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Abstract
AIM: To investigate the presence of human papillomavirus 
(HPV) DNA along with the integration, the quantification 
and the expression of the HPV16 in colorectal cancers.

METHODS: A prospective series of colorectal tumors were 
genotyped for HPV DNA. The clinical and pathological 
variables of the HPV-positive tumors were compared to 
those of HPV-negative samples. The integration status 
of HPV16 was evaluated by calculating E2/E6 ng ratios. 
HPV16-positive tumors were also evaluated for (1) E2, 
E4, E5, E6 and E7 viral gene ng quantification; (2) relative 
quantification compared to W12 cells; and (3) viral E2, E4, 
E5, E6 and E7 mRNA transcripts by real-time polymerase 
chain reaction.

RESULTS: HPV infection was detected in 16.9% of all 
tumors examined, and HPV16 was the most frequent 
type detected (63.6% of positive tissues). Notably, 
the clinical and pathological features of HPV-positive 
colorectal cancers were not significantly different than 
those of HPV-negative cancers (χ 2 and t -test for all 
clinical and pathological features of HPV-positive vs  
HPV-negative colorectal cancers: p ns). HPV16 DNA was 
present exclusively in episomal form, and the HPV16 
E2, E4, E5, E6 and E7 genes were detected in trace 
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nanogram quantities. Furthermore, the HPV16 genes 
ranged from 10-3 to 10-9 compared to W12 cells at an 
episomal stage. Although the extractions were validated 
by housekeeping gene expression, all the HPV16 
positive tissues were transcriptionally inactive for the 
E2, E4, E5, E6 and E7 mRNAs.

CONCLUSION: Based on our results, HPV is unlikely 
involved in colorectal carcinogenesis.

Key words: Colorectal cancer; Human papillomavirus; 
Carcinogenesis; W12
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Core tip: The burden of human papillomavirus (HPV)-
associated cancers is not limited to the cervix, but 
includes the oropharynx and the ano-genital area. 
Moreover, emerging studies have reported the detection 
of HPV DNA in the tumoral mucosae of several epithelia, 
including the colorectum. This is the first study aimed 
to investigate the presence of HPV in specimens using 
clinically validated methodology, and it is the first to 
apply the molecular basis of HPV-related carcinogenesis. 
Because we only detected episomal HPV16s in low 
quantities, and it was transcriptionally inactive, we 
conclude that the virus unlikely plays a role in colorectal 
carcinogenesis.

Lorenzon L, Mazzetta F, Pilozzi E, Uggeri G, Torrisi MR, Ferri 
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INTRODUCTION
Colorectal carcinoma has been classified as the fourth 
most frequently diagnosed cancer in Italy and in the 
United States[1,2].

Recently, a possible correlation between human 
papillomavirus (HPV) infection and colorectal cancer has 
been suggested, and several authors detected HPV DNA 
in cancerous tissues by different techniques[3]. As we 
recently highlighted, HPV infection rates are significantly 
different between tumors and controls/tumor-adjacent 
tissue when HPV DNA is detected, with the most 
prevalent type reported as HPV16[3]. Similar results have 
been validated by recent meta-analysis[4].

The literature lacks studies utilizing clinically validated 
methodologies for HPV genotyping, as well as studies 
investigating the molecular basis of  HPV-associated 
colorectal carcinogenesis. Thus, a potential role for HPV 
in colorectal-related carcinogenesis requires further 
investigation.

The natural history of  a high-risk HPV infection in 

the target epithelium (e.g., the cervix) is a well-described 
process that involves virus penetration in the basal layer 
through micro-abrasions and its subsequent replication 
in episomal form, leading to the expression of  six non-
structural (E1-E2, E4-E7) and two structural viral proteins 
(L1- L2)[5-7].

E5, E6 and E7 are viral onco-proteins that cause 
immortalization and transformation; E6 and E7 inactivate 
p53 and Rb, respectively[8]. HPV16 E5 also has transforming 
potential, leading to increased EGFR recycling and 
signaling[9].

The progression of  a persistent and untreated lesion 
is associated with HPV DNA integration into the host 
genome, with subsequent disruption of  the E2 gene and 
up-regulation of  the E6 and E7 proteins[5,6].

HPV integration has been identified as a critical step 
in cancer promotion and progression[10]; however, in 
vivo studies have shown that an integrated, episomal or 
mixed HPV genome could be detected in pre-cancerous 
lesions in addition to invasive cancers[11].

Moreover, persistent and progressive HPV infection 
has been associated with increased viral load[12].

