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1. INTRODUCTION
1.1 HUMAN PAPILLOMAVIRUS AND HIV CO-INFECTION: GENERAL

FEATURES

Human papillomaviruses (HPVs) are small, non-enveloped, epitheliotropic, double-stranded DNA
viruses that infect mucosal and cutaneous epithelia in a wide variety of higher vertebrates (IARC
Monographs, 2007). HPVs belong to the Papillomaviridae family (IARC Monographs, 2007) and
represent one of the most common causes of sexually transmitted disease in both men and women
worldwide and probably the most common sexually transmitted viral disease (Milner, 2015; Geskus
et al. 2016). Since Harald zur Hausen proposed the link between HPV and cervical cancer in the early
1970s (zur Hausen et al., 1975), knowledge on HPV and HPV-related diseases has rapidly grown.
HPV infection is commonly found out in the male and female anogenital tract, and its association
with different tumours has been observed for vulva, vagina, penis, and anal canal. Among HPV-
related anogenital cancers, HPV-16 is the most commonly type detected, followed by HPV-18 (IARC
monographs-100B, 2011). It is also well established that the risk for anogenital cancers is higher
among HIV-positive people compared to the general population, despite combined antiretroviral
therapy (CART) (Palefsky, 2009).

Furthermore, a low CD4-T cell count, upon the onset of AIDS, is associated with a statistically
significant increase in the risk of developing invasive anal canal tumors among HIV-1 positive men
(Piketty et al., 2008). To this extent, the immunosuppression degree observed in HIV-1 population is
associated with an increased persistence of HPV and a progression of HPV-lesion severity (Moscicki
etal., 2004, Shiels et al., 2017; Hernandez-Ramirez et al., 2017). In this context, the incidence of anal
cancer has been rapidly increasing in Men who have sex with men (MSM), that also display an
increased risk of HPV infection, due to their high-risk sexual behaviors (Colon-Ldpez et al., 2018;

Chiao et al., 2006; D'Souza et al., 2008). Indeed, the interaction between HIV and HPV, which share



the same risk factors, has been reported to increase the risk of HPV and reduce the clearance rate
among people living with HIV (Yuan et al., 2019).

It has been also hypothesized that during the period of HAART, the increased life expectancy
provides enough time for progression of premalignant lesions as well as actual invasive tumors
development (Chaturvedi et al., 2009; Ferlay et al., 2010; Teeraananchai et al., 2017). In addition,
immunosuppression due to HIV-1 can influence the last stages of HPV-related cancer progression,
especially at the mucosal level (Herndndez-Ramirez et al., 2017); in fact, for the resolution of HPV
infection, both the innate immune and the antigen-specific responses are considered essential, with a

prominent role in the anogenital mucosa.

1.2 HIV-1 IMMUNOSUPPRESSION AND HPV-RELATED LESIONS

The strong relationship between HIV and HPV has been well established and appears to be
related to the alteration in cell-mediated immunity that characterizes HIV-1 infection (Houlihan
et al., 2012). This component of the immune response is crucial for HPV clearance, and its
failing would increase the susceptibility and the potential reactivation of latent HPV infections.
At the same time, HPV infection appears to be associated with a greater likelihood of HIV
transmission (Houlihan et al., 2012). Although the mechanism is not yet really established, it
seems that the inflammatory response triggered by HPV may accurately stimulate all the cells
that are most vulnerable to HIV infection (Moscicki et al., 2004). Therefore, this could be an
important topic to investigate because it could give to HPV prevention the appropriate
importance. Although anal cancer precancerous lesions can be identified through anal cytology
and High Resolution Anoscopy (HRA) as an easy and effective method, the impact of these
screening activities on the reduction of anal cancer has yet to be demonstrated. Several studies
are focusing on the identification of possible alternatives to prevent HPV-related cancer, as the

safety, immunogenicity, and efficacy of current HPV vaccines in HIV-1 positive subjects.



However, the exact cause of the highest risk of anal cancer development among the MSM
population is not completely defined but probably reflects the higher rate of receptive anal
intercourse that expose to an increased risk of anal HPV infection and the contraction of other
sexually transmitted diseases and chronic anal inflammation (Chelimo et al., 2013). Moreover,
a crucial HPV risk factor in this population is represented by immunosuppression (Bertisch et
al., 2013; Coghill, et al., 2016). However, it seems that the introduction of an effective
antiretroviral therapy did not affect the incidence of anal cancer and the risk seems rather related
to the state of immunosuppression and the HIV load before the onset of therapy intake (Patel et
al., 2008; Piketty et al., 2008; D’Souza et al., 2008; Seaberg et al., 2010; Simard et al., 2010).
In this context, among HIV-1 positive subjects, the most frequent anal cancer histological type
is represented by squamous cell carcinoma (SCC), while a smaller percentage consist of
adenocarcinoma and small cell neuroendocrine carcinoma (D’Souza, et al., 2008).

To date, there are still no guidelines for anal canal screening, nor any randomized clinical trials
have been carried out to validate its effectiveness. Any possible lesions are identified with anal
cytology, HRA and HRA-guided biopsies and any potential treatment is aimed at preventing
invasive carcinoma, reducing related mortality and morbidity.

However, HPV-anal infection in men often occurs with no initial signs or symptoms of
infection, even in the absence of anal receptive intercourse, and its prevalence (25%) suggests
that this asymptomatic HPV may be a frequent anal infection (Olesen et al., 2019). Likewise,
the identification of anal SIL (squamous intraepithelial lesion) is more frequent in HIV-1
positive than HIV-1 negative homosexuals, and the risk of progression from a low to a higher
grade SIL is always greater in HIVV-1 positive MSM (Abramowitz et al. 2007). Moreover, HIV-
positive men and women are more likely to be infected with multiple HR HPV types than HIV-
negative subjects, and persistent HPV prevalence results increased due to immunosuppression.
Notably, in developed countries, the rate of cervical HPV infection reaches its maximum around

20-25 years of age, and then decreases, as a consequence of the mechanisms of acquisition and



clearance (Bosch et al, 2013). This age-related decline was not found in MSM and this may be
due to impaired clearance of pre-existing infections, the reactivation of latent infections and the
continuous acquisition of new infections, sometimes due to a frequent change of partner.

Given this PhD project focuses on the characterization of HPV infection and the related immune
response during HIV-1 infection, a brief description of HPV characteristics and oncogenic

properties will be provided below.

1.3 HPV VIRAL PARTICLE, GENOMIC ORGANIZATION AND LIFE
CYCLE

HPVs are non-enveloped, small circular double-stranded DNA viruses with an icosahedral
capsid, consisting of 72 capsomers, with a 55 nm diameter (Figure 1) (IARC monograph, 2007).
The viral genome is organized into three regions of unequal size, consisting of 8 overlapping
open reading frames (ORFs): early region (E), late region (L) (encoded by 50% and 40% of the
genome, respectively) and long control region (LCR), also named upstream regulatory region
(URR) (Figure 2). About 10% of the genome is contained within LCR and regulates
transcription and replication of the viral DNA (Stiinkel, et al., 1999). Amongst all HPVs, these
three regions, are separated by two polyadenylation sites (pA): early pA (AE) and late pA (AL)

(IARC monograph, 2007).
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Figure 2. Schematic presentation of the HPV genome showing the arrangement of the
early E or nonstructural genes, the capsid genes (L1 and L2) and the upstream regulatory

region (URR). (Mufioz et al. 2006).



The Early region encodes for six ORFs (E1, E2, E4, E5, E6 and E7, Figure 2), coding for genes
involved in regulatory functions, DNA replication, activation of the lytic cycle, and may have
transformation potential (Streenbergen et al., 2005).

The Late region is located downstream of the early region and it contains the ORFs encoding
the major and minor capsid proteins, L1 and L2, respectively (Figure 2).

The LCR is a non-coding segment of about 850 bp, that contains the origin of replication (ORI),
as well as binding sites for different factors involved in the regulation of early and late
promoters’ transcription (Figure 2). A brief description of all HPV protein’s function is
provided below.

E1 is a highly conserved HPV protein with both ATPase and helicase activities (Hughes and
Romanes. 1993, Bergvall, et al., 2013). Through a complex with the E2 protein, E1 forms
hexamers with high binding affinity for DNA and initiate DNA replication (Longworth and
Laimins, 2004).

Accordingly, the E2 dimer (IARC monograph, 2007), which acts as an important regulator of
DNA replication and viral transcription, recruits the viral helicase E1 to the origin of DNA
replication (Desaintes et al., 1996). Furthermore, E2 also regulates E6 and E7 levels (Gammoh
et al., 2006), but E2 loss, following viral genome integration, represents one of the first step for
neoplastic transformation (Pett et al., 2004).

The E4 protein is a fusion product with a 5-amino acid sequence from the N-terminus of E1,
resulting in an E1"E4 protein, where the E1 sequence is used for initiation of translation
(Hebner et al., 2006). Of note, E1"E4 transcripts are expressed throughout the HPV life cycle;
E4 role is linked to productive infection: it interacts with the keratin intermediate filaments,
facilitating the release of viral particles.

The E5 ORF encodes for a small hydrophobic membrane-localised protein with only weak
transforming abilities in cell culture, (Hebner et al., 2006). The E5 ORF is encoded in most

HPV early and late transcripts and it stimulates cell proliferation (Venuti et al., 2011), activates



signal transduction for mitosis (Fehrmann et al., 2003), inactivates the p21 protein (Venuti et
al., 2011) and prevents apoptosis following DNA damage (Venuti et al., 2011).

The E6 protein is considered as a major HR-HPV oncoprotein that can transform human
mammary cells and cooperate with E7 in transforming primary foreskin keratinocytes (Hebner
et al., 2006). In HR-HPV, E6 is directly and indirectly associated with the tumour suppressor
protein p53 (Ruttkay-Nedecky et al., 2013, Tommasino et al., 2003) degradation, leading to
abnormal cell growth and blockage of apoptosis (Moody e Laimins, 2010; Figure 3). Due to the
key role of p53 in maintaining genomic integrity, the HPV infection favour chromosomal
abnormalities, considerably increasing the probability of these infected cells to evolve towards
a malignant state, in particular during HPV-16 infection (Duensing et al., 2004; Minger et al.,
2004). By contrast, no degradation of p53 was observed in keratinocytes infected with a low-
risk HPV genotype (Mesplede et al., 2012). E6 also interacts with Interferon Regulatory Factor-
3 (IRF3), a regulator positive transcription of the interferon (IFN) promoter, inhibiting the
transactivation function of IRF3 and this may explain the ability of HR-HPVs to evade the
immune response. Furthermore, E6 binding to Tyrosine kinase 2 (Tyk2) abolishes the
intracellular JAK-STAT pathway (Li et al., 1999).

The E7 nuclear protein induce terminally differentiated cells to enter the cell cycle, binding the
product of the retinoblastoma susceptibility locus (pRb) and the related pocket protein family
members p107 and p130, leading to ubiquitin-dependent degradation (Dyson et al., 1989). The
E7 protein contains three conserved regions (CR), known as CR1, CR2, and CR3, required for
abrogation of epithelial cell quiescence and contribute to cellular transformation (Phelps et al.,
1992).

Given the HPV life cycle phases depend on the epithelial differentiation, it results difficult to
study the mechanisms that regulate the production and assembly of HPV virions. However, the
capsid proteins, L1 and L2, are expressed in the late HPV life cycle in highly differentiated

suprabasal cells and are the main components of HPV capsid (Ozbun et al., 1997). L1



monomers are organized as pentameric structures, known as capsomeres, to which L2 copies
are associated (Chen et al., 2000; Modis et al., 2002, Becker et al., 2004; Finnen et al., 2003).
As other viruses, HPV capsids may undergo a further maturation process before being released
from the cell (Buck et al., 2005). However, L2 can bind DNA and localise to ND10 domains in
the nucleus, which are the major sites of DNA replication (Zhou et al., 1994; Day et al., 2004;
Ishov et al., 1996) and subsequently recruit L1 to create new virions.

As previously described, HPVs are a large and diversified group of viruses, displaying a tropism
for several specific tissues. They are exclusively intraepithelial pathogens, and virus growth
depends on the expression of the complete program of keratinocyte differentiation (Pinidis et
al., 2016). All HPVs infect epithelial cells, and they require the terminal differentiation of the
host cell to produce infectious virions (zurHausen. 2002; Hebner and Laimins. 2005).

The HPV replication cycle is divided into early and late phase and is closely associated with
the epithelial cell differentiation program (Egawa et al., 2015). For productive infection to
occur, HPVs must gain access to the basal epithelium through an abrasion or other type of
damage in the skin (Christensen et al., 2016).

Through the interaction of the L1 protein with the heparan-sulfate proteoglycans, the viral
particles bind efficiently to the basement membrane (BM); L1 and L2 proteins undergo
conformational changes that allow the binding to keratinocytes receptor, near the epithelial
lesion (Schiller et al., 2010). Of note, HPVs are among the few viruses that initiate the infection

process at an extracellular site (Schiller et al., 2010; Figure 3).
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Figure 3. Schematic representation of different phases of HPV infection and life cycle

(Roden, et al.,2018).

However, the mechanism through which the virus enters the host cell is not entirely understood,
but it probably involves also cellular integrins (zurHausen. 2002; Hebner and Laimins. 2005).
Following viral uncoating and transport to the nucleus, a cell cycle-indipendent burst of viral
replication amplifies the viral copy number (50 to 100 copies per cell) (zurHausen. 2002;
Hebner and Laimins. 2005, Pinidis et al., 2006). Then, the HPV infected cell enters the transit
amplifying proliferative compartment of the epithelium, where there is a phase of plasmid or
episomal maintenance with an invariable viral copy number, minimal viral gene expression but
the virus replicates in synchrony with the S-phase of the host cell (zurHausen. 2002; Hebner
and Laimins. 2005, Stanley et al., 2012).

Of note, during this phase of the HR-HPVs life cycle, the expression of the potent oncogenes

E6 and E7 is under strict control (Gadducci et al., 2013).
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Although the actual pattern of viral gene expression in the basal cells is not well defined, it
seems that E1 and E2 are expressed to maintain the viral DNA in episomal form, while the viral
genes E5, E6 and E7 enhance the proliferation of the infected cells and their lateral expansion
(Wilson et al., 2002). In the upper layers of the mucosa, E1, E2, E6 and probably E7 genes
expression result in genome replication assembly, maturation, and release of the viral particle.
(Hubert et al., 2002; Stubenrauch et al., 1998; Thomas et al., 1999; Flores et al., 2000).

The dis-regulated production of HPV oncoproteins E5, E6 and E7, interacting with cellular
tumour suppressor proteins, transcription factors and several cell pathways that are required
for regulation of the cell-cycle progression in response to DNA damage (Palefsky et al., 1995;
Yokota et al., 1993), may create a cellular environment in which normal cell- cycle controls
are lost, allowing mutations to occur. Therefore, this accumulation of mutations promotes
HPV related carcinogenesis (zur Hausen, 2000). On average, it takes approximately 20 years
between the HPV infection and malignant transformation leading to cancer development
(Frazer et al., 2006). In this context, HPV integration into the host genome is a critical event
in malignant transformation, which assures the persistent expression of the E6 and E7 HPV
oncoproteins in the basal and parabasal cells of the anogenital epithelium (Duensing et al.,

2004).

1.4 HPV TAXONOMY AND CLASSIFICATION: HIGH RISK AND LOW

RISK HPVs

HPV isolates are traditionally described as “‘types’’ or genotype. The first HPV types were
isolated as early as 40 years ago (Orth et al., 1977; Coggin et al, 1979) and the difficulty to find
appropriate cell culture systems (i.e., terminally differentiating epithelia) to propagate these
viruses has hampered progress in studying viral functions and limited the establishment of a

taxonomy based on biological properties. To date, more than 200 HPV genotypes (n=228)
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have been completely characterized in humans, based on the nucleotide sequence analysis
of PCR products derived from the L1 ORF (de Villiers et al., 2004) (Figure 4). To define
an HPV type as a new genotype, the L1 gene sequence needs to be at least 10% different
from any other known genotypes; each HPV is identified by a number based on the order
of their identification (de Villiers et al., 2004; Bernard et al., 2006). Differences between 2%

and 10% homology define a subtype and less than 2% a variant.
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Figure 4. Evolutionary Relationship between Human Papillomaviruses. The HPV types found in
humans are included into five genera, with the Alpha-, Beta- (blue) and Gammapapillomavirus (green)
representing the largest groups; HPV types from the Alphapapillomavirus genus are often classified as
low-risk cutaneous (light brown); low-risk mucosal (yellow); or high-risk (pink) according to their
association with the development of cancer. The high-risk types highlighted with red text are confirmed
as “human carcinogens” based on epidemiological data. The remaining high-risk types are “probable”

or “possible” carcinogens. (Egawa et al., 2015).
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Based on their tropism, HPVs can be categorized as cutaneous or mucosal types, infecting basal
epithelial cells of the skin or inner lining of tissues (Egawa et al., 2015; Gheit et al., 2019).
Cutaneous HPV types are epidermotropic and infect the keratinized surface of the skin,
targeting hands and feet skin (Coscia et al., 2015); on the other hand, mucosal types infect the
lining of the mouth, throat, respiratory tract, or anogenital epithelium (Coscia et al., 2015).
Although most HPV infections are benign, all HPV types might be associated with a variety of
clinical conditions that range from innocuous lesions to cancer.

Depending on their isolation from benign or malignant lesions, HPV can be divided into
different groups called low-risk (LR), probable high-risk (HR), HR and undetermined HPV
types (Lorincz et al. 1992) (Table 1). Notably, HPV types that are preferentially detected in
cervical and other anogenital cancers have been designated as high-risk types (zurHausen.
1986; Munoz et al., 2003). By contrast, those found primarily in genital warts and non-
malignant lesions were labelled as LR type. HR oncogenic viruses include HPV16, 18, 31, 33,
and 35 (de Villiers et al., 2004; Munoz et al. 2003). HPV types 39, 45, 51, 52, 56, 57, 58, 59,
and 68 may also be present in dysplastic and malignant lesions of other anogenital sites,
although less frequently detected. The LR-HPV types include HPV6, 11, 40, 42, 43, 44, 54, 61,
70, 72, 81 and 89, which are usually associated with benign lesions such as cervical condylomas

(de Villiers et al., 2004; Munoz et al. 2003).
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Table 1: Classification of LR-HPV and HR-HPV types

GROUP HPV GENOTYPES

Low-Risk (LR) 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, 89
Probable High-Risk 26, 34, 53, 66, 70, 73, 82

High-Risk (HR) 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68
Undetermined Risk 30, 62, 67, 74, 83, 84, 86, 87,91, 114

Functional differences between HR and LR-HPV types strongly correlate with malignant
conversion of infected cells. In particular, HR HPV types induce increased chromosomal
abnormalities and aneuploidy in the cell and their oncoproteins (E6, E7) that interact
specifically with cellular proteins (p53, Rb) are more engaged in the regulation of cell growth
and proliferation (Yim et al., 2005). About 40 mucosal HPV genotypes have been identified as
they spread through sexual contact and infect primarily the cervix, vagina, vulva, penis, and
anus. In this context, some HPV types have been associated with different pre-malignant and
malignant SIL degrees and are considered the main etiological factor determining uterine
cervix, anal and other types of epithelial cancer. Regarding the grade of oncogenic risk, four
HPV genotypes are most often found within the malignant cells of cervical cancers, with HPV
16 accounting for about half of the cases in the United States and Europe and HPV types 18,
31, and 45 accounting for an additional 25 to 30% of cases (Harro et al., 2001). The most recent
International Agency for Research on Cancer (IARC) classification has grouped the HR-HPVs
into Group 1, that includes HPV strains that are certainly carcinogenic to humans, and Groups
2A and 2B, respectively possible and probable carcinogens for humans; by contrast, the LR-

HPV group include genotypes that cannot be classified as carcinogenic (Group 3, Table 2).
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Table 2. Classification of HPV types according to the oncogenic risk

Definition HPV Types
Group 1 Carcinogenic to 16,18, 31, 33, 35, 39, 45, 51,
humans 52, 56, 58, 59
Group 2A Possible carcinogenic 68
HR-HPV
to humans
Group 2B Probable carcinogenic 26, 30, 34, 53, 66, 67, 69, 70,
to humans 73, 82, 85, 97
Group 3 Not classifiable as 6, 11, 28, 32, 40, 42, 43, 44,
LR-HPV carcinogenic to 54, 55,57, 61,62, 71, 72, 74,
humans 81, 83, 84, 86, 87, 89

(IARC monographs-100B, 2011)

1.5 HPV AND ANAL CARCINOGENESIS

Biological and functional studies have finally demonstrated the direct role of HPV infection in
the development of several human cancers (Tulay et al. 2016). Nonetheless, many HPV
infections do not lead to cytological anomalies or cancer, but they are cleared by the immune
system in a relatively short time (6-12 months) (Rositch et al., 2013; Cho et al., 2015).

