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Abstract: Low-risk human papillomaviruses (LR-HPVs) have
been associated occasionally with clinically and pathologically
unusual anogenital malignancies. The relation between clinicopathologic features and any pathogenetic role of LR-HPV remains
unclear. From a global study of 13,328 anogenital carcinomas,
we identiﬁed 57 cases in which whole-tissue polymerase

chain reaction using SPF10-LiPA25 showed single LR-HPV infection. In 43/46 (93.5%) available carcinomas, multiple polymerase chain reaction assays conﬁrmed single detection of
HPV6, 11, 42, 44, or 70 DNA. In 75% (n = 32) of these,
LR-HPV DNA was conﬁrmed in tumor cells by laser capture
microdissection. In 2 cases, including 1 adenocarcinoma, viral
DNA was only found outside the tumor. All anogenital tumors
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and #Instituto de Patologı́a e Investigación, Universidad Nacional de Asunción, Paraguay.
RIS HPV TT/HPV VVAPO study group is in supplementary data.
Author contributions: N.G., B.L., J.L., L.A., and W.Q. participated in the study design, data collection and analysis, interpretation of the results, and
writing the report. N.M., S.d.S., F.X.B. participated in the study design, data collection, interpretation of the results, and writing the report.
M.v.d.S., M.A., A.C., D.J., IG.B., and A.M. participated in the analysis, interpretation of the results, and writing the report. G.H-S. was involved
in data collection and interpretation of the results. All authors provided approval of the ﬁnal draft of the report.
Conﬂicts of Interest and Source of Funding: Partly supported by Spanish public grants from the Instituto de Salud Carlos III (grant numbers FIS
PI030240, FIS PI061246, RCESP C03/09, RTICESP C03/10, RTIC RD06/0020/0095, RD12/0036/0056, and CIBERESP), Agència de Gestió
d’Ajuts Universitaris i de Recerca (AGAUR 2005SGR 00695 and 2009SGR126), Marató de TV3 Foundation (051530), Fundación Lilly, Stichting
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with conﬁrmed HPV6/11 showed a distinctive range of
papillary, warty or warty-basaloid, squamous, or transitional
histology with patchy or negative p16INK4a expression. HPV6associated cervical tumors occurred at a low median age.
HPV42/70 was associated with typical squamous cell carcinoma
showing diﬀuse p16INK4a staining like high-risk HPV–related
malignancies. HPV44 was found in malignant cells in 1 case.
Viral taxonomy and theoretical analysis show that HPV6/11
belong to a different genus from HPV42/70 with E6/E7 gene
products that would not bind pRb or p53, whereas HPV42/70
could bind pRb. Our data support the causal involvement of
LR-HPVs in the carcinogenesis of <2% of anogenital malignancies of 2 distinct clinicopathologic patterns related to the
genetic structure of the HPV types 6/11 and 70/42. HPV42/70
was associated with typical squamous carcinomas. Importantly
all carcinomas associated with HPV6/11 globally showed
verruco-papillary, well-differentiated, squamous, or transitional
histology without p16INK4a expression.
Key Words: Low-risk human papillomaviruses, HPV70, anogenital carcinomas, papillary squamous cell carcinoma, laser
capture microdissection
(Am J Surg Pathol 2013;00:000–000)

