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Helicobacter pylori (H. pylori) è un batterio microaerofilo Gram-
negativo, in grado di stabilire unôinfezione gastrica cronica. 
Nonostante lo stomaco possieda un pH estremamente basso, tale 
da impedire la crescita della maggior parte delle forme microbiche, 
H. pylori ha sviluppato particolari caratteristiche microbiologiche 
che, gli consentono di sopravvivere e colonizzare la mucosa 
gastrica, provocando lôinsorgenza di diverse patologie, tra cui: 
gastriti croniche, ulcere, linfoma di MALT (Mucosal Associated 
Lymphoid Tissue) e neoplasie gastriche.  
H. pylori ha una caratteristica forma elicoidale che, insieme ai flagelli 
che lo costituiscono, gli consente di raggiungere lo strato di muco 
che riveste le cellule epiteliali gastriche, laddove si annida 
sfuggendo allôazione distruttiva del pH gastrico. La sua capacità di 
produrre enormi quantità di enzima ureasi, inoltre, gli consente di 
idrolizzare lôurea in ammoniaca (NH3) e anidride carbonica (CO2), 
così da neutralizzare lôacidit¨ dellôambiente gastrico. Queste 
caratteristiche rendono H. pylori un batterio responsabile di una 
malattia endemica in tutto il mondo, considerata la più comune tra 
le patologie batteriche. Circa il 50% della popolazione mondiale ne 
risulta affetta, con una maggiore prevalenza nelle aree geografiche 
industrialmente poco sviluppate e con scarse condizioni igienico-
sanitarie. Sebbene la maggior parte delle persone infettate non 
manifesti sintomi; una minoranza di persone (20%) sviluppa 
importanti patologie gastroduodenali.  
La diversa manifestazione dellôinfezione dipende da diversi fattori 
quali: la risposta dellôospite, la virulenza del batterio e i fattori 
ambientali.  
Ogni volta che un microorganismo patogeno entra in contatto con 
lôuomo, questo interviene attivando la risposta immunitaria innata. 
Questôultima si realizza in due fasi: la prima ¯ caratterizzata 
dallôazione di elementi non specifici e non inducibili dellôospite, tra 
cui barriere fisiche e fisiologiche (cute, mucose, pH gastrico), il cui 
compito ¯ quello di impedire lôingresso del patogeno; la seconda 
invece è caratterizzata da elementi effettori dotati di recettori 
(Pattern Recognition Receptors, PRRs) capaci di riconoscere 
strutture molecolari conservate del patogeno (Pathogen Associated 
Molecular Patterns, PAMPs), i quali danno il via ai meccanismi di 
difesa dellôospite che portano alla risposta infiammatoria.  
Lôinfiammazione ¯ una delle modalit¨ pi½ efficaci di risposta 
dellôospite ad agenti esterni. Tuttavia, se non appropriatamente 
contenuta, può condurre ad alterazioni sistemiche e danni tissutali 
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pi½ gravi di quelli prodotti dallôinsulto. Numerose evidenze 
scientifiche infatti, riportano una profonda associazione tra 
meccanismi infiammatori e patologie con un elevato tasso di 
morbosità e mortalità.  
Generalmente, la principale sfida per un microorganismo patogeno 
è quella di evitare la sua eliminazione da parte del sistema 
immunitario. La capacità di H. pylori di stabilire unôinfezione 
persistente, indica la sua abilit¨ di eludere le difese dellôospite, 
sviluppando esso stesso dei meccanismi di difesa. H. pylori, infatti, 
sopravvive nel lume acido dello stomaco, posizionandosi oltre la 
portata dei comuni sistemi di riconoscimento dellôospite. Ci¸ 
nonostante, promuove ugualmente lôattivazione del sistema 
immunitario, inducendo una risposta infiammatoria moderata, ma 
persistente, causa delle numerose complicazioni cliniche associate 
allôinfezione.  
Lôinfiammazione cronica ha un ruolo patogenetico determinante nellô 
insorgenza del cancro gastrico associato allôinfezione da H. pylori. 
In aggiunta, studi recenti hanno evidenziato il ruolo 
dellôinfiammazione associata allôinfezione non solo nellôalterazione 
dei processi biologici che caratterizzano il lume gastrico, ma anche 
di quelli esterni allôambiente gastrico, provocando importanti 
manifestazioni extra-gastriche (Capitolo 1).   
In assenza di una adeguata strategia vaccinale che miri a prevenire 
la diffusione del patogeno, la terapia antibiotica resta lôunica arma a 
disposizione per contrastare lôinfezione e le manifestazioni cliniche 
che ne derivano. Sfortunatamente, la rapida diffusione 
dellôantibiotico resistenza sta avendo un forte impatto negativo sui 
trattamenti farmacologici disponibili, compromettendone lôefficacia e 
contribuendo al dilagare dellôinfezione.  
In questo scenario, H. pylori rappresenta una seria minaccia per la 
salute dellôuomo, contro la quale sono necessarie strategie 
farmacologiche alternative.  
Il presente lavoro di tesi ha come scopo principale quello di 
individuare nuovi agenti terapeutici per il controllo 
dellôinfezione da Helicobacter pylori, che abbiano come 
obiettivo la modulazione della risposta immunitaria innata, 
utilizzando come target farmacologico i recettori per i peptidi 
formilati (FPRs) (Capitoli 2 e 3).  
I recettori per i peptidi formilati sono PRRs (Capitolo 2), il cui nome 

