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Abstract: Some estimates place the proportion of human malignancies attributable to viruses at
between 15 and 20 percent. Viruses including the human papillomavirus are considered an interesting
but controversial etiological risk factor for breast cancer. HPV infection is anticipated to be an early
trigger in breast cancer carcinogenesis, followed by cumulative alterations over time (“hit and run”
mechanism) through synergy with other environmental factors. The association between HPV and
breast cancer has not yet been verified. There are very conflicting data on the presence of HPV DNA
in breast cancer samples, and we lack a clarified, exact mode of HPV transmission to the breast. In our
review article we analyzed the up-to-date knowledge about the association of HPV and breast cancer.
Furthermore, we summarized the available original research published since 2010. In conclusion, the
complexity and inconsistency of the available results together with the relatively low prevalence of
HPV infection requires extensive research with much larger studies and exact and unified diagnostic
methods are required to better understand the role of the HPV in breast carcinogenesis.
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1. Introduction

The number of newly diagnosed cases of breast cancer (BC) has been predicted at
2.3 million in 2020 with mortality close to 685,000. BC incidence and mortality are predicted
to rise to 4.4 million and 2.1 million, respectively, by 2070 [1,2]. BC is now the world’s
most frequently diagnosed cancer and the fifth leading cause of cancer mortality. In most
countries, BC accounted for approximately 24.5% of all cancer diagnoses among women
and 15.5 % of all cancer deaths in 2020 (15.5%) [1]. Although the average age of breast
cancer patients is 61 years, approximately one in forty women is diagnosed with the
disease at a young age (≤40 years old) [3,4].The development of breast cancer can be
attributed to several factors, including advanced age, high body mass index or obesity,
tobacco use, physical inactivity, a high-fat diet, early menarche, late age at first full-term
pregnancy, shorter breastfeeding periods, the use of hormonal replacement therapy or
oral contraceptives, breast density, and family history of breast cancer [5]. Despite the
tremendous effort that has been made to explore the etiology of breast cancer, the identified
risk factors explain only a portion of malignant tumors.

Viruses are considered an interesting but controversial etiological risk factor for breast
cancer, which can precipitate tumorigenesis via synergy with other environmental factors.
There is evidence that viral DNA from human papillomaviruses (HPV), Epstein–Barr
virus (EBV), human cytomegalovirus (HCMV), herpes simplex virus (HSV), and human
herpesvirus type 8 (HHV-8) can be found in breast cancer samples as well as in healthy
tissue samples [6,7]. However, there is no confirmation of viral breast carcinogenesis;

Pathogens 2022, 11, 1510. https://doi.org/10.3390/pathogens11121510 https://www.mdpi.com/journal/pathogens

https://doi.org/10.3390/pathogens11121510
https://doi.org/10.3390/pathogens11121510
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0003-4585-9671
https://orcid.org/0000-0002-5979-8358
https://orcid.org/0000-0002-3471-0508
https://doi.org/10.3390/pathogens11121510
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens11121510?type=check_update&version=3


Pathogens 2022, 11, 1510 2 of 17

the available data show no trend, even within the same nation, and some of them are
contradictory [8].

In our review article, we focused on the oncogenic potential of HPV and its link to
breast cancer. We searched the PubMed database using the keywords “breast cancer”,
“HPV”, and “human papillomavirus”. In the literature search, all literature up to October
2022 was included, with no restriction on the publication date.

2. Mechanisms of HPV Infection Targeting Breast Tissue

Two main hypotheses have been proposed about how HPV can infect mammary
gland cells; however, the specific mechanism is still unknown. According to the first
hypothesis, HPV is transmitted to the mammary glands via the lymphatic or blood system
through mononuclear white cells present in women with cervical dysplasias. In the case of
malignancy, cells from a primary tumor can be transported by plasma flow. In addition,
HPV virions can be transferred from the site of initial infection to other organs [9]. Other
scientists argue that HPV viremia is improbable, since the HPV lifecycle occurs in the
epithelial layers [10].

De Villiers et al. [11], who postulated a retrograde ductal pattern of viral propagation,
provided evidence in support of the second theory, which states that HPV may infect
the mammary gland through the skin of the nipple. Since the milk ducts are open ducts,
they might serve as an entrance route for viral infection, and so the risk of HPV infection
is higher when they are exposed to the external environment. The most common way
of transmission for HPV is sexual contact, with the virus potentially entering via nipple
fissures or by hand-mediated contact between the female perineum and the breast during
sexual intercourse [7,12]. It should be noted that most HPV-positive children, infected via
the placenta or during vaginal delivery [13,14], have the same type of HPV that is in the
mother’s genital region at birth. If newborns may be involved in the virus’s transfer to the
breast region [15,16] remains controversial because of the presence of HPVs also in breast
milk of HPV infected mothers [17,18].

Virus Entry to the Breast Cells

One hypothesis is based on the complex mechanism of endocytosis and cellular trans-
port associated with alpha HPV genus (annexins, integrins, tetraspanins and EGFRs) [19].
The α6 integrins are recognized as the main receptors for HPV 16 in uterine cervix cells [20]
and, in the case of breast tissue together with laminin-322, they are essential for normal
mammary morphogenesis. The results of particular studies suggest that they can act as
HPV receptors during infection and promote tumor progression during infection [21,22].
The signals from integrin receptors are further essential for tumor cell growth, apoptosis,
angiogenesis and metastatic process [23]. After the cell entrance, the viral genome can
be found in episomal form [24,25]. Whether the cell entry mechanism in low-risk HPVs
(lrHPVs) is different remains questionable.

Another hypothesis is based on the activity of the extracellular vesicles (EVs). The
ascending pattern of HPV infection spread is still a target of much discussion. The presence
of HPV DNA in serum-derived EVs was found in patients with HPV DNA-positive squa-
mous cell carcinoma of the middle rectum and BC patients [26]. EVs include exosomes,
microvesicles and apoptotic bodies, which differ in size and biophysical characteristics [27].

Many types of cells, tissues and bodily fluids produce EVs, including nucleic acids,
proteins, non-coding RNA and viral nucleic acids [28]. Furthermore, several authors have
observed that oxidative stress and radiation-induced DNA damage may impact stromal
compartment and EV absorption [29]. The content of HPV-positive EVs produced from a
primary site of infection may be transferred to cells without HPV receptors (e.g., fibroblasts
and breast epithelial cells) and cause a local induction of tumor cell proliferation. In situ
hybridization revealed that HPV DNA was present both in the epithelium and in the
stroma [30].
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3. Molecular Base of HPV-Associated Breast Cancer Carcinogenesis

The genome of HPV consists of double-stranded circular DNA reaching the length
of around 8000 base pairs, containing from eight to nine open-reading fragments (ORFs).
It consists of three functional regions: a long control region (LCR), early region (E ORF)
and late region (L ORF). The approximately 1 kb long section of the LCR has no coding
potential and contains sections regulating viral transcription and tissue tropism. Early
region is represented by 6–7 ORFs (E1, E2, E4, E5, E6, E7 and E8), whereas the late region
consists of only two ORFs (L1 and L2). All HPVs contain conserved core genes included
in replication (E1 and E2) and viral capsid establishment (L1 and L2), with more diversity
in other genes (E4, E5, E6 and E7), which determine maturation and release of the virus,
escape from immune system and regulation of cell cycle [31].

The majority of HPV genomes (86–100%) detected in breast tissue are in an integrated
form with a low copy number (0.00054–9.3 copies/cell) [12]. In BC, HPV is suspected to
play only an indirect role in these malignancies due to the low viral burden. Multiple
studies around the world have investigated an exotic relationship between the HPV and
breast cancer, but their detection of HPV DNA (e.g., L1, L2, E1, E2, E6 and E7) in mammary
tumors has been extremely variable (from 0 to 86.2%) and does not depend on the women’s
age [32,33] (Tables 1 and 2).

Table 1. Studies focused on the association of BC and HPV published since 2010 (FFPE tissue samples).

Study Method No. of Histological
Samples HPV Positivity HPV Types Detected

Aguayo et al., 2011 [34] PCR, Inno-Lipa-HPV 16 BC: 55 8.7% 16

Frega et al., 2011 [35] PCR, INNO-LiPA BC: 31
Benign lesions: 12

29%
0% 16, 6

Herrera-Goepfert et al.,
2011 [36] PCR, INNO-LiPA BC: 69 24% 16

Silva et al., 2011 [37] PCR–HPV 6, 11, 16, 18 BC: 79 No positive results n.a.

Baltzell et al., 2012 [38] IS-PCR, IHC–12 hrHPVs BC: 70 2.9 % (IS-PCR)
5.7 % (ISH) 16

Herrera-Romano et al.,
2012 [39] PCR BC: 118

nipple lesions: 2 No positive results n.a.

Sigaroodi et al., 2012 [40] PCR BC: 79
Benign lesions: 51

25.9%
2.4% 16, 18, 23, 6, 11, 15, 124

Eslamifar et al., 2015 [41] PCR BC: 100
Healthy controls: 50 No positive results n.a.

Fu et al., 2015 [42] PCR and ISH–HPV 58, HPV 58
E7 DNA

BC: 169
Benign lesions: 83

PCR/ISH–14.79%/10.06%
PCR/ISH–1.2%/1.2% 58

Lawson et al., 2015 [43] IS-PCR, NGS BC: 855 3.5% (lrHPV)
2.3% (hrHPV) 18, 16, 52, 113

Li et al., 2015 [44]
PCR–HPV 16, 18
HPV 16 E6, E7
HPV 18 E6, E7

BC: 187
Adjacent tissue: 187
Benign lesions: 92

1.6%
0%
0%

16, 18

Ngan et al., 2015 [45] HPV E7 IHC, PCR

sets of benign and
subsequent BC
specimens: 32
healthy controls: 20

72% (benign specimens)
62.5% (subsequent BC)
10%

16, 18, 45, 58
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Table 1. Cont.

Study Method No. of Histological
Samples HPV Positivity HPV Types Detected

Vernet-Tomas 2015 [46] PCR, DEIA
54 mucosal HPV types

BC: 76
Benign lesions: 2 No positive results n.a.

Chen et al., 2016 [47] PCR-HPV 16, 18 oncogens E6,
E7 BC: 76

23.68% for HPV18 E7
6.58% for HPV18 E6
all samples negative for
HPV16 E6/E7

18

Choi et al., 2016 [48] PCR-28 hrHPVs and lrHPVs
BC: 123
Intraductal papillomas: 9
Nipple tissues: 13

17.9%
22.2%
0 %

51, 53, 40

Doosti et al., 2016 [49] PCR BC: 87
benign lesions: 84

22.9%
0% 16, 18, 6, 11

Ilahi et al., 2016 [50] PCR–HPV 16 and 18 BC: 46 17.3% 16

Karimi et al., 2016 [51] PCR–HPV 16, 18, 31, 33 BC: 70
benign lesions: 70

2.6%
0% 18

Wang et al.,2016 [52] ISH for HPV DNA and mRNA
(HPV 16,18,58)

BC: 146
Benign lesions: 83

35.6%
3.6% 16, 18, 58

Bakhtiyrizadeh et al.,
2017 [53] PCR BC: 150

Benign lesions: 150 No positive results n.a.

Delgado- Garcìa et al.,
2017 [7] PCR BC: 251

Benign lesions: 186
51.8%
26.3%

16, 51, 89 as the
most prevalent

Naushad et al., 2017 [54] PCR BC: 250
Benign tissue: 15

18,1%
n.a. n.a.