T

he occasional ﬁnding of low-risk human papillomavirus (LR-HPV) DNA in whole-tissue sections of
cervical, vaginal, vulvar, anal, and penile carcinomas
showing a range of histologic patterns and natural histories raises questions about their causal role and any
relation between HPV genotype, oncogenic mechanism,
and clinicopathologic features of the malignancy. Deﬁning this role and the frequency and strength of this
association is important for accurate clinical and pathologic diagnosis and deciding appropriate treatment. It is
also important for deciding the value of prevention
strategies such as vaccination against HPV6/11. Study
of routine paraﬃn-embedded tissue from a wide range
of sources is the only way to approach such uncommon
clinical problems. Sensitive polymerase chain reaction
(PCR) methods have been developed to address the issue
of quality of the preserved DNA. However, the use
of whole sections of routine paraﬃn-embedded tissue
introduces other problems; particularly many tissue
sections contain either other additional lesions (eg, intraepithelial neoplasia) or normal epithelium that may
contain HPV. Often HPV types may be found in these
areas that are not present in the neoplasia under investigation.1 Our objectives were to conﬁrm speciﬁcally
DNA of a single LR-HPV genotype in anogenital cancer
cells by laser capture microdissection (LCM) and multiple
HPV PCR assays and investigate the relationship between
diﬀerent LR-HPV types, clinicopathologic patterns of
malignancy, and the roles of oncogenic HPV E7 open
reading frames.
Assessment of carcinogenicity of HPVs is based on
case-control studies, phylogeny, and viral transforming
mechanisms.2 HPV genotypes from the Alpha genus are
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classiﬁed as “high risk” or “low risk” according to relative
prevalence in cervical cancer compared with healthy individuals.3 As HPV carcinogenicity is highly concordant
with phylogeny, HPV genotypes from Alpha-9 (eg,
HPV16), Alpha-7 (eg, HPV18), Alpha-5 (eg, HPV51),
Alpha-6 (eg, HPV56), and Alpha-11 (eg, HPV73) species
are considered as high-risk (HR) HPVs. Other HPV
genotypes from Alpha-10 (HPV6, 11, and 44), Alpha-8
(eg, HPV40), Alpha-1 (eg, HPV42), Alpha-13 (eg,
HPV54), and Alpha-3 (eg, HPV61) species are considered
as LR-HPVs.4 HPV70 has been considered of LR-HPV,3
because it is relatively infrequent in malignancy, although
it belongs to the Alpha-7 species that includes well-recognized HR-HPV types.5 The International Agency for
Research on Cancer has classiﬁed carcinogenic or
HR-HPVs into groups 1/2A/2B and LR-HPVs 6 and 11
as group 3 depending on the presence and strength of
evidence for carcinogenicity. Some infrequent LR-HPVs
were not included: HPV40, 42, and 44 are phylogenetically similar to HPV6 in group 3, whereas HPV70 was
considered as “possibly carcinogenic” (group 2B).2
Our study compared anogenital carcinomas associated with HPV70 with those of the Alpha-10 species
(HPV6, 11, 44), Alpha-8 (HPV40), and Alpha-1 species
(HPV42). We selected cases from a global study of 13,328
anogenital cancers in which only LR-HPV DNA had
been found on whole-tissue section PCR, conﬁrmed absence of other HPV by multiple PCR testing, and then
unambiguously linked the presence of a speciﬁc HPV to a
cancer using the LCM-PCR technique developed to associate speciﬁc precancerous lesions with a single HPV
type in multiple cervical HPV infections.1 This excluded
the problem with whole-tissue section PCR in which
adjacent lesions or normal epithelium containing HPV
can generate false associations with cancer.6,7
We examined similarities in sequences of the E7
protein between the LR-HPVs and those of HR-HPVs
and related them to p16INK4A expression as a marker for
transforming HR-HPV E7 gene expression.8,9 We show
that oncogenic mechanisms of HPV42 and 70 may be
similar to HR-HPV and are associated with a typical
squamous cell carcinoma (SCC). HPV6 and HPV11 do
not induce p16INK4a expression and are associated with
papillary squamous transitional cell, warty or wartybasaloid anogenital malignancies.10–12 This information
contributes to understanding the link between HPV
phylogeny, carcinogenetic role, and clinicopathologic
characteristics of the associated cancers.

MATERIALS AND METHODS
Sample Selection
Formalin-ﬁxed paraﬃn-embedded (FFPE) specimens of invasive anogenital carcinoma were selected from
an international series of 13,328 cases13,14 in the Institut
Català d’Oncologia (ICO). Sample selection and testing
are shown in Figure 1. Forty-six cases harboring single
infections with LR-HPV (6, 11, 40, 42, 44, and 70) in
whole-tissue sections by the SPF10-LiPA25 system using
r
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Anogenital carcinomas
n=13.328

HPV Positive
n=10.055(75.2%)

LR-HPV associated
carcinomas
n=225(2.2%)
HR-HPV present in
multiple infection
n=167 (74.2%)
Single LR-HPV associated
carcinomas
n=57 (25.2%)
No material available
n=11
LR-HPV studied
n=46

LR-HPV confirmed on
whole tissue sections
n=43 (93.47%)

LR-HPV confirmed in
tumor cells by LCM-PCR
n=32 (74.4%)

HPV6 confirmed
in tumor cells
n=17 (80.9%)

HPV11 confirmed in
tumor cells
n=2 (80.9%)

HPV42 confirmed in
tumor cells
n=4 (100%)

HPV44 confirmed in
tumor cells
n=1 (25%)

HPV70 confirmed in
tumor cells
n=8 (80%)

FIGURE 1. Sample selection and HPV genotyping results on whole-tissue sections and tumor cells sampled by LCM.

sandwich PCR technique were available (Fig. 1).13,15,16
Local and ICO ethics committees approved the protocols.
An international steering committee oversaw the study
progress.

