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Abstract

Background: Based on the well-recognized etiological role of human papillomavirus (HPV) in cervical, anogenital
and oropharyngeal carcinogenesis, a potential role of HPV in colorectal carcinogenesis has been suggested. For
that reason, the aim of the present study was to investigate the presence of HPV DNA in colorectal carcinomas
(CRC) and to study overexpression of p16INK4A as a marker for the presence of an active HPV oncoprotein E7. These
findings were correlated with clinical and pathological prognostic factors of CRC.

Methods: The presence of HPV was assessed using a multiplex PCR system of 10 non-biotinylated primers. The
amplified fragments of HPV positive samples were further analyzed by a highly sensitive, broad spectrum SPF10
PCR and subsequently genotyped using reverse hybridization in a line probe assay.
P16INK4A protein expression was investigated in a subset of 90 (30 HPV positive and 60 HPV negative) CRC samples
by immunohistochemistry.

Results: HPV DNA was found in 14.2% of the CRC samples with HPV16 as the most prevalent type. No significant
differences in clinical and pathological variables were found between HPV positive and negative CRCs, except for
age. HPV positive patients were significantly younger (p = 0.05). There was no significant correlation between the
presence of HPV and overexpression of p16INK4A (p = 0.325).

Conclusions: In conclusion, the presence of oncogenic HPV DNA in a small cohort of CRC samples may suggest
that HPV may be involved in the carcinogenesis of some CRC. However, contrary to what has been observed in
head and neck squamous cell cancer and cancer of the uterine cervix, p16INK4A does not seem to be a surrogate
marker for an active HPV infection in CRC. Therefore, further functional analyses are necessary to elucidate the role
of HPV in CRC.

Background
Colorectal cancer (CRC) is one of the most common
malignancies throughout the Western World. Surgery is
the cornerstone in the treatment of patients with CRC
and is followed by adjuvant chemotherapy and radio-
therapy for specific subgroups of patients [1]. Although
many risk factors for development of CRC have been
identified, the molecular mechanisms related to the col-
orectal carcinogenesis remain to be elucidated [2].

Already, for quite some time studies have given evidence
for an association of human papillomavirus (HPV) and
CRC [2-12]. Based on the well-recognized etiologic role
of HPV in cervical, anogenital and oropharyngeal carci-
nogenesis, a potential role of HPV in colorectal carcino-
genesis has been suggested. However, so far the
outcome of studies investigating this provided contradic-
tory results [2-12]. Many authors [2-5,7,8,10-12] were
able to detect HPV DNA in CRC by different laboratory
techniques, but others failed to demonstrate its presence
[9,13-16]. Despite the eventual presence of HPV DNA* Correspondence: vanessa.deschoolmeester@ua.ac.be
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in CRC, it has remained uncertain whether HPV is sim-
ply a casual passenger or whether it has a causal role in
colorectal carcinogenesis. Apart from a general contri-
bution to fully understand the biology of this disease,
such a causal role of HPV in colorectal carcinogenesis
could have important implications in patient care and
colorectal cancer prevention.
The HPV viral oncogenes E6 and E7 have shown to be

the main contributors to the development of HPV
induced cancers. These oncogenes have the ability to
bind host cell regulatory proteins, especially tumor sup-
pressor gene products [17]. The HPV oncoprotein E7 is
known to bind and inactivate hypophosphorylated reti-
noblastoma protein (pRB) [18], which eventually leads
to upregulation of p16INK4A. P16INK4A is a tumor sup-
pressor protein that inhibits cyclin dependant kinases
(CDK)-4 or -6 binding to cyclin D which regulates the
G1 cell cycle checkpoints [19,20]. Overexpression of
p16INK4A is considered to be strong and consistent in
HPV-induced cancers [21]. Therefore, overexpression of
p16INK4A, as detected by immunohistochemistry, has
shown to be a useful adjunct to cytology in cervical can-
cer screening [22], a reliable marker of human papillo-
mavirus-induced oral high-grade squamous dysplasia
[23], and a useful adjunct in the assessment of biopsies
for HPV-associated anal intraepithelial neoplasia [24].
Furthermore, in primary rectal squamous cell carcinoma
(SCC) there was a clear association between strong reac-
tivity for p16INK4A and the presence of high-risk HPV
[25]. However, that study was limited to three patients.
The aim of the present study was to investigate the

presence of HPV DNA in a series of colorectal carcino-
mas. In a second part of the study, overexpression of
p16INK4A was investigated as a marker for the presence
of an active HPV oncoprotein E7 in a subset of the
above mentioned series of colorectal cancers. Subse-
quently, the results were analyzed for correlation with
prognostic clinical features for disease outcome and
pathological variables.

Methods
1. Tissue samples
Material from a previous study of patients with CRC
treated at the Antwerp University Hospital in Edegem
or the St. Augustinus Hospital in Wilrijk [26] was used
for HPV detection as described below. A total of 232
CRC samples were eligible for HPV detection. This
comprised 90 females and 142 males with a median age
of 59.4 years (range 30 to 88 years). TNM staging was
determined and the distribution was as follows: 27
patients were classified as stage I (12.2%), 68 as stage II
(30.6%), 74 as stage III (33.3%) and 53 as stage IV
(23.9%). Seventy patients had a tumor located in the
proximal region of the colon (30.2%), while 80 tumors

were found in the distal colon (34.5%) and 71 in the
rectum (30.6%).
All HPV positive tumors, except three (n = 30), plus

two randomly chosen HPV negative tumors per HPV
positive tumor (n = 60) were used for p16INK4A immu-
nohistochemistry. Three HPV positive samples could
not be investigated by immunohistochemistry since the
paraffin blocks were no longer available. The study was
approved by the local Ethics Committee of the Univer-
sity of Antwerp and was conducted in accordance with
the ethical principles stated in the most recent version
of the Declaration of Helsinki.