Rezaei et al., 2017 [55] PCR, ARMS-PCR
-HPV 16, 18, 31, 11, 33, 35

BC (familial): 38
BC (non-familial): 46

44.73%
26.08%

16, 18, 11 as the most
prevalent

Bønløkke et al., 2018 [56] SPF10 PCR-DEIA-LiPA25
assay–25 hrHPV and lrHPV

BC with prior dysplasia:
93
BC without prior
dysplasia: 100

2.1%
1.0% 16, 56

Cavalcante et al., 2018 [57] PCR–11 HPV types BC: 103
Healthy tissue: 90

49.5%
15.8% 6, 11, 18, 31, 33, 52

De Carolis et al., 2018 [26] PCR–16 HPV types
Intraductal papilloma: 10
DCIS: 9
BC: 10

40%
11.1%
30%

16, 18, 33, 51, 53

Ghaffari et al., 2018 [58] PCR, microarray–35 hrHPV
and lrHPV types BC:72 5.52% n.a.

Habyarimana et al.,
2018 [59] PCR BC: 47 46.8% 16, 33, 31 as the most

prevalent

Malekpour Afshar et al.,
2018 [60] PCR, INNO-LiPA BC: 98

Benign lesions: 40
8.2%
No positive results

16, 18 as the most
prevalent

Balci et al., 2019 [61] PCR BC: 18
Breast papillomas: 27

44.4%
29.6%

11, 39 as the most
prevalent

De Carolis et al., 2019 [30] CISH (HPV 16,18), PCR (16
HPV types), NGS BC: 273 30.4% 16, 18 as the most

prevalent

Biesaga et al., 2021 [62] PCR-21 HPV types BC: 383 4.4% 16

Boumba et al., 2021 [63] PCR–14 hrHPV types BC:40 15% 16 as the most
prevalent

Elagali et al., 2021 [64] PCR BC: 150 8.7% 16, 58, 18, 11

Gebregzabher et al.,
2021 [65] PCR–19 hrHPVs, 9 lr HPVs BC: 75 2.7% 16, 6

Golrokh Mofrad et al.,
2021 [66] PCR BC: 59

Benign lesions: 11
11.8%
No positive results 18, 6
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Table 1. Cont.

Study Method No. of Histological
Samples HPV Positivity HPV Types Detected

Guo et al., 2021 [67] CISH–HPV 6, 11, 18, 18
BC: 90
Intraductal papillomas: 33
Healthy tissue: 33

21.1% (HPV 6,11), 43.3%
(HPV 16, 18)
3.0% (HPV 6,11), 18.8%
(HPV 16, 18)
0% (HPV 6, 11), 9.1%
(HPV 16, 18)

16, 18, 6, 11

Gupta et al., 2021 [68] PCR–14 hrHPV types TNBC: 70
Healthy tissues: 14

53%
37.5% 52, 45, 31, 58, 68

Metwally et al., 2021 [69] PCR BC:40 17.5% n.a.

Nagi et al., 2021 [70] PCR–14 hrHPV types, TMA BC: 102
Healthy tissue: 14

65%
35.6%

52, 35, 58, 45, 16 and
51 as the most
prevalent

Alinezhadi et al., 2022 [71] PCR BC: 63
Benign lesions: 32

17.89%
28.12% 11, 16, 31, 33

De Oliveira et al., 2022 [32] PCR BC: 75 0% n.a.

Gupta et al., 2022 [72] PCR–11 hrHPV types BC:74 65% n.a.

Maldonado-Rodriguèz
et al., 2022 [73]

PCR–32 hrHPV and
lrHPV types

BC: 59
Benign lesions: 46
Healthy tissue: 11

20.3%
34.8%
27.3%

42, 31, 59 as the most
prevalent

HPV, Human Papillomavirus; hrHPV, high-risk Human Papillomavirus; lrHPV, low-risk Human Papillomavirus;
BC, Breast Cancer; TNBC, Triple Negative Breast Cancer; DCIS, Ductal Carcinoma In Situ; PCR, Polymerase Chain
Reaction; IHC, Immunohistochemistry; FFPE, Formalin Fixed Paraffin Embedded; CISH, Chromogenic In Situ
Hybdridization; NGS, Next Generation Sequencing; ARMS–Amplification-Refractory Mutation System; DEIA,
DNA Enzyme Immunoassay; IS-PCR, In Situ Polymerase Chain Reaction; mRNA, mediator Ribonucleic Acid;
n.a., not applicable/not available.

Table 2. Studies focused on the association of BC and HPV published since 2010 (fresh-frozen
tissue samples).

Study Method No. of Histological Samples HPV Positivity HPV Types Detected

Hachana et al., 2010 [74] PCR, ISH–HPV 16, 18, 31,
33, 6, 11 BC: 123 No positive results n.a.

Antonsson et al., 2011 [75] PCR–16 hrHPV types BC: 54
Healthy controls: 4

50%
25% 18

Hedau et al., 2011 [76] PCR-HPV 16,18 BC: 228 No positive results n.a.

Mou et al., 2011 [77] PCR–21 hrHPV and
lrHPV types

BC: 62
Benign lesions: 46

6,5%
No positive results 16, 18

Herrera- Romano et al.,
2012 [39] PCR BC: 10 No positive results n.a.

Fernandes et al., 2015 [78] PCR, INNO-LiPA-28
HPV types BC: 24 41.7% 51, 33, 18, 6, 11

Gannon et al. 2015 [79] PCR, NGS BC: 80
Benign lesions:10

16%
10% 16, 18

Zhou et al., 2015 [80] PCR BC/DCIS: 77
Adjacent tissue: 77 No positive results n.a.

Islam et al., 2017 [81] PCR–HPV 16, 18, 33

BC (prior NACT): 272
BC (after NACT): 41
Adjacent normal tissues: 21
Benign lesions: 17

63.9%
71.0%
9.5%
47.1%

16, 18, 33

Ngamkham et al.,
2017 [82]

PCR–14 hrHPV and 22
lrHPV types

BC: 350
Benign lesions: 350

4.3%
2.9% 16, 33, 18, 35, 52

Salman et al., 2017 [83] PCR-12 hrHPV types BC:74
Benign lesions:36

47%
31%

39, 18, 45 as the most
prevalent
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Table 2. Cont.

Study Method No. of Histological Samples HPV Positivity HPV Types Detected

Wang et al., 2017 [84] HC2–13 hrHPV types BC:81 17.3% n.a.

ElAmrani et al., 2018 [85] PCR–62 lrHPV and
hrHPV types

BC: 76
Benign lesions: 12

25%
8.3%

51, 52, 58, 59, 66 as the
most prevalent

Kouloura et al., 2018 [86] Microarray BC: 201
Adjacent healthy tissue: 201 No positive results n.a.

Khodabandehlou et al.,
2019 [87] PCR BC: 72

Healthy tissue: 31
48.6%
16.1% 16, 18, 33, 6, 11

Sher et al., 2020 [88] PCR–12 hrHPV types BC:50
Benign lesions: 100

10%
8% 16, 35, 58

Charostad et al., 2021 [89] PCR BC:36
Adjacent healthy tissue: 36

33.3%
5.5% 16, 18, 31, 6

El-Sheikh et al., 2021 [90] PCR–HPV 16, 18, 31 BC: 72
Benign lesions: 15

22.2%
No positive results 16, 18

Metwally et al., 2021 [69] PCR BC (fresh tissue): 40 50% n.a.

Calderon et al., 2022 [91] PCR BC: 447
Benign lesions: 79

2.9%
1.3% 16, 18

HPV, Human Papillomavirus; hrHPV, high-risk Human Papillomavirus; lrHPV, low-risk Human Papillomavirus;
BC, Breast Cancer; DCIS, Ductal Carcinoma In Situ; PCR, Polymerase Chain Reaction; IHC, Immunohistochemistry;
NGS, Next Generation Sequencing; n.a., not applicable/not available; NACT, neoadjuvant chemotherapy.

Molecular changes in BC initiation may therefore occur via a “hit and run” mechanism.
This theory proposes that HPV initiates or contributes to the development of cancer, but
in some cases vanishes from tumor cells (possibly due to immune surveillance) before the
disease is diagnosed [45,61]. The possible role of HPV as a mediator or cofactor in a causal
relationship remains to be determined by future research.

As a result of the integration of the HPV genome into the host genome, chromosomal
instability and carcinogenesis may be induced [92]. HPV E6 and E7 oncogenes were
identified in BC samples, suggesting that HPV may be involved in the promotion of BC.
The E6/E7 mRNA was found in 24–100% of HPV-positive BC samples. Moreover, new
fusion transcripts of E6/E7 (E6ˆE7*I, E6ˆE7*II) in breast tumor were detected, suggesting
possible differences in HPV-induced carcinogenesis in particular organs [12]. Extreme
differences in the presence of HPVs in BC samples including HPV DNA and mRNA
transcripts cause that the aferomentioned “hit and run” theory is still controversial.

E6 promotes p53 degradation via its association with E6-AP, an auxiliary protein in
the ubiquitin proteolytic pathway [93]. In addition, E6 interacts physically and functionally
with the cellular telomerase complex [94]. E7 proteins found in high-risk HPVs bind to
pRb and other pocket proteins, including p107 and p130, thereby disrupting normal cell
cycle and trigger cell proliferation [95,96]. Consequently, genomic instability results in
the transformation of normal cells into cancerous cells. As shown in an in vitro model,
the expression of high-risk HPV oncogenes E6 and E7 leads to the immortalization of
human mammary epithelial cells [97]. Disruption of normal cell cycle via E6 and E7
oncoproteins is also associated with overexpression of cyclin dependent kinase inhibitor
24 (CDKN2A or p16INK4A) often used as marker of cervical carcinogenesis. However,
CDKN2A has not been shown as a good surrogate marker for HPV infection in breast
cancer tissue [67]. Moreover, E6 and E7 interact with the major tumor-suppressor genes
BRCA 1 and BRCA 2 [98].

Several cellular pathways are involved in the transformation of mammary epithelial
cells associated with HPV E6 and E7 proteins. These proteins inhibit pRb, p53, NFX1 and
BRCA1, leading to an upregulation of nuclear factor kappa B and nuclear factor kappa
E pathways [99–101]. It has also been shown that HPV E6 and E7 proteins are capable
of promoting the proliferation of BC cells, inhibit apoptosis by upregulating BCL2 and
stabilizing the HER2 receptor [84,102]. The presence of HPV may also alter the expression
of a member of the cytidine deaminase gene family APOBEC3B (A3B), and increase the
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production of reactive oxygen species [87,103,104]. According to genome-wide association
studies and studies based on the The Cancer Genome Atlas (TCGA) datasets, the APOBEC-
associated mutation signatures in BC were more common in East Asians (31.2%) and less
common in Europeans (9.0%) and West Africans (4.2%) [105,106]. The APOBEC3A and
APOBEC3B proteins may promote particular mutations in cancer genomes, a phenomenon
known as APOBEC mutagenesis. Several variables, including genetic and environmental
factors, impact this mutation pattern in individuals with bladder and breast cancer [107].
Furthermore, the HPV-triggered activation of STAT3 is implicated in the pro-inflammatory
cytokine gene expression in breast and cervical cancer [108].

Viruses contribute to carcinogenic processes by a variety of mechanisms, including
chronic inflammation, disruption of cellular regulatory mechanisms and resistance to
apoptosis. Chronic inflammation is associated with an increase in cytokines such as
transforming growth factor beta (TGF-1) and interleukins (IL), resulting in a proliferation of
breast tumors [109]. Furthermore, HPV infection is associated with inflammatory cytokines
(IL-1, IL-6, IL-17, TGF-β and TNF-α) and transcription factor NF-kB [110].

