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Abstract
AIM
To detect human papilloma virus (HPV) presence, and to characterize cellular immune response in breast cancer patients. 

METHODS
A total of 74 women were included, of which 48 samples were from patients diagnosed with breast cancer and 26 patients with benign pathology of the breast. Molecular subtype classification was performed based on the immunohistochemical reports of the tumor piece. HPV genome detection and genotyping from fresh breast biopsies, was performed using INNO-LIPA HPV Genotyping Extra test (Innogenetics, Belgium). CD3+, CD4+, CD8+ and NK+ cells levels from peripheral blood samples from patients with breast cancer and benign pathology were measured by flow cytometry. 

RESULTS
Luminal A was the most frequent breast cancer molecular subtype (33.33%). HPV was detected in 25% of the breast cancer patients and genotype 18 was the most frequent in the studied population. The mean of CD3+, CD4+ and CD8+ subpopulations were decreased in patients with breast cancer, in relation to those with benign pathology, with a statistically significant difference between CD8+ values (P = 0.048). The mean of NK+ cells was increased in bening pathology group. The average of CD3+, CD4+, CD8 + and NK+ cells decreased as the disease progressed. HER2+ and Luminal B HER2+ tumors had the lowest counts of cell subsets. The HPV breast cancer patients had elevated counts of celular subsets. 

CONCLUSION 
Determining level changes in cellular subsets in breast cancer patients is a useful tool to evaluate treatment response.
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Core tip: The present work detected the presence of the human papilloma virus (HPV) genome in patients with breast cancer and measured the levels of cellular subsets as predictor factors. The viral genome was found in 25% of the breast cancer cases, been high-risk 18 genotype the most frequent. Luminal A tumors represent 33.33% of the sample. The average of the CD3+, CD4+, CD8+ and NK+ cells was decreased in the cancer patients, in comparison to the benign pathology group, while the reverse effect was observed in the HPV positive patients.
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INTRODUCTION
With more than 408200 new cases and over 92000 deaths, breast cancer is the first cancer in the Americas, in terms of new cases, and the second in terms of women cancer deaths[1]. In Venezuela, according to the Ministry of Popular Power for Health, in 2012, breast cancer ranked first in cancer incidence with 5063 new cases, and was the first cause of cancer death in the female population, followed by cervix cancer, with 2067 deaths, representing 22.88% of new diagnoses due to cancer and 18.25% of deaths caussed by this pathology[2].
The 13th Conference of St Gallen, in 2013 stablished that it was unnecessary to perform genetic tests on each patient to classify molecular subtypes, proposed by Perou et al[3] in 2000, since histopathological results were comparable. The use of molecular diagnosis was necessary only in atypical behavior cases[4]. Luminal A are the most frequent cases of breast cancer, with good prognosis and response to hormonal treatment. Luminal B HER2- and luminal B HER2+, represent between 15% and 20% of breast tumors and their response to hormonal therapy is not so good. HER2+ cancer accounts for 15%-20% of breast cancer subtypes, showing more aggressive biological and clinical behavior, with increase sensitivity to chemotherapy. The triple negative (TN) subtype represents from 8% to 37% of all breast cancers. These tumors are infiltrating ductal types characterized by a solid growth pattern, aggressive clinical behavior and high rate of metastasis to brain and lungs[4,5]. Molecular subtypes are currently used as predictive factors among breast cancer patients[6].
Nearly 50% of newly diagnosed breast cancer cases are related to hormonal factors; only 5% to 10% are related to genetic factors, although it is known that these greatly increase the risk of developing the disease. Several research have allowed to determine the physiological, environmental and lifestyle factors related to the incidence of breast cancer, some of which are modifiable through preventive interventions[1].
The non-genetic factors include: age of diagnosis after 65 years, being the most important risk factor, early menarche, menopause after 55 yeras old, first live birth after 30 years old, nulliparity, breast biopsies history, diagnostic of atypical hyperplasia by breast biopsy, obesity, alcohol consumption, hormone replacement therapy (HRT) and excessive exposure to radiation. Other possible risk factors include high-in-fats and low-in-fiber diet, and little exercise[7].
Approximately 18% of human cancers are caused by infectious factors and it is recognized that breast cancer is strongly related to environmental factors, such as viruses, diet, radiation, among others[8]. Human papilloma virus (HPV) infection distribution reports in breast cancer are controversial. In 2015, an overall prevalence between 0% and 86% was reported, with an average of 30.30%, been the highest frequency reported in Oceania, with 44.30%. South America presented 14.60% of HPV infection, exceeding 10.70% of North America[9].
HPV types are classified as low-risk and high-risk types based on the hability to induce carcinogénesis. HPV 6 and HPV 11 are low-risk subtypes and cause more tan 90% of genital warts. High-risk HPV subtypes such as HPV 16, 18, 31, 33, 45 and 52, cause squamous intraepithelial lesions that can progress to invasive squamous cell carcinomas[10]. This doble strand DNA virus expresses E6 and E7 oncogenes, which interact with p53 and pRB proteinas, respectively, promoting the development of neoplasias due to uncontrolled cell cycle activation and inhibition of apoptosis[11]. The high-risk HPV genome could be integrated into the host genome during carcinogenesis process, causing the lost of E6 and E7 transcription regulation, by the interruption of E2 gene open reading frame[12].
Besides clinical and treatment parameters, the host immune response might influence the prognosis of cancer patients after standard treatment[13]. Breast tumors progression is due to a systemically action, affecting the host’s physiological processes and triggering responses in the peripheral blood cells[14]. It is known that CD4+ and CD8+ T cells are required for an effective anti-tumor immune response. CD4+ T cells are critical for priming tumor-specific CD8+ T cells and for the secondary expansion and memory of CD8+ T cells as well[15]. CD8+ T cells have been shown to be mediators of antitumor immunity and act directly over tumor cells. Recent studies has been suggested its clinical importance, reporting that an increase of CD8+ T cells correlates with increased survival in large cohorts of various human cancer patients[13].
The NK+ cells have the ability to produce lysis in tumor cells and cells infected with intracellular viruses or parasites, through cytotoxic mechanisms mediated by preformed molecules, such as perforins and granzymes. They also have the ability to secrete cytokines such as interferons types I and II[16]. NK cells appears to protect against tumor development and progression[17].
Evaluation of circulating T lymphocytes, B lymphocytes and NK+ cells may be one of the beneficial ways to understand immune response, assist in clinical diagnosis, provide evidence of pathogenesis, course, and prognosis of disease, and determine clinical treatment[18]. This work was aimed to evaluate the possible role of cellular subsets as predictive factors and the association of HPV in patients with breast cancer, according to the molecular subtypes, being the first study reported in Venezuela.

