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Abstract— Breast cancer is the most frequent neoplasm in the world, and 

its causes are multifactorial. Some risk factors are already well 

established, and others are still being studied, such as infections with 

certain agents, like the human papillomavirus (HPV). This study aimed to 

carry out a literature review about the association between breast cancer 

and HPV, aiming to analyze the role of their E6 and E7 oncoproteins, 

using PUBMED and LILACS databases for the research. Of the 41 

articles included in the study, 30 endorse the association of HPV with 

breast cancer, of these, only eight with statistically significant values. This 

study found HPV 16 as the genotype with the highest detection rate and 

ductal carcinoma as the histological pattern with the highest frequency. 

Formalin-fixed and paraffin-embedded tissue (FFPE) was the most 

studied type of sample storage and preservation, and polymerase chain 

reaction (PCR) was the most used detection method.  The virus genetic 

material was found integrated into the host cell genome in most of the 

samples. Given the findings, it was concluded that HPV can have a great 

influence on breast carcinogenesis, however, studies involving the 

carcinogenic pathways of HPV, and morphological and molecular 

patterns should be carried out involving a larger sample. 

 

I. INTRODUCTION 

Breast cancer has the greatest incidence in the world, among 

all the types of cancer, with approximately 2.3 million new 

cases per year, representing 11.7% of new cancer diagnoses 

worldwide[1]. It is also the most frequent cancer in women, 

corresponding to 24.2% of neoplasms in this group[2]. It is 

one of the main causes of cancer deaths in women in both 

developed and developing countries[3]. 

     Breast cancer has multifactorial causes. Female gender, 

early menarche, late menopause [4], aging, family history 

of breast cancer, nulliparity, first pregnancy after the age of 

30, high breast tissue density, excessive alcohol 

consumption, physical inactivity, overweight, exposure to 

ionizing radiation[5], use of hormonal contraceptives, post-

menopausal hormone therapy, smoking[6], breast cancer 

gene 1 and 2 (BRCA1 and BRCA2) mutations, and ovarian 
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cancer in the family[2] are among the most well-established 

risk factors.  

     Age over 50 years is considered the most important risk 

factor[2]. The incidence increases with age, doubling the 

risk every 10 years until menopause[7]. Other factors, 

however, may be associated with a lower risk of developing 

this cancer, such as breastfeeding, adequate physical 

activity, a regular healthy diet, normal body weight[5], and 

early pregnancy[4]. 

     In addition to the well-established risk factors for breast 

cancer, infectious agents may represent a new factor that 

plays a key role as carcinogens or cancer promoters [3]. 

Several viruses have been documented to have oncogenic 

potential, including mouse mammary tumor virus 

(MMTV); bovine leukemia virus (BLV); Epstein-Barr virus 

(EBV), also known as human herpes virus type 4; and 

human papillomavirus (HPV)[4]. 

     HPV DNA has already been found in breast tumors in 

several studies involving several countries [8–11]. In 

addition to the genome, koilocytes, and oncoproteins E6 and 

E7 were also found in breast cancer [4].  

     The evidence on the role of HPV in breast cancer is 

substantial, but not conclusive [4]. This study aims to gather 

information about the possible etiological association of 

HPV and its E6 and E7 oncoproteins in breast 

carcinogenesis. 

1.1 BREAST CANCER 

There are more than 20 different histological patterns of this 

disease, with about 80% being represented by ductal 

carcinoma[5]. Other frequent carcinoma subtypes are 

lobular, tubular, mucinous, medullary, micropapillary, 

papillary, and cribriform[5,12]. They can be further 

categorized according to the degree of infiltration in the 

breast tissue, in situ or invasive; and subclassified by the 

degree of tissue differentiation based on the level of nuclear 

pleomorphism, the mitotic index, and glandular and tubular 

formation, in well-differentiated (grade 1), moderately 

differentiated (grade 2) and poorly differentiated (grade 

3)[12].  

     Molecular classification, on the other hand, better 

assesses the risk of tumor recurrence and progression, 

allowing the selection of the best therapy and estimating the 

final prognosis[12]. The most widely used markers, 

especially in patients with invasive carcinoma, are estrogen 

receptor (ER), progesterone receptor (PR), human 

epidermal growth factor type 2 (HER2), and the mutation in 

the p53 tumor suppressor gene[12]. 

     There are currently four known classical molecular 

patterns: Luminal A, the most common, corresponding to 

about 40% of cases, represented by positive ER and/or PR, 

negative HER2, and low proliferation rate (reduced Ki67); 

Luminal B, the second most frequent, with 20% of the 

neoplasms, characterized by positive ER and/or PR, HER2 

negative and high Ki67; Overexpression of HER2, 

corresponding for 10-15% of tumors and characterized by 

positive and overexpressed HER2, and ER and PR generally 

negative; Basaloid, representing 15-20% of carcinomas, 

also known as triple negative (TN), that is, ER, PR and 

HER2 negative, with a lower survival rate (TABLE 1). 

Other patterns still mentioned are the Breast-normal simile 

and Claudin-low, corresponding to 12-14% of cancers 

[12,13]. 

