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Abstract: Human papillomavirus (HPV) has been implicated in the etiology of a variety of human
cancers. Studies investigating the presence of high-risk (HR) HPV in breast tissue have generated
considerable controversy over its role as a potential risk factor for breast cancer (BC). This is the first
investigation reporting the prevalence and type distribution of high-risk HPV infection in breast
tissue in the population of Qatar. A prospective comparison blind research study herein
reconnoitered the presence of twelve HR-HPV types” DNA using multiplex PCR by screening a total
of 150 fresh breast tissue specimens. Data obtained shows that HR-HPV types were found in 10% of
subjects with breast cancer; of which the presence of HPV was confirmed in 4/33 (12.12%) of invasive
carcinomas. These findings, the first reported from the population of Qatar, suggest that the
selective presence of HPV in breast tissue is likely to be a related factor in the progression of certain
cases of breast cancer.
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1. Introduction

Breast cancer (BC) is one of the leading causes of cancer death among women worldwide and
its burden on women is markedly increasing. According to the World Health Organization, female
BC accounts for 626,679 deaths each year worldwide. Since 2008, the BC morbidity rate has increased
by more than 20% and the BC mortality rate has jumped by 14% [1]. In Qatar, BC accounts for 39.41%
of all female cancers where 242 new breast cancer cases were diagnosed in 2015 with 72.08 per 100,000
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of the population at risk of developing the disease [2]. This emphasizes the importance of identifying
novel etiological risk factors that are associated with the development of BC.

Infectious agents, such as viruses, are known to play a significant role in cancer initiation. These
biological risk factors contribute to approximately 18-20% of human cancers. Human papillomavirus
(HPV) is a sexually transmitted virus, which infects mucosal and cutaneous epithelia [3]. HPV
infection has been assumed to be initiated mainly by direct skin-to-skin or skin-to-mucosa contact.
Studies have shown HPV transmission between the hands and genitals of the same person and/or
partners. It has been estimated that 80% of the population, worldwide, has been infected with at least
one HPV type at some time during their lifetime [4,5].

High-risk (HR)-HPV accounts for more than 50% of infection-linked cancers in women. The
causal link between genital HPV infection and the development of cervical cancer is well-established
[6,7]. In the presence of other cofactors, long-term viral infection persistence is required for the
initiation and progression of malignancy [8]. Recently, it has been suggested that some viruses,
including HPV, are among the potential risk factors for the development of BC. However, the
implication of HPV infection being an etiological risk factor for breast cancer carcinogenesis remains
controversial [9,10].

The relationship between HPV and BC is imperative for several reasons. The anatomy of the
mammary ducts exposes the opened ductal pipelines to the external environment, and this increases
the risk of HPV infection. Most breast cancer cases originate from mammary duct epithelia, where
ductal hyperproliferation is followed by subsequent tumor progression to in situ and invasive ductal
carcinomas [11,12]. Thus, it has been postulated that HPV virions might be transported from the
original infection site in the genital area, to enter and infect the mammary ducts through the nipple
[13]. Subsequently, this may be responsible for the development of certain types of BC [14].

Several studies have been conducted to establish the presence of HPV in BC as a causal or
associated risk factor for particular types of the disease, yet this remains a moot point. In addition, to
date, no data is available on the HPV burden in the general population of Qatar. This study is, to the
best of our knowledge, the first to investigate the presence of HR-HPV types within the BC of the
population of Qatar and then compare it with a different population: the population of the UK.

2. Results

2.1. Histopathological Diagnosis

The breast tissue biopsy specimens (1 = 150) were collected and their histopathological diagnoses
established, as collated in Table 1. As expected, malignancy was confirmed in 50 out of the 150 breast
tissue specimens (15/50 were in situ carcinoma, 34/50 invasive carcinoma and 1/50 was an invasive
and in situ carcinoma). Diagnosis of benign disease was reported in 50 specimens (23/50 were benign
fibroadenoma, 4/50 benign phyllodes tumor, 13/50 benign breast tissue, 5/50 gynecomastia and 5/50
were papillomatosis). The remainder 50/150 specimens were described as normal breast tissue.

