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			“On November 17th, 2020, the World Health Organization (WHO) launched the Global strategy to accelerate the elimination of cervical cancer as a public health problem, with a resolution passed by 194 countries.


			Worldwide leaders, survivors, advocates, partners, and stakeholders will call for action to eliminate cervical cancer through dialogue. Together, we will share stories and educational resources to screen, prevent, treat, and ultimately eliminate cervical cancer.


			Together, we are reminding the world that everyone can contribute, every community matters, and every country can eliminate cervical cancer.”


			“This November 17th, the countdown to elimination a cancer continues!”


			(Available on March 14, 2024, at: https://www.who.int/news-room/fact-sheets/detail/cervical-cancer)


		


	

		

			FRONT COVER FIGURES LEGENDS


			Immunofluorescence method using specific antibodies to detect antigens of interest in CHO (Chinese hamster ovarium) lineage cells expressing the L1 protein (green), cellular cytoskeleton represented by the filamentous actin protein (red), visualized by Confocal Microscopy (left). HPV16 VLPs L1/L2 (green) prepared by Negative Staining and image was obtained by Transmission Electron Microscopy (right). Procedures and images by Aurora M. Cianciarullo, Brazil.


			Transmission Electron Microscopy of Plantar Wart prepared by conventional ultrathin sectioning. HPV particles (brown) are shed from the skin surface (blue), when released; they infect healthy areas of the carrier or healthy individuals through physical contact. The image colors were artificially assigned. Original magnification: 30.000 xs. Micrograph and coloration by Klaus Boller, Germany, use kindly authorized.


			Immunofluorescence of CaSki Cell Line [ATCC – 1550] during mitosis showing the HPV E6 oncoprotein expression (Green) from Human Papilloma Virus, Nuclear DNA (Red) and Transferrin molecules (Blue). Procedures and images by Aurora M. Cianciarullo, Brazil.


			CaSki is an epithelial cell line isolated from cervical cancer. This cell was transformed into carcinogenic established cell line by both, HPV16 and HPV18. CaSki cells have been reported to contain an integrated human papillomavirus 16 genome (HPV16 about 600 copies per cell) and HPV18 related sequences (ECACC - European Collection of Authenticate Cell Cultures. Available at https://www.culturecollections.org.uk).


		


	

		

			Presentation


			The body’s cells are constantly attacked by various environmental and congenital circumstances, which cause cell damage. Although minor damage is repairable, extensive damage poses a potential oncogenic hazard. Thus, for the benefit of the organism, this requires the eradication of potentially fatal cells, which is often achieved through the activation of a cell death program called apoptosis (Aylon & Oren, 2007; Cianciarullo & Kavati, 2014). In this way, cells are constantly faced with an arduous decision to repair and live or die. Defects in this decision-making process can lead to cancer and stimulate reflections on the deregulation mechanisms involved, which can lead to the elaboration of more effective therapeutic strategies. Aneuploidy, often preceded by tetraploidy, is one of the hallmarks of solid tumors. Indeed, both aneuploidy and tetraploidy are sufficient oncogenic occurrences to lead to neoplastic transformation and cancer progression. The p53 protein is tumor suppressor and acts as the main cellular defense against cancer. It obstructs the propagation of dangerous chromosomal events, by instigating the irreversible arrest of the cell cycle, that is, by stimulating apoptosis and the consequent death of potentially tumor cells (Aylon & Oren, 2007).


			Tumor immune escape has emerged as the most significant barrier to cancer therapy. A thorough understanding of tumor immune escape therapy mechanisms is critical to further improve clinical treatment strategies. Current research indicates that combining various immunotherapies can increase anti-tumor efficacy and encourage T cells to play a more active role in the immune attack. To generate a more substantial therapeutic impact, it can establish an ideal tumor microenvironment (TME), stimulate T cells to play a role, prevent reversal of T cell immune function, and minimize tumor immune tolerance (Aktar et al., 2022).


			Cancer as the second leading cause of death arises from a multifactorial pathology. The association of the microbiota and its products with various pathological conditions including cancer has received significant attention in recent years. The human microbiota has become an emerging target in the onset, progression, prevention and even diagnosis of tumors. Thus, the modulation of this composition can influence the response to tumor therapy and therapeutic resistance (Bagheri et al., 2022). A recent study provided the good news about the stability and therapeutic effect of chloroquine phosphate gel on human condyloma acuminata (CA) caused by low-risk human papillomavirus, HPV6 and HPV11. In fourteen days after treatment, it was stable and effective against CA, possibly through the promotion of p53 protein expression to induce apoptosis, leading to the involution of warts (Li et al., 2023a).


