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A B S T R A C T

Human papillomaviruses (HPV) cause cancer at a number of vulnerable epithelial sites, including the cervix, the anus and the oropharynx, with cervical cancer being
the most significant in terms of numbers. The cervix has a complex epithelial organisation, and comprises the stratified epithelium of the ectocervix, the columnar
epithelium of the endocervix, and the cervical transformation zone (TZ). Most cervical cancers arise at the TZ, which is a site where a stratified squamous epithelium
can develop via metaplasia from a simple columnar epithelium. It is thought that this process is mediated by the cervical reserve cell, a specialised type of stem cell
that is located at the TZ, which has been proposed as the target cell for HPV infection. Reserve cells may be derived from the basal cells of the ectocervix, or may
originate from the cuboidal cells found at the squamo columnar junction. It appears that HPV infection of these diverse cell types, including the columnar cells of the
endocervix, facilitates deregulated viral gene expression and the development of neoplasia, with different epithelial sites having different cancer risk. It is envisaged
that these concepts may explain the vulnerability of the oropharynx, and other TZ regions where HPV-associated cancers arise.

1. High-risk HPV infection and the risk of cancer

High-risk human papillomaviruses infect a diverse range of epithe-
lial sites, but cause cancer at these sites at different frequencies. Thus
while cervical cancer accounts for approximately 530,000 cases per
year worldwide, of which almost 100% are caused by the virus, HPV-
associated cancer of the vulva and vagina amount to around 20,000
cases per year, with HPV-associated penile cancer constituting only
13,000 cases [1]. So what then determines this wide difference in
susceptibility to cancer, given that the high-risk papillomaviruses are
sexually transmitted, and thus able to access a wide range of genital
epithelial sites? Whether a particular epithelial site presents a stratified
defensive epithelial barrier to infection is part of the explanation, as
HPV-associated cancers, and the precancerous lesions that precede
them, cannot develop in the absence of initial infection. However, to
explain this fully, we must also appreciate that the epithelial sites where
HPV-associated cancers occur most frequently, are not as a rule, the
multilayed differentiated epithelia sites that support productive infec-
tion. Instead, these are sites with an atypical epithelial organisation,
where viral gene expression can become deregulated [2,3], leading to
precancerous changes in cell phenotype [4], and over time, to the de-
velopment of invasive cancer. The transformation zone regions of the
cervix and the anus, and the reticulated epithelium of the palatine
tonsil, serve specific functions that are required by the host, and as a
consequence of this, are particularly vulnerable to HPV-associated
transformation. The origin of HPV-associated cancers therefore, is often
as much about the epithelial site, as it is about the range of high-risk
HPV types that infect it.

2. The cervical transformation zone and the ectocervix

Cervical cancer is classified on the basis of morphologic criteria, as
either squamous cell carcinoma, adenocarcinoma, or as one of a
number of less common cervical cancers, such as adenosquamous car-
cinoma [5,6]. Although these divisions are intended to reflect either
squamous or glandular disease origins, in reality the approach is im-
precise, and offers only limited insight into the natural history of neo-
plastic disease and the cellular lineages involved. Even so, it appears
that high-risk papillomaviruses can infect different epithelial cell types
in the cervix [7], and that the consequences of this can be very dif-
ferent.

The cervix consists of at least three distinct epithelial types, of
which the cervical transformation zone is the most important with re-
gard to cancer risk [8]. Most cervical cancers arise at this region, which
has for many years, been thought to be sustained by a specialised type
of stem cell known as the cervical reserve cell [9]. These cells are
variably present under the columnar epithelium that lies close to the
cervical squamo columnar junction (SCJ), and are involved in driving
the process of cervical metaplasia when this is required. Metaplasia is a
normal process, by which the columnar epithelium in this region can
change into a stratified differentiated epithelium. It occurs at puberty as
the endocervix becomes exposed to the acid environment of the vagina,
but also occur throughout a woman's life in response to local irritation.
For many years, pathologists have suspected that it is the HPV infection
of the cervical reserve cell, and the inherent deregulation of viral gene
expression that occurs in these cells, that underlies the development of
cervical neoplasia. By contrast, HPV infection of the basal epithelial
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layer that maintain the stratified ectocervix, is thought to result more
typically in the regulated HPV expression that facilitates productive
infection. Although this model is persuasive, our understanding of the
cell types that maintain normal epithelial homeostasis in the vicinity of
the SCJ is poorly developed. Interestingly, the reserve cell model has
recently received new impetus, with the suggestion that these cells, and
the basal cells of the ectocervix, may in fact have a common origin, with
their different behaviour being influenced by the stromal micro-
environment [10]. As the ectocervix and the transformation zone have
distinct origins during embryonic development, this hypothesis de-
serves attention [11]. However, it has also been suggested that cervical
metaplasia is driven not by the reserve cell, but by a group of cuboidal
cells located more immediately at the SCJ, with these cells giving rise to
a 'reserve cell-like' population beneath them, that is involved in the
metaplastic process [12]. Although we are unsure as to how this epi-
thelial site is regulated, it is clear that our conventional model of in-
fection leading primarily to productive infection, is unlikely to hold
true here.