2. DNA isolation
Tumor DNA was obtained from formalin-fixed, paraffin
embedded tissue blocks. After manual microdissection
to enrich for tumor cells, DNA was isolated as described
previously [27]. After DNA extraction, adequate DNA
isolation was confirmed by b-globin PCR [28], generat-
ing a fragment of 110 bp.

3. PCR and genotyping analysis of HPV
Since formalin-fixed paraffin embedded materials often
yield poorly amplifiable DNA, the efficacy of the primer
pair is inversely correlated with the length of the ampli-
mers and the primers should be designed to amplify a
relatively short PCR fragment [29]. DNA samples were
first tested in a genital HPV broad spectrum PCR using
10 non-biotinylated short PCR fragment (SPF) primers.
The SPF primers sets are designed to amplify a 65 bp
fragment located within the L1 region of HPV [30,31]
allowing highly sensitive detection of HPV DNA. PCR
reactions were performed in a final volume of 50 μl con-
taining 1.25 units of iTaq DNA polymerase (BioRad,
Nazareth, Belgium), 2 mM MgCl2, 200 μM deoxynu-
cleotide triphosphate, 1× iTaq buffer, 15 pmol of each
of the forward and reverse primers and 10 μl of isolated
DNA. The PCR reactions were carried out using the
iCycler (BioRad) as previously described [32], except
that activation of the enzyme was carried out for 3 min
at 95°C. Each experiment was performed with separate
positive (1 pg and 10 pg HPV16 stable SiHa cells) and
negative PCR controls. After analysis on ethidiumbro-
mide stained agarose gel analysis, positive samples were
re-amplified using biotinylated SPF10 primers (InnoGe-
netics, Ghent, Belgium).
HPV genotyping was performed using reverse hybridi-

zation by the INNO-line probe assay (INNO-LiPA,
Innogenetics) as described earlier [30]. The current ver-
sion of the SPF10 LiPA contains probes for high-risk
HPV genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, 68 and 70, and low risk HPV genotypes 6, 11,
34, 40, 42-44, 53, 54 and 74. The hybridization steps
were carried out following the INNO-LiPA kit’s

Deschoolmeester et al. BMC Cancer 2010, 10:117
http://www.biomedcentral.com/1471-2407/10/117

Page 2 of 10



instruction. Briefly, oligonucleotide probes (containing a
poly d(T) tail) were immobilized in parallel lines on
nitrocellulose membrane strips by the supplier; 10 μl of
the PCR product, containing biotin at the 5’ end of the
primers, was denaturated by adding 10 μl of NaOH
solution. After hybridization of the PCR product to the
probes on the strip under stringent conditions, followed
by stringent washing, the hybrids were detected by alka-
line phosphatase/streptavidin conjugate and subtrate
(5-bromo-4-chloro-3-indolylphosphate and nitroblue tet-
razolium), resulting in a purple precipitate at the posi-
tive probe lines. After drying, the strips were interpreted
visually by using the INNO-LiPA HPV genotyping v2
interpretation chart [33].

4. Immunohistochemistry
Five μm-thick sections were prepared from formalin-
fixed paraffin-embedded tissue for IHC. Sections were
deparaffinized in toluene, dehydrated and subjected to
heat antigen retrieval in Epitope retrieval solution (as
supplied in the CINtec Histology Kit, mtm laboratories,
Heidelberg, Germany) in a heating bath for 30 min. at
95 (± 1)°C.
Sections were subsequently stained using the CINtec

Histology Kit (mtm laboratories) on a Dako Autostainer
Plus system (DAKO, DakoCytomation, Glostrup, Den-
mark). Endogenous peroxidase activity was quenched by
incubating the slides in peroxidase blocking reagent for
10 minutes. Incubation with mouse anti-human
p16INK4A monoclonal antibody (diluted 1:100) was per-
formed for 30 minutes at room temperature. Sites of
binding were detected using 3,3’-diaminobenzidine
(DAB+) as chromogen according to the manufacturers
instructions. The sections were counterstained with hae-
matoxylin, dehydrated, cleared and mounted.

5. MSI analysis
All cases had been previously analyzed for MSI status
[26]. After manual microdissection of formalin-fixed,
paraffin embedded tissue blocks, DNA was isolated as
described previously [27]. MSI analysis was performed
using the mononucleotide multiplex system as described
earlier [34]. In short, the sense primers were chemically
labeled at the 5’ end with FAM™ fluorescent dyes. PCR
was carried out in a final volume of 25 μl containing
200 μmol/L dNTPs (MBI Fermentas, St. Leon-Rot, Ger-
many), 500 nM of each sense and antisense primer
(Eurogentec, Seraing, Belgium), 1 × PCR buffer (60 mM
Tris SO4 (pH 8.9), 18 mM (NH4)SO4 and 2 mM
MgSO4) and 1 unit Discoverase dHPLC DNA polymer-
ase (Invitrogen, Merelbeke, Belgium). Fluorescent PCR
products were analyzed by capillary electrophoresis
using an ABI 3100 Genetic Analyzer (Applied Biosys-
tems, Lennik, Belgium) and Genemapper Software 3.7.

6. Statistics
Prognostic relevance of HPV was assessed by survival
analysis. Survival probability was estimated using the
Kaplan and Meier method. Differences were tested
using the log rank statistic. The median follow up for
OS and DFS was 4.5 and 3.7 years respectively for the
entire study population and 5.8 and 4.8 years respec-
tively for the subpopulation of 90 colorectal tumors
used for p16INK4A IHC.
Possible associations between the presence of HPV-

DNA and clinicopathological parameters of colorectal
cancers were investigated using the c2-test or Fisher’s
exact test (when appropriate) for categorical variables
and using Student t-test or Mann-Whitney U test (when
appropriate) for continuous variables. In order to assess
the independent prognostic contribution of HPV, a mul-
tiple Cox regression analysis was conducted. All analyses
were conducted using SPSS (version 16.0). Significance
for all statistics was two-tailed and recorded if p < 0.05.