			The diverse types of cancer are generally attributed to gene mutations, whether due to environmental factors, however, the human papillomavirus (HPV) participates in genital, oropharyngeal and skin cancers (Vashisht et al., 2019). Cervical cancer is unique among human cancers because it was the first cancer discovered to be virtually solely attributable to the effects of an infectious agent. The recognition that the HPV virus is the main etiological factor of cervical neoplasia began in the 1970s, but the first observations that associated warty skin or mucous lesions with an infectious agent began in the 1920s. It is known that, in 1933, Shope and Hurst identified the first Papillomavirus (PV) in the wart lesions of rabbits, confirming the suspicion of the infectious etiology of wart lesions in animal species (Thomison et al., 2008).


			The papillomaviruses are a highly diverse family of nonenveloped viruses that have been found in almost all examined vertebrate species, including mammals, reptiles, and birds (de Villiers et al., 2004; Seedorf et al., 1985).


			There are approximately 200 types of HPV described, of which 40 types are associated with the genital tract and there are at least 12 high-risk types of HPV associated with the development of cancer, more specifically types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59, which express the viral oncogenes E6 and E7, with cell transformation and immortalization properties (Sanjosé et al., 2018; Vashisht et al., 2019). Interestingly, isolated from the viral genome these oncoproteins are not capable of triggering the oncogenetic process (Karanam et al., 2009).


			Studies on HPV are highly relevant due to the severity of pathologies associated with the virus. While HPV infects the cutaneous epithelium and usually results in wart or wart formation, as with low-risk mucosal HPV types 6 and 11 associated with genital warts (Schwarz et al., 1983; Lacey et al., 2006; Flores-Díaz et al., 2017a, 2017b), high-risk HPVs (HR-HPV) are associated with the development of cancer (Cubie, 2013; Trimble, 2014; Doorbar et al., 2015). The correlation between HPV infection and cancer was established approximately 40 years ago, when HPV16 DNA was found in a considerable proportion of cervical cancer biopsies (Durst et al., 1983; Cianciarullo et al., 2020, 2022). An important study identified several genes that are coordinately deregulated in cervical cancer, likely representing common signaling pathways triggered by HPV transformation. These data obtained with highly purified primary tumor cultures highlight novel molecular features of human cervical cancer and provide a basis for the development of new type-specific diagnostic and therapeutic strategies for this disease (Santin et al., 2005).


			The most prevalent high-risk types of anogenital cancer in the population are HPV16 and HPV18. HPV16 is present in 50% of cervical cancer biopsies and HPV18 in 20%. Most infected people manage to eliminate the virus naturally, however, a minority of approximately 5% of those infected develop the disease and even treated they have a recurrence, that is, a persistent infection, difficult to eliminate with the conventional treatments available, leading to the progression of lesions intraepithelial and cancer. The viral load and the viral types of presents are fundamental cofactors for the manifestation of cancer, often associated with low immunity, being a smoker and/or HIV-positive, among other possibilities (Sanjosé et al., 2018).


			About 600,000 new cases of cervical cancer are registered each year in the world, with around 19,200 new cases occurring annually in Brazil. Approximately 6,500 Brazilian women die annually due to high-risk HPV infection (INCA, 2020).


			The difficulty in obtaining viable amounts of wild-type or mutant HPV greatly limits studies of many aspects of papillomavirus (PV) biology. In order to overcome these limitations, the implantation of the production of virus-like particles (VLP), containing the two capsid proteins of HPV16, the main protein L1 and the secondary protein L2 – VLP L1/L2 of HPV16, produced in cultures of human epithelial cells of the established lineage HEK 293T in laboratory pilot scale, through transient cell transfection with pUF3 expression vectors containing the complete genes of the L1 and L2 proteins, has allowed to advance in the knowledge about viral biology (Cianciarullo et al., 2010, 2020, 2022).