MATERIALS AND METHODS
Study population
We evaluated prospectively from February 2011 to October 2013, patients attending at the Breast Pathology Unit, in the Gynecology Department, from the University Hospital of Caracas. A total of 74 women were included, of which 48 samples were from patients diagnosed with breast caáncer, and 26 patients diagnosed with benign pathology of the breast. Patients were invited to participate in the study, with prior information on the design and protocol. Each one signed an informed consent, approved by the hospital Bioethics Committee.
Patients with other tumors or immune system-related disease were excluded. None of the patients had received any form of medical or surgical therapy such as radiotherapy, chemotherapy, or treatment with steroids or immunosuppressants prior to investigation. 

Breast cancer molecular subtypes classification
It was performed based on the immunohistochemical reports of the tumor piece, which were obtained from the clinical histories of each patient. According to markers expression, tumors were classified as: (1) Luminal A: RE+; RP+ (≥ 20%); Ki67 (< 14%), HER2-; (2) Luminal B HER2-: RE+; RP (< 20%); Ki67 (≥ 14%), HER2-; (3) Luminal B HER2+: RE+; RP inddiferent; Ki67 (≥ 14%); HER2+; (4) HER2+: RE-, RP-, Ki67 (≥ 14%); HER2+; and (5) TN: RE-, RP-, Ki67 (≥ 14%); HER2-[5].

Tissue samples
Fresh biopsies were obtained from tumors of patients who underwent surgery. Biopsies were frozen at –70 °C for molecular analysis.
[bookmark: _Toc368044274]
DNA extraction
To perform DNA extraction from fresh breast biopsies, QIAmp DNA mini kit (250) was used (QIAGEN. Hilden, Germany), following manufacturer’s instructions. 

HPV detection and genotyping
HPV genome detection and genotyping, from fresh breast biopsies was performed using the INNO-LIPA HPV Genotyping Extra test (Innogenetics, Belgium), following the manufacturer’s instructions, based on the reverse hybridization principle, to identify 28 different HPV genotypes, by detecting specific sequences in the L1 region. The assay uses the proven SPF10 primer set for highly sensitive amplification of most clinically relevant HPV genotypes.

Blood samples
Before surgery, 5 mL of venous blood was obtein from each patient. The samples were drawn into heparinized tubes and transported to the Institute of Oncology and Hematology for processing.

Cellular subsets
Cellular subsets quantification was performed by flow cytometry. 50 μL of whole blood was taken and 5 μL of monoclonal antibody was added. It was briefly vortexed and incubated for 15 min, at room temperature, in the dark. 800 μL of BD 1X lysis solution was added and incubated for 10 min, at room temperature in the dark. It was centrifuged for 5 min at high speed and the supernatant was discarded. The pellet was resuspended with 300 μL of Facs Flow and vortexed. Finally, the tube was acquired in the BD Facs Canto II cytometer, of 6 colors (configuration 4-2), with the BD FACS Diva 6.2.2 application. 
Cell surface marker analysis was performed using CD4-FTIC/CD8-PE/CD3-PC5 (Beckman Coulter) for CD3+, CD4+ and CD8+ T cells and CD3-APC, CD16-FITC, CD56-PE for NK+ cells (Beckman Coulter). Absolute cell counts were calculated by multiplying the cell subset percentage by the total lymphocyte concentration present in peripheral blood. 

Statistical analysis
Measures of central tendency and dispersion were used for continuous variables; frequency analysis and contingency tables were used for discrete variables. Analysis of variance between groups, t-Student Parametric Test for two independent samples and non-parametric Mann-Whitney U test were used to perform hypothesis contrast. Significance level was fixed at P <0.05 (Statistical Software: SPSS in its Version 20 in Spanish).

RESULTS
[bookmark: _Toc368041239]The study included 74 patients, with menarche age between 9 and 17 years, with 60.81% of menarche age between 12 and 14 years. The average sexual partners number was between 0 and 5, and 74.32% of the patients had 0 to 2 sexual partners. Regarding pregnancy at term, the cases registered were between 0 to 11 per patient, with the highest proportion between 0 and 2 deliveries (67.57%). 47.29% had alcoholic habit, while 36.49% had tobacco habit. 54.05% of the patientd used oral contraceptives and 59.46% had family history of cancer.
Table 1 shows demographic characteristics for the study groups, where 50% of breast cancer patients reported smoking and alcohol habit, and about 40% reported family history of breast cancer. The mean age and tobacco habit showed staystical significant difference between breast cancer patients and beningn pathology patients.
Of the breast cancer samples, 50.00% corresponded to stage II, followed by stage I (20.83%), stage III (14.58%), stage 0 (8.33%) and finally, stage IV (6.25%). Regarding the histopathological diagnosis, the breast cancer tumors were infiltrating ductal carcinoma (79.16%), ductal carcinoma in situ (DCIS) (8.33%), lobullar carcinoma (8.33%) and mucinous carcinoma (4.17%). Luminal A was the most frequent breast cancer molecular subtype (33.33%), followed by Luminal B HER2- (29.17%), Luminal B HER2+ (14.58%), TN (12.50%) and HER2+ (10.42%).
The HPV presence was detected in 25.00% of the breast cancer patients and genotype 18 was the most frequent in the studied group, followed by types 16, 6 and 31. 41.67% of the patients presented mixed infections and 75.0% showed infection with high oncogenic risk genotypes in breast fresh tissue biopsies. In the benign pathology group, HPV genome was detected in 7.69%, finding genotypes 18 and 33 of high oncogenic risk, in single infections. 50% of the HPV positive breast tumors were Luminal A, followed by the HER2+ type, with 25%. Luminal B HER2- and TN types represents 16.67% and 8.33% respectively, among HPV positive breast tumors (P = 0.027).
Table 2 shows the mean absolute values for each cellular subset of the breast cancer patients and benign pathology patients. Breast cancer patients showed a decrease in mean values, compared to those of benign pathology, finding statistically significant differences in CD8+ count, between both study groups. The mean of each cellular subset decreased as the stage of the disease increased (P > 0.005). According to the breast cancer molecular subtypes, the HER2+ tumors had the lowest CD4+ and CD8+ values (Table 3).
The NK+ cells counts were elevated in the bening pathology group, with 1217.04 ± 778.69 cel/mm3 (range: 48.30–3193.18), in comparition with breast cancer patients (1053.79 ± 690.56 cel/mm3 (range: 187.55–3675.00)) (P = 0.651). A decrease in the mean of the NK+ cells was observed as the stage of the disease increased (P = 0.0827). According to the breast cancer molecular subtypes, HER2+ tumors and Luminal B HER2+ had the lowest values of NK+, while TN tumors had the highest values (Table 3).
As shown in Table 4, the HPV+ breast cancer tumors had elevated cellular subtypes counts, in respect to the HPV- tumors. A decrease in the mean of NK+ cells was observed as the disease stage increased, in the HPV+ tumors.