Results
1. HPV detection and genotyping
All tissue samples were positive for the b-globin gene,
indicating that DNA was available for molecular analy-
sis. HPV DNA was detected in colorectal tissue in
33 out of 232 patients (14.2%) using SPF10 PCR.
HPV DNA-positive samples were subsequently geno-

typed using the SPF10 LiPA by reverse hybridization
(Innogenetics). In about half of the samples a single
HPV infection was identified (54.5%) whereas the other
HPV-DNA positive samples contained multiple HPV
infections (45.5%). A relative broad spectrum of HPV
genotypes was found, HPV 16 (57.6%) being the most
prevalent type, followed by HPV 18 (45.5%) (Figure 1).
The low risk HPV types 6, 11, 42, 43 and 44 were also
found in a limited number of CRC samples, but, with
one exception (for HPV type 43), always in the presence
of a high risk HPV type.

2. Correlations of HPV with clinicopathological variables
and survival
The median age of the overall population is 59 years.
HPV positive patients were younger (median age: 56
years) than HPV negative patients (median age: 60
years) but the difference was of borderline significance
(p = 0.05). Anatomic location of the tumor had no cor-
relation with the presence of HPV infection. HPV preva-
lence was similar in proximal colon, distal colon, and
rectum (p = 0.565). The location of the tumors through-
out the colon in correlation to the presence of HPV is
shown in Table 1.
Clinical and pathological features were studied

between HPV positive and negative carcinomas. The
results are shown in Table 2, with no significant
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difference being observed. In addition, follow-up for
overall survival (OS) and disease free survival (DFS) was
available for 220 and 194 colorectal cancer patients,
respectively. At the end of the observation period, 86 of
the 220 (39.3%) patients had died while 72 of the 194
(37.3%) had experienced a recurrence of the tumor. All
deaths were tumor related. No statistically significant
difference in OS (HR: 0.73, p = 0.35) and DFS (HR:
0.84, p = 0.61) was found between HPV positive and
HPV negative CRC patients in univariate analysis.

3. P16INK4A expression in CRC
P16INK4A stained slides (n = 90) were scored on two sepa-
rate aspects: the number of P16INK4A positive tumor cells
present (0: <5%; 1: 5-25%; 2: 25-50%; 3: > 50%), and the
intensity of p16INK4A staining (0 = absent; 1 = weak; 2 =
moderate; 3 = strong). Some examples of the different
scores are shown in Figure 2. After the development of

Figure 1 Frequencies of different HPV-types detected in HPV-DNA positive CRC tissue samples.

Table 1 Location of the tumors throughout the colon in
correlation to the presence of HPV.

HPV positivity n % % total

Proximal caecum 6 18.2 39.4

hepatic flexture 3 9.1

colon ascendens 1 3.0

right hemicolon 3 9.1

Distal rectosigmoid 4 12.1 30.3

sigmoid 5 15.2

colon descendens/sigmoid 1 3.0

Rectum 10 30.3 30.3

N = number of HPV positive samples, % = percentage of HPV positive
samples per location separately, total %: percentage of HPV positive samples
in proximal, distal and rectal tumors.

Table 2 Possible associations between HPV and
clinicopathological parameters of colon cancer

- HPV
%

+ %

MSI MSS 187 94.4 31 93.9 1

MSI 11 5.6 2 6.1

age (median) 56 60 0.05

gender male 119 59.8 23 69.7 0.337

female 80 40.2 10 30.3

grade of differentiation good 83 44.1 12 40.0 0.764

average 87 46.8 16 53.3

poor 17 9.0 2 6.7

location proximal 57 30.3 13 39.4 0.565

distal 70 37.2 10 30.3

rectum 61 32.4 10 30.3

lymph nodes + 97 86.6 82 89.1 0.670

- 15 13.4 10 10.9

stage I 25 13.0 3 9.7 0.265

II 55 28.7 13 41.9

III 62 32.3 12 38.7

IV 50 26.0 3 9.7

adjuvant yes 62 37.8 22 73.3 0.303

no 102 62.2 8 26.7

Possible associations were investigated using the c2-test or Fisher’s exact test
(when appropriate) for categorical variables and using Student t-test or Mann-
Whitney U test (when appropriate) for continuous variables (MSI:
microsatellite instability, MSS: microsatellite stability).
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this scoring system, 57 slides were scored again after a two
month interval, to assess the reproducibility of the scoring
system. Although some differences were noted, both in
cell numbers and in intensity, the reproducibility of the
scoring system was high (Kappa: 0.831 and 0.742 for cell
numbers and intensity respectively). Both aspects were
subsequently weighed to come to a final score as shown in
Table 3, again, reproducibility after a two month interval
was very high (Kappa: 0.975). Seventy-four percent (n =
67) of all CRC tumors showed p16 expression ranging
from weak (n = 11) over moderate (n = 18) to strong (n =
38). The results of p16INK4A IHC in relation to presence

or absence of HPV are given in Table 4. It is obvious from
these results that there is no significant correlation
between the presence of HPV and overexpression of
p16INK4A (p = 0.325) in the colorectal cancer tissues
examined.

4. Correlation of p16INK4A expression with
clinicopathological variables and survival
Anatomic location of the tumor showed a significant
correlation with the overexpression of p16INK4A. Tissues
obtained from the proximal colon showed significantly
less expression of p16INK4A compared to tissues taken
from the distal colon and the rectum (p = 0.002). The
location of the tumors throughout the colon in correla-
tion to the p16INK4A expression is shown in Table 5.
There was also a trend towards a correlation between
p16INK4A expression level and stage (p = 0.066). Clinical
and pathological features were studied between carcino-
mas with and without expression of p16INK4A. The
results are shown in Table 4, with no significant differ-
ences being observed.