Table 1. Identification and frequency of high-risk human papillomavirus (HR-HPV) infection in
cancerous, benign and normal breast tissue specimens.

Total Samples  HPV +ve

N (%) N (%)
Total Number of Samples N 150 (100) 13/150 (8.7)
Male 10
Female 140
Age (Year) (15-84)
<50 116/150 (77)
>50 34/150 (23)

Single HPV HPV Co-
Infection N (%) Infection N (%)
Cancerous Cases 50/50 (100) 5/50 (10) 3/50 (6) 2/50 (4)

In Situ Cases

Pathological Status
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Ductal Carcinoma in Situ (DCIS) 15/50 (30) 1/15 (6.6) - 1/2 (50)
Lobular Carcinoma in Situ (LCIS) 0/50 (0) - - -
Invasive Cases
Invasive Ductal Carcinoma (IDC) 33/50 (66) 4/33 (12.12) 3/3 (100) 1/2 (50)
Invasive Lobular Carcinoma (ILC) 1/50 (2) - - -
Invasive and In Situ Cases
Invasive and' In Situ Ductal 0/50 (0) ) ) )
Carcinoma
Invasive and In Situ Lobular
Carcinoma 1/50 (2) - - -
Non- Cancerous Cases 100/100 (100) 8/100 (8) 6/100 (6) 2/100 (2)
Benign Fibroadenoma 23/100 (23) 3/23 (13) 3/6 (50) -
Benign Phyllodes Tumor 4/100 (4) 1/4 (25) 1/6 (16.7) -
Benign Breast Tissue 13/100 (13) - - -
Gynecomastia 5/100 (5) - - -
Papillomatosis 5/100 (5) - - -
Normal 50/100 (50) 4/50 (8) 2/6 (33.3) 2/2 (100)
- negative.

2.2. PCR Results

PCR was performed in triplicate for each HPV positive sample to confirm the result. Since a very
strict procedure for contamination control was followed in the study, no carryover or failure of the
test system was observed according to in-run control results. One hundred and fifty fresh samples
from 140 females and 10 males aged 15-84 years were analyzed for the DNA presence of 12 HR-HPV
types using type-specific PCR. The amplification of [3-globin gene (fragment size of a 723 bp) was
positive in all samples, showing an adequate quality of DNA. Positive and negative controls were
also run for each sample. As shown in Figure 1, the resulting fragments of HPV type-specific positive
controls and negative controls were clarified effectively and no evidence of contamination was found,
indicating a successful PCR amplification.
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Figure 1. Gel electrophoresis pattern of HR-HPV types (16/31/33 and 35). (A) and (B) are
representative gel electrophoresis patterns of the analysis for HR-HPV types of breast tissue. Samples:



Cancers 2020, 12, 1528

(A) loading marker = 100 bp plus DNA ladder (100 bp-3000 bp), HPV positive controls = HPV16
(325 bp), HPV31 (520 bp), HPV33 (227 bp) and HPV35 (280 bp) respectively; ID66, 68 and 69 = HPV
negative clinical sample, ID67 = HPV positive clinical sample, positive control (C+) = internal control,
human DNA ($3-globin 723 bp), negative control (C-); (B) loading marker = 100 bp plus DNA ladder
(100 bp-3000 bp), HPV positive controls = HPV16 (325 bp), HPV31 (520 bp), HPV33 (227 bp) and
HPV35 (280 bp) respectively; ID109, 111, 112, 114, and 115 = HPV negative clinical sample, ID110, 113
=HPV positive clinical sample, ID116 = absent internal control (3-globin 723 bp) indicating inadequate
quality of sample; positive control (C+) = internal control, human DNA (3-globin 723 bp), negative
control (C-).

