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Abstract: High-risk human papillomaviruses (HPVs) are considered risk factors in the origin of
several human malignancies, such as breast, cervical, head and neck, as well as colorectal cancers.
However, there are no data reported on the HPV status in colorectal cancer in the State of Qatar.
Therefore, we herein examined the presence of high-risk HPVs (16, 18, 31, 33, 35, 45, 51, 52, and
59), using polymerase chain reaction (PCR) in a cohort of 100 Qatari colorectal cancer patients, and
their association with tumor phenotype. We found that high-risk HPV types 16, 18, 31, 35, 45, 51,
52, and 59 were present in 4, 36, 14, 5, 14, 6, 41, and 17% of our samples, respectively. Overall, 69
(69%) of the 100 samples were HPV positive; among these, 34/100 (34%) were positive for single
HPV subtypes, while 35/100 (35%) of the samples were positive for two or more HPV subtypes. No
significant association was noted between the presence of HPV and tumor grade, stage, or location.
However, the presence of coinfection of HPV subtypes strongly correlated with advanced stage
(stage 3 and 4) colorectal cancer, indicating that the copresence of more than one HPV subtype
can significantly worsen the prognosis of colorectal cancer. The results from this study imply that
coinfection with high-risk HPV subtypes is associated with the development of colorectal cancer in
the Qatari population.

Keywords: colorectal cancer; human papillomavirus; high-risk HPV coinfection; Qatar

1. Introduction

Colorectal cancer (CRC) accounts for 10% of all cancer-related deaths worldwide and
is the second most common cause of cancer deaths worldwide [1]. Moreover, CRC forms
13% of all malignant tumors in the gastrointestinal tract [2]. In addition, CRC represents
the third most common type of cancer in males and the second in females [3]. Major risk
factors associated with CRC are usually genetic, hereditary, or environmental, such as
aging, lifestyle, and consumption of alcohol. Recent studies have linked the development
of CRC with pathogenic viruses known as “oncoviruses” [4]. In this regard, oncoviruses
can exploit or cooperate with other factors, such as compromised host-immune systems,
chronic inflammatory conditions, or other carcinogens in order to initiate oncogenesis
or sustain tumorigenesis [5,6]. The most commonly known oncoviruses include human
papillomaviruses (HPVs), human herpes virus 8 (HHVS), Epstein-Barr virus (EBV), and
hepatitis viruses B and C (HBV and HCV) [7].

HPVs are small, double-stranded DNA viruses that have the ability to infect the
epithelial linings of the anogenital and upper respiratory tracts [8]. Numerous HPV types
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have been identified and classified into low-risk (LR) and high-risk (HR) groups based on
their oncogenic ability. LR HPVs are generally involved in the development of common
anogenital warts [9]. Additionally, infections induced by LR HPVs (HPV types —6 and
—11) include benign papillomas/warts and respiratory papillomatosis [10,11]. Conversely,
HR HPVs (16, 18, 31, 33, 35, 39, 45, 51, 52, 55, 56, 58, 59, 68, 73, 82, and 83) correlate with
the onset and development of human cancers [12], as in cervical, head and neck, colorectal,
breast, and certain subsets of genital cancers [8,10,13-16]. Moreover, persistent infection
with HR HPVs was shown to correlate with vascular invasion, lymph node metastasis, as
well as tumor grade and size [17-20].

The HPV genome is approximately 8 kb in size [21] and comprises an early region,
late region, and a non-coding region (long control region: LCR) [21]. The early oncoprotein
E5 deregulates cell survival and proliferation through EGF-R1-associated signaling path-
ways [22-24]. On the other hand, the early oncoproteins E6/E7 trigger the inhibition of
apoptosis through the inactivation of known tumor suppressor proteins p53 and pRb [25].
In addition, E6/E7 cooperates with the ErbB-2 receptor to bring about D-type cyclins-
mediated transformation in HPV infected cells [26-28], which occurs via the (3-catenin
singling pathway [29-31]. Moreover, E6/E7 can also induce the expression of biomarkers
implicated in epithelial-to-mesenchymal transition (EMT) such as P-cadherin, Id-1, and
Fascin, thus promoting increased cell proliferation, invasion, and metastasis [26,28,32-35].
Most HR HPVs are masters of immune escape, enabling persistent infections that can lead
to complete neoplastic cellular transformation [8].