Table 1. Classical molecular patterns of breast cancer 

MOLECULAR 

PATTERNS 

FREQUENCY ER PR HER2 Ki67 

Luminal A 40% + + - < 20% 

Luminal B 20% + + - > 20% 

Overexpression 

of HER2 

10-15% - - +   

Basaloid 15-20% - - -  

ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth fator type 2  

 

1.2 HUMAN PAPILLOMAVIRUS - HPV 

The Papilloma Virus (PV) is a virus formed by a small 

double strand of circular, encapsulated DNA, composed of 

eight genes [14]. It has a tropism for cutaneous or 

mucocutaneous epithelium and uses the host's enzymatic 

mechanism to replicate its genome[15]. The Human 

Papillomavirus (HPV) comprehends a total of 40 different 

viral genotypes that are infections in humans, although 

several others animals species, such as birds, reptiles, 

marsupials, and other mammals are also infected by PV 

[14,15].  

     The HPV genome measures eight kilobases (kb) in 

length and is formed by eight open reading frames 

(ORF)[6]. It is divided into three segments: long control 
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region (LCR), early region (E), and late region (L)[3]. The 

LCR region represents 10% of the genome and regulates E6 

and E7 transcription; E is formed by six genes, known as 

E1, E2, E4, E5, E6, and E7, responsible for encoding 

proteins involved in viral replication, transcription, and 

transformation; and L encodes the structural proteins, L1 

and L2[3,6].  

     There are approximately 200 HPV subtypes listed [16]. 

An HPV is classified into a new lineage when its nucleotide 

sequence in the L1 ORF gene differs by at least 10% from 

any other type already characterized [14,15].  

     The alphapapillomavirus genus (alpha HPV) is detected 

in the mucosal epithelium and is related to the development 

of benign and malignant diseases, such as cervical, anal, and 

head and neck cancer[15].   

     HPV can be subdivided into high-risk (hr HPV) or low-

risk (lr HPV), depending on its propensity to develop 

malignant lesions[6]. 

     In cervical cancer, the most oncogenic subtypes, hr HPV, 

are alpha groups 5, 6, 7, and 9, responsible for about 90% 

of all cervical neoplasms in the world. The most common 

sublines in this cancer are: alpha 9 – HPV 16, 31, 33, 35, 

52, 58 and 67; alpha 7 – HPV 18, 39, 45, 59, 68, 70, 85 and 

97, and alpha 10 – HPV 6 and 11. Among all the sublines, 

HPV 16 is the most involved with cervical cancer[15].  

     The natural course of cervical cancer development 

involves an initial sexual exposure to an oncogenic HPV, 

followed by the persistence of the virus and the 

development of a precursor intraepithelial lesion, 

subsequently evolving to an invasive lesion[15].  

     HPV in cervical cancer infects cells of the basal layer of 

the stratified squamous epithelium, through microcracks, 

and these cells, when generating mitosis, synthesize new 

viruses and produce daughter cells that can undergo 

modifications. The infected basal cell becomes a reservoir 

of infection, with the viral genome maintained at low copy 

numbers in the episomal form. After the virus accesses the 

cell, it integrates into the host genome and makes use of the 

cellular mechanisms of the host to replicate, causing high 

levels of copies in the upper layers of the epithelium. In this 

integration, the virus may lose part of its E2 gene, leading 

to deregulated expression of E6 and E7 proteins, which 

inhibit tumor suppressor proteins, such as p53 and 

retinoblastoma protein (pRB)[6]. 

     E6 and E7 oncoproteins act as stimulators of host cell 

proliferation. E6 is an antagonist of the p53 and BCL2 gene 

(B-Cell Leukemia/Lymphoma 2), increasing chromosomal 

instability and cellular resistance to apoptosis; and E7 

interacts with pRB releasing a transcription factor, called 

E2F, which promotes cell proliferation. E7 also upregulates 

S-phase genes and cyclin A and E, however, it also inhibits 

cyclin-dependent kinase inhibitors, such as WAF1 and 

kinesin-like protein (KIP 1), known as p21 and p27. The E6 

and E7 proteins also interact with the BRCA1 and BRCA2 

genes, antagonizing their functions, which prevent the 

development of tumors, by repairing DNA damage[3]. 

     In addition to the association of HPV infection with 

cervical cancer, other tumors have also shown this 

relationship, such as anal canal and head and neck 

neoplasms, however, the involvement with breast lesions 

remains controversial[17]. 

1.3 HPV AND BREAST CANCER   

Because Band, in 1991[18], identified that HPV 16 and 18 

can immortalize mammary epithelial cells by inhibiting 

apoptosis, the detection of HPV in adenocarcinomas was 

observed in several tissue sites, alerting to the possibility 

that it is involved in the pathogenesis of some types of breast 

carcinomas[8,17,19]. 

     The first time that HPV was observed in a breast tumor 

was in 1992, by Di Lonardo[20], when HPV 16 DNA was 

identified in 29.4% of malignant breast tissues embedded in 

paraffin using the technique of Polymerase Chain 

Reaction(PCR) with specific primers for HPV 11, 16 and 

18[17]. 

     The prevalence of HPV is significantly higher in breast 

cancer tissues compared to normal and benign breast 

tissues. Hr-HPV is four times more prevalent in breast 

tumors when compared to patients without cancer, and its 

infection is associated with an increased risk of developing 

this cancer by about 5.4 times. Hr-HPV was also identified 

in benign breast tissues, a finding that was associated with 

the emergence of HPV-positive breast cancer between 1 and 

11 years later[4].  

