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Human papillomavirus is not associated with colorectal cancer
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Abstract

Objective of the study Recent publications have reported
an association between colon cancer and human papil-
lomaviruses (HPV), suggesting that HPV infection of the
colonic mucosa may contribute to the development of
colorectal cancer.

Methods The GP5+4/GP6+ PCR reverse line blot method
was used for detection of 37 types of human papilloma-
virus (HPV) in DNA from paraffin-embedded or frozen
tissues from patients with colorectal cancer (n = 279) and
normal adjacent tissue (n = 30) in three different study
populations, including samples from the United States
(n = 73), Israel (n = 106) and Spain (n = 100). Addi-
tionally, SPF10 PCR was run on all samples (n = 279) and
the Innogenetics INNO-LiPA assay was performed on a
subset of samples (n = 15).
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Results  All samples were negative for all types of HPV
using both the GP5+/GP6+ PCR reverse line blot method
and the SPF10 INNO-LiPA method.

Conclusions We conclude that HPV types associated
with malignant transformation do not meaningfully con-
tribute to adenocarcinoma of the colon.
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Introduction

Human papillomaviruses (HPV) have been detected in
several types of squamous cell cancers, such as cancer
of the cervix [1-7], vulva [8-10], vagina [10, 11], anus
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[12-15], penis [16-20], oral cavity [21], pharynx [22, 23],
and larynx [24-27]. An association between colon cancer
and human papillomaviruses (HPV) is controversial, with
several recent publications suggesting that HPV infection
of the colonic mucosa may contribute to the development
of colorectal cancer [28-31]. However, there have been
several investigations which failed to establish a link
between HPV and colon cancer [32, 33] indicating that
reports of an association between colon cancer and HPV
may be due to contamination, detection of HPV false-
positives, geographic differences in the study populations
or variation in detection methods used. To clarify these
discrepant findings, the present study investigates the
relationship between HPV and colorectal cancer in three
separate populations. The current study used two PCR-
based methods GP5+/GP6+ [34] and SPF10 [35] for
detection of HPV, which target the LI region of the HPV
genome. In addition, we used two reverse hybridization
techniques, the reverse line blot method (RLB) [36] and the
INNO-LiPA HPV detection/genotyping assay [37].

Materials and methods

Colorectal samples for HPV DNA detection were gathered
from three different studies conducted in Israel, Spain and
the United States.

Samples from Israel

Samples from Israel were collected as part of a population-
based case—control study (the Molecular Epidemiology of
Colorectal Cancer Study—MECC) of all incident cases of
colorectal cancer (n = 2,155) in northern Israel between
March 31, 1998 and April 1, 2004. Incident colorectal
cancer cases (CRC) were ascertained from five hospitals in
northern Israel, and all cases for these analyses have his-
tologically confirmed cancer of the colon or rectum. The
controls (n = 2,268) were individually matched for exact
year of birth, sex, clinic, and Jewish versus non-Jewish
heritage. The study was approved by all relevant IRBs in
the US and Israel, and written informed consent was given
by study participants. Detailed descriptions of this study
have previously been published [38].

Paraffin-embedded tumors with adequate residual tissue
for microdissection were available for analysis. Tumor
blocks were recut for uniform histopathologic review and
microdissection, with the first slide of a series of 12
reviewed by a qualified pathologist (JKG) to confirm the
original diagnosis and to circle areas for microdissection.
Corresponding areas of normal tissue (with 0% tumor)
from the same slide, or from another section of the same
surgical resection, were circled for microdissection. DNA
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was extracted by carefully scraping tissue from designated
areas of slides with a clean razor blade and transferring the
samples to separate non-siliconized tubes. Xylene (350 pl)
was added to each sample to dissolve the paraffin, and
ethanol precipitation was performed by adding 150 pl of
cold 100% ethanol to each sample. Samples were next spun
at 14,000 rpm at room temperature for 10 min. The
supernatant was expelled and pellets were lyophilized in a
Speed Vac for 8 min on high heat. Pellets were then
resuspended in 100 pl of proteinase K buffer (200 ng/pl
proteinase K in 50 mM Tris, pH 8.3) and incubated over-
night at 37°C. Samples were heated at 95°C for 8 min and
quickly transferred to ice for 5 min to keep the DNA from
re-naturing. DNA samples were then stored at —80°C.
DNA from a total of 1,653 tumors was available for
analysis. A subset of 110 microdissected DNA samples was
randomly selected for HPV testing. One hundred and six
out of 110 (96%) were successfully typed.

Samples from Spain

Patients with a new diagnosis of colorectal cancer at the
Hospital Universitario de Bellvitge, in Barcelona, Spain,
were recruited as part of a hospital-based case—control
study from January 1996 to December 1998. All diagnosed
cases were histopathologically confirmed. A total of 436
cases were diagnosed with sporadic CRC, of which a
random sample of 100 was used for the current study.
Tumor DNA was extracted from fresh frozen tissue. More
detailed information on this study is available from a pre-
vious publication [39].

