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1. SUMMARY

Nowadays colorectal cancer (CRC) is a threat to global health. The
data collected by the Global Cancer Observatory (GCO) report that
CRC is the third most common cancer and the second cause of
tumor-associated mortality in the world. The early diagnosis of CRC
is very hard and the screening methods currently used in the clinical
practise have several limitations. This has stimulated intense
research aimed to find sensitive, non-invasive and early biomarkers
in easily collectable matrices. Both non-modifiable and modifiable
factors can increase the risk of developing CRC. Among lifestyle-
related factors obesity, as result of excessive caloric intake and
sedentary life, is a predominant risk factor for colorectal
carcinogenesis. The progressive increase in CRC incidence
correlates with overweight and obesity epidemic proportion,
consistently with the evidence of a positive correlation between body
mass index (BMI) and CRC risk. A decrease of cancer incidence is
recorded after bariatric surgery (BS) that is considered the most
efficient treatment to lose weight in case of severe obesity.

White adipose tissue (AT) is the first target organ in obesity being
characterised by metabolic derangements, a low-grade of chronic
inflammation and oxidative stress. By phosphoproteomics analysis,
we investigated the profile of DNA damage response (DDR) and
senescence markers in AT of subjects with severe obesity, compared
to the normal weight controls. A higher protein activation/expression
of DDR players and senescence markers was found in AT of patients
affected by obesity. Notably, the concurrent DDR and cellular
senescence activation was observed in visceral AT (VAT), but not in
subcutaneous AT (SAT), in agreement with the known association
between VAT expansion and comorbidities development. All these
data, associated to the elevated systemic levels of inflammatory and
oxidative markers, observed in the plasma of our patients, align with
the onset of a senescent-associated secretory phenotype (SASP).
Interestingly, after BS, a significant reduction of systemic pro-
inflammatory cytokines, a restoration of adipokines secretion and a
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significant reduction of plasmatic ccf-mtDNA, as a damage-
associated molecular pattern (DAMP), have been recorded thus
testifying the achievement of a healthier profile of subjects affected
by severe obesity.

Dysbiosis, commonly observed in obesity, concurs to CRC
development and could be proposed as a potential therapeutic target
and biomarker with both predictive and prognostic value. We
characterized both gut and oral bacterial microbiomes in individuals
affected by obesity and CRC patients with the aim to identify
common and distinct microbial profiles. In parallel, the prevalence of
specific oral human DNA viruses, potentially associated with CRC,
was analyzed in CRC patients and in subject groups at high CRC
risk, such as individuals with obesity or with nonfamilial colon
adenomatous polyposis (AP). The prevalence of the same infections
was also analyzed in obese individuals after BS to investigate
whether weight loss could affect the oral viral profile. We found the
same trend of modulation in obesity and CRC for most bacterial
genera, both in the gut and in the oral cavity. Our results also show a
significantly higher prevalence of oral beta-Human Papilloma
Viruses (HPV) and beta-HPV multiple infections in CRC patients,
and a trend of increase in high-risk groups. Furthermore, the
prevalence of specific beta HPV genotypes was found associated to
both BMI and pathological conditions. Notably, a lower prevalence
of all beta HPVs and of specific genotypes was observed in obese
patients after bariatric surgery suggesting that the surgery-related
benefits can reduce the persistence of viral agents potentially
involved in CRC risk increase.

Given the increase of Proteobacteria (such as E. coli or S. enterica)
and the reduction of Verrucomicrobiota (such as A. muciniphila)
found in the gut microbiome of both subjects with obesity and CRC
patients, we investigated the effects of endotoxins from pathogenic
and commensal/probiotic bacteria on the generation and function of
human dendritic cells (DC) and DC/yd T lymphocyte crosstalk in an
in vitro study on healthy donors. We found that A. muciniphila LPS
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can promote the differentiation of DC with full immunostimulatory
properties, in contrast to comparable concentrations of LPS derived
from E. coli and S. enterica, which can create an immunosuppressive
environment.

According to the obtained results, alterations of oral and intestinal
microbiome seem to be a causative bridge between obesity and CRC,
but larger cohorts and deeper analysis are necessary to draw a
definitive link.
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2. INTRODUCTION
2.1 Colorectal cancer (CRC)

2.1.1 Epidemiology, pathogenesis, treatment and current
detection methods

According to the data collected by the Global Cancer Observatory
(GCO) (https://gco.iarc.who.int/), CRC is confirmed to be the third
most common cancer and the second cause of tumor-associated
mortality worldwide. Although CRC incidence in people aged > 50
years (late-onset CRC) appears stable or even decreasing in high-
income countries due to a rising screening over the last decades, a
worrying increase of early-onset CRC cases, diagnosed in
individuals under the age of 50 years, has been recorded in the world
(Patel et al, 2022). Unlike late-onset CRC patients, who are often
diagnosed incidentally, subjects with early-onset tumors present with
symptoms, such as hematochezia or abdominal pain. In addition,
compared to the former, they experience these symptoms for a
longer time before cancer detection, usually diagnosed at an
advanced stage. Moreover, right-sided cancers are more likely to be
found in older patients, while most subjects aged < 50 years have
left-sided tumors and exhibit more aggressive histopathology, due to
the diagnosis at metastatic stage. Nevertheless, patients with early-
onset CRC have better survival rates, compared to late-onset cancer
subjects. From a gender perspective, there are several differences in
CRC between males and females. First of all, higher incidence and
mortality are recorded among males, even if a higher mortality and a
lower 5-year survival rate are shown by post-menopausal women,
with respect to men of comparable age (Kim et al, 2015). This trend
is due to loss of the protective effect of female sex hormones, mainly
estrogens. Another difference is the tumor site: the neoplastic
transformation preferentially involves the distal colon in men, while
tumors are observed mainly in the proximal colon among women. As
a result, the CRC screening methods are less sensitive in female
patients compared to male ones. In addition, an increased toxicity
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associated with the common drugs used for CRC treatment has been
reported in women.

The majority of CRC cases originate from a stem cell or stem-cell-
like-cell, that resides at the base of colon crypts, the “stem cell
niche”. The transforming process begins with an aberrant crypt, that
transforms then into a benign adenomatous polyp which, in turn,
evolves into a neoplastic lesion during ~10-15 years (Dekker et al,
2019). Only a low percentage of colorectal neoplasia is related to
genetics or familial history whereas 70%-90% of CRC cases are
sporadic. The adenoma-carcinoma-metastasis model is associated
with inactivating mutations or deletions of both APC and TP53.
Afterwords, activating mutations of k-ras sustain the metastatic
potential of CRC. According to a second model, the serrated
neoplasia pathway, occurs in about 10%-20% of CRC cases with two
alternative progression presentations: according to the traditional
serrated pathway, a hyperplastic polyp enriched with goblet cells
evolves into a serrated adenoma, progressing to microsatellite stable
tumor. In the alternative sessile serrate pathway, the neoplastic lesion
arises from a microvesicular hyperplastic polyp, giving rise to a
carcinoma with microsatellite instability (MSI) or microsatellite
stability (MSS). In both progression presentations a higher rate of
activating mutations of braf and k-ras, and not of apc, is recorded.
The colitis-associated cancer (CAC) is a third specific form of CRC
(2% of CRC cases), diagnosed in patients affected by inflammatory
bowel disease (IBD).

Today the cornerstone of CRC treatment is surgery. Surgery is often
coupled with chemotherapy which can be either pre-operative
(neoadjuvant chemotherapy) for reducing cancer size or post-
operative (adjuvant chemotherapy) for decreasing tumor recurrence
risk. A combined treatment of chemotherapy and radiotherapy is
frequently used for rectal neoplasia management. Immunotherapy
and targeted therapies are recently included among opportunities for
CRC management. Immunotherapy is a huge breakthrough in the
fight against tumors. PD-1/PD-L1 inhibitors are the most used
immune checkpoint inhibitors. Food and Drugs Administration
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(FDA) has approved the administration of nivolumab and
pembrolizumab (the two most representative PD-1 inhibitors) for the
second-line treatment of patients with metastatic CRC characterized
by high MSI and mismatch repair (MMR) dysfunction (Ganesh et al,
2019). Targeted therapies include both monoclonal antibodies and
small molecules able to inhibit signaling pathways essential for
cancer cell proliferation. According to the results collected in some
clinical studies, gene therapy seems to be a very promising treatment
strategy for CRC cases, even if a successful delivery method has yet
to be identified (Naldini, 2015).

The early diagnosis of CRC can significantly reduce mortality rates,
but it is very hard because patients with CRC often present
symptoms only when the disease reaches an advanced stage.
Nowadays, the gold standard for CRC diagnosis is still colonoscopy,
but since 2014, after the approval of the FDA, multi-target stool
DNA (mt-sDNA) is used for CRC screening in subjects with
average-risk disease (Carethers, 2020). This testing can reach a very
high sensitivity in asymptomatic patients, but often false positive
results are obtained. Given the current limitations of the CRC
screening methods adopted in clinical practice, an intensive research
is in progress to find more sensitive, non-invasive and early
biomarkers, in easily collectable biological matrices. Circulating
tumor cells (CTC), tumor DNA (ctDNA) and microRNAs (c-
miRNA) are candidate biomarkers. Moreover, stool miRNAs and
faecal bacteria have been proposed as CRC biomarkers. The
diagnostic potential of stool miRNASs is supported by the possible
existence of a different miRNA profile in the tumor mucosa versus
the healthy counterpart. It is already known that microbiota can play
a crucial role in colorectal carcinogenesis and specific microbial
alterations could be used for early cancer detection (Rezasoltani et
al, 2018). Although a deep understanding of CRC biology has been
acquired, leading to the identification of new diagnostic biomarkers,
there is still much work to be done to translate the molecular marker
assays into the clinical context.
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2.1.2 Risk factors and prevention

Risk factors for CRC onset are classified as non-modifiable and
modifiable risk factors (Fig. 1). The first ones include age and sex.
Among people aged > 65 years, the frequency of CRC cases is three
times higher than in subjects aged 50 to 64 years and thirty times
higher compared to individuals aged 25 to 49 years (Rawla &
Barsouk, 2019). It is also well known that CRC is 1.5 times more
prevalent in men than in women (Rawla & Barsouk, 2019). Other
non-modifiable CRC risk factors are: family history of polyps or
colorectal cancer genetic nonpolyposis syndrome (Lynch syndrome)
and hereditary polyposis syndromes (familial adenomatous polyposis
syndrome). Moreover, diabetic and IBD (ulcerative colitis and
Crohn’s disease) patients have a higher CRC risk. Furthermore, CRC
onset is affected by several modifiable lifestyle-related factors.
Nowadays, alcohol consumption and tobacco smoking are well-
established CRC risk factors closely related to lifestyle. Moreover,
results collected from different studies have revealed the influence of
some drugs on CRC frequency. In particular, daily aspirin or
metformin medications, as well as the use of nonsteroidal anti-
inflammatory drugs (NSAIDSs), lead to a decreased cancer risk by
dampening inflammation (Guo et al, 2021) (Liu et al, 2017). A
strong impact on CRC risk is exerted by dietary and physical activity
habits. Sedentary people have a 16% increased CRC risk compared
to subjects who do physical activity (Wolin et al, 2011). Moreover,
Mediterranean or vegetarian diets are associated with lower cancer
frequency compared to consumption of foods with a high
inflammatory index (Veettil et al, 2021). The gut microbiome has a
crucial role as the link of election between dietary habits and health.
Pro-inflammatory diets can modulate microbiome composition
increasing the prevalence of pathogenic microorganisms and
potentially carcinogenic metabolites and leading to dysbiosis. Gut
dysbiosis is a common trait in patients affected by obesity. Obesity,
as result of excessive caloric intake and sedentary life, is a
pathological condition characterized by a chronic inflammatory
phenotype that results in higher cancer susceptibility, including
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colorectal neoplastic transformation. This issue will be discussed in
detail in the following sections.

Colorectal cancer is undoubtedly among the world’s greatest health
threats but it is also highly preventable through lifestyle
modifications. The research is trying to face it, identifying early
diagnostic and risk predictive biomarkers related to lifestyle, that
could also guide primary prevention.

Risk factors for CRC

A

NONMODIFIABLE RISK FACTORS MODIFIABLE RISK FACTORS

dm Qd g@é &2
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Figurel Risk factors for CRC

There are two categories of CRC risk factors: non modifiable risk factors, such as
age or sex, and modifiable risk factors that are related to lifestyle, such as high-fat
diet and sedentary life that lead to obesity.

2.2 Obesity

2.2.1 Adipose tissue hypertrophy and inflammatory phenotype

According to the World Health Organization (WHO), obesity is an
excessive fat accumulation that affects health and nowadays it is a
worldwide epidemic. Recent estimates for 2022 have revealed
worrying percentages: 16% of the global adult population is affected
by obesity (with a higher prevalence among males than females,
although women have a higher percentage of body fat than men) and
43% of adults are overweight (Muscogiuri et al, 2024). Although the
bio-impedentiometric measurement is now strictly required the body
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mass index (BMI), obtained by dividing the weight in kilograms by
the square of the height expressed in meters, is still used as a
parameter to define the level of obesity. In details, a subject with a
BMI > 25 kg/m? is overweight while a BMI > 30 kg/m? is associated
with obesity. This last can be classified as low-risk obesity (class 1,
BMI < 35 kg/m?), moderate-risk obesity (class 2, BMI < 40 kg/m?)
and high-risk or severe obesity (class 3, BMI > 40 kg/m?). For long
time obesity has been considered the result of a life choice, until
March 2021, when the European Commission defined obesity as a
“chronic relapsing disease, which in turn acts as a gateway to a range
of other noncommunicable diseases”. Obesity is a multifactorial
disease and genetics, epigenetics and lifestyle factors are implicated
in its pathogenesis.

Adipose tissue (AT) is the first target organ in obesity. In humans
two types of AT are found: white adipose tissue (WAT), that includes
subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT)
around internal organs and brown adipose tissue (BAW) that plays a
central role in thermogenesis. Until few years ago WAT has been
considered only as a fat storage tissue, but after the discovery of
leptin and adiponectin WAT has been recognized as an endocrine
organ (Zhang et al, 1994) (Scherer et al, 1995). WAT secretes several
signaling proteins, collectively known as adipokines, that can impact
the systemic metabolic state by activating either pro or anti-
inflammatory pathways. In overnutrition conditions WAT can expand
by hyperplasia or hypertrophy (Fig. 2).
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Figure 2 Hyperplasia vs hypertrophy of adipose tissue

During overnutrition adipocytes can increase their number by adipogenesis
(hyperplasia) or their size (hypertrophy). The first response is linked to
metabolically healthy obesity because adipose tissue maintains an optimal
vascularization and insulin sensitivity, besides anti-inflammatory adipokines
secretion. Hypertrophic cells, in contrast, cause tissue hypoxia, resulting in pro-
fibrotic genes expression and necrosis of adipocytes that are surrounded by M1
macrophages (“crown-like structure”). Pro-inflammatory adipokines secretion
contribute to establish a chronic low-grade inflammation, that causes adipose
tissue dysfunction and lipotoxicity (modified from Ghaben & Scherer, 2019).

An increase of adipocyte number due to proliferation and
differentiation of mesenchymal stem cells (hyperplasia) has been
associated with a metabolically health condition because the tissue
maintains an optimal vascularization and an anti-inflammatory
profile of adipokines that lead to a high insulin sensitivity (1S).
Conversely, enlargement of existing adipocytes because of an
abnormal lipid storage (hypertrophy) impairs AT angiogenesis and
promotes fibrosis. Hypertrophy induces oxidative stress and
inflammatory cell proliferation leading to a systemic low-grade
chronic inflammation frequently associated to insulin resistance (IR)
(Guglielmi et al, 2015). In hypertrophic AT the “crown-like
structures” can be observed, which are formed by monocytes that
surround necrotic adipocytes and differentiate into M1 macrophages.
These macrophages exhibit pro-inflammatory properties and
enhance both inflammation and IR by secreting several
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inflammatory cytokines (IL-6, IL-1B, TNF-a) and chemokines,
which in turn recruit other immune cells in WAT (Weisberg et al,
2003) (Lumeng et al, 2007). An increase in the leakage of free fatty
acids (FFAs), caused by enhanced lipolysis, is recorded: these
factors, along with pro-inflammatory adipokines, activate several
inflammatory signaling pathways in AT cells and immune cells, as
macrophages (Wueest et al, 2009). FFAs can bind to toll-like
receptors (TLRs) 2 and 4 triggering NF-«xB signaling pathway. NF-
kB pathway boosts the secretion of chemokines by adipocytes,
enhancing macrophage infiltration, and activates the expression of
inflammatory genes, such as IFN-y and TGFp, that induces IR. All
these factors lead to the onset of a chronic low-grade sterile
inflammation that impairs AT function, leading to hyperglycemia,
dyslipidemia and ectopic fat accumulation (Gustafson & Smith,
2006). This chronic metabolic inflammation (metaflammation),
frequently associated to microbiota alterations, is linked to an
increased susceptibility to the metabolic syndrome (MS)
development, making obesity a risk factor for several
noncommunicable diseases, such as type 2 diabetes mellitus
(T2DM), nonalcoholic fatty liver disease (NAFLD), cardiovascular
diseases (CVD) and specific cancer types (Hotamisligil, 2006). It is
noteworthy that a more intense inflammatory response is recorded in
VAT than in SAT. Several studies carried out both in animal models
and in human patients affected by obesity showed that VAT contains
more macrophages and hypertrophic adipocytes than SAT (Altintas
et al, 2011) (Cancello et al, 2006) (O'Connell et al, 2010).

2.2.2 Cellular senescence as causal driver of obesity-related
metabolic disorders

It has been demonstrated that AT of both obese mice and humans are
characterized by the accumulation of senescent cells (Minamino et
al, 2009). By the use of a transgenic mouse (Ay mouse),
characterized by a higher susceptibility to obesity and diabetes, it
was observed, after 20 weeks of normal diet, a higher oxidative
stress in the adipose tissue alongside senescence-like changes, versus
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the wild-type counterpart. The adipose tissue was characterized by
p53 and Cdknla upregulation as well as an increase of
proinflammatory cytokines secretion by senescent cells when
compared to wild-type mouse. The adipose tissue exhibits a typical
phenotype, termed Senescence-Associated Secretory Phenotype
(SASP). The senescent cells secrete growth factors, matrix
metalloproteases, proinflammatory cytokines and chemokines
modulating the surrounding microenvironment (Malaquin et al,
2015) (Fumagalli & d'Adda di Fagagna, 2009). In case of obesity,
this secretome boosts the inflammatory state by inhibiting
adipogenesis and exacerbating IR (Kahn & Flier, 2000). In addition,
the upregulation of p53 in adipose tissue was found to have a key
role in the development of obesity-associated metabolic diseases.
After 4 months of high-fat and high-sucrose (HF-HS), adipo-p53-
deficient mice showed a better IS compared to control. Moreover, in
adipose tissue biopsies, isolated from diabetic individuals, increased
protein and mMRNA levels of p53 and Cdknla were observed,
respectively. In addition, senescence-like changes and higher
amounts of pro-inflammation cytokines were also found, compared
to healthy tissues. More recently, Palmer and coworkers
demonstrated that the accumulation of senescent cells in the AT of
obese mice has a causal role in the IR and T2D onset (Palmer et al,
2019). They used two specific transgenic mouse models that allowed
them to target selectively p16"9" cells: after the clearance of this cell
population, mice showed several metabolic benefits, such as
improved glucose tolerance and increased insulin sensitivity.
Moreover, an increase of adipogenesis, as well as a reduction of
adipocyte hypertrophy and macrophage infiltration within adipose
tissue, was found by targeting senescent cells. Similar results were
obtained by the elimination of a senescent cell population which was
characterized by the expression of p21M9" that accumulates in the
gonadal visceral adipose tissue (gVAT) of obese mice (Wang et al,
2022a). The clearance of p21"9" cells in the fat tissue is sufficient to
recover insulin sensitivity. Metabolic improvement is also achieved
through the inhibition of the NF-xB pathway in p21M9" cells. This
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signaling pathway resulted to be activated during obesity and aging
and its involvement in the SASP as well as in the development of IR
and diabetes was observed (Patel & Santani, 2009) (Chien et al,
2011). Furthermore, a senolytic cocktail (dasatinib + quercetin),
which selectively destroys senescent cells, is able to eliminate p21"9"
cells in human fat ex vivo. This treatment resulted in lower levels of
proinflammatory SASP cytokines secreted by adipose tissue and
mitigated IR phenotype after xenotransplantation of senolytic
cocktail-treated human VAT into immunodeficient mouse (Xu et al,
2018). Because of the key role played by senescent cells in the
development of IR and diabetes, these cells could be a central
therapeutic target and the use of senolytics could be a promising
strategy for the treatment of obesity-related metabolic complications.

2.3 Chronic inflammation: a bridge between obesity and CRC
Nowadays severe obesity is widely recognized as a risk factor for
thirteen human tumors, collectively termed obesity-associated
cancers (OAC). CRC is the most frequent among males, while
postmenopausal breast cancer is the most common among women.
The relationship between BMI and colorectal carcinogenesis has
been evaluated in epidemiological studies and investigated in animal
models. A high-fat diet increases colon polyp formation in mice in
which CRC is induced by genetic alterations (APC™" mouse) or
azoxymethane (Chen & Huang, 2015) (Ngo et al, 2015). According
to a recent meta-analysis of 66 studies, subjects with obesity have a
36% increased risk of developing CRC compared to NW individuals
(Ungvari et al, 2024). Males display a slightly higher incidence than
females.