     The prevalence of HPV positivity in breast cancer, as 

well as the HPV subtypes, varies greatly between countries 

and even between regions within the same country. For 

example, the rates of hr HPV associated with breast cancer 

in some Chinese Provinces are around 0-2%, while in North 

America is 86%[4].   

 

II. METHODOLOGY 

This study consists of an analytical literature review about 

the association between breast cancer and the HPV virus, 

aiming to analyze the role of the viral E6 and E7 

oncoproteins. 

     Data collection was carried out from April 1st to April 

30th, 2021, using the National Library of Medicine 

(PUBMED), Science Direct and Latin American and 
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Caribbean Literature on Health Sciences (LILACS) 

databases for the research. 

     Articles published in the last 10 years (between 2011 and 

2021), were included. The descriptors “breast cancer”, 

“HPV”, “E6 and/or E7”, their combinations and variants in 

English were used, with publications in Portuguese and 

English were sought. 

     As exclusion criteria, articles with an impact factor lower 

than 0.8 were removed from the study. 

     As a result, 41 articles were selected that fit the inclusion 

criteria and descriptors analyzed. After this selection, the 

following steps were followed: exploratory reading, 

selective reading and choice of material that fit the 

objectives and theme of this study, analytical reading and 

text analysis, and interpretive reading and writing. 

 

III. RESULTS AND DISCUSSION 

3.1 PERCENTAGES OF FREQUENCY OF HPV IN 

BREAST CANCER 

Eight articles advocate for the association of HPV with 

breast cancer, with a detection of the virus in carcinoma 

tissues ranging from 7.5% to 95.5%, with statistical 

significance (TABLE 2)[3,8–10,21–24]. 

Table 2: Studies confirming the presence of HPV DNA in breast cancer samples (P value < 0.05). 

Author/year Tissue 

preservation 

Detection means (primers) Result P value 

Sigaroodi et al.,2012 FFPE PCR (GP5+/GP6+, CP, and FAP) 15/79 (25.9%) 0,019  

Piana et al., 2014 FFPE PCR (SPF10) 6/80 (7.5%) 0,026 

Fu et al., 2015 FFPE PCR and ISH (HPV58 E7) PCR: 25/169 (14.8%) 

ISH: 17/169 (10.06%)  

PCR: 

0.001 

ISH: 0.008 

Delgado-Garcia et 

al., 2017 

FFPE PCR (GP5+/GP6+), CLART, and 

DIRECT FLOW CHIP 

130/251 (51.8%)  <0,001 

Islam et al., 2017 Fresh frozen  PCR (MY09/MY11, LCR, and 

HPV16 E6-E7) 

Pre-therapeutic = 174/272 

(63.9%) 

After treatment w/ 

chemotherapy = 29/41 

(71%) 
 

0.001 

Afshar et al., 2018 FFPE RT-PCR (MY09/MY11) 8/98 (8.2%) 0,051 

Cavalcante et al., 

2018 
 

FFPE PCR (MY09/MY11, 

GP5+/GP6+) mPCR (E6 and E7) 

51/103 (49.5%)  <0,0001 

Khodabandehlou et 

al., 2019 

Liquid nitrogen 

(-80ºC) 

PCR (L1 and E7) 35/72 (48.6%)  0,003 

bp= base pairs, FFPE = formalin-fixed and paraffin-embedded tissue, PCR= Polymerase chain reaction, ISH = in situ 

hybridization, LCR = long control region, RT-PCR = Real-time PCR  

GP5+/GP6+: L1 specific primers (150bp)/ SPF10: L1 specific primers (65bp)/ MY09/MY11: L1 specific primers (450bp)  

 

     Some articles also show evidence of association and/or do not deny exclusion of association, however, they present a non-

significant or unreported p-value. The detection rate ranged from 10% to 79.3% (TABLE 3)[7,13,25–43]. 

Table 3: Studies that defend the association of HPV with breast cancer and/or do not deny exclusion of association, but with 

non-statistical or unreported p values. 

Author/year Tissue 

preservation 

Detection means (primers and 

bp) 

Result P value 

Herrera-Goepfert et 

al., 2011 

FFPE PCR (SPF10 and HPV 18 and 

33 E6) e RT-PCR (HPV 16) 

6/60 (10%) NR 

Glenn et al., 2012 Fresh frozen PCR (HPV 16, 18 and 33 E6) 10/27 (37%) NR 
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Herrera-Goepfert et 

al., 2013 

FFPE PCR (LIC1/LIC2, 

MY09/MY11, GP5+/GP6+ and 

HPV 16 and 18 E6). 