DISCUSSION
In women around menopause, breast cancer is the most frequently diagnosed neoplastic disease, leading to a significant reduction of women’s quality of life[19]. In developing countries, the disease emerges as a serious public health problem due to the high economic and social costs associated with its care[20]. 
Breast tumors have a very wide phenotypic diversity, which is accompanied by a large variability in gene expression patterns[3]. Gene signatures are used as predictors of therapy response, and protein gene products have direct roles over the biology and clinical behavior of cancer cells and are potential targets to develop novel therapies[5]. 
According to different reports, Luminal A represents 50% to 60% of breast cancer cases, while Luminal B, both HER2- and HER2+, represent 15% to 20%. HER2+ tumors are detected between 15% and 20%, and TN are found between 8% and 37% of breast tumors[4,5]. In this study, Luminal A was the most frequent group, followed by Luminal B HER2-, Luminal B HER2+, TN and finally, HER2+. 
In Venezuela, there are few studies that have characterized breast cancer molecular subtypes. Uribe et al[21] reported Luminal A as the more frequent subtype (60.94%), followed by TN (28.75%). López et al[22] indicate that of 110 patients evaluated, 40.0% present Luminal B HER2- tumors, followed by Luminal A (20.91%).
Genetic and risk factors identification, such as environmental and hormonal factors, have an increasing value and play an important role in breast cancer prevention[23]. These risk factors increase neoplastic process development probability, and will depend on the exposure time or individual genetic predisposition. Therefore, these can influence cancer development, even though it don’t directly cause the disease[24]. 
Among the non-genetic factors described previously, in the study group 35.42% of patients had a diagnosis age greater than 65 years, 58.33% had menarche before 12 years, 14.58% were nulliparous at the time of the study, and 47.92% indicated alcohol consumption. However, many of the patients who develop breast cancer did not have any identifiable risk factor.
Epidemiological studies gave a first indication of an association between viral agents with specific human cancers. Infectious factors are responsible for approximately 18% of human cancers and it is well accepted that human breast cancer is highly associated with environmental factors. Among many microorganisms studied, viral infections are suggested in cancer development, especially those cancers caused by HPV[8].
In this study, HPV presence was detected in 25.00% of the samples, finding that high oncogenic risk genotypes were the most common, with a higher prevalence of type 18 over 16, unlike cases of benign pathology, where the virus detection reached 4.76%. Similar reports indicate frequencies between 15% and 29.4% for HPV positivity[25-29], being the one reported by Aguayo et al[30], the lowest on this group of studies and the one corresponding to South America, with 8.7%. As for genotypes found, all indicate the presence of HPV type 16 as the most frequent, in single infections or mixed infections with genotype 18. 
However, other studies performed viral detection by PCR and genotyping by sequencing, and reported a greater presence of type 18. Such is the case of Kan et al[31], in 2005, who obtained 48% positivity for HPV in breast cancer biopsies, with 100% for genotype 18. As well as Heng et al[32], Antonsson et al[33], Glenn et al[34], and Lawson et al[35] who found genotype 18 in greater proportion in breast cancer tissue. Since adenocarcinoma constitutes the majority of histological breast carcinoma types, it is understandable that HPV 18 was similar or even a little higher than HPV 16 here. Hence, the high-risk HPV types distribution for breast carcinoma are probably different from cervical cancer[36].
To our knowlegde, there are no reports about the correlation between HPV presence and breast cancer molecular subtypes, so our research is the first study proving this association. Piana et al[29], correlated HPV presence with TN tumors, showing a 15% of viral detection. However, this authors used paraffin embebed biopsies and do not discriminate between all the molecular subtypes.
It is necessary more studies for evaluate the correlations between HPV presence and breast cancer molecular subtypes. With these results we could suggest that the presence of HPV is associated with better prognosis tumors and therefore could present better response to chemotherapy treatments, as in the case of HPV positive oropharyngeal squamous cell carcinoma (OPSCC). Multiple studies have confirmed that HPV positive OPSCC shows better response to chemotherapy and radiation, independently of treatment scheme[37]. 
Recently, several studies focused on DNA Deaminase APOBEC3B (A3B), as a source of uracil dependent genomic mutations and associated with mutagenesis in multiple human cancers, including breast cancer, head and neck, cervix, bladder, lung, ovaries and other tissues. This enzyme belongs to a protein family that has broad and overlapping functions in innate immunity by restricting viruses, transposons and other foreign DNA elements[38]. Therefore, some authors suggest a possible rol for viral infections, such as HPV and EBV, on the regulation of the expression of the A3B gene, in some cases of breast cancer[38,39].
Due to the low expression levels in most of normal tissues, a mechanism that could be affecting this A3B protein arises. The E6 HPV oncoprotein offers the first contact in viral infection and A3B-mediated mutagenesis. A model in which high-risk HPV E6 protein inactivate p53, causing the elimination of A3B gene transcription was proposed[38], for cervix cancer, head and neck[40], and now, HPV positive breast cancer[39], where the proteins p53, A3B and E6 are involved, raising the levels of DNA damage and mutations, and preventing answers to these damages and apoptosis.
Regarding the immune response, previous studies have shown a decrease in T lymphocytes proliferation, low CD3+ and CD4+ count, an increase in CD8+ count and a decreased in CD4+/CD8+ ratio. Other studies have reported a gradual decrease in the CD4+/CD8+ ratio, proportional to the progression of breast cancer[18]. Currently, data about the cytotoxicity of NK cells and blood levels are contradictory, besides there is a lack of information referring to the tumor microenvironment in patients with breast cancer[41]. 
An important strength of this work was the inclusion of breast cancer patients samples, which were taken prior to surgical, systemic and radiant treatment. This allowed to evaluate the differences in the immunological status of the patients, without the influence of treatment.
In the breast cancer patients group, there was a decrease in TCD4+ and TCD8+ lymphocytes concentration, compared to the benign pathology group, while CD4+/CD8+ ratio was higher. TCD8+ concentration variation showed a statistically significant difference (P = 0.048), in respect to the benign pathology group, representing a possible predictive marker. Regarding the lymphocytes behavior in relation to the breast cancer staging, the CD4+/CD8+ ratio decreased as the stage of the disease increased, coinciding with Jia et al[18], who reported a rate decrease when breast cancer advances.
The average of absolute values for NK+ cells in the breast cancer patients group was found to diminish compared to the benign pathology group. Verma et al[42] reported a lower NK+ cell count in breast cancer patients. They also evaluated the variation of these values during and after treatment, indicating that neoadjuvant therapy increased NK+ cell values above that reported in the healthy group. It has been reported that chemotherapy, by damaging or stressing cells, promotes the release of various signals that activate dendritic and NK+ cells, and induces the release of pro-inflammatory cytokines[43].
