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ABSTRACT

Background and Aims: Observational and experimental studies have provided substantial evidence supporting a link between
cervical cancer and human papillomavirus (HPV) infection. Nevertheless, there is uncertainty regarding the association of
benign and malignant cancers with HPV infection.

Methods: The study was divided into two approaches, Mendelian randomization (MR) and multivariate Mendelian ran-
domization (MVMR), to investigate the link between HPV and both benign and malignant cancers. This study employed genetic
variants as instrumental variables to mitigate potential biases arising from confounding factors and reverse causality. In 338
cases and 1000 controls in the European ancestry of Germany, independent genetic variations were identified as having a
substantial correlation (p < 5 x 10~°) with exposure and HPV infection. The outcome variables data of various carcinomas were
acquired from the Genome-wide association summary data. Meanwhile, benign tumors from the FinnGen and UK Biobank
(UKB) consortium were acquired as well.

Results: Following correction for multiple testing, the MVMR method was employed and the causal association was inves-
tigated between genetic liability to HPV infection and various malignancies, including bone and articular cartilage, bladder
cancer, secondary malignant neoplasm of the liver, prostate cancer, as well as benign tumors including melanocytic naevi of the
lip, brain, bronchus and lung, lip, mouth and pharynx, pancreas, and haemangioma and lymphangioma, and female genitalia.
Conclusions: From a genetic standpoint, HPV may contributes to the formation of benign and malignant tumors in female
genital cancer as well as malignancies in other regions of the body, which should inform public health policy.

Abbreviations: CI, confdence interval; E2F, transcription factor; GWAS, Genome-Wide Association Study; IVW, inverse variance weighting; LD, linkage disequilibrium; MR, Mendelian ran-
domization; MVMR, Multivariate Mendelian Randomization; OR, odds ratio; P53, tumor suppressor gene; PDZ protein, proteins containing the PDZ structural domain; pRb, Blocking unpho-
sphorylated cell cycle progression phase; SNP, single-nucleotide polymorphism; WM, weighted mean.
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1 | Introduction

Human papillomavirus (HPV) is recognized as the predominant
sexually transmitted infection globally, which is a double-
stranded circular DNA virus. Its replication occurs within the
keratinocyte nucleus found in the skin or mucosal tissues [1].
According to estimated data, 79 million individuals in the
United States have been identified as having contracted HPV
and about 45.2% of males aged 18 to 59 years are affected by this
virus [2, 3]. To date, more than 200 different HPV genotypes
have been identified, at least 18 of which fall into the “high-
risk” group and are a major contributor to cancer [4-6].

Observational studies provide evidence that HPV infection is
the primary cause of cervical cancer [7]. Additional data indi-
cates that infection with the HPV virus is linked to extrauterine
cancers. These include malignancies affecting the oral and
pharyngeal regions, larynx, esophagus, lungs, breasts, bladder,
ovaries, colon, anus and anal canal, prostate, vulva, stomach,
and skin [8-20]. While there is an established association
between HPV virus infection and extrauterine tumors, the
precise causative link between HPV and these malignancies
remains unknown.

The current body of information regarding the causative link
between HPV infection and the subsequent risk of related
tumors primarily stems from observational research. However,
it is essential to acknowledge that these studies are vulnerable
to confounding bias and reverse causal relationships [8-20]. A
statistical technique called Mendelian randomization (MR)
utilizes genetic variations in the germline as instrumental
variables (IVs) to find the causal effects of presumed risk fac-
tors. Due to the random assortment of genetic variations during
conception, these variations remain unaffected by reverse
causal relationships. Furthermore, in the absence of pleiotropy,
which refers to the connection between genetic variations and
diseases through alternative pathways, these variations can
offer dependable assessments of disease susceptibility. MR
analysis is becoming more prevalent in examining the possible

Assumption 2
IVs are independent of any potential confounders
that impact HPV and outcome
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Assumption 1
IVs are directly associated with HPV

effects of treatments on disease risk due to its ability to
circumvent several constraints associated with conventional
observational research. The genetic variety of an individual
is determined and established from the moment of birth
and remains constant throughout their lifetime. The utili-
zation of MR emerges as a promising approach for deducing
the causal association between exposure and outcomes
[21, 22].