deriva dalla capacità di legare peptidi formilati, sia di derivazione 
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batterica (PAMPs), sia di derivazione mitocondriale (Damage 

Associated Molecular Patterns, DAMPs), partecipando pertanto alla 

patogenesi delle infezioni e delle patologie infiammatorie. Essi 

appartengono alla famiglia dei recettori accoppiati a proteine G (Gi), 

i quali attraverso lôattivazione delle proteine G eterotrimeriche, 

riescono a convertire stimoli extracellulari in risposte intracellulari. 

Di conseguenza, tali recettori appaiono coinvolti in numerosi 

processi fisiologici e patologici, costituendo importanti target per lo 

sviluppo di nuovi agenti terapeutici. Si tratta di recettori ad attività 

chemiotattica, particolarmente coinvolti nei processi infiammatori, di 

cui lôuomo possiede tre differenti isoforme: FPR1, FPR2 o FPRL1 e 

FPR3 o FPRL2. Tutti e tre i recettori sono espressi a livello dei 

monociti, ma solo FPR1 e FPR2 si trovano a livello della membrana 

dei neutrofili. Inoltre, FPR1 è espresso a livello degli astrociti, delle 

cellule della microglia, degli epatociti e delle cellule dendritiche 

immature. FPR2 invece, oltre alle cellule che esprimono FPR1, si 

trova anche sui fagociti, leucociti, cellule epiteliali ed endoteliali. 

Pertanto, FPR2 è tra i tre recettori, quello con una maggiore 

promiscuità in termini di distribuzione tissutale e non solo. Al 

contrario di FPR1 e FPR3, FPR2 può rispondere ad un elevato 

numero di ligandi di origine esogena o endogena e caratterizzati da 

una cospicua diversità strutturale.  

È interessante notare inoltre, che FPR2 può legare un ampio 

numero di molecole di origine sintetica, rappresentando in tal senso, 

un importante strumento per lo sviluppo di nuovi farmaci. 