It is known that functional capacity of immune cells decline with ageing. A diminished phagocytic capacity of dendritic cells leads to impaired antigen presentation and activation of the adaptive immune system. Besides, thymus involution decreases the production of naïve T cells, and memory T cells accumulate diminishing the T-cell repertoire[44,45]. Postmenopausal women exhibit a reduced number of total lymphocytes, mainly B and CD4+ cells. Similarly, after surgical menopause, the CD4+/CD8+ ratio and the circulating B cells are decreased, while NK cells are increased[45]. The breast cancer patients evaluated did not show statistically significant differences with respect to cell subsets and age groups (data not shown).
According to the breast cancer molecular subtypes, we found that the group of HER2+ tumors presented a decrease in the CD4+ count and in the CD4+/CD8+ ratio, while the TN tumors showed an increase in the NK+ cell count. Particularly the HER2+ group and Luminal B HER2+ showed a considerable decrease of NK+ with respect to the rest of the molecular subtypes.
Jia et al[18] reported a decrease in the CD4+ count, in the CD4+/CD8+ ratio, and an increase in CD8+ and NK+ cells, related to RE-, HER2+, TN tumors and with Ki67 ≥ 14%, indicating a greater failure of the immunological response in those tumors with aggressive phenotype. Previous studies have shown that estrogen plays an important role in regulating the activation of T lymphocytes, particularly CD4+ and CD8+; this could suggest that the absence of estrogen receptors in HER2+ tumors is related to what was observed in this study population, affecting the concentration of both CD4+ and NK+ cells.
ER- and TN breast tumors have a worse prognosis than ER positive tumors. These findings indicate a greater degree of immune function suppression and anti-tumor activation, reflected in the aggressiveness of HER2+ and TN tumors[18]. Kim et al[13] revealed that the decreased number of CD8+ T cells was significantly associated with aggressiveness and malignant features of tumors, including lymph node metastasis, higher stage and high Ki67. Therefore, immunotherapy is one of the most promising approaches for breast cancer therapy. If new research establishes a role for lymphocytes subsets in the etiology of aggressive phenotypes, such as those characterized by being ER-, HER2+, presenting a Ki67 ≥ 14% and TN subtype, strategies of new treatments for these breast cancer types should include immunotherapy.
The cellular subsets values were increased in the HPV+ tumors, with respect to the HPV- patients, observing a statistically significant difference with respect to the CD4+/CD8+ ratio (P = 0.029), due to a considerable increase in the CD4+ count of HPV+ patients in breast tissue. Despite the HPV evasion mechanisms of the immune response, about 90% of genital and skin lesions resolve in an average time of 2 years. Immunohistochemical studies show that regression of cutaneous, oral and genital warts in animals and humans is characterized by a massive local infiltration with CD4+, CD8+ and macrophages into the lesion, and the expression of Th1 cytokines profile. Despite the intense local response the systemic antigen-specific T cell responses are weak, transient and difficult to measure[46].
Compromised adaptive immunity is the basis for high-risk HPV infection to cervical cancer progression. Different immune cell profiles characterize the different stages of the disease progression in CIN and invasive cancer. The high-risk HPV infection changes and modifications induced, includes the adaptation of the immune system to create a suitable microenvironment for persistent infection and lesion progression[47].
During HPV persistent infection, pro-inflammatory cytokines are not released, and the Langerhans cell and dendritic cell activation and recruitment signals are absent. In fact, cells with viral late gene expression, and which may contain high levels of viral proteins, are shed from the surface of the epithelium away from immune surveillance. In general, a failure in developing an effective host immune response correlates with persistent infection and an increased probability of progression toward invasive cancer[11].
Although there are no references that evaluate the profile of cellular subsets in patients with HPV positive breast tumors, it was observed how the virus infected group showed higher values of CD4+, CD8+ and NK+ cells, in comparison with negative patients, being able to speculate that it is due to an activation of the immune response to viral infection in the mammary tissue.
It has been described that in HPV positive cases of oropharyngeal squamous cell carcinoma (OPSCC), patients show a greater proportion of circulating TCD8+ lymphocytes, compared with HPV negative cases, and these lymphocyte levels predict treatment response better than the HPV status. Other prognostic markers could include CD4+/CD8+ ratio, the circulating levels of the T cell group, the presence of infiltrating lymphocytes in the tumor microenvironment, the expression of MHC class I and the characterization of the immune response, by microarray[48]. 
It is known that CD8+ T cells play a major role in elimination of viral infection, secreting IFN and displaying cytolytic effects mediated by granzyme and perforin. CD4+ T cells also secrete IFN and instead mediate killing primarily by engagement with ligands for death receptors such as Fas or TRAIL, resulting in caspase-mediated apoptosis[49]. So, the presence of CD8 T cells in cervical lesions is associated with a favorable prognosis, with their numbers inversely correlating with tumor progression. 
On the other hand, infection with high-risk HPV genotypes compromises the activation of NK+ cells. In the case of the cervix, NK+ cells predominate in early stages of infection and in low-grade squamous intraepithelial lesions (LSIL), whereas in cases of cervical cancer, NK+ activation receptors are considerably diminished. That implies a low cytotoxic activity by the NK+, facilitating the progression of the lesion and carcinogenesis[47].
In patients with breast cancer and HPV positive breast tissue, a decrease in the NK+ cells count was observed as the severity of the disease increased, implying a failure in the cytotoxic activity performed by the cells studied. It can be observed that the presence of HPV in mammary tissue modifies the activity of the evaluated cells, at the level of the cellular immune response. 
It is well known that the incidence of cervical cancer due to HPV infection is much higher compared to non-genital cancers or oropharyngeal cancers associated with the presence of the virus, so the distribution and application of HPV vaccines for preventing cervical cancer remains as a public health priority. However, by 2008, non-genital and oropharyngeal cancers represented about 80000 new cases of cancer associated with HPV infection worldwide, implying a major health problem[50].
Evidence obtained from clinical trials indicates that current HPV vaccines can prevent HPV infections in vulva, vagina, anus and mouth, as well as pre-cancerous anogenital lesions in women, and oral and anogenital infections, and pre-cancerous lesions. in men. However, comparing the efficacy and effectiveness data of cervical infections and high-grade lesions with those types of injuries, such data are limited[50,51]. 
As yet, the implications of HPV vaccination for prevention of non-cervical cancers have not been fully explored. Some countries have recommended HPV vaccination for young males, based on the hypothesis that vaccination will prevent HPV-associated cancers in men, as well as theoretical benefits in preventing HPV transmission to women[50].
Therefore, if HPV vaccines contribute to decrease the rate of non-genital cancers, we could have a group of patients that develop breast cancer due to HPV infection, which could benefit from the use of vaccines available in the international market, which include the bivalent that protects against types 16 and 18, the tetravalent, for types 6, 11, 16 and 18, and the nonavalent, approved in 2014 for types 6, 11, 16, 18, 31, 33, 45, 52 and 58[52].