HPV is responsible for nearly 100% of cervical cancers and around 88% of anal cancers, most of
which caused by HPV 16 or 18 (Arbyn et al. 2012). Given the association with HR-HPVs, and
similarities between histology features, and their precursor lesions, anal cancer and cervical cancer
are very similar diseases. Overall, the incidence of anal cancer among HIV-1 uninfected MSM is
greater than the incidence of cervical cancer in the general population of women (Daling et al.,
1987; Ries et al., 2007).

The morphologic changes, caused by HPV infection in either the cervix or the anus, are similar

on both cytology and histopathology and the spectrum of HPV-related cutaneous perianal
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disease is essentially equivalent to vulvar neoplasia (Darragh et al., 2011). Anyway, the
objective of anal cytology is to sample the surface epithelium of the entire anal canal, from the
distal rectal vault to the anal verge, to obtain an adequate cytologic specimen (Darragh et al.,
2011). The interpretive categories used for anal cytology are the same as for Pap tests: negative
for intraepithelial lesion or malignancy (NILM), atypical squamous cells of undetermined
significance (ASCUS), atypical squamous cells cannot exclude HSIL (ASC-H), low-grade
squamous intraepithelial lesions (LSIL), high-grade squamous intraepithelial lesion (HSIL),
and squamous cell carcinoma (SCC). Despite anal cytology has operational characteristics
similar to the Pap test, sampling errors may play a larger contribution than in cervical cytology
since these samples are collected without direct visualization of the anal canal (Palefsky et al.,
1997). The sensitivity of anal cytology for the detection of high-grade anal intraepithelial
neoplasia (HGAIN) is highest in HIV-infected MSM, probably due to the larger lesion size and
burden of disease usually experienced from this population. Generally, normal anal cytology
samples include rectal columnar cells, squamous metaplastic cells, nucleated squamous cells,
and anucleated squames, which might be considered as a sample quality indicator (Figure 5)

(Darragh et al., 2004; Darragh et al., 2011).
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Figure 5. Cellular components on normal anal cytology. The nucleated squamous cells,
squamous metaplastic cell (single arrow), anucleate squames (double arrow), and cluster of
rectal columnar cells (Anal ThinPrep®, high magnification) are represented (Darragh et al.,
2011).

Besides, it has been suggested that cytology-based anal cancer screening programs may lead to
a reduction in anal cancer incidence (Leeds et al., 2016). However, these programs have been
implemented in a limited number of scenarios, mostly in clinical settings that provide care to
MSM with HIV (Goldstone, 2010; Palefsky rt al., 1997; Palefsky et al., 2005). As previously
reported, the transformation of HPV-infected cells into cancer is a multi-step process (Egawa
etal. 2015), during which E6 and E7 oncoproteins act to enhance cellular proliferation, resulting
in increased numbers of infected cells and infectious virions (Hamid et al., 2009). Currently, it
is believed that LR-HPV types do not cause malignancy due to weaker binding of their E6 and
E7 to their target proteins, differences in promoter positioning and regulation, and pattern of
MRNA splicing compared with E6 and E7 from the high-risk HPV types (Doorbar J, et al. 2012;
Klingelhutz et al., 2012). To date, current data support the 2-tiered system of low-grade
squamous intraepithelial lesions (LSIL) and high-grade squamous intraepithelial lesion (HSIL)
which may be further qualified with the appropriate intraepithelial neoplasia (IN) terminology

for specific location (Darragh et al., 2012). Therefore, LSIL includes condyloma and anal
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intraepithelial neoplasia (AIN) 1 and are not considered to be precancerous. By contrast, HSIL
includes p16-positive AIN 2 and AIN 3. HSIL are considered as true cancer precursors (Darragh

etal., 2012).

1.6 ANAL CANCER: RISK FACTORS AND PREVENTION

Prior to the HIV-1 epidemic, the main risk factors identified for anal cancer were smoking,
history of male homosexual contact, and history of genital warts and other sexually transmitted
infections (presumably reflecting exposure to HPV) (Daling et al., 1987). Moreover, other
sexual practices such as exposure to HPV-infected skin surfaces without anal penetration could
lead to HPV inoculation of the anal canal (Gheit et al., 2019).

Finally, an increasingly important risk factor for anal cancer is immunosuppression. At least
some of the population-based increase in anal cancer, described above, may reflect growing
numbers of immunosuppressed individuals. Solid organ transplant recipients, including kidney,
heart, and lung transplants, are also at increased risk of anal cancer (Collett et al., 2010.)

Risk factors for anal HPV infection in HIV-infected MSM have been difficult to determine
since the proportion of people infected with HPV is so high. One report showed that oncogenic
anal HPV infection was associated with receptive anal intercourse (Wilkin et al., 2004). It is
clear, however, that as with anal cancer, having receptive intercourse is not necessary to acquire
anal HPV infection, as shown in studies of men who have sex only with women (Nyitray et al.,
2008). In addition, condom usage may not adequately protect individuals from exposure to HPV
since HPV can be transmitted by contact with infected labial, scrotal, or anal tissues that are not
protected by a condom (Burd et al., 2003).

Furthermore, in HIV-1 positive MSM, since HIV-1 diagnosis, a higher nadir CD4+ T cell count,
a younger age, and higher number of recent sexual partners have been identified as risk factors

of anal HPV infection (Richel et al., 2014; Burgos et al., 2015).
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Researchers and health-care practitioners believe that, as cervical HSIL and cervical cancer,
untreated anal HSIL is the main cause of anal cancer (Darragh et al., 2011). However, HPV-
related anal cancer can be prevented via primary (HPV vaccination) and secondary (anal
dysplasia and HSIL screenings) prevention. For primary prevention, two commercially
available HPV vaccines (a 9-valent vaccine and a 4-valent vaccine) offer the potential for
immunity against HPV 16/18/31/33/45/52/58 (oncogenic strains) as well as HPV 6 and 11 (no-
oncogenic strains) (Palefsky et al., 2011; Shiels et al., 2009). To be most effective in preventing
disease, all individuals should receive the vaccine prior to sexual debut (Kim, 2010) and it is
also safe and recommended for HIV-1 infected individuals between the ages of 9 and 26 years
(Meites, 2016). For secondary anal cancer prevention, the anal Papanicolaou (Pap) smear is
recommended to detect anal dysplasia among individuals asymptomatic for anal cancer and
particularly for HIV-1 infected individuals (Wells et al., 2014). While HRA is a more sensitive
and specific screening for detecting HSIL, numerous barriers (eg, lack of provider training to
perform the test and lack of HRA equipment) prohibit using HRA as the initial screening test
(Sowah et al., 2015, Davis et al., 2013).

Previous research identified barriers and facilitators to screening for anal cancer among HIV-1
infected gay and bisexual men (GBM) and MSM populations (Newman et al., 2008; Reed et
al., 2010). Those obstacles included lack of awareness to screen, fear, the stigma related to

receiving the anal Pap smear and screening costs (Newman et al., 2008).

1.7 THE ROLE OF E6 AND E7 IN ANAL CARCINOGENESIS

The normal productive viral life cycle of the HR-HPV types is a highly regulated and
coordinated process (Tomai¢ et al., 2016). However, mainly during persistent infection, the
HPV DNA is randomly integrated into the host genome, leading to cellular immortalization and

eventually to malignant progression (Tomaic¢ et al., 2016). As a consequence of this process,



the HPV replicative capacity collapses, with the loss of most of the viral genes and the
uncontrollably expression of E6 and E7, leading to cellular immortalization, cellular
transformation, and lastly resulting in cancer development (Androphy et al., 1987; Smotkin et
al., 1986). The importance of E6 and E7 in maintaining the transformed phenotype can be
ascertained by their constant expression in tumours and derived cell lines even many years after
the primary immortalizing events. Moreover, it has been described that E6 interferes with cell
survival pathways and E7 promotes cellular proliferation (Barbosa et al., 1989; Hawley-Nelson
P., et al., 1989; Mantovani et al., 2001). Thus, these two oncoproteins are considered as
excellent targets for therapeutic intervention, and understanding the molecular mechanisms

underlying their respective functions is critical for developing such antiviral therapies.

1.8 HPV AND IMMUNE SYSTEM

Although HR-HPV types are clearly associated with anogenital carcinogenesis, many HPV
infections remains asymptomatic and are usually cleared by the immune system in
approximately 6-18 months. To this extent, the persistence of the infection is strongly
influenced by the immune system status and host genetic features (Rodriguez et al., 2008).
HPV has several peculiarities, such as a non-lytic replication cycle, low protein expression in
immunocompetent tissue and apical release of viral particles, which minimize or prevent its
exposure to the host defences. In addition, HPV oncoproteins, E6 and E7, can directly interfere
with immune-response related pathways favouring viral persistence (Einstein et al., 2009).

E6 can reduce the levels of cell surface E-cadherin on keratinocytes, thereby limiting the
presentation of viral antigens to the Langerhans cells and promoting HPV survival (Caberg et
al., 2008; Hubert et al., 2005).

On the other side, a well-known mechanism by which E7 oncoprotein can suppress cytotoxic

response is through the downregulation of the transporter associated with antigen protein 1
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(TAP1) (Li et al., 2010; Zhou et al., 2013), subsequently reducing Major Histocompatibility
Complex (MHC) I-dependent antigen presentation and dramatically impairing the CTL
response (Li et al., 2010; Zhou et al., 2013).

It is well known that cytokines and chemokines specifically targeting cells of the immune
system are fundamental molecules responsible for orchestrating the immune response against
pathogens (Turner et al., 2014). HPVs, similarly to other viruses, have developed mechanisms
to circumvent the immune surveillance by altering the cytokine expression pattern (Grabowska
et al., 2012), especially in the IFN family. Among others, the down-regulation of TNF-alpha
expression and a concomitant attenuated response to this proinflammatory cytokine has been
observed in progressing cervical cancer lesions (Tummers et al., 2015), while the anti-
inflammatory molecule IL-10 appears to be up-regulated, limiting the migration of non-resident
immune cells to the site of infection (Berti et al., 2017).

Likewise, Natural killer (NK) cells, as a key compartment of innate immune system, also
displayed a specific role against viruses transformed cells, which exhibit an abnormal
expression of MHC molecules and are immediately eliminated via particle dependent
cytotoxicity, a target cell apoptosis pathway and antibody dependent cytotoxicity (ADCC)
(Orange et al., 2013), or via cytokines and chemokines (such as IFN-y) secretion to activate
other immune cells (Sutlu et al., 2009). Considering the importance of these two components
of immune system in the control of HPV spread, a brief discussion on the general characteristics

of IFNs and NKs and their role during HPV infection is provided below.
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1.9 THE INTERFERON SYSTEM

Interferons (IFNSs) are a heterogeneous class of soluble mediators, originally defined for their
ability to interfere with the in vitro and in vivo replication of several viruses (Boasso, 2013),
and are specialized in coordinating the host immune responses in a cell-type-specific manner.
Overall, IFNs are pleiotropic biological molecules, that can regulate a series of biological
activities including cell cycle regulation, cell differentiation, innate and adaptive immunity,
angiogenesis, and other biological functions, through the control of thousands of cellular genes

(Rusinova et al., 2013).

IFNs are divided into three groups based on their structure, function, and their receptors (Figure

6):

e type | (IFN-a subtypes (n=13), IFN-B, IFN-¢, IFN-® and IFN-x),
e type Il (IFN-y)

e type Il (IFN-AL, 2, 3, 4).
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Figure 6: Classification of IFN. Based on the type of receptor through which they signal, IFNs have
been classified into three major types and each of them contains subtypes, except Type Il IFN (modified
from Wang H et al., 2017).

IFNs belong to a broader family known as type Il cytokines, which includes some cytokines
related to IL-10 (Pestka et al., 2004). These class Il cytokines signal through receptors that share
extracellular domains, namely CRF2. Although the tertiary structure of IFNs is similar to that
of IL-10, their primary structure differs from all CRF2 receptor ligands.

Type | and 111 IFN can be mainly produced by all virus-infected cells, but the mechanisms
involved in the sensing of viral products, as well as the amount of IFN produced and the power
of the cellular response, may differ according to cell types.

Since my PhD thesis focused on the expression of the type I and IIl IFN during anal HPV
infection, the following section will deal with the main characteristics of IFNs, except for type

I IFN.
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Numerous transcription factors are involved in activation and modulation of the expression of
IFN genes (Figure 7). Studies focused on the induction of type Il IFN suggest that these
"cytokines™ are produced by the same stimuli and transcription factors that regulate the
expression of type I IFN (Levy et al., 2011). The intracellular signals that they are activated
following the binding of the IFN molecules produced with their own receptor are numerous and
independent. In particular, the stimulation of innate immunity, as type | and 111 IFN pathways,
arises from the interaction of Pathogen Associated Molecular Pattern (PAMPS) with cellular
receptors encoded by the germ line, the Pattern Recognition Receptors (PRR) (Table 3). These
comprise the Toll Like Receptors (TLRs), Nucleotide binding Oligomerization Domain (NOD)
proteins, C-type lectin receptors (CLRs), RIG-1 like receptors (RLRs), and a long list of
cytosolic receptors that bind the DNA or RNA (Blasius et al., 2010; Takeuchi et al., 2010;
Elinav et al., 2011; Sancho et al., 2012; Paludan et al., 2013; Wu et al., 2014; Xiao et al., 2013)
(Table 3). Based on the pathogen and the cells that must activate the cellular response, specific
sensors are recruited and activate a signaling cascade that leads to the induction of antiviral and
inflammatory genes and pro-inflammatory cytokines.

The IFN exerts its effects in an autocrine and paracrine way through binding to specific
receptors present on the cell membrane, resulting in signal transduction through the JAK /
STAT pathway, leading to production of effector proteins that have the role of making the cell

resistant to viral infections (Stark et al., 2012) (Figure 7).
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Table 3: Pattern recognition Receptors Localization and Function

Family Localization Function

TLR Cell surface (TLR 1,2,4,5,6,11,19) Viral  glycoprotein  and

(TLR1-TLR11) Intracellular compartment (TLR 3,7,8,9) bacterial PAMPSs detection,
immune system cell
activation

NOD Cytosol Intracellular microbial

(NOD1, NOD2) SENsors

RLR Cytosol Recognition of viral PAMPs

(RIG-I, MDAS, (ssSRNA), intracellular
sensor, antiviral response

LGP2)

CLR Membrane Pathogen phagocytosis,

(Dectin-1, Dectin-2 recognition of endogenous

ligands

MINCLE)

cGAS Cytosol cytosolic DNA  sensor,
inflammatory response
activation

STING Endoplasmic reticulum DNA sensor, adaptor protein
for type | IFN signaling

IF116 Nucleus and cytosol recognition of  synthetic
dsDNA and viral DNA
inflammasome  activation,
DNA damage responses in
apoptotic cells

AIM2 Cytosol DNA sensor,

DDX41 Nucleus DNA  recognition  and

regulation of DNA virus

infection in

immunocompetent cells

Type | and 111 IFNs share the same post-receptor signaling components; consequently, the
binding of both IFN types to their receptor on the plasma membrane activates "Janus kinase 1"

(Jakl) and Tyk2, by a phosphorylation of tyrosine residues; Jak1, in turn, phosphorylates the
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residues of tyrosine on STAT1 and STAT2 proteins (Levy et al., 2011; Samuel et al., 2001).
Phosphorylated STAT1 and STAT2 proteins bind to IRF9 factor to form an IFN-Stimulated
Gene Factor transcription complex 3 "(ISGF3), which moves into the nucleus and recognizes
and binds ISRE, allowing the expression of the "IFN stimulated gene™ (ISGs), whose products
act on viral replication (Weber, 2020). Only about 37% of ISGs are specifically induced by IFN
type I, while the other ones are also regulated by type Il and Il IFNs (Hertzog et al., 2011)

(Figure 7).
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Figure 7: Type I and type 111 IFN signal transduction pathways.

The proteins encoded by ISGs can repress pathogens through several mechanisms, such as the
inhibition of viral transcription, translation and replication, the degradation of viral nucleic
acids and the alteration of cellular lipid metabolism. Moreover, the expression of specific ISGs
can be associated with the pathogenesis of some viral infections, as well as the occurrence of
inflammatory disorders, autoimmune diseases, and cancer.

The most characterized ISG are 2'-5 'oligoadenylate synthetase (2'-5' OAS), the dsRNA-
dependent protein kinase (PKR), Mx proteins, especially humans Mixovirus resistance protein

A (MxA), the ISG56 or IFIT1 or p56 protein, ISG15 (ISG15 ubiquitin-like modifier). Janus
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kinase-signal transducer and activator of transcription (JAK-STAT) is the predominant,
canonical pathway that regulates ISG transcription. Broadly speaking, an ISG is any gene
whose expression is induced by IFN signaling. Advances in RNA-sequencing (RNA-seq)
technology have enabled the identification of 1SGs across varied cell lines by measuring
changes in the transcriptome in response to IFN stimulation. A subset of ISGs are direct targets
of IRF3/7 and can be induced with or without downstream IFN signaling (Figure 8) (Au-Yeung
et al., 2018). Other ISGs are both basally expressed and IFN-inducible, while still others are

cell-type specific (Schneider et al., 2014; Schoggins, 2019).
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Figure 8: IFN Signal transduction induces the expression of 1ISGs
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191TYPEIIEN

Each type | IFN is encoded by a single gene, except for IFN-a, which in humans includes 13
subtypes (Kalliolias et al., 2010) (Table 4). Human IFN-o proteins are encoded by genes
without introns, located on human chromosome 9, and share a conserved a-helix structure for
80% of the total 166 amino acids. IFN-a and IFN-B function as monomers, unlike IFN-y (type

I1 IFN) which functions as homodimer.