There is a general consensus that chronic inflammation can be a
bridge between obesity and CRC onset. AT dysfunction combines
with both gut dysbiosis and loss of intestinal barrier integrity to
foster a systemic chronic low-grade inflammation. This shapes a pro-
neoplastic microenvironment where CRC, a neoplasia known for its
inflammatory pathogenesis, can more easily develop. Inflammation-
related higher levels of oxidative stress can have a role in colorectal
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tumorigenesis onset. Reactive oxygen and nitrogen species (RONS)
induce different types of DNA damage in intestinal epithelial cells
(IECs), such as nucleotide modifications or single-strand and double-
strand breaks. The result is an increase of genome-wide DNA
mutations that can hyperactivate oncogenes or inactivate tumor
suppressor genes, resulting in neoplastic transformation of IECs.
Expression of genes involved in tumorigenesis can also be
modulated through epigenetic alterations induced by inflammatory
cytokines, such as IL-6 (Li et al, 2020). These mediators, alongside
several inflammation markers, result significantly increased in AT
and blood stream of both overweight subjects and patients with
obesity. Intestinal inflammation also promotes tumor expansion. The
aberrant tissue regeneration causes both the proliferation of cancer
initiating cells and the de-differentiation of non-stem cells into cells
with stem features. In addition, obesity-associated inflammation of
AT results in an unbalance between leptin and adiponectin secretion
which are known to play opposite roles in CRC development. The
results collected by epidemiological studies demonstrate that leptin
levels are positively associated with risk of colon, but not rectum,
cancer specifically in men (Stattin et al, 2003). Leptin, through the
mTOR pathway activation, is able to intensify both inflammatory
cytokine secretion and cell growth as well as to target other signaling
molecules promoting survival and invasiveness of tumor cells
(Fazolini et al, 2015). Conversely, an increase of circulating
adiponectin levels correlate with a lower CRC risk (Wei et al, 2005).
Although this adipokine can inhibit cancer cell proliferation by
AMPK activation, no relationship with CRC onset has been found
(Sugiyama et al, 2009) (Lukanova et al, 2006).

Obesity is also associated with gut microbiota changes and
dysfunction of the epithelial barrier, both fostering intestinal
inflammation (Serino et al, 2012). It is well known that the same
alterations play a pivotal role in increasing the risk of colorectal
tumorigenesis (Yu & Fang, 2015). For the first time in 2014 Shulz
and colleagues showed that microbiota transfer from mice with diet-
induced intestinal dysbiosis can induce CRC even in normal weight
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mice (Schulz et al, 2014). Bacteria can promote carcinogenesis with
different mechanisms. IECs can be transformed directly by bacteria
or their genotoxic metabolites, otherwise pathogenic microorganisms
can trigger inflammatory and oncogenic pathways. Beyond the
epidemiological evidence of association, the causal link between
obesity-related inflammation and CRC onset is strongly testified by
several studies carried out both in animal models and humans who
underwent bariatric surgery (BS). Nowadays, BS is the most
efficient intervention to lose weight in case of severe obesity. BS has
a beneficial long-term effect on both weight maintenance and health
conditions, largely due to the improvement, or even the resolution, of
systemic chronic low-grade inflammation (Lautenbach et al, 2021).
The reduction of the inflammatory process is associated with
a decreased risk of neoplastic transformation. During a follow-up of
3.5 years individuals undergoing BS displayed a 33% lower
incidence of any cancer, compared to matched subjects affected by
obesity who did not undergo surgery (Schauer et al, 2019).
Interestingly, a higher reduction of cancer risk was reported when the
analysis were restricted to OACs, including CRC.

Altogether these studies strongly suggest that anti-inflammatory
therapies, as well as dietary interventions aimed to improve gut
microbiota composition and function, may be a valuable strategy to
reduce obesity-related CRC risk.

2.4 Common traits

Individuals affected by obesity and CRC patients share several
features. One of these is AT inflammation. As described above, in
overnutrition conditions WAT can expand by hypertrophy resulting
in pro-inflammatory cytokine secretion by adipocytes and infiltrating
immune cells. AT of CRC patients show the same phenotype. Higher
MRNA and protein levels of pro-inflammatory mediators, such as
IL-6, IL-1B, IL-8, CCL2 as well as NFkB activation, have been
found in AT of subjects with neoplasia compared to controls
(Castellano-Castillo et al, 2018) (Del Corno et al, 2016). During
tumor progression adipocyte-secreted pro-inflammatory cytokines
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create a microenvironment supporting cancer cell proliferation and
invasiveness.

Immunosuppression is a key feature of chronic inflammation. A
common trait in obesity and CRC is, in fact, immune dysregulation
at both systemic and tissue levels, and this also associates with a
higher susceptibility to viral infections, including COVID-19
(Andrade et al, 2021). Alterations in the number and function of
immune cells and a specific impairment of dendritic cells (DCs) and
vd T lymphocytes, have been reported. O’Shea and co-authors
described a reduction of the frequency of DC and consequently
impaired T cell stimulatory activity in obese subjects (O'Shea et al,
2013). Regarding CRC, a significant reduction of circulating DC is
observed in patients with neoplasia compared to healthy subjects. In
vitro experiments also show a DC differentiation impairment from
monocytes isolated from CRC patients. Moreover, the cells obtained
are less efficient in inducing T lymphocyte proliferation and secrete
higher levels of immunosuppressive cytokines than DCs generated
from healthy subjects’ precursors (Legitimo et al, 2014). The yo T
lymphocytes levels observed in both subjects with obesity and CRC
patients are very similar to the amounts found in lean healthy
individuals (Magalhaes et al, 2015) (Choi et al, 2018). In contrast, an
analysis extended to the main circulating subset of yo T cells, V62 T
lymphocytes, highlighted a lower V62/y6 T cells ratio in patients
with obesity and CRC compared to healthy lean controls (Donninelli
et al, 2017). Obesity is also associated with an abnormal maturation
phenotype of Vo2 T lymphocytes and reduced IFN-y secretion
(Costanzo et al, 2015).

Obesity and CRC also share an increase of oxidative stress (OS).
Overexpression of OS markers is found during obesity development
and in subjects with severe obesity (Nono Nankam et al, 2021).
Similarly, CRC patients have higher levels of OS markers compared
to controls and this increase is more significant in patients with
advanced tumor stage (Acevedo-Leon et al, 2022). In obesity and
colorectal tumorigenesis OS increase is associated with both
metabolic dysregulation and systemic chronic inflammation.
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Permanent inflammatory status is observed in subjects with obesity
as well as in CRC patients, as widely described above. Chronic
inflammation promotes reactive oxygen and nitrogen species
(RONS) excessive production which in turn boosts the inflammation
state resulting in a positive feedback loop (Biswas, 2016). In
addition, mitochondrial dysfunction has been observed in both
obesity and CRC conditions. A reduction of mitochondrial number
and biogenesis, besides a decreased oxidative phosphorylation rate,
is found in subjects with obesity (de Mello et al, 2018). Similarly, in
vitro studies performed on cells depleted of mitochondrial DNA
suggest that a reduced mitochondrial function is associated with the
expression of key regulators of colorectal cancer tumorigenesis
(Penrose et al, 2017). As a thread of all this, gut dysbiosis is found in
both individuals affected by obesity and CRC patients. Alterations of
microbiota composition, resulting in the intestinal barrier integrity
loss, are associated with several diseases including obesity and CRC
playing a causal role in their pathogenesis. These observations will
be explored in the following sections.

2.5 The microbiome

The microbiota is a complex ecosystem of microorganisms,
including mainly bacteria but also bacteriophages and eukaryotic
viruses, alongside fungi and archaea. These microorganisms inhabit
all body cavities and coexist on human surfaces establishing a
commensal or mutualistic relationship with the host. The collection
of microbial genes composes the microbiome. The intestinal
microbiome is the most abundant and divergent in the human body
followed by the oral one. Gut microorganisms modulate host
immunity and nutrient absorption, produce compounds with different
effects on the host and regulate both intestinal endocrine function
and downstream neurological signalling pathways (Lynch &
Pedersen, 2016). The composition of the gut microbiome is affected
by several factors. The mode of birth and infant feeding shape the
newborn’s intestinal microbiome, but its maturation during
childhood, adolescence and adult life is tightly associated to both
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genetics and environmental stimuli, resulting in high inter-individual
variation (Rodriguez et al, 2015). A healthy gut microbiome is
characterized by a high diversity of microorganisms and richness of
microbial genes, as well as stable functional cores with a balance
between pathogenic and commensal bacteria. Lifestyle habits, such
as diet, smoking, alcohol consumption and antibiotics, can induce
the disruption of this ecosystem, leading to dysbiosis. Due to the
pivotal role of the intestinal microbiome in maintaining individual
homeostasis, dysbiosis is associated with several pathological
conditions including obesity and CRC. Studies with mouse models
suggest that dysbiosis is not a secondary phenomenon of these
diseases but is causative of both obesity and colorectal
tumorigenesis. Adult germ-free mice colonized with a microbiota
harvested from obese mice exhibit a significant increase in total
body fat, as compared to mice colonized with gut microbes from
lean donors (Turnbaugh et al, 2006). Similarly, there is evidence that
fecal microbiota collected from CRC patients can promote colorectal
carcinogenesis in germ-free mice (Wong et al, 2017). Given these
results, current experimental studies aim to develop microbiota-
targeted therapeutic strategies to improve metabolic health in
individuals with obesity or as chemopreventive treatments or
therapeutic adjuvant in CRC patients. Likewise, microbial profiles
might be used as early biomarkers for CRC screening.

2.5.1 Bacterial dysbiosis in obesity and CRC pathogenesis

Although a “gold standard” reference of a healthy human gut
microbiome does not exist, due to a high taxonomical variability
linked to sex, age and demographical factors, it is widely accepted
that an intestinal microbiome is healthy when displays a high
bacterial diversity and richness, termed alpha-diversity. This index
results significantly lower in both oral and gut microbiome of
subjects with obesity, as compared with healthy individuals (Heiss &
Olofsson, 2018) (Cani et al, 2007). The gut microbiome of obese
mice displays a 50% reduction of the abundance of Bacteroidota,
while Firmicutes increase in proportion (Ley et al, 2005). The
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increase of Firmicutes/Bacteroidota (F:B) ratio correlates with
increasing BMI also in the human intestinal and oral microbiome
(Koliada et al, 2017) (Tam et al, 2018). These changes boost the gut
microbiome’s ability to harvest energy from the diet, due to the
obesogenic and anti-obesogenic function associated with Firmicutes
(F) and Bacteroidota (B), respectively (Jumpertz et al, 2011). The
increase of F:B ratio is overall recognized as the most evident
signature of obesity-related intestinal dysbiosis, although more
recent observations collected from several studies attribute the risk
of obesity to a decrease of Actinobacteriota (e.g. Bifidobacterium) or
\errucomicrobiota (e.g. Akkermansia muciniphila) abundance
(Turnbaugh et al, 2009) (Everard et al, 2013). These results
apparently discordant about the role of F:B ratio in obesity
pathogenesis can be explained by considering the several
confounding factors that influence the intestinal microbiome
composition, such as the geographical location of the cohort enrolled
or the investigation technique. Moreover, more in-depth analysis is
sometimes required to observe a modulation of intestinal bacteria
because of variations at the genus and family levels, and not at the
phylum level. Similarly, the gut microbiome of CRC patients
exhibits a significant increase of F:B ratio (Fang et al, 2021).
Compared to healthy individuals, the gut microbiome of subjects
with cancer displays a higher abundance of specific bacterial species
belonging to Firmicutes, Fusobacteriota and Bacteroidota phyla. In
stool samples of CRC patients is recorded an increase of Bacteroides
fragilis, Streptococcus bovis, as well as Fusobacterium nucleatum,
normally homing in the oral cavity, that is detected also among the
intestinal microorganisms of subjects with colorectal adenoma.
Compared to fecal samples of healthy subjects, Escherichia coli
results increased in CRC patients’ stool whereas Faecalibacterium
prausnitzii is less abundant (Wang et al, 2012b). According to a
model developed by researchers, some bacteria act as drivers in
colorectal tumorigenesis while others are termed passengers
(Tjalsma et al, 2012). Drivers colonize the healthy gut epithelium
and induce pre-malignant lesions by inducing inflammation, cell
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proliferation and mutagenic substances production.
Microenvironment alterations and the loss of intestinal barrier
integrity allow passengers to replace drivers, thrive and promote
cancer formation. An example of passenger bacterium is
Fusobacterium nucleatum, which activates the Wnt/B-catenin
pathway, resulting in oncogene overexpression and increased
secretion of pro-inflammatory molecules (Rubinstein et al, 2013).
The gut microbiome plays a key role in host metabolism. Several
human metabolic pathways depend on metabolites provided by
intestinal microorganisms, such as short-chain fatty acids (SCFAS),
which include acetate, propionate and butyrate. SCFAs are produced
by fermentation of non-digestible carbohydrates and are the main
energy source for colonocytes. Acetate is a precursor for lipogenesis,
propionate is an essential substrate for gluconeogenesis, whereas
butyrate reduces obesity-induced inflammation and carcinogenesis
(Chakraborti, 2015). Moreover, acetate and butyrate strengthen the
integrity of the intestinal barrier by stimulating secretion of mucin
from goblet cells and upregulating the expression of tight junction
proteins, such as zonulin (Wang et al, 2012a). In the gut microbiome
of both subjects with obesity and CRC patients, a reduced abundance
of SCFAs producing bacteria, such as A. muciniphila, is observed. As
a result, circulating levels of LPS from pathogenic bacteria increase
due to the higher permeability of the intestinal epithelium. This
condition, termed endotoxemia, fosters the chronic low-grade
inflammation related to obesity and CRC (see below for details). In
CRC patients an increase of pathogenic bacteria is recorded. These
microorganisms promote tumorigenesis by modulating oncogenic
pathways, shaping an immunosuppressive microenvironment or
producing genotoxins and metabolites that induce DNA damage.

In contrast to what observed in other noncommunicable diseases,
such as obesity, the gut microbiome of subjects with CRC displays a
higher diversity than healthy individuals (Wirbel et al, 2019). This
increase of richness is probably caused by the translocation of
bacteria from the oral cavity to the intestinal one through the oral-gut
axis (Park et al, 2021). In details, stool samples from CRC patients
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are enriched with some oral microorganisms, such as Fusobacterium
nucleatum, Parvimonas and Roseburia (Koliarakis et al, 2019).
Similarly to intestinal species, oral microorganisms contribute to the
dysfunction of epithelial junctions and synthesize substances with
carcinogenic potential, such as volatile sulfur compounds with a
marked inflammatory and toxic potential, even at low
concentrations. It was found that some oral bacteria can modulate the
composition of the gut microbiome, leading to dysbiosis-related
inflammation. For example, after oral administration of
Porphyromonas gingivalis, a lower gut abundance of Bacteroidota
and an increase of Firmicutes abundance are observed, alongside
dysfunction of the intestinal epithelium which lead to endotoxemia,
systemic inflammation, brown adipose tissue dysfunction and
metabolic dysregulation (Sato et al, 2017) (Hatasa et al, 2020). All
together these data suggest that also the oral microbiome, interacting
with intestinal microorganisms, plays a role in obesity-related
metainflammation and colorectal carcinogenesis suggesting that it
can be proposed as a potential therapeutic target in the prevention
and treatment of obesity and CRC.

2.5.2 Oral virome: apotential risk factor for colorectal
tumorigenesis

In addition to bacteria, the human body hosts a wide variety of
microorganisms, including viruses that can infect both procaryotic
and eucaryotic cells. All the virus-associated genetic information
composes the human virome, which is an essential part of
microbiome. Similarly to bacterial strains, also viral communities
can be shaped by endogenous and exogenous factors. Nowadays
many studies are being performed to find associations between
alterations of virome steady-state and pathological conditions, such
as cancer. In 2012 virus infections were estimated to be the cause of
10% of all cancer cases in the world (Plummer et al, 2016).
Oncoviruses can act as aetiologic agents of neoplastic transformation
or promote indirectly tumorigenesis by inhibiting host
immunosurveillance or inducing chronic inflammation and tissue
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damage (Schiller & Lowy, 2021). To investigate whether viruses are
active contributors to gastrointestinal carcinogenesis or only idle
bystanders, in the last two decades several studies have revealed both
DNA and proteins of viral origin in neoplastic tissue, including CRC
biopsies. These results highlight an association between CRC and
some human viruses. Specifically, two strains belonging to the alpha
genus of Human Papillomaviruses (HPVs), HPV16 and HPV18, as
well as Epstein-Barr virus (EBV) belonging to Herpesviruses (HHV)
and John Cunningham virus (JCV) belonging to Polyomaviruses
(HPyV) have been suggested as risk factors for colorectal
tumorigenesis because of their prevalence in CRC samples. Since
Citomegalovirus (CMV)-derived DNA has been more frequently
detected in neoplastic biopsies than in healthy tissues, also this
Herpesvirus could play a role in colorectal tumorigenesis. In
addition, the presence of Hepatitis B Virus (HBV) is also associated
with an increased CRC risk (Maronek et al, 2020). More recently, by
the use of Luminex-based assays and the next generation sequencing
(NGS), the presence of alpha, beta and gamma HPVs has been
detected in CRC tissues and adjacent normal mucosa (Galati et al,
2023). Despite the several investigations performed to detect virus
infections in cancer tissues, up to now the knowledge of gut viral
communities of CRC patients is still limited and mainly focused on
bacteriophages which have a pivotal role in shaping bacterial
microbiome (Wang et al, 2022b) (Ho et al, 2024). Similarly, only
few scattered observations have been collected about viruses,
especially phages, in the intestinal cavity of subjects with obesity
(Bikel et al, 2021) (Yang et al, 2021). It is noteworthy that studies
investigating the pathogenetic and/or risk roles of human oral virome
in obesity and colon carcinogenesis are completely missing. This
research field appears to be very promising and the oral viruses, if
found, could be potentially used as non-invasive early biomarkers of
CRC risk.
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2.6 Microbiome, chronic inflammation and immunosuppression

Today it is well known the impact of lifestyle habits, mainly diet, on
gut microbiome composition. High-fat intake is associated with a
reduction of SCFAs producing bacteria and in parallel promotes an
increase of mucus degrading microorganisms. As a result, the
intestinal barrier loses its physiological integrity leading to a
condition termed leaky gut (Stolfi et al, 2022). In the presence of a
permeable gut epithelium, bacteria, as well as microbial components
and products including endotoxins, can translocate from the
intestinal lumen both in gut mucosa and into the bloodstream,
provoking metabolic endotoxemia and low-grade systemic
inflammation. Lipopolysaccharide (LPS) or endotoxin, is the main
outer membrane component of Gram-negative bacteria and plays a
pivotal role in endotoxemia-related inflammation by stimulating
the immune system. LPS is the best known among pathogen-
associated molecular patterns (PAMP), that are recognized by pattern
recognition receptors (PRRs), preferentially expressed in innate
immunity cells (Li & Wu, 2021). Among PRRs, toll-like receptor 4
(TLR-4) recognizes LPS. LPS binding to TLR-4 affects some key
signalling pathways. It activates NF-«B leading to pro-inflammatory
cytokine secretion which enhances both intestinal and systemic
inflammation. Moreover, endotoxin increases cell proliferation by
inducing overexpression of proteins regulating the cell cycle and
impairs immune cell functions shaping a pro-cancer
microenvironment (Manilla et al, 2023). In the blood of individuals
with obesity and cancer patients, an increase of LPS concentrations,
as compared to healthy individuals, has been detected, although up
to 50 times lower than those recorded during acute bacterial
infections. Moreover, increased endotoxin levels have also been
found in tumor tissue of CRC patients (Boutagy et al, 2016) (Kang et
al, 2013) (zZhu et al, 2016). These concentrations might concur,
together with other known immunosuppressive factors, to inhibit DC
generation and functions and to improperly polarize y6 T
lymphocytes in the blood or within the immunosuppressive tumor
microenvironment (Michielsen et al, 2011) (Yang et al, 2018). Some
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lines of evidence support the association between gut dysbiosis-
induced endotoxemia and immune cell dysfunction. In a mouse
model of colorectal tumorigenesis, LPS trapping results in a better
clinical response to immune checkpoint inhibitors (ICI) targeting
the PD-1/PD-L1 axis and a lower frequency of liver metastasis
(Song et al, 2018). Consistently, CRC patients who show, at
diagnosis, ahigher gut abundance of commensal Akkermansia
muciniphila, which is currently studied as potential probiotic,
develop a more efficient response to ICI (Routy et al, 2018). These
results emphasize the influence of gut microbiome composition on
the immune-surveillance of cancer, as well as on the response to
immunotherapeutic agents. A deeper understanding of both the
immunological alterations induced by low endotoxin doses and the
potential different effects on immune functions caused by LPS from
pathogenetic and beneficial bacteria could increase our knowledge
on the role of microbiota in disease pathogenesis. Moreover, it could
further support the development of dietary/therapeutic interventions
or probiotic supplementation that, by targeting the intestinal
microbiome, can be used in CRC prevention and/or treatment.
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3. AIMS

CRC is the third most common cancer and the second cause of
tumor-related mortality in the world. Both non modifiable and
modifiable factors increase the risk of this neoplasia. In 2020 the
International Agency for Research on Cancer (IARC) reported that
CRC is the third most frequent cancer among people affected by
severe obesity. Nowadays it is well known that obesity is a
multifactorial disease that represents a global public health problem.
In March 2021, the European Commission defined obesity as a
“chronic relapsing disease, which in turn acts as a gateway to a range
of other noncommunicable diseases”, such as cardiovascular
diseases, dyslipidemia, diabetes and different types of cancers
including CRC. Several epidemiological studies have revealed the
association between BMI and CRC incidence. A low-grade chronic
inflammation characterizes obesity and it is the leading cause of
comorbidity progression. Recent animal studies showed that
excessive caloric intake leads to genomic instability and senescence.
Consistently, in patients who undergo bariatric surgery, the reduction
of the inflammatory state was associated with a decreased risk of
cancer and a significantly lower incidence of obesity-associated
tumors, such as colorectal neoplasia. Subjects affected by obesity
and CRC patients share systemic and adipose tissue inflammation,
immunosuppression, mitochondrial dysfunction, oxidative stress and
gut dysbiosis. Microbiota alterations are supposed to have a
causative role in both obesity and CRC pathogenesis. Bacteria are
the main component of the gut microbiota, but this complex
ecosystem also includes other microorganisms such as viruses, fungi
and archaea. Microorganisms mutually interact with the host
modulating metabolic pathways and immune processes, but they can
also regulate cancer development and progression. Moreover,
modulations of microbiota composition and alterations of gut barrier
permeability sustain the inflammatory phenotype also allowing
bacteria and their products, including endotoxins, to reach the gut
mucosa and the blood circulation, thus contributing to increase
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cancer risk. Endotoxemia is a common feature of obese and CRC
patients, however, little is known about the contribution of
endotoxins from pathogenic and commensal bacteria to
immunosuppression or immune homeostasis. So far, many studies
have been carried out to define the role of gut microbiota in the onset
and progression of different diseases, while the role of oral cavity
microorganisms has been poorly studied. Equally, very little is
known about the influence of oral and gut virome in pathological
conditions, such as cancer: the question whether viruses are
aetiologic agents or cofactors for colorectal tumorigenesis is still
open.

