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A B S T R A C T

Background: Human papillomavirus (HPV)-related anal cancer lesions are often found adjacent to the
squamocolumnar junction (SCJ). We have assessed the histopathology and associated HPV genotypes in anal
SCJ lesions in surgically excised anal warts in HIV-negative and –positive patients.
Methods: Histopathology identified 47 squamous intraepithelial lesions (SILs) adjacent to the SCJ amongst a
total of 145 cases of clinically diagnosed anal condylomata. The anal SCJ lesions were further analyzed with p16,
CK7 and p63 immunohistochemistry and HPV genotyping.
Results: Sixteen (16/47) of the excised anal wart lesions contained HSIL; Three were HSIL and exclusively
associated with oncogenic HPVs. A further thirteen (13/47) were mixed lesions. Of these eight were HSILs with
LSIL and six were HSILs with papillary immature metaplasia (PIM); Ten of the mixed lesions were associated
with one or more oncogenic HPVs, while three cases were exclusively associated with HPV6.
Conclusions: Clinically diagnosed anal warts cannot be assumed to be limited to low-grade lesions as anal warts
of the SCJ often show heterogeneous lesions, with coexistence of LSIL, PIM, and HSIL. Lesions showing PIM,
however, may mimic HSIL, because they are hypercellular, but lack the nuclear atypia and conspicuous mitotic
activity of HSIL; and are p16 negative.

1. Introduction

Anal cancer is a relatively rare disease in the general population,
with an incidence of 1–3% of all tumors of the digestive system [1,2].
Anal canal squamous intraepithelial lesions (SILs) caused by certain
human papillomaviruses (HPVs) play a fundamental role in anal
carcinogenesis [3–6]. Moreover, anal carcinoma and related precursor
lesions have been increasing in incidence in the last five decades by 2%
per year, for both men and women [2,3]. In agreement with the
proposed infectious etiology [7], anal cancer is especially common
among men who have sex with men (MSM), as well as in patients
infected by human immunodeficiency virus (HIV). HIV-positive MSM
show the highest risk of anal cancer [3,7,8]. Women with cervical and
vulvar cancer, and patients receiving immunosuppressive treatment
have also been demonstrated to have an increased risk of anal cancer
compared with the general population [3].

A two-faceted classification system for HPV-driven anogenital
lesions has been previously established: i) low-grade squamous in-
traepithelial lesions (LSILs) such as condylomata and not considered
cancer precursor lesions; and ii) high-grade squamous intraepithelial
lesions (HSILs) and considered cancer precursor lesions [9,10].
Interestingly, however, it has been shown that anogenital LSILs may
carry foci of HSIL [11–13]. The juxtaposition of multiple histopatho-
logical patterns is interpreted as the confluence of adjacent indepen-
dent lesions associated with independent HPV infections [13]. Such a
view, follows the logic of the possible clonal origin of warts introduced
by Murray and colleagues [14] and recently revisited as “one-virus,
one-lesion” [15]. This pattern of mixed histopathology in the same
lesion, often concurrent with the detection of multiple HPVs, is
especially common in immunocompromised patients [13,16]. Such
complex lesions among anal LSILs, containing a HSIL component,
pose a complex diagnostic problem [17,18].
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The microanatomy of anal mucosa includes transitional epithelia of
the squamocolumnar junction (SCJ), but in contrast to the uterus
cervix, with a unique population of stratified columnar cells covering
the single layered basal cells [18]. These two different cell types in the
anal transitional zone are not homogeneously susceptible to HPV-
driven carcinogenesis [18]. Indeed, previous findings suggest that an
abrasion of the columnar cells within the anal transition zone is
required to expose the basal cells for persistent HPV-infection and
further carcinogenic transformation [19].

The aim of this study was to histologically classify anal warts of the
SCJ among HIV-negative and –positive patients in accordance with the
LAST classification [9,10] and standard terminology [20] and to
associate the repertoire of HPV genotypes present within each SIL
type classification.