Table 4. Main components of the IFN family

IFN type Name (no. of genes) Location in human Receptors
chromosomes
Type I IFNa (14) Chromosome 9 IFNaR1 and IFNaR2 (also known as IFNAR1 and IFNAR2)
IFNB (1)
IFNk (1)
IFNw (1)
IFNe (1)
Type Il IFNvy (1) Chromosome 12 IFNyR1 and IFNyR2 (also known as IFNGR1 and IFNGR2)
Type Il IFNA (3) Chromosome 19 IFNAR1 (also known as IL-28RA) and IL-10R2

(Capobianchi et al., 2015)

Despite being antiviral mediators, the role of different IFNs can vary. In particular, type I IFNs
have four main functions:

1. induction of an antimicrobial state in the infected cell and adjacent cells, to reduce the spread
of the pathogen, especially viruses;

2. modulation of the innate immune response to promote antigen presentation, natural killers’
activity and regulate pro-inflammatory pathways and cytokines production;

3. activation of the adaptive immune system, promoting the development of an antigen specific
cellular response of T and B cells and an immunological memory (lvashkiv et al., 2014) (Figure
9

4. exhibition of an antiproliferative activity linked to the induction of autophagy, mediated by

type I IFN. This new function could play an important role in the viruses’ elimination, antigen



presentation, inhibition of proliferation and development of a positive feedback for type I IFN

production (Schmeisser et al., 2014).
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Figure 9. Type I IFN control of innate and adaptive immunity.

Type | IFNs provide resistance to acute viral infections but may have a dual role, protective or
deleterious, during bacterial infections or autoimmune diseases. Most cells can produce IFN,
while haematopoietic cells, particularly Plasmacytoid Dendritic Cells (pDCs), are the main
producers of IFN-a.

All type I IFNs exert their biological activity through binding to their heterodimeric receptors
composed by the R1 chain (IFNAR1) and the R2 chain (IFNAR2) (Donnelly et al., 2010). In
the type | IFN-induced pathway, the activation of IFNAR receptors activates JAK1 and TYK2,
which in turn phosphorylate two cytoplasmic transcription factors, STAT1 and STAT2. These
phosphorylated transcription factors dimerize and translocate to the nucleus where they
assemble with IRF9 to form a trimeric complex known as ISGF3 (Interferon Stimulated Gene

Factor 3 transcription complex).
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Considering the importance of the IFN system in the antiviral response, it is not surprising that
genetic and epigenetic variations in IFNs and related genes are associated with variations in the
specific virus-associated disease.

Based on the crosstalk between type | IFNs, there seems to be a specific and characteristic
expression of the various ISGs which in turn depends on the cell type considered. Therefore,
viral infection induces the production of type I IFN, which can have multiple effects such as
clonal expansion of specific cell lines, cell differentiation and survival. Often type I and Il IFNs
work together to activate innate and adaptive immune responses, favouring the elimination of
viral infection (Sainz et al., 2005).

The regulation and modulation of type I IFNs is complex and involves a cascade of sensor
molecules, adapters, kinases, and transcription factors, which guide innate immunity and
activate the adaptive response. The binding affinity, competition for cytosolic molecules and
the timing of activation influence the production of type I IFNs.

However, type | IFNs can also exert pro-apoptotic and anti-proliferative roles within the cell
and the excessive production of these molecules can affect cell viability, promoting various
phenomena such as autophagy, cell migration and vasculogenesis. The IFNs antiproliferative
activity helps the host to eliminate infected cells. Since IFN-B has a greater binding affinity
with its receptor than IFN-a, it displayed a better antiproliferative and immunoregulatory
activity (Jaitin et al., 2006). Due to the potential use in the therapy of melanomas, the action of
type | IFN has been extensively studied in terminally differentiated keratinocytes and
melanocytes, for its association with cell proliferation arrest (Ismail et al., 2014).

IFNs are also strong immunomodulators, inducing the expression of MHC, and in the
modulation of the activation and differentiation of some effector cells such as monocytes,
macrophages, NK cells, Dendritic Cells (DCs) and T and B lymphocytes (Zoon et al.,1986;

Bekisz et al., 2013).
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Furthermore, during persistent infections, chronic exposure to type | IFN activity can
compromise the protective immune response against viruses and cause an increased

susceptibility of the host to collateral damage.

1.92TYPE Il IEN

Type III IFNs comprise a family of 4 members: IFNAL, IFNA2, IFNA3 (known as 1L29, IL28,
IL28B) and the more recent IFNA4. These genes are located on human chromosome 19 (Egli et
al., 2014). The IFN A genes are located on chromosome 19 and their encoded proteins are highly

similar to each other (Figure 10).

Chromosome 19q13

IFNL3 IFNL4 IFNL2 IFNL1
< < e [

Figure 10. Chromosome 19, locus q13.13 encoding the IFN-A genes (modified from

Laidlaw et al., 2014)

Type Il IFNs signal through a receptor complex consisting of IFNLR1 (also called IL-28R),
which is the ligand interaction chain, as well as the one that gives receptor specificity, and IL-
10R2, the accessory chain (Bartlett et al., 2005). This receptor complex is restricted to cells of
epithelial origin and includes epidermal, bronchial, gastrointestinal cells and hepatocytes
(Sommereyns et al., 2008; Mordstein et al., 2010). Consequently, IFN-As have a more limited
functional range compared to IFN-a and B, which their have receptors widely expressed on
several cell types, despite being functionally related to each other. In fact, they are able to induce

the expression of many ISGs, albeit in a different way from type | IFNs (Olagnier et al., 2014).
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This limited diffusion of the IFNLR1 subunit could explain how the antiviral activities induced
by the IFN-As are not sufficient to develop systemic protection against viral infections, but a
response induced by type I IFNs is also required. The binding of type 111 IFN to the IFNLR1
receptor induces a conformational change which facilitates the recruitment of the second chain
of the complex, IL-10R2 (Gad et al., 2009; Miknis et al., 2010), allowing the formation of the
ternary complex (IFN A, IFNLR1 and IL-10R2). This complex formation leads to the activation
of Jakl and Tyk2 kinases, associated with IFNLR1 and IL-10R2, respectively, at the
cytoplasmic level; the three types of IFN-A, 1, 2, and 3 are recognized by the same receptors,

determining the activation of a JAK / STAT type signalling cascade (Durbin et al., 2013).

1.10 HPVY MODULATION OF THE IFN SYSTEM

HPV has evolved distinct immune evasion mechanisms to avoid the initial recognition by PRRs
as well as to interfere with adaptive immunity. Of note, HPV proteins can modulate the
activation, signaling and response to IFNs in several ways. It results crucial to consider that
normal keratinocytes constitutively express low levels of IFNs in the absence of viral infection
(Wang et al., 1999.), while reduced levels of IFN-inducible genes are observed in HPV-infected
cells (Chang et al., 2000; Nees et al., 2001). Several studies have demonstrated that HPV
oncoproteins can target components of the IFN system to inhibit their action. Moreover, HR-
HPVs can alter immunosurveillance and cellular homeostasis through the deregulation of gene
expression in host cells, partially through epigenetic mechanisms. Through E6 and E7
oncoproteins, HR-HPVs stimulate infected cell proliferation as a mechanism to promote viral
replication and persistence (Conesa-Zamora, 2013; Plesa et al., 2016; Sen et al., 2018).

Overall, both E6 and E7 can target the innate immune response in different ways (Figure 11).
Because E6 and E7 can block the expression of TLR9 and the secretion of cytokines in HPV-

positive keratinocytes as well as the activation of the TLR9 pathway by CpG motifs, this TLR
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is considered the first target of HPV (Hasan et al., 2007; Hasan et al., 2013). Moreover, HPV
oncoproteins suppress the cytotoxic response through the inhibition of TAP1, a fundamental
molecule involved in the antigen processing (Gameiro et al., 2017);

By contrast, E5 blocks the degradation of EGFR, also ensuring an increase in EGFR recycling,
and its overexpression (Wechsler et al., 2018). In the same scenario, E7 physically binds to
IRF1 blocking the transcriptional activation of IFN-B promoter (Park et al., 2000). In parallel,
E7 inhibits the transduction signal mediated by IFN-a, by binding p48 / IRF9, blocking the

formation of the ISGF3 transcription complex (Barnard et al., 2000).
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Figure 11. HPV immune evasion strategies

Of note, integrated copies of the HPV genome are usually found in high grade lesions cells.
The cooperative action of E6 and E7 in mediating resistance to IFN focuses on the acetylation

of p53 by p300 /CBP. E7 protein acts to increase levels of p53, while the E6 protein accelerates
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its degradation through the ubiquitin ligase E6AP binding. Protein E6 binds p300/CBP
coactivator and inhibits the acetylation of p53, thus contributing to the persistence of HPV in
infected cells (Hebner et al., 2007).

To date, although the in vitro antiviral and antiproliferative activity of type Ill1 IFN has been
established, its role in the course of HPV infection is still not well understood; indeed, unlike
the type | IFN, there are few data in the literature on the activation of the type Il IFN in
individuals with HPV infection.

Overall, compared to type | IFN, the type 111 IFN response is highly cell-specific, being its
receptor primarily expressed by epithelial cells. In addition, some studies focused on the
specific activity of type Il IFN against several viruses showed also an interesting antitumor

activity (Lasfar et al., 2011; Liu et al., 2013).

1.11 NATURAL KILLER CELLS AND EVIDENCE FOR A ROLE IN VIRUS-

ASSOCIATED TUMORS

NK cells, accounting for 10-15% of peripheral blood cells and originally identified as immune
cells with natural cytotoxicity against transformed cells, are granular lymphocytes which
recognize and eliminate viral-infected and tumour cells (Herberman et al., 1978; Karre, 2008).
Besides their ability to kill cells, it is now well ascertained that NK cells also play a critical role
in sculpting innate and adaptive immune responses via cellular cross-talk in several disease
contexts (Gasteiger et al., 2014). As opposed to T lymphocytes in the natural tumor immunity,
human NK cells displayed a significant role in the elimination of early tumors and metastasis
(minimal disease) and are generally found in lower numbers in established tumors. Moreover,
as a consequence of their lower specificity, NK cells have a broader reactivity to tumors,
effector functions, reduced proliferative capacity and recall response (Bald et al., 2020).
Notably, NK cells are a heterogeneous and plastic population, thus they can acquire different

phenotypes, depending on the tissue setting or signaling which they are exposed; however,
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human NK cells are defined as CD3"™9CD56P* lymphocytes and can be divided into
functionally distinct subpopulations, depending on CD56 and CD16 expression levels (Cooper
etal., 2001):

e CD56”IMCD16™9 NK cells are immunomodulatory cells displaying a high
proliferation potential and secreting a large number of cytokines, especially IFN-y in
response to IL-12, with limited cytotoxic functions. This subset of NK cells is
predominantly found in secondary lymphoid organs, such as lymph nodes (Cooper et
al., 2001).

e CD56%MCD16* NK cells have a strong cytolytic activity and a notable capacity to
secrete cytokines upon triggering of activating receptors (Cooper et al., 2001). Known
as cytotoxic NK cells, they preferentially reside in the blood.

e A subset of CD56"9CD16P* NK cells appears to expand in chronic viral infections

including HIV and might represent an exhausted/anergic subset of NK cells.

Unlike other lymphocytes, NK cells lack antigen-specific receptors but lyse target cells
following the integration of inhibitory and activating signals, generated by cell surface effector
molecules (Lanier et al., 2005). However, the major NK cell receptors, which allow NK cells
to discriminate between “self” and a variety of pathological cell states can be divided into three
main categories: (i) natural cytotoxicity receptors (NCRs) such as NKp46, NKp30, and NKp44,
which can bind to several viral or tumor-associated molecules (Pazina et al., 2017; Barrow et
al., 2019); (ii) NKG2A/C/E-CD94 heterodimers and NKG2D homodimers, which are c-type
lectins binding to the non-classical Human Leukocyte Antigen E (HLA-E) molecule and stress-
induced ligands, respectively, and (iii) the killer-cell immunoglobulin-like receptors (KIRS),
which primarily recognize HLA class la (HLA-la) and Ib (HLA-Ib) molecules and related

surface molecules (Pegram et al., 2011).
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Tissue-resident NK cells diverge from circulating NK cells and might be found in secondary
lymphoid organs as well as in many peripheral tissues including the uterus, lung, and liver
(Bjorkstrom et al., 2016; Panda et al., 2019; Sojka et al., 2019). However, it remains unclear if
those NK cells represent tissue-resident NK cells, NK cells circulating between tissues and
blood, or innate lymphoid cells (ILCs). However, tissue-resident NK cells play a crucial role
in particular tissues or organs involved in cancer development and HIV disease.

NK cell development, activation and effector function are regulated by a complex balance
between activating and inhibitory signals without prior sensitization and MHC restriction. In
addition to the antiviral immune response, NK cells are implicated in tumor surveillance. In this
context, NK cells can recognize several MHC-related ligands that are up-regulated on various
tumors, including UL16-binding proteins (ULBP1-6) and MHC class I-chain-related proteins
A and B (MICA and MICB) (Diefenbach et al., 2000; Salih et al., 2003; Watson et al., 2006).
NK cells are also involved in regulatory functions, by improving CD8* T cell responses against
viral infection (Robbins et al., 2007), inhibiting the size/functionality of the T cell response and
regulating crosstalk network with DCs and neutrophils to promote or hamper the immune
response (Crome et al., 2013; Campbell et al., 2013).

Several immunotherapy protocols have been focused on NK cells manipulation to eliminate
cancer cells that are resistant to chemotherapy or to T cell-based immunotherapy (Cheng et al.,
2013). To this extent, during tumor progression, some cells are able to evade from NK cell-
mediated immunosurveillance, as a high level of MHC-I expression, contributing to cancer
development and disease. Recently, the anti-tumour activity of human NK cells has been shown
to depend on different activating stimuli (Sanchez-Martinez et al., 2014), especially for solid
tumours, which are considered to be more resistant to NK cells than haematological cancer cells
(Stojanovic et al., 2011). This low efficacy might be explained by several intrinsic
characteristics of solid tumours: i) tumour microenvironment generates immunosuppressant

conditions impairing the anti-tumoral activity of immune cells, ii) NK cell extravasation and
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infiltration into the solid mass to engage target cells and release cytolytic granules are required
for tumor elimination and iii) tumor microregions generated by hypoxic conditions and nutrient
restriction influence tumor heterogeneity, differentiation and growth and consequently, might
affect its sensitivity to NK cells (Stojanovic et al., 2011; Gras Navarro et al., 2015).

Accordingly to all virus responsible for cancer development, HPV has developed multiple
immune evasion strategies to escape CTL- and NK-cell-mediated control, considering long
term HPV persistence causing low-grade intraepithelial squamous lesions that may progress to
dysplasia, in situ carcinoma, and finally invasive carcinoma (Renoux et al., 2011). In fact,
function-related receptors of NK cells are down-regulated during HPV infection (Colmenares
et al., 2012): it has been demonstrated that NKp46 and NKp30 were significantly decreased in
women with cervical cancer and precancerous lesions, consistently with NK cells dysfunction.
In addition, studies investigating the role of NK cells in the development of SIL suggest
protective effects of NK cells, reporting a decreased NK cell lysis of HPV infected
keratinocytes in subjects with SIL or carcinomas as well as a role of NK cells in the regression
of SIL (Scott et al., 2001). Actually, the virus-induced tumors are more likely to appear in
globally immune-suppressed individuals, who have deficiencies in NK cell activity as well as
in other components of the immune system: in particular, co-infection with the
immunosuppressive HIV promotes the tumorigenic potential of HPV as well as other viruses,
like Epstein-Barr virus (EBV), hepatitis B virus (HBV), hepatitis C virus (HCV), human T-cell
leukemia virus (HTLV), Kaposi sarcoma virus (KSHV), and Merkel cell polyomavirus (MCV).
The ability of these NK cells to control secondary viral infections depends on which viral

subtype initiates the secondary infection (Gonzalez et al., 2010).

1.12 NK CELL ROLE DURING HIV-1 INFECTION

During viral infection immune response, the activation of NK cells typically occurs without

prior sensitization, but before the induction of T cell mediated immune responses. It is well
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described that the immune response processes begin with of type-1 interferon secretion (IFN-a)
that results in activation of innate effector cells, such as macrophages and DCs, to secrete
cytokines, including IL-15 that drives the proliferation of NK cells. This timing of NK cell
responses suggests that they may have a role in initial control of HIV infection (Alter et al.,
2009), supported by studies highlighting NK cells activity in resistance to HIV, such as the
enhanced NK cell functional responses (IFN-y, TNF-a, CCL3/4/5) (Robertson, 2002). On the
other hand, a dramatic change in the peripheral levels of NK cell subsets during HIV infection
results in a marked reduction of CD3- CD56+ NK cells and development of a new
hypofunctional CD3- CD56- CD16+ NK cell population (Hong et al., 2010). Despite this
imbalance in the frequencies of NK cells, their levels appear to remain stable throughout the
course of HIV-1 disease.

Of note, NK cells display the following effector functions against HIV-1 infected cells: i)
cytolysis of infected cells via the release of perforin and granzymes; ii) release of chemokines
that compete with HIV-1 for binding the CCR5 co-receptor; iii) release of cytokines that shape
immune responses and Ab mediated NK cell functions, including ADCC (Figure 12). However,
few studies have investigated on which specific NK cell population(s) react to HIV-1 infected

cells and their functional profiles.
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Figure 12. The role of NK cells during HIV-1 infection (FIorez-Alvarez et al., 2018)

1.16 HIV, HPV AND MICROBIOTA: PARTNER IN CRIME? THE EFFECTS
OF THE INTESTINAL FLORA MODULATION ON HPV INFECTION

Both the innate and adaptive immune responses are essential for the recognition and elimination of
HPV, but in most cases patients with immunodeficiency have a greater risk of disease progression.
Despite the beneficial impact of CART, its role on immune recovery of HPV-related lesions remains
controversial. To date, HIV-1 infected women exhibit a higher prevalence of HPV infection, and an
increase in microbiome diversity; a reduction in Lactobacillus spp and the vaginal dysbiosis were
deeply related to persistent HPV infection, cervicovaginal dysplasia and the development of cervical
cancer (Audirac-Chalifouret al., 2016; Kroon, et al., 2018; Wakabayashi et al., 2019). As known,
alterations in the composition of the microbiome can modify local innate immunity, favoring the
production of pro-inflammatory cytokines and reducing the epithelium barrier function (Crakes et al.,

2019; Takiishi et al., 2017). Furthermore, in the vaginal compartment, the microbiome allows to
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maintain an acid pH (4.5), produce peptides with antimicrobial properties and hinder the colonization
by other pathogenic microorganisms (Audirac-Chalifouret al., 2016; Kroon, et al., 2018).