By broadening and deepening this knowledge, the main aim of my
PhD project was to compare oral and gut bacterial and viral profiles
in CRC patients and high CRC risk groups, with the final goal of
identifying potential lifestyle-modifiable and predictive cancer
risk/diagnostic indicators. To this aim, CRC patients and high cancer
risk groups, such as subjects with obesity and individuals affected by
nonfamilial adenomatous polyposis, were enrolled, and reference
values were obtained from healthy subjects. The prevalence of
specific oral human DNA viruses was analyzed in all cohorts, and
the impact of bariatric surgery-induced weight loss was investigated.
Moreover, oral and intestinal bacterial microbiome was
characterized in obesity and CRC. The results obtained from the
microbial profile investigation fostered an in vitro study on healthy
donors aimed at comparing the effects of endotoxins from
pathogenic and commensal/probiotic bacteria on the generation and
functions of human DCs and on DC/T cell crosstalk. Moreover,
some basic research studies were performed on the cohort with
obesity such as analysis of the levels of DNA damage response and
senescence markers in adipose tissue. Also the characterization of
the profile of systemic inflammation and adipose tissue function
markers was carried out, before and after BS.

A graphical abstract of my PhD project is shown in Figure 3.
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Figure 3 Graphical abstract of my PhD project
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4. RESULTS
Ex vivo studies

4.1 Activation of DNA damage response and cellular senescence
in visceral adipose tissue of individuals affected by severe obesity
Given the evidence that VAT is more metabolically active than SAT
and thereby exhibits a higher susceptibility to inflammation and
oxidative stress, it was tested the hypothesis that an increased
production of metabolic byproducts, due to a chronic abnormal
caloric intake, causes irreparable DNA damage accumulation and
chronic DNA activation that leads to cellular senescence. The
reverse phase protein assay (RPPA) profile of DNA damage
response (DDR) and senescence markers in both VAT and SAT
biopsies, from individuals with obesity, was compared to that of
normal weight (NW) subjects (Fig. 4). The activation level of DNA
damage sensors, such as ATM and ATR, is significantly increased in
VAT biopsies of subjects with obesity compared to what observed in
normal weight (NW) individuals. Higher phosphorylation levels of
histone H2AX, KAP1, Chkl and Chk2 is also observed in VAT
biopsies of subjects affected by obesity versus the NW subjects.
Interestingly, higher levels of pl15-p1l6 and p21, as hallmark of
cellular senescence, are observed in VAT biopsies from patients with
obesity compared to NW subjects. In contrast, no significant
differences in the level of these biomarkers has been found when
comparing SAT specimens from patients with obesity to control
individuals.
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Figure 4 Activation of DDR and cellular senescence in VAT of subjects with
obesity

Box plots resulting from comparison of RPPA profiles of biopsies of subcutaneous
adipose tissue (SAT) and visceral adipose tissue (VAT) of patients with severe
obesity (OB-SAT and OB-VAT) and normal-weight individuals (NW-SAT and
NW-VAT) are reported. The plots represent the distribution of RPPA intensity
values (median + IQR). Before performing statistical comparisons, each RPPA
profile has been tested for normality with the Shapiro-Wilk test. RPPA profiles
showing a normal distribution have been tested using paired t-test for paired
samples (blue brackets) and unpaired two-samples t-test for not paired samples
(black brackets), while profiles not showing a normal distribution have been tested
with Wilcoxon signed-rank test for paired samples (blue brackets) and Wilcoxon
rank-sum test for not paired samples (black brackets). Statistical significance is
coded with an asterisk according to the level of significance (*p<0.05, **p<0.01,
***p<0.001, ****p<0.0001).
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4.2 Bariatric surgery induces a significant reduction of systemic
chronic inflammation and a recovery of adipose tissue function
Plasma levels of several inflammation markers were measured in our
group of subjects affected by obesity (Fig. 5). A significant increase
of C-reactive protein (as a marker of inflammation), interleukin 6
(IL-6) and tumor necrosis factor alpha (TNF-a) (as a key
inflammatory cytokines), as well as MCP-1/CCL2 (as a chemokine
involved in immune cells recruitment) and fasting insulin C-peptide
(as a marker of hyperglycemia) was found in patients affected by
obesity, when compared to what observed in NW individuals. In
addition, a significant reduction of these markers was observed six
and twelve months after BS. Notably a healthier profile of adipose
tissue after surgery was also testified by a significant reduction of
leptin associated to the adiponectin increase, the well-known anti-
inflammatory adipokine. (Fig. 5).

Current evidence shows that the mitochondrial dysfunction in tissues
can be responsible for the systemic release of several endogenous
damage-associated molecular pattern (DAMP) which are able to
trigger innate immunity. Then, circulating cell free DNA fragments,
escaped from mitochondria (ccf-mtDNA), were measured and a
significant increase was observed in plasma samples of patients with
obesity compared to the controls. Interestingly, as observed for
inflammation markers, a progressive decrease in ccf-mtDNA levels
was observed after BS reaching the levels of control subjects (Fig.
5). These findings demonstrate that BS significantly reduces the
inflammatory state associated with severe obesity and it ensures the
recovery of AT function.

The permanent activation of DDR in VAT and the systemic
inflammation observed in patients affected by severe obesity
strongly suggest the induction of a senescence-associated secretory
phenotype (SASP).
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Figure 5 Reduction of inflammation markers and recovery of adipose tissue
function after bariatric surgery

Levels of inflammation and AT function markers were analyzed in patients with
severe obesity before (TO) and six (T6) and twelve (T12) months after bariatric
surgery. The results are represented as mean values + SD. A cohort of normal-
weight (NW) subjects was also investigated providing reference values. Before
performing statistical comparisons, results have been tested for normality with the
Shapiro-Wilk test. Data showing a normal distribution were compared by using a
two tailed Student’s t-test (o = 0.05) (parametric test), while data not showing a
normal distribution were compared by using Wilcoxon rank-sum test (not
parametric test). Statistical significance is coded with an asterisk according to the
level of significance (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001). A p-value
correction was not applied.

4.3 Common and distinct alterations of gut bacterial microbiome
in subjects with severe obesity and CRC patients

The bacterial communities homing in the gut of individuals with
obesity and CRC patients were characterized by 16S Metagenomic
Sequencing. To investigate the health status of intestinal
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microbiome, the analysis of alpha-diversity was performed by using
two different indexes (Fig. 6). Shannon index measures the bacterial
diversity within a sample and increases in parallel with both richness
and evenness increase. The second index used was Faith, which
assesses the phylogenetic diversity of microbial communities
detected within a cohort. With both indexes a significantly higher
alpha-diversity was found in CRC patients as compared to subjects
affected by severe obesity. The results obtained with Faith index
highlighted an increased alpha-diversity in CRC patients compared
to the control group. Conversely, a significant reduction in obese
patients, versus the control counterpart, was found. To quantify the
beta-diversity, Jaccard similarity coefficient was used (Fig. 7). This
index measures the similarity of two samples based on taxa presence
or absence. The analysis carried out revealed that the bacterial
communities found in CRC patients are significantly dissimilar from
those of both healthy individuals and subjects with obesity, who
contrarily host similar bacteria in the intestinal lumen.
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Figure 6 Alpha-diveristy analysis of gut microbiome in subjects with obesity
and CRC patients

Box plots resulting from comparison of Shannon Entropy and Faith phylogenetic
diversity among healthy individuals, subjects with severe obesity and CRC
patients are shown. Before performing statistical comparisons, the Shapiro-Wilk
test was applied to state the normality of the alpha-diversity index. Since the
distribution was not normal, Kruskal-Wallis test and Wilcoxon rank-sum test were
applied. In particular, the former was used to calculate the overall p-value because
the analysis included more than two groups, while the latter was used to compare
each couple (Control vs Obese, Control vs CRC, Obese vs CRC). Statistical
significance is coded with an asterisk according to the level of significance
(*p<0.05, ***p<0.001, ****p<0.0001).
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Figure 7 Beta-diveristy analysis of gut microbiome in subjects with obesity

and CRC patients
Principal Coordinate Analysis (PCoA) plots of beta-diversity among healthy
individuals, subjects with severe obesity and CRC patients are shown. Jaccard

similarity coefficient was used.

A similar proportion (1:1) of normal weight (NW, BMI 18.5 24.9
kg/m?) and overweight (OW, BMI 25 -29.9 kg/m?) patients with
CRC were enrolled. Thus, given the widely known association
between BMI and colorectal tumorigenesis, it was investigated
whether differences of alpha-diversity and beta-diversity profiles
could be observed by comparing NW and OW CRC patients. No
variation was found using Shannon index, while CRC NW exhibited
a significant increase of alpha-diversity as compared to subjects with
obesity, that appeared more similar to CRC OW (Fig. 8). The beta-
diversity calculated with Jaccard similarity coefficient revealed that
CRC NW and OW hosted similar bacteria in the gut (Fig. 9).
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Figure 8 Alpha-diveristy analysis of gut microbiome in subjects with obesity,
NW and OW CRC patients

Box plots resulting from comparison of Shannon Entropy diversity among healthy
individuals, subjects with severe obesity, NW and OW CRC patients are shown.
Before performing statistical comparisons, the Shapiro-Wilk test was applied to
state the normality of the alpha-diversity index. Since the distribution was not
normal, Kruskal-Wallis test and Wilcoxon rank-sum test were applied. In
particular, the former was used to calculate the overall p-value because the
analysis included more than two groups, while the latter was used to compare each
couple (Control vs Obese, Control vs NW CRC, Control vs OW CRC, Obese vs
NW CRC, Obese vs OW CRC). Statistical significance is coded with an asterisk
according to the level of significance (*p<0.05).
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Figure 9 Beta-diveristy analysis of gut microbiome in subjects with obesity,
NW and OW CRC patients

Principal Coordinate Analysis (PCoA) plots of beta-diversity among healthy
individuals, subjects with severe obesity, NW and OW CRC patients are shown.
Jaccard similarity coefficient was used.

The relative abundance of bacterial phyla in the different subject
cohorts was also analysed (Fig. 10 - 11). A significant increase of
Actinobacteriota and Synergistota, as well as a decrease of Bacteria
abundance was observed in patients with cancer. A considerable
reduction of Cyanobacteria and Verrucomicrobiota was instead
detected in subjects with obesity. Interestingly, significantly higher
levels of Fusobacteriota and Proteobacteria were recorded in both
obesity and CRC. The database used for the taxonomical analysis of
the results collected from 16S Metagenomic Sequencing includes,
for the intestinal bacteria, a division of the main phylum of
Firmicutes into several subphyla, which are modulated by
pathological conditions. Specifically, CRC patients displayed both an
increase of Firmicutes A and a reduction of Firmicutes C. Moreover,
a significantly higher abundance of subphylum D was detected in
patients with obesity and CRC, as compared to the control group.
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Figure 10 Relative abundance of intestinal bacterial phyla

Taxonomy was assigned to the OTU using Greengenes2 (v.2022.10).

“Bacteria” is not a phylum. This term includes all bacterial microorganisms
identified by 16S Metagenomic Sequencing that are assigned to any known

phylum by the database used for taxonomic analysis.
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Figure 11 Modulation of intestinal bacterial phyla abundance in subjects with
obesity and CRC patients

Data are shown as LogFC of gut bacterial phyla abundance in subjects with
obesity and CRC patients versus the control group. Statistical comparisons were
performed using the R (v.4.4.0) packages Deseq2 (v1.44.0). Statistical significance
is coded with an asterisk according to the level of significance (*p<0.05,
**p<0.01, ****p<0.0001).

Moving to the genus level, almost all genera represented with a
frequency > 5% were found increased in CRC patients, whereas,
albeit showing a similar trend, no significant variation was observed
in subjects with obesity (Fig. 12). An exception was
the Agathobacter genus, which displayed a highly significant
reduction in neoplastic condition and an increase in obesity.
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Figure 12 Modulation of intestinal bacterial genera with frequency > 5% in
subjects with obesity and CRC patients

Data are shown as LogFC of most represented gut bacterial genera abundance in
subjects with obesity and CRC patients versus the control group. Statistical
comparisons were performed using the R (v.4.4.0) packages Deseq2 (v1.44.0).
Statistical significance is coded with an asterisk according to the level of
significance (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

Furthermore, the relevant changes of less represented genera
(frequency < 5%) including species that play a role in CRC
pathogenesis were also investigated (Fig. 13). Again, most genera
showed a significant increase in cancer patients and a trend of
increase in subjects with obesity. Roseburia was the only genus with
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a reduction in CRC patients. A significant increase of Streptococcus
was observed in obesity.

Streptococcus
ek
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Figure 13 Modulation of intestinal bacterial genera with frequency < 5% in
subjects with obesity and CRC patients

Data are shown as LogFC of less represented gut bacterial genera abundance in
subjects with obesity and CRC patients versus the control group. Statistical
comparisons were performed using the R (v.4.4.0) packages Deseq2 (v1.44.0).
Statistical significance is coded with an asterisk according to the level of
significance (*p<0.05, ****p<0.0001).

The results obtained from 16S Metagenomic Sequencing allow to
classify most bacterial communities up to the genus level, but when
a deeper taxonomic characterization was available the abundance of
species, already known as CRC-associated, was investigated in both
cohorts (Fig. 14). CRC patients exhibited a marked reduction of
Akkermansia muciniphila and a significant increase of
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Bifidobacterium bifidum. The same trend for both bacterial strains
was found in subjects with obesity.

Bifidobacterium_388775;s__Bifidobacterium bifidum

*%

Akkermansia;s__Akkermansia muciniphila_D_776788

K

LogFC 4 8
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Figure 14 Modulation of intestinal bacterial species in subjects with obesity
and CRC patients

Data are shown as LogFC of gut bacterial species abundance in subjects with
obesity and CRC patients versus the control group. Statistical comparisons were
performed using the R (v.4.4.0) packages Deseq?2 (v1.44.0). Statistical significance
is coded with an asterisk according to the level of significance (**p<0.01).

4.4 Characterization of bacterial communities in the oral cavity
of subjects with obesity and CRC patients

16S Metagenomic Sequencing was performed to investigate also the
composition of the oral bacterial microbiome in subjects with obesity
and CRC patients. The results collected were compared with the
profile of healthy individuals. With Shannon index no significant
variation of alpha-diversity was found, whereas the analysis carried
out with Faith index highlighted a significant increase of alpha-
diversity in patients with colorectal neoplasia, as compared to both
the control group and individuals with obesity (Fig. 15). The beta-
diversity was measured by Jaccard coefficient and, similarly to the
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findings associated with the gut microbiome, CRC patients exhibited
an oral bacterial microbiome markedly dissimilar from that found in
control or obesity condition (Fig. 16). In contrast, the bacterial
profiles in the oral cavity of healthy individuals and subjects with

obesity overlap.

Kruskal-Wallis, p = 0.53
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Figure 15 Alpha-diveristy analysis of oral microbiome in subjects with obesity

and CRC patients

Box plots resulting from comparison of Shannon Entropy and Faith phylogenetic
diversity among healthy individuals, subjects with severe obesity and CRC
patients are shown. Before performing statistical comparisons, the Shapiro-Wilk
test was applied to state the normality of the alpha-diversity index. Since the
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distribution was not normal, Kruskal-Wallis test and Wilcoxon rank-sum test were
applied. In particular, the former was used to calculate the overall p-value because
the analysis included more than two groups, while the latter was used to compare
each couple (Control vs Obese, Control vs CRC, Obese vs CRC). Statistical
significance is coded with an asterisk according to the level of significance
(***p<0.001, ****p<0.0001).
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Figure 16 Beta-diveristy analysis of oral microbiome in subjects with obesity
and CRC patients

Principal Coordinate Analysis (PCoA) plots of beta-diversity among healthy
individuals, subjects with severe obesity and CRC patients are shown. Jaccard
similarity coefficient was used.

Also in the oral cavity the alpha and beta-diversity analysis was
carried out by comparing NW and OW CRC patients. These subjects
exhibited a similar Shannon index (Fig. 17) and, according to
Jaccard similarity coefficient, hosted comparable bacterial
communities (Fig. 18).
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Figure 17 Alpha-diveristy analysis _of oral microbiome in_subjects with
obesity, NW and OW CRC patients

Box plots resulting from comparison of Shannon Entropy diversity among healthy
individuals, subjects with severe obesity, NW and OW CRC patients are shown.
Before performing statistical comparisons, the Shapiro-Wilk test was applied to
state the normality of the alpha-diversity index. Since the distribution was not
normal, Kruskal-Wallis test and Wilcoxon rank-sum test were applied. In
particular, the former was used to calculate the overall p-value because the
analysis included more than two groups, while the latter was used to compare each
couple (Control vs Obese, Control vs NW CRC, Control vs OW CRC, Obese vs
NW CRC, Obese vs OW CRC). No statistical significance was found.
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Figure 18 Beta-diveristy analysis of oral microbiome in subjects with obesity,
NW and OW CRC patients

Principal Coordinate Analysis (PCoA) plots of beta-diversity among healthy
individuals, subjects with severe obesity, NW and OW CRC patients are shown.
Jaccard similarity coefficient was used.

The analysis of bacterial phyla abundance recorded in the oral cavity
of the three subject cohorts revealed a significant increase of
Actinobacteria and Bacteria in CRC patients, alongside a marked
reduction of Absconditabacteria, Bacteroidetes and Saccharibacteria,
as compared to the control group (Fig. 19 - 20). Individuals with
obesity exhibited a significantly lower abundance of Firmicutes than
healthy subjects. CRC patients and subjects with obesity displayed
the same trend of increase or reduction for most phyla.
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Figure 19 Relative abundance of oral bacterial phyla
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Taxonomy was assigned to the OTU using the Expanded Human Oral Microbiome

Database (eHOMD) (v.15.22).

“Bacteria” is not a phylum. This term includes all bacterial microorganisms
identified by 16S Metagenomic Sequencing that are assigned to any known

phylum by the database used for taxonomic analysis.
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Figure 20 Modulation of oral bacterial phyla abundance in subjects with
obesity and CRC patients

Data are shown as LogFC of oral bacterial phyla abundance in subjects with
obesity and CRC patients versus the control group. Statistical comparisons were
performed using the R (v.4.4.0) packages Deseq2 (v1.44.0). Statistical significance
is coded with an asterisk according to the level of significance (*p<0.05,
****1<(0.0001).

Among the bacterial genera with an abundance > 5% Leptotrichia
and Schaalia were significantly increased in cancer patients, whereas
a higher abundance of Neisseria was found in obesity (Fig. 21).
However, for most genera the trend of modulation versus the control
group was similar in CRC and obesity.
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Figure 21 Modulation of oral bacterial genera with frequency > 5% in

subjects with obesity and CRC patients

Data are shown as LogFC of more represented oral bacterial genera abundance in
subjects with obesity and CRC patients versus the control group. Statistical
comparisons were performed using the R (v.4.4.0) packages Deseq2 (v1.44.0).
Statistical significance is coded with an asterisk according to the level of
significance (*p<0.05, **p<0.01).

The abundance analysis of the less represented genera (< 5%), with a
potential diagnostic value, highlighted a significant increase of
Bacteroides, Bifidobacterium and Escherichia in CRC patients (Fig.
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22). Notably, a marked increase of Bifidobacterium and Escherichia
was found also in the gut of subjects with cancer.
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Figure 22 Modulation of oral bacterial genera with frequency < 5% in
subjects with obesity and CRC patients

Data are shown as LogFC of less represented oral bacterial genera abundance in
subjects with obesity and CRC patients versus the control group. Statistical
comparisons were performed using the R (v.4.4.0) packages Deseq2 (v1.44.0).
Statistical significance is coded with an asterisk according to the level of
significance (*p<0.05, ****p<0.0001).

In addition, the modulation of bacterial species, with an already
known role in CRC pathogenesis, was investigated in subjects with
obesity and patients with cancer compared to what observed in
healthy individuals (Fig. 23). CRC patients exhibited a significant
increase of Escherichia coli, whereas a lower abundance of two
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subspecies of Fusobacterium nucleatum was detected. Conversely,
no significant variation of these bacterial strains was observed in
obesity. In particular Escherichia coli results completely absent in
the cohort with obesity, thus only the comparison between healthy
subjects and CRC patients is shown for this bacterium in the Figure
23.
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Figure 23 Modulation of oral bacterial species in subjects with obesity and

CRC patients

Data are shown as LogFC of oral bacterial species abundance in subjects with
obesity and CRC patients versus the control group. Statistical comparisons were
performed using the R (v.4.4.0) packages Deseq2 (v1.44.0). Statistical significance
is coded with an asterisk according to the level of significance (*p<0.05,
****n<0.0001).

4.5 Human DNA virus profiles in the oral cavity: comparative
analysis in  subjects with obesity, individuals with
nonfamilial adenomatous polyposis and CRC patients

The composition of oral virome was investigated analysing, by bead-
based Luminex technology, the presence of human viruses homing in
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the oral cavity. In addition to subjects with obesity and CRC,
individuals with nonfamilial adenomatous polyposis (AP), with
precancerous lesions and at high CRC risk, were analysed in
comparison with controls.