In summary, there are three major issues that scientists 
face in studying HPV-related carcinogenesis, including: (1) 
the expression of  viral onco-proteins; (2) the integration 
pattern; and (3) the viral load of  a productive/progressive 
infection.

On the basis of  this background, we aimed to translate 
the molecular basis of  HPV-related carcinogenesis in 
vivo (particularly HPV16), to understand the possible 
implications of  the virus in colorectal carcinogenesis, in 
relation to: (1) the detection of  HPV DNA in a prospective 
series of  colorectal cancer tissues by a clinical validated 
methodology; (2) HPV16 integration status; (3) the 
quantification of  HPV16; and (4) viral transcript expression.

MATERIALS AND METHODS
Patients
Sixty-nine cancerous tissues from 66 patients who had 
undergone surgical resection for colorectal cancer in our 
Department were prospectively enrolled from 2010 to 
2012. The study protocol was approved by the Ethical 
Board.

Patients were enrolled if  they presented with colorectal 
cancer independently of  sex, age or tumor localization. 
One exclusion criterion was neo-adjuvant chemo-radiation 
treatment for rectal cancers, due to HPV infection-related 
radio-sensitivity[13].

Cancerous tissues were sampled immediately after 
surgery and frozen. All of  the clinical/pathological data 
were recorded, including patient’s clinical history and 
demographics (age at the time of  surgery, sex), tumor 
location, and type of  surgical procedure.

Cell lines
W12 cells[14] were grown to passage 9 to retain the episomal 
form of  HPV16, and were cultured in M154CF medium 
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Table 1  Clinical-pathological features of colorectal cancer 
patients  n  (%)

plus 1% PSG, 1% HKGS, and calcium (0.07 mmol/L). 
HaCaT cells (HPV-negative cell line) were cultured in 
DMEM plus 10% FBS.

HPV genotyping
HPV genotyping and DNA Real-Time PCR were 
performed after DNA extraction with the QiAamp DNA 
extraction kit (Qiagen, Netherlands). HPV detection 
was performed with the INNO-Lipa HPV Genotyping 
kit, which can detect 28 different HPVs by DNA 
amplification followed by reverse hybridization of  the 

SPF10 fragment (Innogenetics, Belgium). The following 
special attention was paid to avoid cross-contaminations: 
the personnel were advised to frequently change their 
disposable gloves and to carefully and singularly open 
vials. Moreover, amplifications were performed in a 
separate room.

qDNA real-time polymerase chain reactions
Real-time polymerase chain reactions (PCRs) were 
performed using the iCycler IQ™ 5 Multicolor Real Time 
PCR detection System (Bio-Rad, California, United States) 
with SYBR Green Supermix (Bio-Rad, California, United 
States). The HPV16 gene loads was determined in each line 
by referring to a standard quantification curve generated 
by diluting from 7 × 106 to 7 × 100 copies of  an HPV16 
plasmid. Cell lines and cancerous HPV16-positive tissues 
were then analyzed for DNA ng quantification of  the 
house-keeping gene beta-actin and of  the HPV16 E2, E4, 
E5, E6 and E7 genes. Moreover, a relative quantification of  
HPV16 genes was obtained for HPV-positive colorectal 
cancers using the ΔCT method (CT target-CT reference), 
with to the episomal cell line (W12) as a reference, considered 
equal to 1.

HPV16 integration
HPV16 positive tissues were studied using the E2/E6 ng 
ratio.

rtqRT-PCR
RNA extraction was performed with TRIzol Reagent 
(Invitrogen, California, United States). Retro-transcription 
was performed with the iScript™ cDNASynthetis kit. The 
expression of  the HPV16 E2, E4, E5, E6 and E7 mRNAs 
was analyzed by rt real-time PCR. Specimen quality was 
assessed with beta-actin. Primer sets were the same as 
those used for qDNA Real Time PCR, with the exception 
of  E2 (E2C: For TTGAAAGCGAAGACAGCGGG; 
Rev AGTCGTCTGTGTTTCTTCGG) and E4 
(E1-E4: For TAATCTACCATGGCTGATCC; Rev 
AGTCGTCTGTGTTTCTTCGG).

Statistical analysis
The clinical/pathological features of  HPV-positive 
colorectal cancers were compared with those of  HPV-
negative cancers. Sub-groups were compared using the 
Student’s t-test and χ 2 test; all test were two-tailed, and P 
< 0.05 was considered statistical significant. All analyses 
were obtained with the MedCalc software version 11.4.4.0.