Several reports have highlighted that HPV infection is one of the potential causes
of anal/rectal lesions that eventually lead to the development of CRC [36,37]. Sexually
transmitted viruses such as HPV can initiate the development of warts and high-grade
lesions in the epithelial lining of the anal canal and perianal skin that eventually progress
to neoplasms of the anal and rectal regions [38,39]. HPV-associated anal and rectal cancers
are most commonly linked to sexual activity involving HPV-infected participants [38,40,41].
However, persistent infection with HV is considered essential for implications of HPV-
mediated cancers [42,43], thereby increasing the risk of developing CRC.

Nevertheless, only a few studies from the Middle East and North Africa (MENA)
region have reported data on HPV-associated CRC. Moreover, investigations detailing a
possible link between the presence of HPV and the onset of CRC among countries of the
Gulf Cooperation Council (GCC) are scarce. Currently, only two studies from Saudi Arabia
have evaluated the association of HPV in CRC [44,45]. Hence, this study will be the first
from the State of Qatar to report the presence and copresence of different types of HR HPVs
and their probable association with tumor stage and grade in CRC samples from Qatar.

2. Materials and Methods
2.1. Sample Collection and DNA Extraction

For the study, 100 formalin-fixed paraffin-embedded (FFPE) tissue samples from
patients diagnosed during the period 2018-2021, at the Department of Pathology, Hamad
Medical Corporation (HMC), were included. For the study, anonymization for all cases was
performed. All experimental procedures were approved by the local research committee
#IBC-2019/005.

All cases were re-reviewed by a board-certified pathologist to confirm the diagnosis
and to select appropriate FFPE tissues for the assays.

DNA extraction from FFPE tissue samples (punch samples of 2 mm thickness) was
performed using the Thermo Scientific Gene]ET FFPE DNA Purification Kit according
to the manufacturer’s instructions (ThermoFisher Scientific, Waltham, MA, USA). The
enzymatic digestion of the FFPE sections was followed by lysing and release of genomic
DNA. Afterwards, the DNA was de-crosslinked, and the solution was centrifuged to obtain
the supernatant containing DNA, and binding was performed. Then, the lysate was added
to the purification column, followed by washing adsorbed DNA to eradicate contaminants.
Finally, DNA was eluted using the elution buffer (60 uL).
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2.2. HPV Detection by PCR

Polymerase chain reaction (PCR) was performed to analyze HR HPVs in purified
genomic DNA, through the use of primers specific to HR HPV types: 16, 18, 31, 33, 35, 45,
51, 52, and 59, as previously described [46,47]. For the internal control, GAPDH was used.
All analyses were completed as described by our group [46]. For each single experiment, we
used the respective positive and negative controls reported by our group previously [47].

PCR was performed using the Invitrogen Platinum II Hot-Start Green PCR Master
Mix (2X) (ThermoFisher Scientific, Waltham, MA, USA) according to the manufacturer’s
protocol. Gel electrophoresis was performed to resolve the PCR product, and images were
captured using the iBrightCL1000 Imaging System (ThermoFisher Scientific, Waltham, MA,
USA).

2.3. Statistical Analysis

Chi-square (x2) test with Yates’ correction and Fisher’s exact test were performed
to determine the significant association between the presence and copresence of high-
risk HPVs with clinicopathological data (tumor grade, tumor stage, and lymph node
involvement). Statistical significance was achieved if p-values were <0.05 in two-tailed
tests. Logistic regression was performed to estimate the association of HPV and its subtypes
with clinical correlates. HPV infection was coded as 1 and 0, indicating presence and
absence of infection. Next, subtypes of HPV were combined to create a binary variable
coinfection indicating more than two subtypes (2 or more) as present, and less as absent.
Stage of Cancer was classified as an advanced binary variable (stages 3 and 4) and others
(stages 1 and 2). Statistical analysis and plotting of graphs were performed using the Stata
software (version 17).