Specifically, the presence of HPVs, HPyVs and HHVs was
investigated (Fig. 24). As compared to healthy subjects, CRC
patients exhibited a higher prevalence of HPV infections, whereas
a significantly higher prevalence of HPyV infections was observed
among AP individuals. No variation was found for HHVs.

Group [l Control [[] Obese [l AP [l CRC
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HPVs HPyVs HHVs

Figure 24 QOral prevalence of HPV, HPyV and HHV infections in subjects with
obesity, AP patients and CRC patients

The prevalence of HPV, HPyV and HHV infections found in the oral cavity of
subjects with obesity, AP and CRC patients is shown in comparison to the
prevalence observed in the control group . Statistical comparisons were performed
using Fisher exact test. Statistical significance is coded with an asterisk according
to the level of significance (*p<0.05).
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The three HPV genera investigated were alpha (mucosal), beta and
gamma (cutaneous) (Fig. 25). A significant increase of beta-HPVs
prevalence was observed in CRC patients, as compared to the control
group. A similar trend of increase, although not significant, was
observed in subjects with obesity or AP. Conversely, the prevalence
of infections associated with alpha-HPVs or gamma-HPVs did not
vary significantly.
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Figure 25 Oral prevalence of alpha, beta and gamma-HPV infections in
subjects with obesity, AP patients and CRC patients

The prevalence of alpha, beta and gamma-HPV infections found in the oral cavity
of subjects with obesity, AP patients and CRC patients is shown in comparison to
the prevalence observed in the control group. Statistical comparisons were
performed using Fisher exact test. Statistical significance is coded with an asterisk
according to the level of significance (***p<0.001).

Furthermore, the analysis of multiple beta-HPV infections revealed
a higher prevalence of multiple infections among patients with
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colorectal neoplasia as compared to healthy subjects or patients with
obesity (Fig. 26). The same significant increase was recorded in
individuals with a diagnosis of nonfamilial adenomatous polyposis.

Group [l Control [ Obese [l AP ll CRC
100

Prevalence

22 z5 =10
Multiple Infections

Figure 26 Oral prevalence of beta-HPV multiple infections in subjects with
obesity, AP patients and CRC patients

The prevalence of beta-HPV multiple infections found in the oral cavity of
subjects with obesity, AP patients and CRC patients is shown in comparison to the
prevalence observed in the control group. Statistical comparisons were performed
using Fisher exact test. Statistical significance is coded with an asterisk according
to the level of significance (*p<0.05, **p<0.01, ***p<0.001).

A comparable proportion (1:1) of normal weight (NW, BMI 18.5 -
24.9 kg/m?) and overweight (OW, BMI 25 -29.9 kg/m?) subjects are
included in our cohorts. Since overweight people also have an
increased CRC risk and show a systemic inflammatory state, we
investigated whether differences in viral prevalence could be
detected by comparing NW and OW healthy subjects. The results of
this analysis did not identify any significant difference in the
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prevalence of beta-HPV and of multiple infections. However, when
specific beta-HPV genotypes, known as oncogenic or potentially
oncogenic, were analysed, a significantly increased prevalence was
observed in OW controls as compared to NW (Fig. 27).
Furthermore, an increase in CRC subjects was always observed.
Interestingly, HPV5 prevalence was found significantly increased in
CRC patients and all high-risk subject groups, including OW, as
compared to NW controls.

Group [l Control NW [[] Control OW [ Obese [l AP ll CRC
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Figure 27 Oral prevalence of oncogenic or potentially oncogenic beta-HPVs in
subjects with obesity, AP patients and CRC patients

The prevalence of oncogenic or potentially oncogenic beta-HPVs found in the oral
cavity of subjects with obesity, AP patients and CRC patients is shown in
comparison to the prevalence observed in both NW and OW healthy individuals.
Statistical comparisons were performed using Fisher exact test. Statistical
significance is coded with an asterisk according to the level of significance
(*p<0.05, **p<0.01, ***p<0.001).
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It was further investigated the prevalence of infections related to
some specific beta-HPVs genotypes previously found in cancer
tissue or normal mucosa specimens of CRC patients (Fig. 28).
Interestingly, some genotypes were not found at all in the control
group and were increased in the pathological conditions, whereas
others were induced in both overweight healthy subjects and in
disease conditions. Moreover, two genotypes, HPV93 and HPV124,
were found only in individuals with obesity and CRC patients.
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Figure 28 Oral prevalence of beta-HPVs with a potential role in CRC
pathogenesis found in subjects with obesity, AP patients and CRC patients
The prevalence of beta-HPVs with a potential role in CRC pathogenesis found in
the oral cavity of subjects with obesity, AP patients and CRC patients is shown in
comparison to the prevalence observed in both NW and OW healthy individuals.
Statistical comparisons were performed using Fisher exact test. Statistical
significance is coded with an asterisk according to the level of significance
(*p<0.05, **p<0.01).
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4.6 Effect of bariatric surgery on viral infection prevalence
Bead-based Luminex technology was also used to investigate
whether the bariatric surgery and the consequent weight loss, as well
as reduced systemic inflammation, can modulate the prevalence of
HPV, HPyV and HHYV infections.

A trend of decrease of HPV and HPyV infections was found after
bariatric surgery (Fig. 29). Specifically, a reduction of beta-HPV
prevalence was observed (Fig. 30). In contrast, no variation of HHV
prevalence was associated with the weight loss.
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Figure 29 Oral prevalence of HPV, HPyV and HHYV infections after bariatric
surgery

The prevalence of HPV, HPyV and HHV infections found in the oral cavity of
patients with severe obesity before (TO) and six (T6) and twelve (T12) months
after bariatric surgery is shown. Statistical comparisons were performed using
Fisher exact test. No significant variation was observed.
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Figure 30 Oral prevalence of alpha, beta and gamma-HPV infections after
bariatric surgery

The prevalence of alpha, beta and gamma-HPV infections found in the oral cavity
of patients with severe obesity before (TO) and six (T6) and twelve (T12) months
after bariatric surgery is shown. Statistical comparisons were performed using
Fisher exact test. No significant variation was observed.

The effect of BS on multiple beta-HPV infections was also analysed,
but no variations with respect to the baseline was recorded (Fig. 31).
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Figure 31 Oral prevalence of beta-HPV multiple infections after bariatric
surgery

The prevalence of beta-HPV infections found in the oral cavity of patients with
severe obesity before (TO) and six (T6) and twelve (T12) months after bariatric
surgery is shown. Statistical comparisons were performed using Fisher exact test.
No significant variation was observed.

In contrast, some promising outcomes were collected by analysing
the prevalence of infections associated with oncogenic or potentially
oncogenic beta-HPVs genotypes (Fig. 32). A decrease of HPVS5,
HPV8 and HPV76 prevalence was found 6 and 12 months after
surgery.
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Figure 32 Oral prevalence of oncogenic or potentially oncogenic beta-HPVs
after bariatric surgery

The prevalence of oncogenic or potentially oncogenic beta-HPVs found in the oral
cavity of patients with severe obesity before (TO) and six (T6) and twelve (T12)
months after bariatric surgery is shown. Statistical comparisons were performed
using Fisher exact test. No significant variation was observed.

Several epidemiological studies have recorded a significant decrease
in cancer risk, particularly for specific obesity-associated cancers,
such as CRC, in patients who underwent bariatric surgery versus the
obese counterpart. Then, the surgery-related modulation of some
beta-HPVs genotypes previously detected in tumour tissue or normal
mucosa specimens of CRC patients, was investigated (Fig. 33).
Interestingly, a reduction was observed for most of these HPV
genotypes after BS.
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Figure 33 Oral prevalence of beta-HPVs with a potential role in CRC
pathogenesis after bariatric surgery

The prevalence of beta-HPVs with a potential role in CRC pathogenesis found in
the oral cavity of patients with severe obesity before (TO) and six (T6) and twelve
(T12) months after bariatric surgery is shown. Statistical comparisons were
performed using Fisher exact test. No significant variation was observed.
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In vitro studies

4.7 Different impact of LPS derived from pathogenic and
commensal/probiotic bacteria on human dendritic cell (DC)
generation and y6 T lymphocyte activation

4.7.1 Human monocytes exposed to low doses of LPS from E. coli
and S. enterica, but not from A. muciniphila, generate PD-L1
expressing CDla* DC with preserved antigen uptake and
processing capacity

Given the increase of Proteobacteria (such as E. coli) and the
reduction of Verrucomicrobiota (such as A. muciniphila) found in the
gut microbiome of both subjects with obesity and CRC patients, it
was investigated whether LPS from pathogenic and beneficial
bacteria, administrated at doses comparable to those detected in
conditions of intestinal dysbiosis and reduced gut epithelium
integrity, can have different impact on DC generation and function.
Human monocytes were treated with endotoxin (0.01 to 10 ng/ml)
from E. coli, S. enterica and A. muciniphila, right after the isolation
from the peripheral blood of healthy donors and differentiated
toward DC (Fig. 34). Both phenotypic and functional analysis was
carried out.

+LPS
% GM.CSF + T4 Expression of costimulatory and inhibitory molecules
@ > Ag uptake and processing
MONOCYTES IMMATURE DCs Secretion levels of cytokines

Figure 34 Generation of immature dendritic cells from LPS unprimed or
primed monocytes

Monocytes isolated from the peripheral blood of healthy donors were treated with
LPS from E. coli, S. enterica and A. muciniphila, and differentiated toward DCs.
Expression profile of costimulatory and inhibitory molecules was investigated, as
well as the capacity of Ag uptake and processing. Secretion levels of some
cytokines were also measured.
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Dendritic cell morphology was found in all unexposed and LPS
exposed cultures, but cultures stimulated with E. coli and S. enterica
endotoxin, compared to those treated with A. muciniphila LPS,
repeatedly exhibited some spindle-shape cells and a decreased
viability (data not shown). Monocytes treated with endotoxin from
E. coli and S. enterica, at doses as low as 0.1 ng/ml, generated
significantly higher percentages of PD-L1 positive cells than
unstimulated precursors (Fig. 35 A-B). Contrarily, DC differentiated
in the presence of the higher concentration (10 ng/ml) of A.
muciniphila derived LPS exhibited a significant reduction of PD-L1
expression but no effect was observed with lower doses. Likewise,
an increase in CD80 expressing cells was reported in cultures
exposed to endotoxin from E. coli and S. enterica, whereas a lower
effect was observed in those stimulated with A. muciniphila derived
LPS (Fig. 35 C-D). Nevertheless, cultures exposed to increased A.
muciniphila LPS doses up to 100-1000 ng/ml exhibited lower
viability (data not shown), as well as expression levels of PD-L1 and
CD80 comparable to E. coli and S. enterica derived endotoxin at 10
ng/ml (Fig. 35 A-D).
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Figure 35 Surface PD-L1 and CD80 expression in human DC cultures primed
with increasing doses of LPS

Monocytes isolated from human peripheral blood were induced to differentiate
toward DC in standard medium unexposed or exposed to the indicated doses of
endotoxin from E. coli, S. enterica and A. muciniphila. After 5 days of culture cells
were analyzed for the expression of surface PD-L1 (A-B) and CD80 (C-D) by flow
cytometry. In panels A and C results from one representative donor are shown,
whereas in panels B and D the relative change of the percentages of PD-L1 and
CD80 positive cells in LPS-conditioned versus unconditioned cultures is reported.
Mean values + SE from 15 and 10 independent donors are shown in B and D,
respectively. The two-tailed paired Student’s t-test was used for statistical
comparisons. Statistical significance was indicated versus untreated control (*) or
versus comparable concentrations of A. muciniphila LPS (#) (*/# p<0.05;
[ < 0.01; ¥**/### p < 0.001).

Monocytes were also stimulated with LPS from A. muciniphila for
0.5, 2 or 4 hours before priming with E. coli endotoxin, to
investigate possible synergic or antagonistic effects among the
different LPS. This pre-treatment did not induce any effect on PD-L1
and CD80 expression (data not shown).
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It is well known that priming of human monocyte precursors with
high E. coli endotoxin doses (100-1000 ng/ml) impairs DC
differentiation and generates cells with reduced MHC expression and
endocytic activity (Xie et al, 2003) (Bartz et al, 2006). Expression
levels of CD1a, MHC class Il and CD206/mannose receptor were
investigated on DC differentiated from monocytes exposed to LPS.
No significant modulation of both CD1a and CD206 expression was
reported in DC cultures generated in the presence of the higher
concentrations (1-10 ng/ml) of endotoxin derived from the different
bacterial strains (Fig. 36 A, B, D). According to CD206 expression,
all unexposed and LPS exposed cultures, exhibited similar levels of
ovalbumin uptake and processing (Fig. 36 A, E). In contrast, an
increase of MHC class Il expression was observed in all LPS primed
cultures, compared to unprimed ones (Fig. 36 A, C).

A.

CD1a MHC-11 CD206/MR DQ-OVA
2 2

: 1
2 2

Unstimulated {Lﬂ,\ ' _ I: &/\

109 1t 107 LT 10 100

A £

Fluorescence Intensity

LPS (ng/ml) 1 10

CDla MHC-II ) CD206/MR DO-OVA CD1a MHC-II CD206/MR DO-OVA
1 1 M 2 1 1 2 2
2 : o . : : 2

b e b b ha e b ke

T bee o he i b ha o

E. coli

5. enterica
[ =

A muciniphilc
i?

10 10 0% 10 0° 10 o o 10

Fluorescence Intensity

Pag 68



Dottorato di ricerca in Genetica e Biologia Molecolare

Relative change

0.0-

tprs 0

(ng/ml)

-
=
1

Relative change
=
in
1

0.0-

LPS
(ng/mi)

CD1a

171 110 110

E. coli 5. enterica A. muciniphila

CD206/MR

T T T 1
0 110 110 1 10

E. coli 5. enterica A. muciniphila

Relative change

MHC-II

ps 0
{ng/ml)

Relative change

11 110 1 10

E. coli 5. enterica A muciniphila

DQ-OVA

{ngdmil)

0 110 110 110

E. coli 5. enterica A. muciniphila

Figure 36 Phenotypic and antigen processing analysis of LPS conditioned DC

DC cultures generated as described in the legend to Figure 34 were analyzed, by
flow cytometry, for the surface expression of CD1a (A and B), MHC class 1l (A
and C) and CD206/MR (A and D) or for ovalbumin processing (A and E). Results
from one representative donor are shown in panel A. Data are shown as relative
change of the median fluorescence intensity (MFI) in LPS-conditioned versus
unconditioned cultures (panels B-C-D-E), and reported as mean values + SE of
four independent donors. The two-tailed paired Student’s t-test was used for

statistical comparisons (*p <0.05; **p <0.01).
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4.7.2 A. muciniphila LPS conditioned DC cultures secrete lower
amount of cytokines compared to E. coli and S. enterica LPS
stimulated cultures: association with STAT3 activation and PD-
L1 expression

To test the hypothesis that the release of pro- and anti-inflammatory
cytokines from DC cultures can be differently affected by monocyte
priming with different bacterial strains derived endotoxin, secretion
of IL-6, IL-10 and IL-1p was investigated in cell conditioned media.
Figure 37 (A-D) reports the cytokine levels found after stimulation
with different doses of LPS from E. coli, S. enterica and A.
muciniphila. All LPS primed cultures, compared to unprimed ones,
exhibited a significant dose-dependent induction of IL-6 and IL-10
secretion (Fig. 37 A-B). Anyway, cultures exposed to A. muciniphila
endotoxin released significantly lower amounts of both immune
mediators when compared to cultures treated with LPS from E. coli
and S. enterica at all the doses (Fig. 37 A-B). No difference with
respect to endotoxin from pathogenic bacteria in IL-6 and IL-10
secretion was found when cultures were treated with increased
concentration of A. muciniphila LPS up to 100 ng/ml (Fig. 37 C). In
addition, an induction of IL-1p release was reported in all LPS
primed cultures, but no significant variations were highlighted
among the different endotoxins due to the high donor dependent
variability (Fig. 37 D).

Both IL-6 and IL-10 promote STAT3 activation, that is in turn
involved in the induction of PD-L1 expression, as shown previously
in TLR8 stimulated monocytes (Wolfle et al, 2011). Given this
evidence, the expression of tyrosine-phosphorylated STAT3 in LPS
primed DC cultures was investigated. Although a decrease of I1L-10
and IL-6 secretion was detected, the expression of phosphorylated
STAT3 observed in DC cultures exposed to A. muciniphila LPS did
not significantly differ from the levels found in E. coli and S.
enterica LPS exposed cultures (Fig. 37 E). The same results were
collected by investigating the level of phosphorylated STAT3 after 3
days of culture (data not shown). However, even if no significant
modulation was detected due to the low number of donors
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investigated, the expression of total PD-L1 exhibited the same trend
observed for surface PD-L1 (Fig. 37 E and Fig. 35 A-B).
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Figure 37 Impact of monocyte priming with LPS from different bacterial
strains on cytokine production

DC cultures were differentiated from monocytes unprimed or primed with the
indicated doses of endotoxin, as described in the legend to Figure 34. Conditioned
media were collected and the secretion levels of IL-6 (A and C), IL-10 (B and C)
and IL-1B (D) were analyzed by ELISA. Data are expressed as mean value + SE
from twelve (A) and eight (B-C-D) independent donors. The two-tailed paired
Student’s t-test was used for statistical comparisons. Statistical significance was
indicated versus untreated control (*) or versus comparable concentrations of A.
muciniphila LPS (#) (*/# p <0.05; **/##p <0.01; ***/### p<0.001). (E) Western
blotting analysis showing the levels of total STAT3, the tyrosine phosphorylated
form pSTAT3 and PD-L1. (E) A representative blot is shown. Results from
densitometric analysis were normalized to the housekeeping GAPDH content and
are expressed as mean value + SE of three independent experiments.
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4.7.3 DC cultures generated from monocytes primed with A.
muciniphila, but not E. coli and S. enterica, LPS are able to
mature when exposed to subsequent stimuli triggering TLR4 or
TLR8

Then it was analysed whether DC cultures generated in the presence
of A. muciniphila endotoxin can mature in response to a subsequent
LPS exposition. Immature DC cultures differentiated from
precursors unprimed or primed with the different endotoxins were
matured by administration of E. coli LPS during the last 24 hours of
culture. The expression of two activation markers and secretion
levels of cytokines were investigated (Fig. 38).

+LPS

%@ GM-CSF + 1.4 s: LPS E. coli E: g <

MONOCYTES IMMATURE DCs MATURE DCs Secretion levels of cytokines

Expression of costimulatory molecules

Figure 38 Generation of mature dendritic cells from LPS unprimed or primed
monocytes

Monocytes isolated from the peripheral blood of healthy donors were treated with
LPS from E. coli, S. enterica and A. muciniphila. The cells were differentiated
toward DCs and matured by administration of E. coli LPS during the last 24 hours
of culture. The expression of two activation markers and secretion levels of
cytokines were investigated.

It is known that treatment of monocytes with LPS can induce
tolerance toward a subsequent stimulation with LPS. Thus, as
expected, the expression of costimulatory molecules CD83 and
CD86 resulted significantly reduced in DC cultures stimulated with
endotoxin from E. coli and S. enterica at doses as low as 0.1 ng/ml
as compared to unprimed cultures following LPS induced maturation
(Fig. 39 A-D). Contrarily, normal upregulation of the same markers
was found after priming with similar concentrations of A.
muciniphila LPS, which thus fails to induce LPS tolerance (Fig. 39
A-D). If concentrations are increased up to 100 or 1000 ng/ml, LPS
from A. muciniphila affects DC maturation similarly to E. coli and S.
enterica endotoxins (Fig. 39 A-D). The results concerning the
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amounts of immune mediators released agree with the induction of
maturation markers. The IL10/IL12 ratio reported in DC cultures
differentiated in the presence of LPS from A. muciniphila was lower
with respect to cells exposed to E. coli and S. enterica derived LPS
(Fig. 39 E). Moreover, unlike LPS from E. coli and S. enterica,
monocyte priming with A. muciniphila endotoxin did not induce
cross tolerance against a subsequent stimulus triggering TLR8 (Fig.
40 A-B).
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Figure 39 Effect of monocyte priming with LPS from different sources on DC
maturation

DC were generated from monocytes unexposed or exposed to increasing
concentrations of the different LPS and then stimulated with endotoxin from E.
coli during the last 24 hours of culture to induce maturation. (A-D). Culture cells
were analyzed for the expression of surface activation markers CD83 (A-B) and
CD86 (C-D) by flow cytometry. In panels A and C results from one representative
donor are shown, whereas in panels B and D the relative change of the percentages
of positive cells in LPS-conditioned versus unconditioned cultures is reported.
Results are shown as mean value + SE from ten independent donors. (E)
Conditioned media were collected and analyzed for the release of IL-10 and IL-12.
Results are reported as relative change in the IL-10/1L-12 ratio in LPS primed
versus unprimed DC cultures, and expressed as mean value + SE from three to six
independent donors depending on LPS dose. The two-tailed paired Student’s t-test
was used for statistical comparisons. Statistical significance was indicated versus
untreated control (*) or versus comparable concentrations of A. muciniphila LPS
(#) (*/# p<0.05; **/##p < 0.01; ***/### p < 0.001).
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Figure 40 Effect of monocyte conditioning with LPS from different bacterial
strains on DC maturation induced by R848

DC generated as described in the legend to Figure 38 were stimulated with R848
during the last 24 hours of culture to induce maturation. Culture cells were
analyzed for the expression of surface activation markers CD83 (A) and CD86 (B)
by flow cytometry. The relative change of the percentages of positive cells in LPS
primed versus unprimed cultures is reported. Results are shown as mean value +
SE from six independent donors. The two-tailed paired Student’s t-test was used
for statistical comparisons. Statistical significance was indicated versus untreated
control (*) or versus comparable concentrations of A. muciniphila LPS (#) (*/#
p <0.05; **/##p < 0.01; ***/### p < 0.001).
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4.7.4 Monocyte priming with endotoxin from E. coli and S.
enterica, but not A. muciniphila, impairs DC-mediated y6 T
lymphocyte activation

Our group has previously shown that DC, after stimulation with
aminobiphosphonate, can induce the activation and IL-2 independent
proliferation of yd T cells (Conti et al, 2005).Given this evidence, it
was investigated whether monocyte stimulation with LPS can impair
DC functional cross-talk with Y& T lymphocytes. Unprimed and LPS
primed DC were put in coculture with autologous PBL, with and
without ZOL administration, and after 6 days V82 T cell expansion
was analysed by flow cytometry. As shown in Figure 41 (A-B),
similar percentage of V52 T lymphocytes was found expanded after
ZOL stimulation, in untreated and all LPS treated cocultures, as
compared to unstimulated ones, independently of the endotoxin
source. Comparable results were collected by investigating Vo2 T
cell expansion after 3 days of coculture (data not shown).