2. Materials and methods

2.1. Sample biopsies

This study was approved (09/24/2010) by the Human Research
Ethics Committee of Royal Perth Hospital (EC 2010/093) and the
IDIBELL - Bellvitge Biomedical Research Institute/ Catalan Institute of
Oncology as part of a retrospective review of HPV infections in
anogenital lesions. This study was done in accordance with the
Declaration of Helsinki, and written informed consent was obtained
from each patient prior to surgical treatment. A total of 145 formalin-
fixed paraffin embedded (FFPE) surgical anal canal lesion cases were
analyzed from non-HPV-vaccinated patients with known HIV status,
attending the Sexual Health Clinic at Royal Perth Hospital, Perth,
Australia, between 1995 and 2011 (Fig. 1). Biopsy cases were collected
from patients clinically identified with anal warts and who thus
required surgical excisional treatment to remove the warts. All patients
consented to surgery. Each FFPE sample was processed for histology
and for viral DNA analysis, using a sandwich sectioning technique as
previously reported [21].

2.2. Histopathology diagnosis and case selection

One-hundred and forty five biopsies of the anal canal were reviewed
by two pathologists (OC and VMM) using hematoxylin-eosin stained
sections. Forty-seven cases showing diagnostic features of SIL, and
involving the anal SCJ were selected for further histopathological
classification. The histological features of the anal SCJ were identified
using hematoxylin-eosin stained sections. To estimate the cellular
origin of the HPV-related anal SILs we used CK7 immunostaining to
identify CK7-positive SILs presumed to have arisen from SCJ columnar
cells or related progeny [18,22]. However, a note of caution is needed
as CK7 is not entirely a specific marker to evaluated the explicit SCJ
origin of the HPV-related anal or cervical lesions [18,22]. Alternatively,
cytokeratin 17 (CK17) and p63 have been suggested to be useful for
anal lesion immunohistopathology but these biomarkers are mainly
useful in cases of invasive anal squamous cell carcinomas and with
limited use in cases of anal SILs [23,24].

2.3. Histological classification in accordance with LAST

Criteria for LSIL [10,25]: LSILs were lesions with proliferative
squamous cells having abnormal nuclear features, including increased
nuclear size, irregular nuclear membranes, and increased nuclear to
cytoplasmic ratio. Lesions with little cytoplasmic maturation in the
lower third of the epithelium, and maturation observed in the middle
third and upper third of the epithelium. The presence of cytopathic
effect of HPV (i.e. koilocytosis) could also be observed, including
multinucleation, nuclear enlargement, and pleomorphism, accompa-
nied by perinuclear halos.

In addition, cases classified as LSIL, but showing areas of Papillary
Immature Metaplasia (PIM or "immature condyloma"), a distinct
pathological subtype of LSIL, were identified [26–30]. PIM is not
specifically addressed in the LAST classification, however, its recogni-
tion is important because it is a distinct subset of exophytic LSIL,
typically p16-negative, but with a potential to mimic HSIL, which is
recognized by the LAST [10,28]. PIM lesions showed papillae with thin
fibrovascular cores, lined by immature squamous cells, with only low
levels of mitosis in basal cells, and typically showing CK7 positive
columnar cells on the surface [26–30]. To further assess the mixed
population of columnar and basal squamous cells often found in PIM
lesions we performed p63 immunostaining, in addition with CK7, for
selected cases.

Criteria for HSIL [10,25]: Lesions with proliferative squamous cells
with abnormal nuclear features, including increased nuclear size,
irregular nuclear membranes, and increased nuclear to cytoplasmic
ratios accompanied by mitotic figures. Lesions with little or no
cytoplasmic maturation in the middle third and superficial third of
the epithelium. In HSILs mitotic figures were not confined to the lower
third of the epithelium, but were also found in the middle and/or
superficial third of the epithelium. The presence of HSIL was further
assessed with p16-positive IHC [31].