Notably, HIV-1 infected individuals almost invariably show alterations of the normal composition of
the gut microbiota (Zevin et al., 2016), and evidence from literature highlight that a balanced
microbiota could exert a role in the clearance of HPV infection, preventing the risk of HPV related
carcinogenesis (Serrano-Villar et al., 2017). It is well established that in HIV-1 positive patients, gut
dysbiosis is associated with impairment of the local immune system (Vujkovic-Cvijin et al., 2013;
Dillon et al., 2014; Brenchley et al., 2006) and in this scenario any corrective action may contribute
to reduce the persistence of HPV infection and the risk of the onset of epithelial dysplasia.

Despite the beneficial effect of cCART in HIV-1 infection, a large set of data suggest that long-term
CART does not completely reverse the damage inflicted by chronic HIV-1 replication. This is
exemplified by the persistence of T cell activation and inflammation and the lasting depletion and/ or
retained dysfunction of innate immune subsets (Hearps et al., 2012). This immune activation is mainly
associated to the damage of the intestinal epithelium and an increase in microbial translocation.
However, the relationship between persistent immune activation and HPV infection on CART-
mediated immune reconstitution remains unclear until to date.

Because microbiome can play an important role in the clearance of HPV infection, several studies
have investigated the potential effectiveness of oral bacteriotherapy to restore bacterial flora
composition and to dampen the chronic immune activation found in virologically suppressed HIV-1

infected patients (Verhoeven et al., 2013; Ceccarelli et al., 2018; d'Ettorre et al., 2017).
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2. AIM OF THE STUDY

According to the World Health Organization (WHO) estimates, cancer ranks as one of the main
leading cause of death worldwide and was responsible for an estimated 10 million deaths in 2020
(Sung et al., 2021). Although the age-related increase in cancer risk is well-documented, potentially
modifiable risk factors, as smoking, alcohol consumption, poor diet, lack of physical activity, obesity
or exposure to chemicals and other substances may not be underestimated.

In this context, more than 5 percent of all cancers are directly or indirectly attributable to HPV
infections that play significant roles in the multistage carcinogenic process. Among all HPV-related
cancers, a high proportion is accounted by squamous cell carcinoma of the anal canal (SCCA), whose
risk of developing is extremely high among HIV-1 infected subjects, especially MSM, despite the
availability of antiretroviral therapy.

Indeed, people living with HIV-1 still face increased rates of HPV infection and anal cancer and this
might be associated to the HIV-1 related immunosuppression that reduces the ability to control HPV
oncogenic processes and this abnormal immune response can regulate both the development and
progression of cancer. Of note, HPV early proteins can inhibit specific components of the innate
immune response; E6 and E7 can block type I IFNs signaling and decrease the expression of multiple
IFN stimulate genes. It is also becoming increasingly clear that type 111 IFN, and IL28R receptor exert
distinct and non-redundant functions compared to type I IFN, especially in mucosal tissues. Despite
the established antiviral and antiproliferative activity of type | and Ill IFN at anal mucosal level, to
date their role during HPV infection has still been scarcely studied. In parallel, HPV proteins are also
able to alter NK cell activity (Bere et al., 2014). The latter might represent an evasion mechanism
employed by HPV to support anogenital cancer progression. However, limited data is available on
the role of innate immune response (e.g. IFN and NK response) in determining the course of HPV

anal infection, especially among a high-risk population as HIV-1 infected MSM.
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Beside the HPV and HIV fields, emerging evidence supports that microbiota might have an impact
on host immunity and might amplify or mitigate carcinogenesis. Indeed, an altered composition and
function of the so-called HIV-1 associated microbiota might explain the altered course of HPV anal
disease during HIV-1 infection. It is also well established that the modulation of microbiota
composition with oral bacteriotherapy, might contribute to the HPV clearance and HPV related
dysplasia regression. In addition, oral bacteriotherapy supplementation seems to be involved in the
modulation of innate immunity pathways, especially IFN and NK response, as well as in the reduction
of immune activation levels detected among HIV-1 infected subjects (Pinacchio et al., 2018; d’Ettorre
etal., 2017).

Therefore, we hypothesized that HPV, through evasion strategies adopted to overcome the host
immune defense, might modulate levels of different type I and 111 IFN genes, as well as of NK cells
in the anal mucosa of HIV-1 MSM patients.

In particular, my PhD project has been divided into 3 main areas of research (phases), as reported in

Figure 13:

1) Assessment of virus parameters (HPV prevalence, HPV genotypes, rates of persistent HPV
infection) and anal HPV cytological abnormalities; Evaluation of gene expression level of
type I (IFN a, IFN B and IFN ¢, and the receptor IFNAR1 and IFNAR?2), type III (IFN-A 1, 2
and 3 subtypes and IL-28R) in anal cells of HIV-1 positive MSM patients (n=110).

2) Analysis of the frequencies of several NK cell subsets (CD56*, CD16*, CD56™ CD56°9M
and NKT cells) by multiparametric flow cytometry in anal samples obtained from a subgroup
of HIV-1 positive MSM (n=8) with ascertained HPV anal infection and anal dysplasia. These
patients underwent HRA, from which anal biopsies were obtained from abnormal areas and
from normal mucosa. This analysis was conducted in collaboration with the Department of
Experimental Medicine of Sapienza, University of Rome.

3) Analysis of the role of gut microbial composition in relation to anal HPV clearance and anal

HPV related dysplasia in a sub-group of HPV-HIV-1 infected MSM receiving oral
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bacteriotherapy supplementation for six months. The effect of the modulation of intestinal

microbiota were also analyzed in relation to anal IFN transcript levels and the frequencies of

intra-epithelial NK cell subsets. To address the role oral bacteriotherapy supplementation on

immune activation status of HPV-HIV-1 infected subjects, the frequencies of CD4+ and

CD8+ T Ilymphocytes expressing CD38 and HLADR were evaluated after oral

bacteriotherapy supplementation.

Overall, this study aimed to identify immunological markers of HPV persistence and precancerous

mucosal lesions progression, and to explore the effectiveness of oral bacteriotherapy to restore a

healthy microenvironment in anal mucosal tissues of MSM individuals.
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3. MATERIAL AND METHODS

3.1STUDY POPULATION

This study included 110 HIV-1 infected MSM successfully cART treated, consecutively
attending the proctology clinic of Policlinico Umberto | Hospital, Rome, and the HIV
Outpatient Clinic of the Department of Infectious Diseases of Sapienza, University of Rome.
All the subjects enrolled in this study met the following criteria: 1) confirmed HIV infection,
2) age > 18 years old, 3) being on stable and effective CART for at least 12 months. The
Exclusion criteria were 1) abnormal anal cytology, 2) a history of AIN, and 3) being already
diagnosed or treated for HPV/anal condyloma. The study was approved by the Ethics
Committee of Sapienza, University of Rome and a written informed consent was obtained from
all patients prior to enrolment.

The main immuno-virological parameters for HIV infection were recorded for each participant,
as nadir CD4" T lymphocyte count, CD4" T cell count and plasma HIVV RNA at enrolment and
at the end of the study, years of exposure to HIV, type and years of exposure to cCART. Past or
present sexually transmitted infections were also investigated, with attention to documented
HPV infection or warts, focusing on any treatments performed and their outcome. In addition,
HPV vaccination status was also considered.

Each patient underwent a careful remote and near pathological history, focusing on conditions
favouring the persistence of HPV infection and the progression of dysplastic lesions, such as
taking immunosuppressant drugs. The following lifestyle and sexual habits of the participants
were also investigated: sexual identity, age of first sexual intercourse, number of partners
throughout life and over the past six months, presence of receptive anal intercourse, education,
occupation. In addition, voluptuous habits were also considered, as alcohol, smoking and drug

use. Finally, the occurrence of present or previous anal pathology and anal symptomatology, as
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tenesmus, burning, itching, pain, bleeding, and their relationship with respect to receptive

intercourse, was also recorded.

3.2 LABORATORY PROCEDURES

All patients underwent proctological examination and brushing of the anal canal with a Dacron
Cytobrush (2X), which allows the collection of epithelial cells required for cytological analysis
and HPV-DNA detection. The brushing was inserted into the anal canal up to the anorectal
junction (approximately 4.0 — 7.0 cm proximal to the anal margin) and rotated three times
clockwise and three times anticlockwise to scrape along the anal wall and to collect a large
number of epithelial cells.

This procedure was repeated three times for each patient during each study visit: the first
brushing was used for anal cytological examination, the second was used for HPV DNA
research and the third one to evaluate IFN gene expression in anal cells.

The brushing samples were then suspended in 1 ml of phosphate-buffered-saline (PBS) and
anal cells collected were centrifuged at low speed (8000 rpm) for 10 minutes at room
temperature.

The supernatant was removed, and the samples were then stored at -20°C or -80°C for

subsequent anal cytology evaluation and DNA and RNA extraction.

3.2.1 CYTOLOGICAL EXAMINATION

Cytological analysis was performed using a cytology slide. The biological sample obtained
from the anal brushing was distributed on a slide and fixed within few seconds after the sample
collection. This preparation was treated with the Papanicolaou stain, a multichromatic

(multicolored) cytological staining technique widely used in cytology (Gill, 2013). This
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procedure consists in a combination of a nuclear stain (hematoxylin) and two counterstains
(OG-6 and EA-50). OG-6 recognizes and stains keratin, while EA-50 (a double stain, eosin and
blue) stains the cytoplasm of squamous epithelial cells, nucleoli, and red blood cells. The so-
obtained slide was then observed under an optical microscope. The results were described
following the 2014 Bethesda Classification (Nayar et al., 2015):

* NILM: negative for intraepithelial or malignant lesions

» ASCUS: atypical squamous cells of indeterminate meaning

» ASC-H: atypical squamous cells that do not allow to exclude HSIL

* LSIL: low grade intraepithelial squamous cell lesions

» HSIL: high grade intraepithelial squamous cell lesions

* SCC: squamous cell carcinoma.

3.2.2 TOTAL HPV DNA EXTRACTION

HPV DNA extraction was performed using a QlAamp Blood and Tissue kit (Qiagen, Milano).
Prior to freezing, 200 pl of ATL (Animal Tissue Lysis) buffer containing SDS (Sodium
Dodecyl Sulfate, concentration > 0.5%) and EDTA (Ethylenediaminetetraacetic acid,
concentration > 8 mM), were added to anal samples to allow lysis of the cell pellet. To carry
out the DNA extraction from anal cells, anal samples were thawed and treated with 20 pl of
proteinase K (600 mAU / ml), a broad-spectrum serine protease commonly used to purify
nucleic acid preparations by digesting proteins that could interfere with the extraction process;
samples were then incubated in a thermostatic bath at 56° C for 10 minutes, to allow proteins
lysis.

Subsequently, samples were lysed by treatment with 200 pL of lysis buffer (Buffer AL), in
highly denaturing conditions, allowing the isolation of an intact viral DNA. To obtain an

efficient lithic action, it is essential to shake the mixture vigorously to produce a homogeneous
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solution and then incubate for 10 minutes at 56° C. 200 uL of 96-100% ethanol was then added
to allow the precipitation of nucleic acids.

The lysate was then transferred to special columns (Qlamp spin columns), containing silica gel
filters with high affinity for nucleic acids. The saline conditions and the pH of the lysate ensure
that proteins and other contaminants are not absorbed by the filter. The nucleic acids binding
to the membrane contained in the columns is guaranteed by a one-minute centrifuge at 8000
rpm, which allows the components of the mixture not absorbed by the filter to flow into the
discharge tube. Subsequently, two washes with two different buffers (AW1 buffer: 20 mM
NaCl, 2 mM Tris-HCI, pH 7.5 and 57% ethanol; AW2 buffer: 20 mM NaCl, 2 mM Tris-HClI,
pH 7.5 and 70% ethanol) were carried out to increase the purity of the extracted DNA and to
ensure complete removal of any contaminants. The purified viral DNA was finally eluted with
200 pL of a specific AE buffer (10mM Tris-HCL, 0.5mM EDTA, pH 9) which allows the

release of DNA from the membrane and prevents its degradation.

3.2.3 DETERMINATION OF THE EXTRACTED DNA AMOUNT

To determine the amount of total DNA in each sample, 5 ul of extracted DNA were mixed with
small quantities of Bromophenol blue containing glycerol (used both to make the sample heavy
and to exactly define sample location along the run, given its typical blue colour) and then
loaded into a 1% agarose gel in a TAE buffer (40 mM tris-Acetate and 1 mM EDTA) containing
Ethidium bromide (1pg/ml) to visualize DNA. In addition, 5 pl of a marker (at a concentration
of 0.25 pg/ul) were loaded near the samples, whose bands, at a known wavelength and quantity,
were compared with the intensity and wavelength of the extracted genomic DNA bands. The
gel was subjected to an electrophoresis assay (150 Volts for 35-40 minutes) and observed

through a UV transilluminator.
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3.2.4 AMPLIFICATION OF THE HLA GENE

The PCR technique exploits a DNA polymerase, an enzyme able to synthesize new DNA
fragments (typically a DNA sequence of 200-800 bases) in the presence of specific primers that
act as attachment sites on the template.

Before amplification of HPV genome, a PCR was carried out to amplify a highly conserved
small internal region of a cellular gene coding for the human leucocyte antigen (HLA) complex.
This allows to ascertain the samples amplifiability and, therefore, the absence of any inhibitors
that could interfere in this reaction.

The sequences of the primers used in the HLA PCR were the following:

HLAL: 5-GTCCTGCAGGTGTAAACTTGTACCAG-3'

HLA2: 5-CACGGATCCGGTAGCAGCGGAGAGTTG-3"

A positive control for the HLA gene (CTRL +), that is a DNA sample previously tested as
positive, and a negative control (CTRL-), consisting only of the reaction mixture and sterile
bidistilled H20, were added to the reaction to evaluate the correct outcome of the amplification,
excluding false negative or false positive samples.

The HLA PCR products were then run on a 2% agarose gel in TAE buffer (40 mM tris-Acetate
and 1 mM EDTA) containing ethidium bromide (1 pug / ml). 10 ul of each amplification sample,
the negative and positive controls, and the known molecular weight marker, which allowed to
identify the amplified fragments of the expected size, were loaded into the gel (always mixed
with Blue of chromophenol). The gel was subjected to electrophoresis (150 Volts for 35-40
minutes) and observed through UV transilluminator. A 200-bp molecular ladder was used to

estimate the amplicon size.
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3.25 PCR FOR THE L1 REGION

The HPV identification has been performed through PCR using a pair of degenerated primers
able to amplify nearly all mucosal HPV genotypes: MY09 / MY 11. These primers allowed the
amplification of a 450 bp fragment of the late L1 region of HPV.

The oligonucleotide sequences were the following:

MY09: 5-GCMCAGGGWCATAAYAATGG-3'

MY11: 5-CGTCCMARRGGAWCATGATC-3"'

The cycles that outline the amplification of L1 are the same as those found for HLA (n=35).
The PCR products were detected by ethidium bromide staining after electrophoretic migration

through a 2% agarose gels.

3.2.6 HPV GENOTYPING

PCR products corresponding to proper fragments were purified with QIAquick PCR purification kit,
according to Qiagen protocol. DNA sequencing was performed by an automatic DNA sequencer
(Applied Biosystems, model 370A), according to the manufacturer’s specifications (Amplicycle Kit,
Applied Biosystems). Sequence similarity was determined by BLAST and ClustalW programs.
Positive samples were classified as multiple infections when L1 sequence shows mixed

chromatograms (Verteramo et al., 2006).

3.2.5 TOTAL RNA EXTRACTION

Anal samples collected from HIV-1 infected MSM were centrifuged at 1200 RPM for 20 min
and the pellet immediately resuspended in 200 pl of guanidinium thiocyanate (TRIZOL), a

chaotropic agent that denatures the intracellular proteins and inhibits the RNase activity;
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guanidinium thiocyanate is also capable of cell and virus particle lysis. Total RNA was
extracted using the RNA Mini Prep Plus (Zymo Research, USA).

Briefly, 200 uL of ethanol (95-100%) were added on anal pellets and mixed well. The mixture
was transferred to a Zymo-Spin™ ITIICG Column Collection Tube and centrifuged at 1000 RPM
for 1 minute; then, 400 pl RNA Prep Buffer were added to the column and centrifuged at 1000
RPM for 1 minute; Samples were treated with DNase I: 5 pl of DNase | and 75 pl of DNA
Digestion Buffer were added directly to the mix into the column and incubate at room
temperature for 15 minutes; then, 700 pl RNA Wash Buffer were added to the samples and
centrifuged at 1000 RPM for 1 minute. 400 ul RNA Wash Buffer were added and centrifuge
the column for 2 minutes to ensure complete removal of the wash buffer. Lastly, to elute the
RNA, 100 pl DNase/RNase-Free Water were added directly to the column matrix and

centrifuged at 1000 RPM for 1 minute.

3.2.6 RETROTRANSCRIPTION (RT)

Retro-transcription (RT) is the enzyme-mediated synthesis of a DNA molecule from a single
strand RNA" template (ssSRNA) through the DNA polymerase-dependent RNA enzyme, or
reverse transcriptase. Samples were reverse transcribed using the “High-Capacity kit cDNA
Reverse Transcription” (Applied Biosystems, Foster City, California, USA).
The single sample mix, with a final volume of 60 pl, contains:

e 12 ul RT Buffer 10x,

e 4.8 ul dNTP Mix (100 mM), 1

o 2 ul Ex-R 10x,

e 6 ul MultiScribe ™ RT,

o 25.2 ul Water

e 60 pl of the extracted sample
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3.2.7 TagMan Real Time PCR for gene expression analysis

Gene expression analysis was performed using Real-time PCR assays using the LightCycler480
instrument (Roche, Basel, Switzerland). It is known that Real Time PCR allows the
quantification of a target sequence within a heterogeneous mixture of DNA or cDNA
molecules, based on the principle of a direct relationship between the amount of starting nucleic
acid and the corresponding PCR product. In this study, the TagMan method was used for the
quantitative analysis. Amplified products were marked with "primers" and “probes” following
the FRET (Fluorence Resonance Energy Transfer) principle, or however, mechanisms that
involve the emission of fluorescence, and involve a “Fluorophore” and a non-fluorescent
“Quencher”.

The Real Time PCR reactions were performed in 96-well plates (Roche, Basel, Switzerland).
Primers and probes for each gene were added to the Probes Master Mix (Roche; Basel,
Switzerland) at 500 and 250 nM, respectively, in a final volume of 20 pl. The housekeeping
gene B-glucuronidase was used as an internal control.