			Despite of so many advances in scientific knowledge about HPV, there are still doubts about viral latency. It is currently argued that there are more questions than answers on the subject. The ability of HPV to establish infections in human epithelial sites, undetectable by most routine molecular diagnostic tests, is undeniable. However, there is disagreement regarding the status of negative test and positive infection that is exceptionally low viral copy latency or persistence. Still, how common is it at anogenital or oropharyngeal sites in people, and what risk of HPV-associated cancer this state of infection confers on an individual throughout life (Stanley, 2021).


			The study on the pathogen-host cell interaction benefited from obtaining minimum viable amounts of VLP, in the search for alternative ways of HPV infection. Human peripheral blood mononuclear cells internalized the virus-like particles (VLP) produced in the laboratory, making it possible to demonstrate that HPV16 can infect lymphocytes via the transferrin receptor, through the ex vivo study of the VLP-host cell interaction (Cianciarullo et al., 2010, 2020, 2022; Kavati et al., 2017). It was possible to observe that HPV16 can use the endocytic iron pathway and transcytosis to infect T lymphocytes (CD4+ and CD8+) and B lymphocytes (CD20+) of human peripheral blood, through the transferrin receptor, mediated by clathrin (Cianciarullo et al., 2020, 2022).


			Another study demonstrated the presence of E6 in mitochondria in cells of established lineages, transformed by HPV, suggesting anti-apoptogenic activity of the E6 oncoprotein. The information obtained experimentally favored the development of a prophylactic and therapeutic HPV16 L2/E6 DNA vaccine prototype, capable of inducing humoral and cellular immune response in mice challenged with TC-1 cells of tumor lineage, inducing tumor regression, and protecting against new infections, due to the satisfactory titer of serum antibodies detected in the blood (Cianciarullo & Sasaki, 2019, 2022). Another proposal under study refers to a prophylactic vaccine with a broad spectrum of protection, HPV16 L1/L2, capable of inducing a protective immune response in mice (Cianciarullo et al., 2022; Sakauchi et al., 2021).


			We also highlight the potential transient idiopathic infertility, recently attributed to HPV in addition to cancer, as another relevant aspect of HPV infection, reinforcing the need to develop more effective ways to combat the virus (Depuydt et al., 2016, 2018, 2019; Moghimi et al., 2019). In this line of reasoning, new more sensitive High-risk HPV detection tests are being developed, in parallel with research into new vaccines and new biopharmaceuticals that are more effective than the current ones. These tests can be considered efficient auxiliaries in the screening of infected people, to speed up the process, as the patients themselves can collect samples at home, that is, in the option of self-sampling of HPV for those who do not have access to conventional screening (Auvinen et al., 2022; Clarke et al., 2022; Sy et al., 2022). A recent and promising example concerns testing using an mRNA-based assay (messenger RNA), capable of detecting high-risk HPV at more than twice the rate detected by regular screening. HPV self-sampling using the HPV mRNA test appears to be a viable approach to improve adherence, particularly to cervical cancer screening, and the effectiveness of screening in a high-risk population (Auvinen et al., 2022; Cianciarullo et al., 2022).


			World Science Day for Peace and Development created by the UN (United Nations) to promote public awareness about its applicability in everyday life is celebrated on November 10 annually. The date aims to mobilize people around the topic of science, remembering that scientific advances must find solutions to new economic, social, and environmental challenges, in addition to helping to build a sustainable future for everyone. The advances seen in different areas of science, with a significant impact on people’s lives, as is the case with the development of mRNA vaccines against Covid-19, awarded the 2023 Nobel Prize in Medicine to scientists Katalin Karikó and Drew Weissman, with the studies on modifications of nucleotide bases. Other promising scientific advances in recent times are related to the development of new vaccines against cancer, new applications of artificial intelligence in health, or a better understanding of the universe (National Geographic, 2023). This new and promising technology is being applied to develop vaccines against many other antigens, as well as, to HPV (Grunwitz et al., 2019; Ladak et al., 2022; Ramos da Silva et al., 2023).


			The Brazilian Ministry of Health announced in March 2024 the incorporation into the SUS (Unified Health System) of a new HPV test that can anticipate the diagnosis of cancer by up to 10 years. This innovative method that uses molecular testing to detect the virus and screen for cervical cancer was developed by a gynecologist and his team of researchers from the State University of Campinas, SP-Brazil (Teixeira et al., 2023).