Pag. 75



Veronica Fertitta

A -zoL +20L +Z0L
10* » 10¢ 1 ‘
£ 3,6% 78% LPS (ng/ml) 1 10
1 Eo 3 10¢
Q R2 23 . . 82% 83%
L R I 1 . ]
f T F 4 e &
100 TR : = =
i 1000 0 1000 0 1000 10°] ! ] ) f'
E 1d w "
@ 10¢ §72%
FSC-H 3 ] j79%
> - 3.
] 15 e
T AT|T
B. 100 preed : :
4
1.5+ 101 88% 84%
8 £ 8
& 109 i T3 T
: 10° § , ?
g ; o . T
E 054 0 1000 © 1000
So.
[ ’
FSC-H
0.0-
Lps ® N & N @ N
(ng/ml)

E. coli S enterica A. muciniphila

+ZOL

Figure 41 Effect of monocyte priming with LPS from different sources on DC-
mediated TCRV92 T cell expansion

DC generated from monocytes unprimed or primed with endotoxin from the
different indicated bacterial strains were cocultured with autologous PBL (1:1
ratio) and left unstimulated or stimulated with ZOL. After 6 days, expansion of
TCRVS2 T cells within total PBL was analyzed by flow cytometry gating on the
lymphocyte population (gate R1). Results from one representative donor are
shown in panel A (R2: gated DC population). The relative change of the
percentages of TCRVS2 positive cells in LPS conditioned versus unconditioned
ZOL stimulated cocultures is reported (B). Mean value £+ SE from sixteen
independent donors are shown. The two-tailed paired Student’s t-test was used for
statistical comparisons. Statistical significance was indicated versus untreated
control (*) (**p<0.01).

It was further explored the impact of LPS conditioning on the early
activation of V52 T lymphocytes. Unexposed and endotoxin exposed
DC were cocultured with autologous purified yd T cells, in the

Pag 76

S. enterica E. coli

A. muciniphila



Dottorato di ricerca in Genetica e Biologia Molecolare

presence or absence of ZOL, and the levels of the activation markers
CD25 and MHC class 11, and cytokine secretion, were analysed 48
hours later (Fig. 42).

+LPS

+7OL Expression of activation markers
—_— .
- — o

§ @ GM-CSF + IL-4

OCY . Secretion levels of cytokines
MONOCYTES IMMATURE DCs 8T LYMPHOCYTES Secretion levels of cytokines

Figure 42 Cocultures of dendritic cells generated from LPS unprimed or
primed monocytes and v T cells

Monocytes isolated from the peripheral blood of healthy donors were treated with
LPS from E. coli, S. enterica and A. muciniphila. The DCs obtained were put in
coculture with autologous purified yd T cells, in the presence or absence of ZOL.
The expression levels of two activation markers and cytokine secretion were
investigated after 48 hours.

Cocultures set up with DC pre-exposed to LPS from S. enterica
exhibited a low but significant decrease of CD25 and MHC class I
expressing y0 T lymphocytes, whereas no variation was detected in
cocultures with DC conditioned by E. coli or A. muciniphila derived
LPS (Fig. 43 A-B). However, the analysis of cytokine release in the
conditioned media provided the evidence of a significant reduction
in the release of IFN-y by vyo T cells cocultured with DC pre-exposed
to E. coli and S. enterica LPS (Fig. 43 C). Conversely, no inhibitory
effect was observed in cocultures set up with A. muciniphila LPS
primed DC (Fig 43 C).
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Figure 43 Effect of monocyte precursors conditioning with LPS from the
different bacterial strains on DC-mediated y3 T cell activation

DC differentiated from unprimed or primed monocytes with endotoxin derived
from the different indicated bacterial strains were put in coculture with purified
autologous y6 T lymphocytes (1:1 ratio) and left unstimulated or stimulated with
ZOL. (A-B) After 48 hours, expression of the activation markers CD25 and MHC
class Il by ZOL-stimulated y3 T cells was analyzed by flow cytometry, gating on
the lymphocyte population (gate R1) (R2: gated DC population). In panel A the
results from one representative donor are shown. The relative change of the
percentages of CD25 and MHC class II positive yd T lymphocytes in LPS exposed
versus unexposed cocultures is reported (B). Mean value £ SE from 5 independent
donors is shown. (C) Conditioned media from ZOL-stimulated DC/yd T cell
cocultures were analyzed for the release of IFN-y. Results are reported as relative
change of IFN-y production (pg/ml) in LPS stimulated versus unstimulated
cocultures, and are expressed as mean value £ SE from five independent donors.
(B-C) The two-tailed paired Student’s t-test was used for statistical comparisons.
Statistical significance was indicated versus untreated control (*) or versus
comparable concentrations of A. muciniphila LPS (#) (*/# p <0.05; **/##p <0.01;
X[ p < 0.001).
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DC/yd T cell cocultures were also analysed for IL-17 secretion,
given the recent evidence of a switch towards IL-17 release in a
mouse model of LPS induced inflammation. This cytokine was not
found neither in control cocultures nor in those primed with all LPS

types.

4.7.5 Endotoxin from A. muciniphila can induce the maturation
of pre-existing DC

To test whether LPS from A. muciniphila could induce DC
maturation as efficiently as E. coli endotoxin, immature DCs
differentiated from unprimed monocytes were stimulated with 10
ng/ml of E. coli, S. enterica or A. muciniphila endotoxin during the
last 24 hours of culture. The analysis of both activation markers and
cytokine expression was then carried out. The expression levels of
CD83 and CD86 observed after A. muciniphila endotoxin
administration were comparable to those induced by E. coli and S.
enterica LPS (Fig. 44 A-B). Moreover, the condition media of all
endotoxin stimulated DC, independently of LPS source, exhibited a
comparable IL-10/IL-12 ratio, providing the evidence that LPS from
A. muciniphila acts as a DC maturation stimulus (Fig. 44 C).
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Figure 44 LPS from A. muciniphila can induce maturation of pre-existing
immature DC

DC cultures were differentiated from unprimed monocyte precursors and exposed,
during the last 24 hours of culture, to endotoxin (10 ng/ml) from E. coli, S.
enterica and A. muciniphila to induce maturation. The expression of the activation
markers CD83 and CD86 was analyzed by flow cytometry (A-B), as well as the
secretion levels of IL-10 and IL-12 were investigated by ELISA (C). (A) One
representative donor is shown. Empty histograms represent the CD83 and CD86
staining of LPS unprimed immature cultures. (B) The percentages of positive cells
in cultures exposed to endotoxin from the different indicated bacterial strains are
shown and the results are reported as mean value + SE from eleven independent
donors. (C) Results are expressed as I1L-10/IL-12 ratio and represented as mean
value £ SE from three independent donors. No IL-12 and IL-10 production was
detected in unstimulated immature DC cultures.
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5. DISCUSSION

Nowadays obesity has reached epidemic proportions becoming a
worldwide public health problem (Chooi et al, 2019). Recent studies
showed that WAT is the first target organ in obesity characterised, in
parallel to metabolic derangements, by low grade chronic
inflammation and oxidative stress. When caloric intake overcomes
energy expenditure VAT expands by hypertrophy which is
characterized by the secretion of pro-inflammatory cytokines and
consequent oxidative stress (Ghaben & Scherer, 2019). It is well
known that VAT is more susceptible to inflammation and oxidative
stress compared to the less metabolically active SAT. Indeed, in this
human study the investigation of DDR in adipose tissue of subjects
with severe obesity provided the first evidence that there is a chronic
activation of DDR and related stress response pathways in VAT, but
not in SAT. DNA damage induction and DDR activation are testified
by the involvement of DNA damage sensors, such as ATM and ATR,
along with their downstream targets (e.g. H2AX, KAP1, Chkl and
Chk2). Irreparable DNA damage induces a permanent DDR
activation which in turn triggers cellular senescence, as a protective
mechanism (Malaquin et al., 2015). Interestingly, in animal studies
senescence cells, detected within AT, were found to play a causal
role in the development of obesity-associated metabolic dysfunction
(Palmer et al., 2019). Notably, the presence of senescent cells is also
recorded in AT biopsies of individuals affected by obesity, as
revealed by VAT-specific expression of senescence markers, such as
pl5-p16 and p2l. All these data, in addition to the systemic
inflammation observed in our patients, prove that severe obesity
leads to the induction of SASP.

Today bariatric surgery is the most efficient treatment to lose weight
in case of severe obesity leading to the remission of the most
frequent obesity-associated morbidities (Ebadinejad et al, 2022)
(Wiggins et al, 2020). In agreement, a significant reduction of
systemic inflammation and a healthier AT profile has been recorded
in our cohort six and twelve months after surgery. In a recent study a
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long-term improvement of obesity-related meta-inflammation after
BS was reported (Lautenbach et al., 2021).

It is also well known that mitochondrial dysfunction in tissues can
lead to the release into the blood stream of endogenous DAMPs
triggering innate immunity (Dela Cruz & Kang, 2018). In particular,
mt-DNA fragments escape mitochondria and activate the
inflammasome (Xian et al, 2022). A marked increase of plasmatic
ccf-mtDNA in  subjects with severe obesity was detected
concomitantly to a significant reduction after BS. This decrease
testifies a recovery of mitochondrial health and a reversibility of the
inflammatory phenotype, supporting the value of ccf-mtDNA as a
predictive biomarker for metabolic syndrome development.

The chronic low-grade sterile inflammation, exhibited by subjects
with obesity, increases the risk of developing noncommunicable
diseases, such as cardiovascular diseases, dyslipidemia and several
kinds of cancer, including CRC (IARC Handbooks of Cancer
Prevention 2021). The progressive increase in CRC incidence
correlates with overweight and obesity epidemics proportions,
consistently with the evidence of a positive correlation between BMI
and CRC risk. Given the causative role of microbiome imbalance in
obesity and CRC development, dysbiosis can be proposed as a
putative thread and thereby as a potential therapeutic target and
biomarker with both predictive and prognostic value. The early
diagnosis of CRC is hard and screening methods currently used in
clinical practice have several limitations. This stimulated intense
research aimed to find sensitive, non-invasive and early biomarkers
in easily collectable matrices. Microbiome alterations, in both oral
cavity and gut, could be great candidates. In line with these
observations, we analysed the intestinal and oral bacterial profiles of
CRC patients and subjects with obesity, looking for modifications
that precede or accompany the tumorigenesis. In line with previous
observations, we found a reduction of intestinal alpha-diversity in
subjects with obesity as compared to healthy controls, and similar
gut beta-diversity (Heiss & Olofsson, 2018) (Cani et al., 2007). In
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our study, this similarity was detected also for oral bacteria. In
contrast, bacteria homing both in the intestinal lumen and in the oral
cavity of CRC patients were significantly dissimilar from those
detected in healthy individuals and subjects with obesity. In our
cohort of CRC patients, we confirmed the already known increased
Shannon Entropy of the intestinal microbiome, and provided the first
evidence that the oral microbiome of CRC patients exhibits a higher
alpha-diversity than healthy subjects (Qin et al, 2024). In cancer
patients, the taxonomic analysis of gut microbiome highlighted
marked variations of phyla abundance, as compared to the healthy
profile. Differently, the relative abundance of oral bacterial phyla
resulted to be very similar in patients and controls. Notably, in the
gut of both subjects with obesity and CRC patients we found an
increased Proteobacteria/Verrucomicrobiota ratio, as previously
detected in conditions of chronic intestinal inflammation and
metabolic diseases (Rodrigues et al, 2022). In the Proteobacteria
phylum we find genera such as Escherichia, that resulted
significantly increased in our cohort of CRC patients, alongside
Salmonella and Shigella that include Gram-negative pathogens
involved in the first steps of colorectal tumorigenesis (Tjalsma et al.,
2012). A marked upregulation of Akkermansia genus, belonging to
\errucomicrobiota phylum, was detected in individuals with obesity
and patients with cancer. Within this genus, A. muciniphila has been
attracting great interest in recent years due to its key role in the
promotion of intestinal health. This commensal Gram-negative and
obligatory anaerobe bacterium contributes to gut epithelium
integrity, metabolic and immune homeostasis through mucus
degradation and SCFA production (Mruk-Mazurkiewicz et al, 2024).
An investigation at species level revealed however a reduction of A.
muciniphila abundance in both obesity and CRC. Unfortunately, the
16S Metagenomic Sequencing allows to perform a specie-level
analysis only for the bacterial strains whose sequence can be found
in the database used for taxonomic analysis, such as A. muciniphila,
and because of this limitation we could not identify which bacteria
are associated with Akkermansia genus increase.
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The Fusobacteriota phylum and its genus, Fusobacterium, exhibited
an overrepresentation in the gut of subjects with obesity and CRC. A
similar trend was observed in the oral cavity. The association of the
pathobiont Fusobacterium nucleatum, belonging to this genus, with
CRC development has emerged in the recent years. This oral cavity
homing bacterium was detected in faecal matrix of subjects with
Crohn’s disease and in both mucosal and stool samples of CRC
patients (Pascal et al, 2017) (Castellarin et al, 2012) (Kostic et al,
2012) (Flanagan et al, 2014). Although we were not able to
investigate the intestinal Fusobacterium nucleatum abundance in our
cohorts, a significant reduction of this species was observed in the
oral cavity of CRC patients, suggesting an important expansion of
oral microorganisms in the intestinal cavity through the oral-gut axis,
that might be also responsible for the observed increase in alpha-
diversity (Thomas et al, 2019) (Wirbel et al., 2019). Contrarily, the
decreased alpha-diversity found in the cohort with obesity suggests a
less marked transition of oral bacteria into the intestinal cavity of
these individuals. An interesting overrepresentation of Firmicutes D
was also recorded in the gut of subjects with obesity and CRC. In
addition, an increase of some genera belonging to this phylum, such
as Streptococcus and Clostridum T, was also observed. These genera
include Streptococcus gallolyticus and Clostridium septicum, known
as passengers in the “driver-passenger” model of colorectal
tumorigenesis. An interesting observation collected from the oral
microbiome investigation is related to genus Parvimonas. In subjects
with obesity, we observed a significantly higher abundance of this
bacterium, that is a member of the oral microbiome and often is
detected in the gut of CRC patients, suggesting its potential
involvement in CRC tumorigenesis (Nakatsu et al, 2015).

Overall, we observed for most genera, both in the gut and in the oral
cavity, the same trend of modulation in subjects with obesity and
CRC patients. Thereby, in line with the current research on gut
microbiota parameters, as potential diagnostic tool in clinical
practice, our findings indicate that microbiome analysis may be
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useful as a predictive biomarker in the screening of high CRC risk
subjects.

Alongside bacteria, which are the main component of microbiome,
also viruses are increasingly being recognized as an essential part of
the commensal flora. The oral profile of human DNA viruses
previously associated with CRC was investigated in CRC patients, as
well as in subjects with obesity or adenomatous polyposis, both
exhibiting a higher risk of developing colorectal neoplasia as
compared to healthy individuals, with the aim to identify oral
infections with a predictive and/or pathogenetic role. Moreover,
given the lower CRC risk associated to bariatric surgery, the
prevalence of the same viruses was also analyzed in saliva samples
collected after BS to investigate the impact of weight loss and
reduced systemic inflammation. The results obtained provided novel
evidence of a significantly higher prevalence of oral beta-HPV and
beta-HPV multiple infections in cancer patients. A trend of increase
of beta-HPV infections was also detected in high-risk subjects with
obesity and AP. Notably, a lower prevalence was observed in obese
patients after BS suggesting that the surgery-related benefits can
reduce the persistence of viral agents potentially involved in
increasing CRC risk.

An  association  between BMI and anal alpha-HPV
prevalence/persistence was previously found, and it is well known a
positive correlation between BMI and CRC risk (Nyitray et al,
2019). Given this evidence, the impact of BMI on beta-HPV
infections was investigated by comparing the viral profile of OW
subjects and the NW counterpart within the healthy control group.
Although no variation of beta-HPV prevalence and multiple
infections was observed, interesting outcomes derived by analyzing
the prevalence of specific beta-HPV genotypes, such as HPV5 and
HPVS8, classified as potential carcinogens to humans (IARC Group
2B), and HPV122, previously associated with oral and
oropharyngeal cancers (Bouvard et al, 2009) (Sabol et al, 2016).
Interestingly, OW control subjects exhibited an evident increase of
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infections related to these genotypes as compared to NW subjects.
The same higher prevalence was found in CRC patients. Regarding
HPV5, a significant higher prevalence was found in CRC patients
and all high-risk subject groups, including OW, as compared to NW
controls. Interestingly, HPV5 prevalence was found reduced in obese
individuals after BS, and a decrease was detected also for HPV8 and
HPV76, that have been associated with squamous cell carcinoma
risk (Andersson et al, 2012). These observations are in line with the
lower frequency of tumors recorded among subjects who undergo
BS. Only recently, by combining Luminex-based technology and
NGS, cutaneous beta and gamma HPVs were detected in tumor
tissue and adjacent mucosa of CRC patients, in addition to mucosal
alpha-HPV (especially HPV16 and HPV18) previously identified
(Galati et al., 2023). Thereby we analysed the oral prevalence of
these genotypes and collected very promising findings. Some viruses
(HPV20, HPV93 and HPV124) resulted increased in the pathological
conditions, but were not observed at all in healthy subjects. Other
genotypes (HPV49 and HPV120) were induced in both overweight
and disease conditions. Again, the prevalence of these infections in
subjects with obesity was found decreased at 6 or 12 months after
surgery. Two beta-HPVs, HPV93 and HPV124, were detected only
in subjects with obesity and CRC patients, and interestingly HPV124
prevalence was reduced following the intervention.

Several studies have suggested a possible link between HPV
infections (mainly alpha-HPV  genotypes) and colorectal
tumorigenesis, and HPV-positive CRC tissues displayed an
upregulation of genes coding proteins involved in cancer
pathogenesis (such as WNT-5A) (Qiu et al, 2020). HPV infections
lead also to higher activity of STAT3 and increased IL-17 secretion,
resulting in more advanced CRC stages (Li et al, 2015).
Interestingly, alpha-HPVs were found to modulate the tumor
microenvironment towards a reduced immune surveillance and were
associated with an increased alpha-diversity of cancer-associated
microbiota (Ambrosio et al, 2023). Conversely, studies investigating
the oral prevalence and role of beta-HPVs in CRC patients, or in

Pag 86



Dottorato di ricerca in Genetica e Biologia Molecolare

CRC high-risk subjects such as individuals with obesity and AP, are
missing. The same gap is found about potential BS-related
modulation of viral infections. In a very preliminary analysis we
investigated a putative crosstalk between oral viruses and intestinal
bacteria, and found a higher Shannon Entropy of gut microbiome in
CRC patients positive for HPV122 infection as compared to the
uninfected counterpart (data not shown). This observation would
suggest an impact of oral viruses on gut microbiome composition,
which is known to play a causal role in CRC pathogenesis. Although
further studies are needed to evaluate the role of beta-HPVs in
pathological conditions, such as CRC, and the mechanisms
underlying the link between infections and tumorigenesis, our results
suggest a potential predictive role of oral beta-HPV infections in
colorectal tumorigenesis and provide the evidence that lifestyle can
modulate these indicators.

In obesity and CRC, as well as in other chronic diseases, alteration
of commensal microbiota composition is associated with an
increased permeability of the gut epithelium, resulting in the
translocation of pathogenic microorganisms and bacterial
components, including endotoxins, into the bloodstream, a condition
termed endotoxemia. Endotoxins modulate the immune cell function
and can contribute to the development of chronic diseases (Mohr et
al, 2022). Due to the different degrees of antigenicity and immune
toxicity of endotoxins derived from different bacterial strains, the
final host response is the result of the relative abundance of each
species.

We performed in vitro studies to compare the effects of human blood
monocyte priming with low concentrations of LPS, from pathogenic
and commensal/probiotic bacteria, on in vitro DC generation and on
their crosstalk with y8 T lymphocytes. Previous studies testified that
high doses of LPS can impair DC differentiation (Rotta et al, 2003)
(Bartz et al., 2006) (Rydstrom & Wick, 2010). Our results provided
evidence that PD-L1 expressing CDla" DC, which secrete high
levels of IL-6 and IL-10, can be generated from monocyte precursors
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conditioned with concentrations as low as 0.1 ng/ml of endotoxin
from E. coli and S. enterica. In addition, LPS priming impacts the
ability of DC to fully activate yd T cells. These findings suggest that
in dysbiosis condition, with an increase of pathogenic Gram-negative
bacteria abundance, circulating LPS, even if at lower concentrations
than those detected during acute infections, can create an
immunosuppressive environment. In line with the hypothesis that
under healthy conditions beneficial commensal bacteria maintains a
high degree of immunosurveillance, we found that monocytes
stimulated with comparable doses of endotoxin from A. muciniphila
generate DC with preserved immunostimulatory activity, and with
the ability to respond to subsequent stimuli triggering TLR.