3. Results
3.1. Clinicopathological Characteristics of the Cohort

The study included 100 samples from 66 (66.0%) male and 34 (34.0%) female CRC
patients from Qatar, with a mean age of 57.1 years and a standard deviation of +-13.9 years.
Most samples were taken from the sigmoid colon (23 cases, 23%), followed by the rectosig-
moid colon (17 cases, 17%), ascending colon (16 cases, 16%), and the descending colon
(14 cases, 14%), while the rest of the samples were obtained from other varying regions of
the colon (30 cases, 30%), as shown in Table 1.

Table 1. Summarizing the clinicopathological characteristics of the CRC cohort and its association
with the presence of HPV. The mean age of all patients is 57.1 years (standard deviation (SD),
+13.9 years).

Characteristic Category HPV- (n=31) HPV* (n = 69) p-Value
Age in years (median) 59.0 (47.0, 65.0) 60.0 (49.0, 67.0) 0.61
Male 25 (81%) 41 (59%)
Gender 0.038
Female 6 (19%) 28 (41%)
Ascending colon 5 (16%) 11 (16%)
Descending colon 4 (13%) 10 (14%)
Transverse colon 2 (6%) 3 (4%)
Sigmoid colon 5 (16%) 18 (26%)
Rectosigmoid 7 (23%) 10 (14%)
Tumor Location 0.83
Cecum 4 (13%) 6 (9%)
Rectum 1 (3%) 2 (3%)
Hepatic flexure 3 (10%) 4 (6%)
Splenic flexure 0 (0%) 2 (3%)
Others (ileocecal valve, appendix) 0 (0%) 3 (4%)
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Characteristic Category HPV~ (n=31) HPV* (n = 69) p-Value
Not Applicable 0 (0%) 1 (1%)
Grade 1 (Well Differentiated) 2 (6%) 3 (4%)
Tumor Grade * 0.41
Grade 2 (Moderately Differentiated) 28 (90%) 56 (81%)
Grade 3 (Poorly Differentiated) 1 (3%) 9 (13%)
pT1 0 (0%) 1 (1%)
T2 6 (19% 7 (10%
Tumor Stage * P ( ) ( ) 0.45
pT3 19 (61%) 51 (74%)
pT4 6 (19%) 10 (14%)
pNO 15 (48%) 27 (39%)
Lymph Node Involvement (pN) pN1 10 (32%) 26 (38%) 0.69
pN2 6 (19%) 16 (23%)
Absent 28 (90%) 56 (81%)
Metastasis 0.25
Present 3 (10%) 13 (19%)

HPV~ denotes the cases negative for HPV; HPV* denotes the cases positive for HPV; * Tumor grade is determined
according to the College of American Pathologists Consensus Statement [48]. T Tumor stage is based on the
American Joint Committee on Cancer (AJCC) TNM system (8th edition) [49].

All tumors were histologically confirmed as adenocarcinomas, with most being grade
2 (84%). Based on the pT stage, 11 (11%) of the cases were stage 1, 28 (28%) cases were
stage 2, 45 (45%) cases were stage 3, and 16 (16%) cases were identified to have pT4 stage
disease during sample collection. A total of 58 cases (58%) were found to have lymph node
metastases. (Table 1).

3.2. The Status of High-Risk HPVs and Their Association with Clinicopathological Characteristics

In this investigation, we examined the presence of HR HPV types in a cohort of
100 CRC samples from the Qatari population by PCR analysis using specific primers for
their E6/E7 genes. Our study revealed that 69 of the 100 samples in our cohort were HPV
positive (69%); the most commonly present HR HPVs were HPV52 (41%), followed by
HPV18 (36%), HPV59 (17%), HPVs 31 and 45 (14%, each), HPV51 (6%), HPV35 (5%), and
HPV16 (4%) (Figure 1). However, HPV type 33 was not detected in our examined samples.

Distribution of High-risk HPV Subtypes in Colorectal Cancer
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Figure 1. The distribution of high-risk HPV subtypes in Qatari colorectal samples. The PCR analysis
included 100 colorectal samples revealing that the most frequent human papillomavirus (HPV)
subtypes in Qatar are 52, 18, 31, 45, 59, 51, 35, and 16.
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Out of the 66 male cases, 41 (59%) were HPV positive, whereas, among the 34 female
cases, 28 (41%) were positive for HPVs. Univariate logistic regression analysis revealed
an odds ratio of 2.84, signifying that the odds of females with HPV-associated CRC are
nearly three times greater than those of men (p = 0.043). However, the presence of HPV
did not correlate with the anatomical site of the tumor and the number of lymph nodes
affected. Table 1 summarizes the clinicopathological characteristics of the HPV-positive
and negative cases.

