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Low frequency of HPV positivity in breast tumors among patients from south-central Poland
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Abstract
Background
Some studies suggest that Human Papilloma Virus (HPV) infection is important factor in carcinogenesis of breast tumors. This study’ objective was to analyze HPV prevalence in breast cancers of patients from south-central Poland.

Materials and methods
The study was performed based on archival paraffin embebbed and formalin fixed blocks in the group of 383 patients with breast cancer. HPV prevalence and its genotype were assessed, respectively by: nested PCR (with two groups of primers: PGMY09/PGMY11 and GP5+/GP6+), quantitative PCR (qPCR). Tumors were classified as HPV positive in case of at least one positive result in nested PCR and positive results in genotyping procedure. For all HPV positive tissues P16 immunostaining was applied in order to confirm active viral infection.

Results
In the group of 383 breast cancers, HPV positivity was found in 17 samples (4.4%) in nested PCR. All these samples were subjected to HPV genotyping. This analysis revealed presence of HPV type 16 into two tumors (0.5%). In these two cancers, P16 overexpression was reported.

Conclusion
In breast tumors of patients from south-central Poland in Poland, HPV positivity is demonstrated in very low percentage of cases.
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Introduction
According to the analysis based on the GLOBOCAN database from 2018, 2.2 million infection-attributable cancers (13% of all cancer cases) were diagnosed [1]. The four most important pathogens related with increase of cancer risk were: Helicobacter pylori, high risk Human Papillomavirus (HR-HPV) and Hepatitis B and C viruses. In 2018, HR-HPV infection was responsible for 690 000 new diagnosed cancers [1]. This infection (mainly HPV16), is an approved risk factor in development of some anogenital cancers (cervical, vulvar, vaginal, penile and anal cancers) and tumors localized in head and neck region. At present, HR-HPV infection is also proposed as a risk factor in development of breast cancers (BC). In a few meta-analyses [2–6], it was shown that exposure to HR-HPV is related to increase of relative risk of breast cancer development from 3.24 [4] to 5.9 [5].
HPV presence in breast cancers can occur from direct skin to skin contact during sexual intercourse or in case of woman with previous history of HPV positivity in the cervix trough nipple or micro-lesions or body fluids (bloods, lympha) [7]. It is hypothesis that this infection may be involved in the early stage of BC carcinogenesis. It has been shown that viral presence is related with overexpression of inflammatory cytokines [8, 9] and of cyclooxyganse-2 and cytidine deaminase (APOBEC3B), which causes significant γH2AX focus formation or DNA breaks [10].
Data concerning prevalence of HPV in breast cancers are, however, inconsistent. The percentage of HPV positivity in these type of tumors varied between individual studies from 0.0 [4, 11–21] to 86.2% [22]. Some of meta-analyses revealed geographical differentiation of HPV infection in BC, showing the higher percentage of infection in middle-east Asia and in both Americas [2] or in Oceania and Asia [6] and the lowest in Europe [2, 6]. However, data concerning HPV prevalence in BC from Europe are also inconsistent, with the percentage of HPV positivity ranged from 0% [11, 12, 17, 18, 20, 21] to 64% [23]. It is also worth to noticed that all European studies concerning HPV presence in breast cancer, except one, came from Western Europe. One exception is the Polish study from 2013 [24], in which HPV prevalence was analysed in 60 FFPE breast cancer tissues and viral presence was found in 8 samples (13.3%). It should be also mentioned that in all above-mentioned European researches the number of analysed BC tissues varied from 11 [23] to 251 [25] samples, with median value at the level of 74. Taking all these facts into account, the aim of the present study was to analyse HPV prevalence in 383 formalin fixed and paraffin embedded and formalin FFPE tissues of breast cancers—according to our best knowledge for the first in Europe in so large group of invasive ductal breast cancer samples. HPV prevalence and its genotype as well as active HPV infection were assessed, respectively by: nested PCR (with two groups of primers: PGMY09/PGMY11 and GP5+/GP6+), quantitative PCR (qPCR) and P16 immunostaining.
Materials and methods
Study population
Initially, formalin–fixed paraffin emedded tissue blocks (FFPE) were gathered from 448 patients with infiltrating invasive ductal breast cancer in clinical stage T1–2, N1–2, M0, treated in Maria Skłodowska-Curie Memorial Cancer Centre and Institute of Oncology, Krakow Branch, Poland between 1992 – 2006 (primary material analyzed in grants: N401 173 31/3808, NN 401 096 137, NN401 2344 33 financed by the Polish Ministry of Science and Higher Education, and DEC-2013/09/B/NZ5/00764 financed by the Polish National Science Centre).
The study was approved by the Ethical Committee at the Regional Medical Chamber in Cracow (Poland) (No. 11KBL/OIL/2009 and 12KBL/OIL/2009, in the case of DEC-2013/09/B/NZ5/00764, decision of 4 December 2013). Informed consent was obtained from all individual participants included in the study. All samples were anonymized.
Study design
For all cancers, their immnunophenotypes was assessed based on estrogen, progesterone, and HER2 immunoexpression (or hybridization in situ in case of inconclusive results of HER2 immunostaining), according to St. Gallen International Expert Consensus on The Primary Therapy of Early Breast Cancer 2013 [26]. Before DNA extraction, each paraffin block underwent histopathological verification in order to confirm diagnosis (tumor type, grade) and indicate paraffin blocks with biopsy or surgical material with at least 50% of tumor neoplasm for DNA extraction. Due to low amount of cancer tissue in paraffin blocks, DNA extraction was possible for 383 patients. Detailed characteristics of these 383 patients is present in Table 1. Briefly, women aged from 27 to 84 years (with mean and median values 53.5 years ± 0.59 and 53.5 years, respectively), 54.7% have tumors in clinical stage T1N1, 23.3% in stage T1N2, 18.0% in T2N1 and 4.0% in T2N2. Among 383 tumors predominate those with luminal B HER2+ (32.6%) and luminal B HER2− (24.1%) immunophenotypes.Table 1Clinical characteristic of patients with breast cancer involved in the study


