
Abstract. Human papillomavirus (HPV) infections of the genital
tract are sexually transmitted and prevalent worldwide. In this
study, the role of HPV in 72 patients with anal squamous cell
carcinoma was investigated. Patients and Methods: Polymerase
chain reaction (PCR) in combination with in situ hybridization
was used to identify HPV-DNA in the patients’ biopsies. The HPV
typing was conducted by pyrosequencing. Cell cycle and DNA
content were analysed by cytometry. Results: Ninety percent of the
carcinoma biopsies carried high-risk oncogenic HPV in their
malignant cells. Eighty-one percent of these demonstrated a single
infection with HPV16, 18 or 33 and 19% were double infected
with HPV16 and HPV18. Accumulations of viral genes were seen
at the necrotic area of the tumours. The HPV genome in the
tumour cell influenced significantly the host cell cycle progression,
but not DNA aberrations. Within these patients, HPV status in the
malignant cells was not found to be associated with patient
survival time. Conclusion: High-risk oncogenic HPV may play an
important role in the initiation of host cell proliferation in anal
squamous cell carcinoma. However, infection with HPV may not
have any direct influence itself on the clinical outcome of these
patients considering the treatments currently available.

Anal squamous cell carcinoma is a locally aggressive
neoplasm that tends to engage locoregional lymph nodes,
but its metastasis to distant tissues is uncommon (1). Within
Scandinavia, a high proportion of anal cancer cases have

been suggested to be related to human papillomavirus
(HPV) both by means of serology and detection of HPV-
DNA (2-4). In contrast, HPV infection was not found to be
associated with anal cancer in the Chinese population on
the basis of HPV-DNA detection (5). 

More than 120 HPV genotypes have been fully
characterized and broadly subdivided into low-risk non-
oncogenic and high-risk oncogenic groups (6). The
prototypes of the low-risk group are HPV 6 and HPV 11,
which cause warts or benign squamous epithelial tumours
(7). Within the high-risk oncogenic group, HPV16, HPV18
and HPV33 are associated with cervical malignancies (6, 8). 

It has been demonstrated that the viral oncogenes E6 and
E7 are required for the initiation and maintenance of the
malignant phenotype in HPV positive carcinomas (6, 9-11).
Viral oncoproteins coded by these genes are multifunctional
and interfere with cell cycle regulatory proteins (12, 13).
Replicate alteration by viral oncoproteins leads to malignant
transformation and conditions of gross genetic instability
such as DNA aneuploidy (14, 15). 

Most HPV infections in healthy individuals are transient
events (16). In addition, failure to detect HPV specific
antibodies in patients whose cervical lesions contained
HPV-DNA has been reported (17, 18). 

Our investigation focused on the prevalence of HPV-
DNA in anal squamous cell carcinoma biopsies, the
influence of HPV on host cell cycle progression and the
correlation with patient survival time were analysed. 

Patients and Methods

Patients. A population-based series of anal cancer patients between
1987-2000 (19) was used for this study. All of the patients’ records were
collected from the files of the South Stockholm General Hospital and
Ersta Hospital, Stockholm, Sweden. Ethical approval was obtained
from the ethical committee at Karolinska University Hospital.
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Pre-treatment tumour biopsies from 72 anal canal squamous cell
carcinoma patients were included in the study. The histological
categories of these biopsies were re-evaluated by an independent
pathologist. Of these patients, 56 patients were women (median
age 72 years) and 16 patients were men (median age 68 years). 

HPV-DNA detection and typing. Patient genomic DNA was
extracted from paraffin-embedded pre-treatment malignant
biopsies. To prevent experimental contamination, the microtome
was carefully cleaned after each sample and 10 sections of empty
paraffin block were cut between each sample. A nested polymerase
chain reaction (PCR) for detection of HPV was performed using
the consensus primers My09/My11 and Gp5+/Gp6+ (20-22).
Approximately 0.5 Ìg of extracted DNA was used as the template
over 30 PCR cycles. 