ARTICLE HIGHLIGHTS
Research background
Breast cancer is the leading cause of death among women, classified in molecular subtypes according to a genetic profile. Approximately 18% of human cancers are caused by infectious factors and it is recognized that breast cancer is strongly related to environmental factors, such as viruses, diet, radiation, among others. Human papilloma virus (HPV) have been detected in breast tumors between 0% to 86%, representing a posible risk factor, beside the host immune response might influence the prognosis of cancer patients after standard treatment.

Research motivation
It was recently suggested that HPV presence may act as a risk factor in breast cancer development, but it has not been correlated with molecular subtypes. In addition, it is important to evaluate the immune response of breast cancer patients and to be able to suggest some prognostic values that makes it possible to offer better patients treatment.

Research objectives 
The main objective is to detect HPV presence, and to characterize cellular immune response in breast cancer patients, according to the molecular subtypes. 

Research methods
The patients inclusion was done prospectively and the breast cancer molecular classification were made according to the St. Gallen International Breast Cancer Conference. HPV detection and genotyping were performed using HPV INNO-LIPA Genotyping Extra test, and lymphocyte subsets were measured by flow cytometry.

Research results
Luminal A was the most frequent breast cancer molecular subtype (33.33%), HPV was detected in 25% of the breast cancer patients and genotype 18 was the most frequent in the studied population. The mean of CD3+, CD4+ and CD8+ subsets were decreased in patients with breast cancer, respect to benign pathology, with a statistically significant difference between CD8+ values (P = 0.048). The mean of NK+ cells was increased in bening pathology group. HER2+ and Luminal B HER2+ tumors had the lowest counts of cell subsets. The HPV breast cancer patients had elevated counts of celular subsets. 

Research conclusions
It can be observed that HPV positive breast cancer tumors have a better prognosis, correlated with Luminal A subtypes and also show a better cellular immune response, specifically in relation with TCD8+ cells counts, suggesting a better response to chemotherapy and radiant treatment, as in the case of HPV positive oropharynx tumors.

Research perspectives
We suggest to evaluate the patients disease-free survival, based on HPV positivity in the tumor tissue, besides, to evaluate the viral load and HPV genome integration, the identification of HPV variants by sequencing, and the infiltrating lymphocytes in the tumor bed. As a final consideration, the experience of working with fresh samples is complex, involves a whole process of sample collection in the operating room, in addition to the management of bioethical parameters, generating the possibility of obtaining more accurate results.