RESULTS
HPV DNA detection in colorectal cancers
Four samples were excluded from our analysis due to 
necrotic material, leaving 65 tumors from 62 patients 
(three patients had synchronous lesions) for data analysis. 
Table 1 summarizes the features of  the population.

Eleven tumors tested positive for HPV (16.9%): eight 
high-risk HPVs (72.7%: seven HPV16-positive tumors, 
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Clinical-pathological features Value

Sex n = 62
   M 41 (66.1)
   F 21 (33.9)
   M/F 1.95
Age (yr) n = 62
   Mean ± SD 70.4 ± 11.3
   Median 72
   Range 38-92
Localizations n = 65
   Rectum 13 (20.0)
   Sigmoid 21 (32.3)
   Transverse 6 (9.2)
   Right 25 (38.5)
Stage-AJCC 9th n = 65
   Ⅰ 14 (21.5)
   Ⅱ 22 (33.9)

Ⅱa 20-Ⅱb 2
   Ⅲ 27 (41.5)

Ⅲa 2-Ⅲb 20-Ⅲc 5
   Ⅳ 2 (3.1)
T stage n = 65
   T1 6 (9.2)
   T2 10 (15.4)
   T3 41 (63.0)
   T4   8 (12.4)
N stage n = 65
   N0 36 (55.4)
   N1 19 (29.2)
   N2 10 (15.4)
Grading n = 65
   G1 5 (7.7)
   G2 20 (30.8)
   G3 40 (61.5)
V/L/N1 n = 27
   0   4 (14.8)
   1 22 (81.5)
   2 1 (3.7)
Lymph node harvest n = 65
   Mean ± SD 21.0 ± 11.5
   Median 19
   Range 6-72
Metastatic nodes n = 65
   Mean ± SD 2.7 ± 6.1
   Median   0
   Range 0-30
Lymph node ratio n = 65
   Mean ± SD 0.11 ± 0.2
   Median   0
   Range 0-0.88

1V/L/N: Perivascular/lymphovascular/perineural invasion.

Lorenzon L et al . HPV and colorectal cancer



one HPV39), two probable high-risk HPVs (18.2%: one 
HPV26, one HPV53) and a low-risk HPV6 (9.1%). We 
most frequently observed the HPV16 viral type (63.6% 
of  the HPV-positive tumors).

We thus compared the features of  HPV-positive tumors 

with those of  HPV-negative tumors. We did not detect 
any significantly different clinical/pathological variables 
between the two groups (P > 0.05; Table 2).

HPV16 genome
Table 3 shows the genome structure of  the HPV16-
positive cancers. In 4/7 HPV16-positive tissues, we could 
map almost the entire genome; in the remaining three 
patients, we documented fragments of  the HPV16 genome. 
The former four cancers were suitable for integration 
status analysis, and all patients had an augmented E2/E6 
ratio (range: 1.79-20, mean ± SD 8.9 ± 7.8, median 6.9), 
consistent with episomal forms of  HPV DNA.

HPV16 quantification
We determined that W12 cells had a full episomal HPV16 
genome with an average of  179 copies/cell, which is 
consistent with previous reports[14].

We used the ΔΔCT method to determine the relative 
amount of  HPV16 DNA in each cancer, using the 
episomal cell line (W12) as a reference. The spread 
between the HPV16 genes and the housekeeping beta-
actin gene in the W12 line was considered to be equal 
to 1. We detected very low quantities of  HPV16 genes, 
ranging from 10-2 to 10-9 of  the amount detected in 
the W12 cells (Figure 1). We further quantified the ng 
amounts of  HPV16 genes in positive tissues and in the 
W12 cell line. Even though we sufficiently quantified 
the beta-actin genes in each sample (range: 0.03-186.11 
ng, mean ± SD 85.98 ± 64.27 ng, median 82.66 ng), 
the HPV16 genes in colorectal cancers were detected 
in extremely low quantities ng quantities (range: 5.4 × 
10-8-0.005 ng, mean ± SD 0.0007 ± 0.0009, median 
0.00008), as shown in Figure 2.

HPV16 transcriptional pattern
Although we successfully validated the efficiency of  
human RNA extractions from tumors by the expression 
of  beta actin mRNA, all HPV16-positive tissues were 
negative for E2, E4, E5, E6 and E7 mRNA expressions 
(Figure 3).

