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We have compared the intracellular location of the HPV E6 and E7 proteins from high- and low-risk virus types. While
high-risk HPV E7 displays diffuse nuclear expression, low-risk E7 has a nuclear punctuate pattern of expression. Similarly,
while high-risk E6 is expressed throughout the cell, low-risk E6 is again predominantly nuclear with a punctuate pattern of
expression. Both low-risk viral oncoproteins show colocalization with PML, whereas high-risk viral proteins do not. Finally,
inhibition of the proteasome pathway results in a dramatic nuclear accumulation of high-risk E6 protein. These results
demonstrate fundamental differences in the localization of these viral oncoproteins within the cell and offer alternative
explanations for their respective differences in pathology. © 2002 Elsevier Science (USA)
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Introduction. Human papillomaviruses (HPVs) are intimately associated with the development of cervical cancer (26). Over 100 different HPV types have now been
identified, but only a small subset of these are associated with the development of human cancer (5). Based
on this, the HPV types are classified as either high or low
risk, depending on whether they are associated with
malignant or benign lesions, respectively (26). In cervical
cancer the predominant viral types found are HPV-16 and
HPV-18, whereas in benign lesions of the cervix HPV-6
and HPV-11 are most frequently found. High-risk HPVs
encode two oncoproteins, E6 and E7, both of which have
oncogenic activity in a variety of cell transformation assays (2, 11). Perhaps the most important of these activities is the ability to bring about the immortalization of
primary cervical keratinocytes (1), which requires the
presence of both E6 and E7. A causal role for these two
proteins in the development of cervical cancer is also
supported by the fact that both viral proteins continue to
be retained and expressed in the cervical tumors and
derived cell lines many years after the initial immortalization events (17). Indeed, numerous studies have now
been performed to show that continued expression of
these two viral proteins is essential for maintenance of
the transformed phenotype (3, 24).
Indications as to the mechanism of action of these two
viral proteins have come from many studies that have

investigated their interactions with cellular target proteins.
Thus, E7 interacts with a number of cell cycle regulatory
proteins, in particular, the pRb family of pocket proteins (7).
In the case of E6, the first cellular target identified was the
cellular tumor suppressor p53 (25). Over the past few years
many other cellular targets of E6 and E7 have been identified (see 13, 15, for reviews). Based on the complex pattern
of interactions, taken together with the biological activities
of these two viral proteins, a consensus scenario is emerging in which E7 contributes principally to the induction of
DNA synthesis and cell cycle progression, whereas E6
contributes to increased cell survival and progression to
malignancy (20).
A major aim of many of these studies has been to
attempt to define the underlying reasons that E6 and E7
from the high-risk virus types are transforming, whereas E6
and E7 from the low-risk virus types are not. Some of the
differences are clearly linked to their respective abilities to
interact with their cellular targets. However, there is very
little information on whether the high- and low-risk viral
oncoproteins actually localize to the same cellular compartments. Obviously, differences at such a basic level of function could profoundly influence their abilities to contribute to
cell transformation. Therefore we have performed a series
of studies to compare the cellular localization of the E6
protein of HPV-11 with that of HPV-18 and the E7 protein
from HPV-11 with that of HPV-16.