			According to Teixeira, the technology allows testing to occur only every five years, a longer interval than Pap smear screening, every one to three years, according to clinical recommendation. Furthermore, it is a machine-made method, whose margin of error is close to zero, unlike the Pap smear, which goes through many stages with human interference during processing. The relationship between HPV infection and cancers of the cervix, mouth, skin, vulva, penis, and anus can also be better addressed by combining the new testing method with early vaccination in adolescents up to 15 years of age. Current data indicate that every day 16 women die from cervical cancer in Brazil, one every 82 minutes, with an average age of 45 years. This could be avoided! (Teixeira et al., 2023).


			A recent study analyzed population-based observational using linked screening, immunization, and cancer registry data from Scotland to assess the influence of age, number of doses, and deprivation on the incidence of invasive disease following administration of the bivalent vaccine, concluding that bivalent vaccine prevents the development of invasive cervical cancer and that even 1 or 2 doses 1 month apart confer benefit if given at 12-13 years of age. At older ages, three doses are required for statistically significant vaccine effectiveness. Women from more deprived areas benefit more from vaccination than those from less deprived areas (Palmer et al., 2024).


		


	

		

			1. HPV STRUCTURE


			There is a striking structural similarity between Bovine papillomaviruses (BPV-1) and HPV-1, consisting of an icosahedral capsid measuring around 55-60 nm (nanometers) in diameter and 2 nm thick, devoid of an envelope. The capsid surrounds the single circular double-stranded DNA molecule of approximately 8,000 base pairs associated with histones to form a mini chromosome (Figure 1). The capsid is formed by 72 projections of capsomeres (T=7) concave and arranged radially at a maximum height of 5.8 nm. A cylindrical channel, approximately 2.8 nm in diameter, extends along the axis of each capsomer from the interior of the virus. The intercapsomer contact system is indistinguishable between BPV-1 and HPV-1, suggesting that the capsid structure of these viral particles is well conserved evolutionarily (Baker et al., 1991; Modis et al., 2002; Nooraei et al., 2021). Based on high-resolution Cryo-EM analysis of HPV16, it was identified minor structural protein L2, and it was observed capsid flexibility. These findings suggested that papillomavirus capsids are dynamic and capsomers move as rigid bodies connected by flexible linkers. The resulting virus structure will provide a framework for continuing biochemical, genetic, and biophysical research for papillomaviruses, permitting insight into the resolution barrier that has previously been a limitation in papillomavirus structural studies (Goetschius et al., 2021). According to the proposal of the Papillomavirus Reference Center, DKFZ-Heidelberg, Germany, HPV16 and HPV18 belong to the genus Alpha-Papillomavirus, with HPV16 of species 9 and type-species HPV16 (K02718) and HPV18 of species 7 and type-species HPV18 (X05015), designation given only after isolation and characterization of the complete genome, as in these high-risk HPVs (De Villiers et al., 2004).


			Papillomaviruses (PV) represent the most complex group of human pathogenic viruses. About two hundred genotypes have already been fully characterized and among them there are forty types that infect the genital tract, with around twelve specific types, most notably human papillomaviruses that are known to be related to cervical cancer, among them the most prevalent in the population are HPV16, HPV18, HPV31 and HPV45 (Viarisio et al., 2017; Sanjosé et al., 2018; Vashisht et al., 2019; Papillomavirus Episteme (PaVE); http://pave.niaid.nih.gov/). The viral oncogenes E6 and E7 are required for the initiation and maintenance of the malignant phenotype in HPV-positive cancers, but they do not do so alone. The proteins encoded by these genes are multifunctional and interfere with important proteins that regulate the cell cycle (Kim & Yang, 2006; Gammoh et al., 2006).


			The genetic material of an HPV virion is defined as a double-stranded circular DNA molecule, approximately 8 Kbps in size (Graham, 2010). This molecule is known to encode eight well-defined Open Reading Frames (ORFs) that give rise to their corresponding proteins. The categorization of ORFs is based on their spatiotemporal expression pattern during the viral life cycle, resulting in the generation of three main genomic regions named as early, late and two non-coding segments (long control region, LCR and non-coding region, NCR) (Finnem et al., 2003; Wang & Roden, 2013). In all papillomaviruses, these 3 regions are segregated by 2 polyadenylation sites: early pA (AE) and late pA (AL) sites. Starting at the 5’ end, the early region occupies more than 50% of the papillomavirus genome, while 40% is covered by the late region, which is located below the early region. The LCR region (850 bp) occupies the remaining 10% of the area (Finnem et al., 2003). Early and late regions are known to encode early proteins (E1, E2, E4, E5, E6 and E7) and late proteins (L1 and L2), respectively. LCR does not encode any protein but carries the origin of replication along with multiple binding sites for a transcription factor that plays an essential role in regulating RNA polymerase II-mediated transcription, initiating from viral promoters located in regions early and late (Finnem et al., 2003; Graham, 2010; Wang & Roden, 2013; Vashisht et al., 2019). The genomic arrangement of HPV is represented in Figure 1.