Biopsy Preparation
Additional sectioning was performed (Fig. 2) on 40
cases with available FFPE blocks for immunohistochemistry and LCM-PCR within a “sandwich” conﬁrming cancer by hematoxylin and eosin (H&E) histology and
of a single LR-HPV by whole-tissue section PCR using
r
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multiple assays. Tissue sections of 4 mm thickness were
used for H&E, p16INK4a, and backup slides. All tubes for
PCR analysis contained 3 tissue sections of 8 mm thickness each. On 6 cases the FFPE block was not available,
and H&E-1, PCR-backup, PCR-1, and H&E-2 sections
(Fig. 2) were used.

DNA Isolation and HPV DNA Detection
on Whole-tissue Sections
DNA was isolated from whole-tissue sections
by incubation with 250 mL of proteinase K solution
www.ajsp.com |
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FIGURE 2. The sandwich cutting algorithm used in LR-HPVs in anogenital carcinomas

(1 mg/mL) for 16 hours at 561C, followed by heat inactivation at 951C for 10 minutes. HPV detection and
genotyping assays (Table 1) based on the HPV L1 region
were performed. These were the SPF10-LiPA25 system, SPF10-additional strip, PCR-sequencing, and the
HSL-PCR-MPG system for cutaneous HPVs. The SPF10LiPA25 system (SPF10 HPV LiPA, version1; manufac-

tured by Labo Bio-Medical Products, Rijswijk, the
Netherlands) was repeated to conﬁrm the presence of
HPV6, 11, 40, 42, 44, and 70 and to exclude the presence
of the other 20 HPVs included in the LiPA25 (16, 18, 31,
33, 34, 35, 39, 43, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73,
and 74) as previously described.15,16 All SPF10-PCR amplimers were also genotyped by the SPF10-additional strip

TABLE 1. HPV Genotypes From the Different Genera of the Papillomaviridae Family Detected by
Different Genotyping assays and Sequencing
L1 Assays

Genus
Alphapapillomavirus

Betapapillomavirus
Gammapapillomavirus
Mupapillomavirus
Nupapillomavirus

Species
1
2
3
4
5
6
7
8
9
10
11
13
14
15
1
1
2
3
4
5
1
2
1

HPVs That Can Be
Detected by
Sequencing

HPVs That
Can Be
Genotyped

32

42
3, 10, 28, 29, 77, 94
61, 62, 83, 84, 87, 89
2, 27, 57
26, 51, 69, 82
30, 53, 56, 66
18, 39, 45, 59, 68*,70, 85
7, 40, 43, 91
16, 31, 33, 35, 52, 58, 67
6, 11, 44, 74
34, 73*
54
90
71

72, 81

13

5, 8, 14, 20, 75, 76
4, 65, 95
48
50
60
88
1
63
41

*HPV68 and HPV73 cannot be diﬀerentiated.
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to exclude the presence of 17 additional HPVs [26, 30, 44
subtype (55), 61, 62, 34 subtype (64), 67, 69, 71, 82, 83, 84,
85, 87, 89, 90, and 91]. As this additional strip is
a new reverse hybridization version (data not shown),
only for research purposes, all PCR products were also
analyzed by sequencing. Direct DNA sequencing was
performed on SPF10 amplimers as described previously.13,17 In addition, a new PCR was used to sequence
a fragment of 140 bp from L1 open reading frames17
to conﬁrm the single identity of detected HPVs. Sequencing was performed by the BigDye Terminator v1.1
Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA) using the ABI3100 Avant Genetic Analyzer
(Applied Biosystems). The HSL-PCR-MPG assay was
used to exclude 23 cutaneous wart-associated HPVs
from the Alpha, Beta, Gamma, Mu, and Nu PV genera
(1, 2, 3, 4, 7, 10, 27, 28, 29, 40, 41, 43, 48, 50, 57, 60, 63,
65, 77, 88, 91, 94, and 95)18 (Labo Bio-Medical Products,
Rijswijk, the Netherlands). In each run a positive control
and a negative control were included to monitor the
procedure. In HPV-negative cases a human endogenous
gene served as a positive ampliﬁcation control by using
real-time PCR (data not shown).