Samples from the USA

Cases of colorectal cancer were identified and recruited
through the University of Michigan Tissue Core. Anony-
mous paraffin blocks from colon cancer specimens collected
from surplus surgical tissue were available for 76 samples.
Tumor blocks were recut for uniform histopathologic review
and microdissection, with the first and last slides of a series of
12 reviewed by one pathologist (TJG) to confirm the original
diagnosis and to circle areas for microdissection. Samples
were processed as previously described [40].

HPV Genotyping

HPV genotyping was performed using the GP54/GP6+
PCR reverse line blot (RLB) method [36, 41] for 37 HPV
types on all tumor tissue samples (n = 279) and adjacent
normal tissue (n = 30). Adequacy of amplifiable DNA was
assessed using beta-globin primers used for the amplifica-
tion of a 210-bp region as an internal control. All runs
included positive controls consisting of HPV including
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HeL A cell line DNA which is positive for HPV type 18 and
DNA extracted from a paraffin embedded head and neck
cancer which is positive for HPV type 16, as well as
negative water controls to exclude the possibility of con-
tamination. The PCR reaction mixture (20 pl) contained
5 ng of genomic DNA, 2.5 pl of 10X PCR buffer (Applied
Biosystems), 3.5 pl of 25 mM MgCI2 (Applied Biosys-
tems), 2.5 pl each of 2 mM dNTP (New England Biolabs),
10 uM forward and reverse primers, and 1 U of AmpliTaq
Gold DNA polymerase (Applied Biosystems). Cycling
conditions were as follows: Initial denaturation at 94°C for
4 min, 40 cycles of 94°C for 60 s, 58°C for 2 min, 72°C for
1 min 30 s, and a final extension at 72°C for 4 min. A
volume of 10 pl of the PCR product was analyzed by
electrophoresis on 2% agarose gels stained with ethidium
bromide. The reverse line blot method was used on all
samples with amplifiable DNA, and the hybridization
conditions are described elsewhere [36]. Additionally,
HPV genotyping was verified using the SPFI10 PCR
primers and the INNO- LiPA method (Innogenetics) which
is capable of detecting 26 HPV types. Biotinylated SPF10
PCR primers were used for the amplification of a 65-bp
region of the L1 gene of a broad spectrum of HPV types
was performed on all tumor samples (n = 279). All runs
included positive controls consisting of HPV including
HeLLA cell line DNA and head and neck tumor DNA, as
well as negative water controls. The PCR reaction mixture
(50 pl) contained 2.0 pl of 5 ng of genomic DNA, 37.7 pL.
of AMP mix (Innogenetics), 2.3 pL. of ENZ mix (Innoge-
netics) and 8.0 pL of water. Cycling conditions were as
follows: initial denaturation at 94°C for 9 min, 40 cycles of

Table 1 Clinical and pathologic characteristics of colorectal cancers

94°C for 30 s, 52°C for 45 s, 72°C for 45 s, and a final
extension at 72°C for 5 min. A volume of 10 pl of the PCR
product was analyzed by electrophoresis on 2% agarose
gels stained with ethidium bromide. The INNO- LiPA
assay was used on a subset of the samples (n = 15).
Hybridization conditions were performed according to the
protocol from the INNO-LiPA kit (Innogentics). All sam-
ples were processed in a laboratory that was separate from
where the PCR amplification was performed to avoid false-
positives due to contamination.

Results

A total of 279 colorectal samples from microdissected
DNA and 30 normal adjacent tissues samples were ana-
lyzed from three different populations (Table 1). Cases
were slightly older in Israel (mean of 72 (SD = 8.6)) than
in Spain (mean of 66 (SD = 10)) and the United States
(mean of 63 (SD = 11.6)). There was also a higher pro-
portion of females in the Israeli sample (44%) when
compared to the Spanish sample (33%). In the Israeli and
Spanish samples, approximately 70% of the tumors from
cases occurred in the colon, with approximately 30%
occurring in the rectum. Tumors for all cases from the
United States occurred in the colon.