Figure 2 Immunohistochemical analysis of p16INK4A expression in colorectal carcinomas. A: no p16INK4A expression (negative) in tumor
cells. B: weak expression of p16 in tumor cells. C: moderate expression of p16INK4A in tumor cells and D: strong expression of p16INK4A with a
strong intensity in tumor cells.

Table 3 Scoring system for P16INK4A

Intensity

# cells 0 1 2 3

0 negative negative negative negative

1 weak weak moderate

2 weak moderate strong

3 strong strong
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In addition, follow-up for overall survival (OS) and
disease free survival (DFS) was available for 88 and 86
colon cancer patients, respectively. At the end of the
observation period, 37 (42%) patients had died while 31
(36%) had experienced a recurrence of the tumor. All
deaths were tumor related. No statistically significant
difference in OS (HR: 1.06, p = 0.70) and DFS (HR:
0.96, p = 0.76) was found between CRC patients with
and without p16INK4A expression.

Discussion
Oncogenic papillomaviruses have shown to be involved
in benign and malignant lesions of the cervix and other
anogenital sites [10]. Although the squamous cell
epithelium is the most frequent target site of human
papillomavirus (HPV) infection, similar infections have
been demonstrated in other neoplasms, including ade-
nocarcinomas of the cervix [3].

Based on its well-known role in cervical and anogen-
ital carcinogenesis, some studies proposed an association
between HPV and CRC [2-12]. DNA viruses are known
to activate proto-oncogenes (p53, pRB and c-myc...) [3]
and a collaboration of the ras oncogene with HPV E6/
E7 genes inducing full transformation of normal cells
has been suggested by several groups [12,35-38].
The presence of HPV DNA in colonic neoplasms is a

conflicting issue. Although earlier studies have failed to
detect HPV DNA in colon biopsy samples [13,14], more
recent reports have suggested that infection with HPV16
and 18 may be etiologically associated with some cases of
CRC [2-5,7,8,10-12,39-41]. In the present study, HPV
DNA was found in 14.2% of CRC. Single infections as well
as multiple infections were present and all positive sam-
ples, except one, contained at least one high-risk HPV
type. The HPV frequency is lower than that found in pre-
vious studies where HPV was detected in 21.9 - 97% of

Table 4 Possible associations between p16INK4A expression and clinicopathological parameters of colon cancer

p16 expression

neg % weak % mod % strong % P

HPV - 14 60.9 10 90.9 12 66.7 24 63.2 0.325

+ 9 39.1 1 9.1 6 33.3 14 36.8

MSI MSS 19 86.4 11 100.0 17 94.4 37 97.4 0.266

MSI 3 22.6 0 0.0 1 5.6 1 2.6

age (median) 63 70 66 65 0.344

gender male 10 43.5 7 63.6 12 66.7 21 55.3 0.466

female 13 56.5 4 36.4 6 33.3 17 44.7

lymph nodes - 9 60.0 6 66.7 6 66.7 24 68.6 0.951

+ 6 40.0 3 33.3 12 33.3 11 31.4

grade of differentiation good 12 54.5 7 63.6 8 44.4 18 51.4 0.875

moderate 7 31.8 3 27.3 9 50.0 13 37.1

poor 3 13.6 1 9.1 1 6.6 4 11.4

location proximal 16 69.6 2 18.2 4 22.2 8 22.2 0.002

distal 2 8.7 3 27.3 9 50.0 16 44.4

rectum 5 21.7 6 54.5 5 27.8 12 33.3

stage I 3 13.0 4 40.0 2 11.8 4 10.8 0.066

II 8 34.8 2 20.0 4 23.5 18 48.6

III 10 43.5 4 40.0 6 35.3 13 35.1

IV 2 8.7 0 0.0 5 29.4 2 5.4

adjuvant therapy no 6 30.0 6 75.0 5 33.3 15 55.6 0.186

yes 14 70.0 2 25.0 10 66.7 12 44.4

Possible associations were investigated using the c2-test or Fisher’s exact test (when appropriate) for categorical variables and using Student t-test or Mann-
Whitney U test (when appropriate) for continuous variables (MSI: microsatellite instability, MSS: microsatellite stability).
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CRC samples [2-5,7,8,10-12,39-41]. The discrepant results
might be attributed to methodological differences (for
instance the use of L1 versus E6/7 primers sets) among
the studies, or differences in sensitivity of the methods
used for the analysis (for instance due to differences in
amplicon length, since it has been shown that the effi-
ciency of the primer pair is inversely correlated to the
length of the amplicon in formalin fixed paraffin
embedded tissues [29]). In addition, regional variations in
the prevalence of HPV infection, which is known to be
influenced by the ethnical and geographical origin of the
individuals being tested, might also contribute to the dif-
ferences observed among published studies [2,7]. However,
we took the necessary precautions (during microdissec-
tions, DNA extractions and PCR reagents preparations) to
avoid cross-contamination and the SPF10 PCR is proven to
be a very sensitive HPV detection technique [30,31].
Modes of transmission of HPV infection in the colon
region have not been fully resolved; however, anal trans-
mission and an association between sexual behavior and
risk for HPV-positive cancers have been suggested [10]. In
accordance to Bodaghi et al. [11] and Damin et al [2],
there was no significant difference in the distribution of
the virus throughout the colon (p = 0.565). Rates of viral
detection were similar in tissues taken from the proximal
colon, the distal colon or the rectum, suggesting that HPV
is not a result of retrograde viral transmission from the
anogenital area [2]. One possible hypothesis could be that
during a screening colonoscopy, an anal HPV infection
might be transported from the anal region throughout the
colon [42]. Likewise, it has been shown that HPV DNA
can be present on specula, used for taking PAP smears,
and autoclave sterilization is the method of choice to era-
dicate these viruses [41,43]. Transfer by colonoscopy