There is also the possibility that HPV could function synergistically with the estrogen
receptor (ER) signaling pathway. Specifically, Wu et al. demonstrated that the E2 protein
cooperates with nuclear receptor coactivators in order to enhance the ERE-dependent
transcriptional activity of ERα [111]. Therefore, high estrogen signaling caused by over-
expression of the ER gene may contribute to the overexpression of HPV genes E6 and
E7 in HPV-positive BC cells, thereby enhancing the development and progression of the
disease [8].

4. Research Analyzing the Association of HPV and Breast Cancer

A well-established relationship exists between HPV and cancers of the uterine cervix,
anogenital region, head and neck, and skin. A variety of other cancers have been reported
to be associated with HPV, including glioblastoma, colorectal, lung and breast cancers;
however, its pathogenic role remains ambiguous and controversial [112–115].

No definitive link has been established yet between HPV and BC. Although the
presence of HPV alone is insufficient to cause breast cancer development, it is anticipated
to be an early trigger followed by cumulative alterations over time. HPV DNA-containing
cells have been identified even in the tissues surrounding BC (normal tissue) [116].

Multiple studies used primers for the detection of dozens of HPV types, including
lrHPV and the whole spectrum of hrHPV types (Tables 1 and 2). HPV16 is the most common
genotype detected in both benign and breast cancer tumors. Moreover, the incidence of
HPV 16 variants is different between cervical and breast cancers, indicating the possible
tissue-specific HPV16 variants [117]. The most common HPV types, responsible for 70%
of all HPV-related BC cases globally, are HPV 16, 18 and 33 [118]; however, the presence
of low-risk types (HPV6, 11, 23 and 124) has also been reported [7,40]. In American BC
patients, HPV16 was also the most prevalent, whereas HPV18 and HPV33 were more
common in Australian and Chinese BC patients [119]. Other HPVs often present in BC
samples include types 31, 39, 45, 52 and 58 [57,70,71]. Geographic location, sample size
and methodological differences may account for the difference in HPV prevalence and
genotype distribution [120].

A study conducted by Band et al. in 1990 suggested that HPV infection may be
associated with BC. In their study, HPV was found to immortalize normal human mammary
epithelial cells and to decrease the need for growth factors in these cells [121]. By identifying
HPV in 29.4% of BC samples in 1992, Di Lonardo et al. demonstrated for the first time the
potential role of HPV in BC pathogenesis [122]. In addition to BC tissue, HPV infection has
also been reported in adjacent normal and benign breast tissues (e.g., intraductal papilloma),
nipple tissue, breast ductal lavages, nipple discharges and breast milk [11,17,26,61].

A study conducted by Haghshenas et al. revealed that 23.6% of breast cancer cases
were infected with HPV [118]. According to a recent research analyzing 2211 samples of BC,
the prevalence of HPV was 23%, ranging from 13.4% in Europe to 42.9% in North America
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and Australia [123]. Furthermore, two other meta-analyses found similar results (24.49%
and 30.30% positivity for HPV DNA in BC tissues) [80,124]. In light of the results of Gupta
et al., which revealed that HPV and Epstein–Barr virus (EBV) were co-present in 47 % of
samples, things become more complex. Both viruses can be detected in aggressive types of
BC [68]. In addition, a few cases showed the co-presence of HPV, EBV and MMTV-like virus,
with possible interactions between these viruses occurring in breast carcinogenesis [125].

In the analysis of 37 case–control studies with 3607 BC cases and 1728 controls, there
was conclusive evidence that BC risk was increased in cases of HPV positivity (summary
odds ratio (SOR) = 6.22, 95%CI: 4.25–9.12) [126]. The calculated risks varied among the
available meta-analyses: HR 1.18 (95%CI: 1.15–1.21) [127], OR 4.02 (95%CI: 2.42–6.68) [128],
and OR 5.43 (95%CI: 3.24–9.12) [48].

Fewer studies showed no HPV in breast cancer tissue [76,129]. However, most pub-
lished studies have indicated the presence of HPV in BC. Globally, the published research
has found substantial variation in the presence of HPV in BC. Differences in HPV detection
are attributed to demographic factors, sample type (e.g., paraffin-embedded tissue vs. fresh
frozen tissue) and the different sensitivity levels of the methods used to detect HPV.

4.1. HPV DNA and Breast Cancer Types

HPV DNA is more frequently present in BC tissues compared to benign breast tumors
or normal breast tissues [130]. Several studies have demonstrated that HPV DNA is more
prevalent in TNBC and HER2+ BC than in luminal types of BC. Furthermore, among the
luminal subtypes, HPV DNA was found in younger BC patients and in BC tissues that
were significantly Ki67-positive, higher grade and had lymph node invasion [11,30,131,132].
As a result of these findings, it appears that aggressive breast tumors contain HPV DNA.
While HPV DNA alone is not sufficient to initiate the carcinogenic process, it is believed
that, as a component of the environment, HPV DNA may contribute to defining the BC
tumorigenic phenotype [30].

4.2. Presence of HPV DNA in BC Tissue in Correlation with Previous Cervical Dysplasia

A number of studies have shown an increased incidence of breast cancer among
patients with a history of cervical dysplasia, indicating a possible link between uterine
cervix infection and breast glandular tissue infection [43]. Almost half of women with a
history of HPV-16-positive high-grade cervical lesions showed correlations with HPV DNA
presence in diagnosed breast cancer [33]. Based on the research of Widschwendter et al.
and Damin et al., HPV-16 DNA can be detected more frequently in women with BC who
have had cervical cancer in the past [133,134]. Similarly, different meta-analysis found that
HPV-related BC was associated with a history of high-grade cervical cancer or CIN with a
OR of 7.98 (95%CI: 1.84–34.67) [135]. Hansen et al. found that standardized incidence ratios
(SIRs) of BC are higher in women with a history of squamous or glandular dysplasia than in
women without such a history (squamous lesions SIR 1.10 (95%CI: 1.05–1.14) and glandular
lesions SIR 1.52 (95%CI: 1.11–2.08)) [136]. Similarly, conization in the patient’s history
was related to an increased risk of BC (SIR 1.10 (95%CI: 1.0–1.1)). BC risk was elevated
throughout the follow-up, especially in the first five years (SIR 1.20 (95%CI: 0.92–1.5) [137].

4.3. Heterogeneity of the Research

Due to low viral load of HPV and a variety of diagnostic techniques, it is often difficult
to determine whether HPV is present in tissue samples. These diagnostic techniques
include in situ hybridization (ISH), different subtypes of polymerase chain reaction (PCR)
and next-generation sequencing (NGS) [73]. Conflicting results may also be attributed
to the original tissue samples (paraffin-embedded versus fresh tissue) since HPV present
in long-stored paraffin-embedded tissues may be destroyed during sample processing
and fixation [116]. Furthermore, the equally important fact is that PCR cannot distinguish
among the types of cells that are infected. Thus, PCR may lead to an inaccurate assessment
of the relationship between HPV infection and BC [138]. Additional possible sources of false
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positive results include amplicon contamination, antibody cross-reactivity with undesired
antigens and strong background staining in detection systems. It is possible to obtain false
negative results due to test insensitivity, poor antigen retrieval methods or improper tissue
fixation and preparation [73]. All the possible factors affecting HPV diagnostics in breast
tissue are summarized in Table 3.

Table 3. Factors affecting the HPV diagnostics in breast tissue.

Factors Commentary

Sampling

Sample size Low sample size influences the statistical power of the
research [139]

Type of analyzed samples (FFPE tissue, fresh-frozen tissue) Formalin-induced DNA fragmentation in FFPE samples [140]
Age of samples (especially in case of FFPE) Significant degradation of DNA in 4–6 years of storage [141]
Contamination Manipulation with the sample

Diagnostics

Diagnostic techniques (ISH, PCR, NGS) It is impossible to confirm that the positive reactions are directly
from mammary cells in case of PCR method [116]

Designed PCR primers Variable sensitivity and specificity [8]

Viral factors
Viral load Extremely low viral load causes false test negativity [73]

Less common types of HPV undetected by PCR, etc. Detection methods are in most cases used for the common
hrHPV types

FFPE, formalin-fixed paraffin-embedded; ISH, in situ hybridization; PCR, polymerase chain reaction; NGS,
next-generation sequencing; HPV, human papillomavirus.

5. Discussion

A possible role for oncogenic HPV types in breast carcinogenesis was suggested after
Band et al. showed that plasmids containing HPV 16 and 18 could immortalize mammary
epithelial cells [121]. The fact that mammary pathologies are almost exclusively glandular
in origin, while HPV-associated malignancies are dominantly squamous, is a significant
argument against the association [142].

Despite the fact that approximately 30 years have passed since this hypothesis was
first proposed, its definitive conclusion remains unknown [126]. There was a significantly
higher prevalence of HPV infection in BC samples when compared to adjacent normal
tissue, fibroadenomas, fibrocystic changes, mastitis, intraductal papillomas and breast [8].
The studies by Doosti et al. [49], Bakhtiyrizadeh et al. [53] and Gannon et al. [79] showed
that HPV DNA was not found in breast cancer tissues, whereas Cavalcante et al. [57] found
high HPV prevalence rates. Baltzell et al. used in situ polymerase chain reaction (IS PCR)
compared to frequently used solution PCR techniques (standard or nested). Their goal
was to eliminate the possibility of specimen HPV-16 being consequently detected only in a
small percentage of cases (2.9 % for PCR and 5.7 % for ISH) [38]. In light of these conflicting
results, we theorize that HPV may not be a causative agent for all BC lesions but rather acts
as a cofactor and modulator. In the case of cervical carcinogenesis, persistent HPV infection
was shown to be the major risk factor of contracting the disease. Multiple modifiable and
non-modifiable factors also affect the HPV and its oncogenic potential. Therefore, it is
unlikely that HPV can cause breast cancer directly. Furthermore, to establish a link between
HPV and BC, these criteria must be met [116]:

• HPV should be more prevalent in breast cancer cases than in normal samples;
• Exposure to the HPV should precede disease outcome;
• Multidisciplinary research should be conducted to replicate the association between

HPV and breast cancer;
• A dose–response relationship should exist between exposure levels and the incidence

of BC;
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• Viral causality should be explained in terms of the mode of transmission and the
natural history and pathology;

• The virus can infect and transform mammary epithelium and induce cancer in an
animal model;

• The virus can induce cancer in an animal model by infecting and transforming the
mammary epithelium;

• Preventing HPV infection should reduce the incidence of cervical cancer.

The results of the study of Murtaza et al. failed to establish a casual association between
HPV and BC according to the Bradford Hill criteria (nine criteria to provide epidemiologic
evidence of a causal relationship between a presumed cause and an observed effect). In
their study, HPV was proposed as a cause–effect agent or at least as one of the co-factors
involved in the pathogenesis of BC [143].

With the current state of the knowledge, how we can be sure that we are not looking
at false negative or positive results? It is possible to obtain false negative results due to
formalin-induced DNA fragmentation [140], DNA quality testing missing [130], inadequate
virus detection assays [11], incorrect primers or hybridization probes [144] and the laser
microdissection of cells [145]. Conversely, false positive results may be caused by a lack of
quality in sequencing procedures as well as contamination, which is a major concern among
all virologists. Cells brought into the sample by manipulation (e.g., dermal cells) could
be the source of contaminated samples [146]. HPV is detectable in 18% of fomites [147]
and can survive for up to seven days on environmental surfaces after desiccation [148,149].
Another factor that could suggest contaminated samples is a high prevalence of HPV in
the control and benign breast samples [150]. The use of in situ hybridization methods,
such as CISH and PCR-ISH, is associated with a decrease in the possibility of false positive
results [116]. Chromogenic in situ hybridization allows for a topographic visualization of
HPV within the nuclei of tumor cells, indicating the integration of viral DNA into host
DNA, which is the first step of malignant transformation [67].