8/20 (40%) NR 

Suarez et al., 2013 Fresh frozen PCR (MY09/MY11 and 

GP5+/GP6+) 

16/61 (26%) NR 

Ahangar-Oskouee et 

al., 2014 

FFPE Nested PCR (MY09/MY11 and 

GP5+/GP6) 

22/65 (33,8%) NR 

Corbex et al., 2014 FFPE TS-MPG: mPCR and Luminex 

(specific primers) 

15/123 (12,19%) NR 

Ting Wang et al., 

2014 

Liquid nitrogen          

(-80ºC) 

HPV capture with MPS 1/7 NR 

Ohba et al., 2014 Fresh frozen  DNA Chip technology – DNA 

microarray (TOSHIBA) 

65/210 (31%) NR 

Banerjee et al., 2015 FFPE PathoChip and PCR (E2, E4, L1 

and L2) 

79/100 (79,3%) NR 

Yan Chen et al., 

2016 

FFPE Dual-PCR (HPV 16 and 18 E6 

and E7) 

HPV18E7 

18/76(23.68%) 

HPV18E6 5/76(6.58%) 

HPV16 E6 and E7 

0/76(0%) 

NR 

Ilahi et al., 2016 FFPE PCR (GP5+/GP6+) TS (HPV 16 

and 18) 

HPV16 8/46 (17.3%) 

HPV18 0/46 (0%) 

NR 

Wang et al., 2016 FFPE  HIS 52/146 (35.6%)  NR 

Naushad et al., 2017 FFPE Standard PCR (GP5+/GP6+) 45/250 (18.1%) NR 

Salman et al., 2017 Fresh frozen PCR and  Imunnoblotting 

(western blot and dot blot for 

E7) 

35/74 (47%) NR 

Wang, Y. X. et al., 

2017 

FFPE qPCR (HPV 16 E6) 14/50 (28%) NR 

Wang Y. W. et al., 

2017 

Fresh  HC2 assay 14/81 (17.3%) NR 

Elamrani et al., 2018 Frozen  PCR TS-MPG 19/76 (25%)  0,28 

Habyarimana et al., 

2018 

FFPE PCR (GP5+/GP6+, 

MY09/MY11) 

22/47(46.81%) NR 

Carolis et al.,2019 FFPE HIS and PCR (MY09/MY11 

and HPV 16 E6) 

83/273 (30.4%) NR 

Sher et al., 2020 Fresh  PCR  5/50 (10%)  NR 

El-Sheikh et al., 

2021 

Frozen  RT-PCR (E1, E2, E6, and E7) 16/72 (22.2%)  NR 

Mofrad et al., 2021 FFPE PCR (MY09/MY11, 

GP5+/GP6+, HPV 18 E6 and 

HPV 16 E7) 

7/59 (11.8%)  NR 

bp= base pairs, FFPE = formalin-fixed and paraffin-embedded tissue, PCR= Polymerase chain reaction, NR = Not reported,  

TS-MPG = bead-based multiplex genotyping (combine multiplex PCR and bead-base Luminex technology) ,  MPS = 
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massive paralleled sequencing, mPCR = multiplex PCR, HIS = in situ hybridization, qPCR = real-time quantitative PCR,  

HC2 = hybrid capture, RT-PCR = Real-time PCR  

GP5+/GP6+: L1 specific primers (150bp)/ SPF10: L1 specific primers (65bp)/ MY09/MY11: L1 specific primers (450bp)  

 

     Eleven articles reported finding no association between 

breast malignancy and HPV[19,44–53]. Of these, five had a 

0% rate of finding [45–48,52]. Some, however, observed 

some degree of detection, although in low percentages, 

ranging from 1.6% to 16%([19,44,49–51,53](TABLE 4). 

Table 4: Studies that do not support the association between HPV and breast cancer. 

Author/year Tissue 

preservation 

Detection means (primers and 

bp) 

Result P value  

Aguayo et al., 

2011 

FFPE PCR (SPF10 and HPV 16 E6 and 

E7) 

L1 4/46 (8.7%) 

E6 and E7 0/3 (0%) 

NR 

Hedau et al., 

2011 

Fresh frozen  PCR and RT-PCR 0/228 (0%) NR 

Chang et al., 

2012 

Fresh FQ-PCR (HPV 6, 11, 16, and 18 

E6 and E7) and HIS 

0/48 (0%) NR 

Herrera-

Romano et al., 

2012 

FFPE and Fresh  PCR (GPE5+/GP6+ and HPV 16 

E6) 

0/118 (0%) NR 

Junping Peng et 

al., 2014 

Liquid nitrogen          

(-80ºC) 

PCR  2/100 (2%) NR 

Gannon et al., 

2015 

Fresh frozen PCR (GP5+/GP6+ and 

MY09/MY11) 

13/80 (16%) 0,6072 

Li et al., 2015  FFPE Nested PCR (GP5+/GP6+, 

MY09/MY11, and E6 and E7) 

3/187 (1,6%) NR 

Karimi et al., 

2016 

FFPE PCR (GP5+/GP6+ and E7) 2/70 (2,56%) 0,496 

Bakhtiyrizadeh 

et al., 2017 

FFPE PCR (GP5+/GP6+ and 

MY09/MY11) 

0/150 (0%) NR 

Ngamkham et 

al., 2017 

Fresh frozen PCR (GP5+/GP6+)  15/350 (4.285%)  NR 
 

Kouloura et al., 

2018 

Preservative 

liquid 

(ThinPrep®) 

PapilloCheck® genotyping assay 

(DNA chip) 

0/201 (0%) NR 

FFPE = formalin fixed and paraffin-embedded tissue, PCR= Polymerase chain reaction, bp= base pairs, NR = Not reported,  

RT-PCR = Real-time PCR, FQ-PCR = real time fluorescence quantitative PCR, HIS = in situ hybridization 

GP5+/GP6+: L1 specific primers (150bp)/ SPF10: L1 specific primers (65bp)/ MY09/MY11: L1 specific primers (450bp)  

 

3.2 HPV SUBTYPES AND BREAST CANCER 

In this study, we also sought to correlate the detection 

method used with the detection rate of viral histological 

subtypes. Among articles with statistical significance [3,8–

10,21–24], viral detection for high-risk subtypes varied 

between 0.6%, referring to the detection rate of HPV 31 and 

33, in the study by Afshar et al., 2018[24], to 69%, referring 

to HPV 16, by Islam et al., 2017[9]. HPV 16 also had the 

highest average detection rate in this review, appearing in 

34.23% of the samples analyzed in the articles studied[3,8–

10,21,22,24]. The higher detection of HPV subtype 16 

found is an expected result, given its oncogenic potential 

observed in other malignant tumors caused by HPV[54].