All 279 samples from all three different studies were
negative for all types of HPV using both the GP5+/GP6+
PCR reverse line blot method and the SPF10 INNO-LiPA
method. Thus, the prevalence estimate was 0 (95% CI:
0-0.017) for all colorectal cancer cases, which excludes a

Study reference Population Design Source Cases Age (SD**) Female (%) MSI-H (%)
Poynter [38] Israel Population-based MECC
Colon* 71(66.9%) 73(9.1) 36(50.7%) 13(12.3%)
Rectum 31(29.3%) 71(5.9) 10(32.2%) 0
Unknown 4(3.8%) 71(10.4) 1(25%) 0
Total n =106 72(8.6) 47(44.3%) 13(12.3%)
Moreno [39] Spain Hospital-based Bellvitge
Colon™ 70(70%) 67(10) 21(32.3%) N/A
Rectum 30(30%) 64(10) 12(34.3%) N/A
Total n = 100 66(10) 33(33%) N/A
Giordano [40] United States Clinical Series/registry University of Michigan
Colon 73(100%) 64(11.6) 33(45.8%) N/A
Rectum 0 0 0 N/A
Total n=7173 64(11.6) 33(45.8%) N/A

* Colon defined as: Ascending colon, cecum, descending colon, hepatic flexure, large intestine NOS, rectosigmoid junction, sigmoid colon

splenic flexure, transverse colon
*#* SD—Standard deviation

#Colon defined as: left or right colon
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true prevalence larger than 2% with P = 0.03. Prevalence
estimates and 95% confidence intervals were calculated
separately for colon and rectal cancers. The prevalence
estimate was 0 (95% CI: 0-0.022) for colon alone
(n=214) and 0 (95% CI. 0-0.074) for rectum alone
(n = 61). It can be seen that the confidence intervals are
slightly wider for rectum alone given that we had a smaller
sample size of rectal cancers. Therefore our data cannot
entirely exclude a role for HPV infection in rectal cancer,
although we did not detect any HPV in the rectum or colon.

We computed a meta-analysis of the six previous studies,
in addition to our study, to summarize the prevalence of HPV
in colorectal cancer across studies (Table 2). We measured
the inconsistency across study results by computing Coch-
ran’s Q test for heterogeneity, which is the weighted sum of
squared differences between individual study effects and the
pooled effect across studies. A random effects model was
used to allow the true effect size in the studies to vary,
because studies often differ in terms of design, methods
employed, samples sizes and patient population [42, 43].
Based on the Cochran Q = 574.71 (df = 6, P < 0.0001),
there is clear evidence of significant heterogeneity across
studies, with HPV prevalences ranging from 0 to 83.3%. The
pooled prevalence estimate was 1.6% (0.017-74%), but the
validity of this pooled estimate is difficult to interpret given
the large heterogeneity observed in the data and suggests that
the true prevalence is likely to be zero.

Discussion

Using two different highly sensitive and specific techniques
for detecting the presence of HPV, the current study does

Table 2 Summary of HPV studies in colorectal cancer, by author

not confirm previous reports of an association with colo-
rectal cancer, and in fact, stands in stark contrast with some
previously published results. There are several potential
reasons for the lack of agreement, and the most likely
appears to be a profound degree of contamination in other
studies. There are numerous opportunities for HPV con-
tamination of colorectal cancer specimens that do not
actually harbor pathogenic infections. Pathology laborato-
ries that are not specifically established to maintain HPV-
free environments can lead to contamination of the tumor
blocks. Research laboratories with experience in HPV-
positive samples may accidentally cross-contaminate
colorectal cancers at the time blocks are (1) recut for
microdissection, (2) when DNA is extracted, or (3) when
PCR amplification is performed.

Two studies (Buyru et al. 2006; Perez et al. 2005) did
not report the results of negative water controls which
generally identify and protect against the possibility of
PCR contamination. Additionally, Buyru et al. 2006 used
lymphocytes as negative controls. A frequent source of
contamination can be traced to the re-use of microtome
blades when paraffin-embedded tumor blocks are recut into
sections for mounting or microdissection and DNA
extraction. These blades are expensive, and in a surgical
pathology laboratory that emphasizes diagnostic pathology
preparation, it is usually not necessary to replace the blade
after each block. Our study used a new blade for every
block, and the microtome was thoroughly cleaned between
each case. Although we cannot be certain that these pro-
cedures eliminated the possibility of HPV contamination in
our study, it is likely that these protocols greatly reduced
the probability. Furthermore, we did not observe HPV
contamination in any sample. Template-free (water)

Author Country Design Positive/  Prevalence = Consensus primers Genotyping
cases (%) technique

Shah [32] USA Case only 0/50 0% MY09/MY11 Southern blot hybridization
Shroyer [33] USA Case only 0/22 0% MY09/MY11 Southern blot hybridization
Perez [28] Argentina Case—control ~ 20/27 74% MY09/MY11, GP5 +/6+  LIS-SSCP~
Bodaghi [29] USA Case—control ~ 28/55 51% MY09/MY11 Dot-blot hybridization
Buyru [30] Turkey Case—control ~ 43/53 81.2% MYO09/MY11 DIG-ddUTP
Damin [31] Brazil Case—control ~ 60/72 83.3% MY09/MY 11, GP5+/6+ E6/E7 nested PCR
Gornick (present study) Israel, Spain, Case only 0/279 0% GP5+/6+, SPF10 RLB%,

USA LiPA*
Summary 151/558  1.6%%

A LIS-SSCP Low ionic strength-single strand conformational polymorphism

% RLB Reverse line blot method
# LiPA Line probe assay

* Summary estimate from a random effects mode. A test of heterogeneity shows highly significant differences in prevalence across studies,

making a pooled estimate difficult to interpret
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controls were included in every PCR amplification run, and
none showed evidence of HPV while all positive controls
were observed.