I recettori per i peptidi formilati contribuiscono in misura significativa 
al processo patologico associato allôinfezione da H. pylori. Questô 
ultimo infatti, produce un peptide ad attività antimicrobica [Hp(2-20)], 
il quale interagendo con FPR2 favorisce la colonizzazione e 
infiammazione della mucosa gastrica.  Lôinterazione tra Hp(2-20) e 
FPR2 attiva una cascata del segnale a valle che culmina nella 
risposta infiammatoria, partecipando alla severit¨ dellôinfezione.  
Sulla base di quanto riportato, lôattivit¨ di ricerca si ¯ focalizzata sulla 
identificazione e caratterizzazione di composti di origine 
naturale capaci di antagonizzare FPR2 e quindi inibirne la cascata 
di trasduzione del segnale.  
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Negli ultimi anni lôinvasione del Mar Mediterraneo da parte di specie 
ñalieneò o alloctone ha rappresentato un problema di portata 
mondiale, modificando la struttura degli habitat e provocando la 
distribuzione degli organismi autoctoni, con importanti conseguenze 
ecologiche, sociali ed economiche.  Solitamente queste specie per 
potere sopravvivere in ambienti non nativi, producono metaboliti 
secondari i quali spesso possiedono importanti proprietà biologiche.  
In questo scenario, lôutilizzo di questi prodotti rappresenta una valida 
e sostenibile alternativa allôimpiego di molecole biologicamente 
attive di origine sintetica.  
Un approccio di tale tipo contribuisce alla realizzazione di un 
processo di sostenibilità economica e soprattutto ambientale.  
La Caulerpina ¯ un alcaloide prodotto dallôalga verde Caulerpa 
cylindracea, nativa dellôAustralia e invasiva nel Mediterraneo.  
La possibilità di utilizzare la Cauerpina come potenziale antagonista 
del recettore FPR2, per ridurre il processo infiammatorio associato 
allôinfezione da H. pylori, è stata valutata sulla base di diversi 
elementi: (i) riconosciuta attività antinfiammatoria; (ii) scarsa 
tossicità; (iii) presenza di nuclei indolici nella struttura chimica.  
Da sempre gli indoli sono composti di notevole interesse 
farmaceutico; inoltre è riportato che antagonisti dei recettori per i 
peptidi formilati finora noti (prevalentemente peptidi), contengono 
nella loro struttura nuclei indolici.  
La potenzialità della Caulerpina nellôinteragire e antagonizzare 
FPR2 è stata esaminata eseguendo test in silico e in vitro. Questi 
ultimi hanno evidenziato unôinteressante capacit¨ della molecola nel 
ridurre la risposta infiammatoria associata allôinfezione da H. pylori, 
modulando il pathway del segnale del recettore FPR2.  
Accanto a tali indagini, lôapproccio metabolomico mediante 
Risonanza Magnetica Nucleare (NMR) e analisi multivariata è stato 
condotto per valutare lôefficacia della Caulerpina e la sua capacit¨ di 
ridurre il rischio di patologie extra-gastriche associate allôinfezione 
(Capitolo 4).  
In conclusione, il seguente lavoro di tesi apre la strada al possibile 
impego della Caulerpina da parte dellôindustria farmaceutica, come 
potenziale agente ad attività antinfiammatoria da impiegare nella 
terapia contro lôinfezione da Helicobacter pylori, riducendo i rischi 
clinici associati. In aggiunta, lôimportanza dei recettori per i peptidi 
formilati rende la Caulerpina un potenziale candidato per il 
trattamento di svariate patologie infiammatorie, non 
necessariamente di origine microbica.  
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Helicobacter pylori (H. pylori) is a major human pathogen causing 
chronic infection, which generates a state of persistent inflammation, 
leading to severe gastric and extra-gastric outcomes. In the absence 
of effective vaccines, treatment of chronic H. pylori infection is the 
favorite approach for preventing the subsequent clinical 
implications. However, H. pylori eradication is a difficult clinical 
practice. Increasing antibiotic resistance, as well as the capacity of 
H. pylori to successfully evade the host immune system, make it a 
serious threat for human health. Consequently, novel 
pharmacological strategies are needed.  
The present PhD thesis focuses on the identification of new 
therapeutic agents for the management of H. pylori infection, 
modulating the host innate immune response, by targeting the 
Formyl peptide receptors (FPRs).  
FPRs participate to the host defense by orchestrating the 
inflammatory response. They have been widely recognized to play 
critical roles in inflammation-associated diseases. Thus, treatment 
with FPRs-modulation may be helpful to reduce H. pylori-associated 
inflammation and prevent the related clinical complications. Among 
FPRs, our attention was focused on FPR2, as the most attractive 
and promiscuous target.  
In this thesis the valorization of invasive marine biomasses for 
the production of natural anti-inflammatory agents, able to 
target FPRs, was investigated. Caulerpin, a bis-indole alkaloid 
isolated from algae of the genus Caulerpa, was identified as 
potential FPR2 inhibitor. By performing both in silico and in vitro 
studies, the efficacy of Caulerpin in modulating the immune 
response against H. pylori, by reverting the FPR2-related signaling 
cascade, was explored. Moreover, a holistic and omics approach, 
consisting in metabolomics analysis, was applied as a means useful 
to examine the role of Caulerpin in attenuating the H. pylori-induced 
inflammation and the related adverse clinical outcomes. This study 
might pave the way for a possible future use of Caulerpin as 
promising therapeutic or adjuvant anti-inflammatory agent against 
H. pylori infection.   
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Metabolomics: the revolution of -omics sciences 
 