  

     It is important to note that both the study that presented 

the lowest detection rate of HPV 16, corresponding to 
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0%[10] and the one that presented the highest, referring to 

the rate of 69%[9], used PCR with primers for L1 gene and 

specific primers for E6 and/or E7 oncoproteins, suggesting 

that the difference in results was not influenced by the 

detection method. It is also worth noting that most samples 

(78.4%) from Cavalcante et al., 2018[10], did not identify 

any specific viral genotype. 

     HPV 16 was also the most prevalent viral subtype among 

studies that did not obtain a statistically significant value 

and/or did not include a "p-value" in the article but did not 

deny the association between the virus and breast 

carcinogenesis[7,13,25,27,28,30,31,33–35,37–43] with an 

average rate of 30.34%. Despite finding a rate of 10% of 

HPV 16 in their samples, the study by Herrera-Goepfert et 

al., 2011[35], concluded as insufficient to indicate an 

association. Ahangar-Oskouee et al, 2014[40], found 26.5% 

of HPV 6 and 1.5% of HPV 16, 35, 52, and 11 in Iran; since 

most samples that tested positive showed low-risk 

genotypes for malignancy, it was not possible to conclude a 

causal relationship between the variables. Furthermore, this 

study did not use primers to search for E6 and/or E7 

proteins, only for L1, which may have contributed to the 

results obtained and the conclusions drawn about it. 

     In this review, eleven studies deny or did not find an 

association between HPV and breast cancer [23,44–53]. Of 

these, seven[19,44–48,53] attempted to detect HPV 16, 

eight[19,45–47,49–51,53] HPV 18, and four[19,45,46,53] 

the low-risk genotypes, 6 and 11. One study[52] did not 

specify the genotypes investigated. Kouloura et al., 

2018[45], in addition to the subtypes mentioned above, also 

analyzed the presence of another 20 genotypes, including 

HPV 31 and 33, also high-risk. The detection methods used 

by these studies were predominantly the same used by 

studies with evidence of viral presence, in this case, it does 

not seem that there was a relationship between the method 

and the absence of detection. 

     These results support the hypothesis that HPV may have 

a role in breast carcinogenesis. Among the articles that 

showed an association or did not deny the possibility of its 

existence, genotypes 16 and 18 were the most prevalent, in 

agreement with the literature[15].  

3.3 HISTOLOGICAL AND MOLECULAR PATTERNS 

OF BREAST CANCER AND HPV 

Ductal carcinoma was the most frequently found 

histological subtype in breast cancer samples with HPV 

DNA detection [3,7,19,21,26,29,30,32–

36,39,40,44,50,53,55], especially the invasive pattern 

(ICD)[7,19,21,26,30,32–35,39,40,50,53,55]. This 

percentage ranged from 45.7%[3] to 100%[26,32,35,36,44].  

     The second most frequent histological pattern in some 

reports was the lobular pattern [3,21,30,33,40], ranging 

from 9.52%[40] to 33,3%[33]. Ohba et al. 2014[43] found, 

however, a higher frequency of this pattern with 10/11 

positives (90,9%), while the ductal was positive in 

99/191(51,83%) (p=0.047). 

     HPV was also detected in other histological types of 

cancer, such as tubular[3,39], medullary[3,43], 

metaplastic[7], mammary[7],  mucinous[35,43,53], 

papillary[35,39] and Phyllodes[40].  

     Some authors have not found HPV positivity in some 

histological patterns of carcinoma such as invasive 

lobular[26,32,34,44,52], mucinous[3,39,40,44], 

medullary[21], ductal in situ[21,53], adenocystic, apocrine, 

comedocarcinoma[39], Phyllodes[32]. All these studies, 

however, had the same limitation, the small sampling of 

these histological types, which may explain the absence of 

detection observed. The low viral load detected in several 

studies could also explain the low frequency of HPV 

detection in some samples[22]. 

     This higher prevalence of HPV in the ICD raises the 

hypothesis that the gateway to HPV infection is due to the 

exposure of the mammary ducts to the external 

environment, and therefore, most breast cancers originate 

from this epithelium [30,34,36]. Also, it is believed that this 

virus could interact or act to initiate the development of 

cancer or increase the progression of the lesion in the 

presence of other cofactors[34].  

     Despite this predominance in the ICD, no significant 

association between the histological patterns of breast 

cancer and HPV infection, however, was found among the 

articles[3,21,33,35,39,48,53,55]. 

     Other studies found significant HPV detection results 

when compared to breast cancer samples with normal or 

benign breast tissue, however, the histological categories 

were not specified[8–10,24,37].  