REFERENCES
[bookmark: OLE_LINK3]1 World Health Organization. Available from: URL: http://www.who.int/es
[bookmark: OLE_LINK221][bookmark: OLE_LINK222]2 de Mortalidad A. Ministerio del Poder Popular para la Salud (MPPS). 2012. Available from: URL: http://www.mpps.gob.ve
3 Perou CM, Sørlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, Fluge O, Pergamenschikov A, Williams C, Zhu SX, Lønning PE, Børresen-Dale AL, Brown PO, Botstein D. Molecular portraits of human breast tumours. Nature 2000; 406: 747-752 [PMID: 10963602 DOI: 10.1038/35021093]
4 Untch M, Gerber B, Harbeck N, Jackisch C, Marschner N, Möbus V, von Minckwitz G, Loibl S, Beckmann MW, Blohmer JU, Costa SD, Decker T, Diel I, Dimpfl T, Eiermann W, Fehm T, Friese K, Jänicke F, Janni W, Jonat W, Kiechle M, Köhler U, Lück HJ, Maass N, Possinger K, Rody A, Scharl A, Schneeweiss A, Thomssen C, Wallwiener D, Welt A. 13th st. Gallen international breast cancer conference 2013: primary therapy of early breast cancer evidence, controversies, consensus - opinion of a german team of experts (zurich 2013). Breast Care (Basel) 2013; 8: 221-229 [PMID: 24415975 DOI: 10.1159/000351692]
5 Yersal O, Barutca S. Biological subtypes of breast cancer: Prognostic and therapeutic implications. World J Clin Oncol 2014; 5: 412-424 [PMID: 25114856 DOI: 10.5306/wjco.v5.i3.412]
6 Cintra JR, Teixeira MT, Diniz RW, Gonçalves Junior H, Florentino TM, Freitas GF, Oliveira LR, Neves MT, Pereira T, Guerra MR. Immunohistochemical profile and clinical-pathological variables in breast cancer. Rev Assoc Med Bras (1992) 2012; 58: 178-187 [PMID: 22569612 DOI: 10.1590/S0104-42302012000200013]
7 Fritz M, Speroff L. Endocrinología ginecológica clínica y esterilidad. 8th ed. Wolters Kluwer Health España SA, editor. España: Lippincott Williams & Wilkins; 2012
8 Zhang N, Ma ZP, Wang J, Bai HL, Li YX, Sun Q, Yang L, Tao L, Zhao J, Cao YW, Li F, Zhang WJ. 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 [PMID: 27508043]
9 Zhou Y, Li J, Ji Y, Ren M, Pang B, Chu M, Wei L. Inconclusive role of human papillomavirus infection in breast cancer. Infect Agent Cancer 2015; 10: 36 [PMID: 26504492 DOI: 10.1186/s13027-015-0029-6]
10 Wang YW, 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 [PMID: 29423411 DOI: 10.1155/2017/6315392]
11 Egawa N, Egawa K, Griffin H, Doorbar J. Human Papillomaviruses; Epithelial Tropisms, and the Development of Neoplasia. Viruses 2015; 7: 3863-3890 [PMID: 26193301 DOI: 10.3390/v7072802]
12 Hooley E, Fairweather V, Clarke AR, Gaston K, Brady RL. The recognition of local DNA conformation by the human papillomavirus type 6 E2 protein. Nucleic Acids Res 2006; 34: 3897-3908 [PMID: 16914454 DOI: 10.1093/nar/gkl466]
13 Kim ST, Jeong H, Woo OH, Seo JH, Kim A, Lee ES, Shin SW, Kim YH, Kim JS, Park KH. Tumor-infiltrating lymphocytes, tumor characteristics, and recurrence in patients with early breast cancer. Am J Clin Oncol 2013; 36: 224-231 [PMID: 22495453 DOI: 10.1097/COC.0b013e3182467d90]
14 Nieto-Velázquez NG, Torres-Ramos YD, Muñoz-Sánchez JL, Espinosa-Godoy L, Gómez-Cortés S, Moreno J, Moreno-Eutimio MA. Altered Expression of Natural Cytotoxicity Receptors and NKG2D on Peripheral Blood NK Cell Subsets in Breast Cancer Patients. Transl Oncol 2016; 9: 384-391 [PMID: 27641642 DOI: 10.1016/j.tranon.2016.07.003]
15 Huang Y, Ma C, Zhang Q, Ye J, Wang F, Zhang Y, Hunborg P, Varvares MA, Hoft DF, Hsueh EC, Peng G. CD4+ and CD8+ T cells have opposing roles in breast cancer progression and outcome. Oncotarget 2015; 6: 17462-17478 [PMID: 25968569 DOI: 10.18632/oncotarget.3958]
16 Rojas-Pandales F, Bolaños N, Mercado M, González JM, Cuéllar A, Cifuentes-Rojas C. Valores de referencia de células asesinas naturales (NK y NKT) en donantes de sangre de Bogotá. Acta Med Col 2007; 32: 124-128
17 Carvalho MI, Pires I, Prada J, Queiroga FL. A role for T-lymphocytes in human breast cancer and in canine mammary tumors. Biomed Res Int 2014; 2014: 130894 [PMID: 24672781 DOI: 10.1155/2014/130894]
18 Jia Y, Xu L, Lin Q, Zhu M, Ding L, Wu K, Lu Y. Levels of lymphocyte subsets in peripheral blood prior treatment are associated with aggressive breast cancer phenotypes or subtypes. Med Oncol 2014; 31: 981 [PMID: 24798876 DOI: 10.1007/s12032-014-0981-9]
19 Kamińska M, Ciszewski T, Łopacka-Szatan K, Miotła P, Starosławska E. Breast cancer risk factors. Prz Menopauzalny 2015; 14: 196-202 [PMID: 26528110 DOI: 10.5114/pm.2015.54346]
20 Anderson BO, Yip CH, Smith RA, Shyyan R, Sener SF, Eniu A, Carlson RW, Azavedo E, Harford J. Guideline implementation for breast healthcare in low-income and middle-income countries: overview of the Breast Health Global Initiative Global Summit 2007. Cancer 2008; 113: 2221-2243 [PMID: 18816619 DOI: 10.1002/cncr.23844]
21 Uribe JR, Hernández CA, Melonascino F, Rodríguez JE, Istúriz L, Márquez M, Rodríguez R, Uribe JL. Clasificación molecular del cáncer de mama y su correlación clínica. Rev Venez Oncol 2010; 22: 109-116
[bookmark: OLE_LINK223]22 López M, Pesci-Feltri A, García I, Guida V, Fernandes A, Blanch R. Factores de riesgo y protectores asociados al cáncer de mama. Rev Venez Oncol 2017; 29: 102-111
23 Martin AM, Weber BL. Genetic and hormonal risk factors in breast cancer. J Natl Cancer Inst 2000; 92: 1126-1135 [PMID: 10904085 DOI: 10.1093/jnci/92.14.1126]
24 Vogel VG. Management of the high-risk patient. Surg Clin North Am 2003; 83: 733-751 [PMID: 12875593 DOI: 10.1016/S0039-6109(03)00030-6]
25 Khan NA, Castillo A, Koriyama C, Kijima Y, Umekita Y, Ohi Y, Higashi M, Sagara Y, Yoshinaka H, Tsuji T, Natsugoe S, Douchi T, Eizuru Y, Akiba S. Human papillomavirus detected in female breast carcinomas in Japan. Br J Cancer 2008; 99: 408-414 [PMID: 18648364 DOI: 10.1038/sj.bjc.6604502]
26 de León DC, Montiel DP, Nemcova J, Mykyskova I, Turcios E, Villavicencio V, Cetina L, Coronel A, Hes O. Human papillomavirus (HPV) in breast tumors: prevalence in a group of Mexican patients. BMC Cancer 2009; 9: 26 [PMID: 19161629 DOI: 10.1186/1471-2407-9-26]
27 Herrera-Goepfert R, Khan NA, Koriyama C, Akiba S, Pérez-Sánchez VM. 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 [PMID: 21146410 DOI: 10.1016/j.breast.2010.11.006]