2.4. Immunohistochemistry

Immunohistochemical staining for CK7 and p16 biomarkers were
performed on 3 µm sections of FFPE specimens using primary rabbit
or mouse anti-human monoclonal antibody C clone SP52 for CK7
(Ventana Inc, US) and clone E6H4 for p16 (Ventana Inc, US) at a
dilution of 0.5 mg/mL or 1.0 mg/mL, respectively. Additional immu-
nohistochemical staining for p63 biomarker was perfomed using
mouse anti-human monoclonal antibody clone 4A4 (Ventana Inc,
US) at a dilution of 0.140 ng/mL. The staining was performed on a
Ventana Bechmark LT automated immunostainer (Ventana Medical
Systems Inc., Tucson, AZ) in accordance with standard protocols.
Overexpression for p16 was considered positive when immunostaining
was basal and ascending with strong nuclear and cytoplasmic positivity
(Fig. 2B). When the staining was absent, patchy or discontinuous it was
considered p16 negative (Fig. 2B). Expression of CK7 in multiple
contiguous cells was classified as positive while diffuse or patchy
staining was considered negative. Only nuclear staining for p63 was
considered positive (Fig. 2C).

2.5. HPV Genotyping

Total DNA was obtained from the FFPE samples as described [32]
using proteinase K incubation and inactivation. Sample DNA quality
and the presence of HPV DNA in the biopsies was further determined
using two different detection methods, SPF10-DEiA-LiPA25 and HSL-
PCR/Luminex systems as well as broad-papillomavirus PCR sequen-
cing as previously reported [22]. In this study we referred to HPVs as
oncogenic high-risk HPVs as classified by the International Agency for
Research on Cancer into carcinogenic or probably or possibly carcino-
genic agents, while HPVs commonly observed in anogenital infections
but not yet considered carcinogenic were referred to as non-oncogenic

Fig. 1. Schematic diagram of the 47 FFPE anal squamous intraepithelial lesion (SIL)
cases of the squamocolumnar junction (SCJ).
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low-risk HPVs [33].

2.6. Data analysis

Data analysis using STATA (StataCorp, US) was performed on the
total of 47 anal SIL cases of the anal SCJ shown in Fig. 1. For
association analysis between histopathological categories and HPV
genotypes, a Fisher´s exact test with a significance level at 0.05 for
p-value was used. Prevalence ratios of the histopathological categories
and HPV genotypes between HIV-positive and –negative patients were
estimated using the Poisson regression model with robust variance.

3. Results

To characterize the histopathology and associated HPV infections in
anal SCJ lesions clinically diagnosed as genital warts we investigated
145 anal SIL cases previously reported [21] and shown in Fig. 1. From
the total of 47 clinically diagnosed anal warts, involving the anal canal
SCJ, 16 were diagnosed as HSIL and 31 as LSIL (Table 1).

Thirteen HSIL lesions combined features of LSIL (Figs. 1 and 2, see
also Supplementary Figs. 1 and 2), and five of these showed also PIM
(Fig. 3, see also Supplementary Figs. 3 and 4). PIM lesions adopted a
characteristic papillary growth pattern, while HSILs were flat (Fig. 3,
see also Supplementary Figs. 3–5). At least one high-risk HPV type was
identified in 13 HSILs, but three cases of mixed HSIL and LSIL were
exclusively associated with HPV6 (Table 1, Fig. 2, see also