As of this writing, the existing repertoire of HPV types exceeds
200, although only a limited subset has been linked to the
pathogenesis of human cancer. Among these, HPV16 and
HPV18 have emerged as the prevailing culprits [23]. Hence, our
primary emphasis revolves around examining and analyzing the
E7 protein found in malignancies associated with HPV16 and
HPV18. This study aims to confirm the previously described
malignancies via a genetic perspective by employing two sam-
ples and multivariate MR methods. Additionally, a thorough
investigation was done on tumors associated with the E7 pro-
tein of HPV16 and HPV18, including both malignant and
benign tumors.

2 | Materials and Methods

2.1 | Study Design

Utilizing single nucleotide polymorphisms (SNPs) as the vari-
able tool, the study employed a two-sample MR analysis to find
the link between HPV and several other neoplasm [24]. To
optimize the precision of the outcomes, it was essential to
confirm three crucial assumptions throughout the procedure as
depicted in Figure 1 [25]. For MR studies, since it relies on
summary-level data obtained from publicly available genome-
wide association study (GWAS), no additional ethical approval
was deemed necessary. The reporting follows the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement of Mendelian Randomization (Supporting
Information File S1).
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Assumption 3
IVs influence outcome only through HPV

FIGURE1 |

Overview of the Mendelian randomization design. Abbreviation: IVs, instrumental variables.
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2.2 | Summary Statistics of HPV16, HPV18, and
Tumors (Benign and Malignant)

The genetic variants that exhibit a significant association with HPV
infection were chosen from the OpenGWAS (https://gwas.mrcieu.
ac.uk/; version: v7.5.5—2023-08-09) developed by Medical Research
Council (MRC), Integrative Epidemiology Unit (IEU) [26]. The
summary-level data included in this investigation consisted of two
GWAS IDs: prot-c-2623_54_4 (representing the E7 protein of
HPV16) and prot-c-2624_31_2 (representing the E7 protein of
HPV18). The study population comprised a European population,
including 338 individuals with chronic HPV infection and 1000
control individuals [27]. The summary statistics regarding the
outcome variable were obtained from the MRC IEU OpenGWAS
database. There was a comprehensive set of 31 outcomes, encom-
passing various types of cancers such as benign tumors of the brain,
bronchus and lung, lip, uterus, oropharynx, lower limb bones,
melanocytic naevi of the lip, rectum, pancreas, hemangioma,
lymphangioma and the female sexual organs. Malignant tumors
including oropharyngeal cancer, lung cancer (including non-small
cell lung cancer), bladder cancer, colorectal cancer, bone, and
articular cartilage tumors, breast cancer (including ER+ breast
cancer), anus and anal canal cancer, pancreatic cancer, chronic
Iymphoblastic leukemia, secondary liver cancer, prostate cancer,
female genital cancers, laryngeal cancer, skin cancer, ovarian
cancer, esophageal cancer, vulva cancer, and gastric cancer. To es-
tablish a robust inference about the causative connections between
HPV and related cancers, the aforementioned summary statistics
were made available through the utilization of the TwoSampleMR
(R program; version 0.5.7) in the IEU OpenGWAS database [28].

2.3 | Genetic Instrumental Variable Selection

IVs were employed to find the causal link between HPV and the
associated neoplasms. A stringent quality review approach was
undertaken to identify eligible instrumental factors for HPV16
and HPVI18. Initially, we identified SNPs associated with par-
ticular HPV at a certain threshold of statistical significance
(p < 5% 107°) throughout the whole genome as potential IVs for
further MR study. In addition, to establish the independence of
the instrumental factors associated with each exposed pheno-
type, we employ a clustering approach that relies on linkage
disequilibrium (LD) to exclude SNPs exhibiting significant LD
(#* =0.001; kb=10000). The clumping procedure was performed
utilizing the reference panel of European origin from the 1000
Genomes Project, to assess the LD between SNPs. In addition, the
SNPs exhibiting non-concordant alleles and palindromic SNPs with
uncertain strands that could not be rectified throughout the
harmonizing of the exposure and outcome data were excluded.