28 Manzouri L, Salehi R, Shariatpanahi S, Rezaie P. Prevalence of human papilloma virus among women with breast cancer since 2005-2009 in Isfahan. Adv Biomed Res 2014; 3: 75 [PMID: 24627883 DOI: 10.4103/2277-9175.125873]
29 Piana AF, Sotgiu G, Muroni MR, Cossu-Rocca P, Castiglia P, De Miglio MR. HPV infection and triple-negative breast cancers: an Italian case-control study. Virol J 2014; 11: 190 [PMID: 25413873 DOI: 10.1186/s12985-014-0190-3]
30 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 Agent Cancer 2011; 6: 7 [PMID: 21699721 DOI: 10.1186/1750-9378-6-7]
31 Kan CY, Iacopetta BJ, Lawson JS, Whitaker NJ. Identification of human papillomavirus DNA gene sequences in human breast cancer. Br J Cancer 2005; 93: 946-948 [PMID: 16222323 DOI: 10.1038/sj.bjc.6602778]
32 Heng B, Glenn WK, Ye Y, Tran B, Delprado W, Lutze-Mann L, Whitaker NJ, Lawson JS. Human papilloma virus is associated with breast cancer. Br J Cancer 2009; 101: 1345-1350 [PMID: 19724278 DOI: 10.1038/sj.bjc.6605282]
33 Antonsson A, Spurr TP, Chen AC, Francis GD, McMillan NA, Saunders NA, Law M, Bennett IC. High prevalence of human papillomaviruses in fresh frozen breast cancer samples. J Med Virol 2011; 83: 2157-2163 [PMID: 22012724 DOI: 10.1002/jmv.22223]
34 Glenn WK, Heng B, Delprado W, Iacopetta B, Whitaker NJ, Lawson JS. Epstein-Barr virus, human papillomavirus and mouse mammary tumour virus as multiple viruses in breast cancer. PLoS One 2012; 7: e48788 [PMID: 23183846 DOI: 10.1371/journal.pone.0048788]
35 Lawson JS, Glenn WK, Salyakina D, Delprado W, Clay R, Antonsson A, Heng B, Miyauchi S, Tran DD, Ngan CC, Lutze-Mann L, Whitaker NJ. Human Papilloma Viruses and Breast Cancer. Front Oncol 2015; 5: 277 [PMID: 26734565 DOI: 10.3389/fonc.2015.00277]
36 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 [PMID: 20740311 DOI: 10.1007/s10549-010-1128-0]
37 Chera B, Wang K, Monroe A, Galloway T, Amdur R, Hayes DN, Zevallos J, Mendenhall WM. Truth or myth: Definitive chemoradiotherapy doesn't work for HPV/p16 negative oropharyngeal squamous cell carcinoma? Oral Oncol 2017; 65: 125-126 [PMID: 27993466 DOI: 10.1016/j.oraloncology.2016.12.001]
38 Vieira VC, Leonard B, White EA, Starrett GJ, Temiz NA, Lorenz LD, Lee D, Soares MA, Lambert PF, Howley PM, Harris RS. Human papillomavirus E6 triggers upregulation of the antiviral and cancer genomic DNA deaminase APOBEC3B. MBio 2014; 5: [PMID: 25538195 DOI: 10.1128/mBio.02234-14]
39 Ohba K, Ichiyama K, Yajima M, Gemma N, Nikaido M, Wu Q, Chong P, Mori S, Yamamoto R, Wong JE, Yamamoto N. 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 [PMID: 24858917 DOI: 10.1371/journal.pone.0097787]
40 Henderson S, Chakravarthy A, Su X, Boshoff C, Fenton TR. APOBEC-mediated cytosine deamination links PIK3CA helical domain mutations to human papillomavirus-driven tumor development. Cell Rep 2014; 7: 1833-1841 [PMID: 24910434 DOI: 10.1016/j.celrep.2014.05.012]
41 Kajitani K, Tanaka Y, Arihiro K, Kataoka T, Ohdan H. Mechanistic analysis of the antitumor efficacy of human natural killer cells against breast cancer cells. Breast Cancer Res Treat 2012; 134: 139-155 [PMID: 22261932 DOI: 10.1007/s10549-011-1944-x]
42 Verma C, Kaewkangsadan V, Eremin JM, Cowley GP, Ilyas M, El-Sheemy MA, Eremin O. Natural killer (NK) cell profiles in blood and tumour in women with large and locally advanced breast cancer (LLABC) and their contribution to a pathological complete response (PCR) in the tumour following neoadjuvant chemotherapy (NAC): differential restoration of blood profiles by NAC and surgery. J Transl Med 2015; 13: 180 [PMID: 26040463 DOI: 10.1186/s12967-015-0535-8]
43 Tsavaris N, Kosmas C, Vadiaka M, Kanelopoulos P, Boulamatsis D. Immune changes in patients with advanced breast cancer undergoing chemotherapy with taxanes. Br J Cancer 2002; 87: 21-27 [PMID: 12085250 DOI: 10.1038/sj.bjc.6600347]
44 Vitlic A, Lord JM, Phillips AC. Stress, ageing and their influence on functional, cellular and molecular aspects of the immune system. Age (Dordr) 2014; 36: 9631 [PMID: 24562499 DOI: 10.1007/s11357-014-9631-6]
45 Giefing-Kröll C, Berger P, Lepperdinger G, Grubeck-Loebenstein B. How sex and age affect immune responses, susceptibility to infections, and response to vaccination. Aging Cell 2015; 14: 309-321 [PMID: 25720438 DOI: 10.1111/acel.12326]
46 Stanley MA, Sterling JC. Host responses to infection with human papillomavirus. Curr Probl Dermatol 2014; 45: 58-74 [PMID: 24643178 DOI: 10.1159/000355964]
47 Song D, Li H, Li H, Dai J. Effect of human papillomavirus infection on the immune system and its role in the course of cervical cancer. Oncol Lett 2015; 10: 600-606 [PMID: 26622540 DOI: 10.3892/ol.2015.3295]
48 Andersen AS, Koldjaer Sølling AS, Ovesen T, Rusan M. The interplay between HPV and host immunity in head and neck squamous cell carcinoma. Int J Cancer 2014; 134: 2755-2763 [PMID: 23913554 DOI: 10.1002/ijc.28411]
49 Hibma MH. The immune response to papillomavirus during infection persistence and regression. Open Virol J 2012; 6: 241-248 [PMID: 23341859 DOI: 10.2174/1874357901206010241]
50 Taylor S, Bunge E, Bakker M, Castellsagué X. The incidence, clearance and persistence of non-cervical human papillomavirus infections: a systematic review of the literature. BMC Infect Dis 2016; 16: 293 [PMID: 27301867 DOI: 10.1186/s12879-016-1633-9]
51 Guo T, Eisele DW, Fakhry C. The potential impact of prophylactic human papillomavirus vaccination on oropharyngeal cancer. Cancer 2016; 122: 2313-2323 [PMID: 27152637 DOI: 10.1002/cncr.29992]
52 Sabeena S, Bhat PV, Kamath V, Arunkumar G. Global human papilloma virus vaccine implementation: An update. J Obstet Gynaecol Res 2018; 44: 989-997 [PMID: 29517117 DOI: 10.1111/jog.13634]
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK68][bookmark: OLE_LINK115][bookmark: OLE_LINK93][bookmark: OLE_LINK96][bookmark: OLE_LINK140][bookmark: OLE_LINK112][bookmark: OLE_LINK161][bookmark: OLE_LINK174][bookmark: OLE_LINK183][bookmark: OLE_LINK194][bookmark: OLE_LINK173][bookmark: OLE_LINK192][bookmark: OLE_LINK224][bookmark: OLE_LINK243][bookmark: OLE_LINK337][bookmark: OLE_LINK212][bookmark: OLE_LINK244][bookmark: OLE_LINK214]P-Reviewer: Fruehauf JP,   Jeong KY, Yildirim M S-Editor: Ma YJ L-Editor:   E-Editor:

Specialty type: Oncology
Country of origin: Venezuela
Peer-review report classification
Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C, C
Grade D (Fair): 0
Grade E (Poor): 0





Table 1 Demographic characteristics for the breast cancer and benign pathology groups
	[bookmark: OLE_LINK4]
	Breast cancer (n =  48)
	Benign pathology (n = 26)
	P value1

	Mean age (yr)
	57.79 ± 14.13 (Range: 31-85)
	32.54 ± 11.63 (Range: 14-60)
	0.000

	Menarche (yr)
	12.42 ± 1.67 (Range: 9-16)
	12.62 ± 1.69 (Range: 9-17)
	0.763

	Term pregnancy
	2.63 ± 2.27 (Range: 0-11)
	1.50 ± 1.55 (Range: 0-5)
	0.066

	Sexual partners
	1.98 ± 1.15 (Range: 0-5)
	1.76 ± 1.09 (Range: 1-3)
	0.750

	Oral contraceptives
	47.92% 
	65.38%
	0.352

	Tobacco
	50.00%
	11.53%
	0.002

	Alcohol
	47.92%
	46.15%
	0.678

	Breast cancer family history
	37.50%
	19.23%
	0.199


1Breast cancer group vs benign pathology group.



Table 2 Mean absolute values for the cellular subsets in the breast cancer and bening patholgy groups
	
	Breast cancer (cel/mm3)
	Benign pathology (cel/mm3)
	P value1

	TCD3+
	1517.95 ± 666.23
	1861.68 ± 760.52
	0.102

	TCD4+
	888.73 ± 445.18
	974.01 ± 390.17
	0.504

	TCD8+
	551.34 ± 284.35
	764.54 ± 431.10
	0.048

	CD4+/CD8+
	1.94 (range: 0.59 – 6.33)
	1.57 (range: 0.64 – 4.36)
	0.271


1Breast cancer group vs benign pathology group.

Table 3 Correlations between the breast cancer molecular subtypes and the cellular subtypes
	
	CD4+ (cel/mm3)
	CD8+ (cel/mm3)
	NK+ (cel/mm3)

	Luminal A
	916 ± 358.81
	645 ± 299.91
	1064 ± 455.61

	Luminal B HER2-
	877 ± 494.16
	544 ± 273.04
	1120 ± 818.37

	Luminal B HER2+
	914 ± 318.73
	491 ± 208.07
	926 ± 500.35

	HER2+
	680 ± 444.86
	426 ± 319.13
	834 ± 836.75

	TN
	992 ± 568.02
	483 ± 214.90
	1183 ± 837.52

	P value1
	0.842
	0.527
	0.912


1Between breast cancer molecular subtypes.



Table 4 Correlations between the breast cancer human papilloma virus status and the cellular subtypes
	
	HPV+ (n = 14)
	HPV- (n = 34)
	P value1

	CD3+ (cel/mm3)
	1832.12 ± 537.08
	1399.56 ± 665.69
	0.563

	CD4+ (cel/mm3)
	1139.92 ± 416.84
	796.56 ± 416.84
	0.091

	CD8+ (cel/mm3)
	630.66 ± 271.00
	518.58 ± 281.53
	0.748

	CD4+/CD8+
	2.11 (range: 0.71–4.17)
	1.88 (range: 0.59–6.33)
	0.029

	NK+ (cel/mm3)
	1350.21 ± 736.79
	950.47 ± 634.35
	0.082


1HPV+ vs HPV-. HPV: Human papilloma virus.