Furthermore, our data revealed that 34/100 (34%) cases were positive for only one
HPV subtype, while 35/100 (35%) were found to be co-infected with more than one type of
HPV. Table 2 summarizes the types and frequencies of HPV coinfections in the CRC cohort.
A total of 16/100 (16%) cases were found to have double infections, with HPV18 and HPV52
being the most commonly observed coinfections (n = 4) within this group. Additionally,
8/100 cases showed the co-presence of three HPV subtypes with HPV18, HPV52, and
HPV59 being the most frequent combination (n = 4). In the quadruple-infections group
(8/100 (8%)), HPV18, HPV31, HPV45, and HPV52 was the most frequently observed
combination of HPV subtypes (n = 3). Lastly, only 3/100 cases were found to possess
quintuple infections, with two of them being infected with HPV18, HPV31, HPV45, HPV5],
and HPV52.

Table 2. Classifying the types of HPV coinfection and most frequently occurring combinations among
our CRC cohort from Qatar.

Coinfection of HR-HPV Subtypes (n = 35)
HPV Subtypes Cases

Double-infections (n = 16) 16%
HPV18 and HPV52
HPV52 and HPV45
HPV52 and HPV35
HPV18 and HPV59
HPV52 and HPV59
HPV18 and HPV31
HPV16 and HPV18
Triple-infections (n = 8) 8%
HPV18, HPV52, and HPV59
HPV18, HPV35, and 52
HPV18, HPV45, and HPV52
HPV18, HPV31, and HPV52
HPV45, HPV51, and HPV52
Quadruple-infections (n = 8) 8%
HPV18, HPV31, HPV45, and HPV52
HPV18, HPV45, HPV52, and HPV59
HPV18, HPV31, HPV35, and HPV52
HPV16, HPV18, HPV45, and HPV52
HPV35, HPV45, HPV52, and HPV59
HPV18, HPV51, HPV52, and HPV59
Quintuple-infections (n = 3) 3%
HPV18, HPV31, HPV45, HPV51, and HPV52
HPV18, HPV31, HPV45, HPV52, and HPV59 1

_ = e s R NDNNDND WS

== R = =W

N

The coinfection of HPV subtypes was found to strongly correlate with advanced stage
(stage 3 and 4) CRC, indicating that the copresence of more than one HPV subtype can
significantly worsen the prognosis of colorectal cancer. On assessing overall HPV infection
status, the odds of having colorectal cancer are 1.58 times higher in those infected with
HPYV than those who do not have an infection. The results indicate that a 95% confidence
interval of (0.64—4.11) is wide and (p-value of 0.305) is not statistically significant, which
could be due to the small cohort size (Table 3). However, the results changed when the
same association was examined with coinfection of HPV subtypes. Our results indicate that
the odds of colorectal cancer occurring in the group infected with two or more subtypes
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of HPV are 4.10 times higher than in the group with no or single-subtype HPV infection.
The 95% confidence interval of (1.57-11.68) indicates a 95% probability that the true odds
ratio falls between 1.57 and 11.68, with a p-value of 0.004 (Table 4). Thus, the presence of
coinfection of HR HPVs may be considered as a high-risk factor for the progression of CRC.

Table 3. Association between advanced tumor stage * and HPV infection (n = 100).

95% Confidence

Variables Odds Ratio Interval p Value
Unadjusted HPV 1.44 0.61-3.42 0.399
1.62 0.64-4.11 0.305
. Age 0.95 0.92-0.98 0.009
Adjusted Sex 0.85 0.34-2.12 0.731
Location 0.99 0.83-1.19 0.989

* Advanced = stages 3 and 4; HPV infection is infection with any subtype.

Table 4. Association between advanced tumor stage * and HPV Coinfection #_(n =100).