			Figure 1


			Diagram of the HPV genome illustrating the distribution of non-structural genes of early expression E (E1, E2, E4, E5, E6 and E7)
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			Note. Early ORFs, of structural genes of late expression L (L1 and L2) – Late ORFs, and early regulatory region – LCR. The arrangements of proteins L1 (Molecular Weight of 55 kDa) and L2 (Molecular Weight of 64-78 kDa) in the capsid of HPV are composed of 360 molecules of L1, structured in 72 pentamers and 72 molecules of L2, integrated in the icosahedral form with approximately 55-60 nm in diameter. Adapted from Vashisht et al., 2019; Cianciarullo et al., 2022.


			Early expression proteins play a regulatory role and as the name suggests, they are transcribed early in the virus life cycle. The HPV genome has six ORFs in the initial region, each one encoding a specific protein. Previously, two other ORFs, E3 and E8, were also allocated to this region, but as the E8 ORF was only proven to encode one fused protein, an E8^E2C fusion (a negative regulator of viral transcription and replication), these ORFs were consecutively deleted. The E1 protein is the viral protein involved in the regulation of virus replication and transcription (Wang & Roden, 2013; Vashisht et al., 2019). The complete E2 protein is an important regulatory protein for HPV replication and transcription (Wang & Roden, 2013; Vashisht et al., 2019). The E4 protein has the specific ORF, lies within the larger E2 ORF, and varies considerably in size between different PV types (Võsa et al., 2012; Vashisht et al., 2019). The E5 protein is encoded by many animal and human papillomaviruses. E5 and E6 function as oncoproteins and facilitate immune evasion. E6 and E7 proteins are multifunctional. The E6 protein also plays a role in the transcriptional activation of p53 triggered by cell damage and other functions mediated by HR-HPV E6 include telomerase activation, polarity, impairing cell adhesion and epithelial differentiation. E6 even acts on the alteration of G protein signaling, reducing the immunological recognition of cells infected by HPV. The E7 protein maintains the viral genome and tumor development (Vashisht et al., 2019).


			Papillomaviruses are classified into three categories, as shown in Table 1, and this classification is based on the genetic sequence of the viral capsid L1 protein (Alpha-, Beta-, Gamma-, Mu- and Nu-papillomavirus), oncogenic potential (Low-risk HPV and high-risk HPV) and source of origin (Cutaneous-tropic HPV and Mucosal-tropic HPV) (Vashisht et al., 2019).


			Table 1


			Classification of human papillomavirus based on L1 variation, oncogenic potential, and source of origin
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			Note. Adapted from Vashisht et al., 2019.


		


	

		

			2. HPV INFECTION – NATURAL HISTORY


			Epidemiological and natural history studies have contributed with valuable information for the definition of prevention strategies for cervical cancer and other cancers induced by HPV. Evidence regarding the burden of human papillomavirus infections worldwide and the contributions of individual HPV types to the spectrum of cervical cell changes ranging from normal cytology to invasive cervical cancer are reviewed. In the context of HPV infections, it is also important to consider other relevant topics that influence the infection and its transmission. New data on sexual behavior patterns, including the impact of migration across populations, highlight the complexity of HPV transmission and the diagnosis of cervical cancer. Natural history research is focusing on detailed aspects of viral and host interactions, such as viral persistence and duration of infections, identification of intermediate biomarkers, and the notion of viral latency (Bosch et al., 2008).