Histopathologic Evaluation and p16INK4a
Staining
A histologic consensus diagnosis was made by at
least 4 diﬀerent pathologists according to the World
Health Organization (WHO) classiﬁcations of anogenital
cancers.19–21 When possible a standardized histologic
terminology was applied across diﬀerent anatomic sites.
The categories used were typical moderately/poorly
diﬀerentiated SCC, adenocarcinoma (ADC), adenosquamous. Speciﬁc types of squamous cancer were: Warty
carcinoma (WC), basaloid carcinoma (BC), papillary
squamous transitional cell carcinoma (PSTCC), verrucous carcinoma (VC), and papillary squamous carcinoma
(PSC) (only for penile lesions).
p16INK4a staining was performed on one 4-mm-thick
FFPE section using heat-induced epitope retrieval with
citrate buﬀer and a primary mouse monoclonal antibody
anti-p16INK4a clone JC8 (Lab Vision Corporation, Neomarkers, Fremont, CA). Visualization was by the Dako
EnVision FLEX+kit (Dako, Carpinteria, CA). P16INK4a
results were expressed as pattern/percentage of positive
tumor cells: 0, no staining; 1, focal (1% to 25%); 2,
patchy (26% to 50%); 3, diﬀuse (> 50%).

Laser Capture Microdissection
For LCM (Fig. 2), all slides were scanned with the
ScanScope XT digital scanner (Aperio Technologies Inc.,
Vista, CA). A pathologist marked 2 areas of invasive
cancer of 50,000 to 100,000 mm2. These regions were
catapulted into an AdhesiveCap500 opaque tube (Zeiss)
using the Zeiss P.A.L.M. system (P.A.L.M. Microlaser
Technologies). If these samples were HPV negative on
PCR analysis, additional areas of invasive cancer were
tested. When all areas of invasive cancer were still HPV
negative, normal epithelium, preneoplastic lesions, and
r
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debris were sampled. Before each section was sampled
LCM was performed on a negative control block of
human placenta to control for cross-contamination.

DNA Isolation and HPV Detection on LCM
Samples
LCM specimens were treated with 100 mL of proteinase K solution (1 mg/mL) for 16 hours at 561C, followed by heat inactivation at 951C for 10 minutes. HPV
DNA was tested with the SPF10-LiPA25 system. All HPVnegative samples were investigated by repeat testing with
that system, the SPF10-additional strip, and direct SPF10
amplimer sequencing as described above. Positive and
negative controls were used. Additional testing of HPVnegative samples by a human endogenous gene real-time
PCR served as a positive ampliﬁcation control.

HPV E7 pRB-binding Site Alignment
Phylogenetic relationships among HPVs here considered were taken from a recently published well-supported PV phylogeny.22 Sequences of the E7 pRB-binding
site from the relevant HPVs were projected onto this reconstruction. Published data on the capability of E6 to
degrade p5323,24 and the presence in E6 of PDZ protein–
binding motif25,26 [reference sequences from GenBank
(http://www.ncbi.nlm.nih.gov/genbank/)] of the corresponding viruses were compared as well.

Statistical Analysis
For cases in which HPV was conﬁrmed in tumor
cells, the median, minimum, and maximum ages are
presented. Comparisons between median ages of cancers
for HPV6 cases and other LR-HPVs were performed
using the Mann-Whitney U test.

RESULTS
Of 46 anogenital carcinomas with single LR-HPV
infections, 21 (46%) were cervical, 1 (2%) vaginal, 5
(11%) vulval, 4 (9%) anal, and 15 (33%) penile. The cases
were from 19 regions, diagnosed between 1958 and 2007:
6 from Asia, 15 from Europe, and 25 from South
America. There were 22 cases with HPV6, 5 with HPV11,
1 with HPV40, 4 with HPV42, 4 with HPV44, and 10 with
HPV70. In 43 cases (95%) the presence of a single LRHPV infection was conﬁrmed by additional whole-tissue
section PCR, but in 3 penile cancers HPV DNA was not
conﬁrmed (Fig. 1; Supplemental Digital Content 1, Table,
http://links.lww.com/PAS/A169).
LCM-PCR conﬁrmed LR-HPV in tumor cells in 32/
43 cases (75%) (Fig. 1; Table 2), whereas in 2 (5%) HPV
was found only in adjacent debris or precancer (Figs. 3B,
C). In 9 cases (20%) HPV DNA was not found by LCMPCR. In 3 of these, no human endogenous gene DNA was
detected, and 6 cases (14%) were negative for HPV DNA
but not human DNA.
HPV6 was recovered by LCM-PCR in cancer cells
in 81% (17/21) of cases positive by whole-tissue section
PCR for that type, HPV11 in 50% (2/4), HPV42 in 100%
(4/4), HPV44 in 25% (1/4), and HPV70 in 80% (8/10)
www.ajsp.com |
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TABLE 2. Pathology Diagnosis and HPV Genotype Found in Anogenital Cancers Cells by LCM-PCR
n