6. Conclusions

The possible presence of HPV in unusual body tissues, such as the female breast,
remains elusive. Data regarding the presence of HPV DNA in tumor samples from patients
with BC are very inconsistent, and there is no clear indication of how HPV is transmitted to
the breast. However, the presence of HPV in BC cannot be denied. An interesting fact is
that HPV DNA can be found in healthy and benign breast tissue, which may prove useful
in observing if those chosen patients develop BC in the future. These findings lend support
to the hypothesis that the HPV contributes to the development of breast cancer. Similar
to the above hypothesis, the use of the HPV vaccine may contribute to a reduction in BC
cases. To date, no study has attempted to correlate HPV vaccine use with BC incidence,
as such studies would require a much longer period of time to be conducted. For a better
understanding of the role of the HPV in BC, extensive studies with a larger sample size
and unified diagnostic methods are required, considering the complexity involved and the
relatively low prevalence of HPV infection in BC lesions.
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19. Mikuličić, S.; Florin, L. The Endocytic Trafficking Pathway of Oncogenic Papillomaviruses. Papillomavirus Res. 2019, 7, 135–137.

[CrossRef]
20. Evander, M.; Frazer, I.H.; Payne, E.; Qi, Y.M.; Hengst, K.; McMillan, N.A. Identification of the Alpha6 Integrin as a Candidate

Receptor for Papillomaviruses. J. Virol. 1997, 71, 2449–2456. [CrossRef]
21. Raymond, K.; Faraldo, M.M.; Deugnier, M.-A.; Glukhova, M.A. Integrins in Mammary Development. Semin. Cell Dev. Biol. 2012,

23, 599–605. [CrossRef] [PubMed]
22. Kwon, S.-Y.; Chae, S.W.; Wilczynski, S.P.; Arain, A.; Carpenter, P.M. Laminin 332 Expression in Breast Carcinoma. Appl.

Immunohistochem. Mol. Morphol. 2012, 20, 159–164. [CrossRef]
23. Kumar, C.C. Signaling by Integrin Receptors. Oncogene 1998, 17, 1365–1373. [CrossRef] [PubMed]
24. Aksoy, P.; Gottschalk, E.Y.; Meneses, P.I. HPV Entry into Cells. Mutat. Res. Rev. Mutat. Res. 2017, 772, 13–22. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1038/s41571-021-00514-z
http://www.ncbi.nlm.nih.gov/pubmed/34079102
http://doi.org/10.1016/j.breast.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/20570150
http://doi.org/10.1016/j.annonc.2020.03.284
http://doi.org/10.1038/s41568-020-0266-x
http://www.ncbi.nlm.nih.gov/pubmed/32528185
http://doi.org/10.3389/fmolb.2022.781111
http://doi.org/10.1186/s12885-017-3308-3
http://doi.org/10.3390/biology10080804
http://doi.org/10.1200/JCO.1997.15.3.1008
http://doi.org/10.1186/1471-2407-13-445
http://doi.org/10.1186/bcr940
http://www.ncbi.nlm.nih.gov/pubmed/15642157
http://doi.org/10.21037/atm-19-2756
http://doi.org/10.1186/s12967-015-0733-4
http://www.ncbi.nlm.nih.gov/pubmed/26608420
http://doi.org/10.1371/journal.pone.0066368
http://www.ncbi.nlm.nih.gov/pubmed/23785495
http://doi.org/10.1016/S0029-7844(97)00593-0
http://www.ncbi.nlm.nih.gov/pubmed/9464728
http://doi.org/10.1111/eos.12538
http://doi.org/10.1371/journal.pone.0207016
http://doi.org/10.1097/INF.0b013e318169ef47
http://doi.org/10.1016/j.pvr.2019.03.004
http://doi.org/10.1128/jvi.71.3.2449-2456.1997
http://doi.org/10.1016/j.semcdb.2012.03.008
http://www.ncbi.nlm.nih.gov/pubmed/22430758
http://doi.org/10.1097/PAI.0b013e3182329e8f
http://doi.org/10.1038/sj.onc.1202172
http://www.ncbi.nlm.nih.gov/pubmed/9779984
http://doi.org/10.1016/j.mrrev.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/28528686


Pathogens 2022, 11, 1510 12 of 17

25. Araldi, R.P.; Sant’Ana, T.A.; Módolo, D.G.; de Melo, T.C.; Spadacci-Morena, D.D.; de Cassia Stocco, R.; Cerutti, J.M.; de Souza, E.B.
The Human Papillomavirus (HPV)-Related Cancer Biology: An Overview. Biomed Pharm. 2018, 106, 1537–1556. [CrossRef]
[PubMed]

26. Carolis, S.D.; Pellegrini, A.; Santini, D.; Ceccarelli, C.; De Leo, A.; Alessandrini, F.; Arienti, C.; Pignatta, S.; Tesei, A.; Mantovani, V.;
et al. Liquid Biopsy in the Diagnosis of HPV DNA in Breast Lesions. Future Microbiol. 2018, 13, 187–194. [CrossRef] [PubMed]

27. Bobrie, A.; Théry, C. Unraveling the Physiological Functions of Exosome Secretion by Tumors. Oncoimmunology 2013, 2, e22565.
[CrossRef]

28. Yáñez-Mó, M.; Siljander, P.R.-M.; Andreu, Z.; Zavec, A.B.; Borràs, F.E.; Buzas, E.I.; Buzas, K.; Casal, E.; Cappello, F.; Carvalho, J.;
et al. Biological Properties of Extracellular Vesicles and Their Physiological Functions. J. Extracell. Vesicles 2015, 4, 27066.
[CrossRef]

29. Jelonek, K.; Widlak, P.; Pietrowska, M. The Influence of Ionizing Radiation on Exosome Composition, Secretion and Intercellular
Communication. Protein Pept. Lett. 2016, 23, 656–663. [CrossRef]

30. De Carolis, S.; Storci, G.; Ceccarelli, C.; Savini, C.; Gallucci, L.; Sansone, P.; Santini, D.; Seracchioli, R.; Taffurelli, M.; Fabbri, F.;
et al. HPV DNA Associates With Breast Cancer Malignancy and It Is Transferred to Breast Cancer Stromal Cells by Extracellular
Vesicles. Front. Oncol. 2019, 9, 860. [CrossRef]

31. Doorbar, J.; Quint, W.; Banks, L.; Bravo, I.G.; Stoler, M.; Broker, T.R.; Stanley, M.A. The Biology and Life-Cycle of Human
Papillomaviruses. Vaccine 2012, 30 (Suppl. S5), F55–F70. [CrossRef] [PubMed]

32. Oliveira, E.S.D.; Ferreira, M.V.P.; Rahal, P.; Castelo Branco, M.B.; Rabenhorst, S.H.B. High Frequency of Epstein-Barr Virus and
Absence of Papillomavirus in Breast Cancer Patients from Brazilian Northeast. Asian Pac. J. Cancer Prev. 2022, 23, 2351–2359.
[CrossRef] [PubMed]

33. Hennig, E.M.; Suo, Z.; Thoresen, S.; Holm, R.; Kvinnsland, S.; Nesland, J.M. Human Papillomavirus 16 in Breast Cancer of
Women Treated for High Grade Cervical Intraepithelial Neoplasia (CIN III). Breast Cancer Res. Treat. 1999, 53, 121–135. [CrossRef]
[PubMed]

34. Aguayo, F.; Khan, N.; Koriyama, C.; González, C.; Ampuero, S.; Padilla, O.; Solís, L.; Eizuru, Y.; Corvalán, A.; Akiba, S. Human
Papillomavirus and Epstein-Barr Virus Infections in Breast Cancer from Chile. Infect. Agents Cancer 2011, 6, 7. [CrossRef]
[PubMed]

35. Frega, A.; Lorenzon, L.; Bononi, M.; De Cesare, A.; Ciardi, A.; Lombardi, D.; Assorgi, C.; Gentile, M.; Moscarini, M.; Torrisi, M.R.;
et al. Evaluation of E6 and E7 MRNA Expression in HPV DNA Positive Breast Cancer. Eur. J. Gynaecol. Oncol. 2012, 33, 164–167.

36. Herrera-Goepfert, R.; Khan, N.A.; Koriyama, C.; Akiba, S.; Pérez-Sánchez, V.M. High-Risk Human Papillomavirus in Mammary
Gland Carcinomas and Non-Neoplastic Tissues of Mexican Women: No Evidence Supporting a Cause and Effect Relationship.
Breast 2011, 20, 184–189. [CrossRef]

37. Silva, R.G.; da Silva, B.B. No Evidence for an Association of Human Papillomavirus and Breast Carcinoma. Breast Cancer Res.
Treat. 2011, 125, 261–264. [CrossRef]

38. Baltzell, K.; Buehring, G.C.; Krishnamurthy, S.; Kuerer, H.; Shen, H.M.; Sison, J.D. Limited Evidence of Human Papillomavirus in
[Corrected] Breast Tissue Using Molecular in Situ Methods. Cancer 2012, 118, 1212–1220. [CrossRef]

39. Herrera-Romano, L.; Fernández-Tamayo, N.; Gómez-Conde, E.; Reyes-Cardoso, J.M.; Ortiz-Gutierrez, F.; Ceballos, G.; Valdivia, A.;
Piña, P.; Salcedo, M. Absence of Human Papillomavirus Sequences in Epithelial Breast Cancer in a Mexican Female Population.
Med. Oncol. 2012, 29, 1515–1517. [CrossRef]

40. Sigaroodi, A.; Nadji, S.A.; Naghshvar, F.; Nategh, R.; Emami, H.; Velayati, A.A. Human Papillomavirus Is Associated with Breast
Cancer in the North Part of Iran. Sci. World J. 2012, 2012, 837191. [CrossRef]

41. Eslamifar, A.; Ramezani, A.; Azadmanesh, K.; Bidari-Zerehpoosh, F.; Banifazl, M.; Aghakhani, A. Assessment of the Association
between Human Papillomavirus Infection and Breast Carcinoma. Iran. J. Pathol. 2015, 10, 41–46. [PubMed]

42. Fu, L.; Wang, D.; Shah, W.; Wang, Y.; Zhang, G.; He, J. Association of Human Papillomavirus Type 58 with Breast Cancer in
Shaanxi Province of China. J. Med. Virol. 2015, 87, 1034–1040. [CrossRef] [PubMed]

43. 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.
[CrossRef] [PubMed]

44. Li, J.; Ding, J.; Zhai, K. Detection of Human Papillomavirus DNA in Patients with Breast Tumor in China. PLoS ONE 2015,
10, e0136050. [CrossRef] [PubMed]

45. Ngan, C.; Lawson, J.S.; Clay, R.; Delprado, W.; Whitaker, N.J.; Glenn, W.K. Early Human Papilloma Virus (HPV) Oncogenic
Influences in Breast Cancer. Breast Cancer (Auckl) 2015, 9, 93–97. [CrossRef]

46. Vernet-Tomas, M.; Mena, M.; Alemany, L.; Bravo, I.; De Sanjosé, S.; Nicolau, P.; Bergueiro, A.; Corominas, J.M.; Serrano, S.;
Carreras, R.; et al. Human Papillomavirus and Breast Cancer: No Evidence of Association in a Spanish Set of Cases. Anticancer
Res. 2015, 35, 851–856.