In order to determine the HPV genotype and type of infection
(i.e. single/double infection), pyrosequencing technology, in
combination with a multiple-sequencing-primer approach, was used
with these PCR products (23). This approach accommodated the
possibility of simultaneous detection of single or multiple HPV
types in a single sample.

Location of oncogenic HPV-DNA in anal cancer samples.
Localisation of high risk HPV in the biopsies was performed with
standard in situ hybridization after HPV-DNA analysis. A
commercial high risk HPV probe cocktail and reagent kit were
used on the Benchmark T Autostainer (Ventana Medical System
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Figure 1. HPV typing by pyrosequencing method. (A) The HPV16 plasmid sequence. (B) The HPV18-plasmid sequence. (C) and (D) The only HPV16 or
HPV18 sequence from one representative tumour biopsy, respectively. (E) and (F) The sequence of HPV16 and HPV18 in 2 representative tumour biopsies. 

Table I. HPV status in 72 anal squamous cell carcinoma biopsies.

HPV positivea HPV negativea

65 (90%) 7 (10%)

Single HPV sequence (81%)
HPV16 38 (58 %)
HPV18 13 (20%)
HPV33 2 (3%)

Double HPV sequences (19%)
HPV16+HPV18 12 (19%)

aNumber of biopsies and % from total tested biopsies.
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Figure 2. High risk HPV in situ hybridization (x20) with low number of positive nuclei (A) or high number of positive nuclei (B) in the tumour biopsies.
Observe frequency of positive nuclei towards necrotic centre of the tumour. 



Inc., Tucson, USA). This test produces positive signals when cells
contain at least 30 HPV genomes per cell. 

DNA aberration and cell cycle analysis. DNA aberration and cell cycle
stage were analysed as previously described (24). At least 40,000 cell
nuclei were analysed per histogram. Comparison of cell cycle phase
between HPV- positive and negative groups was performed using the
two-sample Wilcoxon rank-sum (Mann-Whitney) test. Significance
was defined at p<0.05 using a two-tailed test.

Patient survival time. The patients were treated in accordance with
prospective protocols described elsewhere (19). In brief,
radiotherapy alone was used for node-negative tumours with a
maximum diameter of 4 cm or less. Patients with more advanced
tumours received neoadjuvant or concomitant chemotherapy and
radiotherapy. Radical surgery was reserved for poor responders to
chemo/radiotherapy. Survival time of these 72 patients was
calculated from the date of diagnosis until death or time of last
follow-up. Comparison between HPV-positive and negative groups
was done by the log rank test. Survival time estimation was
performed using the method of Kaplan and Meier. 

Results 

HPV status and typing. With nested PCR analysis and
pyrosequencing, high-risk oncogenic HPV genomes could
be detected in 65 out of 72 (90%) biopsies (Table I). Sixty
(81%) biopsies harboured single and 12 (19%) biopsies

harboured double HPV-DNA. The single HPV types were
HPV16 (58%), HPV 18 (20%) and HPV 33 (3%). The
double HPV types were HPV 16 and HPV18 in all 12 (19%)
biopsies. Representative plasmid and biopsy HPV
sequences are shown in Figure 1.

Localisation of oncogenic HPV in the tumour biopsies.
Positive oncogenic viral genome signals were exclusively
detected in the nuclei of malignant cells with PCR-positive
HPV biopsies. The frequency of positive cells and signal
intensity were heterogeneous in each tumour biopsy. It is
important to note that accumulations of strongly positive
oncogenic HPV signal were detected in the necrotic area of
the tumours (Figure 2). 

DNA aberration and cell cycle distribution. Aneuploid DNA
content was observed in 9 out of 70 (13%) patients. Within
this group, one patient was HPV-negative and the
remainder were HPV-positive (Figure 3). Sixty-one (87%)
of the biopsies consisted of cells with only diploid DNA
content. When HPV-positive and HPV-negative biopsies
were compared, a statistically significant difference (p=0.04,
Mann-Whitney test) was detected in the proportion of cells
in the G2 phase of the cell cycle in the biopsies with diploid
DNA content (Figure 4). 
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Figure 3. Aneuploid DNA and diploid DNA histograms of one representative, HPV positive (A) and one representative HPV negative (B) anal cancer
biopsy. Arrow indicates the G0/G1 cells with aneuploid DNA. The histograms were generated by flow cytometry from paraffin embedded biopsies. 