2.3. Prevalence and Type Distribution of HR-HPV

4 of 10

The presence of HR-HPV DNA was detected in 13 out of 150 samples (8.7%) (Tables 1 and 2). In

malignant samples, HR-HPV DNA was detected in 5/50 with a prevalence of 10% (Table 1) in which
HPV 16 and 35 were the most prevalent HPV genotypes each in 3/50 (6%) samples, followed by type
58 in 1/50 (2%) (Table 1) (Figure 2). In benign/normal samples, HR-HPV DNA showed a prevalence
of 8/100 (8%) in which HPV 35 was the most prevalent genotype in 4/100 (4%) followed by type 52,
16, 33, 18, 39, 59 and 58 with respective prevalence of (2%, 1%, 1%, 1%, 1%, 1%, 1%) (Table 1) (Figure
2). The frequency of co-infection with multiple HPV genotypes in malignant samples was 2/50 (4%)
(Table 1): one in ductal carcinoma in situ (DCIS) and the other in invasive ductal carcinoma (IDC).

Table 2. HPV Frequency in Positive Samples. DCIS: ductal carcinoma in situ; IDC: invasive ductal

carcinoma.

D Pap Smear HPV Status Breast Histopathology Nationality
Status Status

18 0 HPV 58 Benign/Fibroadenoma Indian
19 0 HPV 16 and 58 Malignant/IDC British
63 0 HPV 35 Malignant/IDC Afghani
65 0 HPV 59 Benign/fibrous histiocytoma Filipino
67 0 HPV 35 Benign/phyllodes tumor Filipino
104 0 HPV 35 Malignant/IDC Syrian
107 0 HPV 16 and 35 Malignant/DCIS Filipino
110 0 HPV 16 Malignant/IDC Yemeni
113 0 HPV 35 Benign/ Fibroadenoma Ethiopian
129 0 HPV 33 and 35 Normal Filipino
130 0 HPV 39 Normal Qatari
139 * HPV 52 Normal Lebanese
145 0 HPV 16, 35, 18, 52 Normal Filipino

* unsatisfactory.
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Prevalence of 12 HR-HPV Types in Breast Tissue Samples
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Figure 2. Prevalence of 12 HR-HPV types in breast tissue samples. The graph illustrates the prevalence
of each of the 12 HR-HPV types in cancerous and non-cancerous breast tissue. The most prevalent
HPV types in the cancerous cases were HPV 16 and 35 with a prevalence of 6% followed by HPV 58
with a prevalence of 2%. The most prevalent HPV type in non-cancerous cases was HPV 35 with a
prevalence of 4% followed by HPV 52 with a prevalence of 2% and HPV 16, 33, 18, 39, 59 and 58 with
a prevalence of 1%.

3. Discussion

A number of previous studies have clearly addressed the carcinogenic role of HPV as being a
necessary cause to induce cancer in humans by transforming the virus-infected cells into a malignant
phenotype [15,16]. Some studies have detected the presence of HPV in BC specimens and reported a
wide range (4% to 86%) of viral prevalence [9,17]. The identified histological features of BC include
the presence of epithelial hyperplasia, hypergranulosis, parakeratosis and koilocytes, which are
consistent with HPV infections [13,18].

Investigating the mere presence of viral DNA in breast tissue is not enough to confirm a viral
etiological role in BC development in humans. The HPV genome is now known to be integrated into
the host genome [19,20]. HPV infection also causes direct effects through the expression of viral
oncoproteins that influence carcinogenic mechanisms and its oncogenic role is well-known in cervical
cancer [21]. It has recently been suggested that the HPV oncogenicity in breast tissue could be similar
to cervical carcinogenesis, in which viral infection could be an early event, followed by cumulative
changes over the chronic viral infection [22].

Several studies reporting the presence of HPV in breast cancer have linked the viral activity
levels to the invasiveness of the disease. Consistent with these observations, our collaborator in the
UK examined the expression of HPV oncoproteins in breast cancer tissue specimens, where the
expression of HPV oncoprotein was observed in 19% of invasive breast cancer samples. These
observations clearly give support to a potential role of HPV in breast cancer progression [14].