47. Yan, C.; Teng, Z.P.; Chen, Y.X.; Shen, D.H.; Li, J.T.; Zeng, Y. Viral Etiology Relationship between Human Papillomavirus and
Human Breast Cancer and Target of Gene Therapy. Biomed. Environ. Sci. 2016, 29, 331–339. [CrossRef]

48. Choi, J.; Kim, C.; Lee, H.S.; Choi, Y.J.; Kim, H.Y.; Lee, J.; Chang, H.; Kim, A. Detection of Human Papillomavirus in Korean
Breast Cancer Patients by Real-Time Polymerase Chain Reaction and Meta-Analysis of Human Papillomavirus and Breast Cancer.
J. Pathol. Transl. Med. 2016, 50, 442–450. [CrossRef]

http://doi.org/10.1016/j.biopha.2018.06.149
http://www.ncbi.nlm.nih.gov/pubmed/30119229
http://doi.org/10.2217/fmb-2017-0145
http://www.ncbi.nlm.nih.gov/pubmed/28975808
http://doi.org/10.4161/onci.22565
http://doi.org/10.3402/jev.v4.27066
http://doi.org/10.2174/0929866523666160427105138
http://doi.org/10.3389/fonc.2019.00860
http://doi.org/10.1016/j.vaccine.2012.06.083
http://www.ncbi.nlm.nih.gov/pubmed/23199966
http://doi.org/10.31557/APJCP.2022.23.7.2351
http://www.ncbi.nlm.nih.gov/pubmed/35901341
http://doi.org/10.1023/A:1006162609420
http://www.ncbi.nlm.nih.gov/pubmed/10326789
http://doi.org/10.1186/1750-9378-6-7
http://www.ncbi.nlm.nih.gov/pubmed/21699721
http://doi.org/10.1016/j.breast.2010.11.006
http://doi.org/10.1007/s10549-010-1129-z
http://doi.org/10.1002/cncr.26389
http://doi.org/10.1007/s12032-011-0059-x
http://doi.org/10.1100/2012/837191
http://www.ncbi.nlm.nih.gov/pubmed/26516324
http://doi.org/10.1002/jmv.24142
http://www.ncbi.nlm.nih.gov/pubmed/25676062
http://doi.org/10.3389/fonc.2015.00277
http://www.ncbi.nlm.nih.gov/pubmed/26779441
http://doi.org/10.1371/journal.pone.0136050
http://www.ncbi.nlm.nih.gov/pubmed/26295705
http://doi.org/10.4137/BCBCR.S35692
http://doi.org/10.3967/bes2016.043
http://doi.org/10.4132/jptm.2016.07.08


Pathogens 2022, 11, 1510 13 of 17

49. Doosti, M.; Bakhshesh, M.; Zahir, S.T.; Shayestehpour, M.; Karimi-Zarchi, M. Lack of Evidence for a Relationship between High
Risk Human Papillomaviruses and Breast Cancer in Iranian Patients. Asian Pac. J. Cancer Prev. 2016, 17, 4357–4361.

50. Ilahi, N.E.; Anwar, S.; Noreen, M.; Hashmi, S.N.; Murad, S. Detection of Human Papillomavirus-16 DNA in Archived Clinical
Samples of Breast and Lung Cancer Patients from North Pakistan. J. Cancer Res. Clin. Oncol. 2016, 142, 2497–2502. [CrossRef]

51. Karimi, M.; Khodabandehloo, M.; Nikkhoo, B.; Ghaderi, E. No Significant Association between Human Papillomavirus and
Breast Cancer, Sanandaj, Iran. Asian Pac. J. Cancer Prev. 2016, 17, 4741–4745. [CrossRef] [PubMed]

52. Wang, D.; Fu, L.; Shah, W.; Zhang, J.; Yan, Y.; Ge, X.; He, J.; Wang, Y.; Li, X. Presence of High Risk HPV DNA but Indolent
Transcription of E6/E7 Oncogenes in Invasive Ductal Carcinoma of Breast. Pathol. Res. Pract. 2016, 212, 1151–1156. [CrossRef]
[PubMed]

53. Bakhtiyrizadeh, S.; Hosseini, S.Y.; Yaghobi, R.; Safaei, A.; Sarvari, J. Almost Complete Lack of Human Cytomegalovirus and
Human Papillomaviruses Genome in Benign and Malignant Breast Lesions in Shiraz, Southwest of Iran. Asian Pac. J. Cancer Prev.
2017, 18, 3319–3324. [CrossRef] [PubMed]

54. Naushad, W.; Surriya, O.; Sadia, H. Prevalence of EBV, HPV and MMTV in Pakistani Breast Cancer Patients: A Possible Etiological
Role of Viruses in Breast Cancer. Infect. Genet. Evol. 2017, 54, 230–237. [CrossRef] [PubMed]

55. Rezaei, H.; Rassi, H.; Mansur, F.N. Investigation of Methylenetetrahydrofolate Reductase C677T Polymorphism and Human
Papilloma Virus Genotypes in Iranian Breast Cancer. Monoclon. Antibodies Immunodiagn. Immunother. 2017, 36, 124–128. [CrossRef]

56. Bønløkke, S.; Blaakær, J.; Steiniche, T.; Høgdall, E.; Jensen, S.G.; Hammer, A.; Balslev, E.; Strube, M.L.; Knakkergaard, H.; Lenz, S.
Evidence of No Association Between Human Papillomavirus and Breast Cancer. Front. Oncol. 2018, 8, 209. [CrossRef]

57. Cavalcante, J.R.; Pinheiro, L.G.P.; Almeida, P.R.C.d; Ferreira, M.V.P.; Cruz, G.A.; Campelo, T.A.; Silva, C.S.; Lima, L.N.G.C.;
Oliveira, B.M.K.d; Lima, L.M.; et al. Association of Breast Cancer with Human Papillomavirus (HPV) Infection in Northeast
Brazil: Molecular Evidence. Clinics (Sao Paulo) 2018, 73, e465. [CrossRef]

58. Ghaffari, H.; Nafissi, N.; Hashemi-Bahremani, M.; Alebouyeh, M.R.; Tavakoli, A.; Javanmard, D.; Bokharaei-Salim, F.;
Mortazavi, H.S.; Monavari, S.H. Molecular Prevalence of Human Papillomavirus Infection among Iranian Women with Breast
Cancer. Breast Dis. 2018, 37, 207–213. [CrossRef]

59. Habyarimana, T.; Attaleb, M.; Mazarati, J.B.; Bakri, Y.; El Mzibri, M. Detection of Human Papillomavirus DNA in Tumors from
Rwandese Breast Cancer Patients. Breast Cancer 2018, 25, 127–133. [CrossRef]

60. Malekpour Afshar, R.; Balar, N.; Mollaei, H.R.; Arabzadeh, S.A.; Iranpour, M. Low Prevalence of Human Papilloma Virus in
Patients with Breast Cancer, Kerman; Iran. Asian Pac. J. Cancer Prev. 2018, 19, 3039–3044. [CrossRef]

61. Balci, F.L.; Uras, C.; Feldman, S.M. Is Human Papillomavirus Associated with Breast Cancer or Papilloma Presenting with
Pathologic Nipple Discharge? Cancer Treat. Res. Commun. 2019, 19, 100122. [CrossRef] [PubMed]

62. Biesaga, B.; Janecka-Widła, A.; Kołodziej-Rzepa, M.; Mucha-Małecka, A.; Słonina, D.; Ziobro, M.; Wysocka, J.; Adamczyk, A.;
Majchrzyk, K.; Niemiec, J.; et al. Low Frequency of HPV Positivity in Breast Tumors among Patients from South-Central Poland.
Infect. Agents Cancer 2021, 16, 67. [CrossRef] [PubMed]

63. Boumba, A.L.M.; Malanda Mboungou Moudiongui, D.; Ngatali, S.F.C.; Takale, R.P.; Moukassa, D.; Peko, J.F. Oncogenic Human
Papillomavirus in Breast Cancer: Molecular Prevalence in a Group of Congolese Patients. Access Microbiol. 2021, 3, 000216.
[CrossRef] [PubMed]

64. Elagali, A.M.; Suliman, A.A.; Altayeb, M.; Dannoun, A.I.; Parine, N.R.; Sakr, H.I.; Suliman, H.S.; Motawee, M.E. Human
Papillomavirus, Gene Mutation and Estrogen and Progesterone Receptors in Breast Cancer: A Cross-Sectional Study. Pan Afr.
Med. J. 2021, 38, 43. [CrossRef] [PubMed]

65. Gebregzabher, E.; Seifu, D.; Tigneh, W.; Bokretsion, Y.; Bekele, A.; Abebe, M.; Lillsunde-Larsson, G.; Karlsson, C.; Karlsson, M.G.
Detection of High- and Low-Risk HPV DNA in Archived Breast Carcinoma Tissues from Ethiopian Women. Int. J. Breast Cancer
2021, 2021, 2140151. [CrossRef] [PubMed]

66. Golrokh Mofrad, M.; Sadigh, Z.A.; Ainechi, S.; Faghihloo, E. Detection of Human Papillomavirus Genotypes, Herpes Simplex,
Varicella Zoster and Cytomegalovirus in Breast Cancer Patients. Virol. J. 2021, 18, 25. [CrossRef] [PubMed]

67. Guo, H.; Idrovo, J.P.; Cao, J.; Roychoudhury, S.; Navale, P.; Auguste, L.J.; Bhuiya, T.; Sheikh-Fayyaz, S. Human Papillomavirus
(HPV) Detection by Chromogenic In Situ Hybridization (CISH) and P16 Immunohistochemistry (IHC) in Breast Intraductal
Papilloma and Breast Carcinoma. Clin. Breast Cancer 2021, 21, e638–e646. [CrossRef]

68. Gupta, I.; Jabeen, A.; Al-Sarraf, R.; Farghaly, H.; Vranic, S.; Sultan, A.A.; Al Moustafa, A.-E.; Al-Thawadi, H. The Co-Presence of
High-Risk Human Papillomaviruses and Epstein-Barr Virus Is Linked with Tumor Grade and Stage in Qatari Women with Breast
Cancer. Hum. Vaccines Immunother. 2021, 17, 982–989. [CrossRef]

69. Metwally, S.A.; Abo-Shadi, M.A.; Abdel Fattah, N.F.; Barakat, A.B.; Rabee, O.A.; Osman, A.M.; Helal, A.M.; Hashem, T.;
Moneer, M.M.; Chehadeh, W.; et al. Presence of HPV, EBV and HMTV Viruses Among Egyptian Breast Cancer Women: Molecular
Detection and Clinical Relevance. Infect. Drug Resist. 2021, 14, 2327–2339. [CrossRef]

70. Nagi, K.; Gupta, I.; Jurdi, N.; Jabeen, A.; Yasmeen, A.; Batist, G.; Vranic, S.; Al-Moustafa, A.-E. High-Risk Human Papillomaviruses
and Epstein-Barr Virus in Breast Cancer in Lebanese Women and Their Association with Tumor Grade: A Molecular and Tissue
Microarray Study. Cancer Cell Int. 2021, 21, 308. [CrossRef]