HPV6

HPV11

HPV42

HPV44

HPV70

HPV
Negative in
Tumor Cells

6
—
6
—
—
1
1
1
1
—
3
3
—
6
—
5
—
1
17

1
—
1
—
—
—
—
—
—
—
—
—
—
1
1
—
—
—
2

3
3
—
—
—
—
—
—
—
—
1
—
1
—
—
—
—
—
4

—
—
—
—
—
—
—
1
—
1
—
—
—
—
—
—
—
—
1

7
6
—
—
1
—
—
—
—
—
—
—
—
1
1
—
—
—
8

4
3*
—
1w
—
—
—
3
3z
—
—
—
—
4
2y
—
28
—
11z

Cervix
SCC
PSTCC
ADC
ASC
Vagina
PSTCC
Vulva
SCC
WC-BC
Anal
VC
BC
Penile
SCC
WC
PSC
WC-BC
Total n

HPV
Positive in
Tumor Cells

Total

17
9
7
—
1
1
1
2
1
1
4
3
1
8
2
5
0
1
32

21
12
7
1
1
1
1
5
4
1
4
3
1
12
4
5
2
1
43

*n = 1 and n = 2 previously related to HPV44 and HPV70, respectively.
wPreviously related to HPV6.
zn = 1 and n = 2 previously related to HPV6 and HPV44, respectively.
y n = 1 and n = 1 previously related to HPV6 and HPV11, respectively.
8n = 1 and n = 1 previously related to HPV6 and HPV11, respectively.
zIn 2 cases HPV was found outside the tumor cells.
ADC indicates adenocarcinoma; ASC, adenosquamous; PSC, papillary squamous carcinoma; PSTCC, papillary squamous transitional cell carcinoma; SCC, squamous cell carcinoma; VC, verrucous carcinoma; WC-BC, Warty-Basaloid carcinoma; WC, Warty carcinoma; —, 0.

of cases (Fig. 1). All samples that tested negative using
the SPF10-LiPA25 system remained HPV negative after
additional HPV testing and sequencing (Supplemental
Digital Content 1, Table, http://links.lww.com/PAS/A169).
The median age at diagnosis was 40 years (range:
31 to 50 y) for HPV6-conﬁrmed cervical cases, 75 years
(72 to 78 y) for HPV42 cervical cases, and 55 years (41 to
75 y) for HPV70 cervical cases. Median age was signiﬁcantly diﬀerent between HPV6 and other LR-HPV in
cervical cancer (40 vs. 56 y; P = 0.042). Other anogenital
cancers were too few for analysis. Ages are given in
Supplemental Digital Content 1, Table, (http://links.
lww.com/PAS/A169).
Speciﬁc HPV genotypes in tumor cells correlated
with histopathology (Table 2). HPV6 and 11 were found
in tumor cells from cervical carcinomas diagnosed as
PSTCC (Fig. 3A). HPV6 was also detected in malignant
cells from a PSTCC of the vagina and in 1 vulvar SCC
that showed a well-diﬀerentiated papillary pattern. In the
1 cervical ADC studied, HPV6 DNA was not in the tumor, but in cellular debris (Fig. 3B). HPV44 was detected
in cells of a WC-BC. In 1 vulvar SCC, HPV44 was not
present in the carcinoma but was detected in a low-grade
vulvar intraepithelial lesion (VIN1) (Fig. 3C). HPV42 and
70 were detected in typical SCC and HPV70 in 1 adenosquamous carcinoma. All 4 anal carcinomas studied
were HPV6-positive VCs or HPV42-positive BCs. In 12
penile carcinomas analyzed by LCM, HPV6 was found in

6 | www.ajsp.com

5 WCs (Figs. 4D, E) and 1 WC-BC; in 2 of these tumors
there were areas consistent with giant or atypical condylomas. HPV11 and 70 were detected in 2 typical penile
SCCs. Other penile carcinomas (SCC and PSC) were
HPV negative. Overall, HPV70 and 42 were detected
usually in typical SCC, whereas HPV6 and 11 were found
almost always in cervical and vaginal papillary cancers
and warty penile cancers or anal verrucous cancers.
HPV44 was found only in malignant cells of 1 vulvar
carcinoma.
A relation between p16INK4a immunoreactivity and
the HPV type present in the lesion was identiﬁed. All
cases with no HPV in malignant cells by LCM were
p16INK4a negative. When HPV70 or 42 was found in
tumor cells of typical squamous cell or BC, p16INK4a was
positive diﬀusely (grade 3) (Fig. 4F2). In contrast, HPV6-,
11-, or 44-positive samples were either p16INK4a negative
(grade 0) or displayed a patchy pattern with immunoreactivity in less than half of the tumor cells (grade 1/2)
(Table 3, Figs. 3A2, C2, Figs. 4D2, E3). p16INK4a immunoreactivity was mainly nuclear and cytoplasmatic.
Phylogenetic analyses revealed that all HR-HPVs
and the related HPV70 showed a conserved aspartate
residue, a bulky negatively charged amino acid, preceding
the LXCXE pRB-binding motif. LR-HPVs from
Alpha-13 (HPV54) and Alpha-1 (HPV32 and HPV42)
species also contained an aspartate residue. In contrast,
LR-HPVs 6 and 11 from Alpha-10 species presented a
r
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A2