In the general population of Qatar, very limited data is available on HPV prevalence, incidence
and genotype-specific dissemination. However, previously, HPV was identified in 18.4% of Arabic-
origin women residing in Qatar with abnormal cervical cytology [23]. On the other hand, the presence
of HPV was earlier documented to be as high as 64% in the same population [24]. It can be argued
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that cancer prevalence patterns are likely to have been altered along with lifestyle, cultural,
environmental and social changes in Qatar. It is therefore reasonable that researchers should
investigate additional factors that a general population living in rapidly changing societies like Qatar
might face.

The primary aim of this study was to assess the prevalence of high-risk HPV infection in breast
tissue in the prevailing population of Qatar. Thus, the presence of HR-HPV types was studied in 150
(50 malignant, 50 benign, 50 normal) fresh breast tissue samples. The presence of HR-HPV types that
were detected in malignant and benign/normal samples were 10% and 8% respectively (Table 1).

The values identified in our study were lower than those described in a meta-analysis of 29
published studies, in which the prevalence rates of HPV infection were 23% in BC samples and 12.9%
in normal cases. However, in contrast to the present study findings, studies conducted in France, Iran
and Switzerland failed to detect the presence of HR-HPVs in benign breast tissue specimens of the
related population [25-27].

It is interesting to observe that 80% (4/5) of malignant samples positive for HR-HPV were from
invasive ductal carcinoma cases. This observation is in-line with previous studies which highlighted
the highest HPV positivity rate in patients with ductal breast carcinoma as compared to other
histological types. This may indicate two features of HPV infection. Firstly, the exposure of the
mammary ducts to the external environment could possibly provide an entry point for HPV infection.
Secondly, that HR-HPV infections may interact or act synergistically to initiate cancer development
or increase the severity or risk of BC progression in the presence of other cofactors.

Viral infection alone is not a sufficient cause for malignancy. Long-term virus persistence and
the participation of other cofactors are needed to increase the risk of cancer progression [28,29]. In
support of this statement, our data may suggest that the detection of HPV infection in normal breast
specimens is expected to be an early event at the time of diagnosis, followed by progressive and
cumulative changes over the years, similar to cervical carcinogenesis [22].

Itis important to note that the prevalence of HPV-infection and HPV-type distribution in women
within the general population varies significantly by country, regions within the same country, and
population [30]. In addition, other risk factors such as genetic variation, sexual behavior, lifestyle and
population immunity may influence the prevalence of HPV [31]. Consequently, part of this present
investigation has been set to compare and evaluate the prevalence of 12 HPV types in breast cancer
tissue in different populations, social behaviors and lifestyles in different geographical areas i.e., a
cross-cultural comparison between the population of Qatar and the UK. With regards to HPV
infection, we detected a great difference in prevalence amongst the two different populations in
which the prevalence of HPV was 47% and 10% in UK and Qatar, respectively. Also, the most
detected HPV types in breast cancer tissues were HPV 39, 18 and 45 in the UK population while the
detected HPV types in the population of Qatar were HPV 16, 35 and 58 [14]. This explains the findings
from the present study in a cohort of Qatari residents, where the researchers were able to detect viral
DNA in five Filipino subjects (three malignant and two normal) in which HPV 35 and 16 were the
most common types with a prevalence of 80% (4/5) and 40% (2/5) respectively (Table 2). Therefore,
further study is needed to investigate potential factors that could explain this difference, prevalence
and genotypes distribution of HPV within the investigated populations.

Additionally, we performed a retrospective investigation using medical records for Pap smear
history to identify the presence of HPV types in the population of Qatar. We were able to retrieve the
Pap smear results for 31 out of 150 subjects. No conclusions could be drawn from this finding since
none of our HPV-positive subjects had been tested with a Pap smear apart from one subject with an
unsatisfactory smear result. This highlights the necessity of implementing the national cervical
screening program aiming to screen the entire eligible population in Qatar.