	Characyeristics
	Numeber of cases
	%

	All (%)
	383
	100.0

	Age
	 	 
	< 50 years
	124
	32.4

	≥ 50 years
	259
	67.6

	Tumour size
	 	 
	T1
	108
	28.2

	T2
	268
	70.0

	T3
	7
	1.8

	Nodal status
	 	 
	N0
	53
	13.8

	N1
	238
	62.2

	N2
	79
	20.6

	N3
	13
	3.4

	Grade
	 	 
	G1
	37
	9.7

	G2
	145
	37.8

	G3
	201
	52.5

	Oestrogen receptor status
	 	 
	Positive
	280
	73.1

	Negative
	103
	26.9

	Progesterone receptor status
	 	 
	Positive
	263
	68.7

	Negative
	120
	31.3

	HER2 status
	 	 
	Overexpressing
	187
	48.8

	Not overexpressing
	196
	51.2

	Ki-67LIa
	 	 
	≤ 19.7%
	101
	26.4

	> 19.7%
	282
	73.6

	Breast cancer immunophenotypesb
	 	 
	LA
	56
	14.6

	LB HER2−
	92
	24.1

	LB HER2+
	125
	32.6

	HER2+
	59
	15.4

	TN
	51
	13.3

	HPV infection—nested PCR
	 	 
	Yes
	17
	4.4

	No
	366
	95.6

	HPV infection—qPCR
	 	 
	Yes
	2
	0.5

	No
	381
	99.5

	P16 immunoespression
	 	 
	Yes
	2
	0.5

	No
	381
	99.5


Ki-67LI Ki-67 labelling index, LA luminal A, LB luminal B, TN triple negative
aCut-off point from minimal P value method
bImmunophenotypes indicated on the basis of ER, PgR, HER2 and Ki-67 expression according to St. Gallen International Expert Consensus on The Primary Therapy of Early Breast Cancer 2013[26]