2.4 | Statistical Analysis

To evaluate the data, five MR methods were utilized, inverse
variance weighting (IVW), weighted median, weighted mode,
simple mode, and MR-Egger method. The IVW approach is
distinguished by its utilization of the inverse of resultant vari-
ance as weight and its exclusion of the intercept. In an ideal
scenario where all chosen genetic variants are supposed to be

legitimate IVs without pleiotropy, the IVW method can yield
unbiased estimations of causation [29]. Regarding MR-Egger,
the presence of influential genetic factors might reduce its sta-
tistical ability. However, it can estimate the corrected causal
impact and provide unbiased estimates, even when the IVs are
not completely valid [30]. The weighted median technique may
achieve an accurate and robust estimation of effects when a
minimum of 50% of the information derived from reliable
instruments is accessible and available [31]. The reliability of
the weighted mode is contingent upon the validity of the largest
selection of instruments exhibiting similar causal effects. Given
the distinctive attributes of these methodologies, the primary
reporting approach employed in this study was the IVW
method, with the remaining four approaches serving as sup-
plementary measures to IVW.

The causal relationship in MR analysis can only be described
when all three essential assumptions are met. Effective sensi-
tivity analysis is crucial, including pleiotropy testing and testing
for heterogeneity across IVs. The initial approach involved the
utilization of Cochran's Q-test to evaluate the heterogeneity of
causal estimates, whereas MR Egger regression was utilized to
identify heterogeneity. A p < 0.05 was indicative of statistically
significant heterogeneity. If a statistically significant level of
heterogeneity (p < 0.05) was detected, the random effects IVW
technique was employed. To assess the possible pleiotropic ef-
fects of instrumental factors, we employed MR-Egger regres-
sion. The representation of the validity of the findings may be
captured by the intercept term in MR-Egger regression. The
p < 0.05 suggested the existence of horizontal pleiotropy. Lastly,
the leave-one-out analysis was employed to validate the pres-
ence of outliers that significantly impact the outcome. This was
achieved by systematically removing each SNP and applying the
IVW approach to the obtained data afterward [30, 32].

To mitigate any ambiguity in our findings, we employed a MIVW
approach to adjust for the influence of smoking and obesity (BMI)
on the observed outcomes, similar to the approach of Grenville et al.
[33-40]. The genetic variations closely related to smoking and BMI
were obtained from the European population of IEU and included
in multivariate MR analysis. Bonferroni correction was used as a
conservative approach to address the issue of multiple testing. This
correction calculated the significance level as 0.05 divided by the
number of exposures (Nexposure; 1-€., Pupvie<0.0025 (0.05/20),
Pypyvis < 0.0029 (0.05/17)), when the Bonferroni corrected signifi-
cance was above but the p-value was less than 0.05, the threshold
was seen as indicative of supporting evidence for a probable
correlation [41]. A two-sided p-value less than 0.05 was considered
statistically significant. The R packages “TwoSampleMR” and
“Mendelian Randomization” (v 0.5.7) were utilized to perform the
necessary instrumental variable selection and quality control
procedures.

3 | Results
3.1 | Selection of Instrumental Variables (IVs)
As there is no aggregated summary data set on nasopharyngeal

cancer in European populations, we used the summary data for
oropharyngeal carcinoma from Hispanic or Latin American
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populations. All other summary data sets used in our study
were from European populations. The number of cases ranged
from 87 to 25509. The detailed information of GWASs and IVs
we used are listed in Supporting Information Files S2 and S3.