There are some limitations to this study. The small sample size is probably the biggest limitation.
This sample size is small for a meaningful comparative statistical analysis. Furthermore, the mere
presence of viral DNA does not demonstrate an active infection. HPV protein expression is a known
reliable marker to detect an active infection in breast tissue [14]. Therefore, further statistical analysis
and studies with larger samples are required to determine if these HPVs were biologically active in
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these specimens to validate these findings. Finally, it would be of great interest to evaluate the
correlation of HPV and its oncoproteins with clinicopathological parameters including hormone
receptors, breast cancer stage and grade, in addition to patients” age and sex.

4. Materials and Methods

4.1. Subjects, Enrolment and Breast Tissue Collection

The study was conducted in accordance with the Declaration of Helsinki and the protocol was
formally approved by the ethics committee of the Institutional Review Board of Hamad Medical
Corporation (HMC-IRB reference: 16101/16). All methods were carried out in accordance with the
approved guidelines. Following the approval, all subjects gave their informed consent for inclusion
before they participated in the study. A total of 150 subjects were enrolled and consented to obtain
fresh breast tissue specimens (50 benign, 50 cancerous and 50 normal which served as control). The
samples were aseptically collected by a dedicated surgical team at the Breast Surgery Department at
Hamad General Hospital, Doha, Qatar. Normal and benign breast tissues were obtained from
reduction mammoplasties, post-mastectomy contralateral balancing surgery and tissue removed
from benign breast disease patients e.g., breast fibroadenomas. All cases were formally reported by
the Pathology Department as part of the standard clinical diagnosis of the patients to be
histopathologically classified into cancerous and non-cancerous cases (Table 1).

This being a blind comparison study, histopathological information was masked from the
researchers to prevent bias in research results. The collected tissue biopsies were coded and
immediately preserved using Allprotect reagent from QIAGEN to stabilize the DNA, RNA and
protein, with aseptic handling of tissue in the operating theatre environment to avoid sample
contamination.

4.2. DNA extraction and Purification

An aseptic protocol was used during tissue handling to avoid cross-contamination between
specimens. Consequently, separate disposable items, such as gloves, surgical blades and tubes were
used for each sample.

Genomic DNA was extracted from the breast tissue using a GenElute™ RNA/DNA/Protein Plus
Purification Kit (Sigma) in accordance to the manufacturer's protocol. In brief, residual Allprotect®
tissue reagent was removed by dabbing and rolling the tissue sample over a sterile paper towel. Each
sample was placed in a sterile Petri dish and carefully diced using a sharp sterile surgical blade under
a clean sterile hood. The amount of tissue was accurately measured with a weight ranging between
20 and 30 mg and then homogenized in lysis buffer using gentle MACS™Octo Dissociator
(MiltenyiBiotec, Bergisch Gladbach, Germany). The h_tumor-01 predefined program was used to
dissociate breast tissue at 37°C. The lysate was loaded into a gDNA purification column to bind the
DNA. The gDNA was washed and then eluted using an elution buffer. The quality and quantity of
the extracted gDNA was assessed using a NanoDrop 2000c Spectrophotometer (Thermo Scientific,
Waltham, Mass., USA).

4.3. The Detection and Genotyping of HR-HPV

The identification of 12 HR-HPV types was performed by implementing the Polymerase Chain
Reaction (PCR) technique using the HPV-HCR Genotype-Eph kit (AmpliSens, Bratislava, Slovak
Republic). In order to avoid cross-contamination, DNA extraction and PCR technique were
performed at two separate laboratories under a very strict aseptic protocol. Simultaneous
amplification of four targeted regions of the HPV gene of four different HPV DNA types was run in
one tube (multiplex-PCR). To amplify the 12 HR-HPV types simultaneously, three tubes were run, in
which four different HR-HPV types were amplified in each tube as follows: HPV16/31/33/35,
HPV18/39/45/59 and HPV52/56/58/66. This approach enabled the detection of infections and co-
infections of 12 HR-HPV types in each sample.



Cancers 2020, 12, 1528 8 of 10

The amplified PCR products were electrophoresed along with type-specific positive controls and
negative control on a 3% (w/v) agarose gel stained using SYBR Safe (Invitrogen, Carlsbad, CA, USA).
The quality of the DNA obtained from each sample was controlled by amplification with primers to
detect the B-globin gene. The gel was then visualized under ultraviolet (UV) transilluminator using
a Gel Doc XR+ System (Bio-Rad, Hercules, CA, USA). Since PCR products differ in length, the
genotype of HR-HPV was identified accordingly.