In the last decades, several advances have been made in biological 
research. The complete sequence of the human genome (Liolios et 
al., 2006), the development of high-throughput technologies and the 
access to large-scale datasets enabled important advances in both 
medicine and biology, giving rise to the -omics sciences.  
The term ñomicsò is used to address all disciplines (genomics, 
transcriptomics, proteomics and metabolomics) that provide a global 
assessment of a set of biological molecules (Hasin et al., 2017) and 
favor the global analysis of changes in gene sequences (genomics), 
gene expression (transcriptomics), gene products (proteomics), and 
a readout of the physiological cell state (metabolomics) via final 
products (Hedge et al., 2009).  
Human diseases, including inflammatory pathologies, are complex 
and multifactorial. They are generally characterized by changes of 
the host cell gene expression and/or their products. In this context, 
omics sciences represent a valid comprehensive approach for 
understanding the molecular mechanisms of diseases, as well as 
the effects of potential treatments (Nemutulu et al., 2012), thus 
overcoming the ñreductionistic methodò (Van Regenmortel, 2004).  
The recent and ever more growing interest in metabolomics 
completed the omics revolution, generating an integrated and 
coordinated system, where a biological process is investigated as a 
whole (Joyce and Palsson, 2006).  
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Figure 1. Schematic overview of the omics sciences related to the gastric cell 
response to Helicobacter pylori infection. Metabolomics is located at the 
bottom of the omics cascade, converging in the understanding of the cell 
phenotype and function.  

 
Metabolomics identifies and quantifies a set of metabolites (small 
molecules produced by enzymatic reactions), which represent the 
end product of the cell metabolism (the metabolome) (Alonso and 
Marsal, 2015). Unlike genes and proteins, which can be modified 
epigenetically or post-translationally, respectively, metabolites give 
an instant picture of the biochemical state of cells, tissues or other 
biological samples. Metabolites are the ultimate response of a 
biological system to genetic changes and environmental stimuli 
(Zhang et al., 2013). Therefore, as shown in the Figure 1, 
metabolomics is highly informative to explore cell phenotype and 
function.  
Metabolites can be classified into primary or secondary metabolites. 
Primary metabolites are present in all living cells and play key roles 
in the survival of the organism, while secondary metabolites are 
optional for the organismôs life. Primary metabolites are directly 
involved in metabolic pathways responsible for providing energy for 
cell growth (Figure 2). Thus, characterization of endogenous or 
exogenous metabolites and the analysis of their interactions 
represents a significant contribution to the understanding of the 
cellular state at a given condition. 
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Figure 2. Key metabolic pathways and their interconnection.  