71. Alinezhadi, M.; Makvandi, M.; Kaydani, G.A.; Jazayeri, S.N.; Charostad, J.; Talaeizadeh, A.T.; Angali, K.A. Detection of High-Risk
Human Papillomavirus DNA in Invasive Ductal Carcinoma Specimens. Asian Pac. J. Cancer Prev. 2022, 23, 3201–3207. [CrossRef]

http://doi.org/10.1007/s00432-016-2251-z
http://doi.org/10.22034/apjcp.2016.17.10.4741
http://www.ncbi.nlm.nih.gov/pubmed/27893206
http://doi.org/10.1016/j.prp.2016.09.009
http://www.ncbi.nlm.nih.gov/pubmed/27688086
http://doi.org/10.22034/APJCP.2017.18.12.3319
http://www.ncbi.nlm.nih.gov/pubmed/29286226
http://doi.org/10.1016/j.meegid.2017.07.010
http://www.ncbi.nlm.nih.gov/pubmed/28705719
http://doi.org/10.1089/mab.2017.0011
http://doi.org/10.3389/fonc.2018.00209
http://doi.org/10.6061/clinics/2018/e465
http://doi.org/10.3233/BD-180333
http://doi.org/10.1007/s12282-018-0831-2
http://doi.org/10.31557/APJCP.2018.19.11.3039
http://doi.org/10.1016/j.ctarc.2019.100122
http://www.ncbi.nlm.nih.gov/pubmed/30785026
http://doi.org/10.1186/s13027-021-00405-z
http://www.ncbi.nlm.nih.gov/pubmed/34838092
http://doi.org/10.1099/acmi.0.000216
http://www.ncbi.nlm.nih.gov/pubmed/34151168
http://doi.org/10.11604/pamj.2021.38.43.22013
http://www.ncbi.nlm.nih.gov/pubmed/33854672
http://doi.org/10.1155/2021/2140151
http://www.ncbi.nlm.nih.gov/pubmed/34671492
http://doi.org/10.1186/s12985-021-01498-z
http://www.ncbi.nlm.nih.gov/pubmed/33482849
http://doi.org/10.1016/j.clbc.2021.04.006
http://doi.org/10.1080/21645515.2020.1802977
http://doi.org/10.2147/IDR.S313219
http://doi.org/10.1186/s12935-021-02009-4
http://doi.org/10.31557/APJCP.2022.23.9.3201


Pathogens 2022, 11, 1510 14 of 17

72. Gupta, I.; Al-Sarraf, R.; Farghaly, H.; Vranic, S.; Sultan, A.A.; Al-Thawadi, H.; Al Moustafa, A.-E.; Al-Farsi, H.F. Incidence of
HPVs, EBV, and MMTV-Like Virus in Breast Cancer in Qatar. Intervirology 2022, 65, 188–194. [CrossRef] [PubMed]

73. Maldonado-Rodríguez, E.; Hernández-Barrales, M.; Reyes-López, A.; Godina-González, S.; Gallegos-Flores, P.I.; Esparza-Ibarra, E.L.;
González-Curiel, I.E.; Aguayo-Rojas, J.; López-Saucedo, A.; Mendoza-Almanza, G.; et al. Presence of Human Papillomavirus
DNA in Malignant Neoplasia and Non-Malignant Breast Disease. Curr. Issues Mol. Biol. 2022, 44, 3648–3665. [CrossRef] [PubMed]

74. Hachana, M.; Ziadi, S.; Amara, K.; Toumi, I.; Korbi, S.; Trimeche, M. No Evidence of Human Papillomavirus DNA in Breast
Carcinoma in Tunisian Patients. Breast 2010, 19, 541–544. [CrossRef]

75. 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. J. Med. Virol. 2011, 83, 2157–2163. [CrossRef] [PubMed]

76. Hedau, S.; Kumar, U.; Hussain, S.; Shukla, S.; Pande, S.; Jain, N.; Tyagi, A.; Deshpande, T.; Bhat, D.; Mir, M.M.; et al. Breast Cancer
and Human Papillomavirus Infection: No Evidence of HPV Etiology of Breast Cancer in Indian Women. BMC Cancer 2011, 11, 27.
[CrossRef] [PubMed]

77. Mou, X.; Chen, L.; Liu, F.; Shen, Y.; Wang, H.; Li, Y.; Yuan, L.; Lin, J.; Lin, J.; Teng, L.; et al. Low Prevalence of Human
Papillomavirus (HPV) in Chinese Patients with Breast Cancer. J. Int. Med. Res. 2011, 39, 1636–1644. [CrossRef] [PubMed]

78. Fernandes, A.; Bianchi, G.; Feltri, A.P.; Pérez, M.; Correnti, M. Presence of Human Papillomavirus in Breast Cancer and Its
Association with Prognostic Factors. Ecancermedicalscience 2015, 9, 548. [CrossRef]

79. Gannon, O.M.; Antonsson, A.; Milevskiy, M.; Brown, M.A.; Saunders, N.A.; Bennett, I.C. No Association between HPV Positive
Breast Cancer and Expression of Human Papilloma Viral Transcripts. Sci. Rep. 2015, 5, 18081. [CrossRef]

80. Zhou, Y.; Li, J.; Ji, Y.; Ren, M.; Pang, B.; Chu, M.; Wei, L. Inconclusive Role of Human Papillomavirus Infection in Breast Cancer.
Infect. Agents Cancer 2015, 10, 36. [CrossRef]

81. 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, e0172760. [CrossRef]

82. Ngamkham, J.; Karalak, A.; Chaiwerawattana, A.; Sornprom, A.; Thanasutthichai, S.; Sukarayodhin, S.; Mus-u-Dee, M.;
Boonmark, K.; Phansri, T.; Laochan, N. Prevalence of Human Papillomavirus Infection in Breast Cancer Cells from Thai Women.
Asian Pac. J. Cancer Prev. 2017, 18, 1839–1845. [CrossRef] [PubMed]

83. 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. [CrossRef] [PubMed]

84. Wang, Y.-W.; Zhang, K.; Zhao, S.; Lv, Y.; Zhu, J.; Liu, H.; Feng, J.; Liang, W.; Ma, R.; Wang, J. HPV Status and Its Correlation with
BCL2, P21, P53, Rb, and Survivin Expression in Breast Cancer in a Chinese Population. Biomed Res. Int. 2017, 2017, 6315392.
[CrossRef] [PubMed]

85. ElAmrani, A.; Gheit, T.; Benhessou, M.; McKay-Chopin, S.; Attaleb, M.; Sahraoui, S.; El Mzibri, M.; Corbex, M.; Tommasino, M.;
Khyatti, M. Prevalence of Mucosal and Cutaneous Human Papillomavirus in Moroccan Breast Cancer. Papillomavirus Res. 2018, 5,
150–155. [CrossRef]

86. Kouloura, A.; Nicolaidou, E.; Misitzis, I.; Panotopoulou, E.; Kassiani, T.; Smyrniotis, V.; Corso, G.; Veronesi, P.; Arkadopoulos, N.
HPV Infection and Breast Cancer. Results of a Microarray Approach. Breast 2018, 40, 165–169. [CrossRef]

87. Khodabandehlou, N.; Mostafaei, S.; Etemadi, A.; Ghasemi, A.; Payandeh, M.; Hadifar, S.; Norooznezhad, A.H.; Kazemnejad, A.;
Moghoofei, M. Human Papilloma Virus and Breast Cancer: The Role of Inflammation and Viral Expressed Proteins. BMC Cancer
2019, 19, 61. [CrossRef]

88. Sher, G.; Salman, N.A.; Kulinski, M.; Fadel, R.A.; Gupta, V.K.; Anand, A.; Gehani, S.; Abayazeed, S.; Al-Yahri, O.; Shahid, F.; et al.
Prevalence and Type Distribution of High-Risk Human Papillomavirus (HPV) in Breast Cancer: A Qatar Based Study. Cancers
2020, 12, 1528. [CrossRef]

89. Charostad, J.; Azaran, A.; Nakhaei, M.; Astani, A.; Kaydani, G.A.; Motamedfar, A.; Makvandi, M. Upregulation of Interleukin-6
in HPV-Positive Breast Cancer Patients. Iran. J. Immunol. 2021, 18, 315–330. [CrossRef]

90. El-Sheikh, N.; Mousa, N.O.; Tawfeik, A.M.; Saleh, A.M.; Elshikh, I.; Deyab, M.; Ragheb, F.; Moneer, M.M.; Kawashti, A.; Osman, A.;
et al. Assessment of Human Papillomavirus Infection and Risk Factors in Egyptian Women With Breast Cancer. Breast Cancer
(Auckl) 2021, 15, 1178223421996279. [CrossRef]

91. Calderon, G.; Castaneda, C.A.; Castillo, M.; Sanchez, J.; Bernabe, L.; Suarez, N.; Tello, K.; Torres, E.; Cotrina, J.M.; Dunstan, J.;
et al. Human Papillomavirus, Cytomegalovirus Infection and P16 Staining in Breast Tumors from Peruvian Women. Asian Pac. J.
Cancer Prev. 2022, 23, 1571–1576. [CrossRef]

92. Hsu, C.-R.; Lu, T.-M.; Chin, L.W.; Yang, C.-C. Possible DNA Viral Factors of Human Breast Cancer. Cancers 2010, 2, 498–512.
[CrossRef] [PubMed]

93. Scheffner, M.; Huibregtse, J.M.; Vierstra, R.D.; Howley, P.M. The HPV-16 E6 and E6-AP Complex Functions as a Ubiquitin-Protein
Ligase in the Ubiquitination of P53. Cell 1993, 75, 495–505. [CrossRef] [PubMed]

94. Liu, X.; Dakic, A.; Zhang, Y.; Dai, Y.; Chen, R.; Schlegel, R. HPV E6 Protein Interacts Physically and Functionally with the Cellular
Telomerase Complex. Proc. Natl. Acad. Sci. USA 2009, 106, 18780–18785. [CrossRef]

95. Moody, C.A.; Laimins, L.A. Human Papillomavirus Oncoproteins: Pathways to Transformation. Nat. Rev. Cancer 2010, 10,
550–560. [CrossRef]

http://doi.org/10.1159/000525277
http://www.ncbi.nlm.nih.gov/pubmed/35640537
http://doi.org/10.3390/cimb44080250
http://www.ncbi.nlm.nih.gov/pubmed/36005146
http://doi.org/10.1016/j.breast.2010.05.007
http://doi.org/10.1002/jmv.22223
http://www.ncbi.nlm.nih.gov/pubmed/22012724
http://doi.org/10.1186/1471-2407-11-27
http://www.ncbi.nlm.nih.gov/pubmed/21247504
http://doi.org/10.1177/147323001103900506
http://www.ncbi.nlm.nih.gov/pubmed/22117964
http://doi.org/10.3332/ecancer.2015.548
http://doi.org/10.1038/srep18081
http://doi.org/10.1186/s13027-015-0029-6
http://doi.org/10.1371/journal.pone.0172760
http://doi.org/10.22034/APJCP.2017.18.7.1839
http://www.ncbi.nlm.nih.gov/pubmed/28749118
http://doi.org/10.1038/srep43591
http://www.ncbi.nlm.nih.gov/pubmed/28240743
http://doi.org/10.1155/2017/6315392
http://www.ncbi.nlm.nih.gov/pubmed/29423411
http://doi.org/10.1016/j.pvr.2018.04.003
http://doi.org/10.1016/j.breast.2018.05.010
http://doi.org/10.1186/s12885-019-5286-0
http://doi.org/10.3390/cancers12061528
http://doi.org/10.22034/IJI.2021.89107.1930
http://doi.org/10.1177/1178223421996279
http://doi.org/10.31557/APJCP.2022.23.5.1571
http://doi.org/10.3390/cancers2020498
http://www.ncbi.nlm.nih.gov/pubmed/24281079
http://doi.org/10.1016/0092-8674(93)90384-3
http://www.ncbi.nlm.nih.gov/pubmed/8221889
http://doi.org/10.1073/pnas.0906357106
http://doi.org/10.1038/nrc2886