     Naushad et al. 2017[29], Aguayo et al. 2011[44], and 

Habyarimana et al. 2018[33], in turn, observed a greater 

detection of HPV infection in patients with more advanced 

breast cancer, with lymph node metastatic involvement, 

although not statistically significant, as did Mofrad et al. 

2021[36], in which all HPV-positive cases were high-grade 

tumors. Glenn et al. 2012[37], Ilahi et al. 2016[27], Naushad 

et al. 2017[29], and Habyarimana et al. 2018[33] found no 

significance between tumor grade and HPV positivity in 

samples with cancer; as well as, Suarez et al. 2013[39], 

Ngamkham et al. 2017[53] and Delgado-Garcia et al, 

2017[8], when they evaluated the lymph node status; and 

Delgado-García et al. 2017[8] and Habyarimana et al. 

2018[33], with the clinical stage. 

     Few studies have compared the detection of HPV with 

hormone receptors, such as RE, RP, HER, p53, and Ki67, 
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and most have not found statistical 

relevance[8,29,33,35,37,39,43,50,53,55], however, some 

samples were small, which causes this limitation[33,37].  

     Ohba et al. 2014[43], however, noted that ER-positive 

breast cancer had a statistically higher HPV prevalence than 

ER-negative ones (p=0.0378), as Ilahi et al. 2016[27] for 

HPV 16 in hormone receptor-positive breast cancer (ER/RP 

and HER-2 positive) (p=0,032). Habyarimana et al. 

2018[33] also observed greater detection in luminal A 

pattern (57.14%, 12/21), when compared with luminal B 

(33.33%, 3/10), TN (44.4%, 4/9) and HER2 overexpression 

(50%, 3/6); already Delgado-Gárcia et al. 2017[8] found a 

greater association with negative luminal B/HER2 

immunophenotype, but both with non-significant p. In 

luminal subtypes, in A, HPV DNA was proportionally 

related to lymph node invasion (p=0.0007); in B, it was 

associated with high levels of Ki67 expression, that is, with 

a higher rate of cell proliferation, which infers greater 

aggressiveness (p=0,0188)[13].  

     Hormonal factors are involved in breast carcinogenesis, 

and HPV is a hormone-responsive virus, which has 

increased replication in the presence of steroid hormones. 

Its E6 and E7 oncoproteins, together with the action of 

estrogens cause cervical cancer, and this may be one of the 

roles of HPV in hormone receptor-positive breast cancer, 

but the association between HPV infection and ER 

expression is still controversial[33]. 

     Piana et al. 2014[22], however, compared 40 samples of 

the TN phenotype with non-TN, finding HPV DNA only in 

the first group, with statistical relevance, suggesting a 

potential etiopathogenic role in this poorly differentiated 

tumor type (15%, p=0.026). Herrera-Goepfert et al. 2013,  

identified a viral DNA rate of 40% in samples of TN 

metaplastic carcinomas, [38]. Carolis et al. 2019[13]  

identified a statistical predominance in breast cancer with 

aggressive characteristics, the TN subtype (12/27.44%) and 

HER2+ (15/31.48.4%), comparing to Luminal A (34/142, 

23.9%) and Luminal B (22/73.30.1%) (p=0.0181). Proteins 

E6 and E7 collaborate with HER2/neu, inducing breast 

tumorigenesis, in addition to acting in the metastatic 

process[33], which could explain the findings of these 

studies.  

3.4 SAMPLE TYPES FOR RESEARCH FOR HPV IN 

BREAST CANCER 

The studies in this research used different forms of breast 

tissue samples for HPV research: formalin-fixed and 

paraffin-embedded (FFPE), fresh tissue, and frozen tissue.  

     Six of the eight analyzes that showed a statistically 

significant association of the virus with carcinogenesis used 

FFPE samples[10,21–24], with HPV detection rates ranging 

from 7.5% to 51.8% (mean of 26.28% considering 

detections by PCR). Islam et al., 2017[9] used fresh frozen 

tissue, finding 63.9% of viral detection in pre-chemotherapy 

tumors, and 71%, in post-chemotherapy. Khodabandehlou 

et al.,2019[3] used liquid nitrogen at -80o, with detection of 

48.6% among samples with cancer. 

     The largest sample of this review is that of studies that 

advocate for/do not deny the association between the 

variables but did not obtain or did not report results of 

statistical significance. Among these, FFPE was the most 

used sample type [13,25–29,31,33,35,36,38,40,41] with an 

average detection rate of 29.76%. Seven studies used fresh 

frozen tissue [7,30,32,34,37,39,43] and obtained a mean 

detection rate of 28.31%. Only the study by Ting Wang et 

al., 2014[42] used liquid nitrogen, detecting 14.28% of viral 

presence. 

     The study described by Chang et al., 2012 (42), 

analyzing fresh samples, found the presence of viral genetic 

material in 10% of benign lesions, but without evidence of 

infection in malignant lesions. This study also verified that 

the samples initially positive were later negative in a period 

of 3 months of freezing at -70ºC. This finding raises the 

importance of using fresh samples, as they are more 

sensitive than paraffinized samples.  

     Of the studies that achieved no degree of detection, three 

used fresh frozen tissue [46–48]. The study by Hedau et al., 

2011[47], together with Bakhtiyrizadeh et al., 2017[52], 

also used FFPE. Only one [49] used liquid nitrogen and one 

[45] used liquid medium (Thin Prep®). 