Results. Localization of the HPV-11 and HPV-16 E7
proteins. Previous studies had reported a predominantly
nuclear localization for the HPV-16 E7 protein (19), but
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there are no reports of the cellular localization of the
HPV-11 E7 protein. To investigate the comparative pattern of expression of the two E7 proteins, U2OS and
HaCaT cells were transfected with plasmids expressing
HA-tagged HPV-16 E7 and HA-tagged HPV-11 E7. After
24 h cells were fixed and stained with an anti-HA polyclonal antibody, and patterns of E7 expression were
assessed using confocal microscopy. The results obtained are shown in Fig. 1. In agreement with previous
studies, the HPV-16 E7 protein exhibits a largely nuclear
pattern of expression with nucleolar exclusion. Similarly,
HPV-11 E7 is also largely confined to the nucleus and,
most importantly, the pattern of expression of both proteins is similar regardless of the cell type. It is also clear,
however, that the low-risk E7 protein has regions of
concentration within the nucleus, with the presence of
clear dot-like structures. Very similar patterns of expression have been observed for proteins that localize the
PML oncogenic domains (PODs) (21). Therefore we proceeded to investigate whether the two E7 proteins were
indeed localizing to PODs. Cells were again transfected
with the HPV-11 and HPV-16 E7 expression plasmids and
after 24 h the cells were fixed and stained for E7. The
results obtained are shown in Fig. 2. Again HPV-11 E7
shows nuclear localization, with a distinct punctuate pattern of expression. It is also clear from the costaining
with anti-PML antibody that a significant proportion of
the HPV-11 E7 protein colocalizes with PODs (see bottom left-hand corner of the nucleus). In contrast, it is
clear that although the HPV-16 E7 protein is predominantly nuclear, it does not colocalize with PML. These
results demonstrate a significant difference in the precise patterns of expression of the HPV-11 and HPV-16 E7
proteins within the nucleus; HPV-11 E7 localizes to POD
structures, whereas the HPV-16 E7 protein does not.
Localization of the HPV-11 and HPV-18 E6 Proteins.
There are conflicting reports on the cellular location of
the high-risk HPV E6 proteins, with expression being
detected in different cellular locations (4, 12, 18). In contrast there have been no studies on the pattern of expression of the low-risk E6 proteins. Therefore we proceeded to compare the pattern of expression of HPV-11
E6 and HPV-18 E6. HaCaT and U2OS cells were transfected with plasmids containing HA-tagged versions of
the two proteins and cells were fixed and stained after
24 h. The results obtained are shown in Fig. 1 and show
a striking difference in the patterns of expression in both
cell types. As can be seen, HPV-11 E6 is largely confined
to the nucleus and, like HPV-11 E7, exhibits a marked
punctuate pattern of expression. In contrast, HPV-18 E6
is much more diffusely expressed throughout the cell,
and this is consistent with previous reports demonstrating its presence within a variety of different cellular
compartments (4, 12, 18).
Since we found that the HPV-11 E7 protein localized to
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POD structures and that HPV-11 E6 also displays a
somewhat similar punctuate pattern of expression, we
proceeded to investigate whether HPV-11 E6 was also
localizing to PODs. Cells were again transfected with
HA-tagged HPV-11 and HPV-18 E6 and after 24 h the
cells were fixed and stained with anti-HA and anti-PML
antibodies. The results obtained are shown in Fig. 2. As
can be seen, a significant proportion of HPV-11 E6 also
shows colocalization with PML (see left-hand side of the
nucleus), demonstrating that it also localizes to POD
structures. In contrast, in the case of HPV-18 E6 it is clear
that the protein does not colocalize with PODs. Therefore
these results demonstrate major differences in the precise patterns of cellular localization of the high- and
low-risk associated viral oncoproteins.
HPV-18 E6 Localization is an Actively Controlled Process. The HPV-18 E6 protein has been shown to be
intimately involved in a number of pathways linked to
proteasome-mediated degradation of its cellular substrate proteins (9, 16, 23). Therefore we decided to investigate whether the pattern of HPV-18 E6 expression
might be affected by proteasome inhibition. Cells were
transfected with HA-tagged HPV-11 and HPV-18 E6 proteins, and after 24 h, the cells were treated with the
specific proteasome inhibitor CBZ (MG132), for 90 min.