 
 
-  Metabolomics approach 
 
To achieve a comprehensive analysis of metabolites, several 
approaches exist, which can be classified as targeted and 
untargeted. Each metabolomics approach allows the identification 
and quantification of metabolites. However, they differ in the 
experimental design, sample preparation and number of metabolites 
detected. 
The targeted approach is a hypothesis-driven technique (Schrimpe-
Rutledge et al., 2016). It is used to identify and quantify one specific 
metabolite or a limited set of known metabolites (Bingol, 2018). In 
detail, the identity of target metabolite is established by comparing 
acquired data with available databases and then confirmed by 
analyzing pure reference compounds (Bingol, 2018). Additionally, 
through the use of internal chemically defined standards, 
metabolites of interest can be quantified. Contrary to the untargeted 
approach, the sample preparation procedure is generally optimized 
according to the class of metabolites under investigation and often 
includes steps such as metabolite concentration and/or interferents 
removal (Ćlvarez-S§nchez et al., 2010).          
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The untargeted metabolomics approach instead, is a non-
hypothesis-driven technique (Schrimpe-Rutledge et al., 2016). It can 
analyze a large number of metabolites simultaneously, including 
unknown ones, and identify unexpected changes. To detect the 
highest number of metabolites and simultaneously make more 
manageable the extensive dataset of signals, untargeted 
metabolomics requires advanced and multiple analytical techniques 
(Roberts et al., 2012). It may require specific procedures for sample 
preparation (Ćlvarez-S§nchez et al., 2010) and more time to process 
the wide set of acquired data. Moreover, one of its major challenges 
is the identification of unknown chemical compounds (Roberts et al., 
2012). Despite these limitations, untargeted metabolomics is 
considered the true omics approach, providing information about the 
metabolic fingerprinting (intracellular metabolome or endo-
metabolome) or footprinting (extracellular metabolome or exo-
metabolome) of a particular condition.  
  
-  Clinical applications of metabolomics  
 
Metabolomics has several possible applications in many fields, 
including plant and food sciences, microbiology and clinics. The 
recent advent of precision medicine has made metabolomics one of 
the most powerful biomedical strategies.  
In this regard, by identifying metabolic pathways of diseases, 
metabolomics can be used to understand disease mechanisms and 
detect new targets for drug development (Nicholson and Lindon, 
2008; Wishart, 2016). In addition, metabolomics can provide 
potential biomarkers, which may be used for disease diagnosis and 
prediction, and to screen the activity of therapeutic treatments 
(Wishart, 2016). Finally, by identifying individual metabolic profiles, 
metabolomics can predict the response of an individual to a novel 
pharmacological treatment, revealing its efficacy or toxicity, or to 
develop personalized treatment (pharmacometabolomics).    
 
The present work of thesis focuses on the study of cell metabolites, 
as a means to explore systemic changes associated with 
Helicobacter pylori (H. pylori)-induced inflammation and investigate  
 

the effectiveness of a potential treatment for the modulation of the 
H. pylori-stimulated inflammatory response. 
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Inflammation: host immune response 
 
