance of HPV-DNA in HFKp18FLneo, and the result indicated that
IFNb treatment moderately suppressed HPV-DNA replication
(Fig. 5A). The TGFb and TNFa treatments did not influence
DNA maintenance significantly. In HPV-infected cells, the
expressions of cellular tumor suppressors p53 and pRb are sup-
pressed by the functions of viral oncoproteins E6 and E7, respec-
tively. We analyzed the expressions of p53 and pRb in
HFKp18FLneo by immunoblot analysis, and found that they slightly
decreased as compared with those in the normal HFKs (Fig. 5B).
This weak suppression indicated that the expression levels of the
viral oncoproteins were kept low as found in the latent infection
of HPV. The weak suppressions of p53 and pRb expressions were
not modified significantly by the cytokine treatments.
Satsuka et al.
The results indicated that the cytokine treatments used in this
report did not affect the growth potential of HFKp18FLneo and the
maintenance of HPV-DNA. Given that HFKp18FLneo is consid-
ered to represent basal cells latently infected with HPV, these
results suggested that the cytokine treatments had no anti-HPV
effect on the latently infected cells.

Application of the new HPV replicon: (2) Effects of cytokines
on the late-stage of the HPV lifecycle. We next examined the
effect of the same set of cytokines on the late-stage of the HPV
lifecycle by using HFKp18FLneo and the raft culture. As described
above, the raft culture with HFKp18FLneo showed a moderate
hyperplasia at the epithelial layer (Fig. 3), and the hyperplasia
Cancer Sci | February 2010 | vol. 101 | no. 2 | 539
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could be suppressed by the IFNb treatment to the level of
normal HFKs (Fig. 6). The number of BrdU-positive cells in the
upper layers of epithelium was decreased with IFNb treatment
(Fig. 7, BrdU). As compared with IFNb, the moderate but sig-
nificant suppression could be also observed with TGFb. In con-
trast, the TNFa could not suppress hyperplasia formation and it
activated the invasive potential of the epithelial cells. The num-
ber of BrdU-positive cells was rather increased with TNFa.
These results indicated that IFNb treatment had an apparent sup-
pressive effect on virus-induced hyperplasia. The results also
raised the possibility that TNFa treatment accelerated virus-
induced tumorigenesis.

Next, the effect of the cytokine treatment on the vegetative
viral replication was analyzed. The amplification of viral DNA
at the upper layer of epithelium was suppressed by the treatment
of IFNb and TGFb (Fig. 7, ISH). On the other hand, TNFa
treatment activated viral DNA amplification in the broad area of
the epithelium. These observations indicated that both IFNb and
Fig. 6. Effects of cytokines on the raft culture constructed with human fo
raft culture organized with normal HFKs or HFKp18FLneo were exa
paraformaldehyde and stained with H&E. The thickness of the epide
application (AxioVision; Carl Zeiss Vision), and the relative values are ind
average value, 95 lm). The value is the average of at least three indepen
the HFKp18FLneo treated with tumor necrosis factor (TNF)-a exhibited t
measured precisely (indicated with an asterisk).
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TGFb could suppress the late phase in the HPV lifecycle and
TNFa treatment had the opposite effect on it.

It is considered that the viral oncoproteins E6 and E7 are
responsible for virus-induced hyperplasia.(31) We examined the
effects of cytokines on the status of p53 and pRb in the raft cul-
ture in order to estimate the expression levels of E6 and E7,
respectively. The expressions of p53 and pRb were decreased
in the epithelial layer of the HFKp18FLneo raft culture as com-
pared to those of normal HFKs (Fig. 7, p53 and pRb). It was
supposed that this decrement was caused by the E6 and E7
expressed moderately in HFKp18FLneo. IFNb treatment recov-
ered p53 expression at the middle layers of epithelium,
although TGFb did not modify the p53 status. TNFa enhanced
p53 expression in the epithelium broadly. pRb expression was
slightly recovered by all three cytokine treatments. These
results indicated that the cytokines affected the expressions of
p53 and pRb, although their relation to the antiviral effect
remains unclear.
reskin keratinocyte (HFK)p18FLneo. Effects of cytokine treatments on the
mined. Frozen-sections of the raft culture were fixed with 4%
rmis was estimated by microscopic analysis with an image analysis
icated as a bar chart (thickness of not treated normal HFK set as 1.0;
dent experiments and the SD is indicated. Note that the epidermis of