It is also highly unlikely that our study failed to detect
HPV infection that was truly present in the sample. We
used two different techniques; GP5+4/GP6+ reverse line-
blots and the LiPA technique that are considered the state-
of-the-art for HPV detection. The sensitivity of GP5+/
GP6+ and LiPA has previously been reported to be more
sensitive than other techniques used to detect HPV [36,
44]. Other studies exploring the role of HPV in colorectal
cancer used techniques that are even less sensitive, making
differential sensitivity extremely unlikely as an explanation
for our findings [30].

Power is also important to consider for any study that
fails to find an association or fails to replicate previously
published results. Our study was larger than all of the other
published studies combined (n = 279 vs. n = 234), and we
designed our study to have 93% power to detect a differ-
ence in proportions of as little as 10% (n = 279) if the
prevalence is 0 versus 0.1. The power to detect a difference
in proportions of 10% if the prevalence is 0.7 versus 0.8,
similar to those found in previous reports (see Table 2), is
97%.

Although it is theoretically possible that there are geo-
graphical differences that might account for the profoundly
disparate results of our study compared to the published
literature, this seems unlikely given the large international
sampling frame of our study. The present study includes
nearly equal sample sizes of cases from a population-based
study of colorectal cancer in Israel, a hospital-based study
of colorectal cancer in Spain, and a hospital-based series of
colorectal cancer cases from the United States. For exam-
ple, the published study from Turkey described a preva-
lence of HPV of 81.2%, compared to our findings of 0% in
Israel. The previously published study from the NIH group
included cases from Baltimore and Houston, showing a
prevalence of 51%. Cases from Michigan included in our
study also showed a prevalence of 0%. Although there are
no published European studies of HPV that we are aware
of, our findings of 0% cases with HPV from Spain stand in
striking contrast to the 74% reported in Argentina and 83%
reported in Brazil.

Publication bias may also account for the differences
between our findings and the previously published reports.
We completed a systematic review of the literature, using
Pubmed search terms (HPV, cancer, colon, rectum), and only
two papers documented an absence of HPV in colon or rectal
cancers, and both of these papers were published in 1992.

A possible limitation of the current study is the age of
the samples used for detection of HPV. The paraffin blocks
from the Israeli sample were prepared as early as 1999, and
DNA was microdissected within an average of 194 days

(approximately 6.5 months). The microdissected DNA was
immediately stored at —80°C for approximately 7.5 years
(SD = 1.9). DNA stored in at this temperature should be
very stable allowing for detection of HPV DNA. It should
be noted that the time between receiving the tumor block
and date of extraction of DNA may lead to decreased
sensitivity to detect the presence of HPV. However, the
positive control Head and Neck tumor (positive for HPV
type 16) used in this study was approximately 3 years old
before DNA was extracted, which is a much longer time
between receiving the block and extraction of DNA than
any of the colorectal tumors. Therefore, we do not antici-
pate a decrease in ability to detect HPV in samples from
the present study.

The age of onset of CRC in the samples (Israel
mean = 72, Spain mean = 66 and US mean = 63) might
hypothetically influence detection of HPV in the colon.
Being that these individuals are older and therefore a
‘lower risk’ population, they are less likely to be infected
with HPV, although colorectal cancer is indeed a disease of
older populations. The youngest patients in our sample
provide some evidence that even among younger patients,
HPV is not detected (Israel = 38 years old, Spain = 23
years old, US = 20 years old). There is also a higher
percentage of colon cancer cases (77% colon) than rectum
cases (22% rectal, 1% unknown), whereas previous reports
suggest that the proximity of the rectum to the anal canal
may play a role in HPV infection of the rectum but not the
colon. However, we did not detect HPV in rectal or colon
cancers.

In summary, careful methodological assessment of HPV
in an internationally representative series of colorectal
cancer confirms the early reports by the Shah and Schroyer
groups that HPV is not found in adenocarcinoma of the
colon or rectum. Although several recent small studies have
reported exceptionally high rates of HPV-positivity in
colorectal adenocarcinoma, these reports are not consistent
with the known tropism of HPV to squamous epithelium,
the recognized pathobiology of squamous carcinoma com-
pared to adenocarcinoma, or our careful international sur-
vey. We conclude that HPV infection is not a meaningful
risk factor for adenocarcinoma of the colon or rectum.
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