DNA extraction
DNA was extracted using 4 μm thick FFPE Sects. (3–7 depending on sample size) using ReliaPrep™FFPE gDNA Miniprep System (Promega, Madison, USA) based on manufacturer`s suggestions with our own modification. All details concerning this procedure were described earlier [27]. In brief, after 1 min incubation with mineral oil at 80 °C, addition of Solution Buffer and centrifugation, samples were incubated with Proteinase K for the whole night at 56 °C (own modification), and for 1 h at 80 °C. After cooling, RNAse A treatment and incubation with mixture of BL Buffer and 100% ethanol, the aqueous phase was transferred to the Binding Column DNA. DNA was eluted with 50 μl of Elution Buffer. Quantity and quality (A260/280 and A260/230 ratios) of extracted DNA were assessed spectrophotometrically with Biophotometer Plus (Eppendorf AG, Hamburg, Germany). DNA samples were stored at − 20 °C until analysed. In order to check pattern of DNA degradation, each sample was subjected to qPCR for amplification of 139 bp fragment of β-actin gene using TaqMan® Gene Expression Assay (Thermo Fisher Scientific, Waltham, USA), with mix of specific primers and MGB probe as described earlier [27].
Nested PCR
The nested PCR involves two pairs of primers—outer (PGMY09/PGMY11and inner (GP5+/GP6+, both Genomed), used in two successive PCR runs, what allows to detect L1 gene fragment of multiple HPV types during one experiment. The product of the first reaction serves as a template in the second reaction. Sequences of primers, composition of reactions mix and conditions of PCR reactions were described earlier [28]. To assess the specificity of the nested PCR with PGMY09/011 and GP5+/6+ primers, DNA from HPV16-positive squamous cell carcinoma of cervix extracted from cancer tissue (FIGO stage IIB) obtained from biopsy before cancer treatment was analyzed performed using. The DNA sample with HPV16 positivity was identified based on TaqMan-based 5’exonuclease quantitative PCR with type-specific primers in our earlier study [29]. In each run of nested PCR water as negative control and DNA from HPV16-positive squamous cell carcinoma of cervix (FIGO stage IIB) extracted from cancer tissue obtained from biopsy before cancer treatment as positive control were used. The final products were separated electrophoretically in 2% agarose gel and visualized using SimplySafe dye (EURx, Poland) (Fig. 1). For each tumor 2 analyses were performed.[image: ../images/13027_2021_405_Fig1_HTML.png]
Fig. 1Gel picture of amplicons obtained after nested polymerase chain reaction with two pairs of primers—outer (PGMY09/PGMY11) and inner (GP5+/GP6+, both Genomed) for the detection of human papilloma virus. Both PCR were carried out using 3 μl of the DNA template and amplicons, the final products were separated electrophoretically in 2% agarose gel and visualized using SimplySafe dye (EURx, Poland). Line 1: molecular marker, line PC: positive control (DNA from HPV16-positive squamous cell carcinoma of cervix extracted from cancer tissue obtained from biopsy before cancer treatment, size of the band—150 bp, line NC: negative control (water instead of DNA), lines 1–12: samples of breast cancer. Arrow indicates HPV-positive sample of breast cancer (sample code 561,482, size of the band—150 bp). The light bands in negative lanes most likely come from highly degraded DNA extracted from FFPE tissues. Genomic DNA extracted from FFPE tissues is highly degraded due to the cross-linking between nucleic acid strands and proteins, as well as random breakings in sequence