5. Conclusions

This study investigated the presence of 12 HR-HPV DNA in fresh breast tissue samples in the
general population of Qatar through prospectively collected data. The viral DNA was detected in
10% of breast cancer samples. However, the virus was also detected in 8% of benign/normal breast
samples. Though the viral detection is not significant enough to validate HPV as a risk factor for
breast cancer in the population of Qatar, our data is in agreement with previous studies which
detected a low prevalence of HPV DNA in breast cancer.

Author Contributions: conceptualization: G.H.A., KJ,, N.AS,, G.D.; methodology: N.A.S,, G.H.A,; data
curation: N.A.S.,, RAF,, G.S. and V.K.G.; formal analysis: N.A.S and G.S.; funding acquisition: K.J. and M.K,;
project administration: M.K.; supervision: G.H.A., N.A.S,, K.J. and M.K; writing —original draft: N.A.S. and G.S.;
writing—review and editing: K.J., S.U.,, M.Z.C,, N.AS. and S.D.; patient recruitment, consent and samples
collection: KJJ,, RAF., AA, S.G, S.Ab.,, O.A-Y,, ES, S.AlL, SH. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was funded by the Medical Research Centre, Hamad Medical Corporation, Qatar
(16101/16).

Acknowledgments: The authors are indebted to the patients who partook in the study and acknowledge the
highly valuable contribution of staff from the Department of Histopathology and Operating Theatres at Hamad
General Hospital, Hamad Medical Corporation, Doha, Qatar, in particular Amal Hussain and Eleonor Belita.
The authors also acknowledge Qatar National Library fund for supporting the publication.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bray, F,; Ferlay, ]J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J.
Clin. 2018, 68, 394-424, doi:10.3322/caac.21492.

2. Qatar National Cancer Registry, Ministry of Public Health, Qatar Cancer Incidence Report, 2015. Doha:
2017. Most common Cancers, Breast cancer P:22-23. Available online:
https://www.moph.gov.qa/Admin/Lists/PublicationsAttachments/Attachments/53/QNCR-2015-
English.pdf (accessed on 9 May 2020).

3. Ganguly, N,; Parihar, S.P. Human papillomavirus E6 and E7 oncoproteins as risk factors for tumorigenesis.
J. Biosci. 2009, 34, 113-123, d0i:10.1007/s12038-009-0013-7.

4. Bryan, ].T.; Brown, D.R. Transmission of human papillomavirus type 11 infection by desquamated
cornified cells. Virology 2001, 281, 35-42, d0i:10.1006/viro.2000.0777.

5. Baseman, ].G.; Koutsky, L.A. The epidemiology of human papillomavirus infections. J. Clin. Virol. 2005, 32
(Suppl. 1), S16-524, d0i:10.1016/j.jcv.2004.12.008.

6.  zur Hausen, H. Papillomaviruses in the causation of human cancers-a brief historical account. Virology 2009,
384, 260-265, doi:10.1016/j.virol.2008.11.046.

7. National Cancer Institute (NCI) (2020) HPV and Cancer. Available online: https://www.cancer.gov/about-
cancer/causes-prevention/risk/infectious-agents/hpv-and-cancer (accessed on 9 May 2020).

8.  Ashrafi, G.H.; Salman, N.A. Pathogenesis of Human Papillomavirus-Immunological Responses to HPV
Infection. In Human Papillomavirus-Research in a Global Perspective; Rajkumar, R., Ed.; InTech: Rijeka, Croatia,
2016; pp. 243-253, ISBN 978-953-51-2439-9.

9. Heng, B,; Glenn, WK;; Ye, Y.; Tran, B.; Delprado, W.; Lutze-Mann, L.; Whitaker, N.J.; Lawson, ].S. Human
papilloma virus is associated with breast cancer. Br. ]. Cancer 2009, 101, 1345-1350,
doi:10.1038/sj.bjc.6605282.