Supplementary Fig. 3). Immunostaining of p16 was positive in the
corresponding areas of HSIL in 15 cases (Figs. 2B and 3B, see also
Supplementary Figs. 1–5), and negative in one case associated with
HPV52 and HPV91 (Fig. 4, see also Table 1). All 31 cases with LSIL,
including 12 with PIM (Fig. 5, see also Supplementary Figs. 6–10),
were p16 negative. Of 31 biopsies classified as LSIL or LSIL with PIM,
29 were associated with non-oncogenic HPVs, and two cases with at
least one oncogenic HPV (Table 1). CK7 showed positive immunos-
taining of columnar cells in all anal SCJ lesions likely arisen from SCJ
columnar cells or related progeny (Figs. 4D and 5D, see also
Supplementary Figs. 1,3,6–10). In addition, p63 biomarker showed
wide nuclear immunostaining of anal SCJ SILs (Figs. 2C, 3C and 4E,
see also Supplementary Figs. 2,4,5,8–10). Due to the demonstrated
changes in host immune response and the higher risk of HPV related
disease in HIV-infected patients [6] we further analyzed the data,
stratifying by HIV-status. A significant difference (P=0.011) between
HIV-negative and –positive patients was observed for the prevalence
values of different SIL categories, associated either with at least one
oncogenic or only with non-oncogenic HPVs (Table 2).

Anal SCJ LSILs with PIM and linked with non-oncogenic HPV
infection were more prevalent, although not significantly, in HIV-
negative (34.6%) compared with HIV-positive (4.8%) patients. In
contrast, anal SCJ LSILs with PIM and oncogenic HPV infection were
only seen in HIV-positive patients. Mixed anal SCJ HSIL with LSIL
cases associated with at least one oncogenic HPV were seen 2.3 times
more frequently in HIV –positives compared with HIV-negative cases

Fig. 2. SIL of the anal SCJ showing coexistence of LSIL and HSIL in a HIV-positive patient: A) Hematoxylin-eosin staining. LSIL is exophytic, while HSIL is limited to a flat area; B)
Strong and diffuse local p16 immunostaining in the HSIL component but only patchy staining in the LSIL component of the lesion; C) Nuclear p63 immunostaining. HPV genotyping
was positive for HPV6. Original magnification x4.

Table 1
Histopathology of the 47 anal squamous intraepithelial lesions (SILs) of the squamocolumnar junction.

LAST TYPE N % p16+ HPV genotypes

n high-risk HPV n low-risk HPV

HSIL 34% (16/
47)

HSIL 3 6.4 2/3 3/3 HPV16 (x2), HPV52-91 – –

HSIL+LSIL 8 17.0 8/8 76.9% (10/
13)

HPV18-58, HPV18-34-39–56, HPV31-45,
HPV51, HPV56, HPV6-51

23.1% (3/13) HPV6 (x2)

HSIL+LSIL
+PIM

5 10.6 5/5 HPV16, HPV6-16, HPV6-18, HPV11-52 HPV6

LSIL 66% (31/
47)

LSIL+PIM 12 25.5 0/12 16.7% (2/12) HPV6-18-40–43, HPV52 83.3% (10/
12)

HPV6 (x3), HPV6-43, HPV6-11, HPV11 (x5)

LSIL 19 40.4 0/7* – – 19/19 HPV6 (x9), HPV11 (x5), HPV6-11, HPV6-
44, HPV6-7, HPV6-74, HPV43

LAST, Lower Anogenital Squamous Terminology classification; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion. TYPE, lesion type
classified at microscopic level as HSIL or LSIL; HSIL+LSIL, LSIL with foci of HSIL; HSIL+LSIL+PIM, mixed HSIL and LSIL including focal papillary immature metaplasia (PIM); LSIL
+PIM, LSIL including focal PIM.
N, Number of cases; %, percentage of the lesion types; p16+, Number of positive p16 immunostaining cases in each category; HPV, Human Papillomavirus. In case of several samples
within the same LAST category showed exactly the same HPV types the number of cases is indicated in the parenthesis (e.g. HPV6 (2x)). * Only seven cases were further tested with
p16 immunostaining.
high-risk HPV, at least one oncogenic HPV type (i.e. HPV16, 18, 31, 34, 39, 45, 51, 52, 53, 56, 58) observed in the biopsy.
low-risk HPV, only non-oncogenic HPV types (i.e. HPV6, 11, 7, 40, 43, 44, 74, 91) observed in the biopsy.
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[95%CI: 1.10 – 4.50]. No trend with HIV co-infection was observed for
the prevalence of HSIL with LSIL mixed lesions associated exclusively
with non-oncogenic HPVs.