might also explain the lower rate of HPV infection in our
study population because screening for CRC is much less
common in Belgium than in the US. However, considering
that HPV infection is mainly transmitted by cell surface
contact, the route of viral transmission to the colon
remains to be determined [2].
As seen in most other studies, high-risk HPV type 16

was the most prevalent type in colorectal tissues in this
study, followed by high-risk HPV type 18. These types
have been reported to suppress tumor suppressor pro-
teins functions and play an important part in carcino-
genesis [7]. Low risk types were also detected in CRC
but, with one exception, always along with the presence
of a high risk type. However, in order to suggest that
HPV might be involved in colon cancer carcinogenesis,
viral DNA incorporation into the host genome needs to
be demonstrated by in situ hybridization. In addition,
the presence or absence of HPV in a non-malignant
control group and tumor adjacent tissue needs to be
investigated in order to determine whether HPV is
merely an epiphenomenon in CRC or rather a potential
cofactor in the development of the disease [2].
No significant differences in clinical and pathological

variables were found between HPV positive and nega-
tive colorectal carcinomas. HPV positive patients
showed a trend to be younger than HPV negative
patients. A similar observation has been made in HPV
positive oral squamous cell cancer, a disease in which
HPV appears to play an etiologic role [44-46]. Other
reports in CRC have failed to demonstrate a correlation
between the presence of HPV and prognostic factors
[2,3,5,7,8,10-12]
In the second part of the study, overexpression of

p16INK4A was investigated as a marker for the presence

Table 5 The location of the tumors throughout the colon in correlation to the p16INK4A expression

p16 expression

negative weak moderate strong

proximal right hemicolon 7 30.4% 2 18.2% 2 11.1% 2 5.6%

caecum 3 13.0% 0 0.0% 1 5.6% 3 8.3%

colon asecendens 1 4.3% 0 0.0% 0 0.0% 1 2.8%

colon transversum 1 4.3% 0 0.0% 0 0.0% 1 2.8%

hepatic angle 4 17.4% 0 0.0% 0 0.0% 1 2.8%

jejenum 0 0.0% 0 0.0% 1 5.6% 0 0.0%

distal left hemicolon 0 0.0% 0 0.0% 1 5.6% 3 8.3%

recto-sigmoid 1 4.3% 0 0.0% 2 11.1% 1 2.8%

sigmoid 1 4.3% 3 27.3% 6 33.3% 12 33.3%

rectal rectum 5 21.7% 6 54.5% 5 27.8% 12 33.3%

TOTAL 23 100.0% 11 100.0% 18 100.0% 36 100.0%

The actual location of the tumor in the large bowel could not be retrieved in 2 cases.
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of an active HPV oncoprotein E7 in a subpopulation of
colorectal carcinomas. It has been demonstrated that
p16INK4A overexpression might specifically identify HPV
infections that are biologically relevant in the carcino-
genesis of head and neck squamous cell carcinomas and
cervical carcinomas. However, it should be noted that
expression of p16INK4A is not limited to HPV-positive
tumors, and the use of this marker alone as an indicator
of biologically relevant HPV infections inevitably entails
the risk of including some HPV negative p16INK4A posi-
tive results [45]. In the present study, no significant cor-
relation could be found between p16INK4A expression
and the presence of an HPV infection. This might be
explained by the fact that p16INK4A is aberrantly methy-
lated in about 40% of sporadic CRC and is significantly
correlated with loss of tumor suppressor function [47].
In the current study 26% of analyzed samples did not
show p16INK4A expression, which is in agreement with
the literature. Few studies have investigated the relation-
ship between p16INK4A expression and colorectal adeno-
carcinoma. The reported frequency of p16INK4A protein
expression in CRC varies from 17 to 99%, with the
majority of investigations showing p16INK4A expression
in more than two third of CRC [48]. In this study, we
noted that p16INK4A protein was expressed in 74% of
the colorectal adenocarcinomas and more than half (n =
38) showed a high level of p16INK4A expression. P16 is a
nucleoprotein; the presence of staining in both the
nuclei and the cytoplasm supports the finding that p16
gene is overexpressed. The change in subcellular loca-
tion of the overexpressed nucleoprotein might account
for its role in CRC carcinogenesis. The mechanism
inducing the p16INK4A overexpression is probably differ-
ent from promoter methylation and could presumably
result from a compensatory response to cell cycle dereg-
ulation [48]. CDK4 overexpression could be the initial
event leading to a reactive overexpression of p16INK4A

and to a break in the G1-S transition through pRb phos-
phorylation [49].
No significant differences in clinical and pathological

variables were found between CRC samples expressing
p16INK4A and those not expressing p16INK4A, except for
location. In accordance with others [47,48] p16INK4A

protein expression was more often seen in the distal
colon and the rectum. In addition, there was a trend
towards an association between strong p16INK4A expres-
sion and stage II and III tumors.
The prognostic role of p16INK4A protein has been

investigated in five studies. Three studies noted that
p16INK4A expression was associated with poorer survival
[48-50]. In accordance to Norrie et al. [51] and Tada et
al. [52], we found no relationship between p16INK4A

expression and patient survival.

Conclusions
In conclusion, the presence of oncogenic HPV DNA in a
small cohort of CRC samples, with high risk HPV 16 as
the most prevalent type, was confirmed in the present
study. However, in order to suggest that HPV might be
involved in colon cancer, viral DNA incorporation into
the host genome needs to be demonstrated by in situ
hybridization. Additionally, the presence or absence of
HPV in a non-malignant control group and tumor adja-
cent tissue needs to be investigated in order to determine
whether HPV is merely an epiphenomenon in CRC or
rather a potential cofactor in the development of the
disease.
In addition, contrary to what has been observed in

head and neck squamous cell cancer and cancer of the
uterine cervix, p16INK4A does not seem to be a surrogate
marker for an active HPV infection in CRC. Therefore,
further functional analyses are necessary to elucidate the
significance of the presence of HPV in CRC.