3.2 | MR Estimates of HPV16 E7 Protein

The current study evaluated the causal association between the
E7 protein of HPV16 infection and various malignancies among
individuals of European heritage. Upon implementing the IVW
methodology as our primary reporting approach, we identified a
causal association between HPV16 infection and various can-
cers. The results of the study indicate that there was a positive
association between oropharyngeal cancer (OR =1.22, 95% CI:
1.03-1.45, p=0.024), non-small cell lung cancer (OR =1.14,
95% CI: 1-1.29, p=0.048), breast cancer (OR=1, 95% CI:
1-1.001, p = 0.029), bone and articular cartilage (OR = 1.5, 95%
CI: 1.14-1.97, p=0.003), bladder cancer (OR=1, 95% CI:
0.99-1, p = 0.033), colorectal cancer (OR =1.06, 95% CI: 1-1.12,
p =0.047), and anus and anal canal (OR =0.74, 95% CI: 0.56-1,
p =0.048). The presence of benign tumors has been observed in
various anatomical locations. Specifically, melanocytic naevi of
the lip (OR=1.36, 95% CI: 1.03-1.78, p=0.028), brain
(OR =0.63, 95% CI: 0.46-0.87, p =0.004), bronchus and lung
(OR =14, 95% CI: 1.1-1.79, p = 0.007), lip (OR =0.79, 95% CI:
0.67-0.94, p=0.007), uterus (OR=1.11, 95% CIL 1-1.24,
p=0.04), mouth and pharynx (OR=0.93, 95% CIL: 0.86-1,
p = 0.044), and long bones of the lower limb (OR =1.17, 95% CL:
1.01-1.35, p =0.033). Furthermore, the study revealed a posi-
tive, nonsignificant correlation between genetic susceptibility to
HPV16 infection and the occurrence of laryngeal cancer and
malignant neoplasm of the stomach. Also a negative correlation
between genetic susceptibility to HPV16 infections and the
occurrence of ovarian cancer, esophageal cancer, skin cancer,

A

Exposure Case Control OR(95%Cl) P_value
Benign tumor :

Melanocytic naevi of lip 122 218,670 — 1.36(1.03 to 1.78) 0.028
Brain 87 218705 — 0.63(0.46 to 0.87) 0.004
Bronchus and lung 147 180,646 : —e—  1.40(1.10to 1.79) 0.007
Lip 312 218480 ol 0.79(0.67 t0 0.94) 0.007
Uterus 911 122668 ;'H 1.11(1.00 to 1.24) 0.040
Mouth and pharynx 1655 217137 1o 0.93(0.86 to 1.00) 0.044
Long bones of lower limb 443 218349 I‘—O—' 1.17(1.01 to 1.35) 0.033
Malignant tumor !

QOral cavity and oropharyngeal 613 727 :'—H 1.22(1.03 to 1.45) 0.024
Non-small cell lung cancer 571 218221 }—0—4 1.14(1.00 to 1.29) 0.048
Breast cancer 13879 198523 f 1.00(1.00 to 1.00) 0.029
Bone and articular cartilage 119 218673 | i 1.50(1.14 t0 1.97) 0.003
Bladder cancer 1554 359640 ; 1.00(0.99 to 1.00) 0.033
Colorectal cancer 3022 215770 f" 1.06(1.00 to 1.12) 0.047
Anus and anal canal 108 218684 ‘—0—1 0.74(0.56 to 1.00) 0.048
‘Ovarian cancer 25509 40941 - 0.98(0.94 to 1.01) 0.180
Laryngeal cancer 273 372016 ‘ 1.00(0.99 to 1.00) 0.340
Oesophageal cancer 740 372016 { 0.99(0.99 to 1.00) 0.110
skin cancer 1436 461497 ‘l 0.99(0.99 to 1.00) 0.510
Malignant neoplasm of vulva 125 123454 —— 0.99(0.75 to 1.29) 0.920
Malignant neoplasm of stomach 633 218159 ’;0—‘ 1.07(0.94 to 1.23) 0.300

P<0.05 was considered statistically significant 1 2

-— >
protective factor risk factor

FIGURE 2 |

and malignant neoplasm of the vulva. Interestingly, it is es-
sential to acknowledge that this particular finding did not
achieve statistical significance either (Figure 2A and Supporting
Information File S3: Table S1).