It is widely recognized the impact of lifestyle, especially dietary
habits, on the gut microbiome composition which, in turn, influences
the balance between more and less toxic endotoxins (Senghor, 2018).
In the recent years several microorganisms with potential probiotic
properties have been exploited, with the aim to modulate the relative
abundance of bacterial communities (Ma, 2023). A. muciniphila is
one of these, due to its ability to maintain intestinal barrier integrity
and to promote metabolic and immune health (Mruk-Mazurkiewicz
et al., 2024). The potential use of A. muciniphila as probiotic is
supported by our outcomes that testified, for the first time, that
human monocytes exposed to endotoxin from A. muciniphila can
differentiate toward immunostimulatory DC. The cells generated in
this way exhibit a low expression of PD-L1, secrete low levels of
immunosuppressive cytokines and can activate yo T cells. In
addition, A. muciniphila LPS can induce by itself the maturation of
pre-existing immature DC, sustaining thereby immune responses.
Despite the great beneficial impact of A. muciniphila on host health
reported in preclinical studies, some observations make the further
validation of effectiveness and safety of its supplementation in
humans necessary. In line with some previous studies, that have
found exacerbation of inflammation in case of intestinal colonization
by this bacterium, we reported that increasing the doses of A.
muciniphila LPS leads to the same suppressive effects on DC
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functions observed with endotoxins derived from pathogenic bacteria
(Ganesh et al, 2013) (Luo et al, 2022).

Consistently with recent observations collected in mouse microglia,
we found that A. muciniphila LPS fails to induce tolerance and to
counteract or attenuate the cell response to subsequent stimulation
with endotoxin from E. coli (Young & Denovan-Wright, 2024). This
result would suggest the involvement of other cellular receptors than
TLR4, as previously described for other bacteria (Sun et al, 2014).
However similar effects on DCs, as E. coli endotoxin, and tolerance
toward LPS from E. coli can be observed after monocyte priming
with higher concentrations of A. muciniphila derived endotoxin,
suggesting a role of TLR4 in its recognition. This hypothesis aligns
with the recent finding of an unprecedented chemical structure of A.
muciniphila LPS, that is devoid of the O-antigen but characterized
by a unique mono-phosphorylated lipid A carrying a mixture of tetra,
penta- and hexa-acylated forms, in contrast to E. coli and S. enterica
lipid A which is di-phosphorilated and exa-acylated (Garcia-Vello et
al, 2024) (Raetz & Whitfield, 2002). This structure resulted to
activate preferentially the TLR2, but also the TLR4, pathway in
human TLR-transfected Hek293 cells and showed a low
proinflammatory potential in animal studies (Garcia-Vello et al,
2024). Thus, as confirmed by our results, different and complex
interactions occur among TLR4 and endotoxin derived from distinct
pathogenic and commensal bacterial strains, and further
investigation is required to understand the structure and mechanisms
of action of different LPS.

PD-L1 is recognized as a key regulator of DC function and inducer
of tolerance. Thus, we further analyzed its regulation investigating
STAT3 activation in LPS primed DC cultures. It is known that this
transcription factor is induced by IL-6 and IL-10, and it regulates
PD-L1 expression in DCs (Wolfle et al, 2011). However, an almost
constitutive STAT3 activation was observed in all conditions. These
findings suggest that , in addition to STAT3 activation, other
pathways could be involved in endotoxin-induced PD-L1
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modulation. Moreover, the activity of STAT3 results to be temporally
regulated by different mechanisms (Groner, 2012).

We also provided the first evidence that LPS primed DC can
suppress IFN-y secretion in yo T lymphocytes, contributing to shape
an immunosuppressive microenvironment. In contrast to what was
recently observed in a mouse model of endotoxin-induced
inflammation, we did not find a switch of y6 T cells toward IL-17
secretion after LPS priming of DC (Cui et al, 2023). Our group has
previously reported that IFN-y release by aminobiphosphonates
activated y0 T lymphocytes is strongly inhibited by IL-10
(Sanseverino et al, 2014). Given these results, we hypothesize that
the high IL-10 secretion induced by E. coli and S. enterica LPS
conditioning could contribute to IFN-y reduction. Unfortunately, we
could not verify this issue, due to the low number of circulating yd T
cells recovered. Furthermore, we hypothesize that also PD-L1
overexpression could reduce the secretion of IFN-y because it was
demonstrated that suppression of the PD-1/PD-L1 axis is associated
with an increase of IFN-y secretion by ZOL-activated yd T cells,
without affecting cell activation and expansion (Hoeres et al, 2019).
vd T lymphocytes are being studied as promising actors in alternative
strategies of cancer immunotherapy, while aminobiphosphonate
drugs (e.g. ZOL) are being exploited to induce their activation ex
vivo or in vivo, expansion and IFN-y secretion (Nussbaumer &
Koslowski, 2019). In this context DC expressing inhibitory
molecules and secreting immunosuppressive cytokines, that can be
generated from monocytes exposed to low dose LPS in the blood or
in the tumor microenvironment, could both suppress the anti-cancer
activity of y0 T cells and inhibit the potential benefits of yd T cell-
based immunotherapy.
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6. CONCLUSIONS

The present study provided the first evidence that VAT, but not SAT,
of subjects with obesity exhibits a chronic activation of DDR and
related stress response pathways, along with the presence of
senescence cells, as revealed by the expression of specific
senescence markers. These findings, related to the systemic
inflammatory profile testifies that severe obesity leads to a
senescence associated secretory phenotype induction. A higher risk
of developing CRC is recorded among subjects affected by obesity,
due to a chronic low-grade sterile inflammation. Given the widely
known causative role of dysbiosis in both obesity and CRC
pathogenesis, microbiome imbalance could be thought as a thread
between these two pathological conditions and therefore it could be
proposed as a therapeutic target and a predictive biomarker in the
screening of high CRC risk subjects. The study of oral and intestinal
bacterial alterations that precede or accompany tumorigenesis has
highlighted, for most genera, the same modulation trend in subjects
with obesity and CRC patients, such as an increase of
Proteobacteria/Verrucomicrobiota ratio and Fusobacterium genus in
the gut cavity. Also, viruses are a component of the commensal flora,
so the investigation of the oral profile of human viruses was carried
out in CRC patients, in subjects with obesity before and after BS, as
well as in patients affected by adenomatous polyposis, other CRC
risk factor, with the aim to identify infections with a predictive
and/or pathogenetic role. The results obtained provided the novel
evidence of an increase of oral beta-HPV infections in both CRC
patients and high CRC risk cohorts. In addition, a higher prevalence
of specific beta-HPV genotypes, proposed to be related to CRC
pathogenesis, was also observed in OW healthy subjects as
compared to the NW counterpart, arguing for a role of these viruses
as potential lifestyle-associated early CRC indicators. Accordingly,
BS-induced weight loss in obese individuals was accompanied by
reduced viral prevalence. The increase of
Proteobacteria/\Verrucomicrobiota ratio observed in patients with
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obesity and CRC fostered an in vitro study aimed at comparing the
effects of low endotoxin concentrations from pathogenic and
commensal/probiotic bacteria on human DC generation and function.
It was found that monocytes primed with A. muciniphila LPS can
differentiate toward fully immunostimulatory DCs, whereas
comparable doses of E. coli and S. enterica LPS promote an
Immunosuppressive environment.

Altogether these studies suggest that alterations of both oral and gut
microbiome could be a causative bridge between a dysmetabolic
condition, such as obesity, and CRC development. Nevertheless, the
enrolment of larger cohorts and deeper analyses are required to
establish a definitive link.
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7. MATERIALS AND METHODS

Ex vivo studies

7.1 Study design

Four different subject cohorts were analysed in this study.

Subjects with severe obesity: 36 subjects affected by severe obesity
(33 females; mean age 47.1 + 10.8 years; mean BMI 44.3 + 6.9
kg/m?) eligible for bariatric surgery (BS) were enrolled at the
Obesity Center of the University Hospital “Policlinico Tor Vergata”
(Rome, Italy). 32 out of 36 individuals completed the study. The
exclusion criteria were as follows: common obesity-related
comorbidities, infections, cancer and other acute or chronic diseases,
use of nonsteroid anti-inflammatory drugs, glucocorticoids,
antibiotics, prebiotics and probiotics in the last 3 months before BS.
At enrolment, as well as at 6 (T6) and 12 (T12) months after BS, all
patients underwent an anamnestic interview; both anthropometric
(weight, height, waist and hip circumference) and clinical (blood
pressure and heart rate) parameters were recorded. In addition, the
body composition was determined by a bioimpedance analysis. After
BS patients followed a specific diet, and the BMI mean was 29.8 +
5.1 kg/m? at the end of the follow-up (Busetto et al, 2018).
Colorectal cancer patients: 50 individuals with diagnosis of CRC and
in care at the IRCCS Fondazione Policlinico Universitario Agostino
Gemelli (Rome, Italy), were enrolled (male/female 27:23; mean age
70.6 + 9.03 years; mean BMI 25.4 + 3.54 kg/m? NW/OW 1:1),
before receiving any therapeutic treatment. Patients had different
tumor stages (12 subjects at stage O-l, 25 at stage Il and 13 at
advanced stage 111-1V). As patients with obesity, they underwent an
anamnestic interview and anthropometric/clinical parameters were
recorded. Exclusion criteria were: family history of CRC, diabetes,
infections, chronic inflammatory diseases, pregnancy, severe mental
disorders, immunomodulating treatment and hormone therapy,
antibiotics, probiotics and anti-inflammatory drugs in the last 30
days.
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Subjects affected by nonfamilial adenomatous polyposis: 20
individuals with diagnosis of nonfamilial adenomatous polyposis, in
care at the IRCCS Fondazione Policlinico Universitario Agostino
Gemelli (Rome, Italy), were enrolled (male/female 15:5; mean age
66.7 + 11.7 years; mean BMI 25.7 + 2.9 kg/m? NW/OW 1:1).
Exclusion criteria were the same applied for CRC patients. The
enrolment is still ongoing.

Healthy subjects: 45 healthy subjects were enrolled (male/female
24:21; mean age 51.8 + 12.7 years; mean BMI 24.6 + 2.6 kg/m?;
NW/OW 1:1), to have reference values. The exclusion criteria were
the same adopted for the cohort of subjects affected by obesity.
These individuals underwent an anamnestic interview too, and
anthropometric and clinical parameters were recorded.

All participants in the study signed an informed consent and filled
out a questionnaire that collected information about their family and
medical history, current medication use, dietary and smoking habits
and physical activity.

The enrolment of subjects with severe obesity and healthy
individuals was approved by the ethical committee of both Istituto
Superiore di Sanita (prot. PRE 173116 of 15 March 2016; PRE-BIO-
CE 10938 of 6 April 2018) and the Policlinico Tor Vergata (protocol
of the study connecting DNA 169/15). The inclusion of CRC
patients and subjects with nonfamilial adenomatous polyposis in the
study was equally approved by the Institutional Review Board of
Istituto Superiore di Sanita (AOO-ISS - 22/03/2022 - 0010603 Class:
PRE BIO CE 01.00).

7.2 Sample collection

Stool, oral lavage and blood samples were collected from all subject
cohorts at enrolment time. For patients with obesity these matrices
were also collected at 6 and 12 months after BS. Faeces were
collected in sterile containers and immediately frozen at -80°C.
Saliva samples were collected through oral rinse: sterile saline
solution (0.9% NaCl) was used to gargle and then transferred into
sterile tubes containing PreservCyt Solution (Hologic, Inc.). Samples
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were centrifuged at 3000 g for 10 minutes at +4°C and the cell pellet
was resuspended in 1 ml of the same solution and frozen at -80°C.
All participants did not eat or brush their teeth for at least 1 h before.
Blood samples, collected in the morning from fasted subjects, were
centrifuged at 2500 rpm for 10 minutes at room temperature to
isolate plasma, which was then stored in aliquots at -80°C. SAT and
VAT biopsies, obtained during BS, were cut in aliquots and frozen at
-80°C. In addition, SAT and VAT biopsies were collected from six
normal weight (NW) healthy controls who underwent an elective
laparoscopic surgery (cholecystectomy).

7.3 DNA extraction from stool and saliva samples

DNA isolation from stool samples was performed using the QlAamp
Fast DNA Stool Mini Kit, according to the manufacturer’s
instructions (Qiagen). Saliva samples were homogenized twice for
30 seconds at 6000 rpm using MagNA Lyser Green Beads (Roche)
and then DNA was isolated using the Qiagen BioRobot EZ1
Advanced XL with the EZ1 Advanced DSP Virus Card, according to
the manufacturer’s instructions (Qiagen). The concentration of DNA
was determined using Quant-iT PicoGreen dsDNA Assay Kit
(Invitrogen).

7.4 Viral DNA detection assay

Type-specific multiplex genotyping (TS-MPG) assays, based on
multiplex polymerase chain reaction (PCR) and bead-based Luminex
technology (Luminex Corp.), were used to determine the prevalence
of a wide range of human Papillomavirus (HPV), Polyomavirus
(HPyV) and Herpesvirus (HHV) types. Using 10 pl of each DNA
extract, a multiplex PCR was performed using HPV type-specific
primers targeting 21 alpha-HPVs, 46 beta-HPV types and 52
gamma-HPV types. Type-specific primers were also used to detect
13 Polyomavirus types and 10 Herpesvirus types. In addition, two
primers for beta-globin were used to assess the quality of the DNA
extract. Later, 10 pl of each PCR reaction was analysed by a

Pag. 95



Veronica Fertitta

multiplex Luminex-based assay, as previously described (Schmitt et
al, 2010).

7.5 16S Metagenomic Sequencing

The libraries, for the Illumina MiSeq System, were prepared
according to the Illumina protocol “16S Metagenomic Sequencing
Library Preparation”. The first PCR (Amplicon PCR) was set up
using primers with overhang adapters attached targeting V3 and V4
hypervariable 16S ribosomal RNA gene regions; after, a clean-up
with AMPure XP beads was performed to purify the 16S V3-V4
amplicons removing free primers and primer dimer species. Quant-
IT PicoGreen dsDNA Assay Kit (Invitrogen) was used for the
quantification. The next step was an Index PCR, to attach dual
indices and Illumina sequencing adapters to amplicons. A second
clean-up with AMPure XP beads and a new quantification using the
Quant-iT PicoGreen dsDNA Assay Kit was performed. Before
launching the sequencing, the size of the final library was checked
running 1 pl of a 1:50 dilution of this last on a Bioanalyzer DNA
1000 chip (Agilent Technologies). Lastly, the libraries containing
pooled indexed samples were loaded into the libraries for MiSeq,
with 20% spike-in PhiX (Illumina) control DNA. MiSeq Reagent Kit
v3 was used to perform sequencing (600-cycle, lllumina).

7.6 Bioinformatics and statistical analysis

Raw FASTQ were trimmed using trim-galore
(https://github.com/FelixKrueger/TrimGalore) to eliminate
sequencing adapters and to erase poor quality reads. QIIME2
(v.2023.5) pipeline was used to process the trimmed FASTQ files
(Bolyen et al, 2019). First, the paired-end sequences were imported,
then quality-filtering was performed with the dada2 denoise method
cutting to a quality score of 30. After that, the feature table was built
and alpha and beta diversity analysis were performed. We calculated
for the former Shannon and Faith and for the latter Jaccard
similarity. Alpha diversity index distribution was tested for
normality with Shapiro-Wilk test. Since their distribution was not
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normal the differences between groups have been calculated using
Kruskal-Wallis and Wilcoxon rank sum tests, whereas beta-diversity
significance was calculated with a PERMANOVA analysis.
Taxonomy was assigned to the ASV using, respectively, for saliva
the Expanded Human Oral Microbiome Database (eHOMD)
(v.15.22) and for feces Greengenes2 (v.2022.10) (I et al, 2020)
(McDonald et al, 2024). Phylum, genera and species tables were also
built collapsing the feature table and the taxonomy. Differential
abundance analyses have been performed using the R (v.4.4.0)
packages Deseq2 (v1.44.0) (Love et al, 2014). Phyla, genera and
species have been considered statistically significant if the p-value
was < 0.05. Virome statistical analysis have been conducted using
Fisher exact test. All graphics have been computed using ggplot2
(v3.5.1) and ggpubr (v.0.6.0), and error bars are not shown because
graphics report virus prevalence (calculated as presence or absence).

RPPA statistical analysis have been conducted using R (v.4.3.0).
Both parametric and nonparametric tests were performed to compare
several DDR and metabolic markers between controls and patients
with obesity before and after bariatric surgery. Using the Shapiro-
Wilk test we opted for either the t-test or the Wilcoxon test
according to normality of distribution. Moreover, to compare
patients before and after BS we used paired analysis, while to
compare controls and patients with obesity we used unpaired
analysis. Only the differences between groups with p value < 0.05
have been considered significant. Finally, to plot the results we used
two R packages: ggplot2 (v.3.4.3) (https://ggplot2.tidyverse.org) and
ggpubr (v0.6.0) (https://rpkgs.datanovia.com/ggpubr/). Statistical
significance was coded using asterisk according to the level of
significance (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).

7.7 Reverse-Phase Protein microarrays

RPPA analysis was carried out according to established protocols
(Signore & Manganelli, 2022) (Signore et al, 2021). T-PER buffer
(Thermo Fisher Scientific), supplemented with NaCl, protease and
phosphatase inhibitors (Sigma-Aldrich), was used to perform lysis of
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adipose tissue: the samples, after mechanical dissociation, were
incubated on ice for 30 minutes and then centrifugated at 13000 rpm
for 10 minutes at +4°C. Protein extracts, after quantification by
the Bradford method (Bio-Rad Laboratories), were resuspended in
Laemmli sample buffer with TCEP reducing agent (Thermo Fisher
Scientific) and boiled for 3 minutes, before printing with an Aushon
2470 microarrayer (Quanterix). RPPA samples were printed in
technical triplicates onto nitrocellulose-coated slides (Grace Bio-
Labs); in addition, some control cell extracts were printed as 10%-
fold-decrease mixtures of samples treated and not. Sypro Ruby
(Thermo Fisher Scientific) was used to measure the total protein
content of printed slides. These last underwent a reblot step
(Millipore), followed by blocking with I-Block™ Protein-Based
Blocking Reagent (Thermo Fisher Scientific) in PBS for 2 hours,
before immunostaining by means of an automated system (DAKO
AutostainerLink 40) using selected antibodies pre-validated for
RPPA and a specific signal amplification kit (Agilent/DAKO
GenPoint).  Streptavidin-conjugated  IRDye680LT  (LI-COR
Biosciences) was the tertiary reagent for signal detection. Stained
slides were scanned by a Power Scanner (TECAN) and 16-bit
images were analyzed via MicroVigene v5.2 software (VigeneTech).

7.8 Quantification of plasma mediators

XMAP technology on a X200 Luminex platform (Bio-Plex 200
System, Bio-Rad Laboratories, Inc.), equipped with a magnetic
workstation, was used to measure plasma levels of cytokines,
chemokines, and other circulating proteins. All proteins were
quantified by Human Magnetic Luminex Performance Assay Kits
(R&D Systems); the only exceptions were TNF-o (TNF-aLum) and
IL6, whose levels were evaluated using a Human High Sensitivity
Magnetic Luminex Performance Assay kit (R&D Systems). Bio-Plex
Manager software (version 6.1, Bio-Rad Laboratories, Inc.) was used
for data analysis. According to the manufacturer's instructions,
plasma levels of adiponectin were determined by ELISA (R&D
Systems Kit).
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7.9 Droplet digital PCR

Droplet digital PCR (ddPCR) (Bio-Rad QX 200) was performed to
evaluate the levels of circulating cell-free mitochondrial DNA
fragments (ccf-mtDNA) in plasma samples. The analysis was carried
out using 0.5 pl of plasma. MT-ND2 and RPLPO TagMan probes
were used, respectively, to detect mitochondrial and nuclear DNA
(cat. n. 4331182; Life Technologies).

In vitro studies

7.10 Ethics statement

Buffy coats from healthy donors were obtained from Centro
Trasfusionale of Policlinico Umberto | (Rome, Italy), not
specifically for this project. According to the Italian law n. 219
(October 21, 2005), recently revised (D.L. of the Ministry of Health,
November 2, 2015), donors signed an informed consent. Centro
Trasfusionale treated all data according to the Italian law on personal
data management “Codice in materia di protezione dei dati
personali” (Testo unico D.L. June 30, 2003 n. 196).

7.11 Monocyte-derived dendritic cell (DC) generation and
culture

Monocytes were obtained from the peripheral blood of healthy
donors (25 total donors, mean age 46x14, male/female 2:1).
Peripheral blood mononuclear cells (PBMC) were separated by
Ficoll/Paque density gradient centrifugation and then subjected to
immunomagnetic selection using CD14+ microbeads (MACS
monocyte isolation Kkit, Miltenyi Biotec) to isolate monocytes. The
remaining PBMC and the eluted fraction of CD14-negative
lymphocytes (PBL) were cryopreserved for coculture set up.
Monocyte-derived immature dendritic cells were generated by
culturing monocytes at 1 X 108 cells/ml for 5 days in RPMI 1640
medium supplemented with 10% heat-inactivated fetal bovine serum
(FBS), in the presence of both granulocyte-macrophage colony-
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stimulating factor (GM-CSF) (50 ng/ml, kindly provided by
Schering-Plough) and IL-4 (500 U/ml, Miltenyi Biotec). Soon after
seeding in standard medium monocytes were exposed to different
concentrations of LPS derived from 3 distinct bacteria: Escherichia
Coli (EH100 serotype, Alexis Biochemicals Corp.), Salmonella
enterica (S. Minnesota R345 serotype, Alexis Biochemicals Corp.)
and Akkermansia muciniphila (Sigma-Aldrich). Fresh medium plus
cytokines were added after 3 days of culture. To obtain mature DC
immature cells were stimulated for the last 24 h with 10 ng/ml of
Escherichia Coli LPS. In some experiments, DC were induced to
mature using S. enterica or A. muciniphila LPS (10 ng/ml), or R848
(1 pg/ml, InvivoGen).