Acknowledgements
The authors gratefully acknowledge support of the Special Research Fund of
the University of Antwerp, Belgium. This work was further supported by the
Cycle for Life action, organized by Roche Oncology.

Author details
1Laboratory of Cancer Research and Clinical Oncology, Department of
Medical Oncology, University of Antwerp (UA/UZA), Wilrijk, Belgium.
2Department of Pathology, University Hospital of Antwerp (UZA), Edegem,
Belgium. 3Research Laboratory on Human Reproduction, Université Libre de
Bruxelles, Brussels, Belgium. 4Translational Cancer Research Group, Oncology
Center, General Hospital St Augustinus, Wilrijk, Belgium.

Authors’ contributions
VD designed the study, carried out the PCR and genotyping analysis, the
IHC scoring, the statistical analysis and the interpretation of the results and
drafted the manuscript. MB participated in the study design, set up the IHC
scoring system, carried out the IHC scoring and helped to draft the
manuscript. VMV participated in setting up the IHC scoring system carried
out the IHC scoring and revised the manuscript. EVM participated in the IHC
and supervised the scoring and revised the manuscript. CW participated in
the PCR and genotyping analysis and VF supervised these analyses and
revised the manuscript. PV provided tissue samples and coordinated sifting
through the medical files. FL and JBV participated in the design and
coordination of the study and helped to draft the manuscript. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 30 November 2009 Accepted: 26 March 2010
Published: 26 March 2010

References
1. Weitz J, Koch M, Debus J, Hohler T, Galle PR, Buchler MW: Colorectal

cancer. Lancet 2005, 365:153-165.
2. Damin DC, Caetano MB, Rosito MA, Schwartsmann G, Damin AS,

Frazzon AP, Ruppenthal RD, Alexandre CO: Evidence for an association of
human papillomavirus infection and colorectal cancer. Eur J Surg Oncol
2007, 33:569-574.

3. Kirgan D, Manalo P, Hall M, McGregor B: Association of human
papillomavirus and colon neoplasms. Arch Surg 1990, 125:862-865.

Deschoolmeester et al. BMC Cancer 2010, 10:117
http://www.biomedcentral.com/1471-2407/10/117

Page 8 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15639298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15639298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17321098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17321098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2164371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2164371?dopt=Abstract


4. Cheng JY, Meng CL, Chao CF, Gau SD, Lin JC: Human papillomavirus type-
related DNA and c-myc oncogene alterations in colon cancer cell lines.
Dis Colon Rectum 1991, 34:469-474.

5. McGregor B, Byrne P, Kirgan D, Albright J, Manalo P, Hall M: Confirmation
of the association of human papillomavirus with human colon cancer.
Am J Surg 1993, 166:738-740.

6. Cheng JY, Sheu LF, Lin JC, Meng CL: Detection of human papillomavirus
DNA in colorectal adenomas. Arch Surg 1995, 130:73-76.

7. Cheng JY, Sheu LF, Meng CL, Lee WH, Lin JC: Detection of human
papillomavirus DNA in colorectal carcinomas by polymerase chain
reaction. Gut 1995, 37:87-90.

8. Lee YM, Leu SY, Chiang H, Fung CP, Liu WT: Human papillomavirus type
18 in colorectal cancer. J Microbiol Immunol Infect 2001, 34:87-91.

9. Audeau A, Han HW, Johnston MJ, Whitehead MW, Frizelle FA: Does human
papilloma virus have a role in squamous cell carcinoma of the colon
and upper rectum? Eur J Surg Oncol 2002, 28:657-660.

10. Perez L, Abba M, Laguens R, Golijow C: Analysis of adenocarcinoma of the
colon and rectum: detection of human papillomavirus (HPV) DNA by
polymerase chain reaction. Colorectal Dis 2005, 7:492-5.

11. Bodaghi S, Yamanegi K, Xiao S, Da Costa M, Palefsky J, Zheng Z: Colorectal
papillomavirus infection in patients with colorectal cancer. Clin Cancer
Res 2005, 11:2862-7.

12. Buyru N, Tezol A, Dalay N: Coexistence of K-ras mutations and HPV
infection in colon cancer. BMC Cancer 2006, 6:115.

13. Palmer JG, Scholefield JH, Coates PJ, Shepherd NA, Jass JR, Crawford LV,
Northover JM: Anal cancer and human papillomaviruses. Dis Colon
Rectum 1989, 32:1016-1022.

14. Beckmann AM, Daling JR, Sherman KJ, Maden C, Miller BA, Coates RJ,
Kiviat NB, Myerson D, Weiss NS, Hislop TG: Human papillomavirus
infection and anal cancer. Int J Cancer 1989, 43:1042-1049.

15. Shah KV, Daniel RW, Simons JW, Vogelstein B: Investigation of colon
cancers for human papillomavirus genomic sequences by polymerase
chain reaction. J Surg Oncol 1992, 51:5-7.

16. Shroyer KR, Kim JG, Manos MM, Greer CE, Pearlman NW, Franklin WA:
Papillomavirus found in anorectal squamous carcinoma, not in colon
adenocarcinoma. Arch Surg 1992, 127:741-744.

17. Narisawa-Saito M, Kiyono T: Basic mechanisms of high-risk human
papillomavirus-induced carcinogenesis: Roles of E6 and E7 proteins.
Cancer Sci 2007, 98:1505-1511.

18. Munger K, Werness BA, Dyson N, Phelps WC, Harlow E, Howley PM:
Complex formation of human papillomavirus E7 proteins with the
retinoblastoma tumor suppressor gene product. EMBO J 1989,
8:4099-4105.