3.3 | MR Estimates of HPV18 E7 Protein

The IVW approach was chosen as the principal strategy to es-
tablish the causal link between HPV18 infection and its asso-
ciated cancers. The results revealed a significant causal link
between the infection caused by HPV18 and the development of
malignancies. The outcomes indicated a statistically significant
association with pancreatic cancer (OR =1.48, 95% CI: 1.09-2,
p =0.011), chronic lymphocytic leukemia (OR =0.72, 95% CI:
0.56-0.93, p = 0.013), lung adenocarcinoma (OR = 1.05, 95% CI:
1.01-1.09, p = 0.008), secondary malignant neoplasm of the liver
(OR=1, 95% CI: 1-1.001, p=0.049), ER+ breast cancer
(OR =0.96, 95% CI: 0.92-1, p = 0.049), prostate cancer (OR =1,
95% CI: 1-1.001, p = 0.006), and female genital cancer (OR =1,
95% CI: 1-1.001, p = 0.002). The presence of benign tumors in
several anatomical locations were also examined and the out-
comes of the presence of these tumors were significant in the
rectum (OR=0.84, 95% CI: 0.77-0.93, p=0.0003), pancreas
(OR=0.64, 95% CI: 0.46-0.89, p =0.007), haemangioma and
lymphangioma (OR =0.82, 95% CI: 0.72-0.94, p = 0.004), and
female genital organs (OR =0.83, 95% CI: 0.71-0.98, p = 0.027).
Similarly, the data also showed a positive but nonsignificant
correlation between genetic susceptibility to HPV18 infection
and the occurrence of laryngeal cancer, ovarian cancer, eso-
phageal cancer, malignant neoplasm of the vulva, and malig-
nancy of the stomach. However, it is important to note that only
skin cancer exhibits a genetic predisposition to HPV18 infec-
tions, and this link is inversely related (Figure 2B and Sup-
porting Information File S3: Table S2).

B

Exposure Case Control OR(95%Cl) P_value
Benign tumor i

Rectum 2108 216684 e 0.84(0.77 t0 0.93) 0.000
Pancreas 163 218629 ——i ! 0.64(0.46 to 0.89) 0.007
Haemangioma and lymphangioma 1243 217,549 m: 0.82(0.72t0 0.94) 0.004
Female genital organs 622 122917 ‘-'-ﬁl 0.83(0.7110 0.98) 0.027
Malignant tumor ]

Pancreatic cancer 1896 1939 | bt {,48(1.09 t0 2.00) 0.011
Chronic lymphocytic leukaemia 265 218527 -—0—«: 0.72(0.56 to 0.93) 0.013
Lung adenocarcinoma 11245 54619 ] 1.05(1.0110 1.08) 0.008
Secondary malignant neoplasm of liver 1139 461871 ? 1.00(1.00 to 1.00) 0.049
ER+ Breast cancer 4202 18084 o 0.96(0.92 to 1.00) 0.049
Prostate 1300 461701 ] 1.00(1.00 to 1.00) 0.006
Female genital 2603 361194 ) 1.00(1.00 to 1.00) 0.002
Ovarian cancer 25509 40941 Ii 1.04(0.99 to 1.08) 0.080
Laryngeal cancer 273 372016 . 1.00(0.99 to 1.00) 0.400
Oesophageal cancer 740 372016 ? 1.00(0.99 t0 1.00) 0.560
skin cancer 1436 461497 + 0.99(0.99 to 1.00) 0.230
Malignant neoplasm of vulva 125 123454 >—f~—< 1.10(0.75 to 1.59) 0.650
Malignant neoplasm of stomach 633 218159 re—t 1.00(0.84 to 1.21) 0.930

N
P<0.05 was considered statistically significant 0 1 P

protective factor risk factor

Causal estimates of HPV infection on site-specific tumors by MR analysis. The causal effects of the E7 protein of HPV16 factors on

site-specific tumors are depicted by forest plots (A). The causal effects of the E7 protein of HPV18 on site-specific tumors are shown by forest plots
(B). The odds ratio (OR) was computed utilizing the random effects inverse variance weighted (IVW) approach, while the horizontal bars in the

visual representation indicate the 95% confidence interval (CI).
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3.4 | The Multivariable MR Estimates of HPV16
E7 Protein