7.12 yo T lymphocyte isolation and DC/yd T cell cocultures

vo T lymphocytes were isolated from cryopreserved PBMC of the
same donors by positive selection using the anti-TCRy/d MicroBead
Kit (Miltenyi Biotec) and seeded overnight in complete medium
(RPMI added with 10% FBS) to allow beads removal. Purified yo
T cells were extensively washed and added to untreated or LPS
primed autologous DC cultures (ratio 1:1). DC/yd T lymphocyte
cocultures were left unstimulated or stimulated with 5 pg/ml of the
amino-biphosphonate zoledronate (ZOL) (kindly provided by
Novartis Pharma) and analyzed 48 h later. Parallel cocultures of DC
and autologous total PBL (ratio 1:1) were set up. Cells were
stimulated with ZOL and incubated for 7 days at 37°C to assess Vd2
T cell expansion.

7.13 Phenotypic analysis of DC and yo T cells

Flow cytometry analysis was performed to investigate the expression
of surface markers. Cells were harvested, washed and incubated on
ice for 30 minutes with the specific Abs or control isotypes, then
washed and analyzed. Only for DC a pre-incubation was carried out
on ice for 30 minutes with PBS plus 10% human AB serum, to block
non-specific Ig binding. The following Abs were used:
phycoerythrin (PE)-conjugated mouse anti-human CD274, CD80,
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CDla, CD206, CD83, CD86, CD25, MHC class Il and isotype-
matched control mAbs (BD Biosciences), fluorescein isothiocyanate
(FITC)-conjugated anti-human TCR-V42 and isotype-matched
control MADb (Miltenyi Biotec).

At least 5000 events/sample were acquired by a FACScan cytometer
(BD Biosciences). Data analysis was performed by gating on DC or
lymphocyte populations and excluding dead cells and debris.

7.14 Antigen uptake and processing

DC were harvested, washed and pulsed with the self-quenched DQ
Ovalbumin (DQ-OVA, 1 mg/ml; Molecular Probes) for 15 min at
+37°C. Cells were then washed extensively and incubated further at
+37°C or 0°C (as control) for 30 min to allow OVA processing.
Lastly, they were washed and analyzed by flow cytometry. An
increase in fluorescence intensity over time was linked to the
processing of OVA protein into peptides.

7.15 Cytokine release determination

Culture medium collected from 5-day DC cultures and 48-h DC/vyd
T cells cocultures was analyzed by ELISA, according to the
manufacturer’s instructions, to determine the content of IL-6, IL-10,
IL-1B, IL-12, IFNy (Biolegend) and IL-17 (R&D Systems Inc.).

7.16 Immunoblotting analysis

Cell extracts were obtained by lysing 5-day DC cultures with RIPA
buffer [150 mM NaCl, 50 mM Tris-Cl (pH 7.5), 1% Nonidet P-40,
0.5% sodium deoxycholate, and 0.1% sodium dodecyl sulfate (SDS)]
plus protease and phosphatase inhibitors (Sigma-Aldrich). Proteins
were fractionated on NUPAGE 4-12% Bis-Tris Gel (Thermo Fisher
Scientific), transferred to a nitrocellulose membrane and subjected to
immunoblot analysis using antibodies specific for either the total or
the tyrosine phosphorylated forms of STAT3, and for PD-L1 (Cell
Signaling Technology). The same gel was blotted with an antibody
specific for the housekeeping gene GAPDH (Santa Cruz
Biotechnology).
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7.17 Statistical analysis

GraphPad Prism 8 software was used for statistical analysis.
Statistical comparisons were performed by the two-tailed paired
Student’s t-test for independent samples. A p value < 0.05 was
considered statistically significant.

Pag 102



Dottorato di ricerca in Genetica e Biologia Molecolare

8. REFERENCES

Acevedo-Leon D, Monzo-Beltran L, Perez-Sanchez L, Naranjo-
Morillo E, Gomez-Abril SA, Estan-Capell N, Banuls C, Saez G
(2022) Oxidative Stress and DNA Damage Markers in Colorectal
Cancer. Int J Mol Sci 23

Altintas MM, Azad A, Nayer B, Contreras G, Zaias J, Faul C, Reiser
J, Nayer A (2011) Mast cells, macrophages, and crown-like
structures distinguish subcutaneous from visceral fat in mice. J Lipid
Res 52: 480-488

Ambrosio MR, Niccolai E, Petrelli F, Di Gloria L, Bertacca G, Giusti
A, Baldi S, Cavazzana A, Palmeri M, Perotti B et al (2023) Immune
landscape and oncobiota in HPV-Associated Colorectal Cancer: an
explorative study. Clin Exp Med 23: 5101-5112

Andersson K, Michael KM, Luostarinen T, Waterboer T, Gislefoss R,
Hakulinen T, Forslund O, Pawlita M, Dillner J (2012) Prospective
study of human papillomavirus seropositivity and risk of
nonmelanoma skin cancer. Am J Epidemiol 175: 685-695

Andrade FB, Gualberto A, Rezende C, Percegoni N, Gameiro J,
Hottz ED (2021) The Weight of Obesity in Immunity from Influenza
to COVID-19. Front Cell Infect Microbiol 11: 638852

Bartz H, Avalos NM, Baetz A, Heeg K, Dalpke AH (2006)
Involvement of suppressors of cytokine signaling in toll-like
receptor-mediated block of dendritic cell differentiation. Blood 108:
4102-4108

Bikel S, Lopez-Leal G, Cornejo-Granados F, Gallardo-Becerra L,
Garcia-Lopez R, Sanchez F, Equihua-Medina E, Ochoa-Romo JP,
Lopez-Contreras BE, Canizales-Quinteros S et al (2021) Gut dsDNA
virome shows diversity and richness alterations associated with
childhood obesity and metabolic syndrome. iScience 24: 102900

Pag. 103



Veronica Fertitta

Biswas SK (2016) Does the Interdependence between Oxidative
Stress and Inflammation Explain the Antioxidant Paradox? Oxid
Med Cell Longev 2016: 5698931

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-
Ghalith GA, Alexander H, Alm EJ, Arumugam M, Asnicar F et al
(2019) Reproducible, interactive, scalable and extensible
microbiome data science using QIIME 2. Nat Biotechnol 37: 852-
857

Boutagy NE, McMillan RP, Frisard MI, Hulver MW (2016)
Metabolic endotoxemia with obesity: Is it real and is it relevant?
Biochimie 124: 11-20

Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F,
Benbrahim-Tallaa L, Guha N, Freeman C, Galichet L et al (2009) A
review of human carcinogens--Part B: biological agents. Lancet
Oncol 10: 321-322

Busetto L, Dicker D, Azran C, Batterham RL, Farpour-Lambert N,
Fried M, Hjelmesaeth J, Kinzl J, Leitner DR, Makaronidis JM et al
(2018) Obesity Management Task Force of the European Association
for the Study of Obesity Released "Practical Recommendations for
the Post-Bariatric Surgery Medical Management”. Obes Surg 28:
2117-2121

Cancello R, Tordjman J, Poitou C, Guilhem G, Bouillot JL, Hugol D,
Coussieu C, Basdevant A, Bar Hen A, Bedossa P et al (2006)
Increased infiltration of macrophages in omental adipose tissue is
associated with marked hepatic lesions in morbid human obesity.
Diabetes 55: 1554-1561

Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D,
Neyrinck AM, Fava F, Tuohy KM, Chabo C et al (2007) Metabolic
endotoxemia initiates obesity and insulin resistance. Diabetes 56:
1761-1772

Pag 104



Dottorato di ricerca in Genetica e Biologia Molecolare

Carethers JM (2020) Fecal DNA Testing for Colorectal Cancer
Screening. Annu Rev Med 71: 59-69

Castellano-Castillo D, Morcillo S, Clemente-Postigo M, Crujeiras
AB, Fernandez-Garcia JC, Torres E, Tinahones FJ, Macias-Gonzalez
M (2018) Adipose tissue inflammation and VDR expression and
methylation in colorectal cancer. Clin Epigenetics 10: 60

Castellarin M, Warren RL, Freeman JD, Dreolini L, Krzywinski M,
Strauss J, Barnes R, Watson P, Allen-Vercoe E, Moore RA et al
(2012) Fusobacterium nucleatum infection is prevalent in human
colorectal carcinoma. Genome Res 22: 299-306

Chakraborti CK (2015) New-found link between microbiota and
obesity. World J Gastrointest Pathophysiol 6: 110-119

Chen J, Huang XF (2015) High fat diet-induced obesity increases the
formation of colon polyps induced by azoxymethane in mice. Ann
Transl Med 3: 79

Chien Y, Scuoppo C, Wang X, Fang X, Balgley B, Bolden JE,
Premsrirut P, Luo W, Chicas A, Lee CS et al (2011) Control of the
senescence-associated secretory phenotype by NF-kappaB promotes
senescence and enhances chemosensitivity. Genes Dev 25: 2125-
2136

Choi J, Maeng HG, Lee SJ, Kim YJ, Kim DW, Lee HN, Namgung
JH, Oh HM, Kim TJ, Jeong JE et al (2018) Diagnostic value of
peripheral blood immune profiling in colorectal cancer. Ann Surg
Treat Res 94: 312-321

Chooi YC, Ding C, Magkos F (2019) The epidemiology of obesity.
Metabolism 92: 6-10

Conti L, Casetti R, Cardone M, Varano B, Martino A, Belardelli F,
Poccia F, Gessani S (2005) Reciprocal activating interaction between
dendritic cells and pamidronate-stimulated gammadelta T cells: role
of CD86 and inflammatory cytokines. J Immunol 174: 252-260

Pag. 105



Veronica Fertitta

Costanzo AE, Taylor KR, Dutt S, Han PP, Fujioka K, Jameson JM
(2015) Obesity impairs gammadelta T cell homeostasis and antiviral
function in humans. PLoS One 10: e0120918

Cui TX, Brady AE, Zhang YJ, Anderson C, Popova AP (2023) IL-
17a-producing gammadeltaT cells and NKG2D signaling mediate
bacterial endotoxin-induced neonatal lung injury: implications for
bronchopulmonary dysplasia. Front Immunol 14: 1156842

de Mello AH, Costa AB, Engel JDG, Rezin GT (2018)
Mitochondrial dysfunction in obesity. Life Sci 192: 26-32

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB (2019)
Colorectal cancer. Lancet 394: 1467-1480

Del Corno M, D'Archivio M, Conti L, Scazzocchio B, Vari R,
Donninelli G, Varano B, Giammarioli S, De Meo S, Silecchia G et al
(2016) Visceral fat adipocytes from obese and colorectal cancer
subjects exhibit distinct secretory and omega6 polyunsaturated fatty
acid profiles and deliver immunosuppressive signals to innate
immunity cells. Oncotarget 7: 63093-63105

Dela Cruz CS, Kang MJ (2018) Mitochondrial dysfunction and
damage associated molecular patterns (DAMPSs) in chronic
inflammatory diseases. Mitochondrion 41: 37-44

Donninelli G, Del Corno M, Pierdominici M, Scazzocchio B, Vari R,
Varano B, Pacella I, Piconese S, Barnaba V, D'Archivio M et al
(2017) Distinct Blood and Visceral Adipose Tissue Regulatory T Cell
and Innate Lymphocyte Profiles Characterize Obesity and Colorectal
Cancer. Front Immunol 8: 643

Ebadinejad A, Barzin M, Abiri B, Mahdavi M, Khalaj A, Ebrahimi
D, Hosseinpanah F, Valizadeh M (2022) The effect of bariatric
surgery in comparison with the control group on the prevention of
comorbidities in people with severe obesity: a prospective cohort
study. BMC Surg 22: 290

Pag 106



Dottorato di ricerca in Genetica e Biologia Molecolare

Everard A, Belzer C, Geurts L, Ouwerkerk JP, Druart C, Bindels LB,
Guiot Y, Derrien M, Muccioli GG, Delzenne NM et al (2013) Cross-
talk between Akkermansia muciniphila and intestinal epithelium
controls diet-induced obesity. Proc Natl Acad Sci U S A 110: 9066-
9071

Fang CY, Chen JS, Hsu BM, Hussain B, Rathod J, Lee KH (2021)
Colorectal Cancer Stage-Specific Fecal Bacterial Community
Fingerprinting of the Taiwanese Population and Underpinning of
Potential Taxonomic Biomarkers. Microorganisms 9

Fazolini NP, Cruz AL, Werneck MB, Viola JP, Maya-Monteiro CM,
Bozza PT (2015) Leptin activation of mTOR pathway in intestinal
epithelial cell triggers lipid droplet formation, cytokine production
and increased cell proliferation. Cell Cycle 14: 2667-2676

Flanagan L, Schmid J, Ebert M, Soucek P, Kunicka T, Liska V,
Bruha J, Neary P, Dezeeuw N, Tommasino M et al (2014)
Fusobacterium nucleatum associates with stages of colorectal
neoplasia development, colorectal cancer and disease outcome. Eur J
Clin Microbiol Infect Dis 33: 1381-1390

Fumagalli M, d'Adda di Fagagna F (2009) SASPense and DDRama
in cancer and ageing. Nat Cell Biol 11: 921-923

Galati L, Gupta P, Tufaro A, Marinaro M, Saponaro C, Escobar
Marcillo DI, Loisi D, Sen R, Robitaille A, Brancaccio RN et al
(2023) Evaluation of human papillomavirus DNA in colorectal
cancer and adjacent mucosal tissue samples. Infect Agent Cancer 18:
71

Ganesh BP, Klopfleisch R, Loh G, Blaut M (2013) Commensal
Akkermansia muciniphila exacerbates gut inflammation in
Salmonella Typhimurium-infected gnotobiotic mice. PLoS One 8:
e74963

Pag. 107



Veronica Fertitta

Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH,
Diaz LA, Jr. (2019) Immunotherapy in colorectal cancer: rationale,
challenges and potential. Nat Rev Gastroenterol Hepatol 16: 361-375

Garcia-Vello P, Tytgat HLP, Elzinga J, Van Hul M, Plovier H,
Tiemblo-Martin M, Cani PD, Nicolardi S, Fragai M, De Castro C et
al (2024) The lipooligosaccharide of the gut symbiont Akkermansia
muciniphila exhibits a remarkable structure and TLR signaling
capacity. Nat Commun 15: 8411

Ghaben AL, Scherer PE (2019) Adipogenesis and metabolic health.
Nat Rev Mol Cell Biol 20: 242-258

Groner B (2012) Determinants of the extent and duration of STAT3
signaling. JAKSTAT 1: 211-215

Guglielmi V, Cardellini M, Cinti F, Corgosinho F, Cardolini I,
D'Adamo M, Zingaretti MC, Bellia A, Lauro D, Gentileschi P et al
(2015) Omental adipose tissue fibrosis and insulin resistance in
severe obesity. Nutr Diabetes 5: e175

Guo CG, Ma W, Drew DA, Cao Y, Nguyen LH, Joshi AD, Ng K,
Ogino S, Meyerhardt JA, Song M et al (2021) Aspirin Use and Risk
of Colorectal Cancer Among Older Adults. JAMA Oncol 7: 428-435

Gustafson B, Smith U (2006) Cytokines promote Wnt signaling and
inflammation and impair the normal differentiation and lipid
accumulation in 3T3-L1 preadipocytes. J Biol Chem 281: 9507-9516

Hatasa M, Ohsugi Y, Katagiri S, Yoshida S, Niimi H, Morita K,
Tsuchiya Y, Shimohira T, Sasaki N, Maekawa S et al (2020)
Endotoxemia by Porphyromonas gingivalis Alters Endocrine
Functions in Brown Adipose Tissue. Front Cell Infect Microbiol 10:
580577

Heiss CN, Olofsson LE (2018) Gut Microbiota-Dependent
Modulation of Energy Metabolism. J Innate Immun 10: 163-171

Pag 108



Dottorato di ricerca in Genetica e Biologia Molecolare

Ho SX, Law JH, Png CW, Alberts R, Zhang Y, Chu JJH, Tan KK
(2024) Alterations in colorectal cancer virome and its persistence
after surgery. Sci Rep 14: 2819

Hoeres T, Holzmann E, Smetak M, Birkmann J, Wilhelm M (2019)
PD-1 signaling modulates interferon-gamma production by Gamma
Delta (gammadelta) T-Cells in response to leukemia.
Oncoimmunology 8: 1550618

Hotamisligil GS (2006) Inflammation and metabolic disorders.
Nature 444: 860-867

IARC Handbooks of Cancer Prevention 2021. Interventions.
IWGotEOC-P. Absence of excess body fatness. Absence of excess
body fatness. IACRC Handbooks of Cancer Prevention. Lyon (FR).

| FE, Huang Y, Chen T, Lin M, Kokaras A, Dewhirst FE, Lemon KP
(2020) Construction of habitat-specific training sets to achieve
species-level assignment in 16S rRNA gene datasets. Microbiome 8:
65

Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, Gordon
JI, Krakoff J (2011) Energy-balance studies reveal associations
between gut microbes, caloric load, and nutrient absorption in
humans. Am J Clin Nutr 94: 58-65

Kahn BB, Flier JS (2000) Obesity and insulin resistance. J Clin
Invest 106: 473-481

Kang M, Edmundson P, Araujo-Perez F, McCoy AN, Galanko J,
Keku TO (2013) Association of plasma endotoxin, inflammatory
cytokines and risk of colorectal adenomas. BMC Cancer 13: 91

Kim SE, Paik HY, Yoon H, Lee JE, Kim N, Sung MK (2015) Sex-
and gender-specific disparities in colorectal cancer risk. World J
Gastroenterol 21: 5167-5175

Pag. 109



Veronica Fertitta

Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov K,
Perederiy V, Gavalko Y, Dorofeyev A, Romanenko M, Tkach S et al
(2017)  Association  between body mass index and
Firmicutes/Bacteroidetes ratio in an adult Ukrainian population.
BMC Microbiol 17: 120

Koliarakis I, Messaritakis I, Nikolouzakis TK, Hamilos G,
Souglakos J, Tsiaoussis J (2019) Oral Bacteria and Intestinal
Dysbiosis in Colorectal Cancer. Int J Mol Sci 20

Kostic AD, Gevers D, Pedamallu CS, Michaud M, Duke F, Earl AM,
Ojesina Al, Jung J, Bass AJ, Tabernero J et al (2012) Genomic
analysis identifies association of Fusobacterium with colorectal
carcinoma. Genome Res 22: 292-298

Lautenbach A, Stoll F, Mann O, Busch P, Huber TB, Kielstein H,
Bahr I, Aberle J (2021) Long-Term Improvement of Chronic Low-
Grade Inflammation After Bariatric Surgery. Obes Surg 31: 2913-
2920

Legitimo A, Consolini R, Failli A, Orsini G, Spisni R (2014)
Dendritic cell defects in the colorectal cancer. Hum Vaccin
Immunother 10: 3224-3235

Ley RE, Backhed F, Turnbaugh P, Lozupone CA, Knight RD,
Gordon JI (2005) Obesity alters gut microbial ecology. Proc Natl
Acad Sci U S A 102: 11070-11075

Li D, Wu M (2021) Pattern recognition receptors in health and
diseases. Signal Transduct Target Ther 6: 291

Li J, Su X, Dai L, Chen N, Fang C, Dong Z, Fu J, YuY, Wang W,
Zhang H et al (2020) Temporal DNA methylation pattern and
targeted therapy in colitis-associated cancer. Carcinogenesis 41: 235-
244

Li YX, Zhang L, Simayi D, Zhang N, Tao L, Yang L, Zhao J, Chen
YZ, Li F, Zhang WJ (2015) Human papillomavirus infection

Pag 110



Dottorato di ricerca in Genetica e Biologia Molecolare

correlates with inflammatory Stat3 signaling activity and IL-17 level
in patients with colorectal cancer. PLoS One 10: e0118391

LiuF, Yan L, Wang Z, LuY, Chu Y, Li X, Liu Y, Rui D, Nie S, Xiang
H (2017) Metformin therapy and risk of colorectal adenomas and
colorectal cancer in type 2 diabetes mellitus patients: A systematic
review and meta-analysis. Oncotarget 8: 16017-16026

Love MI, Huber W, Anders S (2014) Moderated estimation of fold
change and dispersion for RNA-seq data with DESeq2. Genome Biol
15: 550

Lukanova A, Toniolo P, Zeleniuch-Jacquotte A, Grankvist K, Wulff
M, Arslan AA, Afanasyeva Y, Johansson R, Lenner P, Hallmans G et
al (2006) Insulin-like growth factor I in pregnancy and maternal risk
of breast cancer. Cancer Epidemiol Biomarkers Prev 15: 2489-2493

Lumeng CN, Bodzin JL, Saltiel AR (2007) Obesity induces a
phenotypic switch in adipose tissue macrophage polarization. J Clin
Invest 117: 175-184

Luo Y, Lan C, Li H, Ouyang Q, Kong F, Wu A, Ren Z, Tian G, Cai J,
Yu B et al (2022) Rational consideration of Akkermansia
muciniphila targeting intestinal health: advantages and challenges.
NPJ Biofilms Microbiomes 8: 81

Lynch SV, Pedersen O (2016) The Human Intestinal Microbiome in
Health and Disease. N Engl J Med 375: 2369-2379

Ma TS, X.; Shi, X.; Sakandar, H.A.; Quan, K.; Li, Y.; Jin, H.; Kwok,
L.; Zhang, H.; Sun, Z. (2023) Targeting gut microbiota and
metabolism as the major probiotic mechanism - An evidence-based
review. Trends in Food Science & Technology 138: 178-198

Magalhaes 1, Pingris K, Poitou C, Bessoles S, Venteclef N, Kiaf B,
Beaudoin L, Da Silva J, Allatif O, Rossjohn J et al (2015) Mucosal-
associated invariant T cell alterations in obese and type 2 diabetic
patients. J Clin Invest 125: 1752-1762

Pag. 111



Veronica Fertitta

Malaquin N, Carrier-Leclerc A, Dessureault M, Rodier F (2015)
DDR-mediated crosstalk between DNA-damaged cells and their
microenvironment. Front Genet 6: 94

Manilla V, Di Tommaso N, Santopaolo F, Gasbarrini A, Ponziani FR
(2023) Endotoxemia and Gastrointestinal Cancers: Insight into the
Mechanisms Underlying a Dangerous Relationship. Microorganisms
11