19. Sano T, Oyama T, Kashiwabara K, Fukuda T, Nakajima T: Expression status
of p16 protein is associated with human papillomavirus oncogenic
potential in cervical and genital lesions. Am J Pathol 1998, 153:1741-1748.

20. Krakowczyk L, Strzelczyk JK, Adamek B, Zalewska-Ziob M, Arendt J,
Poltorak S, Maciejewski B, Wiczkowski A: Methylation of the MGMT and
p16 genes in sporadic colorectal carcinoma and corresponding normal
colonic mucosa. Med Sci Monit 2008, 14:BR219-BR225.

21. Reuschenbach M, Waterboer T, Wallin KL, Einenkel J, Dillner J, Hamsikova E,
Eschenbach D, Zimmer H, Heilig B, Kopitz J, Pawlita M, Doeberitz MK,
Wentzensen N: Characterization of humoral immune responses against
p16, p53, HPV16 E6 and HPV16 E7 in patients with HPV-associated
cancers. Int J Cancer 2008, 123:2626-2631.

22. Sahebali S, Depuydt CE, Segers K, Moeneclaey LM, Vereecken AJ, Van ME,
Bogers JJ: P16INK4a as an adjunct marker in liquid-based cervical
cytology. Int J Cancer 2004, 108:871-876.

23. Cunningham MP, Essapen S, Thomas H, Green M, Lovell DP, Topham C,
Marks C, Modjtahedi H: Coexpression of the IGF-IR, EGFR and HER-2 is
common in colorectal cancer patients. Int J Oncol 2006, 28:329-335.

24. Walts AE, Lechago J, Bose S: P16 and Ki67 immunostaining is a useful
adjunct in the assessment of biopsies for HPV-associated anal
intraepithelial neoplasia. Am J Surg Pathol 2006, 30:795-801.

25. Kong CS, Welton ML, Longacre TA: Role of human papillomavirus in
squamous cell metaplasia-dysplasia-carcinoma of the rectum. Am J Surg
Pathol 2007, 31:919-925.

26. Deschoolmeester V, Van Damme N, Baay M, Claes K, Van Marck E, Baert FJ,
Wuyts W, Cabooter M, Weyler J, Vermeulen P, Lardon F, Vermorken JB,
Peeters M: Microsatellite instability in sporadic colon carcinomas has no

independent prognostic value in a Belgian study population. Eur J
Cancer 2008, 44:2288-2295.

27. Deschoolmeester V, Baay M, Wuyts W, Van Marck E, Pelckmans P, Lardon F,
Vermorken JB: Comparison of three commonly used PCR-based
techniques to analyze MSI status in sporadic colorectal cancer. J Clin Lab
Anal 2006, 20:52-61.

28. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, Mullis KB,
Erlich HA: Primer-directed enzymatic amplification of DNA with a
thermostable DNA polymerase. Science 1988, 239:487-91.

29. Baay MFD, Quint WGV, Koudstaal J, Hollema H, Duk JM, Burger MPM,
Stolz E, Herbrink P: Comprehensive study of several general and type-
specific primer pairs for detection of human papillomavirus DNA by PCR
in paraffin-embedded cervical carcinomas. J Clin Microbiol 1996,
34:745-747.

30. Kleter B, van Doorn LJ, ter Schegget J, Schrauwen L, van Krimpen K,
Burger M, ter Harmsel B, Quint W: Novel short-fragment PCR assay for
highly sensitive broad-spectrum detection of anogenital human
papillomaviruses. Am J Pathol 1998, 153:1731-9.

31. Kleter B, van Doorn LJ, Schrauwen L, Molijn A, Sastrowijoto S, ter
Schegget J, Lindeman J, ter Harmsel B, Burger M, Quint W: Development
and clinical evaluation of a highly sensitive PCR-reverse hybridization
line probe assay for detection and identification of anogenital human
papillomavirus. J Clin Microbiol 1999, 37:2508-2517.

32. Fontaine V, Mascaux C, Weyn C, Bernis A, Celio N, Lefevre P, Kaufman L,
Garbar C: Evaluation of combined general primer-mediated PCR
sequencing and type-specific PCR strategies for determination of human
papillomavirus genotypes in cervical cell specimens. J Clin Microbiol 2007,
45:928-934.

33. Quint WGV, Scholte G, van Doorn LJ, Kleter B, Smits PHM, Lindeman J:
Comparative analysis of human papillomavirus infections in cervical
scrapes and biopsy specimens by general SPF10PCR and HPV
genotyping. J Pathol 2001, 194:51-58.

34. Deschoolmeester V, Baay M, Wuyts W, Van Marck E, Van Damme N,
Vermeulen P, Lukaszuk K, Lardon F, Vermorken JB: Detection of
microsatellite instability in colorectal cancer using an alternative
multiplex assay of quasi-monomorphic mononucleotide markers. J Mol
Diagn 2008, 10:154-159.

35. Mouron SA, Abba MC, Guerci A, Gomez MA, Dulout FN, Golijow CD:
Association between activated K-ras and c-erbB-2 oncogenes with
“high-risk” and “low-risk” human papilloma virus types in preinvasive
cervical lesions. Mutat Res 2000, 469:127-134.

36. Prokopakis P, Sourvinos G, Koumantaki Y, Koumantakis E, Spandidos DA: K-
ras mutations and HPV infection in cervicitis and intraepithelial
neoplasias of the cervix. Oncol Rep 2002, 9:129-133.

37. Pochylski T, Kwasniewska A: Absence of point mutation in codons 12 and
13 of K-RAS oncogene in HPV-associated high grade dysplasia and
squamous cell cervical carcinoma. Eur J Obstet Gynecol Reprod Biol 2003,
111:68-73.