The multivariable multiple regression analysis was conducted,
adjusting for BMI and cigarette smoking. The results revealed a
significant causal relationship between genetic susceptibility to
HPV16 infection and the development of bladder cancer
(OR =1, 95% CI=0.9-1, p=0.02) and bone and articular car-
tilage carcinoma (OR =1.44, 95% CI=1.1-1.96, p =0.02). The
study observed associations between various types of benign
tumors, specifically melanocytic naevi of the lip (OR = 1.43, 95%
CI=1.06-1.9, p=0.021), brain (OR = 0.68, 95% CI =0.47-0.97,
p =0.032), bronchus and lung (OR=1.38, 95% CI=1.05-1.8,
p=0.023), lip (OR =0.75, 95% CI=0.62-0.91, p =0.003), and
mouth and pharynx (OR =0.9, 95% CI =0.83-0.98, p=0.01) in
individuals of European ancestry residing in Germany.
Although the remaining results did not achieve statistical sig-
nificance, the findings indicate a positive association between
genetic susceptibility to high-risk HPV (HPV16 & HPV18) infections
and the development of colorectal cancer, laryngeal cancer, skin
cancer, and malignant neoplasms of the oral cavity and oropharynx.
Conversely, between genetic susceptibility to high-risk HPV (HPV16
& HPV18) infections and cancer associated with the vulva, stomach,
anus, and anal canal, an inverse relation was observed (Figure 3,
Supporting Information File S5: Table S1).

Haemangioma and lymphangioma
Long bones of lower limb
Bronchus and lung

Lip

Female genital organs

Mouth and pharynx

Rectum

Melanocytic naevi of lip
Pancreas

Uterus

Brain

Oral cavityandoropharyngeal
Non-small cell lung cancer
Breast cancer

Laryngeal cancer

Bladder cancer

Colorectal cancer

Anus and anal canal

Ovarian cancer

Prostate cancer

Oesophageal cancer

Female genital

Malignant neoplasm of vulva
Malignant neoplasm of stomach
Pancreatic cancer

Skin cancer

Lung adenocarcinoma
Secondary malignant neoplasm of liver
ER+ Breast cancer

Chronic lymphocytic leukaemia
Bone and articular cartilage

FIGURE 3 |

3.5 | Multivariable MR Estimates of HPV18 E7
Protein

Here we identified a causal association between genetic
susceptibility to HPV18 infection and the development of
secondary malignant neoplasms in the liver (OR=1, 95%
CI=0.99-1, p=0.039), prostate cancer (OR=1, 95%
CI=0.99-1, p=0.009), and female genital tumors (OR =1,
95% CI=0.9-1, p=0.019). Additionally, the association
between genetic susceptibility to HPV18 infection and
the occurrence of benign tumors was identified in the
pancreas (OR=0.66, 95% CI=0.45-0.98, p=0.037), as
well as haemangioma and lymphangioma (OR =0.79, 95%
CI=0.69-0.91, p=0.001). Also, there was a positive
correlation between genetic susceptibility to HPV18
infections and the occurrence of lung adenocarcinoma,
laryngeal cancer, pancreatic cancer, ovarian cancer,
esophageal cancer, skin cancer, malignant neoplasm of
the vulva, and stomach cancer. Conversely, there was
an inverse relationship between genetic susceptibility to
HPV-18 infections and the occurrence of chronic

lymphocytic leukemia and ER+ breast cancer (Figure 3
and Supporting Information File S5: Table S2). Never-
theless, this
significance.

data did not demonstrate statistical

Mendelian Randomization results show the causal relationship between HPV infection and site-specific tumors. Using colors in the

inverse-variance weighted Mendelian randomization method is employed to visually represent the magnitude of the association p-value for causal

effect estimations. *Represents the statistically significant associations.
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3.6 | Sensitivity Analysis

Heterogeneity was observed in laryngeal cancer regarding the E7
protein of HPV18 (IVW: Cochran's Q = 18.93; Pheterogeneity = 0.015).
Additional MR studies were conducted utilizing the random effects
IVW approach, which resulted in the estimation of causal impact
estimates. According to the MR-Egger intercept test, our analysis
did not yield any statistically significant data on horizontal pleiot-
10py (Ppieiotropy > 0.05) (Supporting Information File S3: Tables S1
and S2). To find any possible outliers in the instrumental variable
assessment of the causal effects of related malignancies on the risk
of HPV16 and 18 E7 protein, leave-one-out analyses were done
(Supporting Information File S4).