The primers and probe sequences used for each gene were the following:

GUS: Forward 5’-TCTGTCAAGGGCAGTAACCTG-3’
Reverse 5’-GCCCACGACTTTGTTTTCTG-3”
Probe 5’-6FAM-TCAAGTTGGAAGTGCGTCTTTTGGATGC-TAM-3’

IFN a: Hs. PT.58.24294810.9
IFN B: Hs. PT.58.39481063.9
IFN £: Hs. PT.58.4812867.9
IFNARL: Hs. PT.58.25402720.g

IFNAR2: Hs. PT.58.1621113.9
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ISG15: Forward 5’-TGGCGGGCAACGAATT-3’

Reverse 5°-GGGTGATCTGCGCCTTCA-3’

Probe 5’-FAM-TGAGCAGCTCCATGTC-TAMRA-3’

IRF1: Hs.PT.58.26847423

EGFR: Hs.PT.58.15419889

IFN A1: Hs.PT. 56a.21113836.9

IFN A2: Hs.PT. 56a.38564463.9

IFN A3: Forward 5’-ATATGGTGCAGGGTGTGAAG-3’

Reverse 5’-GACGCTGAAGGTTCTGGAG-3’

Probe 5°-/56-FAM/CCACCGCTG/ZEN/ACACTGACCCA/3IABKFQ/-3’

IL28R: Forward 5’-CCCAAGGGTAAGAGCTTCGAT-3’

Reverse 5’-CCTTCATATTTTACTGACATGGACAAG-3’

Probe 5’-6-FAM-CAGCCGGGCCAACCTCTGACC-TAMRA-3

The Light Cycler 480 instrument (Roche, Basel, Switzerland) has been set up to perform the

following cycles: 50° C for 2 minutes; 95° C for 10 minutes, followed by 45 cycles at 95° C for

15 seconds, and 60° C for 1 minute.

All the primers/probe sets were purchased from PrimeTime® Std qPCR Assay (IDT, Coralville,

lowa, USA).

The mRNA expression values were calculated by the comparative Ct method, which uses the
expression levels of the housekeeping GUS gene (B-glucuronidase) to normalize data.

The amount of MRNA is provided by the 22T formula, where ACt is the difference in threshold

cycles between the gene considered and the reference gene.
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3.2.8 PERIPHERAL BLOOD MONONUCLEAR CELLS ISOLATION

Twenty millilitres of whole blood were collected from a subgroup of HPV-HIV-1 positive MSM by
venipuncture in Vacutainer tubes containing EDTA (BD Biosciences, San Jose, California, USA).
Peripheral Blood Mononuclear cells (PBMC) were isolated from peripheral blood and the plasma
was separated by centrifuging at 1800 RPM for 10 minutes at room temperature. Subsequently,
PBMCs obtained by density gradient centrifugation (Lympholyte H; Cedarlane Labs, Hornby,
Ontario, Canada) were centrifuged at 1800 RPM for 10 minutes and stored with Fetal Bovin Serum

(FBS) and 10% of Dimethyl sulfoxide (DMSO) for immunophenotyping.

3.2.9 ISOLATION OF ANAL INTRAEPITHELIAL LYMPHOCYTES

Anal biopsies obtained through HRA from a subgroup of HPV-HIV-1 positive MSM were collected
in RPMI 1640 medium with 10% FBS and overnight treated with 200 pL of RNAlater Storage
Solution (Sigma-Aldrich, Milan, Italy) that stabilizes and protects cellular RNA in intact, unfrozen
tissues. Anal biopsies were, then, digested by 2 h incubation at 37 °C in 1 mg/ml Collagenase-Dispase

solution (Sigma-Aldrich, Milan, Italy), leading to the isolation of Intraepithelial Lymphocytes (IEL).

3.2.10 CITOFLUORIMETRIC ASSAYS

PBMC and IEL were collected and aliquoted with RPMI 1640 medium and 10% FBS and then
washed by centrifugation. The following antihuman monoclonal Antibodies (mAbs) were added:
CD3-PerCP, CD4-APC-750, CD8-FITCH, CD16-Vio Blue, CD56 Alexa Fluor 700. T- and NK- cells
subpopulations were identified according to the following phenotypic combinations:

Total lymphocytes (CD3+)

CD4+ T lymphocytes (CD3+/CD4+)

CD8+ T lymphocytes (CD3+/CD8+)
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CD4+/CD8+ T lymphocytes (CD3+/CD4+/CD8+)
NK T lymphocytes (CD3+/CD56+)

NK cells (CD3-/CD56+)

CD56dim NK cells (CD56+/CD16+)

CD56bright NK cells (CD56++/CD16-)

One aliquot of PBMC has been also collected to evaluate the immune activation level on CD4+
and CD8+ T lymphocytes; the following mAbs were added: CD3-PerCP, CD4-APC-Vio770,
CD8-FITC, CD45RO-PEVi0o770, CD27-VioBlue, CD38-APC, and HLA-DR-PE (Miltenyi
Biotec, Bergisch Gladbach, Germany). The expression of markers of immune activation (CD38,
HLADR) on naive (CD27+CD45RO-), central memory (TCM- CD27+CD45R0O+), and
effector memory (TEM- CD27—CD45 RO+) CD4 and CDS8 T cells was evaluated by multi-
parametric flow cytometry. Gating strategies for analysis of NK cell subsets and T cell immune

activation levels were represented in Figure 14 Panel A and Panel B, respectively.
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3.3 STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS version 20.0, and data were presented as median (IQR
= interquartile range, 25th and 75th percentile) for continuous variable and as simple frequencies (n)
and proportions (or percentages) for dichotomous variable (yes/no or 0/1), unless otherwise stated.
Differences between HPV positive and HPV negative MSM, HR and LR HPV patients were assessed
using the Mann-Whitney U test. Comparison of data obtained before and after probiotic
supplementation were performed using Wilcoxon signed-rank test. Parameters that were statistical
significance with univariate analysis were used in the logistic regression analysis to estimate adjusted
odds ratio (OR) and 95% confidence intervals (95% CI) for the risk factors associated with the
development of HPV, including the confounding factors (age, gender, etc.). A p value less than 0.05

was considered statistically significant.

56



4. RESULTS

4.1 DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF HIV-1
INFECTED MSM

The present study included 110 long-term cART treated HIV-1-positive MSM, attending the
Proctology Clinic of the Policlinico Umberto | and the Department of Infectious Diseases at
Sapienza, University of Rome.

The demographic and clinical characteristics of HIV-1 infected patients are summarized in
Table 5.

Briefly, HIV-1 positive population had a median age of 47.4 (range: 41-52.75) years. The
median nadir CD4" count was 226 (range: 50-396) cell/mm?® and the CD4+ T-cell counts at
enrolment ranged between 585 and 897 cell/mm? blood, with a median value of 700 cell/mm?.
All participants were virologically suppressed (HIV RNA <37 copies/ml) for at least 12 months.
The median years of exposure to HIV-1 was 10 (range: 4.25-18) years. All patients enrolled
were negative for Cytomegalovirus or Epstein—Barr virus IgM and had no hepatitis B virus or
hepatitis C virus coinfection; no other opportunistic infections or sexually transmitted diseases

(STDs) were recorded in the study population.
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Table 5. Demographic and clinical characteristics of CART treated HIV-1 positive MSM

nadir CD4+ T cells (cell/mm?®)
CD4+ T cell at enrolment (cell/mm?)
HIV-1 RNA (copies/ mL)P

Years HIV-1 diagnosis (years)

Years of treatment

Item? HIV-1-positive MSM
(n=110)
Age (years) 47.4 (41-52.75)

226 (50-396)
700 (585-897)
<37

10 (4.25-18)

12 (7-18.5)

2 Data are expressed as median (range).

b HIV-1 viral load was determined by Versant HIV-1 RNA kPCR assay (Siemens Healthineers, Tarrytown, NY, USA) which

has a detection limit of 37 copies/mL

4.2 Anal HPV prevalence and HPV genotype distribution in HIV-1 infected MSM

Since several HPV genotypes show a greater association with cancer development, the
definition of the HPV genotype, LR and HR, represents a crucial information in the clinical
history of high-risk patient, as HIV-1 infected MSM. The prevalence of anal HPV genotypes
among the total study participants were reported in Figure 15. Overall, HPV DNA was detected
in 79.1% (87/110) of anal samples collected from HIV-1 infected MSM, 1.8% of which showed
multiple HPV infections. In particular, HR anal HPV infection was found in 43/87 patients
(49.4%), and LR-HPV infection was detected in 44.9% (n=39) of HPV positive study

participants (Figure 15). In 5.7% (5/87) of the positive anal samples the HPV genotype and/or

the associated oncogenic risk has not been determined.
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LR-HPV ki

HR-HPV
49.4%

Figure 15. Anal HPV prevalence, HR and LR genotypes distribution in HIV-1 infected

MSM

Moreover, a detailed analysis of the prevalence of individual HPV genotypes has been
performed among all samples identified to be positive for HPV DNA. As reported in Figure
16, among HR-HPV genotypes, HPV16 was the most prevalent (11%, 9/82); HPV45, HPV53
and HPV83 were the second HPV common types (5%, 4/82 for each genotype); among others,
4% of HPV positive patients were affected by HPV58 and HPV85 (3/82 for each HPV
genotype) and the frequency of HPV18, HPV31, HPV54 and HPV97 was 2% (2/82 for each
HPV genotype). All the other HR-HPV genotypes (HPV38, HPV66, HPV68, HPV81, HPV82,
HPV102, HPV107, HPV120) were detected only in 1% of HPV-positive patients (Figure 16).
Among LR-HPV positive patients, the most common LR-HPV genotype was HPV6 (27%,
22/82), followed by HPV11(6%, 5/82) HPV62 and HPV72 (4%, 3/82). Only 1% of patients

was infected with HPV42 (1/82), HPV44 (1/82), HPV61 (1/82) and HPV71 (1/82) (Figure 16).
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HPV71 MULTIPLE INFECTIONS

1.8%

Figure 16. Overall prevalence of anal HPV genotypes (HR-HPV and LR-HPV).
The total number of HR HPV and LR HPV was calculated as a percentage of the total number of HPV-HIV-1

infected MSM. HR-HPV: HPV16, HPV18, HPV31, HPV38, HPV45, HPV53, HPV54, HPV66, HPV58, HPV6S,
HPV82, HPV82, HPV83, HPV85, HPVI7, HPV102, HPV107, HPV120; LR-HPV: HPV6, HPV11, HPV42,

HPV44, HPV61, HPV62, HPV71, HPV72.

4.3 ANAL CYTOLOGICAL GRADES AND PREVALENCE

In order to assess an association between HPV infection and anal squamous cell cancer, anal
swabs were also collected to perform cytology analysis. Prevalence of anal intra-epithelial
abnormalities in HPV-HIV-1 infected MSM was reported in Figure 17. Overall, cytology was
adequate in 101/110 (91.8%) patients and was unsatisfactory only for nine participants (8.2%);
42/101 (41.6%) anal samples were negative for intra-epithelial abnormalities (NO SIL). By
contrast, the prevalence of SIL (LSIL or HSIL) detected on anal swabs of HIV-1 infected MSM
was 58.4% (59/101). Because HSIL was detected in 2.0% of anal lesions screened (2/101), it

was pooled together with LSIL results. Among the HPV positive MSM, 45/87 (51.7%) showed
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a SIL (LSIL or HSIL); among these 45 patients, the HR-HPV infection rate was 42.2% (19/45),

accounting for 44.2% of patients with an HR-HPV-positive anal sample.

HIV-1 infected MSM

n=110

Unsatisfactory cytology
- n=9

(8.2%)

Available cytology

n=101
(91.8%)
LSIL or HSIL NO SIL
n=59 n=42
58.4% (41.6)
HPV+
n=45
76.3%
HR-HPV LR-HPV
n=19 n=26
42.2% 57.7%

Figure 17. Anal cytology results among HIV-1 infected MSM

4.4 PERSISTENT OR CLEARED HPV INFECTION IN HIV-1 INFECTED
MSM PATIENTS

Local immunosuppression in the anogenital mucosa can promote HPV persistence, leading to

an increased chance of acquiring abnormalities and developing cancers at the site of viral

infection (Frazer, 2009;). Also, mucosal immune dysfunction may cause the development of a

latent HPV reactivation (Maglennon et al., 2014). Thus, a subgroup of MSM HIV-1 infected

patients (29/87-33.3%) underwent anal brushing after one year from the first proctologic visit,
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in order to evaluate if HPV infection was associated with a persistent infection. This analysis
showed that 31% (9/29) of the patients analysed, which were HPV positive at the first study
visit, cleared spontaneously the infection (Figure 18). By contrast, 69% (20/29) of HPV infected
patients remained HPV-positive; in particular 11/20 (55%) maintained the same HPV genotype
(persistent infection) while 9/20 patients (45%) were infected with a different HPV genotype
(Figure 18).

TOTAL HPV+ HIV-1 infected MSM
n=87

31% (n=9)

Persistent HPV
(55%, n=11)
66.7%
n=>58

g
69% (m=20) -
’ (n ) T Different HPV
(45%, n=9)

HIV-1 infected MSM who underwent anal brushing only at first study visit
I HIV-1 infected MSM who underwent anal brushing after one year

HIV-1 infected MSM who cleared spontaneously the infection

HIV-1 infected MSM who were still HPV positive

Figure 18. Prevalence of persistent or cleared HPV infection in HIV-1 infected MSM after one
year from enrolment. A subgroup of HIV-1 infected patients MSM (29/87-33.3%) underwent anal
brushing after one year from the first study visit (dark green square). 31% (9/29) of these patients,
cleared spontaneously the HPV infection (yellow square). 69% (20/29) were still HPV-positive (orange
square): among them, 11/20 (55%) displayed persistent HPV infection (same HPV genotype) and 9/20

patients (45%) were infected with a different HPV genotype.
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45 RISK FACTORS ASSOCIATED WITH HPV INFECTION AND
PERSISTENCE

Although an increasing interest in understanding the burden of HPV infection in HIV-1 infected
MSM has recently arisen, the predictive risk factors associated with the development of anal
HPV infection remained not clearly identified. Therefore, HIV-1 infected MSM were asked to
participate in a face-to-face interview with clinicians to investigate several parameters as risk
factors including education, occupation, lifestyle, use of substances in the last 90 days, and
sexual behaviours. Among 110 patients, 50 individuals (45.5%) agreed to complete the lifestyle
questionnaire. A multivariate logistic regression analysis was performed to assess the
associations between these variables and the HPV infection status (Table 6). Results indicated
that HIV-1 infected MSM, who reported having a secondary education were less likely to be
positive for HPV infection as compared to those patients who reported having less than a high
school diploma [age-adjusted OR=0.0 (95% CI: 0.1-0.2), p<0.001] (Table 6). Moreover, a
higher likelihood of contracting HPV infection was observed for MSM who reported being
employed (73%) [age-adjusted OR=0.1 (95% CI: 0.1-0.3), p<0.001]. In this group of patients,
tobacco smoking was a risk factor associated to a higher prevalence of HPV infection compared
to not-smoking [age-adjusted OR=9.6 (95% CI: 1.2-76), p<0.001]. Notably, patients who
identified themselves as MSM were more than 5 times more likely to be infected with any anal
HPV type [age-adjusted OR=5.5 (95%CI: 1.2-26), p=0.031] as compared to patients who
reported having bisexual experiences (Table 6). By contrast, all the other parameters considered
(age, lifestyle, Cannabis use, drug use, age of first sexual intercourse and number of partners in
the last six months) were not associated with the HPV infection development (Supplementary

material, Table S6).
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Table 6. Prevalence and Correlates Associated with Anal HPV Infection

H:Ps\,? EEX% OR-adjusted
Parameters Class p-value?
n (%) n (%) (Cl 95%)
Education Primary 7(18.9) 1(7.7) 0.8(0.2-7.5) 0.827
Secondary 13(35.1) 5(38.5) 0.0(0.1-0.2) <0.001
Tertiary 17(46) 7(53.8) 0.4(0.1-1.3) 0.117
Occupation Unemployed 10(27) 0(0) 5.0(0.3-89) 0.279
Employed 27 (73) 13(100) 0.1(0.1-0.3) <0.001
Smoking Yes 17(46) 4(30.8) 9.6(1.2-76) 0.031
No 20(54) 9(69.2) 0.3(0.1-2.2) 0.216
Sexual identity MSN 33(89.2) 11(84.6) 5.5(1.2-26) 0.031
BISEX 4(10.8) 2(15.4) 0.1(0.1-0.4) 0.003

a p<0.05 were considered as statistically significant

Considering the risk associated to the acquisition of an HR HPV genotype with respect to LR
HPV (Table 7), the multivariate analysis showed that MSM with an age ranging from 25 to 50
years were more than 3 times more likely to be infected with an HR-HPV genotype as compared
to younger and/or older patients [age-adjusted OR= 3.4(95% CI:1.2-9.2), p=0.015]. Moreover,
a higher likelihood of contracting an HR-HPV infection was observed for MSM who reported
having a tertiary education (70.6%) [age-adjusted OR=4.1 (95% CI. 1.2-14), p<0.001]. In
addition, MSM who reported being smokers displayed an 8.7 times higher likelihood of
contracting an HR-HPV genotype [age-adjusted OR= 8.7 (95% CI:1(1.7-41) p=0.007], as
compared to patients using cannabis (70.6%) [age-adjusted OR= 3.6 (95% CI:1(1.2-10) p=0.02]
(Table 7). No association with occupation, lifestyle, drug use, sexual identity, first sexual
intercourse, number of partners in the last six months and the likelihood to contract an HR- or

LR-HPV infection were recorded (Supplementary materials, Table S7).

64



Table 7. Prevalence and Correlates Associated with HR and LR Anal HPV Infection

“:Rl;' PV ,IQEZ'JPV OR-adjusted
Parameters Class p-value?
n (%) n (%) (C195%)
Age <25 0(0) 0(0) 0.3(0.2-3.7) 0.264
2510 50 15(88.2) 19(95) 3.4(1.2-9.2) 0.015
>50 2(11.8) 1(5) 0.5(0.2-1.2) 0.136
Education Primary 1(5.9) 3(15) 0.6(0.2-3.7) 0.577
Secondary 4(235) 8(40) 0.8(0.2-2.4) 0.635
Tertiary 12(70.6) 9(45) 4.1(1.2-14) 0.026
Substance use
Cannabis Yes 5(29.4) 2(10) 3.9(0.6-16) 0.186
No 12(70.6) 18(90) 3.6(1.2-10) 0.021
Tobacco Yes 10(58.8) 7(35) 8.7(1.7-41) 0.007
No 7(41.2) 13(65) 0.2(0.1-0.6) <0.001

a p<0.05 were considered as statistically significant

Among all the variables considered in this analysis, as age, education, occupation, lifestyle,

Cannabis use, tobacco smoking, drug use, sexual identity, first sexual intercourse and number

of partners in the last six months, age adjusted models showed that HIV-1 infected patients who

reported having had their first sexual intercourse when they were younger than 17 years old

showed a lower risk of developing SIL than those who had the first anal intercourse when they

were adult [age-adjusted OR=0.3; (95%CI: 0.1-0.8), p<0.011] (Table 8). Finally, tobacco

smoking could be considered as a dependent risk factor associated to the SIL development in

HIV-1 infected MSM [age-adjusted OR=12.60; (95%CI: 2.6-61), p<0.001] (Table 8). However,

no further associations were found between the SIL development and the other variables

considered (Supplementary materials, Table S8).
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Table 8. Prevalence and Correlates Associated with SIL and NO SIL during anal HPV Infection

iII—L31 “(_) 189| L OR-adjusted
Parameters Class B B p-value?
0,
n (%) n (%) (C1 95%)
Lifestyle Sedentary 11(35.5) 1(5.3) 34(4.3-278) <0.001
Not sedentary 20(64.5) 18(94.7) 0.3(0.2-0.8) 0.032
Substance use
Cannabis Yes 6(19.3) 4(21) 8.2(1.6-41) 0.021
No 25(80.7) 15(79) 0.1(0.2-0.6) 0.010
Smoking Yes 11(35.5) 12(63.2) 12.6(2.6-61) <0.001
No 20(64.5) 7(36.8) 0.2(0.1-0.4) <0.001
Sexual behaviour
Sexual identity MSM 26(83.9) 18(94.7) 8(2.3-27) <0.001
BISEX 5(16.1) 1(5.3) 1.4(0.1-23) 0.812
First sexual intercourse 5(16.1) 5(26.3) 1.7(0.6-5.5)
<17 <0.001
(age)
>17 26(83.9) 14(73.7) 0.3(0.1-0.8) 0.018
<10 22(71) 14(73.7) 4(1.3-12) 0.125
Partner last 6 months (n)
>10 9(29) 5(26.3) 6.1(0.6-60) 0.124

a p<0.05 were considered as statistically significant

Considering that different co-factors could play a role in the establishment of a persistent HPV

infection, increasing the risk of development and progression of anal lesions, a multivariate

logistic regression analysis was carried out to identify several risk factors associated with the

persistence of HPV infection detected in the sub-group of HIV-1 infected MSM that underwent

the follow-up visit after one year. Results showed no variables that could be significantly

associated with HPV persistence or clearance in HIV-1 infected MSM (age, education,

occupation, Cannabis use, tobacco smoking, drug use, sexual identity, first sexual intercourse

and number of partners in the last six months), and this could be due to the small sample size

of patients included in this analysis (Supplementary materials Table S9). The only life-style
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feature that appeared significant in the analysis was physical activity that was associated with

HPV clearance [age-adjusted OR=0.1; (95%CI: 0.1-0.2), p<0.001].