Maronek M, Link R, Monteleone G, Gardlik R, Stolfi C (2020)
Viruses in Cancers of the Digestive System: Active Contributors or
Idle Bystanders? Int J Mol Sci 21

McDonald D, Jiang Y, Balaban M, Cantrell K, Zhu Q, Gonzalez A,
Morton JT, Nicolaou G, Parks DH, Karst SM et al (2024)
Greengenes2 unifies microbial data in a single reference tree. Nat
Biotechnol 42: 715-718

Michielsen AJ, Hogan AE, Marry J, Tosetto M, Cox F, Hyland JM,
Sheahan KD, O'Donoghue DP, Mulcahy HE, Ryan EJ et al (2011)
Tumour tissue microenvironment can inhibit dendritic cell
maturation in colorectal cancer. PLoS One 6: 27944

Minamino T, Orimo M, Shimizu I, Kunieda T, Yokoyama M, Ito T,
Nojima A, Nabetani A, Oike Y, Matsubara H et al (2009) A crucial
role for adipose tissue p53 in the regulation of insulin resistance. Nat
Med 15: 1082-1087

Mohr AE, Crawford M, Jasbi P, Fessler S, Sweazea KL (2022)
Lipopolysaccharide and the gut microbiota: considering structural
variation. FEBS Lett 596: 849-875

Mruk-Mazurkiewicz H, Kulaszynska M, Czarnecka W, Podkowka A,
Ekstedt N, Zawodny P, Wierzbicka-Wos A, Marlicz W, Skupin B,
Stachowska E et al (2024) Insights into the Mechanisms of Action of
Akkermansia muciniphila in the Treatment of Non-Communicable
Diseases. Nutrients 16

Pag 112



Dottorato di ricerca in Genetica e Biologia Molecolare

Muscogiuri G, Verde L, Vetrani C, Barrea L, Savastano S, Colao A
(2024) Obesity: a gender-view. J Endocrinol Invest 47: 299-306

Nakatsu G, Li X, Zhou H, Sheng J, Wong SH, Wu WK, Ng SC, Tsoi
H, Dong Y, Zhang N et al (2015) Gut mucosal microbiome across
stages of colorectal carcinogenesis. Nat Commun 6: 8727

Naldini L (2015) Gene therapy returns to centre stage. Nature 526:
351-360

Ngo HT, Hetland RB, Nygaard UC, Steffensen IL (2015) Genetic
and Diet-Induced Obesity Increased Intestinal Tumorigenesis in the
Double Mutant Mouse Model Multiple Intestinal Neoplasia X Obese
via Disturbed Glucose Regulation and Inflammation. J Obes 2015:
343479

Nono Nankam PA, Nguelefack TB, Goedecke JH, Bluher M (2021)
Contribution of Adipose Tissue Oxidative Stress to Obesity-
Associated Diabetes Risk and Ethnic Differences: Focus on Women
of African Ancestry. Antioxidants (Basel) 10

Nussbaumer O, Koslowski M (2019) The emerging role of
gammadelta T cells in cancer immunotherapy. Immunooncol Technol
1: 3-10

Nyitray AG, Peng F, Day RS, Carvalho Da Silva RJ, Baggio ML,
Salmeron J, Quiterio M, Abrahamsen M, Lazcano-Ponce E, Villa LL
et al (2019) The association between body mass index and anal canal
human papillomavirus prevalence and persistence: the HIM study.
Hum Vaccin Immunother 15: 1911-1919

O'Connell J, Lynch L, Cawood TJ, Kwasnik A, Nolan N, Geoghegan
J, McCormick A, O'Farrelly C, O'Shea D (2010) The relationship of
omental and subcutaneous adipocyte size to metabolic disease in
severe obesity. PL0oS One 5: €9997

O'Shea D, Corrigan M, Dunne MR, Jackson R, Woods C, Gaoatswe
G, Moynagh PN, O'Connell J, Hogan AE (2013) Changes in human
dendritic cell number and function in severe obesity may contribute

Pag. 113



Veronica Fertitta

to increased susceptibility to viral infection. Int J Obes (Lond) 37:
1510-1513

Palmer AK, Xu M, Zhu Y, Pirtskhalava T, Weivoda MM, Hachfeld
CM, Prata LG, van Dijk TH, Verkade E, Casaclang-Verzosa G et al
(2019) Targeting senescent cells alleviates obesity-induced metabolic
dysfunction. Aging Cell 18: €12950

Park SY, Hwang BO, Lim M, Ok SH, Lee SK, Chun KS, Park KK,
Hu Y, Chung WY, Song NY (2021) Oral-Gut Microbiome Axis in
Gastrointestinal Disease and Cancer. Cancers (Basel) 13

Pascal V, Pozuelo M, Borruel N, Casellas F, Campos D, Santiago A,
Martinez X, Varela E, Sarrabayrouse G, Machiels K et al (2017) A
microbial signature for Crohn's disease. Gut 66: 813-822

Patel S, Santani D (2009) Role of NF-kappa B in the pathogenesis of
diabetes and its associated complications. Pharmacol Rep 61: 595-
603

Patel SG, Karlitz JJ, Yen T, Lieu CH, Boland CR (2022) Comparison
of trends in early-onset colorectal cancer in North America and
Europe - Authors' reply. Lancet Gastroenterol Hepatol 7: 506

Penrose HM, Heller S, Cable C, Nakhoul H, Ungerleider N, Baddoo
M, Pursell ZF, Flemington EK, Crawford SE, Savkovic SD (2017) In
colonic rho(0) (rho0) cells reduced mitochondrial function mediates
transcriptomic alterations associated with cancer. Oncoscience 4:
189-198

Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S
(2016) Global burden of cancers attributable to infections in 2012: a
synthetic analysis. Lancet Glob Health 4: e609-616

Qin Y, Tong X, Mei WJ, Cheng Y, Zou Y, Han K, Yu J, Jie Z, Zhang
T, Zhu S et al (2024) Consistent signatures in the human gut
microbiome of old- and young-onset colorectal cancer. Nat Commun
15: 3396

Pag 114



Dottorato di ricerca in Genetica e Biologia Molecolare

Qiu Q, Li Y, Fan Z, Yao F, Shen W, Sun J, Yuan Y, Chen J, Cai L,
Xie Y et al (2020) Gene Expression Analysis of Human
Papillomavirus-Associated Colorectal Carcinoma. Biomed Res Int
2020: 5201587

Raetz CR, Whitfield C (2002) Lipopolysaccharide endotoxins. Annu
Rev Biochem 71: 635-700

Rawla P, Barsouk A (2019) Epidemiology of gastric cancer: global
trends, risk factors and prevention. Prz Gastroenterol 14: 26-38

Rezasoltani S, Sharafkhah M, Asadzadeh Aghdaei H,
Nazemalhosseini Mojarad E, Dabiri H, Akhavan Sepahi A,
Modarressi MH, Feizabadi MM, Zali MR (2018) Applying simple
linear combination, multiple logistic and factor analysis methods for
candidate fecal bacteria as novel biomarkers for early detection of
adenomatous polyps and colon cancer. J Microbiol Methods 155: 82-
88

Rodrigues VF, Elias-Oliveira J, Pereira IS, Pereira JA, Barbosa SC,
Machado MSG, Carlos D (2022) Akkermansia muciniphila and Gut
Immune System: A Good Friendship That Attenuates Inflammatory
Bowel Disease, Obesity, and Diabetes. Front Immunol 13: 934695

Rodriguez JM, Murphy K, Stanton C, Ross RP, Kober Ol, Juge N,
Avershina E, Rudi K, Narbad A, Jenmalm MC et al (2015) The
composition of the gut microbiota throughout life, with an emphasis
on early life. Microb Ecol Health Dis 26: 26050

Rotta G, Edwards EW, Sangaletti S, Bennett C, Ronzoni S, Colombo
MP, Steinman RM, Randolph GJ, Rescigno M (2003)
Lipopolysaccharide or whole bacteria block the conversion of
inflammatory monocytes into dendritic cells in vivo. J Exp Med 198:
1253-1263

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillere
R, Fluckiger A, Messaoudene M, Rauber C, Roberti MP et al (2018)

Pag. 115



Veronica Fertitta

Gut microbiome influences efficacy of PD-1-based immunotherapy
against epithelial tumors. Science 359: 91-97

Rubinstein MR, Wang X, Liu W, Hao Y, Cai G, Han YW (2013)
Fusobacterium nucleatum promotes colorectal carcinogenesis by
modulating E-cadherin/beta-catenin signaling via its FadA adhesin.
Cell Host Microbe 14: 195-206

Rydstrom A, Wick MJ (2010) Salmonella inhibits monocyte
differentiation into CD11c hi MHC-I1 hi cells in a MyD88-dependent
fashion. J Leukoc Biol 87: 823-832

Sabol I, Smahelova J, Klozar J, Mravak-Stipetic M, Gheit T,
Tommasino M, Grce M, Tachezy R (2016) Beta-HPV types in
patients with head and neck pathology and in healthy subjects. J Clin
Virol 82: 159-165

Sanseverino |, Purificato C, Varano B, Conti L, Gessani S, Gauzzi
MC (2014) STAT3-silenced human dendritic cells have an enhanced
ability to prime IFNgamma production by both alphabeta and
gammadelta T lymphocytes. Immunobiology 219: 503-511

Sato K, Takahashi N, Kato T, Matsuda Y, Yokoji M, Yamada M,
Nakajima T, Kondo N, Endo N, Yamamoto R et al (2017)
Aggravation of collagen-induced arthritis by orally administered
Porphyromonas gingivalis through modulation of the gut microbiota
and gut immune system. Sci Rep 7: 6955

Schauer DP, Feigelson HS, Koebnick C, Caan B, Weinmann S,
Leonard AC, Powers JD, Yenumula PR, Arterburn DE (2019)
Bariatric Surgery and the Risk of Cancer in a Large Multisite Cohort.
Ann Surg 269: 95-101

Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF (1995) A
novel serum protein similar to Clg, produced exclusively in
adipocytes. J Biol Chem 270: 26746-26749

Schiller JT, Lowy DR (2021) An Introduction to Virus Infections and
Human Cancer. Recent Results Cancer Res 217: 1-11

Pag 116



Dottorato di ricerca in Genetica e Biologia Molecolare

Schmitt M, Dondog B, Waterboer T, Pawlita M, Tommasino M,
Gheit T (2010) Abundance of multiple high-risk human
papillomavirus (HPV) infections found in cervical cells analyzed by
use of an ultrasensitive HPV genotyping assay. J Clin Microbiol 48:
143-149

Schulz MD, Atay C, Heringer J, Romrig FK, Schwitalla S, Aydin B,
Ziegler PK, Varga J, Reindl W, Pommerenke C et al (2014) High-fat-
diet-mediated  dysbiosis promotes intestinal  carcinogenesis
independently of obesity. Nature 514: 508-512

Senghor BS, C.; Raymond, R.; Lagier, J. (2018) Gut microbiota
diversity according to dietary habits and geographical provenance.
Human Microbiome Journal 7-8: 1-9

Serino M, Luche E, Gres S, Baylac A, Berge M, Cenac C, Waget A,
Klopp P, lacovoni J, Klopp C et al (2012) Metabolic adaptation to a
high-fat diet is associated with a change in the gut microbiota. Gut
61: 543-553

Signore M, Alfonsi R, Federici G, Nanni S, Addario A, Bertuccini L,
Aiello A, Di Pace AL, Sperduti I, Muto G et al (2021) Diagnostic
and prognostic potential of the proteomic profiling of serum-derived
extracellular vesicles in prostate cancer. Cell Death Dis 12: 636

Signore M, Manganelli V (2022) Reverse Phase Protein Arrays in
cancer stem cells. Methods Cell Biol 171: 33-61

Song W, Tiruthani K, Wang Y, Shen L, Hu M, Dorosheva O, Qiu K,
Kinghorn KA, Liu R, Huang L (2018) Trapping of
Lipopolysaccharide to Promote Immunotherapy against Colorectal
Cancer and Attenuate Liver Metastasis. Adv Mater 30: e1805007

Stattin P, Palmqvist R, Soderberg S, Biessy C, Ardnor B, Hallmans
G, Kaaks R, Olsson T (2003) Plasma leptin and colorectal cancer
risk: a prospective study in Northern Sweden. Oncol Rep 10: 2015-
2021

Pag. 117



Veronica Fertitta

Stolfi C, Maresca C, Monteleone G, Laudisi F (2022) Implication of
Intestinal Barrier Dysfunction in Gut Dysbiosis and Diseases.
Biomedicines 10

Sugiyama M, Takahashi H, Hosono K, Endo H, Kato S, Yoneda K,
Nozaki Y, Fujita K, Yoneda M, Wada K et al (2009) Adiponectin
inhibits colorectal cancer cell growth through the AMPK/mTOR
pathway. Int J Oncol 34: 339-344

Sun 'Y, Li H, Sun MJ, Zheng YY, Gong DJ, Xu Y (2014) Endotoxin
tolerance  induced by lipopolysaccharides derived  from
Porphyromonas gingivalis and Escherichia coli: alternations in Toll-
like receptor 2 and 4 signaling pathway. Inflammation 37: 268-276

Tam J, Hoffmann T, Fischer S, Bornstein S, Grassler J, Noack B
(2018) Obesity alters composition and diversity of the oral
microbiota in patients with type 2 diabetes mellitus independently of
glycemic control. PLoS One 13: e0204724

Thomas AM, Manghi P, Asnicar F, Pasolli E, Armanini F, Zolfo M,
Beghini F, Manara S, Karcher N, Pozzi C et al (2019) Author
Correction: Metagenomic analysis of colorectal cancer datasets
identifies cross-cohort microbial diagnostic signatures and a link
with choline degradation. Nat Med 25: 1948

Tjalsma H, Boleij A, Marchesi JR, Dutilh BE (2012) A bacterial
driver-passenger model for colorectal cancer: beyond the usual
suspects. Nat Rev Microbiol 10: 575-582

Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A,
Ley RE, Sogin ML, Jones WJ, Roe BA, Affourtit JP et al (2009) A
core gut microbiome in obese and lean twins. Nature 457: 480-484

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER,
Gordon JI (2006) An obesity-associated gut microbiome with
increased capacity for energy harvest. Nature 444: 1027-1031

Ungvari Z, Fekete M, Varga P, Lehoczki A, Fekete JT, Ungvari A,
Gyorffy B (2024) Overweight and obesity significantly increase

Pag 118



Dottorato di ricerca in Genetica e Biologia Molecolare

colorectal cancer risk: a meta-analysis of 66 studies revealing a 25-
57% elevation in risk. Geroscience

Veettil SK, Wong TY, Loo YS, Playdon MC, Lai NM, Giovannucci
EL, Chaiyakunapruk N (2021) Role of Diet in Colorectal Cancer
Incidence: Umbrella Review of Meta-analyses of Prospective
Observational Studies. JAMA Netw Open 4: e2037341

Wang HB, Wang PY, Wang X, Wan YL, Liu YC (2012a) Butyrate
enhances intestinal epithelial barrier function via up-regulation of
tight junction protein Claudin-1 transcription. Dig Dis Sci 57: 3126-
3135

Wang L, Wang B, Gasek NS, Zhou Y, Cohn RL, Martin DE, Zuo W,
Flynn WF, Guo C, Jellison ER et al (2022a) Targeting p21(Cipl)
highly expressing cells in adipose tissue alleviates insulin resistance
in obesity. Cell Metab 34: 75-89 e78

Wang T, Cai G, Qiu Y, Fei N, Zhang M, Pang X, Jia W, Cai S, Zhao
L (2012b) Structural segregation of gut microbiota between
colorectal cancer patients and healthy volunteers. ISME J 6: 320-329

Wang WZ, Shulman A, Amann JM, Carbone DP, Tsichlis PN
(2022b) Small cell lung cancer: Subtypes and therapeutic
implications. Semin Cancer Biol 86: 543-554

Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS
(2005) Low plasma adiponectin levels and risk of colorectal cancer
in men: a prospective study. J Natl Cancer Inst 97: 1688-1694

Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL,
Ferrante AW, Jr. (2003) Obesity is associated with macrophage
accumulation in adipose tissue. J Clin Invest 112: 1796-1808

Wiggins T, Guidozzi N, Welbourn R, Ahmed AR, Markar SR (2020)
Association of bariatric surgery with all-cause mortality and
incidence of obesity-related disease at a population level: A
systematic review and meta-analysis. PLoS Med 17: e1003206

Pag. 119



Veronica Fertitta

Wirbel J, Pyl PT, Kartal E, Zych K, Kashani A, Milanese A, Fleck
JS, Woigt AY, Palleja A, Ponnudurai R et al (2019) Meta-analysis of
fecal metagenomes reveals global microbial signatures that are
specific for colorectal cancer. Nat Med 25: 679-689

Wolfle SJ, Strebovsky J, Bartz H, Sahr A, Arnold C, Kaiser C,
Dalpke AH, Heeg K (2011) PD-L1 expression on tolerogenic APCs
is controlled by STAT-3. Eur J Immunol 41: 413-424

Wolin KY, Yan Y, Colditz GA (2011) Physical activity and risk of
colon adenoma: a meta-analysis. Br J Cancer 104: 882-885

Wong SH, Zhao L, Zhang X, Nakatsu G, Han J, Xu W, Xiao X,
Kwong TNY, Tsoi H, Wu WKK et al (2017) Gavage of Fecal
Samples From Patients With Colorectal Cancer Promotes Intestinal
Carcinogenesis in  Germ-Free and Conventional  Mice.
Gastroenterology 153: 1621-1633 €1626

Wueest S, Rapold RA, Rytka JM, Schoenle EJ, Konrad D (2009)
Basal lipolysis, not the degree of insulin resistance, differentiates
large from small isolated adipocytes in high-fat fed mice.
Diabetologia 52: 541-546

Xian H, Watari K, Sanchez-Lopez E, Offenberger J, Onyuru J,
Sampath H, Ying W, Hoffman HM, Shadel GS, Karin M (2022)
Oxidized DNA fragments exit mitochondria via mPTP- and VDAC-
dependent channels to activate NLRP3 inflammasome and interferon
signaling. Immunity 55: 1370-1385 e1378

Xie J, Qian J, Wang S, Freeman ME, 3rd, Epstein J, Yi Q (2003)
Novel and detrimental effects of lipopolysaccharide on in vitro
generation of immature dendritic cells: involvement of mitogen-
activated protein kinase p38. J Immunol 171: 4792-4800

Xu M, Pirtskhalava T, Farr JN, Weigand BM, Palmer AK, Weivoda
MM, Inman CL, Ogrodnik MB, Hachfeld CM, Fraser DG et al
(2018) Senolytics improve physical function and increase lifespan in
old age. Nat Med 24: 1246-1256

Pag 120



Dottorato di ricerca in Genetica e Biologia Molecolare

Yang J, Yan J, Liu B (2018) Targeting VEGF/VEGFR to Modulate
Antitumor Immunity. Front Immunol 9: 978

Yang K, Niu J, Zuo T, Sun Y, Xu Z, Tang W, Liu Q, Zhang J, Ng
EKW, Wong SKH et al (2021) Alterations in the Gut Virome in
Obesity and Type 2 Diabetes Mellitus. Gastroenterology 161: 1257-
1269 e1213

Young AP, Denovan-Wright EM (2024) JAK1/2 Regulates Synergy
Between Interferon Gamma and Lipopolysaccharides in Microglia. J
Neuroimmune Pharmacol 19: 14

Yu YN, Fang JY (2015) Gut Microbiota and Colorectal Cancer.
Gastrointest Tumors 2: 26-32

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM
(1994) Positional cloning of the mouse obese gene and its human
homologue. Nature 372: 425-432

Zhu G, Huang Q, Huang Y, Zheng W, Hua J, Yang S, Zhuang J,
Wang J, Ye J (2016) Lipopolysaccharide increases the release of
VEGF-C that enhances cell motility and promotes
lymphangiogenesis and lymphatic metastasis through the TLR4- NF-
kappaB/JNK pathways in colorectal cancer. Oncotarget 7: 73711-
73724

(0 OOO

2 MG MDD

Attribution-NonCommercial-NoDerivatives 4.0 Internazionale

Pag. 121



Veronica Fertitta

8. LIST OF PUBLICATIONS

v' David Israel Escobar Marcillo, Valeria Guglielmi, Michele
Signore, Valeria Simonelli, Grete Francesca Privitera, Federico
Manganello, Ambra Dell’Orso, Serena Laterza, Eleonora
Parlanti, Alfredo Pulvirenti, Egidio lorio, Rosaria Vari, Lorenza
Nistico, Mahara Valverde, Veronica Fertitta, Francesca Marcon,
Ester Siniscalchi, Paolo Sbraccia, Eugenia Dogliotti and Paola
Fortini. The dual nature of DNA damage response in obesity and
bariatric surgery-induced weight loss. Cell Death Dis. 2024 Sep
11;15(9):664. doi: 10.1038/541419-024-06922-0.
PMID: 39256343. PMCID: PMC11387396

v Veronica Fertitta, Barbara Varano, Manuela Del Corno, Paola
Fortini, Anna Aureli and Lucia Conti. Akkermansia muciniphila-
and pathogenic bacteria-derived endotoxins differently regulate
human dendritic cell generation 3 and yo T Ilymphocyte
activation. Biomolecules 2024, 14(12), 1571;
https://doi.org/10.3390/biom14121571

v Leeya F. Pinder, Pierre Bertrand, Veronica Fertitta, Vincent
Cahais, Mulindi Mwanahamuntu, Namakau Nyambe, Samson
Chisele, Aaron Shibemba, Sandrine McKay-Chopin, Cyrille
Cuenin, Eric Lucas, Richard Muwonge, Akram Ghantous,
Zdenko Herceg, Groesbeck P. Parham,Jiri Zavadil, Partha Basu,
Tarik Gheit. Vaginal microbiome composition in HIV-positive
women undergoing treatment of cervical transformation zone in
a screen and treat programme in Zambia. Submitted to AIDS

Pag 122


https://pmc.ncbi.nlm.nih.gov/articles/PMC11387396/
https://doi.org/10.3390/biom14121571