Cancers 2020, 12, 1528 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lawson, J.S.; Glenn, W.K,; Salyakina, D.; Clay, R.; Delprado, W.; Cheerala, B.; Tran, D.D.; Ngan, C.C,;
Miyauchi, S.; Karim, M.; et al. Human Papilloma Virus Identification in Breast Cancer Patients with
Previous Cervical Neoplasia. Front. Oncol. 2015, 5, 298, d0i:10.3389/fonc.2015.00298.

Allred, D.C.; Mohsin, S.K.; Fuqua, S.A. Histological and biological evolution of human premalignant breast
disease. Endocr. Relat. Cancer 2001, 8, 47-61, d0i:10.1677/erc.0.0080047.

Polyak, K. Breast cancer: Origins and evolution. J. Clin. Investig. 2007, 117, 3155-3163, d0i:10.1172/JCI33295.
de Villiers, EM.; Sandstrom, R.E.; zur Hausen, H.; Buck, C.E. Presence of papillomavirus sequences in
condylomatous lesions of the mamillae and in invasive carcinoma of the breast. Breast Cancer Res. 2005, 7,
R1-11, doi:10.1186/bcr940.

Salman, N.A.; Davies, G.; Majidy, F.; Shakir, F.; Akinrinade, H.; Perumal, D.; Ashrafi, G.H. Association of
High Risk Human Papillomavirus and Breast cancer: A UK based Study. Sci. Rep. 2017, 7, 43591,
doi:10.1038/srep43591.

Antonsson, A.; Spurr, T.P.; Chen, A.C,; Francis, G.D.; McMillan, N.A.J.; Saunders, N.A.; Law, M.; Bennett,
I.C. High prevalence of human papillomaviruses in fresh frozen breast cancer samples. ]. Med. Virol. 2011,
83, 2157-2163, doi:10.1002/jmv.22223.

Divani, S.N.; Giovani, A.M. Detection of human papillomavirus DNA in fine needle aspirates of women
with breast cancer. Arch. Oncol. 2012, 20, 12-14, d0i:10.2298/ A001202012D.

Delgado-Garcia, S.; Martinez-Escoriza, J.-C.; Alba, A.; Martin-Bayon, T.-A.; Ballester-Galiana, H.; Peird, G.;
Caballero, P.; Ponce-Lorenzo, J. Presence of human papillomavirus DNA in breast cancer: A Spanish case-
control study. BMC Cancer 2017, 17, 320, doi:10.1186/s12885-017-3308-3.

Lawson, ].S.; Glenn, W.K; Heng, B.; Ye, Y.; Tran, B.; Lutze-Mann, L.; Whitaker, N.J. Koilocytes indicate a
role for human papilloma virus in breast cancer. Br. J. Cancer 2009, 101, 1351-1356,
do0i:10.1038/sj.bjc.6605328.

Khan, N.A.; Castillo, A.; Koriyama, C.; Kijima, Y.; Umekita, Y.; Ohi, Y.; Higashi, M.; Sagara, Y.; Yoshinaka,
H.; Tsuji, T.; et al. Human papillomavirus detected in female breast carcinomas in Japan. Br. J. Cancer 2008,
99, 408-414, doi:10.1038/sj.bjc.6604502.

Islam, S.; Dasgupta, H.; Roychowdhury, A.; Bhattacharya, R.; Mukherjee, N.; Roy, A.; Mandal, G.K.; Alam,
N.; Biswas, J.; Mandal, S.; et al. Study of association and molecular analysis of human papillomavirus in
breast cancer of Indian patients: Clinical and prognostic implication. PLoS ONE 2017, 12, 0172760,
doi:10.1371/journal.pone.0172760.