DISCUSSION
HPV is no longer associated exclusively with cervical 
cancer[15,16]. Recent studies have detected HPV DNA in 
the tumoral mucosae of  different epithelia[3,17,18].
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Table 2  Human Papi l lomavirus-posit ive vs  Human 
Papillomavirus-negative colorectal cancers  n  (%)

HPV-positive (11 
cancers from 11 

patients)

HPV-negative 
(54 cancers out 
of 53 patients)

P  
value

Sex 
   M   9 (81.8) 34 (64.1)   0.431

   F   2 (18.2) 19 (35.9)
   M/F 4.5 1.8
Age (yr)
   Mean ± SD      68.1 ± 3.1 70.6 ± 10.9
   Median 69 72 0.52

   Range     38.0-84.0 46.0-92
   95%CI     52.9-76.9 67.5-73.6
Localization
   Rectum   2 (18.2) 11 (20.4)
   Sigmoid   3 (27.3) 18 (33.3)   0.731

   Transverse   2 (18.2) 4 (7.4)
   Right   4 (36.3) 21 (38.9)
Stage-AJCC 9th

   Ⅰ   3 (27.3) 11 (20.4)
   Ⅱ   4 (36.3) 18 (33.3)   0.481

   Ⅲ   3 (27.3) 24 (44.4)
   Ⅳ 1 (9.1) 1 (1.9)
T stage
   T1 - (-)   6 (11.1)
   T2   3 (27.3)   7 (12.9)   0.231

   T3   8 (72.7) 33 (61.1)
   T4 - (-)   8 (14.9)
N stage
   N0   7 (63.6) 29 (53.7)   0.281

   N1 1 (9.1) 17 (31.4)
   N2 3 (27.)   8 (14.9)
Grading3

   G1 - (-) 5 (9.2)
   G2     4 (36.36) 16 (29.7)   0.551

   G3     6 (63.64) 33 (61.1)
V/L/N4

   V/L/N0   2 (33.3) 2 (9.5)   0.311

   V/L/N1   4 (66.7) 18 (85.7)
   V/L/N2 - (-) 1 (4.8)
Lymph node harvest
   Mean ± SD 23.0 ± 11.4 20.6 ± 11.6
   Median 20 18   0.532

   Range 10-54 6-72
   95%CI 15.3-30.6 17.4-23.7
Metastatic nodes
   Mean ± SD        3.1 ± 5.7 2.6 ± 6.2   0.822

   Median 0 0
   Range 0-15 0-30 
   95%CI     0.7-6.9 0.9-4.3
Lymph node ratio
   Mean ± SD          0.15 ± 0.3 0.1 ± 0.2   0.552

   Median 0 0
   Range  0-0.8 0-0.8
   95%CI       0.04-0.3 0.04-0.15

1χ 2; 2t-test; 3G: Data analysis performed on 64 tumors (10 HPV-positive 
and 54-HPV negative); V/L/N: Perivascular/lymphovascular/perineural 
invasion; 4Data analysis performed on 27 tumors (6 HPV-positive and 
21 HPV-negative). Human papillomavirus (HPV) including high risk, 
probable high risk and low risk HPV. 

Table 3  Genome structure of human papillomavirus 
16-positive colorectal cancers

E2 E4 E5 E6 E7 L1 (SF10)

1 + - + + + +
2 + - + + + +
3 + + + + + +
4 + + + + + +
5 + - - - - +
6 + + + - - +
7 - - + - - +

Lorenzon L et al . HPV and colorectal cancer



Burnett-Hartman analyzed the correlation between 
HPV and colorectal cancer using the Bradford criteria[19] 

and highlighted evidence for the correlation by analogy, 
biological plausibility, strength of  association, but only 
weakly provided evidence in consistency, specificity and 
coherence.

We recently reviewed this association by pooling 
patients from different studies: the HPV mean detection 
rate within colorectal carcinomas was 41.7% (range: 
0%-84%), compared to a mean detection rate of  32.8% in 
adjacent colonic mucosae, and 5.8% in disease-free controls 
(P = 0.001)[20-22]. Moreover, HPV DNA has been reported 
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Figure 1  Human papillomavirus 16 relative gene quantifications. Data obtained in human papillomavirus (HCV) 16 positive colorectal cancer tissues through 
real time polymerase chain reaction analysis by the ΔΔCT method, with W12 cells as a reference considered equal to 1. Primer sequences were as follows: A: E2: 
For GCAACGAAGTATCCTCTCCTG; Rev GCGA CGGCTTTGGTATGG; B: E4: For AATTATTAGGCAGCACTTGG; Rev GTCGTCTGTGTTTC TTCG; C: E5: For 
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to be statistically associated with colonic polyp mucosae[3]; 
conversely, two recent studies provided contrasting 
results[23,24].