HPV6

A1

A1

HPV6

B2

B

HPV6
B2
B1

HPV negative
B1

C2

C

HPV44
HPV negative
C1

C1

FIGURE 3. H&E histologic images and p16INK4a expression pattern of cervical (A and B) and vulvar carcinomas (C). The black
frames indicate the tissue area shown in a larger magnification (A1, B1, B2, C1, and C3). LCM-selected areas in green are HPV
positive and in red are HPV negative. A, Cervical PSTCC HPV6 positive in tumor cells by LCM. A1 shows tumor infiltration, and A2
shows the p16INK4a-negative result (grade 0) from the same case. B, Cervical ADC HPV negative (red) in tumor cells by LCM-PCR.
B1 shows tumor glands HPV negative, and B2 shows debris, in which HPV6 (green) was found by LCM-PCR. C and C1, Vulvar SCC
HPV negative (red) by LCM, but HPV44 (green) was found on low-grade vulvar intraepithelial lesion (VIN1) as is shown on the
image. C2 show p16INK4a-negative and patchy expression pattern (grade 1). All Images have been captured by ScanScope XT
digital scanner (Aperio Technologies Inc.)
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D2

D1

HPV6

D1

E

E1

E3

HPV6
E1

E2

E2

F

F2
HPV42

F1

F1

FIGURE 4. H&E histologic images and p16INK4a expression pattern from 2 penile carcinomas (D and E) and 1 anal carcinoma (F).
The black frames indicate the tissue area shown in a larger magnification (D1, E1, E2, E4, and F1). LCM-selected areas in green are
HPV positive and in red are HPV negative. D, WC from the penis HPV6 positive (green) in tumor cells by LCM-PCR. D1 shows
tumor infiltration and D2 the p16INK4a slide from the same case with a negative expression result (grade 0). E, Penile WC HPV6
positive (green) in tumor cells. E1, Atypical epithelial cells. E2, Tumor infiltration. E3 show the p16INK4a patchy expression pattern
(grade 2) from this case. F and F1, BC from the anus HPV42 positive (green) in tumor cells by LCM-PCR. F2 shows a diffuse
p16INK4a expression pattern on 75% to 100% of tumor cells (grade 3). All Images have been captured by ScanScope XT digital
scanner (Aperio Technologies Inc.).
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TABLE 3. p16INK4a Overexpression and HPV Results in
Anogenital Cancers by LCM-PCR
p16

INK4a

Expression

HPV Genotype

0

1

2

3

Total

6
11
42
44
70
Negative

8
1
—
1
—
8

6
—
—
—
—
—

2
—
1
—
—
1*

—
—
2
—
6
1w

16
1
3
1
6
10

*HPV6 positive at intake in whole-tissue section.
wHPV70 positive at intake in whole-tissue section.

glycine in the corresponding position, a tiny, nonpolar
amino acid (Fig. 5).