4 | Discussion

The current study conducted a comprehensive assessment of
the correlation between genetically predicted high-risk HPV
(HPV16 & HPVI1S8) and various types of cancers. After em-
ploying multivariate MR to adjust for HPV-independent factors,
including obesity and smoking, we revealed a causal link
between genetically-predicted HPV16 infection and a range of
benign and malignant tumors. This association heightened the
risk of tumorigenesis, including benign tumors in specific areas
such as the lip, brain, lung, and bronchus, as well as melano-
cytic naevi in the lip, mouth, and pharynx, and malignant
tumors in the bone, articular cartilage, and bladder. These
findings align with previous observational studies conducted on
the subject. The genetic predisposition to HPV-18 has been
found to elevate the susceptibility to malignant tumors in the
female genital area, and a substantial body of observational
research provides adequate evidence supporting this assertion
[42, 43]. Additionally, it is correlated with the presence of
benign pancreatic tumors, lymphangiomas, hemangiomas,
secondary malignant liver neoplasms, and prostate cancer. The
ramifications of these results are significant in the prevention
and treatment of multisite tumors, encompassing both benign
and malignant forms. The aforementioned findings underscore
the significance of administering HPV vaccination to males as a
preventive measure against bladder and prostate cancer.

HPV is a prevalent sexually transmitted infection, including a
wide range of 200 distinct genotypes. Based on its propensity to
cause cancer, it is frequently divided into high-risk and low-risk
groups [44]. Low-risk variants of HPV, specifically HPV-6 and
HPV-11, have a low propensity to progress into carcinoma.
However, they cause recurrent pulmonary papillomas and
genital warts. On the other hand, it is noteworthy that high-risk
variants, namely HPV-16 and HPV-18, exhibit a statistically
significant association with over 90% of cervical, anal, vulvar,
and vaginal malignancies [45, 46]. This reflects the widespread
pathogenicity of HPV. HPV is a micropapilloma DNA virus; all
coding sequences are on a single strand of DNA, and genotyp-
ing is primarily based on homology within its capsid protein L1
(L1 Repeat Sequence) open reading frame (ORF) [47, 48]. The
International Agency for Research on Cancer (IARC), in 1995,
classified HPV-16 and HPV-18 as the primary etiological factors
responsible for the emergence of cervical cancer [49].
The current study mainly explored the HPV-16 and HPV-18
associated tumors, and the results showed that HPV-18 caused

female genital malignancies, which was consistent with the
findings of IARC. A complete understanding of the molecular
pathways behind HPV-induced cancers remains elusive. How-
ever, there is a prevailing belief that HPV is the primary cause
of cervical cancer among females. This belief is supported by the
presence of two significant tumor proteins, namely E6 and E7,
which have been found to induce cell cycle arrest or uncon-
trolled cell growth by interacting with cellular E6-associated
protein (E6AP) and tumor suppressor proteins, respectively. In
addition, the E6 protein can also activate cellular telomerase
(hTERT), causing an increase in cell proliferation, and ulti-
mately tumor formation [50, 51]. In contrast, the E7 protein
functions by suppressing protein phosphorylation and ubiqui-
tination processes that facilitate cell division. Simultaneously, it
triggers abnormal replication of centrosomes, resulting in
polyploidy, genomic instability, and the development of tumors
(Figure 4) [52].

The present study did not demonstrate the association of high-
risk HPV (HPV16 & HPV18) infection with oropharyngeal, non-
small cell lung, breast, colorectal, laryngeal, esophageal, and
skin cancers. However, the odds ratio (OR) exceeding 1 suggests
that high-risk HPV (HPV16 & HPV18) infection might be a risk
factor for these types of cancer (Supporting Information
File S4). During the implementation of the two-sample MR
analysis, it was shown that laryngeal, non-small cell lung,
breast, colorectal and anal canal, pancreatic, chronic lympho-
cytic leukemia, and lung adenocarcinomas exhibited significant
associations with genetically predicted HPV16 and HPV18.
However, when adjusting for variables such as smoking and
BMI, the study's results revealed no discernible causal associa-
tion between genetically predisposed high-risk HPV infections
and the aforementioned cancers. This implies the presence of a
confounding factor, wherein the occurrence of these malig-
nancies is influenced by HPV infection and factors such as
smoking and BMI. While MR analyses are generally considered
less vulnerable to confounding and causal inference issues, the
outcomes' reliability depends upon the specific MR analysis
technique employed and the extent to which confounders
related to causality are appropriately adjusted for. Nonetheless,
our findings still demonstrate that high-risk HPV (HPV16 &
HPV18) infection is associated with tumorigenesis at these
specific sites.