Froberg, M.; Ostensson, E.; Belki¢, K.; Ostrbenk, A.; Poljak, M.; Mints, M.; Arbyn, M.; Andersson, S. Impact
of the human papillomavirus status on the development of high-grade cervical intraepithelial neoplasia in
women negative for intraepithelial lesions or malignancy at the baseline: A 9-year Swedish nested case-
control follow-up study. Cancer 2019, 125, 239-248, doi:10.1002/cncr.31788.

Malhone, C.; Longatto-Filho, A; Filassi, ].R. Is Human Papilloma Virus Associated with Breast Cancer? A
Review of the Molecular Evidence. Acta Cytol. 2018, 62, 166-177, d0i:10.1159/000487700.

Bansal, D.; Elmi, A.A.; Skariah, S.; Haddad, P.; Abu-Raddad, L.J.; Al Hamadi, A.H.; Mohamed-Nady, N.;
Affifi, N.M.; Ghedira, R.; Hassen, E.; et al. Molecular epidemiology and genotype distribution of Human
Papillomavirus (HPV) among Arab women in the state of Qatar. ]. Transl. Med. 2014, 12, 300,
doi:10.1186/s12967-014-0300-4.

Al-Thani, A.A.; Abu-Rub, A.L; Al-Ansari, A.; Abushama, M.; Al-Khanji, M.; Al-Lawati, S. Prevalence of
human papillomavirus infection in women attending a gynecology/oncology clinic in Qatar. Future Virol.
2010, 5, 513-519, doi:10.2217/fv1.10.31.

Lindel, K.; Forster, A.; Altermatt, H.].; Greiner, R.; Gruber, G. Breast cancer and human papillomavirus
(HPV) infection: No evidence of a viral etiology in a group of Swiss women. Breast 2007, 16, 172-177,
doi:10.1016/j.breast.2006.09.001.

de Cremoux, P.; Thioux, M.; Lebigot, I.; Sigal-Zafrani, B.; Salmon, R.; Sastre-Garau, X. No evidence of
human papillomavirus DNA sequences in invasive breast carcinoma. Breast Cancer Res. Treat. 2008, 109,
55-58, doi:10.1007/s10549-007-9626-4.

Ahangar-Oskouee, M.; Shahmahmoodi, S.; Jalilvand, S.; Mahmoodi, M.; Ziaee, A.A.; Esmaeili, H.A,;
Keshtvarz, M.; Pishraft-Sabet, L.; Yousefi, M.; Mollaei-Kandelous, Y.; et al. No Detection of “High-risk”
Human Papillomaviruses in a Group of Iranian Women with Breast Cancer. Asian Pac. J. Cancer Prev. 2014,
15, 4061-4065, d0i:10.7314/APJCP.2014.15.9.4061.



Cancers 2020, 12, 1528 10 of 10

28. Motoyama, S.; Ladines-Llave, C.A.; Luis Villanueva, S.; Maruo, T. The role of human papilloma virus in
the molecular biology of cervical carcinogenesis. Kobe . Med. Sci. 2004, 50, 9-19.

29. Mufioz, N.; Bosch, F.X,; de Sanjosé, S.; Herrero, R.; Castellsagué, X.; Shah, K.V.; Snijders, P.J.; Meijer, C.J.
Epidemiologic Classification of Human Papillomavirus Types Associated with Cervical Cancer. N. Engl. |.
Med. 2003, 348, 518-527, doi:10.1056/NEJMoa021641.

30. de Sanjosé, S.; Diaz, M.; Castellsagué, X.; Clifford, G.; Bruni, L.; Mufioz, N.; Bosch, F.X. Worldwide
prevalence and genotype distribution of cervical human papillomavirus DNA in women with normal
cytology: A meta-analysis. Lancet Infect. Dis. 2007, 7, 453459, doi:10.1016/S1473-3099(07)70158-5.

31. Wang, R.; Guo, X.L.; Wisman, G.B.; Schuuring, E.; Wang, W.F.; Zeng, Z.Y.; Zhu, H.; Wu, S.W. Nationwide
prevalence of human papillomavirus infection and viral genotype distribution in 37 cities in China. BMC
Infect. Dis. 2015, 15, 257, doi:10.1186/512879-015-0998-5.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