HPV genotyping
For all HPV positive samples in nested PCR (at least one positive result), virus genotyping with AmoyDx® Human papillomavirus (HPV) Genotyping Detection Kit (Amoy Diagnostics Co., LTD, China) was performed. This procedure allows for genotyping of 19 high risk HPV (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73 and 82) and 2 low risk (6 and 11) on the basis of virus L1 gene amplification. The reaction was carried out according to manufacturer`s protocol and all its details were presented earlier [28]. As a negative control, to each experiments water instead template was added. HPV genotype was determined by analysis of combination of fluorescent signals from FAM, CY5 and HEX/VIC in each tube according to manufacturer’s instruction. Tumors were classified as HPV positive in case of at least one positive result in nested PCR and positive results in genotyping procedure [28].
P16 immunostaining
Expression of P16 was analyzed in the group of 383 tumors using CINtec® Histology Kit (Roche, Heidelberg, Germany) according to the manufacturer’s procedure, described by us earlier [28]. In brief, 4 µm thick sections of FFPE HNSCC tissues were deparaffinized and hydrated through a series of xylenes and alcohols. After antigen unmasking (96 °C, 10 min) and exogenous peroxidases quenching (5 min), sections were incubated with primary anti-p16 antibody (clone E6H4, RT, 30 min) followed by 30 min incubation with visualization system. P16 was visualized using DAB (3, 3′–diaminobenzidine) and for nuclear counterstaining haematoxylin was applied. Cervical cancer tissue with p16 overexpression was used as a positive control. For negative control, the primary antibody was omitted. Immunopositivity was defined according to Lewis et al. [30] as follows: > 75% of positive staining cells or > 50% staining with > 25% confluent areas of positive staining (Fig. 2).[image: ../images/13027_2021_405_Fig2_HTML.jpg]
Fig. 2Immunohistochemical staining of P16 using CINtec® Histology Kit (Roche, Heidelberg, Germany) in formalin-fixed paraffin-embedded samples from two breast cancers with HPV positivity: a sample code 283,618, b sample code 561,482. Magnification ×200


Results
Nested PCR
For all 383 DNA samples (100.0%) extracted from FFPE, amplification of β-action was noticed. HPV positivity in nested PCR was found in 17 samples (4.4%), at least in one reaction in 15 samples and in two reactions in two cases (Fig. 1).
HPV genotyping and P16 immunostaining
All these samples were subjected to HPV genotyping. This analysis revealed HPV presence in two tumors coded as: 283,618, and 561,482 (Table 2). In case sample codded as 506,594, the curve of amplification start to increase, however it did not achieve the threshold. For the remaining 14 tumors, the curves of amplification did not increase during genotyping procedure. Because we assumed that HPV positivity is recognized when at least one positive result in nested PCR and positivity in genotyping procedure were found, we state that among 383 samples, HPV infection was noticed in 2 tumors (0.5%). Two HPV-positive breast carcinoma cases were infiltrating ductal carcinoma, not otherwise specified types (according to the newest WHO 2019 classification, ICD-O code 8500/3) with high histological grade (G3), almost no tubule formation, areas of necrosis, high mitotic index—over 20/10 high power fields and marked nuclear pleomorphism (Table 2). Both of these cancers were infected with HPV16 and are characterized by P16 overexpression (Fig. 2), what indicate active viral infection.Table 2Characteristics of patients with HPV positive breast cancers in PCR nested and qPCR genotyping (Amoy test)


	Feature
	Sample code

	283,618
	561,482

	Clinical and histopathological features

	Age
	46
	56

	Clinical stage
	T2N1
	T2N2

	Immunophenotype
	Lum B HER2+
	Lum B HER2+

	Microscopic characteristics
	tightly packed nests of neoplastic cells,  with central necrosis, fibrosis and calcification
	loosely packed nests of neoplastic cells with areas of necrosis

	Grade
	3 tubule formation 3 points + nuclear pleomorphism 3 points + mitotic count 3 points
	3 tubule formation 3 points + nuclear pleomorphism 3 Points + mitotic count 2 points