			Genital human papillomavirus infection is highly prevalent in sexually active young women. However, precise risk factors for HPV infection and its incidence and duration were not well established until 1998, when a detailed study was conducted by researchers from the Albert Einstein Cancer Center, NY-USA. Briefly, they followed up 608 college women at six-month intervals for three years. This study provided significant information collected at each visit on lifestyle and sexual behavior. Cervicovaginal wash samples were collected for detection of HPV DNA by polymerase chain reaction (PCR), Southern blot hybridization, and Papanicolaou smears (Pap smears) were obtained annually. Analyzes showed that the 36-month cumulative incidence of HPV infection was 43%. An increased risk of HPV infection was significantly associated with young women’s age, Hispanic ethnicity, Black race, an increase in the number of sexual partners, high frequencies of vaginal sex and alcohol consumption, anal sex, and certain partner characteristics (regular partners, having a higher number of lifetime partners and not being in school). The median duration of new infections lasted 8 months. Persistence of HPV for 6 months was related to older age, HPV types associated with cervical cancer, and infection with various HPV types, but not smoking. The risk of an abnormal Pap smear with persistent HPV infection, particularly with high-risk types has been increased. The incidence of HPV infection in sexually active young female college students was high in the study, but most HPV infections in these women were short-lived (Ho et al., 1998).


			More recently, analysis of pathogen genome data sequenced from clinical and historical samples has made it possible to perform phylogenetic analyzes of sexually transmitted infections on a global scale and to estimate the host diversity, distribution, and co-evolutionary relationships of these pathogens, providing information on emergence pathogen and disease prevention. Deeply sequenced pathogen genomes from clinical studies and old specimens produce estimates of evolutionary rates within and between hosts and provide data on changes in pathogen genomic stability and evolutionary responses. In this example, three groups of pathogens transmitted primarily through sexual contact between modern humans were examined to provide insight into ancient human behavior and history with their pathogens. Exploring the genomic divergence of ancient pathogens and the ancient parallel evolutionary histories of the viral host will allow us to reconstruct the origin of the current geographic distribution and diversity of clinical pathogen infections, and promisingly will allow us to predict possible evolutionary responses of pathogens induced by the environment (Pimenoff et al., 2018).


			High-risk human papillomavirus is an etiologic factor in a spectrum of squamous cell carcinomas including anal, cervical, and oropharyngeal. Cell-free HPV DNA (cfDNA) is shed from the primary tumor into the systemic circulation and can be detected using multiple platforms, including quantitative PCR, digital droplet PCR, or next-generation sequencing (NGS). HPV cfDNA levels at initial presentation are associated with clinic pathological prognostic variables, such as advanced stage and loco-regional and distant metastases. Furthermore, longitudinal sampling revealed that persistent or increasing levels of HPV cfDNA are indicative of treatment relapse and, in some studies, HPV cfDNA detection predicted treatment failure before routine post-treatment clinical imaging. A liquid biopsy platform using HPV cfDNA offers unique advantages over traditional approaches and may have clinical utility for detecting minimal residual disease, response to treatment, and disease progression in patients with HPV-positive cancer (Chatfield-Reed et al., 2021).


			The first infections by the variant of HPV16 occurred more than 500,000 years ago. The infections reached individuals of the human genus belonging to the ancestral species common to modern humans (Homo sapiens), the Neanderthals of Europe and the Denisovans or Denisova hominis of Asia. A fossil found in Siberia indicates that Neanderthals and Denisovans interbred with some frequency, generating individuals with genes from both species. Genetic mapping of a bone fragment from a young Denisovan who lived 50,000 years ago shows that both she and her father had Neanderthal genetic traits, proving crossbreeding between species for generations to come (Pimenoff et al., 2017).


			The common link between Neanderthals and Denisovans was a cave shared between both groups for 100,000 years. Located in southwest Siberia, Denisova Cave is found in the Altai Mountains, close to the borders with China and Mongolia. The arrival of Homo sapiens in the region can be explained by this relationship between hominid groups and the Siberian cave. It takes its name from Saint Denis (Dionisii), a Russian hermit who lived there in the 18th century (Hominid of Denisova1).


			Analysis of whole genome sequences from a pan-African sample pool reveals archaic gene flow from an extinct basal population of modern humans into sub-Saharan populations (Lorent-Galdos et al., 2019).


			HPV are currently divided into 3 main groups: cutaneous, mucous-cutaneous, and those associated with the rare genetic condition, caused by an autosomal recessive disorder, epidermodysplasia verruciformis (EV), which causes atypical wart-like growths on arms and hands with tree branches, also affecting the feet (Cubie, 2013).