DISCUSSION
HPV types 6, 11, 42, 44, and 70 were conﬁrmed as
single infections in whole-tissue specimens of 43 anogenital cancers by multiple PCR tests. In 75% of these cases
LCM-PCR conﬁrmed the presence of the same HPV type
in tumor cells (Table 2) providing evidence that the
continued presence of HPV of these types could contribute to causing a small number of cancers.
In 11 cases LCM-PCR did not show HPV in tumor
cells. In 3 of these the LCM-PCR samples did not contain
human DNA, so no deﬁnitive HPV result was obtained.
Six cases negative for HPV in tumor cells and with human
DNA detected were of histologic types, considered by
WHO as non-HPV related (SCC from vulva, SCC and
PSC from penis)19–21; LCM-PCR and p16INK4a results
agree with these conclusions. The association of cervical
ADC with HPV6 by whole-tissue section PCR is also
likely to be a false-positive result as HPV6 was found in
the debris only by LCM-PCR, and it is increasingly recognized that not all cervical ADCs are associated with
HPV.28 The 2 cervical SCCs with adequate human DNA
may be false-negative results.
The demonstration that LR-HPV genotypes 6/11
and 70/42 were generally associated with 2 distinctive
clinicopathologic groups of invasive anogenital carcinoma with diﬀerent p16INK4a expression patterns provides
new light on the relation between diﬀerent HPV types and
anogenital cancers. HPV6 and 11 were found in the
infrequent cervical and vaginal papillary carcinomas,
WCs of the penis, and VCs of the anus and were associated with patchy or negative expression of p16INK4a.
HPV42 and 70 were found mostly in typical SCCs and
were associated with diﬀuse p16INK4a overexpression.
Cervical and vaginal verruco-papillary squamous
and transitional cell carcinomas are uncommon tumors
with a variable, ill-deﬁned natural history. Local spread
and late recurrence have been described,10,11,29 making it
important to distinguish these from noninvasive, papillary immature metaplasia, squamous papillomas, and
condyloma acuminatum.30,31 Identifying stromal invasion
r
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may require a large biopsy.12,29 HPV16 has been detected
in such tumors.32,33 In unpublished data from the ICO
international global study, HR-HPV16, 18, and 45 were
associated with 4.2% of a subselection of cervical cases of
this type, a similar number to that associated with HPV6
and HPV11. Verruco-papillary tumors associated with
HPV16 may be more aggressive11 than those associated
with HPV6/11. The nomenclature of these tumors is very
complex and inconsistent between diﬀerent tumor sites
and investigators, in particular the use of terms such as
verrucous carcinoma. One study of tumors with a verrucous pattern from the head and neck, anogenital area,
and extragenital sites34 has found that there was an association between the presence of viral changes such as
koilocytosis and multinucleation and the presence of
HPV6 and 11. They classiﬁed lesions with keratinized
papillae and blunt stromal invaginations as VC and those
with viral changes as giant condyloma. Our study did not
conﬁrm such a clear connection between viral change and
the presence of HPV6/11. Several studies of aerodigestive
neoplasia have identiﬁed HPV6 and/or HPV11 in similar
papillary SCCs.35–37 In the anus HPV6 was isolated from
3 cases diagnosed as anal VCs.21 Such cases, usually
associated with HPV6 and HPV11, have also been
described as locally aggressive, giant condylomas.
HPV6-positive penile carcinomas have been described as
less aggressive but with metastatic potential.38,39 Tumors
may show mixed histology,40 and diagnosis of papillary
or verruciform tumors is often problematic.39 The 11
tumors in which HPV was not associated with the invasive malignancy in this study (roughly half of which
were also negative for human DNA) mainly corresponded
to carcinomas considered by WHO as non-HPV related
(SCC from vulva, SCC and PSC from penis).19–21
The cervical cases showed similar features in histology in relation to HPV type to those at other anogenital sites. The median age at diagnosis of HPV-positive
cervical cancer was 50.9 years in the whole international
study of cervical cancer.13 The earlier age of women
with HPV6-positive cervical tumors (median age 40 y)
compared with tumors associated with other LR-HPVs
presented in this study (median age 56 y) may reﬂect
speciﬁc host susceptibility to neoplastic transformation
by HPV6.
The nature of the E7 pRB-binding site could explain
the diﬀerences in the p16INK4a pattern. HPV42 and 70 E7
expression could function in carcinogenesis in a similar
way to that of HR-HPV. Both viruses contain a pRBbinding motif like that of HR-HPVs (Fig. 5). Neither
binding site motif nor p16INK4a expression support such a
mechanism for Alpha-10 species of HPV: HPV6, HPV11,
and HPV44.
The interaction of HPV E7 proteins with pRB has
been examined in other studies.41,42 The conserved Asp21
residue upstream of the LXCXE domain in HPV16 E7
has been identiﬁed as responsible for increased pRB afﬁnity and for increased transforming activity compared
with HPV6 E7, which shows a Gly residue at this position. Site-directed mutagenesis in HPV6 E7 reverting the
www.ajsp.com |
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High–Risk HPVs
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FIGURE 5. Phylogenetic relationships among a selection of PVs, on the basis of the concatenated E1-E2-L1 sequences.27 Distances
are not informative. Definition of “low risk” and “high risk” is according to Schiffman et al.4 Definitions of PV species are according
to Bernard et al.5 All members of the Alpha-1, Alpha-8, Alpha-10, and Alpha-13 species are shown. For the rest, the “type species”
is shown as a representative. An asterisk marks the species to which HPV70 belongs. The amino acid preceding the E7 pRB-binding
site, the capability of E6 to degrade p53,23,24 and the presence in E6 of PDZ protein–binding motif25,26 [reference sequences from
GenBank (http://www.ncbi.nlm.nih.gov/genbank/)] of the corresponding viruses is shown. An aspartate (Asp) residue before the
E7 pRB-binding site results in increased pRB-binding efficiency. The presence of X-T/S-X-L/V at E6 C-terminus results in binding
and degradation of PDZ proteins. ? indicates unknown; –, binding site not present; BM, binding site.