he invasion phenotype; therefore, the thickness of it could not be

Fig. 7. The effects of cytokine treatments on
human papillomavirus (HPV) replication. Effects of
cytokine treatments on HPV replication and on
cellular status were examined by using the raft
culture. The DNA synthesis of the cells was
monitored by the uptake of BrdU. Incorporated
BrdU was detected by immunohistochemistry (IHC)
with anti-BrdU antibody. HPV-DNA was detected by
in situ hybridization (ISH) with DIG-labeled 18L1
probe (ISH). The expressions of p53 and pRb in the
raft culture were monitored by IHC with specific
antibodies (p53 & pRb).

doi: 10.1111/j.1349-7006.2009.01411.x
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Discussion

A novel HPV replicon. We constructed a new replicon of HPV
by integrating several improvements for the stable maintenance
of the replicon in the cells, which made it easy to collect
cells harboring HPV-DNA. The major points are summarized
below.
• The HPV replicon has a configuration of plasmid DNA, not of

genomic DNA. In previous reports, the genomic-type of DNA
was used as a replicon. To obtain the genomic-structure of
DNA, full-length HPV-DNA was excised from a plasmid and
circularized by self-ligation.(13) This process is laborious and
it is difficult to control the quality of the DNA, which influ-
ences the transfection efficiency. The self-ligated DNA has a
non-supercoiled configuration, and such a form of DNA might
not be an appropriate substrate for gene expression and DNA
replication. We incorporated, therefore, the HPV-DNA into a
plasmid backbone, which made it easier to control the DNA
quality and the constancy of the transfection efficiency was
improved.

• In the conventional protocol for obtaining the HFKs harboring
HPV-DNA, HFKs were transfected with both the genomic-
type of DNA and a plasmid expressing a drug-resistance gene,
such as pSV2neo.(13) After a short period of drug selection,
the cells were then expanded without drug selection. The
HPV replicon used in this report contained a selection marker,
an expression unit for a neomycin-resistance gene, which
made it possible to apply the drug-selection even in the expan-
sion process, ensuring that the obtained cells maintained HPV
replicons.
In addition to these points, it is unique that p18FLneo con-

tains the LCR at both sides of the genome (Fig. 1). Although we
designed it by taking into account the roles of the LCR as
5¢- and 3¢-regulatory elements, the artificial structure might have
unexpected effects on HPV replication. It is necessary, there-
fore, to compare carefully the replication potentials between the
genomic-type DNA and p18FLneo. We also need to determine
whether the 3¢-LCR unit is required for the maintenance or veg-
etative replication of HPV-DNA.

Recently Wang et al. reported a new system for analyzing
the HPV18 lifecycle.(19) They used a plasmid containing
HPV18 genome into which a neoR expression unit and loxP
sites were inserted. The plasmid was co-transfected into human
keratinocytes along with an expression plasmid for a Nuclear
Localization Signal (NLS)-tagged Cre recombinase, resulting
in efficient establishment of the cells maintaining almost
authentic HPV18 genomic DNA. The most important improve-
ment seemed that they used plasmid DNA instead of the self-
ligated genomic-type DNA that did not have a supercoiled
structure. The system described in this paper employed a
plasmid DNA, p18FLneo, as a replicon, suggesting it has the
similar advantage. The long-term selection under the G418
presence is able to be adapted in the system with p18FLneo,
but not in the system reported by Wang et al. Although their
system could produce very high titer of infectious virus, what
made this improvement was unexplained, as commented in a
review.(32) It will be necessary to perform side-by-side compar-
ison between the systems using p18FLneo and the plasmids
used by Wang et al.