4. Discussion

The causal role of oncogenic HPVs in anal carcinogenesis, [6]
particularly within SCJ, [34] is regarded analogous to the development
of cervical cancer. [35] Persistent infection of oncogenic HPV in basal
cells of the SCJ induces the local development of SIL and typically
further carcinogenesis [36]. However, a recent study reveals significant
anatomical differences between cervical and anorectal SCJ associated
with HPV-related cancer risk [18]. In contrast to the single-layered
columnar cells covering the basal cells of the cervical SCJ, the anal SCJ
is lined by a multilayer of columnar cells. This difference between the
SCJs of anus and cervix have been proposed as potentially explaining
the 17-fold higher incidence of HPV-induced cervical cancers com-
pared with anal cancers worldwide [18]. However, regarding the HPV-

driven anal lesions, it is important to recall the correlation between the
type of SIL and the HPV type detected [9,10]. Clinically diagnosed
condylomata, the most common subtype of LSILs, are mostly induced
by non-oncogenic HPV types (mainly HPV6 or HPV11), and these
lesions are not considered significant precursors of anal cancer not
withstanding rare reports [10]. Conversely, HSILs (as well as many
LSILs) are induced by oncogenic HPV types. These lesions are
considered precursors of anal squamous cell carcinomas [6,9]. Earlier
studies, however, have shown that anal condyloma, considered a subset
of LSIL, [3] may also harbour foci of HSIL or even invasive carcinoma
[16]. Moreover, low-grade anal lesions can be caused by high-risk
HPVs and vice versa [21,37].

In this study, we found that 34.0% (16/47) of the clinically
diagnosed anal warts of the SCJ were HSILs by histopathology, and
76.9% (13/16) of these HSILs were combined with LSIL. This is in line
with previous studies of cervical and vulvar intraepithelial lesions
showing that an extensive exophytic growth of low-grade lesions may
obscure an adjacent/mixed high-grade lesion [11–13]. Moreover, we

Fig. 3. SIL of the anal SCJ showing coexistence of PIM, LSIL and HSIL in a HIV-positive patient: A) Hematoxylin-eosin staining; B) Strong and diffuse local p16 immunostaining
limited to HSIL component of the lesion; C) Strong nuclear p63 immunostaining. HPV genotyping was positive for HPV6 and HPV16. Original magnification x4.

Fig. 4. HSIL of the anal SCJ showing increased cellularity, and loss of surface maturation: A) Hematoxylin-eosin staining with 10 x original magnification; B) Higher magnification
showing increased nuclear-cytoplasmic ratio and abnormal mitosis. Hematoxylin-eosin staining with 40 x original magnification; C) Negative p16 immunostaining, 20 x original
magnification; D) Positive CK7 immunostaining, 40 x original magnification; E) Nuclear p63 immunostaining, 40 x original magnification. HPV genotyping was positive for HPV52 and
HPV91.
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found that five of these cases containing both LSIL and HSIL contained
also focal PIM. The association is of interest for two reasons. First, PIM
has been previously reported to be a unique subset of exophytic LSIL,
also been termed "immature condyloma", but with a potential to mimic

HSIL [26–30]. In addition, PIM has been reported in association with
HSIL. Second, PIM in the cervix is assumed to arise via infection of
immature metaplastic epithelium with low-risk HPVs [27,30]. Similar
lesions can also be found near the urethra, manifesting with a
transitional phenotype that may prompt the diagnosis of "transitional
papilloma". Their frequent finding in the anus is of interest in as much
as their presence there could signify infection of the immature
squamous cells near the anal SCJ.