Consistent with the findings of  our previous review, 

Baandrup et al[4] recently reported an HPV prevalence of  
36.8% in colorectal adenocarcinomas with an OR of  6.0 
(95%CI: 2.0-17.9) for the association between HPV and 
colorectal cancer.
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In our study, we documented an HPV DNA infection 
in 16.9% of  the cancers analyzed. To our knowledge, this 
is the first study to use a clinically validated methodology. 
Conversely, the vast majority of  past reports employed 
obsolete methods or used double amplification protocols[3]. 
According to Burnett-Hartman, prior studies are likely 
the result of  contamination from the anal canal or clinical 
processing[23].

Despite this, HPV16 was the most frequently identified 
HPV type in tissues we examined (63.6%), in accordance 
with previous studies[20-22].

In this study, the presence of  HPV showed no difference 
in distribution of  the virus through the colon, as previously 

reported by other authors[20-22]. The prevalence of  right 
colon localization in our samples may be explained by the 
fact that we excluded patients with rectal cancers that had 
previously undergone neo-adjuvant chemo-radiotherapy 
(which is currently the gold standard treatment for rectal 
cancers clinically staged T3 or N+), because of  the radio-
sensitivity related to HPV infection that could bias our 
results[13].

We thus compared the features of  HPV-positive vs 
HPV-negative cancers, and the sub-groups appeared 
homogeneous for all clinical/pathological variables 
observed, in contrast to previous reports by Pérez et al[22] 
and Cheng et al[25], which highlighted a correlation between 
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virus infection and tumor stage or grading.
Nevertheless, the main objective of  our study was to 

translate the molecular basis of  HPV-related carcinogenesis 
in vivo. Bodaghi was the only author who previously 
investigated HPV genome integration in colorectal 
tumors, detecting integrated virus quite frequently in the 
31 tumor tissues investigated[21]. Of  note, we investigated 
the entire HPV16 genome, providing an examination 
of  the full viral structure. Indeed, in 57.1% of  HPV16-
positive tumors, we documented the entire viral genome; 
in the remaining cases, we detected only viral fragments.

To determine the amount of  HPV16 DNA in positive 
tissues, we generated a relative quantification of  the 
genes comparing to the episomal W12 cells. We detected 
very low quantities of  HPV16 in all positive tissues.

Notably, the reported HPV prevalence of  16.9% in 
the colorectal cancers we examined is much lower than 
that of  other HPV-associated cancers, as the prevalence 
of  HPV in cervical cancer has been reported to be 
approximately 96%[26], and approximately 30%-44% in 
oropharyngeal cancers[27].

Chaturvedi et al[27] recently investigated a large series 
of  oropharyngeal carcinomas using the Inno-Lipa 
technique; they determined that the HPV prevalence in 
oropharyngeal tumors was 44.1% (38.8% for HPV16). 
Among the 102 Inno-LiPA HPV16-positive tissues, 77.5% 
were positive based on viral load criterion, with a median 
of  22.1 HPV16 copies/cell, and 84.5% were positive by 
viral oncogene expression criterion, with a median of  
152.9 transcripts/1000 RPLP0 equivalents.

Similar findings were reported in the investigation of  
HPV16 in cervical cancers; notably, Häfner et al[11] reported 
viral integration as a key event in malignant lesions: they 
found integrated HPV16 virus in 51% of  cervical cancers 
tested by APOT assay. Conversely, just 11% of  CIN 
lesions contained HPV16 integration. Furthermore, viral 
transcript levels were broadly distributed, though they had 
similar median values irrespective of  histo-pathological 
grading and physical state of  the viral genome both in 
CINs and cancers.

Indeed, we focused this study on viral transcript 
detection. Although all of  the samples’ integrity was validated 
by housekeeping mRNA expression, all of  the tissues were 
negative for HPV16 mRNAs. Conversely, Chen previously 
reported E6 protein detection by immunohistochemistry in 
eight out of eleven HPV16-positive colorectal tissues[28]. Our 
negative results could be explained by the very low virus 
quantities in positive tissues or by different transcriptional 
patterns of  the virus in a different target epithelium that 
could impair viral protein replication and expression 
(simple cuboidal in colorectum vs squamous stratified in 
the cervix).

In conclusion, we were able to detect HPV DNA in 
colorectal cancer tissues; however, the virus was episomal, 
detectable in barely traceable quantities and transcriptionally 
inactive. This could be related to the very low amounts of  
viruses or to a different target epithelium that could bias 
a productive infection or the transcriptional patterns of  

the HPV. According to our results, it is unlikely that HPV 
contributes to colorectal carcinogenesis.
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