			Infection by certain human papillomaviruses (HPV) represents the greatest risk factor for the development of anogenital cancer and is currently recognized as the main etiological agent of this sexually transmitted disease (STD) (zur Hausen, 1974, 1976, 2002, 2008, 2009). This fact makes sexual partners highly committed to the infection and transmission of HPV, similarly to what happens with HIV. It is a highly prevalent infection, detected in 10% to 20% of the sexually active population between 15 and 49 years of age, including asymptomatic women (Nonnenmacher et al., 2002; Dunne et al., 2006). On the other hand, there are studies that describe virgin women, who have never had sexual relationships, as having genital lesions produced by HPV. Vertical transmission, fomites and skin contact are the routes considered likely (Armbruster-Moraes et al., 1994; Frega et al., 2003; Moscicki et al., 2012; El-Zein et al., 2019). It is also necessary to comment on the increased risks of HPV infection and the development of cervical neoplasia and invasive cervical cancer in immunosuppressed women who do not have HIV, but due to the use of immunosuppressive drugs, as they have undergone solid organ transplantation: kidney, heart, liver, lung and pancreas type; hematopoietic stem cell transplantation; chronic genital disease is associated with an increase in high-grade cervical neoplasia and post-transplant HPV positivity; all women with systemic lupus erythematosus, whether on immunosuppressive therapy or not, and those women with rheumatoid arthritis on immunosuppressive therapy are at a higher risk of cervical neoplasia and cancer than the general population and should follow cervical cancer screening guidelines for women infected with HIV (Moscicki et al., 2019).


			Epidemiological studies have revealed that HPV16 is responsible for 50% of cases of cervical cancer and that in 99.7% of total cases the viral DNA of HPVs was detected (Unger & Franco, 2001; zur Hausen, 2008). In Brazil, HPV has been responsible for up to 91% of cases of cervical cancer (Rabelo-Santos et al., 2003; De Araujo Souza & Villa, 2003). Although it is a preventable neoplasm, due to its slow progression and easy detection, cervical cancer affects approximately 600,000 women a year worldwide, causing approximately half of them to die. In Brazil, 19,200 new cases are registered per year, with 5,300 women dying annually (INCA, 2020). It is the main cause of death in women in developing countries, which makes this disease a serious public health problem.


			Some studies correlate penile and anal cancer with HPV, with a predominance of HPV16 and HPV18 (Bezerra et al., 2001; Bjorge et al., 2002, Lopes et al., 2002; zur Hausen, 2009; Moscicki et al., 2012; El-Zein et al., 2019). There seems to be a greater risk of this type of cancer in partners of women with cervical cancer, and in women themselves, the anus represents the site with the highest risk of a second neoplastic event (Hemminki et al., 2000; Rubin et al., 2001). Penile, cervical, and anal cancers are considered an STD, with a strong positive correlation between the numbers of partners in life (Vaccarella et al., 2006). On the other hand, there are reports of anal cancer cases in people who have never had anal sexual intercourse (Moscicki et al., 2012; El-Zein et al., 2019).


			A team of Brazilian researcher’s analyzed two hundred cases of penile cancer in the region with the highest worldwide incidence, in the Maranhão State (Northeast region of Brazil), attributed to human papillomavirus (HPV) infection, and revealing new insights into the disease. Data of this study showed the high incidence of HPV infection in penile cancer cases from Maranhão and offer new insights into potential factors that may contribute to the high incidence in the region. The analyses revealed a delay of 17 months in diagnosis, a high rate of penile amputation (96.5%), and HPV infection (80.5%) in patients from Maranhão, through molecular detection, and by histopathologically and immunohistochemistry (IHC) analyses. Most patients presented koilocytosis (75.5%), which was associated with those reporting more than 10 different sexual partners during their lifetime (p = .001). IHC revealed frequent p16INK4a overexpression (26.0%) associated with basaloid (p < .001) and high-grade tumors (p = .008). Interestingly, p16 appears not to be a better prognostic factor in the disease-free survival analysis, as previously reported. It was also demonstrated high ki-67 and p53 expression in a subset of cases, which was related to worse prognostic factors such as high-grade tumors, angiolymphatic and perineural invasion, and lymph node metastasis. It was found a significant impact of high ki-67 (p = .002, log-rank) and p53 (p = .032, log-rank) expression on decreasing patients’ survival, as well as grade, pT, stage, pattern, and depth of invasion (p < .05, log-rank). It was highlighted the possible association of HPV with worse clinical prognosis factors, differently from what was observed in other regions. Furthermore, the IHC analysis reinforces p16, ki-67, and p53 expression as important diagnosis and/or prognosis biomarkers, potentially used in the clinical setting in emerging countries such as Brazil (Teixeira Jr. et al., 2022).