	Tumour margin
	Infiltrative
	Infiltrative

	Tumour infiltrating lymphocytes
	< 5%
	About 10%

	Lympho-vascular involvement
	Absent
	Absent

	DNA extraction

	Total DNA concentration ± SE [µg]
	5.43 ± 0.61
	4.30 ± 0.32

	A260/280
	1.74 ± 0.10
	1.91 ± 0.11

	A260/230
	1.94 ± 0.10
	1.99 ± 0.14

	Amplification of β-actin Ct ± SE
	29.8 ± 0.4
	29.2 ± 0.1

	Nested PCR
	++
	++

	HPV genotyping by qPCR
	HPV16
	HPV16

	P16 immunostaining
	Positive
	Positive


PCR quantitative polymerase chain reaction



Discussion
In the present study, in the group of 383 patients with invasive ductal breast cancers, (according to our best knowledge the largest studied according to HPV incidence in Poland and Europe and one of the largest worldwide), we have found HPV prevalence at the level of 0.5% (2 cases). These two tumors were also characterized by P16 overexpression (Fig. 1), what indicates active viral infection [28]. Similar to us, some other authors from Italy [31], Iran [32] and Thailand [33] have shown low percentage (in range 3.6–5.5%) of HPV positivity among BC. In turn, in reports from Denmark [11], Greece [12], Spain [17], France [19], Swiss [20], United Kingdom [21] and Iran [13–15], China [4, 16] and Mexico [18] no HPV presence in BC was noticed. Based on results of current study and all above-mentioned reports, it can be concluded that HPV infection has no significance in the development of BC. However, there are many other studies, in which the percentage of HPV positivity in BC was much higher, in the range from 7.5 [34]–86.2% [22]. Moreover, in a few meta-analyses, HPV positivity in BC was noticed in 23.0 [5]–30.3% [4] of BC. These meta-analyses reported also that HPV infection causes increase in summary odds ratio concerning risk of BC development from 3.24 [4] to 5.9 [5]. Analysing all reports concerning HPV prevalence in BC, it can be distinguish several factors affecting these contradictionary results, such as geographical region, characteristics of patient’s group and HPV detection methods.
In relation to the hypothesis about geographical differenattion of HPV presence in breast cancer, it should be noticed that it is in contradiction to the results of our study and other study from from south-west Poland [24], in which the prevalence of HPV infection was found at the higher level (13.3%) as compared to us. Similarly, contrary results came from other countries, such as: Greece (range 0 [12]–15.9% [35]) Italy (range 3.6 [31]–25.5% [36]), Spain (range 0 [17]–51.8% [25]) or United Kingdom (range 0 [21]–47.0% [37]). Therefore, it seems that other factors influence heterogeneity in HPV prevalence in BC between individual studies. One of these factors may be heterogeneity of patient’s group according to such clinical and histopathological features, as patient’s age and BC histological type.
Considering the influence of BC histological type on HPV prevalence, it should be noticed that some authors [10, 24] have found higher frequency of HPV positivity in invasive lobular carcinomas (50% [24] and 100% [10]) than in invasive ductal carcinomas (8.7% [24] and 30.0% [10]), whereas in the current study all tumors were invasive ductal (Table 2). In turn, Piana et al. [34], analysing 80 BC, most of which were ductal, have found, similar to us, HPV positivity at relative low level (7.5%). However, in many studies reverse correlation, i.e. higher proportion of HPV positivity in ductal than in lobular breast cancers [25] or no correlation between these two parameters were found [38–40]. On the other hand, considering histological type of BC, attention must be pay on such factors as grade and BC immunephenotypes. In the current study, two HPV positive tumors were in grade III (Table 2). This finding is in agreement with results of Kroupis et al. [35], who have demonstrated that 70.6% of HPV positive BC were in grade III, whereas in HPV negative BC it was 33.3%. These results are also indirect confirmed by some reports showing significant higher percentage of HPV presence in faster proliferating cancers compared to tumors characterized by lower proliferation [25, 41]. Some authors have also suggested the relation between HPV infection and BC immunophenotypes. In our study, all BC with HPV infection were HER2 