To maintain the homeostasis and survive to harmful external stimuli, 
such as bacteria, multicellular organisms have developed defense 
mechanisms, which can be distinguished into constitutive and 
inducible ones (Albiger et al., 2007).  
Host constitutive defense mechanisms consist in physical (skin and 
mucosae), mechanical (ciliated cells of the respiratory tract), and 
biological (tears, antibacterial enzymes) barriers, while inducible 
mechanisms include the innate and adaptative immune system. 
When bacterial infection occurs, these two systems are 
consecutively activated.  
Innate immune system is the most important and ancient element of 
the host defense (van der Heijden et al., 2018). It can detect 
pathogens by a set of Pattern Recognition Receptors (PRRs) 
expressed by myeloid cells (monocytes, macrophages, neutrophils 
and dendritic cells) and epithelial cells (Netea et al., 2017). PRRs 
can recognize microbial structures of both pathogens (Pathogen 
Associated Molecular Patterns, PAMPs) and symbiotic microbiota 
(Microbial Associated Molecular Patterns, MAMPs). Microbiome is 
known to play critical roles in host health, contributing to regulate 
normal cell functions (Zheng et al., 2020). Hypothesis suggest that 
PRRs have evolved to favor host-microbial symbiont coexistence. 
Based on this consideration, PRRs tolerate microbial self (Chu and 
Mazmanian, 2013), while during infection, PRRs trigger diverse 
events which culminate in the inflammatory response.  
Formyl peptide receptors (FPRs) are PRRs expressed by immune 
cells, which contribute to preserve the host from pathogens. Non-
immune cells also express FPRs. This class of receptors, in fact, 
can exert functions which extend beyond the immune ones (Bush et 
al., 2021). They are known to coordinate pathophysiological 
responses to different stimuli, modulating the inflammatory response 
and participating to numerous severe diseases (Figure 3).  
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Figure 3. Role of FPRs in chronic inflammatory diseases. 

 
Inflammation is a biological process leading to injury removal and 
homeostasis return. If not self-limited, inflammation may become a 
serious problem for the host rather than the pathogen (Barton, 
2008). This is the case of H. pylori, which can establish a persistent 
infection. To colonize chronically the gastric mucosa, H. pylori has 
to control the host immune system, inducing as well as eluding the 
inflammation. To escape the host immune system, H. pylori reduces 
the activation of Toll-like receptor 4 (TLR4) modifying the lipid core 
A domain of its lipopolysaccharide (LPS) (Cullen et al., 2011), while 
to induce inflammation, it activates host transcription factors.  
In this context FPRs have a critical role.     

 
 