4.7 IFN-I1 and 11l SUBTYPES EXPRESSION IN ANAL CELLS OF HIV-1
INFECTED MSM

4.7.1 DIFFERENCES IN THE EPRESSION OF TYPE | AND IIl IFNS
BETWEEN HPV POSITIVE AND NEGATIVE PATIENTS

Since IFN induction was demonstrated to be a crucial target of HPV oncoproteins by in vitro
studies (Beglin et al., 2009) and given that HPV-infected cervical cells mounted an attenuated
IFN response (Cannella et al, 2014), there is an urgent need to better the profile of the type |
and Il IFN response during anal HPV infection. The mRNA expression of the following genes,
IFN-a, IFN-B and IFN-¢, IFNAR1, IFNAR2, IFN-A1, IFN-A2, IFN-A3 and IL28R, has been
investigated in anal cells of HPV positive and HPV negative MSM patients. As depicted in
Figure 19, a decreased mucosal expression of IFN-B (Figure 19, Panel B), IFN-¢ (Figure 19,
Panel C), IFNAR1 and IFNAR2 (Figure 19, Panel D and E) was recorded in HPV positive anal
samples compared to those negative for HPVV-DNA (p <0.01 for all genes). As far as the analysis
of type Il IFN response is concerned, no differences in the expression of IFN-A1, IFN-A2 and
IL28R-mRNAs were recorded between HPV positive and negative patients (Figure 20, Panel
A; p>0.05, Panel D; p>0.05). By contrast, IFN-A3 mRNA levels were reduced in HPV positive

patients compared to those without HPV infection (Figure 20, Panel C; p< 0.01).
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Figure 19 (Panel A-E). Type I-IFN mRNA expression levels in anal cells of HPV positive and negative HIV-1 infected MSM. Gene
expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were expressed as 2"-ACT.
Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and range (horizontal bar

above or below boxes) of the relative number of copies. Data were analyzed using the Mann—Whitney U test (* p<0.05).
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Figure 20 (Panel A-D). IFN-A 1-3 and 1L28R mRNA expression levels in anal cells of HPV positive and negative HIV-1 infected MSM.
Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were expressed as 2/-
ACT*. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and range

(horizontal bar above or below boxes) of the relative number of copies. Data were analysed using the Mann—Whitney U test (* p<0.05).
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Having observed a deregulation in the expression of IFNs in anal samples of HPV infected
patients, we next compared their mRNA levels in relation to the oncogenic potential of the
different HPV genotypes (Figure 21 and Figure 22). Our results showed that type I IFN genes,
IFN-B (Figure 21, Panel B), IFN-¢ (Figure 21, Panel C), IFNARL and IFNAR2 (Figure 21,
Panel D and E) were downregulated in anal cells of HR HPV positive patients compared to LR
HPV positive patients and HPV negative MSM (HR vs LR vs negative: IFN-a, p=0.523; IFN-
B, p<0.01; FN-g, p=0.03; IFNARI, p<0.01; IFNARZ2, p<0.01). In addition, we showed that HR-
HPV positive patients had lower IFN-A2 and IFN-A3 levels in anal cells compared to LR-HPV

positive patients and to those without HPV (Figure 22, Panel B and C; HR vs LR vs negative:

p <0.01).
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Figure 21 (Panel A-E). Type I-IFN mRNA expression levels in anal cells of HR-HPV, LR-HPV positive and HPV negative HIV-1
infected MSM. Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were
expressed as 2°-ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and

range (horizontal bar above or below boxes) of the relative number of copies. Data were analysed using the Mann—Whitney U test (* p<0.05).
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Figure 22 (Panel A-C). IFN-X 1-3 and IL28R mRNA expression levels in anal cells of HR-HPV, LR-HPV positive and HPV negative
HIV-1 infected MSM. Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and
were expressed as 2"-ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes)
and range (horizontal bar above or below boxes) of the relative number of copies. Data were analysed using the Mann—Whitney U test (*

p<0.05).

472 TYPE | AND Il IFN GENE EXPRESSION IN HIV-1 INFECTED MSM

ACCORDING TO ANAL CYTOLOGY

To characterize the role of IFN response during anal SIL, as well as its possible contribution in
the lesion progression, we compared type | (IFN-a, IFN-B, IFN-g, IFNAR1 and IFNAR2) and
type I IEN (IFN-A1, IFN-A2, IFN-A3, IL28R) gene expression levels stratifying HPV positive
patients according to the anal cytology results. A difference in the transcript expression of IFN-
¢ was recorded among HPV positive patients that developed a SIL (HSIL+LSIL) compared to
those who showed no anal lesions (Figure 23, Panel C; p=0.019). A trend toward a general
increase in the expression of IFN-a and IFNAR1 was also observed in HPV positive patients
with anal SIL. However, no statistically significant differences were observed for the other type

I IFN genes analysed (Figure 23, Panel A, B, D, E; p>0.05).
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Figure 23 (Panel A-E). Type I-IFN mRNA expression levels in anal cells of HPV positive HIV-1 infected MSM with and without SIL.
Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were expressed as 2/-
ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and range (horizontal

bar above or below boxes) of the relative number of copies. Data were analyzed using the Mann—-Whitney U test (* p<0.05).

Concerning type 11 IFN, the expression of IFN-A 3 was different between patients that showed
a SIL compared to patients who showed no anal lesions (Figure 24, Panel C, p<0.01), while no
statistically significant differences were recorded for the other genes (Figure 24, Panel A and
B). Moreover, we found differential IL2BR mRNA levels among HPV positive MSM who

exhibited an anal SIL, as compared to those without SIL (Figure 24, Panel D; p=0.04)
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Figure 24 (Panel A-D). IFN-LA 1-3 and IL28R mRNA expression levels in anal cells of HPV positive HIV-1 infected MSM with SIL and
with no dysplasia. Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were
expressed as 2°-ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and

range (horizontal bar above or below boxes) of the relative number of copies. Data were analyzed using the Mann—Whitney U test (* p<0.05).

4.7.2 EVALUATION OF ANAL TYPE | AND 111 IFN EXPRESSION DURING

PERSISTENT HPV INFECTION

It is known that innate immune escape mechanisms employed by HPV are related to the viral
persistence and might be responsible for increased risk of anal cell proliferation and cancer
development. Thus, we compared type | and type 111 IFN response between a subgroup of MSM
who displayed a persistent HPV infection for at least one year and with those who
spontaneously cleared the viral infection. As reported in Figure 23, HPV persistence was
associated with a reduction in IFN-B (Figure 25, Panel B), IFN-¢ (Figure 25, Panel C), IFNAR1
(Figure 25, Panel D) and IFNAR2 (Figure 25, Panel E) transcript levels, compared to the type
I IFN gene expression levels detected in patients who cleared the HPV infection (Figure 25,

p<0.01 for all genes).
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Figure 25 (Panel A-E). Type I-IFN mRNA expression in anal cells of HIV-1 infected MSM during persistent and cleared HPV infection
Gene expression levels were determined as the mMRNA copies relative to the constitutively expressed GUS gene and were expressed as 2-
ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and range (horizontal

bar above or below boxes) of the relative number of copies. Data were analysed using the Mann—Whitney U test (* p<0.05).

Moreover, as depicted in Figure 24, IFN-A1 (Figure 26, Panel A), IFN-A3 (Figure 26, Panel C),
and IL28R (Figure 26, Panel D) transcript levels were lower in HPV-positive patients who had
a persistent HPV infection compared to those who cleared the viral infection (Figure 26, Panel
A-C; p<0.01 for all genes). The coordinate activation of type Il IFN response in favouring
HPV persistence was confirmed by the presence of positive correlations between IL28R mRNA
levels and those of IFN A subtypes (IFN-A1 vs IL28R: r=0.413, p=0.01; IFN-A2 vs IL28R:

r=0.668, p<0.01; IFN-A3 vs IL28R: r=0.777, p<0.01).
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Figure 26 (Panel A-D). IFN-)A 1-3 and IL28R mRNA expression in anal cells of HIV-1 infected MSM during persistent and cleared
HPV infection. Gene expression levels were determined as the mRNA copies relative to the constitutively expressed GUS gene and were
expressed as 2°-ACT. Results are presented as the median (horizontal bar within boxes), 25-75 percentile (upper and lower margin boxes) and
range (horizontal bar above or below boxes) of the relative number of copies. Data were analyzed using the Mann—Whitney U test (* p<0.05).

Of note, a multivariate logistic analysis showed that HPV positive patients who displayed
reduced levels of IFN-B and IFN-¢ were 10 times more likely to develop a persistent infection
compared to those in who have cleared HPV [IFN-B age-adjusted OR=10.1 (95%ClI: 1.4-19),
p=0.022; IFN-¢ age-adjusted OR=10.1 (95%CI: 1.4-71), p=0.023; Figure 27]. On the other
hand, increased levels of IFNAR1 were associated to the development of a persistent anal HPV
infection [age-adjusted OR=0.1; (95%CI: 0-0.4), p=0.011; Figure 27]. No other associations
were recorded between IFN-a, IFNAR2, IFN-A1, IFN-A2 and IFN- A3 levels (Figure 27, p<0.05,

Figure 28, p<0.05) and the development of persistence of HPV infection.
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Figure 27. Multivariate regression analysis for type | IFN levels and persistent HPV infection. The Forest Plot shows odds ratio values

and 95% confidence intervals. P value <0.05 was considered statistically significant.
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Figure 28. Multivariate regression analysis for type 111 IFN levels and persistent HPV infection. The Forest Plot shows odds ratio

values and 95% confidence intervals. p value <0.05 was considered statistically significant.

4.8 EVALUATION OF NATURAL KILLER CELLS FREQUENCIES IN THE

ANAL MUCOSA OF HPV-HIV INFECTED MSM

It has been reported that NK cell activity is impaired during persistent HPV infection (Garcia-
Iglesias et al., 2009; Renoux et al., 2011). Nevertheless, there is no data on the profile of NK
cells in anal HPV infected tissues.

Here, we evaluated the frequencies of CD56*, CD16*, CD56%™, CD56"9" NK cells NKT cells
in anal biopsy samples collected from a subgroup (n=8/110) of HPV infected MSM. The biopsy
samples were collected close to anal mucosal areas defined as normal (Healthy mucosa-HM)
or dysplastic (LSIL) based on the evidence provided by the histological examination. The data

obtained from this analysis were compared to an observational reference cohort of 47 HIV-1
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infected MSM in follow-up at the Department of Infectious Diseases of the Policlinico Umberto
I, which data were considered as a reference values for the data obtained from the HPV-HIV-1
positive MSM enrolled in this study.

The demographical and clinical characteristics of the subgroup of HPV infected MSM were
reported in Table 9. Among HPV-HIV-1 infected MSM, 62.5% (5/8) of subjects showed an
HR-HPV genotypes [HPV18: 3 (37.5%), HPV31(12.5%) and 45(12.5%)], as reported in the
Table 9 and Figure 29. Moreover, the digital examination of the anal canal and the last tract of
the rectum revealed no suspected lesions related to anal or rectal neoplasia in any of the
participants at enrolment. However, all HPV-HIV-1 infected participants showed the presence

of atypical cells in the anal cytology, compatible with a LSIL (100%) (Table 9).

Table 7. Demographic and clinical characteristics of CART treated HPV-HIV-1 positive
MSM

Item? HPV-HIV-1-positive MSM
(n=8)

Age 50.1 (38.5-57.7)

nadir CD4+ T cells (cell/mm?®) 470 (271-850)

CD4+ T cell at enrolment (cell/mm®) 897 (838-1817)

HIV-1 RNA (copies/ mL)P <37

Years HIV diagnosis (years) 12 (7-18.5)

Years of treatment 11.5 (6.2-18.5)

Diabetes [n (%)] 1(12.5)

Opportunistic infections [n (%0)] 0(0)

Smokers [n (%0)] 3(37.5)

Previous anal condylomatosis [n (%)] 3 (12.5%)

Anal conylomatosis at enrolment [n (%6)] 2 (25%)

HPV vaccination [n (%0)] 0(0)

HR-HPV infection [n (%0)] 5 (62.5)

LR-HPV infection [n (%0)] 3(37.5)

LSIL [n (%0)] 8 (100)
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Figure 29. Prevalence of anal HPV genotypes in a subgroup of HPV-HIV-1 positive MSM (n=8)

A trend toward an increase in the frequencies of CD56%, CD16*, CD56%™ NK cells was
observed in the normal mucosa of the HPV positive subjects as compared to the reference
population (Figure 30, Panel A and B, p > 0.05). Also, the CD56%™ CD56""9" NK cells and
NKT cells frequencies detected in the healthy mucosa were similar between HPV positive

MSM patients and the reference population (Figure 30, Panel C and D, p > 0.05).
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As far as an anti-tumour activity of NK cells is concerned, CD56%™ NK cells levels increased in LSIL
lesions (Figure 31, Panel D; p<0.01), while no differences were recorded in the frequencies of CD56*
(Figure 31, Panel A), CD16* (Figure 31, Panel B), CD56""9" (Figure 31, Panel C) NK cells and NKT
cells (Figure 31, Panel E) in the LSILs detected in the anal mucosa of the HPV+ HIV-1 infected MSM

as compared to the reference population (Figure 31, Panel A-E; p>0.05).
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Figure 31 (Panel A-D). Frequencies of CD56* and CD16*, CD56%™ and CD56°9" NK cells in the LSIL of HPV-HIV-1 infected MSM and the
reference population before oral bacteriotherapy intake. Data were analysed using the Mann-Whitney U test (* p<0.05)
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Figure 31 (Panel E). Frequencies of NKT lymphocytes in the LSIL of HPV-HIV-1 infected MSM and the reference population before oral
bacteriotherapy intake. Data were analysed using the Mann—Whitney U test (* p<0.05)

Afterwards, the frequencies of CD56*, CD16%, CD56%™, CD56""9" NK cells and NKT cells were
compared between the normal (HM) and LSIL mucosa obtained from the anal compartment. As
reported in Figure 31, a reduction in the frequencies of CD16" NK cells was found in the dysplastic
mucosa (LSIL) as compared to the normal anal mucosa (Figure 32, Panel B; p=0.029); while, the

levels of CD56" (Figure 32, Panel A), CD56%™ (Figure 32, Panel C), CD56""9" (Figure 32, Panel D)
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NK cells and NKT cells (Figure 32, Panel E) were similar between LSIL and normal anal mucosa of

HPV positive patients (Figure 32, Panel A-E; p>0.05).
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Figure 32 (Panel A- D). Frequencies of CD56*, CD16%, CD56™, and CD56°"" NK cells in the anal HM and LSIL of HPV-HIV-1 infected
MSM). Data were analysed using the Mann-Whitney U test (* p<0.05)
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Figure 32 (Panel E). Frequencies of NK T lymphocytes in the anal HM and LSIL of HPV-HIV-1 infected MSM. Data were analysed using the
Mann-Whitney U test (* p<0.05).
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49 ROLE OF PROBIOTIC SUPPLEMENTATION IN THE ANAL
MICROENVIRONMENT DURING HPV INFECTION

Having observed a high prevalence of persistent HPV infection among HIV-1 infected MSM
and considering that recent studies supported that a balanced microbiota might exert a key role
in the clearance of HPV infection (Serrano-Villar et al., 2017), we assessed whether oral
bacteriotherapy supplementation to CART might promote the clearance of HPV infection and
the regression of HPV-related dysplastic lesions in the subgroup of HPV positive MSM that
have been previously analysed for anal NK cell frequencies (n=8/110). The effects of oral
bacteriotherapy on mucosal type I and 111 IFN mRNA levels, and NK cells frequencies were
evaluated. Because the relationship between persistent immune activation and HPV persistence,
we also examined CD4 and CD8 T lymphocytes immune activation levels in blood of MSM
receiving for 6 months oral bacteriotherapy. In particular, 4 patients (50%) received the
probiotic formulation (probiotic group) for six months and the other ones received a placebo
formulation, containing maltose and silicon dioxide as inactive substances and administered as
well as the oral bacteriotherapy supplementation (placebo group).

All MSM patients analysed had anal mucosal lesions attributable to the presence of LSILs.
HRA results showed that these patients had a clinical regression of anal lesions and condylomas
after six months of oral bacteriotherapy, except for one patient who developed a new anal
lesion. By contrast, we observed the appearance of new anal intraepithelial lesions in the

placebo group during the study observational period (Figure 33).
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Figure 33. Impact of oral bacteriotherapy on the anal intraepithelial lesions.

Probiotic group patients displayed 4 LSIL at TO (n=4) (blue box) only one patient displayed LSIL a T6 (orange box). In the placebo group, all
patients displayed LSIL at TO (blue box), and at T6 the regression of 3 lesions and 5 new lesions were recorded in the anal mucosa (orange
box).

As far the impact of oral bacteriotherapy on HPV infection was concerned, one patient (Pt3)
cleared the anal HPV infection after 6 months of probiotic intake, while Ptl and Pt2 had an
infection with a different HPV genotype at T6 (Table 10).