95% Confidence

Variables Odds Ratio Interval p Value
Unadjusted o 3.87 1.48-10.13 0.0033
HPYV coinfection 428 1.57-11.68 0.004
. Age 0.95 0.92-0.98 0.009
Adjusted Sex 0.850 0.31-2.105 0.647
Location 0.998 0.81-1.19 0.856

* Advanced = stage 3 and 4. * HPV infection is infection with two or more subtypes. Adjusted for Age, Gender,
and Site of Colorectal cancer.

4. Discussion
4.1. Detection of HPV among CRC Samples from a Qatari Population

As evidenced by the existing scientific literature, and to the best of our knowledge,
this study is the first of its kind to reveal the presence and copresence of high-risk HPV
types in 100 CRC samples from the State of Qatar.

According to our study, 69 of the 100 samples (69%) were found to be positive for
the presence of high-risk HPV types. Unfortunately, data on the presence of high-risk
HPVs arising from countries in the GCC as well as the MENA region are scarce, as only a
few countries have reported the presence of HPV in CRC. However, there appears to be a
lack of consensus on HPV prevalence among these countries; some countries are known
to report low HPV positivity, while others report relatively higher numbers. Among the
countries in the GCC region, studies from the Kingdom of Saudi Arabia (KSA) are known
to report a prevalence of HPV in CRC. Among them, one study reported a low prevalence
of HPV (1.5%) [44], while another by Khabaz [45] reported the complete absence of HPV in
CRC samples. In contrast to these studies, our study from Qatar reports a relatively high
prevalence (69%) of HPV in CRC. Moreover, since our study reports a fairly low prevalence
of HPV 16 (4%) infections in the Qatari CRC population, the absence of HPV reported by
Khabaz [45] may be due to the use of detection methods that were based on detecting only
HPV 16 and HPV 18 infections, which may be low-occurring in the GCC region. Further, in
the larger MENA region, a higher prevalence of HPV in CRC was noted in Syria (54%) [32]
and Lebanon (64%) [50], which is comparable to the results from our study. Interestingly,
the highest prevalence of HPV in CRC in the MENA region comes from Turkey, where
studies reported 81% [51] and 82% [52] of CRC samples to have HPV infections.

Moreover, although reports on HPVs association with CRC are rare in MENA countries,
a bulk of the currently available data from this region arises from Iran. However, it is
indeed surprising to note that only one out of the nine studies from Iran reported a high
prevalence of HPVs (83%) [53]. The remaining majority of the studies report a relatively
lower prevalence within the range of 0% to 23% [54-61]. Similarly, most other studies from
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the MENA region report a lower prevalence of HPV in CRC. For example, two studies
from Egypt found HPVs association in only 15% [62] and 22% [63] of CRC samples tested.
In addition, one report from Iraq revealed 44% HPV positivity in CRC [64]. Data from
these studies do not align with the higher presence of high-risk HPVs (69%), as noted in
our study. Such discrepancies could be attributed to the varying sizes of these studies,
the population diversity, and the technique sensitivity used to detect high-risk HPV types.
Most importantly, although HPVs 16 and 18 are the most frequently observed high-risk
HPVs globally and were the focus of studies conducted in the GCC and MENA regions,
nevertheless, based on our findings on HPV genotyping in this region, they do not appear
to be the most prevalent types [32,50,65]. Globally, numerous reports from France [66],
Brazil [67], and Cuba [40] have shown HPV types 16 and 18 to be the most oncogenic HPVs
associated with the pathogenesis of CRC. However, the frequent observation of these two
HPVs in Western countries cannot be extrapolated to other ethnic populations.

This study identifies the most commonly occurring HPV types in Qatari CRC samples
to be HPVs 52, 18, 59, 31, 45, 51, 35, and 16 in descending order. Accordingly, a study using
breast cancer samples revealed that high-risk HPV type 52 is among the most frequent in
the Qatari population [68]. In accordance with our data, other reports arising from nations
within the MENA region identified HPVs 16, 18, 51, and 58 as the most prevalent high-risk
HPV subtypes in CRC [32,50,56,57,69,70]. Moreover, data from our study are similar to
other reports from Lebanon, Turkey, Iran, Syria, and Israel, where HPVs 16, 18, 31, and 35
were the highest reported high-risk HPV subtypes [32,50,54,56-58,65]. Contrary to findings
from Turkey [51,52,71] and Syria [32] in CRC, we did not observe the presence of HPV33 in
any of our samples.