The cells were then fixed and stained with anti-HA antibody. The results obtained are shown in Fig. 3. In each
set DMSO was used as negative control showing no
differences with respect to untreated cells (data not
shown). It is clear that there is minimal change in either
the pattern or the intensity of HPV-11 E6 protein expression. The protein remains predominantly nuclear and
retains the clear punctuate pattern of expression confocal with PML and with the POD-associated protein
SUMO-1. However, in the case of HPV-18 E6, there is a
striking relocalization of the protein after proteasome
inhibition. Following treatment of the cells with MG132,
HPV-18 E6 is almost entirely relocated to the nucleus. In
addition, it is striking that the sites of nuclear accumulation of HPV-18 E6 following CBZ treatment are still
largely not confocal with either PML or SUMO-1. This
nuclear accumulation of HPV-18 E6 occurs very rapidly
and, as can be seen from the time-course in Fig. 4, can
be detected after 10 min of proteasome inhibition. By 90
min of proteasome inhibition the majority of the HPV-18
E6 protein is present within the nucleus. These results
demonstrate that the localization of HPV-18 E6 within the
cell is regulated by dynamic cellular processes, which,
when blocked by proteasome inhibition, result in nuclear
accumulation of the HPV-18 E6 protein.
Discussion. In this study we have compared the intracellular location of the HPV E6 and E7 oncoproteins from
the low- and the high-risk viral types and show fundamental differences in the precise cellular localization of
these viral proteins. The low-risk HPV-11 E6 and E7
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FIG. 1. HA-E7 and HA-E6 localization in transiently transfected U2OS and HaCaT cells. The cells are fixed in 3% PFA, permeabilized with Triton
X-100, and stained for HA-11E6, HA-18E6, HA-11E7, and HA-16E7 as indicated.
FIG. 2. HA-E7 and HA-E6 localization in transiently transfected U2OS cells. U2OS cells are fixed in 3% PFA, permeabilized with Triton X-100, and
double-stained for HA-11E7 and PML (A–C) and HA-16E7 and PML (D–F) or for HA-11E6 and PML (G–I) and HA-18E6 and PML (J–L).
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FIG. 3. HA-E6 localization in transiently transfected U2OS cells following 90 min of CBZ treatment. U2OS cells are fixed in 3% PFA, permeabilized with Triton X-100,
and double-stained for HA-11E6 and PML (A–C) and HA-18E6 and PML (D–F) or for HA-11E6 and SUMO-1 (G–I) and HA-18E6 and SUMO-1 (J–L).
FIG. 4. Time course of HA-18E6 nuclear relocalization. U2OS cells were transiently transfected with HA-18E6 and treated for an increasing amount
of time (10–90 min) with CBZ (C–F). Untreated cells and cells treated for 90 min with DMSO are also shown as controls (A, B).
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proteins have a tendency to accumulate in dot-like structures within the nucleus and we have demonstrated that
these correspond to PODs. In contrast, the high-risk
HPV-16 E7 protein, while also localizing predominantly to
the nucleus, does not accumulate in PODs. Most interestingly, however, the high-risk HPV-18 E6 protein has a
very different pattern of cellular localization, being found
throughout the cell. These studies therefore provide alternative explanations for the profound differences in the
pathology of the two virus types.
An important caveat to these studies is the issue of
epitope tagging and functionality of the proteins. Although it has not been possible to address this for the
low-risk HPV proteins, we know that the epitope-tagged
HPV-18 E6 retains the ability to degrade MAGI-1 (10) and
p53 (data not shown) in vivo, demonstrating that the tag
does not adversely affect E6 function and localization.
We have also attempted to address the issue of potential
artifacts from overexpression first by ensuring that,
where comparisons were made, equivalent levels of expression were observed, and second by performing the
comparisons between different cells exhibiting high and
low levels of fluorescence. In all cases there are consistent differences in the pattern of expression of the highand low-risk viral oncoproteins. It will now be interesting
to extend this analysis to other HPV types, but preliminary studies with HPV-16 E6 show an identical pattern of
expression to that obtained with HPV-18 E6 (data not
shown).