38. Dokianakis DN, Papaefthimiou M, Tsiveleka A, Spandidos DA: High
prevalence of HPV18 in correlation with ras gene mutations and
clinicopathological parameters in cervical cancer studied from stained
cytological smears. Oncol Rep 1999, 6:1327-1331.

39. Cheng JY, Meng CL, Chao CF, Gau SD, Lin JC: Human papillomavirus 16
DNA in NIH3T3 cells transformed by colonic cancer cellular DNA. Gut
1993, 34:1710-1713.

40. Yu HG, Shun LB, Luo HS, Huang H, Yu BP, Yu JP, Meier JJ, Schrader H,
Bastian A, Schmitz F, Schmidt WE: Deletion of the FHIT gene in human
colorectal cancer is independent of high-risk HPV infection. Int J
Colorectal Dis 2002, 17:396-401.

41. Estes JM, Kirby TO, Huh WK: Autoclave sterilization of instruments used
on women with cervical neoplasia is an effective method of eradicating
residual human papillomavirus DNA: a polymerase chain reaction-based
evaluation. J Low Genit Tract Dis 2007, 11:12-17.

42. Anonymous: Colonoscopes may spread HCV and HPV. AIDS Patient Care
STDS 2003, 17:257-258.

43. Ferenczy A, Bergeron C, Richart RM: Human papillomavirus DNA in
fomites on objects used for the management of patients with genital
human papillomavirus infections. Obstet Gynecol 1989, 74:950-954.

44. Szentirmay Z, Polus K, Tamas L, Szentkuti G, Kurcsics J, Csernak E, Toth E,
Kasler M: Human papillomavirus in head and neck cancer: molecular

Deschoolmeester et al. BMC Cancer 2010, 10:117
http://www.biomedcentral.com/1471-2407/10/117

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/1645245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1645245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8273860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8273860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7802580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7802580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7672688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7672688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7672688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11456365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11456365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12359204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12359204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12359204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16108887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16108887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16108887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15837733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15837733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16672071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16672071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2556252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2543642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2543642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1325576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1325576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1325576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1317698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1317698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17645777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17645777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2556261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2556261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18830187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18830187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18830187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18785210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18785210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18785210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14712490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14712490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16391786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16391786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16819320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16819320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16819320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17527081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17527081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18707864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18707864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16538640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16538640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2448875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2448875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8904451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8904451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8904451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9846964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17229855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17229855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17229855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11329141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11329141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11329141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18258928?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18258928?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18258928?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10946249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10946249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10946249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11748470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11748470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11748470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14557015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14557015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14557015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10523706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10523706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10523706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10523706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8282259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8282259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12355215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12355215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17194945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17194945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17194945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17194945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2555753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15785870?dopt=Abstract


biology and clinicopathological correlations. Cancer Metastasis Rev 2005,
24:19-34.

45. Lassen P, Eriksen JG, Hamilton-Dutoit S, Tramm T, Alsner J, Overgaard J:
Effect of HPV-associated p16INK4A expression on response to
radiotherapy and survival in squamous cell carcinoma of the head and
neck. J Clin Oncol 2009, 27:1992-1998.

46. Chaturvedi AK, Engels EA, Anderson WF, Gillison ML: Incidence trends for
human papillomavirus-related and -unrelated oral squamous cell
carcinomas in the United States. J Clin Oncol 2008, 26:612-619.

47. Schneider-Stock R, Boltze C, Peters B, Hopfner T, Meyer F, Lippert H,
Roessner A: Differences in loss of p16INK4 protein expression by
promoter methylation between left- and right-sided primary colorectal
carcinomas. Int J Oncol 2003, 23:1009-1013.

48. Lam AK, Ong K, Giv MJ, Ho YH: p16 expression in colorectal
adenocarcinoma: marker of aggressiveness and morphological types.
Pathology 2008, 40:580-585.

49. Zhao P, Hu YC, Talbot IC: Expressing patterns of p16 and CDK4 correlated
to prognosis in colorectal carcinoma. World J Gastroenterol 2003,
9:2202-2206.

50. Cui X, Shirai Y, Wakai T, Yokoyama N, Hirano S, Hatakeyama K: Aberrant
expression of pRb and p16(INK4), alone or in combination, indicates
poor outcome after resection in patients with colorectal carcinoma. Hum
Pathol 2004, 35:1189-1195.

51. Suter CM, Norrie M, Ku SL, Cheong KF, Tomlinson I, Ward RL: CpG island
methylation is a common finding in colorectal cancer cell lines. Br J
Cancer 2003, 88:413-419.

52. Tada T, Watanabe T, Kazama S, Kanazawa T, Hata K, Komuro Y, Nagawa H:
Reduced p16 expression correlates with lymphatic invasion in colorectal
cancers. Hepatogastroenterology 2003, 50:1756-1760.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/117/prepub

doi:10.1186/1471-2407-10-117
Cite this article as: Deschoolmeester et al.: Detection of HPV and the
role of p16INK4A overexpression as a surrogate marker for the presence
of functional HPV oncoprotein E7 in colorectal cancer. BMC Cancer 2010
10:117.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Deschoolmeester et al. BMC Cancer 2010, 10:117
http://www.biomedcentral.com/1471-2407/10/117

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15785870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19289615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19289615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19289615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12963980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12963980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12963980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18752124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18752124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14562378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14562378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15492985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15492985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15492985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12569385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12569385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14696398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14696398?dopt=Abstract
http://www.biomedcentral.com/1471-2407/10/117/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	1. Tissue samples
	2. DNA isolation
	3. PCR and genotyping analysis of HPV
	4. Immunohistochemistry
	5. MSI analysis
	6. Statistics

	Results
	1. HPV detection and genotyping
	2. Correlations of HPV with clinicopathological variables and survival
	3. P16INK4A expression in CRC
	4. Correlation of p16INK4A expression with clinicopathological variables and survival

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