These findings strongly suggest that HPV detection in the MENA region including
GCC countries should not be based solely on screening for HPV16 and HPV18, as the
prevalence of high-risk HPV genotypes can potentially vary from one region to another, as
mentioned above.

4.2. Correlation between the Presence of HPV and Clinicopathological Characteristics of the
CRC Patients

Our study aimed to evaluate the presence/copresence of HR HPV subtypes and their
association with CRC phenotype. We noted that the presence of HPV did not correlate with
specific clinicopathological characteristics of the CRC cohort, namely the anatomical site of
the tumor, number of lymph nodes affected, tumor grade/stage, and metastasis (Table 1).
While, it is important to highlight that several studies reported E6 of HPV type 16 to bind
and inactivate p53 and pRb expression [25,72-74]. An investigation by Chen et al. [74]
in E6-positive/p53-mutated tumors reported loss of p21 and mdm2 mRNA expression
levels via p53 inhibition, indicating a plausible role of HPV in CRC pathogenesis. Addition-
ally, E6 induces telomerase activation, altering pathways regulating cellular proliferation,
differentiation, immune recognition, and survival signaling [25]. Accordingly, our group
pointed out the ability of E6/E7 of HPV type 16 to transform human normal mesenchymal
colorectal cells, and promote the migratory capacity of transformed cells. In addition to
this study, we demonstrated the ability of E6/E7 of HPV type 16 to convert non-invasive
and non-metastatic cancer cells into invasive and metastatic ones, respectively [26]. These
data indicate that HR HPVs alone could contribute towards playing a crucial role in the
onset and progression of human colorectal carcinomas.

4.3. Copresence of HR-HPV Subtypes in CRC

According to our data, out of the 69 cases that were positive for HPV, 34/69 (49.2%)
were found to have single infections, with the rest 35/69 (50.8%) being co-infected with
more than one HPV subtype. These figures indicate that more than half of positive HPV
cases are co-infected with two, three, four, or five HPV subtypes. These results are in
contrast with those reported by other studies [17,75-77], where single HPV infections are
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more common than multiple-HPV in cancers. Such a high occurrence of coinfections in this
population is indeed noteworthy.

In addition, we found that coinfection with different HR-HPV subtypes strongly
correlates with advanced stage (stage 3 and 4) CRC. This is a strong indicator that the
copresence of HR HPV subtypes significantly worsens the prognosis of CRC. In the present
study, we show a significant association between coinfection by high-risk subtypes and
CRC, with odds 4.10 times higher in the group infected with two or more HPV types, as
compared to the groups without HPV or with single HPV infections. These findings are in
line with most other studies which also report similar associations between multiple HPV
infections and disease severity, and/or decline in treatment response in cancer patients [78-80].
Such inferences have important implications for understanding the role of HR HPVs in
colorectal carcinogenesis, which highlights the need for further research to investigate the
mechanisms underlying this association, as well as the potential for HPV-based prevention
and therapeutic strategies for colorectal cancer.

5. Conclusions

We conclude that high-risk HPV types 16, 18, 31, 35, 45, 51, 52, and 59 are present
in human CRC in the Qatari population. In addition, HPV types 18 and 52 are the most
dominant types of HPV infection in Qatar. Among the infected cases, the presence of
coinfection with more than one HPV subtype is particularly high (50.8%) in our cohort.
More importantly, our findings point out that HR HPVs coinfection in human CRC can
play an important role in its progression, since it is clearly associated with advanced tumor
stage. Therefore, HPV vaccines must be utilized in order to prevent CRC initiation or
progression [81]; in this regard, most of the currently available vaccines for HPV are based
on offering protection against HPVs 16 and 18 as the main two HR HPV types [82-84].
Therefore, the recent 9-valent HPV vaccine [85] is maybe the best suited vaccine based on
our study. Nevertheless, we believe that further investigation with a larger cohort from the
Gulf region is necessary in order to validate our findings.
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