This study possesses several strengths. Most studies on the
correlation between HPV infection and the development of site-
specific malignancies mainly consist of observational studies
and literature reviews [8-20]. To our understanding, this study
represents the first investigation of the relationship between
high-risk HPV (HPV16 & HPV18) infection and neoplasms at
specific anatomical sites, utilizing a substantial cohort derived
from a population-based sample. The random distribution of
genetic differences during gamete formation and fertilization
made the MR method useful in reducing the impact of con-
founding factors and reverse causation. Furthermore, our study
employed samples from distinct sources to assess exposures and
outcomes using a two-sample MR approach. Considering the
risks associated with smoking and obesity (BMI) in the devel-
opment of diseases, we conducted MVMR analyses for each
tumor type individually. This allowed us to -elucidate
the independent contribution of HPV in tumorigenesis.
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FIGURE 4 | Induction of carcinogenesis by HPV.

Subsequently, a range of supplementary examinations, includ-
ing heterogeneity, multiple validity, and leave-one-out, were
employed to assess the instrumental variables’ robustness and
increase the confidence of the results.

It is of the utmost importance to recognize that our study
contains certain constraints. Initially, a subset of the HPV
instrumental factors was eliminated throughout the process of
screening for HPV to align the exposure and outcome data.
Including rejected instrumental factors introduces a potential
source of bias that might impact the outcomes of the research.
Furthermore, our investigation primarily focused on high-risk
HPV types 16 and 18, while neglecting the examination of other
known types. This omission may result in the exclusion of
subtypes that might potentially be linked to the development of
tumors. Additionally, a significant limitation of our study is the
inability to control for sexual activity as a potential confounder.
Future research should aim to include comprehensive data on
sexual activity and other relevant lifestyle factors to provide a
more complete picture of the interplay between HPV infection
and cancer risk. In the present research, it was observed that
only patients with oropharyngeal cancer who were of Hispanic
or Latino ethnicity were excluded. This resulted in mostly
European population data, and it is crucial to admit that some
demographic variables may have impacted our results, that
differed between those of Hispanic or Latino descent and those
of German descent. The variability of genetic polymorphisms
among ethnic groups or races is a significant characteristic.
Consequently, this leads to varying levels of susceptibility to
HPV among different ethnic groups and regions [53]. It is
important to recognize that our findings might not apply to

other groups as a consequence. This necessitates careful inter-
pretation of our findings and highlights the need for replication
in diverse populations. Finally, Although MR following the
principle of random allocation, may be confounding for non-
genetic factors, such as lifestyle (smoking, alcohol consump-
tion), that do not correctly reflect the association between
exposure and outcome, which needs to include more non-
genetic factors to better and comprehensively study the asso-
ciation of HPV with extra-cervical tumors.

This study provides evidence of the possible carcinogenic effects
associated with HPV infection. The results and implications of
the present research offer support for the implementation of
public health interventions aimed at preventing HPV via vac-
cination and mitigating high-risk sexual practices. These in-
itiatives have significant potential for alleviating the burden
associated with cancer.

5 | Conclusion

We used European population-based study to extensively
investigate the causal relationship between high-risk HPV
(HPV16 & HPV18) and the risk of getting neoplasms at different
anatomical locations using Mendelian randomization analysis.
The findings of the research provide evidence that high-risk
HPV (HPV16 & HPVIS) is causally may associated with the
development of both benign and malignant cancers, extending
beyond cervical cancer. The results of this study might provide
useful information for developing public health policy and for
the management of malignancies.
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