derived Gly residue toward Asp increased pRB-binding
aﬃnity and transformation capacity.43,44 Phylogenetic
relationships of this binding site motif are consistent with
our pathologic and p16INK4a data on variability within
so-called LR-HPVs. The role of distinct amino acids at
the HPV E7 binding site deserves further research as done
for p53 and PDZ domain–containing proteins with a
large repertoire of E6 proteins including HPV70.23
The life cycles of HPV6 and 11 are very diﬀerent
from that of established HR-HPVs.45 The sequence of the
E7 Rb-binding site motif, E6 functions (eg, degradation
of p53 and PDZ domain–containing proteins; Fig. 5),

10 | www.ajsp.com

and p16INK4a expression all suggest that HPV6, 11, or 44
could not predispose to their associated cancers through
mechanisms similar to HR-HPV types. Protein function
and patterns of gene expression in LR-HPV and HRHPV types are more complex than just the functions
of the E6 and E7 genes.45 The infrequency of HPV6/11associated carcinomas and limited experimental evidence
result in little clear information about the pathogenesis of
these tumors. Rearrangements of the upstream regulatory
region of HPV6/11 have been found in giant condylomas
and lung carcinoma46–48 but also in condylomata acuminate.49 These rearrangements may enhance expression
r

2013 Lippincott Williams & Wilkins

Am J Surg Pathol



Volume 00, Number 00, ’’ 2013

of the E6 and E7 genes, but there is no definite evidence
relating this to carcinogenesis.50 Integration of LR-HPVs
into cellular DNA may activate/suppress cellular oncogenes/tumor suppressor genes, driving cancer progression.
Integration has been found in an SCC of the lung associated
with recurrent respiratory papillomatosis and HPV1151
and in a tonsillar carcinoma associated with HPV6a.52,53
Increased susceptibility to infection with LR-HPVs is
seen in warts, hypogammaglobulinemia, infections, and
myelokathexis (WHIM) syndrome,54 and malignancy can
follow. Most anogenital carcinomas associated with
HPV6/11 are, however, isolated events without association with multiple HPV infections or a family history
suggesting that predisposition to infection may not be the
explanation. The quality of the fixed specimens and the
lack of clinical data limit any further investigation of
these hypotheses in the current cases.
The occasional association of HPV70 with typical
anogenital carcinoma, degradation of p53 and PDZ
domain–containing proteins after E6 binding,23 E7
binding site motif, and overexpression of p16INK4a support its reclassification by WHO as possibly carcinogenic.2 Published data indicate that the infrequent finding
of HPV70 in cancer is accompanied by relative infrequency in normal women and a higher prevalence in
low-grade and high-grade precancer than in cancer
(http://www.who.int/hpvcentre/en/).
HPV42 was found in typical SCC but its E6 does
not cause degradation of p53 and PDZ domain–
containing proteins,23 although overexpression of
p16INK4a and sequencing data suggest that HPV42 E7
may be involved in carcinogenesis. Interestingly, HPV42
but not HPV70 was seen in anal BC.
LR-HPV types are present in account for < 2% of
anogenital cancers as single infections and thus are likely
to have only a minor impact on the overall burden of
HPV-related cancers. Nonetheless, these HPVs occasionally appear to cause anogenital (including cervical)
cancers that present speciﬁc problems for gynecologic
oncologists and pathologists. This study does not provide
a mechanism by which HPV6/11 might induce malignant
transformation, but it is the ﬁrst to place these cancers in
an international epidemiological setting and extends the
case series previously reported. There are 2 major patterns
of anogenital cancer related to LR-HPV type: HPV6/11
are associated with verruco-papillary tumors at a young
mean age with little p16INK4a expression and diﬀerent
pRB binding by HPV E7; HPV70 and HPV42 are uncommon viruses but appear (especially HPV70) associated with SCC at an older age and with similar
mechanisms to HR-HPV. The use of p16INK4a immunohistochemistry and HPV typing with recognition of
the verruco-papillary histologic pattern provides the basis
for a simple clinically relevant classiﬁcation of anogenital
cancer related to LR-HPV types.
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