Usefulness of the new system supporting efficient HPV
replication. The new HPV replicon could be maintained stably
in HFKs as shown in Figure 2. When applied in the raft culture,
the HFKs maintaining the replicon showed moderate hyperpla-
sia and the HPV-DNA was amplified at the differentiated layer
of epidermis (Fig. 3). The hyperplasia observed with the raft
culture was moderate as compared with that induced by high-
risk type E7 expression.(16) The immunoblot analysis of p53 and
pRb expressions in the HFKs indicated that the introduction of
Satsuka et al.
the HPV replicon suppressed moderately those expressions, sug-
gesting the E6 and E7 expression levels in the HFKs were main-
tained at low level. It is supposed that the expressions of E6 and
E7 are up-regulated in the course of malignant conversion of the
HPV-infected cells,(33) thus, the raft culture harboring the HPV
replicon seems to represent an early stage of the tumor induced
by the HPV infection.

Effects of cytokines in protection against virus infection. Living
organisms have protection systems for the viral infections. In
mammals, a variety of cytokines are produced by either infected
cells or periphery cells, which act in the elimination of the
infected cells.(34) The system using the new HPV replicon and
the raft culture could be used to examine the effect of cytokine
treatment on the early stage of HPV-infected lesions. We
selected three cytokines, IFNb, TNFa, and TGFb, because there
were several reports indicating the relation between these cyto-
kines and HPV infection.(24–30,35,36)

We first examined the effects of the cytokines on the mono-
layer culture of the HFKs harboring the HPV replicon, which
represented the status of the HPV-infected basal cells. Under
this condition, although IFNb treatment could suppress HPV-
DNA replication moderately, the treatments of other cytokines,
TGFb and TNFa, had almost no effect on both HPV-DNA repli-
cation and cell proliferation (Figs 4,5). HFKs harboring the
18FLneo under the monolayer culture condition showed little
signature of viral infection, and the cytokine treatments exam-
ined here might not display their effect on such cells. On the
contrary, it has been reported that these cytokines have suppres-
sive effects on the growth of HPV-positive cell lines.(24–27,35,36)

The cells used in those reports have malignant or transformed
phenotype, which might have cause observations different from
ours.

Next, the effects were examined using the raft culture
(Fig. 6). Under this condition, IFNb exhibited strong inhibitory
effects on dysplasia formation. It also suppressed the vegetative
replication of the virus in the suprabasal layer of epithelium.
TGFb also exhibited a significant inhibitory effect on both dys-
plasia formation and HPV-DNA amplification, but the effect
was not as drastic as that of IFNb. In contrast, it appeared that
TNFa treatment enhanced HPV replication and induced the
invasion of epithelial cells into the dermal layer.

IFNb has been administered to HPV-infected lesions
including condylomas and early stage cervical intraepithelial
neoplasia (23) By using this model, it was possible to confirm the
effectiveness of IFNb on the treatment of HPV-related lesions
under tissue culture condition, indicating that this system is a
useful platform for examination of the detailed action-mecha-
nisms of IFNb on HPV replication. Recently, it was reported
that p56, a product of ISG56, interacted with viral replication
factor E1 and inhibited its function.(37) It will be interesting to
examine the induction level of p56 by IFNb treatment in both
the monolayer and raft cultures.

It should be noted that the expressions of E6 and E7 are usu-
ally up-regulated in the advanced stages of cervical neoplasia,
and they were reported to interfere with the IFN-related pathway
by interacting with Tyk2,(38) IRF3,(39) IRF1,(40) or IRF9.(41)

Although this report described the significant anti-HPV effects
of IFNb, such effects might be diminished in association with
the progression of malignant status.

The observation that TNFa treatment enhanced HPV replica-
tion suggests that the inflammatory response accompanied by
TNFa production exerts effects opposite to the antiviral
response at the early stage of HPV-infected lesions. In searching
for new therapeutic approaches to HPV-related diseases, it
might be important to consider the induction of inflammation,
which has the potential to accelerate disease progression.

In this report, we developed a new experimental system that
could support the replication of HPV-DNA for a long period
Cancer Sci | February 2010 | vol. 101 | no. 2 | 541
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and the differentiation-dependent lifecycle of the virus. This sys-
tem will be adapted to screening for other anti-HPV compounds.
It also allows the manipulation of the genetic elements of both
host cells and virus; thus, the analysis of regulatory mechanisms
of the virus lifecycle and virus-induced tumorigenesis becomes
accessible.
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