Survival time of the anal cancer patients (Figure 5). Overall
survival time of the 72 patients was 63% at 5 years. No
statistically significant difference was detected between
HPV- positive and HPV-negative anal cancer patients
(p=0.18, log rank).

Discussion

The limitations of all prospective studies of HPV infection
and malignancy must be highlighted. In particular, while
PCR analysis is very sensitive, it does not distinguish

between HPV-DNA in malignant or normal adjacent cells.
The location of the HPV genomes can be detected with a
relatively low degree of sensitivity by in situ hybridization. 

Employing PCR analysis, HPV-DNA was found in 90%
of the samples. With in situ hybridization, the signal
intensity of viral DNA was heterogeneous and located only
in the nucleus of some malignant cells within the tumour
population. The accumulation of strongly positive cells in
the necrosis area suggests the possibility of viral replication
in vivo. This reproductive viral cycle in vivo may possibly
provoke the immune response as indicated by the specific
antibodies against HPV antigens in anal cancer patients (2,
3). The inability to detect HPV genomes in the bystander
malignant or normal cells may result from the low HPV
copy numbers and the low sensitivity of the in situ
hybridization method.

As in cervical cancer, a high proportion of HPV16-
carrying tumours were detected in our anal cancer patients.
Double infection with HPV 16 and HPV18 in some of these
biopsies suggested the possibility of more than one
malignant progenitor cell in the given anal cancer biopsy.
Alternatively, one malignant progenitor cell may harbour
more than one virus (25).

It has been shown that HPV oncoproteins inhibit the host
cell cycle control genes (6, 9, 10, 26). This could explain the
significantly increased proportion of cells in the G2 phase
of the cell cycle in HPV-positive anal cancer biopsies
compared to their HPV-negative counterparts. 

A high incidence of DNA aberrations was observed, yet
no statistically significant effect on survival time in the anal
cancer patients was reported (27). In our study, a low
prevalence of DNA aberrations was detected by flow
cytometry. The discrepancy in the number of DNA
aberrations could be explained by the different methods of
analysis. DAPI staining of at least 40,000 single nuclei for
each sample was included in the flow cytometry analysis in
the present study. Alternatively, error from the glare and
shading may have occurred in the earlier generation of non-
standardized microphotography analysis method used in the
previous investigation (28).

The evolution of HPV related cancer is a complex,
multistep process. In tonsil cancer, patients with oncogenic
HPV-positive tumours had a better prognosis than their
HPV-negative counterparts (29). In contrast, neither HPV
status nor DNA aneuploidy were related to the survival of
cervical cancer patients (30).

Although high-risk oncogenic HPV was detected in 90%
of the anal tumour biopsies, neither HPV status nor DNA
alteration were related to survival time in the present
study. There may be several explanations for this. One
important point could be the low statistical power of
detecting such a difference, if it indeed exists. This could
possibly be due to the fact that the curability of the disease
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Figure 4. Cell cycle distribution from diploid DNA of the anal cancer
biopsies.



is comparatively high. The low number of HPV-negative
cases in anal cancer patients could have influenced the
statistical outcome. Such a combination may result in a low
number of disease-related events. Patient age may also
have influenced the clinical outcome, since the median age
of our patient population was rather high. As a
consequence, a fairly high number of deaths by competing
causes should be considered.

Conclusion

The vast majority of anal squamous cell carcinoma biopsies
obtained from Scandinavian patients in the present study
contained high-risk oncogenic HPV. These were either
derived from single infection with HPV 16, 18 or 33, or with
double infection with HPV16 and HPV18. The viral
reproductive cycle might occur spontaneously in vivo as
indicated by the accumulation of HPV genome in necrotic
areas of the tumours. HPV may be essential for the
initiation of host cell proliferation but patient survival time
might depend on treatment and age more than infection
with a high-risk oncogenic HPV. 
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