Helicobacter pylori infection 
 
H. pylori is a Gram-negative bacterium, which was first described by 
B. J. Marshall and R. Warren in the early 1980s. They isolated spiral 
bacteria, later identified as H. pylori from inflamed human gastric 
biopsies, and demonstrated a direct relationship between H. pylori 
infection and peptic ulcer diseases (Ahmed, 2005; Kusters et al., 
2006).  H. pylori is a well-known human pathogen, responsible for 
one of the most common chronic bacterial infections. It colonizes the 
human stomach of approximately 50% of the population worldwide, 
with a higher rate of infection in developing countries because of 
different socio-economic and hygienic conditions (White et al., 
2015). In most cases, the infection is asymptomatic and is acquired 
during the early childhood (Aguilera Matos et al., 2020). In the 
absence of an effective treatment, the infection can persist lifelong, 
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eliciting chronic gastric inflammation, which may evolve into 
duodenal ulcer, gastric mucosa associated lymphoid tissue (MALT) 
lymphoma and gastric cancer (White et al., 2015; Savoldi et al., 
2018).  
Bacterial virulence, environmental parameters and host genetic 
factors influence the clinical outcome of the H. pylori infection 
(Pachathundikandi et al., 2013). When H. pylori enters the host 
stomach, urease is critical to initiate a successful colonization of the 
gastric acid environment, concluded by flagella and bacterial 
adhesins (Kao et al., 2016). Flagella play a pivotal role in moving H. 
pylori toward the mucus layer to gastric epithelium cells (Kao et al., 
2012), while bacterial adhesins (SabA, BabA, Hsp60) favor the 
interaction between H. pylori and host gastric cells (Kao et al., 2016). 
Finally, after host colonization, bacterial virulence factors are critical 
to establish a persistent infection.  
The main virulence determinants produced by H. pylori are the 
vacuolating cytotoxin (VacA) and the cytotoxin associated gene A 
(CagA). All strains of H. pylori harbor the VacA gene, which enables 
H. pylori survival and persistence in the human stomach (Cover and 
Blanke, 2005). Not all H. pylori strains contain the CagA gene, 
suggesting its effective role in the virulence of individual H. pylori 
strains. Upon phosphorylation, CagA protein activates signal 
transduction pathways, resulting in pro-inflammatory and mitogenic 
responses (Sheikh et al., 2018).  
Interestingly, H. pylori produces a cecropin-like peptide [Hp(2-20)] 
with high antimicrobial properties. Hp(2-20) confers to H. pylori a 
competitive advantage over other bacteria, making easier both the 
colonization and persistence in the gastric environment (Bylund et 
al., 2001). Moreover, Hp(2-20) interacts with host cell receptors 
(Formyl peptide receptors, FPRs), triggering a pro-inflammatory 
response (Bylund et al., 2001). As a consequence, Hp(2-20) 
contributes to H. pylori virulence and together with VacA and CagA 
stimulate gastric mucosal inflammation, which might promote 
premalignant changes, increasing the risk of severe gastric diseases 
(Hou et al., 2017; Abdullah et al., 2019).  
H. pylori infection can also cause systemic or extra-gastric diseases. 
Emerging evidences suggest that H. pylori increases the risk of 
chronic diseases, including insulin resistance, diabetes, obesity, 
cardiovascular and neurological diseases (Gravina et al., 2018).  
The reason why H. pylori is recognized as risk factor for extra-gastric 
diseases is still unclear. It is assumed that the persistent and low-
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grade inflammatory state induced by H. pylori infection plays a key 
role. Chronic inflammation leads to a continuous release of pro-
inflammatory cytokines, thus altering cell homeostasis and affecting 
both glucose and lipid metabolism, which could result in insulin 
resistance and associated diseases (Esposito and Giugliano, 2004). 
Insulin resistance, in turn, enhance the inflammatory state as a 
consequence of reduced anti-inflammatory effects of insulin.  
H. pylori eradication could be a clear solution to control both gastric 
and extra-gastric risks (Gravina et al., 2020). Nevertheless, the 
emergence of antibiotic resistant strains has harmful effects on the 
efficacy of H. pylori treatment, making difficult bacterium eradication. 
In this context, novel therapeutic approaches are needed.   

 
 
Aim of thesis 
 
The objectives of the present thesis are the identification and 
characterization of natural products, isolated from living organisms, 
able to modulate the inflammation induced by H. pylori and the 
related clinical outcomes.  
Formyl peptide receptors (FPRs) have been chosen as 
pharmacological target. Among the three FPRs, FPR2 is  
the one that responds to numerous structurally different ligands of 
both exogenous and endogenous origins, and that plays important 
roles in inflammation and pathogenesis of infections and 
inflammatory disorders. FPR2 also responds to a wide range of 
synthetic ligands, which is of great utility for pharmacological 
applications.  
Caulerpin, one of the three major secondary metabolites produced 
by the macroalga Caulerpa cylindracea, was tested as potential 
candidate able to limit the H. pylori-induced inflammatory response, 
through FPR2-related signaling pathway. Caulerpin is a defensive 
metabolite which has contributed to the colonization of the 
Mediterranean Sea by Caulerpa cylindracea, causing ecological, 
economic and social problems (Del Coco et al., 2018; Miccoli et al., 
2021). Exploitation of Caulerpin for biotechnological utilization in 
pharmaceutical industry offers multiple advantages: 1) avoids 
chemical compounds synthesis, decreasing environmental and 
human-health risks; 2) favors the utilization and recovery of algae 
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biomass, limiting the invasiveness threat; 3) contributes to the 
circular economy.     
 
The research activities went through three main steps: 
 

1) Metabolite profiling and metabolomics as a tool for a 
comprehensive analysis of cell response to H. pylori 
stimuli. 

The aim of this first step was to conduct a comprehensive 
analysis of biochemical changes (intracellular and 
extracellular) that the H. pylori-associated inflammation 
promotes and identify its role in metabolic disorders (Obesity, 
Diabetes and Cardiovascular Diseases) and neurological 
diseases (Alzheimerôs disease).  
 