			Penile squamous cell carcinoma (SCC) is a rare malignant tumor in males with a poor prognosis. Currently, the primary treatment is surgery. Recurrent cases have limited treatment options after failed radiotherapy and chemotherapy. The therapeutic effect of immunotherapy in penile SCCs has not been reported. Tislelizumab, a new PD1 inhibitor, has shown a satisfactory impact in treating head and neck SCC and lung SCC combined with chemotherapy. However, there is currently no report on its efficacy in penile SCC. Despite of this, a 76-year-old man with multiple enlarged inguinal lymph nodes 11 months after radical surgery for penile SCC was administered immunotherapy (tislelizumab) combined with chemotherapy (albumin paclitaxel plus nedaplatin) for 2 cycles. Pelvic Magnetic Resonance Imaging (MRI) showed that the multiple lymph nodes in the groin area disappeared. To our knowledge, this is the first case report of immunotherapy combined with chemotherapy showing promising results in recurrent penile SCC. It provides a basis for developing a new treatment option combining immunotherapy and chemotherapy, whose efficacy needs to be further evaluated in penile SCC (Li et al., 2022).


			While a relatively less knowledge exists about the prevalence, determinants, and the natural history of HPV infection in the epithelium of oral cavity and pharynx; the accumulating epidemiologic and laboratory data constantly supports the etiologic role of HPV (especially type 16) in a fraction of oropharyngeal/tonsillar cancer and also in smaller fraction of oral cavity cancer. HPV has been found in substantial proportion of benign upper aero-digestive tract lesions. For example, the oral cavity lesions include oral papillomas (associated with HPV6 and HPV11), focal epithelial hyperplasia (HPV31 and HPV32), and erythoplakia (HPV16) and laryngeal lesions include recurrent papillomatosis (types 6 and 11). Hence the high-risk HPVs (16 and 18) are tumorigenic in human epithelial tumors while the others that include low-risk ones (especially 6 and 11) cause benign lesions. In a PCR based HPV detection study on 98 squamous cell cancer of head and neck, only 26% were found to be HPV positive. Stratified according to tumor location, the frequency of HPV positive lesions was 18% in oral cavity, 45% in oropharynx, 25% in hypopharynx, 8% in nasopharynx and 7% in larynx. The role of HPV in oral cavity is not fully clear but strong laboratory evidence has been obtained for an active role of HPV in oral cancer from a study showing transcriptionally active, integrated HPV16 DNA that persisted in oral cancer cell line showing features indistinguishable from those of the primary tumor. While reporting the HPV predominantly in oropharyngeal/tonsillar cancer, further stressed that there is not yet any compelling evidence to prove the causative role of HPV in laryngeal cancer given that recurrent respiratory papillomatosis is clearly caused by HPV. It was also found that 46% (30 of 65) of laryngeal and hypopharyngeal tumors had detectable HPV DNA. It was demonstrated the commonest type of HPV DNA isolated from laryngeal cancer specimen to be type 16 followed by type 6. Even if HPV types 6 and 11 are predominantly seen with benign papillomatosis, there is a distinct HPV variety that is possibly associated with cancer (Mishra & Verma, 2015).


			Although tobacco and alcohol have largely been attributed to the causation of head and patients have no such exposure history suggesting the role of HPV in these subsets of patients. Consistent results have shown that HPV16 is associated with significant increased risk for oropharyngeal cancer particularly the Waldeyer’s ring including the palatine tonsil. Whether oral sex is a causative vector for linking cervical and tonsillar malignancy has yet to be established. The oral sex is supposedly the most widely practiced unnatural sex worldwide that may further synergize the effects of other carcinogens. A population-based comparison may be scientifically incorrect yet suggests some preliminary trends to be further investigated more scientifically. However ongoing cancer control measures need to incorporate the importance of this mode of transmission for a better chemoprevention (Mishra & Verma, 2015).
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