Pathogens 2022, 11, 1510 15 of 17

96. Fischer, M.; Uxa, S.; Stanko, C.; Magin, T.M.; Engeland, K. Human Papilloma Virus E7 Oncoprotein Abrogates the P53-P21-
DREAM Pathway. Sci. Rep. 2017, 7, 2603. [CrossRef]

97. Dimri, G.; Band, H.; Band, V. Mammary Epithelial Cell Transformation: Insights from Cell Culture and Mouse Models. Breast
Cancer Res. 2005, 7, 171–179. [CrossRef]

98. Zhang, Y.; Fan, S.; Meng, Q.; Ma, Y.; Katiyar, P.; Schlegel, R.; Rosen, E.M. BRCA1 Interaction with Human Papillomavirus
Oncoproteins. J. Biol. Chem. 2005, 280, 33165–33177. [CrossRef]

99. Liu, Y.; Chen, J.J.; Gao, Q.; Dalal, S.; Hong, Y.; Mansur, C.P.; Band, V.; Androphy, E.J. Multiple Functions of Human Papillomavirus
Type 16 E6 Contribute to the Immortalization of Mammary Epithelial Cells. J. Virol. 1999, 73, 7297–7307. [CrossRef]

100. Wang, Y.-X.; Zhang, Z.-Y.; Wang, J.-Q.; Qian, X.-L.; Cui, J. HPV16 E7 Increases COX-2 Expression and Promotes the Proliferation
of Breast Cancer. Oncol. Lett. 2018, 16, 317–325. [CrossRef]

101. Rosen, E.M.; Fan, S.; Isaacs, C. BRCA1 in Hormonal Carcinogenesis: Basic and Clinical Research. Endocr.-Relat. Cancer 2005, 12,
533–548. [CrossRef] [PubMed]

102. Woods Ignatoski, K.M.; Dziubinski, M.L.; Ammerman, C.; Ethier, S.P. Cooperative Interactions of HER-2 and HPV-16 Oncoproteins
in the Malignant Transformation of Human Mammary Epithelial Cells. Neoplasia 2005, 7, 788–798. [CrossRef] [PubMed]

103. Ohba, K.; Ichiyama, K.; Yajima, M.; Gemma, N.; Nikaido, M.; Wu, Q.; Chong, P.; Mori, S.; Yamamoto, R.; Wong, J.E.L.; et al.
In Vivo and in Vitro Studies Suggest a Possible Involvement of HPV Infection in the Early Stage of Breast Carcinogenesis via
APOBEC3B Induction. PLoS ONE 2014, 9, e97787. [CrossRef]

104. Vieira, V.C.; Leonard, B.; White, E.A.; Starrett, G.J.; Temiz, N.A.; Lorenz, L.D.; Lee, D.; Soares, M.A.; Lambert, P.F.; Howley, P.M.;
et al. Human Papillomavirus E6 Triggers Upregulation of the Antiviral and Cancer Genomic DNA Deaminase APOBEC3B. MBio
2014, 5, e02234-14. [CrossRef] [PubMed]

105. Zhu, B.; Joo, L.; Zhang, T.; Koka, H.; Lee, D.; Shi, J.; Lee, P.; Wang, D.; Wang, F.; Chan, W.-C.; et al. Comparison of Somatic
Mutation Landscapes in Chinese versus European Breast Cancer Patients. HGG Adv. 2022, 3, 100076. [CrossRef] [PubMed]

106. Chen, Z.; Wen, W.; Bao, J.; Kuhs, K.L.; Cai, Q.; Long, J.; Shu, X.-O.; Zheng, W.; Guo, X. Integrative Genomic Analyses of
APOBEC-Mutational Signature, Expression and Germline Deletion of APOBEC3 Genes, and Immunogenicity in Multiple Cancer
Types. BMC Med. Genom. 2019, 12, 131. [CrossRef]

107. Kuong, K.J.; Loeb, L.A. APOBEC3B Mutagenesis in Cancer. Nat. Genet. 2013, 45, 964–965. [CrossRef]
108. Zhang, N.; Ma, Z.P.; Wang, J.; Bai, H.L.; Li, Y.X.; Sun, Q.; Yang, L.; Tao, L.; Zhao, J.; Cao, Y.W.; et al. Human Papillomavirus

Infection Correlates with Inflammatory Stat3 Signaling Activity and IL-17 Expression in Patients with Breast Cancer. Am. J. Transl.
Res. 2016, 8, 3214–3226.

109. Esquivel-Velázquez, M.; Ostoa-Saloma, P.; Palacios-Arreola, M.I.; Nava-Castro, K.E.; Castro, J.I.; Morales-Montor, J. The Role of
Cytokines in Breast Cancer Development and Progression. J. Interferon Cytokine Res. 2015, 35, 1–16. [CrossRef]

110. Mostafaei, S.; Kazemnejad, A.; Norooznezhad, A.H.; Mahaki, B.; Moghoofei, M. Simultaneous Effects of Viral Factors of Human
Papilloma Virus and Epstein-Barr Virus on Progression of Breast and Thyroid Cancers: Application of Structural Equation
Modeling. Asian Pac. J. Cancer Prev. 2020, 21, 1431–1439. [CrossRef]

111. Wu, M.-H.; Chan, J.Y.-H.; Liu, P.-Y.; Liu, S.-T.; Huang, S.-M. Human Papillomavirus E2 Protein Associates with Nuclear Receptors
to Stimulate Nuclear Receptor- and E2-Dependent Transcriptional Activations in Human Cervical Carcinoma Cells. Int. J. Biochem.
Cell Biol. 2007, 39, 413–425. [CrossRef] [PubMed]

112. Chen, H.; Chen, X.-Z.; Waterboer, T.; Castro, F.A.; Brenner, H. Viral Infections and Colorectal Cancer: A Systematic Review of
Epidemiological Studies. Int. J. Cancer 2015, 137, 12–24. [CrossRef] [PubMed]

113. Jeannot, E.; Becette, V.; Campitelli, M.; Calméjane, M.-A.; Lappartient, E.; Ruff, E.; Saada, S.; Holmes, A.; Bellet, D.; Sastre-Garau, X.
Circulating Human Papillomavirus DNA Detected Using Droplet Digital PCR in the Serum of Patients Diagnosed with Early
Stage Human Papillomavirus-Associated Invasive Carcinoma. J. Pathol. Clin. Res. 2016, 2, 201–209. [CrossRef] [PubMed]

114. Vidone, M.; Alessandrini, F.; Marucci, G.; Farnedi, A.; de Biase, D.; Ricceri, F.; Calabrese, C.; Kurelac, I.; Porcelli, A.M.; Cricca, M.;
et al. Evidence of Association of Human Papillomavirus with Prognosis Worsening in Glioblastoma Multiforme. Neuro Oncol.
2014, 16, 298–302. [CrossRef] [PubMed]

115. Xiong, W.-M.; Xu, Q.-P.; Li, X.; Xiao, R.-D.; Cai, L.; He, F. The Association between Human Papillomavirus Infection and Lung
Cancer: A System Review and Meta-Analysis. Oncotarget 2017, 8, 96419–96432. [CrossRef]

116. Malhone, C.; Longatto-Filho, A.; Filassi, J.R. Is Human Papilloma Virus Associated with Breast Cancer? A Review of the Molecular
Evidence. Acta Cytol. 2018, 62, 166–177. [CrossRef]

117. Islam, S.; Mazumder Indra, D.; Basu, M.; Roychowdhury, A.; Das, P.; Dasgupta, H.; Roy, A.; Alam, N.; Mondal, R.K.;
Roychoudhury, S.; et al. Phylogenetic Analysis of Human Papillomavirus 16 Variants Isolated from Indian Breast Cancer
Patients Showed Difference in Genetic Diversity with That of Cervical Cancer Isolates. Virus Res. 2018, 243, 1–9. [CrossRef]

118. Haghshenas, M.R.; Mousavi, T.; Moosazadeh, M.; Afshari, M. Human Papillomavirus and Breast Cancer in Iran: A Meta-Analysis.
Iran. J. Basic Med. Sci. 2016, 19, 231–237.

119. Islami, F.; Fedewa, S.A.; Jemal, A. Trends in Cervical Cancer Incidence Rates by Age, Race/Ethnicity, Histological Subtype, and
Stage at Diagnosis in the United States. Prev. Med. 2019, 123, 316–323. [CrossRef]

120. Wang, T.; Chang, P.; Wang, L.; Yao, Q.; Guo, W.; Chen, J.; Yan, T.; Cao, C. The Role of Human Papillomavirus Infection in Breast
Cancer. Med. Oncol. 2012, 29, 48–55. [CrossRef]

http://doi.org/10.1038/s41598-017-02831-9
http://doi.org/10.1186/bcr1275
http://doi.org/10.1074/jbc.M505124200
http://doi.org/10.1128/JVI.73.9.7297-7307.1999
http://doi.org/10.3892/ol.2018.8624
http://doi.org/10.1677/erc.1.00972
http://www.ncbi.nlm.nih.gov/pubmed/16172191
http://doi.org/10.1593/neo.05106
http://www.ncbi.nlm.nih.gov/pubmed/16207481
http://doi.org/10.1371/journal.pone.0097787
http://doi.org/10.1128/mBio.02234-14
http://www.ncbi.nlm.nih.gov/pubmed/25538195
http://doi.org/10.1016/j.xhgg.2021.100076
http://www.ncbi.nlm.nih.gov/pubmed/35047861
http://doi.org/10.1186/s12920-019-0579-3
http://doi.org/10.1038/ng.2736
http://doi.org/10.1089/jir.2014.0026
http://doi.org/10.31557/APJCP.2020.21.5.1431
http://doi.org/10.1016/j.biocel.2006.09.008
http://www.ncbi.nlm.nih.gov/pubmed/17092759
http://doi.org/10.1002/ijc.29180
http://www.ncbi.nlm.nih.gov/pubmed/25186851
http://doi.org/10.1002/cjp2.47
http://www.ncbi.nlm.nih.gov/pubmed/27917295
http://doi.org/10.1093/neuonc/not140
http://www.ncbi.nlm.nih.gov/pubmed/24285549
http://doi.org/10.18632/oncotarget.21682
http://doi.org/10.1159/000487700
http://doi.org/10.1016/j.virusres.2017.10.004
http://doi.org/10.1016/j.ypmed.2019.04.010
http://doi.org/10.1007/s12032-010-9812-9


Pathogens 2022, 11, 1510 16 of 17

121. Band, V.; Zajchowski, D.; Kulesa, V.; Sager, R. Human Papilloma Virus DNAs Immortalize Normal Human Mammary Epithelial
Cells and Reduce Their Growth Factor Requirements. Proc. Natl. Acad. Sci. USA 1990, 87, 463–467. [CrossRef] [PubMed]

122. Di Lonardo, A.; Venuti, A.; Marcante, M.L. Human Papillomavirus in Breast Cancer. Breast Cancer Res. Treat. 1992, 21, 95–100.
[CrossRef] [PubMed]

123. Simões, P.W.; Medeiros, L.R.; Simões Pires, P.D.; Edelweiss, M.I.; Rosa, D.D.; Silva, F.R.; Silva, B.R.; Rosa, M.I. Prevalence of
Human Papillomavirus in Breast Cancer: A Systematic Review. Int. J. Gynecol. Cancer 2012, 22, 343–347. [CrossRef] [PubMed]