2) Screening of natural compound libraries for the 
identification of anti-inflammatory agents targeting 
FPR2. 

The aim of this second step was to search for novel and 
natural FPR2 antagonists, showing significant contribution in 
controlling the H. pylori-associated inflammation and the 
resulting clinical adverse effects. Caulerpin was selected as 
potential candidate, then confirmed by biological assays.  
 

 
3) Metabolite profiling and metabolomics as a tool for a 

comprehensive analysis of cell response to Caulerpin 
treatment.  

The aim of this third step was to validate the efficacy of 
Caulerpin in mitigating H. pylori-associated systemic effects, 
pointing out the importance of metabolomics in drug 
discovery. For this purpose, footprinting metabolomics was 
performed.  
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CHAPTER 1 

 
Metabolomics: a tool to assess in 
vitro response to Helicobacter pylori 
infection and investigate on the 
causal role of Helicobacter pylori 
infection in extra-gastric diseases 
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In this chapter, NMR-based metabolomics investigation on H. pylori-
induced inflammation and its role as risk factor for extra-gastric 
diseases (Diabetes, Obesity, Cardiovascular diseases and 
Alzheimerôs disease) are described. Additional information on the 
contribution of H. pylori infection in developing metabolic and 
neurodegenerative diseases is also provided by exploring the 
expression level of the major genes involved in metabolic and 
inflammatory pathways.  
Diabetes, Obesity, Cardiovascular disease and Alzheimerôs disease 
belong to the family of chronic pathologies (Rao et al., 2014; 
Procaccini et al., 2016), which are characterized by a progressive 
dysfunction of metabolic and physiological functions, in response to 
chronical exposure to environmental or biological factors. It is now 
widely recognized that chronic inflammation is the major etiological 
component leading to such chronic manifestations (Furman et al., 
2019), and that persistent H. pylori infection, as cause of low-grade 
chronic inflammation, is a risk factor (Franceschini e al., 2019; 
Pellicano et al., 2020).  
Inflammation protects the host from bacteria, viruses or non-
microbial injuries (Kotas and Medzhitov, 2015). Shift from short to 
long-term inflammatory response causes serious tissue and organ 
damages, increasing the risk for chronic pathologies (Fullerton and 
Gilroy, 2016). Inflammation also promotes metabolic changes to 
ensure a suitable energy supply and favor immune system activities 
(Fuman et al., 2019). 
In this context, metabolomics, by revealing the molecular phenotype 
of particular pathophysiological conditions, appears as the most 
advantageous strategy to investigate biochemical alterations 
responsible for metabolic dysfunctions underlying H. pylori-induced 
inflammation and the derived consequences.     
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1.1 An In Vitro Model to Investigate the Role of 
Helicobacter pylori in Type 2 Diabetes, Obesity, 
Alzheimerôs Disease and Cardiometabolic Disease 
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CHAPTER 2 
 

The role of Formyl peptide receptors 
in permanent and low-grade 
inflammation: Helicobacter pylori 
infection as a model 
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Formyl peptide receptors (FPRs) are a group of the host innate 
immune receptor family, playing critical roles in infection, 
inflammation and progression of chronic diseases (Le et al., 2002; 
Chen et al., 2020). FPRs participate to numerous pathophysiological 
processes, orchestrating disease initiation, progression and in some 
cases, disease resolution (Liang et al., 2020). They have been 
reported to be involved in multiple diseases, such as diabetes, 
obesity, cardiovascular disease and neurological disorders (Li and 
Ye, 2013; Caso et al., 2021), suggesting that these receptors might 
act as potential target for therapeutical intervention. 
In this chapter, an extensive description of FPRs and their molecular 
biology is provided, highlighting their role in H. pylori-induced 
inflammation and related clinical effects.  
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