     It was not possible to define the best way of tissue 

sample/storage in this review since the detection averages 

were very close between the different media and most 

articles used FFPE. 

3.5 HPV DETECTION METHODS IN BREAST 

CANCER              

The HPV viral load in breast cancer is extremely low 

compared to cervical cancer (approximately two thousand 

times lower) [4]. As a result, techniques used to detect the 

virus may present divergences in expressing them [56]. 

Factors involved in the detection of HPV DNA in breast 

samples such as the type of study performed, sensitivity of 

the molecular analysis method, histological type of the 

tumor, quality and integrity of the extracted DNA, 

conservation of samples, genotypic variation, population 

group evaluated and non-use of good laboratory practices 

with compliance with protocols, influence the results 

found[17,31,33]. 

     Inadequacies in the screening and identification 

processes of the HPV virus can compromise clinical 

screening of oncogenic types of the virus [57]. Studies show 

that the viral DNA used for PCR may be subject to 
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degradation by contamination [17]. Minimizing dubious 

responses to viral presence, using PCR solutions controlled 

for DNA quality through a test with proven accuracy 

prevents false negatives [7,57]. 

     The presence of HPV DNA in samples of benign and 

malignant breast lesions using quantitative real-time PCR 

(qPCR) and primers for regions E6 and E7 identified high-

risk human papillomavirus, with a higher prevalence of hr 

HPV genotypes 16, 18, and 33. Of the 72 tumors selected, 

35 were HPV positive, and 30 (86%) had the physical state 

of the integrated HPV[7]. Some authors consider the viral 

load together with the persistence of the infection a 

predictive factor for the genesis of the cervical 

lesion[23,38]. Based on this information, determining the 

viral load and the physical status of the virus in studies 

involving the association of HPV positivity and breast 

carcinogenesis becomes important.  

     More studies show the presence of oncogenic HPV 

DNA, such as 16, 18, 31, 33, 35, 45, 52, and 58. There were 

variations in the percentages of hr HPV from 1% to 

51.8%[8,19,23,33]. 

     Some analyzes did not confirm the presence of the virus 

in the tumor samples evaluated [45,47,48], therefore, the 

etiological role of HPV in breast carcinogenesis remains 

inconclusive [58]. Kouloura et al. 2018[45] performed a 

Microarray assay with 201 patients who had breast cancer, 

to detect HPV DNA of 24 types. Despite the high sensitivity 

of the technique used, no HPV DNA was identified in the 

samples evaluated, however, some characteristics of breast 

tumors were different among patients with HPV DNA in 

their cervical samples. 

     In cervical cancer, the interactions between HPV and 

carcinogenesis of the cervix are already consolidated[59], 

however, the pathways of interactions between HPV and 

breast cancer continue to need clarification [6]. An 

important condition is that even in studies with positive 

results, the subtypes detected tend to be diverse 

[8,19,23,33,42].  

     Virus amplification by PCR was the most used technique 

for HPV detection, presenting results that range from 

positive [3,8–10,21–24], statistically not relevant [7,13,25–

27,29–41] and negative [19,44,46–53]. The use of genomic 

sequencing [42], in situ hybridization [46], hybrid capture 

[55], and immunohistochemistry (IHC)[31], are also 

capable of detecting HPV, however, they present 

controversial results compared to other studies[45].  

     Studies that employ the use of PCR using primers 

GP5+/6+, MY09/11, or SPF10 for amplification of the L1 

region, can detect a greater number of genotypes. However, 

methodologies that only look for the presence of L1 are 

susceptible to negative results, since, when the viral genome 

is integrated, the L1 structural protein is absent because the 

viral capsid is lost in the integration[34,60,61], resulting in 

an unreliable outcome. Therefore, it is necessary that 

researchers also use specific primers for HPV proteins with 

oncogenic potentials such as E6 and E7, whose presence 

suggests greater viral activity[62,63], so that their findings 

can support that the oncogenic activity of HPV has 

functional aptitude in breast carcinogenesis. 

     This hypothesis is supported in this review by the fact 

that, among the studies presented in table 1, three articles 

[3,9,10] investigated both the L1 gene and the viral 

oncoproteins, with 54% of detection, considering the pre-

chemotherapy rate by Islam et al., 2017[9]. On the other 

hand, those who sought to detect only L1 [8,10,22,24] or E6 

and/or E7 [23], detected only 29.02% and 14.8% of viral 

genetic material, respectively.  

     In addition to the technique of using specific primers for 

E6/E7 showing good sensitivity and specificity [62], 

changes in the genetic material occur more frequently in the 

L1 gene than in E6 and E7, which can make it difficult to 

anneal the primer during PCR, which may lead to non-

detection of the virus[60].  

     In contrast to what is expected, and the results obtained 

from the articles in table 1, there are studies that support the 

possibility of association without statistical significance 

(table 2) and studies that did not find evidence of this 

association (table 3). In Table 2, the lowest detection rate 

was among the studies that analyzed both the presence of 

L1 and E6/E7, with 23.05% of detection[13,35,36,38]. The 

study by Banerjee et al., 2015[25], which used specific 

primers for E2, E4, and L1, detected viral genetic material 

from HPV 6 and 16 in triple-negative breast cancer in 79% 

of cases.   