positive. Similar to us, Carolis et al. [41] have shown significantly higher percentage of HPV infection among HER2 overexpressed and triple negative BC comparing to oestrogen or progesterone positive cancers. In turn, Piana et al. [34] and Corbex et al. [42] have obtained the significantly higher percentage of HPV positivity in TNBC as compared to non-TNBC. All these findings suggest that HPV presence is related with higher aggressiveness of tumors, although it should be taken into account that some other authors have obtained contrary results, i.e. significantly higher percentage of HPV infection in tumors overexpressed oestrogen and/or progesterone receptors [10, 43] or lack of correlation between HPV infection and BC grade or immunophenotypes [25, 38, 40].
The other factors influencing on contr dictionary results concerning HPV incidence in BC are related with methods using to assess HPV positivity. Considering the influence of PCR based techniques (mostly applied to assess viral presence in breast cancers), special attention must be paid on type of material using as a source of HPV DNA. In the present study, we have used nested PCR with GP5+/6+, MY09/11 and PGMY09/11 set. In relation to this set, we would also like to pay attention on results of Erhart et al. [44], who have compared GP5+/6+, MY09/11 set and PGMY09/11 primers set for the detection of viral DNA by single step PCR and nested PCR in FFPE tissues from oral squamous cell carcinomas. These authors have found that single step PCR with GP5+/6+ and MY09/11 primers and MY/GP+ nested PCR did not amplify HPV DNA in any samples. PGMY09/11 primers detected HPV DNA in 13.0% of OSCC cases and this rate was raise to 17.4% with the use of PGMY/GP+ nested PCR (the same combination of primers as in our study). They concluded that the PGMY/GP+ nested PCR is the most appropriate primer set for the detection of HPV DNA using FFPE samples from OSCC. In turn, Božić et al. [45] have compared HPV detection rate in FFPE of head and neck carcinoma using three amplification methods: single PCR and real-time PCR and nested PCR. In their study there was not HPV amplification in any of the 50 FFPE samples using the single PCR and real‐time PCR, whereas HPV DNA was detected in 22% of samples using nested PCR. They summarized that comparing results of the three different methods showed that HPV DNA was found only with nested PCR. The results presented imply that nested PCR is the most appropriate method for the detection of HPV DNA in FFPE samples. These results became the basis for us for strategy of detection of active HPV infection. This strategy was presented in paper of Janecka-Widła et al. [28].
In the present study, we have found P16 positivity in two HPV16 positive BC, whereas all HPV negative BC in PCR analysis were also negative for P16 expression. Expression of P16 is a known surrogate marker of HPV infection [46]. However, it should be noticed that overproduction of P16 can be caused not only by HPV infection, but also by oncogenes activation, DNA damage or accelerated cellular senescence [47]. In turn, genetic alteration of P16 gene (deletion, methylation and point mutation), found in nearly 50% of malignancies, can inhibit synthesis of this protein [47]. Therefore, it can be expected that in case of a larger number of HPV16 positive BC divergences between PCR analysis and P16 immunoexpression could reveal themselves, as for example in the case in our analyses of head and neck [28] or rectal cancers [48].
Conclusion
Presented by us results demonstrated very low percentage (0.5%) in breast tumors of patients from south-central Poland, what suggest that in this region HPV infection has no influence on development of breast tumors. Our study has some limitation related with the fact that it is case study without control group. However, case–control study is not suitable to study rare exposures, as in the case of the presented analysisy, in which the percentage of BC positivity is at the level of 0.5. It should be also noticed that in the light of contrary results concerning HPV prevalence in BC, future studies are needed to fully explain the association between this infection and development of breast cancer.
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