3. Refining our model of the cellular origins of cervical cancer

The conventional model of cervical cancer progression that is often
shown in text books, pays little attention to the vulnerability of the
different epithelial sites where HPV-associated cancers occur. Our

refined model clearly indicates that cervical cancer should not be
considered as one disease, but is instead a heterogeneous group of
cancers, with at least three progression routes that depend on the
nature of the initially infected cell (Fig. 1). Persistent HPV infection,
and the deregulation of normal viral gene expression, are unifying risk
factors that affect all three infection sites. This line of thinking suggests
that high risk HPV infection of the ectocervix has a progression risk
similar to that of vaginal and/or penile infections, with slow progres-
sion over time from LSIL to HSIL, and then to cancer. Infection of the
columnar epithelium close to the SCJ, where metaplasia can occur, is
associated with a higher risk of cancer progression (Fig. 1). It is unclear
at present, whether infections at this site need always to progress from
LSIL, or even if such low grade lesions actually equate to productive
infections. Our recent observations suggest in fact, that non-productive
LSIL are amongst the variety of low-grade disease that can develop at
both the cervix and the anus [13,14], and that some of these disease
pathologies arise from reserve cell infection. Despite their importance
however, not all infections are confined to the ectocervix and trans-
formation zone, and it is becoming clear that high risk HPV types can
also infect the columnar cells of the endocervix proper [15], a site
which has no capacity to support productive LSIL (see Fig. 2).

Fig. 1. Diversity of HPV Infection Sites at the Cervix, and the Consequence of Infection. A) The cervix is comprised of the conventional stratified epithelium of the
ectocervix, the transformation zone, and the columnar epithelium of the endocervix, which lies adjacent to the endometrium. The reserve cells, which are shown in
turquoise, lie under the columnar epithelium of the transformation zone, and play a role in normal metaplasia, a process that leads to the formation of a new stratified
epithelium when required. This is shown between the original and current squamocolumnar junction (SCJ). B) The consequence of HPV infection differs depending
on the site of infection. Current thinking suggests that the ectocervix is a site where productive HPV infection and LSIL is supported, and that the other sites are
associated with different level of deregulated HPV gene expression. The typical molecular phenotypes observed at these sites can be revealed using biomarkers E4
(green), p16 (brown) and MCM/Ki67 (red). The higher grade phenotypes observed in the transformation zone and the endocervix are potential precursors of cervical
cancer (squamous cell carcinoma and adenocarcinoma), and develops more often at theses sites when compared to the ectocervix. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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4. Infection of the endocervix and the development of
adenocarcinoma

Unlike the ectocervix and the metaplastic epithelium of the trans-
formation zone, the endocervix comprises a single layer of mucin-se-
creting columnar cells organised into a network of crypts. Cancers
arising at such epithelial sites may still be classified as squamous cell
carcinoma, despite their cellular origin, as diagnosis depends largely on
the epithelial thickness within the neoplasia. The concept of HPV de-
regulation, and its dependence on the nature of the infected cell and its
local microenvironment, is perhaps easiest to appreciate at the en-
docervix. This is an epithelial site that lacks an ability to stratify and to
support the full productive papillomavirus life cycle, and from our re-
cent studies, appears to be a site where papillomavirus gene expression
is deregulated. A third route to cancer is thus relevant here, which does
not invoke the need for a LSIL precursor. Curiously, the range of HPV
types that cause adenocarcinoma, is a subset of a much wider group
that is responsible for cervical squamous cell carcinoma. Two members
of the Alpha 7 species (HPV18 & 45) cause around 45% of cases, with
HPV16, (an Alpha 9 species member), causing a similar number [16].
This restricted range of HPV types is apparent at other sites of non-
productive infection, including the oropharynx [17,18]. A final point to
make, is that adenocarcinomas themselves are a heterogeneous group,
and that HPVs are not the exclusive cause of cancer here [19]. In fact,
the data suggests that there may be both permissive and non-permissive

cell types within the columnar cells of the endocervix and en-
dometrium.

5. Extending the cervical cancer model to other epithelial sites

The general principles, outlined here for the cervix, can be applied
to other vulnerable epithelial sites where the proportion of cancers
attributable to high risk HPV infection is high. The crypts of the pala-
tine tonsil are one such example, where HSIL and cancer may develop
without the need for a productive LSIL precursor [20]. As seen with the
cervix, the particular characteristics of the tonsil, including its re-
ticulated, or open, epithelial structure, most likely contribute to its
vulnerability to infection. Subsequent to this, the 'porous' basal mem-
brane of the tonsillar crypt, which is necessary for flow of lymphocytes,
may inadvertently facilitate the movement of HPV infected epithelial
cells into the stroma and beyond.

6. Conclusions

In contrast to our understanding of HPV protein function, our
knowledge of the epithelial sites where high risk HPV types cause
cancer is very limited. It appears that the specialised epithelial cells that
constitute these sites, must control viral gene expression in different
ways, with the cellular microenvironment influencing this further. To
properly understand HPV-cancer associations, there is a need to

Fig. 2. Endocervical HPV Infection and its Consequences. A)(i) Histology shows the three cervical regions, with a region of neoplasia highlighted in the boxed area.
(ii) The high power image of this region reveals that the neoplasia has arisen in an area of columnar epithelium, and that the epithelium on the adjacent side of the os
is normal. B)(i) Immunofluorescence stain to show the cell cycle marker MCM in red, and p16, which is used as a surrogate marker of deregulated HPV gene
expression (transforming infections) in green. (ii) The extent of cell cycle activity is revealed by the MCM staining (red; marked with asterisk). The epithelium is
undifferentiated, with only very limited evidence of HPV genome amplification in the centre of a HPV infected crypt, which is shown in the inset. (For interpretation
of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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understand the molecular pathways that control epithelial homeostasis
at these sites, and the consequences of viral gene expression on this
control. Such studies have enormous potential, and are expected to
provide new opportunities for disease treatment and cure.
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