No changes in the type of HPV genotype were found in two patients (Pt6 and 7) belonging to
the placebo group, while Pt 8 developed a new HPV 16 infection. Because to the low HPV-
DNA levels detected in the anal samples, HPV analysis was not performed for patients 4 and 5

at T6 (Table 10).
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Table 8. HPV genotypes before and after oral bacteriotherapy in HIV-1 infected MSM

HPV TO HPV T6
Probiotic group Ptl HPV31 HPV58
Pt2 HPV54 HPV66
Pt3 HPV18 Negative
Pt4 HPV45 NA
Placebo group Pt5 HPV31 NA
Pt6 HPV18 HPV18
Pt7 HPV102 HPV102
Pt8 HPV85 HPV16

4.9.1 ROLE OF ORAL BACTERIOTHERAPY SUPPLEMENTATION ON
TYPE I AND 111 IFN SIGNATURE IN THE ANAL COMPARTMENT

Having observed a potential beneficial role of the oral bacteriotherapy on the outcome of anal lesions,

we next evaluated whether the oral bacteriotherapy might change mucosal levels of type | and 1lI

IFN.

In Figure 34 (Panel A-1) the levels of type 1 and I11 IFN and IFN related genes found before (TO) and

after oral bacteriotherapy supplementation (T6) in anal cells are reported. In particular, both IFNAR1

(Figure 34, Panel D, p=0.04) and IFN A3 (Figure 34, Panel H, p<0.01) mRNA levels resulted

significantly increased at T6. A trend toward an increase in anal IFN-B (Figure 34, Panel B), IFN-¢

(Figure 34, Panel C) and IL28R (Figure 34, panel 1) levels was also observed after oral

bacteriotherapy as compared to the placebo group (Figure 34). On the other hand, a trend toward a

reduction in the transcript levels of IFN-a (Figure 34, Panel A), IFNAR2 (Figure 34, Panel E), IFN

Al (Figure 34, Panel D) and IFN A2 (Figure 34, Panel G) has been recorded after oral bacteriotherapy

supplementation (T6).
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Figure 34 (Panel A-1). Type | and Il IFN signature in anal cells of HPV-HIV-1 infected MSM before and after oral bacteriotherapy
supplementation. Individual type | and I11 IFN expression before (T0) and after (T6) oral bacteriotherapy supplementation. Each patient is representeby
a line. Continuous lines represent oral bacteriotherapy group and dotted lines refer to placebo group; A indicates Pt3 who cleared the HPV infection.
Data were analysed using the Mann-Whitney U test (* p<0.05).

4.9.2 EVALUATION OF NATURAL KILLER CELLS FREQUENCIES IN THE
ANAL MUCOSA OF HPV-HIV INFECTED PATIENTS BEFORE AND AFTER

PROBIOTIC SUPPLEMENTATION

To examine the effect of oral bacteriotherapy on the frequencies NK cells subsets in anal tissues of
HPV infected MSM, we compared the levels of CD56* and CD16*, CD56%™, CD56°"9" NK cells and
NKT cells between LSIL and normal mucosa. This analysis was performed before (T0) and after (T6)
oral bacteriotherapy supplementation. As reported in Figure 35, a decrease in the frequencies of
CD56" NK cells (Figure 35, Panel A) and an increase of CD16™ NK cells (Figure 35, Panel B) and
NKT cells (Figure 35, Panel E) were detected in the anal LSIL at T6 (Figure 35, Panel A-E; p<0.05).
An increase in the frequencies of CD16" (Figure 36, Panel B), CD56%™ (Figure 36, Panel C),
CD56""9" (Figure 36, Panel D) NK cells and NKT cells (Figure 36, Panel E) were also recorded in

the normal anal mucosa after probiotic supplementation (Figure 36, Panel A-E; p<0.05). In addition,
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MSM belonging to the placebo group displayed a trend toward an increase in the frequencies of

CD56%, CD16%, CD56"9" NK cells and NKT cells in the dysplastic (Figure 34, Panel A-E) and

healthy mucosa at T6 (Figure 35, Panel A-E).
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Figure 35 (Panel A-D). Frequencies of CD56* and CD16*, CD56%™, CD56"" 9" NK cells in LSIL of HPV-HIV-1 infected MSM before and after

oral bacteriotherapy supplementation. Data were analysed using the Mann—Whitney U test (* p<0.05).
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Figure 35 (Panel E). Frequencies of CD56* and CD16*, CD56™, CD56"9" NK cells in LSIL of HPV-HIV-1 infected MSM before and after

oral bacteriotherapy intake supplementation. Data were analysed using the Mann—Whitney U test (* p<0.05).
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oral bacteriotherapy supplementation. Data were analysed using the Mann—Whitney U test (* p<0.05).
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Figure 36 (Panel E). Frequencies of NK T lymphocytes in HM of HPV-HIV-1 infected MSM before and after oral bacteriotherapy
supplementation. Data were analysed using the Mann—-Whitney U test (* p<0.05).
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493 EFFECTS OF ORAL BACTERIOTHERAPY ON THE PERIPHERAL
IMMUNE ACTIVATION LEVELS

Several studies performed in HIV-1 positive patients have shown that persistent T cell immune
activation associated with HIV-1 infection can predispose to HPV persistence (Strickler et al., 2005).
Thus, we assessed the effects of oral bacteriotherapy supplementation on the blood frequencies of
immune activated CD38 and HLADR (single and double) CD4" and CD8" T cell subsets (naive,
central and effector memory) in HPV positive MSM. As reported in Figure 37, the blood frequencies
of CD38" and HLADR™ CD4 T cell subsets, especially those with central and effector memory
phenotype, were lower after oral bacteriotherapy supplementation (T6) compared to baseline (TO)
(Figure 37, Panel A-D; p<0.05). A reduction in the levels of CD38" HLADR" CD8+ T cell subsets

(effector memory phenotype) was also observed at T6 (Figure 38, Panel A-D; p<0.05).
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Figure 37 (Panel A-D). Frequencies of CD4* T cell subsets (naive, CMEM and EFEM) expressing CD38 and HLADR (single and both) in
PBMC of HPV-HIV-1 infected MSM before and after oral bacteriotherapy supplementation. Data were analysed using the Mann-Whitney U test

(* p<0.05).
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Figure 38 (Panel A-D). Frequencies of CD8* T cell subsets (naive, CMEM and EFEM) expressing CD38 and HLADR (single and both) in
PBMC of HPV-HIV-1 infected MSM before and after oral bacteriotherapy supplementation. Data were analysed using the Mann-Whitney U test

(* p<0.05).
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Figure 39 (Panel A- D). Frequencies of CD4" T cell subsets (naive, CMEM and EFEM) expressing CD38 and HLADR (single and both) in
PBMC of HPV-HIV-1 infected MSM before and after oral bacteriotherapy supplementation (placebo group). Data were analysed using the

Mann-Whitney U test (* p<0.05).
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Figure 40 (Panel A-D). Frequencies of CD8" T cell subsets (naive, CMEM and EFEM) expressing CD38 and HLADR (single and both) in
PBMC of HPV-HIV-1 infected MSM before and after oral bacteriotherapy supplementation (placebo group). Data were analysed using the

Mann-Whitney U test (* p<0.05).
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5. DISCUSSION

HPV is defined as the most common sexually transmitted infection worldwide, that causes
approximately 5% of all cancers in men and 10% of all cancers in women (Lehtinen et al., 2013). Of
note, infection by high-risk HPV types is necessary but not sufficient for progression to cancer (Bosch
et al., 2002); in fact, most HPV infections do not lead to cytological anomalies or cancer but are
cleared by the immune system within 12-18 months. However, a small percentage of HPV infection
can persist in the ano-genital compartment and promote the development of low and high-grade
lesions, which may regress or progress to an invasive carcinoma. The ability of HPV to escape the
host immune response and establish a persistent infection could be in part due to an impaired IFN
activation observed in HPV infected individuals. Therefore, failure of the host defences to clear
persistent HPV infections can lead to the development of ano-genital cancer even after several
decades.

Compared to other HPV-associated cancers, including cervical cancer, the pathogenesis of anal
cancer is still poorly understood, and this is partly due to the lack of immortalized HPV-positive anal
epithelial cell lines that can be exploited to comprehend the progression of anal cancer (Wechsler et
al., 2018). In this context, HPV-related intraepithelial squamous lesions of the anal canal are thought
to behave likewise to HPV-related cervical lesions because of similarities in the epithelium but
considerably less is known about the natural history of anal HPV infections (Palefsky et al., 1998).
The incidence of anal cancer has been increasing over the years in patients at high risk for HPV
persistent infection, such as women with previous cervical lesions, and in immunosuppressed patients
as HIV-1 infected individuals.

To date, little is known about how the local immune response affects the natural history of HPV
infection in HIV-1 infected patients and which are the most important immunological factors
(inflammatory cytokines, IFNs, cell mediated immunity) involved in the control of HPV infection

and clearance. Considering the evasion strategies employed by HPV to overcome the host immune
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response, we hypothesized that HPV might modulate type I and 111 IFN pathways and alter NK cell
subsets frequencies in the anal mucosa of HIV-1 infected MSM. To clarify these issues, in this PhD
thesis, we aimed to characterize the clinical, epidemiological, and immunological effects of HPV
infection in the anal compartment, to identify potential immune markers that might contribute to
persistent infection and precancerous mucosal lesions progression. A clinical plus of this project was
the focus on the role of oral bacteriotherapy and its effectiveness in restoring an ‘“healthy”
immunological microenvironment in the anal mucosal tissues of HPV-HIV-1 infected MSM.
Therefore, this study was articulated into the following three main research phases: i) assessment of
HPV parameters (prevalence, genotypes, rates of persistent HPV infection) and evaluation of type
I 'and 111 IFN gene expression levels (Phase 1); ii) evaluation of NK cell subsets frequencies in anal
biopsies obtained through HRA from a subgroup of HIV-1 positive MSM with ascertained HPV anal
infection and anal dysplasia (Phase Il); iii) analysis of the role of oral bacteriotherapy on IFN
transcript levels, on the frequencies of intra-epithelial NK cell subsets and on T immune cell
activation levels in HPV-HIV-1 infected subjects.

Overall, data emerging from my PhD thesis showed an overall prevalence of about 80% of HPV
infection in HIV-1 infected MSM. These results were in line with data obtained in previous studies,
suggesting that anal HPV infection prevalence in MSM range from 70% to 90% (Marra et al., 2019;
Garbuglia et al., 2015). Interestingly, HR-HPV was found in a half of the MSM, with a higher
prevalence of HPV16, suggesting that this HPV genotype may be tightly linked to severity of anal
disease. In this regard, a previous meta-analysis study showed a lower HPV16 prevalence among
HIV-1 negative compared to HIV-1 positive MSM, independently from the results obtained on the
anal cytology (Machalek et al., 2012). To this extent, the prevalence of HPVV16 in MSM appears to
be caused by the combined effects of HIV-1 infection and sexual behaviours, as shown by an
increased prevalence of HPV16 in these subjects compared to other male populations; thus, HIV-1
infected MSM need clinical priorities for male anal cancer prevention (Marra et al., 2019; Mooij et

al., 2016; Sudenga et al., 2017; Darwich et al., 2013). Nevertheless, the risen prevalence of anal HR-
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HPV infection observed is well-known to be increased by anal sexual intercourse and worsened by
HIV-1 related immunosuppression, so that sexual preference and HIV status are potential
determinants of anal cancer risk in men. Moreover, the diagnosis of multiple infections can also
contribute to this high risk of HPV infection in MSM; according to our analysis, about 2% of HPV
positive patients displayed multiple HPV infections; by contrast, findings on the literature evidenced
an elevated prevalence of multiple HPV infections, reaching 80% of HPV-infected cases, with a large
heterogeneity of concurrent HPV type combinations (Dona et al., 2012; Garbuglia et al., 2015). The
low rate of multiple HPV infection detected in our study might be due to the limited sensitivity of the
methodology applied to identify multiple infections and/or the lack of interactions between different
anal HPV genotypes in this group of HIV-1 infected MSM (Hasanzadeh et al., 2019).

The higher HPV prevalence in MSM is consistent with the higher rate of LSIL detected in anal
cytology: indeed, the majority of HIV-1 positive MSM with SIL enrolled in this study were HPV
positive and 42% of them had an HR-HPV genotype; however, the number of abnormal reports
related to ASCUS was scarce and this could be due to the presence of anucleate squamous cells,
degenerative changes and obscuring materials that could make cytological reading difficult.
Moreover, anal low-grade SIL, although not a direct cancer precursor, is related to the precancer and
cancer progression (Bennets et al., 2015). Nevertheless, HPV prevalence was slightly higher in
studies including the evaluation of anal cytopathology, suggesting that clinical studies focused on
screening program might overestimates the rates of HIV-1 positive MSM with existing anal HPV-
related disease, since people participating in these screening campaigns considered themselves to be
at greater risk of sexually transmitted infections and may not be representative of the general
population. Hence, it is of great importance to identify HIV-1 infected patients at a higher risk of
progression to HSIL and cancer, not only considering clinical parameters and the HIV status (Mooij
etal., 2016) but also behavioural variables, in order to potentially identify predictors of HPV infection
susceptibility and severe lesion progression. Indeed, we found that smoke, age and sexual behaviours

represented important risk factors for HR-HPV and anal SIL occurrence in HIV-1 infected MSM.
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The most consistently risk determinants for HPV infection are history of receptive anal intercourse,
a high number of partners as well as non-intercourse anal sexual practices (Wong et al.,2020),
opposite to the frequency of condom use during homosexual behaviours associated to a lower risk of
acquiring HPV.

In our virological analysis, we found that about 70% of MSM remained HPV positive after one year
from the first study visit: more than half MSM displayed the same HPV genotype, while 45% of
patients were infected with a different HPV genotype. These findings confirmed that the HPV
clearance rarely occurs in MSM and that specific sexual behaviours were associated with HPV
persistence (Moscicki et al., 2014). Nevertheless, HPV clearance frequencies observed in my PhD
study were lower than the rates reported in other previous studies (Darwich et al., 2013; Hernandez
et al., 2014). It must be also considered that the small number of patients, who completed this study’s
follow-up stage compared to the total study population, might have limited the identification of
crucial risk factors associated to HPV persistence.

Since persistent HPV infections can progress to cancer, it is critical to better understand the innate
immunity mechanisms that control the early viral clearance. Then, for the first time to our knowledge,
we analysed the expression of type I (IFN a, IFN  and IFN g, and the receptor IFNAR1 and IFNAR?2),
the IFN-A pathways (IFN-A 1, 2, 3 and IL-28R, the IFN-lambda receptors) in the anal cells of

MSM,; results obtained were analysed and correlated with the HPV genotype, viral persistence, and
cytological and histological grade of anal lesions. In particular, we showed that there was a general
decline in the mucosal expression of all type I and Il IFN subtypes in response to anal HPV
infections, confirming the overall weakening of the IFN innate immune response found in HPV
positive patients (Pierangeli et al., 2011; Cannella et al., 2014). Indeed, previous studies reported that,
despite an inter-individual variability, an overall reduction in the activation of IFN response during
HR-HPV, as well as in the expression of IFN induced genes was ascertained in HPV infected women
(Pierangeli etal., 2011). In agreement, the capability of HPV to control type I IFN pathway in immune

cells was reported (Garcia-Pifieres etal., 2006); both E6 and E7 HPV 16 proteins were also shown to
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inhibit type I IFN induction in transfected primary keratinocytes (Nees et al., 2001). At the same time,
HR-HPV efficiently inhibits the type | IFN response in the presence of increased expression levels of
the viral oncoprotein, E6 and E7 (Barnard et al., 1999; Stanley, 2012; Hong et al., 2011). These data
were in accordance with the reduction in the expression of type I IFN components in the anal
compartment of MSM, particularly in those with an HR-HPV infection, that represented about 50%
of the study population. Thus, all these findings suggest that HPV can modulate cytokine production
(e.g. IFN), impairing pro-inflammatory response, as a possible strategy to evade the host immune
response, ultimately resulting in development of mucosal lesions in patients in which this
immunomodulation is successful (Amador-Molina et al., 2013).

Furthermore, the importance of the induction of the more recently identified type 11 IFN during viral
infections is well documented in different mucosal compartments (Kotenko et al., 2017), but data
regarding its antiviral and antiproliferative activity in anal HPV infection is limited. Therefore, the
expression of the type I11 IFN subtypes and their receptor was examined in cells collected from anal
brushings of HIV-1 positive MSM patients. A reduction in the IFN-As expression level was detected
in HPV-HIV-1 infected MSM, especially in those patients with an HR-HPV genotype. In addition,
an elevated expression level of IL28R-mRNA (the specific chain of the IFN-A receptor) in patients
with LR-HPV infection was correlated with levels of IFN- A subtypes. In agreement, we previously
found a coordinated expression of several IFN A-related genes in cervical samples from LR- and HR-
HPV positive women that suggest an activation of type Ill IFN response in the course of LR-HPV
infection (Cannella et al., 2014). Consistently, the lack of type 111 IFN response in anal cells during
HR-HPV infections might favour the HPV oncogenic properties.

Furthermore, a decreasing trend of type Il IFNs expression was observed in the presence of SIL
(HSIL+LSIL). These findings suggested that type 111 IFNs might exert antiviral activity against HPV
but also had antitumor effects in targeted cells (Lasfar et al., 2011; Liu et al., 2013). On the light of
the aforementioned considerations, it is possible to hypothesize that HPV hindrance on type I11 IFNs

might be one of the main strategies used by HPV to favour viral persistence and promote cancer
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development in the anal mucosal tissues of HIV-1 infected MSM. Thus, this data confirmed that the
HPV infected cells are not able to activate a robust antiviral innate immune response, potentially
facilitating HPV persistence in the anal compartment. Moreover, it is also established that the main
target of HPV infection is represented by keratinocytes, that even under resting conditions, secrete an
array of cytokines to sustain immune surveillance (Tay et al., 2013; Nestle et al., 2009; Goldschmidt
et al., 2006; Feldmeyer et al., 2007).

Our study showed that both type I and 111 IFN responses were decreased in HPV positive patients
who exhibited, for at least one-year, persistent HPV infections. In this group of HIV-1 infected MSM,
about 70% of patients monitored, displayed a persistent anal HPV infection, in accordance with a
persistence rate of 75% recorded in a longitudinal cohort study performed in northern Italy in HIV-1
infected MSM (Parisi et al., 2011). Notably, type | IFNs are downregulated in keratinocytes
persistently infected with HPV16 (Nees et al., 2001) and in HPV positive cervical carcinoma cell
lines (Bachmann et al., 2002), and IFN-y expression is decreased in cervical carcinoma tissue (de
Gruijl et al., 1999; Gey et al., 2003). In vitro studies have shown that in keratinocytes persistently
immortalized by plasmid HPV-16 genomes, exposure to a low-dose of IFN transiently stimulates
viral early gene expression, augments initial plasmid amplification, and increases viral plasmid copy
numbers by activating IFN-stimulated regulatory factor (IRF)-1 (Lace et al., (2009). In turn, HPV
oncogenes can modulate IFN response pathways (Bodily J. et al., 2011; Muto et al., 2011). However,
evidence illustrating the inhibitory effects of HPV on IFNs expression emerged only from studies
performed in cell lines or during cervical HPV infection. (Tay et al., 2013; Nestle et al., 2009;
Goldschmidt et al., 2006; Feldmeyer et al., 2007; Nees et al., 2001; Bachmann et al., 2002; de Gruijl
et al., 1999; Gey et al., 2003). Also, this inhibition or modification of host gene expression patterns,
including innate immune response genes, driven by HPV oncogenes, contribute to the establishment
of a persistent HPV infection (Bodily et al., 2011). It is also known that the risk of re-infections with
a different HPV genotype may be linked to factors as lifestyle or type of sexual intercourse (Kost et

al., 2017; Nyitray et al., 2010). Our analysis showed a relationship between type | IFN expression
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levels and the likelihood of developing a persistent HPV infection. Notably, large in vivo studies with
patient’s follow-up have the potential to identify which aspects of the IFN pathways are more
deregulated and eventually address them with immune-modulating therapies.