The finding that the low-risk E6 and E7 proteins both
accumulate in POD structures but that the high-risk proteins do not is intriguing. The precise role of these
cellular structures is still unclear, but numerous studies
have shown that targeting viral proteins to these domains is an important step in viral replication (8, 14). In
addition, previous studies have found that sites of DNA
replication of the low-risk HPV types are also concentrated close to PODs (22). This suggests that the low-risk
virus types may have evolved an efficient mechanism to
make use of cellular POD structures, whether it be for
viral packaging or for utilizing the numerous cellular
proteins which accumulate there. In contrast, the highrisk HPV proteins do not appear to accumulate anywhere
near as efficiently within these POD structures. Therefore this difference in the pattern of cellular localization
may provide a partial explanation as to why the high-risk
virus replication cycle is somewhat delayed in comparison with that of the low-risk viruses (6).
The most striking difference however, lies in the completely different patterns of localization seen with the
low- and high-risk E6 proteins. HPV-11 E6 is mainly
nuclear, while the HPV-18 E6 protein is distributed in
many compartments of the cell, with a degree of membrane localization. This latter point is particularly important, since numerous studies have shown that the highrisk E6 proteins can target several cellular proteins

which have a membrane localization (4, 9, 23) and this
has been something of a contentious issue for some
time. It would also appear that the function of the highrisk E6 proteins has evolved quite differently from that of
the low-risk proteins. Thus, high-risk E6 proteins are
distributed throughout the cell, thereby allowing interactions to take place with a more diverse group of cellular
proteins. It therefore seems likely that this is a fundamental reason that the high-risk E6 proteins induce many
more phenotypic changes within the cell compared with
their low-risk counterparts.
Finally, it is also clear that the localization of HPV-18 E6
within the cell is a highly controlled process. Inhibition of
the proteasome degradation pathway results in a dramatic relocalization of the HPV-18 E6 protein to the nucleus, which occurs over a very short time, being clearly
visible within 10 min after addition of inhibitor. This suggests that it may represent active nuclear import of
already expressed E6, rather than a failure of nuclear
export. Studies are now in progress to determine the
mechanism behind this nuclear accumulation of HPV-18
E6.
Materials and Methods. Cells and transfections. U2OS
and HaCaT cells were grown in DMEM plus 10% heatinactivated fetal calf serum. Transfections were done
either by calcium phosphate precipitation or by Superfect (Qiagen). For the proteasome inhibition experiments
cells were grown for different amounts of time in the
presence of 50 M carbobenzoxy-L-leucyl-L-leucyl-Lleucinal (CBZ/MG132) diluted in DMSO (Sigma) or DMSO
alone as a negative control.
Plasmids. HA-tagged HPV-11 and HPV-18 E6 expression vectors were kindly provided by Ron Javier. HAtagged HPV-16 E7 and HPV-11 E7 were cloned by PCR
amplification and the products were verified by DNA
sequencing.
Immunofluorescence. Twenty-four hours after transfection cells were fixed in 3% paraformaldehyde in PBS
for 20 min at room temperature, washed once with 0.1 M
glycine, permeabilized with 0.1% Triton X-100 in PBS, and
then incubated with the primary antibody diluted 1:200
for 1 h. PML was detected with a mouse monoclonal
antibody (Santa Cruz Biotechnology, Inc.). HA-tagged
proteins were detected either with a polyclonal rabbit
antibody (Santa Cruz Biotechnology, Inc.) in the cases of
single staining and double staining with PML or with a
mouse monoclonal antibody (Sigma) when doublestained with SUMO-1. SUMO-1 was detected using a
polyclonal rabbit antibody (Santa Cruz Biotechnology,
Inc.). The cells were then incubated with a 1:800 dilution
of fluorescein-conjugated goat anti-rabbit antibody (Molecular Probes) and rhodamine red-conjugated goat antimouse antibody (Molecular Probes) for 20 min.
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Confocal Microscopy. Slides were analyzed using a
Zeiss LSM 510 confocal microscope with two lasers
giving excitation lines at 543 and 488 nm. The data were
collected at 1024 ⫻ 1024 pixel resolution. The microscope was a Zeiss Axiovert 100M with a 100⫻ objective
oil-immersion lens. Scanning conditions were kept constant in each experiment and ensured that the signal
overlap between channels was essentially eliminated.
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