124. Li, N.; Bi, X.; Zhang, Y.; Zhao, P.; Zheng, T.; Dai, M. Human Papillomavirus Infection and Sporadic Breast Carcinoma Risk: A
Meta-Analysis. Breast Cancer Res. Treat. 2011, 126, 515–520. [CrossRef]

125. Gupta, I.; Ulamec, M.; Peric-Balja, M.; Ramic, S.; Al Moustafa, A.-E.; Vranic, S.; Al-Farsi, H.F. Presence of High-Risk HPVs, EBV,
and MMTV in Human Triple-Negative Breast Cancer. Hum. Vaccines Immunother. 2021, 17, 4457–4466. [CrossRef] [PubMed]

126. Ren, C.; Zeng, K.; Wu, C.; Mu, L.; Huang, J.; Wang, M. Human Papillomavirus Infection Increases the Risk of Breast Carcinoma:
A Large-Scale Systemic Review and Meta-Analysis of Case-Control Studies. Gland Surg. 2019, 8, 486–500. [CrossRef]

127. Atique, S.; Hsieh, C.-H.; Hsiao, R.-T.; Iqbal, U.; Nguyen, P.A.; Islam, M.M.; Li, Y.-C.; Hsu, C.-Y.; Chuang, T.-W.; Syed-Abdul, S.
Viral Warts (Human Papilloma Virus) as a Potential Risk for Breast Cancer among Younger Females. Comput. Methods Programs
Biomed. 2017, 144, 203–207. [CrossRef] [PubMed]

128. Bae, J.-M.; Kim, E.H. Human Papillomavirus Infection and Risk of Breast Cancer: A Meta-Analysis of Case-Control Studies. Infect.
Agents Cancer 2016, 11, 14. [CrossRef]

129. De Cremoux, P.; Thioux, M.; Lebigot, I.; Sigal-Zafrani, B.; Salmon, R.; Sastre-Garau, X. Institut Curie Breast Group No Evidence of
Human Papillomavirus DNA Sequences in Invasive Breast Carcinoma. Breast Cancer Res. Treat. 2008, 109, 55–58. [CrossRef]

130. Gumus, M.; Yumuk, P.F.; Salepci, T.; Aliustaoglu, M.; Dane, F.; Ekenel, M.; Basaran, G.; Kaya, H.; Barisik, N.; Turhal, N.S. HPV
DNA Frequency and Subset Analysis in Human Breast Cancer Patients’ Normal and Tumoral Tissue Samples. J. Exp. Clin. Cancer
Res. 2006, 25, 515–521.

131. Piana, A.F.; Sotgiu, G.; Muroni, M.R.; Cossu-Rocca, P.; Castiglia, P.; De Miglio, M.R. HPV Infection and Triple-Negative Breast
Cancers: An Italian Case-Control Study. Virol. J. 2014, 11, 190. [CrossRef] [PubMed]

132. Corbex, M.; Bouzbid, S.; Traverse-Glehen, A.; Aouras, H.; McKay-Chopin, S.; Carreira, C.; Lankar, A.; Tommasino, M.; Gheit, T.
Prevalence of Papillomaviruses, Polyomaviruses, and Herpesviruses in Triple-Negative and Inflammatory Breast Tumors from
Algeria Compared with Other Types of Breast Cancer Tumors. PLoS ONE 2014, 9, e114559. [CrossRef]

133. Damin, A.P.S.; Karam, R.; Zettler, C.G.; Caleffi, M.; Alexandre, C.O.P. Evidence for an Association of Human Papillomavirus and
Breast Carcinomas. Breast Cancer Res. Treat. 2004, 84, 131–137. [CrossRef] [PubMed]

134. Widschwendter, A.; Brunhuber, T.; Wiedemair, A.; Mueller-Holzner, E.; Marth, C. Detection of Human Papillomavirus DNA in
Breast Cancer of Patients with Cervical Cancer History. J. Clin. Virol. 2004, 31, 292–297. [CrossRef] [PubMed]

135. Mareti, E.; Chatzakis, C.; Pratilas, G.-C.; Liberis, A.; Vavoulidis, E.; Papanastasiou, A.; Dampali, R.; Daniilidis, A.; Zepiridis, L.;
Dinas, K. Human Papillomavirus in Breast Cancer of Patients with Cervical Intraepithelial Neoplasia or Cervical Cancer History.
A Systematic Review and Meta-Analysis. J. BUON 2021, 26, 707–713.

136. Hansen, B.T.; Nygård, M.; Falk, R.S.; Hofvind, S. Breast Cancer and Ductal Carcinoma in Situ among Women with Prior Squamous
or Glandular Precancer in the Cervix: A Register-Based Study. Br. J. Cancer 2012, 107, 1451–1453. [CrossRef] [PubMed]

137. Søgaard, M.; Farkas, D.K.; Ording, A.G.; Sørensen, H.T.; P Cronin-Fenton, D. Conisation as a Marker of Persistent Human
Papilloma Virus Infection and Risk of Breast Cancer. Br. J. Cancer 2016, 115, 588–591. [CrossRef]

138. Pereira Suarez, A.L.; Lorenzetti, M.A.; Gonzalez Lucano, R.; Cohen, M.; Gass, H.; Martinez Vazquez, P.; Gonzalez, P.;
Preciado, M.V.; Chabay, P. Presence of Human Papilloma Virus in a Series of Breast Carcinoma from Argentina. PLoS ONE 2013,
8, e61613. [CrossRef]

139. Goldsmith, L.J. Power and Sample Size Considerations in Molecular Biology. Methods Mol. Biol. 2002, 184, 111–130. [CrossRef]
140. Gillio-Tos, A.; De Marco, L.; Fiano, V.; Garcia-Bragado, F.; Dikshit, R.; Boffetta, P.; Merletti, F. Efficient DNA Extraction from

25-Year-Old Paraffin-Embedded Tissues: Study of 365 Samples. Pathology 2007, 39, 345–348. [CrossRef]
141. Guyard, A.; Boyez, A.; Pujals, A.; Robe, C.; Tran Van Nhieu, J.; Allory, Y.; Moroch, J.; Georges, O.; Fournet, J.-C.; Zafrani, E.-S.;

et al. DNA Degrades during Storage in Formalin-Fixed and Paraffin-Embedded Tissue Blocks. Virchows Arch. 2017, 471, 491–500.
[CrossRef] [PubMed]

142. Leminen, A.; Paavonen, J.; Vesterinen, E.; Wahlström, T.; Rantala, I.; Lehtinen, M. Human Papillomavirus Types 16 and 18 in
Adenocarcinoma of the Uterine Cervix. Am. J. Clin. Pathol. 1991, 95, 647–652. [CrossRef] [PubMed]

143. Usman, M.; Hameed, Y.; Ahmad, M.; Rehman, J.U.; Ahmed, H.; Hussain, M.S.; Asif, R.; Murtaza, M.G.; Jawad, M.T.; Iqbal, M.J.
Breast Cancer Risk and Human Papillomavirus Infection: A Bradford Hill Criteria Based Evaluation. Infect. Disord. Drug Targets
2022, 22, e200122200389. [CrossRef] [PubMed]

144. Morris, B.J. Cervical Human Papillomavirus Screening by PCR: Advantages of Targeting the E6/E7 Region. Clin. Chem. Lab. Med.
2005, 43, 1171–1177. [CrossRef]

145. Glaser, S.L.; Hsu, J.L.; Gulley, M.L. Epstein-Barr Virus and Breast Cancer: State of the Evidence for Viral Carcinogenesis. Cancer
Epidemiol. Biomark. Prev. 2004, 13, 688–697. [CrossRef]

146. Joshi, D.; Buehring, G.C. Are Viruses Associated with Human Breast Cancer? Scrutinizing the Molecular Evidence. Breast Cancer
Res. Treat. 2012, 135, 1–15. [CrossRef]

http://doi.org/10.1073/pnas.87.1.463
http://www.ncbi.nlm.nih.gov/pubmed/2153303
http://doi.org/10.1007/BF01836955
http://www.ncbi.nlm.nih.gov/pubmed/1320958
http://doi.org/10.1097/IGC.0b013e31823c712e
http://www.ncbi.nlm.nih.gov/pubmed/22214962
http://doi.org/10.1007/s10549-010-1128-0
http://doi.org/10.1080/21645515.2021.1975452
http://www.ncbi.nlm.nih.gov/pubmed/34623225
http://doi.org/10.21037/gs.2019.09.04
http://doi.org/10.1016/j.cmpb.2017.03.024
http://www.ncbi.nlm.nih.gov/pubmed/28495003
http://doi.org/10.1186/s13027-016-0058-9
http://doi.org/10.1007/s10549-007-9626-4
http://doi.org/10.1186/s12985-014-0190-3
http://www.ncbi.nlm.nih.gov/pubmed/25413873
http://doi.org/10.1371/journal.pone.0114559
http://doi.org/10.1023/B:BREA.0000018411.89667.0d
http://www.ncbi.nlm.nih.gov/pubmed/14999143
http://doi.org/10.1016/j.jcv.2004.06.009
http://www.ncbi.nlm.nih.gov/pubmed/15494272
http://doi.org/10.1038/bjc.2012.438
http://www.ncbi.nlm.nih.gov/pubmed/23011481
http://doi.org/10.1038/bjc.2016.150
http://doi.org/10.1371/journal.pone.0061613
http://doi.org/10.1385/1-59259-242-2:111
http://doi.org/10.1080/00313020701329757
http://doi.org/10.1007/s00428-017-2213-0
http://www.ncbi.nlm.nih.gov/pubmed/28812131
http://doi.org/10.1093/ajcp/95.5.647
http://www.ncbi.nlm.nih.gov/pubmed/1850951
http://doi.org/10.2174/1573401318666220120105931
http://www.ncbi.nlm.nih.gov/pubmed/35048811
http://doi.org/10.1515/CCLM.2005.203
http://doi.org/10.1158/1055-9965.688.13.5
http://doi.org/10.1007/s10549-011-1921-4


Pathogens 2022, 11, 1510 17 of 17

147. Gallay, C.; Miranda, E.; Schaefer, S.; Catarino, R.; Jacot-Guillarmod, M.; Menoud, P.-A.; Guerry, F.; Achtari, C.; Sahli, R.;
Vassilakos, P.; et al. Human Papillomavirus (HPV) Contamination of Gynaecological Equipment. Sex. Transm. Infect. 2016,
92, 19–23. [CrossRef]

148. Roden, R.B.; Lowy, D.R.; Schiller, J.T. Papillomavirus Is Resistant to Desiccation. J. Infect. Dis. 1997, 176, 1076–1079. [CrossRef]
149. Strauss, S.; Sastry, P.; Sonnex, C.; Edwards, S.; Gray, J. Contamination of Environmental Surfaces by Genital Human Papillo-

maviruses. Sex. Transm. Infect. 2002, 78, 135–138. [CrossRef]
150. Lawson, J.S.; Glenn, W.K.; Whitaker, N.J. Human Papilloma Viruses and Breast Cancer-Assessment of Causality. Front. Oncol.

2016, 6, 207. [CrossRef]

http://doi.org/10.1136/sextrans-2014-051977
http://doi.org/10.1086/516515
http://doi.org/10.1136/sti.78.2.135
http://doi.org/10.3389/fonc.2016.00207

	Introduction 
	Mechanisms of HPV Infection Targeting Breast Tissue 
	Molecular Base of HPV-Associated Breast Cancer Carcinogenesis 
	Research Analyzing the Association of HPV and Breast Cancer 
	HPV DNA and Breast Cancer Types 
	Presence of HPV DNA in BC Tissue in Correlation with Previous Cervical Dysplasia 
	Heterogeneity of the Research 

	Discussion 
	Conclusions 
	References