     A curious fact among the studies, which reported not 

having found evidence of an association between HPV and 

breast cancer (Table 3), is that in addition to the higher 

detection rate being among studies that only searched for L1 

(average rate of 6,76%) [50,52,53], in the study by Aguayo 

et al., 2011[44], the viral genome was only detected when 

using primes for the L1 gene, with no detection with the use 

of primers for E6/E7. 

     Studies show that the presence of the viral genome is not 

a sufficient condition to establish a causal relationship[35]. 

Analysis of the association between the presence of HPV 

and the expression of oncoproteins E6 and E7 adjoins the 

tumor suppressor proteins p53, pRb, and p16ink4a in breast 

carcinomas, represent relevant findings, as they indicate 

that in addition to viral DNA, oncoproteins were identified 

in the tissues[64–66]. The possibility that E6 activity 

prevents p53 function in breast tissue has been associated 
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with aggressive clinical pathological behavior and poor 

prognosis in these patients[55,67,68]. 

     The relationship between the presence of HPV DNA in 

non-cancerous tissue is still poorly understood [6,17,40], 

however, reports show the presence of hr-HPV in benign 

breast lesions of Australian and Turkish patients[23]. It is 

necessary to assess whether HPV infection in normal tissue 

becomes a favorable and/or necessary condition for the 

development of a malignant neoplasm [46].     

     It is noteworthy that the presence of HPV proteins per 

cell is sufficient for immortalization, cumulative changes 

[34,69], and neoplastic transformation, as occurs in SiHa 

cells, where there are 1-2 copies of HPV16 per cell [65]. 

Several studies have confirmed the presence of HPV DNA 

in breast tumors, however, the carcinogenic mechanisms are 

inconclusive [70]. On the other hand, in vivo, and in vitro 

functional studies confirmed the involvement of HPV 

infection in carcinogenesis, activation, progression, 

invasion, and metastasis in breast cancer[6]. 

3.6 INTEGRATION OF HPV INTO THE BREAST 

CANCER GENOME  

As previously described, HPV may or may not integrate part 

of its genetic material into that of the host, presenting itself 

in an episomal, integrated, or mixed form. There is evidence 

that when the virus integrates, it loses the L1 gene, as well 

as E1 and E2[6,34,60,61], at the same time that it increases 

the expression of the viral proteins E6 and E7[3], 

responsible for the inactivation of the p53 and Rb genes, 

respectively. 

     Because viral integration, in addition to being associated 

with the inactivation of tumor suppressor genes, also acts on 

the activation of oncogenes, this type of presentation is 

associated with a greater relationship with neoplasms with 

a higher degree of malignancy[29,43,44]. Therefore, apart 

from just detecting or not the presence of HPV in the 

analyzed sample, it is important to assess its integration 

status [6]. Some studies in this review analyzed the 

association of viral status with the presence or absence of 

malignancy in the studied lesion, as well as with tumor 

characteristics [3,9,28,44]. 

     The study by Khodabandehlou et al., 2019[3] showed the 

absence of E2 in 86% of the analyzed cases of malignant 

lesions, which supports the hypothesis that the integrated 

status of the virus would be related to carcinogenesis. 

Furthermore, an E2/E6 ratio <1 was found in 14% of 

malignant lesion cases, which suggests a mixed status of the 

virus (episomal + integrated). Isolated episomal status was 

not evidenced in any sample. These results are similar to 

those found by Islam et al in 2017[9], which showed 

integration of the viral genome in 87.5% of the malignant 

samples. In this study, 8.3% had mixed virus status and 

4.2% had episomal status. In addition, the authors of this 

last study mentioned that they could not find statistical 

significance in relation to histopathological differences 

when related to viral status, probably because most of the 

samples presented with the integration of the genetic 

material. 

     Aguayo et al. 2011[44], in turn, showed viral integration 

in 100% of the 14 samples analyzed, as none showed 

amplification of the E2 gene. Wang et al., 2016[28], found, 

that in the 52 (35,6%) positive cases for HPV, in 146 breast 

cancer samples analyzed, the mixed status of the virus.  

     So, the detection of HPV with integrated or mixed status 

in this review, among the studies that did this analysis, 

ranged between 35.6%-100% in the samples diagnosed with 

cancer, while the episomal form ranged between 0-4.2 %, 

corroborating the hypothesis that the integrated form would 

be more associated with lesions with characteristics of 

malignancy. 

 

IV. CONCLUSION 

In this study, most of the articles analyzed showed a positive 

association between HPV and breast carcinoma, although 

some did not present a statistical “p-value”. The most 

common genotype was HPV 16, followed by HPV 18, high-

risk genotypes that are also the most frequent among other 

types of carcinomas caused by this virus. The main 

histopathological diagnosis of HPV-related breast cancer 

was invasive ductal carcinoma, which, despite being the 

most frequent histological type among breast carcinomas, 

may also be related to the fact that the ducts are in contact 

with the external environment, increasing the chance of 

contamination. In addition, it is important to highlight the 

percentage difference between the detection of genetic 

material in the integrated form, found in 35.6%-100% of the 

cancer samples studied, and the episomal, found only 

between 0-4.2%, which is directly related to the expression 

of E6 and E7 proteins, which have their expression 

increased when the viral DNA integrates with that of the 

host, decreasing the activity of tumor suppressor genes and 

increasing the activity of oncogenes. The results of this 

study, in agreement with others included in our review, 

support the hypothesis that HPV may have a great influence 

on breast carcinogenesis. 
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