Taking into account the unique nature of the anal transformation
zone and the fact that many of these patients are immunosuppressed, it
is not unexpected that biopsies of anal warts of the SCJ are frequently
heterogeneous, combining features of LSIL, including PIM, and HSIL
in 27.6% (13/47) of the cases in this study. This heterogeneity was
confirmed through p16 immunohistochemistry (IHC), showing over-
expression limited to HSIL, and areas of LSIL and PIM being p16-
negative (see Fig. 3). However, a note of caution is needed in the use of
adjunct p16 IHC as according to LAST [11] 10–20% of less developed
HSILs can be p16 negative. Indeed, in our study we observed one HSIL
with p16 negative IHC (Fig. 4), but as recommended by LAST [10],
histopathology diagnosis was not downgraded. In addition, lesions with
PIM, often hypercellular and showing a mixed population of columnar
and basal squamous cells, previously described in cervix and anus,
[27–30,38] are of special interest in the study of anal warts due to their
potential mimicry of HSIL. This in turn might further lead to failure in
diagnosing clinically more important high-grade lesions, or overclassi-
fying HSIL by failure to recognize PIM.

In this study, we identified a good concordance between the
histological diagnosis of anal HSIL and the detection of oncogenic
HPV types. All HSIL biopsies and 76.9% (10/13) of the mixed HSIL
with LSIL cases were associated with oncogenic HPV infection.
However, in three cases the diagnosis of focal HSIL, also with p16
positivity, was exclusively associated with HPV6. This is an interesting
observation as some studies suggest that p16 expression with HPV6

Fig. 5. SIL of the anal SCJ showing LSIL, and contiguous area of PIM: A) SIL of the anal SCJ showing LSIL, and contiguous area of PIM. Original magnification x4; B) The area of PIM is
densely cellular compared with LSIL. Original magnification x10; C) Negative p16 immunostaining, 20 x original magnification; D) PIM showing papillae with thin fibrovascular cores
lined by stratified epithelium with columnar cells on the surface. Significant nuclear atypia or mitotic activity was not observed. Original magnification x20; E) Columnar cells on the
surface of papillae were CK7 positive. Original magnification x20. HPV genotyping was positive for HPV6.

Table 2
Prevalence contribution of anal squamous intraepithelial lesions (SILs) of the
squamocolumnar junction and associated oncogenic/non-oncogenic HPV infections in
HIV-negative and –positive patients.

LSIL or
HSIL

SILs and associated
HPVs

N HIV-
(%)

N HIV
+(%)

PR 95% CI

LSIL LSIL and LR HPVs 12 (46.2) 7 (33.3) Ref. –

LSIL+PIM and LR
HPVs

9 (34.6) 1 (4.8) 0.3 0.04–1.95

LSIL+PIM and HR
HPV

– 2 (9.5) 2.7 1.50–4.92

HSIL
+LSIL

HSIL+LSIL and LR
HPVs

1 (3.9)* 2 (9.5) 1.8 0.66–4.94

HSIL+LSIL and HR
HPV

1 (3.9) 5 (23.8) 2.3 1.1–4.5

HSIL+LSIL+PIM
and HR HPV

2 (7.7) 2 (9.5) 1.4 0.43–4.31

HSIL HSIL and HR HPV 1 (3.9) 2 (9.5) 1.8 0.66–4.94
Fisher exact test p-value 0.011
Wald test p-value < 0.002

Prevalence ratio (PR) and 95% confidence interval (CI) for robust Poisson multivariate
regression model. One multinomial variable with seven categories were used to evaluate
the associations between lesion type, oncogenic HPVs and HIV-status of the patient.
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intrae-
pithelial lesion; LSIL+PIM, LSIL with focal PIM; HSIL+LSIL+PIM, mixed HSIL and
LSIL with a focal PIM. LR HPVs, only non-oncogenic low-risk HPVs; HR HPVs, at least
one oncogenic high-risk HPV observed in the case. HIV-, HIV-negative; HIV+, HIV-
positive. LSILs with only low-risk HPVs was used as reference group (Ref) in the
multinomial variable. Oncogenic high-risk HPV types observed in this study are
presented in Table 1. *This sample also presented focal PIM.
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may not always occur [39]. In accord, it has been demonstrated that
non-oncogenic HPV6 or HPV11 infections can also be exclusively
associated with anogenital HSIL and squamous carcinoma [40–42].
These results may indicate a role of HPV6 associated with malignant
transformations of the anal SCJ. Finally, our cases showing LSIL and
PIM (N=12), without HSIL, were associated with non-oncogenic HPV6
or HPV11, although, oncogenic HPV types were detected in two cases.
These evidence, however, needs to be treated with caution as no further
analysis were performed to identify the transcriptionally active HPV
type within a particular anal lesion component.