Besides the modulation of type I and Il IFN genes, interestingly, HR-HPV, as HPV16, HPV18, or
HPV31, downregulate the constitutive expression of several IFN-stimulated genes in keratinocytes,
contributing to the progression of HPV related lesions, but the underlying mechanisms are not well
understood (Nees et al., 2001; Karstensen et al., 2006). In particular, HPV could interfere with the
expression of IRF1, by inhibiting its tumour suppressor role and with ISG15 transcription, enhancing
the risk of progression to anal cancer (Werness et al., 1990; Pierangeli et al., 2011)).

In this complex scenario, the suppression of immune cells in the local mucosal environment might be
an additional major reason of HPV persistence in the anogenital tract. The evaluation of the
frequencies of NK cells subsets performed in my PhD thesis revealed that HPV-HIV co-infected
MSM displayed a reduction in the frequencies of CD16* NK cells in the anal dysplastic lesion as
compared to the normal anal mucosa while, similar levels of other NK cell subsets, as CD56",
CD569™ CD56°™M" and NKT cells were recorded between LSIL and normal anal mucosa. It has been
reported that NK cells are important biological barriers that emerge at an early stage in HPV-infected
lesions (Renoux et al., 2011). HPV can activate the loss of NK cells membrane receptors thus leading
to their malfunction and contributing in this manner to cancer development (Garcia-lglesias et al.,
2009). However, only limited studies have been focused on the analysis of NK cells distribution and
function in HPV-infected mucosal tissues until to date. It is important to underline that CD16 is a
vital NK membrane protein that can induce HPV-VLP (Virus-Like Particles) endocytosis followed
by degranulation and cytokine secretion (IFN-y and TNF) (Renoux et al., 2011; Holder et al., 2018.),
thus resulting on NK cells ADCC activation (Pal et al., 2018). Based on our results, the reduction in
the anogenital NK cells frequencies might fail in the elimination of the HPV virions from the anal

infected cells. This condition might be due to an inadequate IL-2 production. This interleukin can
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positively regulate NK cell cytotoxic function and their downstream differentiation (Mirjaci¢
Martinovi¢ et al., 2017).

Moreover, HIV-1 infection can certainly provide a strong effect on both phenotype and function of
NK cells, causing the activation and expansion of the whole pool of NK cells (Mavilio et al., 2005):
in particular, pro-inflammatory NKCD56"" populations were reduced, while the cytolytic
CD569™CD16P* NK cell and dysfunctional CD56"™CD16* NK cells were increased in HIV-1
infected people compared to healthy subjects. Additionally, HIV-1 can contribute to the expression
of NK cytotoxicity receptors (NCR), as NKp30, NKp44 and NKp46 (De Maria et al., 2003; Terra et
al., 2016). Interestingly, Bere et al. have compared in vitro functional responses of NK and T cells in
genital warts and blood of HPV/HIV-1 infected women, showing reduced frequencies of CD56%™
NK cells in both blood and warts, as compared to HIV-1 negative women (Bere et al., 2014.). To this
extent, HPV-associated wart regression also depends on CD4 T cell infiltration levels that reached a
peak during the resolution stages of HPV-related lesions (Nicholls et al., 2001). Several studies have
reported a reduction in the frequencies of CD56" NK cells during HIV-1 infections (Goodier et al.,
2003; Mavilio et al., 2005; Lucia et al., 1997), as well as an enrichment of CD56° CD16" NK cells
frequencies that was associated with reduced frequencies of CD569™ NK cells (Bere et al., 2014).
Although these findings, the mechanism describing HPV-associated genital lesions resolution during
CD4 T cell lymphopenia, occurring during chronic HIV-1 disease, has not been yet described. Thus,
it is reasonable that defects in the NK activation might underlie the failure of HPV-HIV-1 infected
MSM to clear HPV infection and the related lesions.

Aside from the relationship between mucosal innate immunity and HPV/HIV-1 infections, emerging
evidence support that microbiota might amplify or mitigate HPV carcinogenesis (Garrett, 2015;
Tjalsma et al., 2012). Indeed, an alteration of the microbiota composition and function associated to
HIV-1 infection (Harper, 2016; Serrano-Villar et al., 2016) might explain the altered course of anal
disease during HIV-1 infection. Keeping in mind the role of HPV in regulating the immune response
in HIV-1 positive subjects and considering the lack of therapeutic strategies able to prevent the
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development of HPV infection and/or promote the clearance of the infection, another aim of this study
was to evaluate the effects of oral bacteriotherapy on the HPV clearance, resolution of HPV-related
lesions, and innate immune response pathways in a subgroup of HIV-1 infected patients.
Interestingly, no HIV-1 patients undertaking oral bacteriotherapy developed new condylomas or
warts in the mucosal anal compartment. Notably, despite there are no similar direct evidence for anal
condylomatosis in literature, the spontaneous regression of multiple large condylomas is not frequent
among HIV-1 infected patients. The oral bacteriotherapy might exert a beneficial role in the clearance
of HPV related lesions, as also previously shown by our group (Ceccarelli et al., 2018). Based on
previous findings of gynecological studies that supported the relationship between probiotic
supplementation and the regression of HPV related lesions, it is possible to hypothesize that oral
bacteriotherapy could also exert a positive role on anal microenvironment of HIV-1 infected subjects.
As a matter of fact, the effects of several oral bacteriotherapy formulations on HPV associated
alterations have been only investigated in the female genital tract. In particular, a prospective
controlled pilot study by Verhoeven et al. indicated that women with HPV associated low-grade
squamous intraepithelial lesions treated with probiotic supplementation showed a higher chance of
clearing HPV infection and higher rates of clearance of HPV associated cytological abnormalities
(Verhoeven et al., 2013). Similarly, Ceccarelli et al., showed that a 4-month course of
supplementation with a high concentration multistrain probiotic formulation administered orally and
by rectal instillation boosted the clearance of the anal condylomas in a 56-year-old HIV-1 infected
man with multiple anal condylomas and positivity for anal HPV 18 (Ceccarelli et al., 2018).

It has been reported that HIV-1 infected MSM undergoing screening for HPV-related cancer
displayed specific fecal and mucosal bacteria that are able to predict the existence of precancerous
anal lesions (Serrano-Villar, et al., 2017); in particular, at mucosal level, Campylobacter was found
to be predictive of LSIL, suggesting that colonization by this pathogenic genus might promote
carcinogenesis (Serrano-Villar, et al., 2017). A member of the Lachnospiraceae family,

Catenibacterium, which is a component of the HIV-1 associated microbiota (Vazquez-Castellanos et
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al., 2015), was also considered a biomarker of HSIL development (Serrano-Villar, et al., 2017).
Faeces collected from HIV-1 infected subjects with HSIL showed enrichment for Pseudomonas
aeruginosa, which might influence HIVV/HPV disease via induction of the kynurenine pathway (Favre
et al., 2010). By contrast, depletion of Bifidobacterium was detected in faeces of HIV-1 infected
subjects with AIN, indicating that loss of this taxa could promote HPV disease (Sivan et al., 2015).
All these findings support that several bacteria taxa might increase during HPV-HIV-1 coinfection as
a compensatory response to a chronic perturbation. Indeed, it is widely accepted that the gut
microbiota represents a key factor for immune homeostasis, and it is associated with T cell immune
activation status that is known to characterize HIV-1 infection. This evidence supports that
therapeutic interventions in HIV-1 positive patients are needed to restore the integrity of the gut
immune system. In this context, it has been found that the use of probiotics can recover gut barrier
functions, remodel the microbiome, and decrease bacterial translocation and pro-inflammatory
cytokine production, improving immune functions (Carter et al., 2016).

Our study investigated the immunomodulatory effect of six-month of oral bacteriotherapy
supplementation in CART experienced HPV positive subjects, focusing on NK cells frequencies, type
I'and 111 IFN signature, and T cell immune activation levels. Specifically, oral bacteriotherapy showed
the ability to modulate CD16+ NK cells frequencies in the dysplastic mucosa (LSIL) compared to the
normal anal mucosa and to reduce several NK cell subsets frequencies (CD56%™, CD56°™" NK cells)
in the normal anal mucosa. In this regard, several bacterial strains have been reported to be associated
with modulation of NK cell activity (Aziz et al., 2016). A meta-analysis of randomized control trials
highlighted a favourable association between probiotic supplementation and NK cell activity (Gui et
al., 2020). Remarkably, there is an extensive interest in the bacteria strain specificity of immune
modulation by probiotics; it has been demonstrated that Lactobacilli and Bifidobacteria, which are
the most common species used in probiotic formulations (Isolauri, et al., 2004), can increase NK cell
activity (Dong et al., 2011). For instance, probiotic supplementation has been shown to increase

concentrations of IgA, the number of NK cells number, and NK cell activity in young adults (Olivares
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et al., 2006). In elderly adults, Bifidobacterium lactus HNO19 therapy increased phagocytosis of
monocytes, polymorphonuclear cells, and NK cell tumoricidal activity (Gill et al., 2001; Chiang et
al., 2000).

The analysis performed in this study indicated that anal mucosal levels of the type I and 1l IFN
signatures were modulated by oral bacteriotherapy supplementation. These findings were supported
by our previous studies performed with the same probiotic formulation, that showed the ability of
oral bacteriotherapy to reduce distinct biomarkers of inflammation in the gut and blood compartment
of HIV-1 infected patients (Pinacchio et al., 2018; d’Ettorre et al., 2017). Moreover, induction of type
I IFN has been shown to be a mediator of protective effects of commensal and probiotic bacteria
(McFarland, et al., 2011). However, to date, the effects of oral bacteriotherapy on the IFN response
has not been yet well documented during anal HPV infection in the HIV-1 positive MSM.

Because HIV-1 infection is characterized by a persistent T cell immune activation (d'Ettorre, et al.,
2017.), that might contribute to HPV persistence and anal dysplasia development, we performed the
evaluation of blood T cell immune activation level in the subgroup of HIV-1 infected subjects treated
with probiotic supplementation. As demonstrated by flow cytometry analysis, a reduction in the
frequencies of CD4+ and CD8+ T-cell subsets, expressing CD38+ and/or HLA-DR+ were recorded
in the peripheral blood after the probiotic intervention.

It is known that the impact of probiotic mediated immune recovery during HPV infection in HIV-1
infected MSM remains controversial: some studies showed reduction of lesion severity and rate of
progression, as well as increased lesion regression following cCART (Heard et al., 1998; Heard et al.,
2002; Minkoff et al., 2001), others reports have shown that cervical dysplasia can persist despite
CART-mediated CD4+ naive and memory T cells recovery (Lillo et al., 2001; Schuman P et al., 2003;
Ahdieh-Grant et al., 2004). The relationship between persistent immune activation and HPV infection
on cCART-mediated immune reconstitution was supported by the hypothesis that HR-HPV infection
was associated with increased immune activation in blood, independently of anogenital dysplasia

(Papasavvas et al., 2016). Likewise, HR oncogenic HPV genotype infection was related to increased
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immune activation and T cell exhaustion in CART-suppressed HIV-1-infected women (Papasavvas
et al., 2016). Other studies have showed that HR-HPV related cervical dysplasia is linked to a local
increase in immune cells density (Papasavvas et al., 2016). Interestingly, our results indicated that
oral bacteriotherapy can promote the reduction of blood T cell immune activation in patients
coinfected with HPV and HIV-1. Hence, our observations highlighted the beneficial role of oral
bacteriotherapy on reducing T cell immunoactivation, providing the first evidence of a relationship
between T cell immunoactivation and the clearance of anal HPV infection in HIV-1 infected MSM.

In conclusion, this study has allowed to define the role of anal HPV infection in HIV-1 positive MSM.
We showed that HR-HPV infection might deeply inhibit the innate immune response by the reduction
of IFN expression and the alteration of NK cells frequencies. These negative effects of HPV on innate
immunity might favour the development of high-grade HPV-related lesions. However, further studies
are needed to better characterize the role of NK cells in HPV-related anal lesions among HIV-positive
MSM. Moreover, this PhD study shed light on oral bacterial therapy as potential strategy for anal
HPV infection treatment. This approach appears to be able to modulate the innate response and reduce
the rate of T cell immune activation observed in HPV/HIV-1 co-infected subjects. Therefore, we
might hypothesize that the modulation of gut microbial composition might favor the clearance of anal
HPV and the recovery of a “healthy” anal microenvironment. Altogether, these results should be
considered with caution since they are preliminary data on the effects of this specific probiotic
formulation on type | and 111 IFN response, NK cells frequencies and T cell activation in HIV-1
infected MSM. In addition, the effects of oral probiotic supplementation were evaluated on a small
group of HPV/HIV-1 coinfected MSM and this could potentially limit the statistical power of this
analysis.

Further evaluations will be performed on HIV-1 negative subjects, to better characterize the role of
HIV-1 in the persistence of HPV infections and to define immunological factors involved in the

significant spread of high-grade HPV lesions and anal cancer in HIV-1 infected MSM.
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6. Supplementary materials

Table S6. Prevalence and Correlates Associated with Anal HPV Infection

E_PS\,/; E_PI; OR-adjusted
Parameters Class B B p-value?
0,
n (%) n (%) (C1 95%)

Age <25 0(0) 1(7.7) 0.2(0.2-3.4) 0.265

25 t0 50 27(73) 9(69.2) 1.1(0.3-3.2) 0.971

>50 10(27) 3(23.1) 0.5(0.2-1.3) 0.107
Lifestyle Sedentary 8(21.7) 2(15.4) 0.9(0.2-3.8) 0.884

Not sedentary 29(85.3) 11(84.6) 1.1(0.3-4.5) 0.883
Substance use
Cannabis Yes 7(18.9) 7(53.8) 0.6(0.2-3.2) 0.499

No 30(81.1) 6 (46.2) 0.9(0.2-7.5) 0.332
Drugs Yes 37(100) 13(100) 5.0(0.2-255) 0.430

No 0(0) 0(0) 0.95(0.1-10.1) 0.429
Sexual behaviour
Type of sexual

Anal 37(100) 13(100) 0.6(0.1-0.5) 0.641
intercourse
First sexual intercourse

<17 8(21.6) 2(30.8) 1(0.2-10) 0.975
(age)

>17 29 (78.4) 9(69.2) 2.1(0.4-8.3) 0.692
Partner last 6 months

<10 28(75.7) 9(69.2) 1(0.2-4.1) 0.693
()

>10 9 (24.3) 4(30.8) 2.1(0.4-19) 0.524

a p<0.05 were considered as statistically significant
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Table S7. Prevalence and Correlates Associated with HR and LR Anal HPV Infection

“51;' PV ',Z,EZ'SPV OR-adjusted
Parameters Class p-value?
n (%) n (%) (C1 95%)
Occupation Unemployed 1(5.9) 4(20) 3.0(0.7-12.7) 0.129
Employed 16(94.1) 16(80) 1.0(0.4-2.8) 0.976
Lifestyle Sedentary 2(11.8) 6(30) 1.7(0.6-4.4) 0.284
Not sedentary 15(88.2) 14(70) 0.8(0.2-2.6) 0.631
Substance use
Drugs Yes 17(100) 20(100) 1.3(0.3-56) 0.965
No 0(0) 0(0) 0.95(0.1-47) 0.967
Sexual behaviour
Sexual identity MSM 16(94.1) 17(85) 1.6(0.6-4.4) 0.328
BISEX 1(5.9) 3(15) 1.0(0.12-6.8) 0.938
Type of sexual 17(100) 20(100) 1.7(0.6-6.6) 0.409
) Anal
intercourse
Partner last 6 months <10 14(82.4) 13(65) 0.5(0.2-2) 0.294
Q) >10 3(17.6) 7(35) 2.5(0.5-15) 0.309

a p<0.05 were considered as statistically significant
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Table S8. Prevalence and Correlates Associated with SIL and NO SIL during anal HPV Infection

ﬁllzLBl “S 189| L OR-adjusted
Parameters Class p-value?
n (%) n (%) (C195%)
Age <25 0(0) 0(0) 2.2(0.8-56) 0.631
25 t0 50 16(51.6) 19(100) 0.9(0.4-2.1) 0.761
>50 12(38.7) 0(0) 2.0(0.7-4.9) 0.171
Occupation Unemployed 3(9.7) 2(10.5) 3.9(0.7-21.6) 0.116
Employed 28(90.3) 17(89.5) 0.3(0.1-1.4) 0.115
Substance use
Drugs Yes 31(100) 19(100) 1.3(0.2-72) 0.870
No 0(0) 0(0) 0.75(0.1-37.2) 0.871
Sexual behaviour
Partrier last 6 months <10 22(71) 14(73.7) 4(1.3-12) 0.125
) >10 9(29) 5(26.3) 6.1(0.6-60) 0.124

a p<0.05 were considered as statistically significant
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Table S9. Prevalence and Correlates Associated with persistent and cleared anal HPV

Infection
Persistent HPV Cleared HPV
OR-adjusted
Parameters Class N=20 N=9 p-value?
(C1 95%)
n (%) n (%)
Age <25 1(5) 0(0) 0.29(0.1-20) 0.622
2510 50 10 (50) 5(55.6) 1.6(0.2-9.3) 0.582
>50 9(45) 4(44.4) 0.6(0.1-3.2) 0.581
Education Primary 5(25) 0(9) 1.3(0.1-24) 0.879
Secondary 9(45) 5(25) 0.6(0.1-3.1) 0.528
Tertiary 6(30) 4(44.4) 0.2(0.0-1.2) 0.065
Occupation Unemployed 7(35) 0(0) 1.7(0.1-34.1) 0.705
Employed 13(65) 9(100) 0.7(0.1-2.8) 0.566
Substance use
Cannabis Yes 2(10) 1(11.1) 1.8(0.19-16) 0.606
No 18(90) 8(88.9) 5.7(0.4-70) 0.181
Smoking Yes 4(44.4) 1(11.1) 1.8(0.2-16) 0.738
No 16(55.6) 8(88.9) 0.6(0.1-5) 0.606
Drugs Yes 20(100) 9(100) 2.7(0.2-150) 0.623
No 0(0) 0(0) 0.4(0.1-20.1) 0.623
Sexual behaviour
Sexual identity MSM 17(85) 8(88.9) 0.2(0.1-1.5) 0.136
BISEX 3(15) 1(11.1) 0.2(0.1-3) 0.280
Type of sexual 20(100) 9(43)
_ Anal 1.4(0.5-0.18) 0.211
intercourse
First sexual 5(25) 2(10)
<17 0.6(0.1-8) 0.439
intercourse (age)
>17 15(75) 7(90) 2.6(0.2-32) 0.506
Partner last 6 months <10 17(85) 7(%0) 1(0.2-10) 0.975
m >10 3(25) 2(10) 2.1(0.4-19) 0.524

a p<0.05 were considered as statistically significant
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