Although the use of p16 immunostaining to predict HSIL is limited
in the cervix by the multiplicity of high risk HPV types found with low-
grade morphologies, p16 staining was particularly helpful in sorting
out lesions combining both low and high risk HPVs in the anal SCJ,
especially in the case of PIM (Fig. 3, see also Supplementary Figs. 3 and
4). Additional biomarkers CK7 and p63 were also helpful in identifying
the mixed population of columnar and basal squamous cells respec-
tively often found in PIM lesions (see Supplementary Fig. 10).
However, these biomarkers were only of additional use for the
histopathological distinction between HSIL and PIM.

Simultaneous infection with several oncogenic and/or non-onco-
genic HPVs is commonly observed in lower genital tract SILs,
especially among HIV-positive patients [6,13,16]. In agreement, we
observed that more than half of the anal SCJ mixed LSIL with HSIL
histology lesions showed the presence of at least two different HPV
infections, mainly in HIV-infected patients. These result may further
suggest that focal HSIL mixed with LSIL and/or PIM might be
independent lesions caused by independent HPV infections, in accor-
dance with the clonal etiology of HPV-induced lesions [14,15].
Nevertheless, we are aware that our study is limited regarding the
distinction between transcriptionally active HPVs and HPVs only
present at the DNA level in cases associated with multiple HPVs
infections. Moreover, with the current data, we can not specify for
certainty if a particular HPV DNA is present only in a specific lesion
component (i.e. HSIL/LSIL/PIM) in multiple HPV-infected mixed-
lesion cases. Future work using a larger data set and also with RNA-
level viral detection combined with laser capture microdissection
would allow to detect the precise presence of transcriptionally active
HPVs in different anal lesions of the SCJ, and thus, more accurately
evaluate their connection with anal cancer development.

In summary excised anal lesions of the SCJ often were hetero-
geneous; with coexistence of LSIL, including PIM, and HSIL. The
recognition of PIM, considered an immature variant of exophytic
condyloma, was particularly important given its frequent association
with low risk HPVs on one hand and its potential for being confused
with or coexisting with HSILs. Our results also showed that mixed anal
HSIL with LSIL lesions of the SCJ were at least twice more common in
HIV-infected than in HIV-negative patients. The presence of low-risk
HPV6 alone in cases of HSIL is of uncertain significance. However, rare
anogenital HSILs and squamous carcinomas have been reported with
HPV6 infection alone and such uncommon associations may bear
further study (Huang E, Howitt B, Crum, CP, personal communica-
tion). Taken together that the SCJ is particularly susceptible to HPV
infections in the cervix [36] and to a some extent in the anus [19]
further indicates that this transitional epithelia retains a unique role in
the development of SIL and cancer risk in connection to anal HPV
infections. In biopsies of SIL in or around the anal SCJ, histology, p16
IHC, and HPV genotyping are helpful in assigning a precise classifica-
tion and grade, particularly given the frequency of multiple infections
and phenotypes seen in immunosuppressed individuals. These results
indicate that a clinical diagnosis of anal warts in patients requiring
surgical excision treatment cannot be assumed to be limited to low-
grade lesions, and microscopic examination of anal wart tissue is
encouraged, especially among anal cancer high-risk groups, with
appropriate immunostains when the histologic picture is ambiguous.
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