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Titolo del progetto: Unveiling the role of sphingosine-1-phosphate receptor 1 as a 

potential target to treat fibrosis in patients affected by Eosinophilic Esophagitis 

 

Eosinophilic esophagitis (EoE) is a chronic immune-mediated inflammatory disease of the 
oesophagus. Initially considered a rare condition, it is emerging in developing countries 
and currently affects an estimated 34.4/100 000 people in Europe and North America (1). 
It is characterized by isolated eosinophilic infiltration of the oesophagus resulting in 
oesophageal dysfunction. In the absence of treatment, oesophageal inflammation and 
symptoms tend to persist and worsen over time (3). An exacerbated Th2 response with 
increased expression of interleukin (IL)-4, IL-5, IL-13, and eotaxins (4) promotes the 
proliferation, recruitment, and accumulation of eosinophils in the oesophageal wall. The 
persistence of inflammation induces oesophageal structural changes (5) leading to fibrotic 
remodelling and impaired oesophageal function. The molecular mechanisms involved in 
these processes are still unknown. Currently, the existing anti-inflammatory treatments 
are not effective in reversing fibrosis (6). As a result, oesophageal fibrosis has a significant 
impact on the quality of life of EoE patients, requiring invasive endoscopic procedures 
such as endoscopic dilatations. 
The lack of a specific fibrosis target and the paucity of EoE preclinical and clinical studies 
(6) do not allow clinicians to predict whether patients will progress towards a fibrostenotic 
phenotype of the disease and, if so, how to treat fibrosis. 
Sphingosine-1-phosphate (S1P) is a pleiotropic lipid mediator of several cellular 
processes such as cell migration, proliferation, differentiation, cytokine production. 
Emerging evidence suggests that S1P is also an important regulator of the fibrotic process 
through the activation of its 5 receptors (S1PR1-5). 
Importantly, S1P/S1PR1 regulates inflammation in terms of recruitment and activation of 
eosinophils, lymphocytes, natural killer cells and dendritic cells (7,8). A dysregulation of 
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S1PRs and a pathological increase of S1P was found in other type of immunological 
diseases, including asthma and IBD (9). Selective SP1R modulators have yielded 
promising results in immune-mediated diseases treatment (10, 11, 12, 13). Among the 
promising molecules, Ozanimod (CelgeneTM) and Etrasimod (ArenaTM), respectively 
S1PR1,5 and S1PR1,4,5 agonists, showed significant clinical, endoscopic, and 
histological remission in Ulcerative colitis patients in comparison to the placebo group. In 
June 2021 Etrasimod (APD334) has received Orphan Drug Designation status from the 
FDA in and is currently being evaluated in EoE in a phase 2b, randomized trial 
(NCT04682639) (14). 
By using an Opal multiplex technique for the detection of multiple biomarkers, we 
observed a significant increase of S1PR1 expression in oesophageal tissue from 13 EoE 
patients at diagnosis compared to 5 healthy controls. Interestingly, the S1PR1 increase 
was particularly strong in patients with a EoE fibrostenotic phenotype compared to an 
inflammatory phenotype. Additionally, S1PR1 did not co-localised with immune cells per 
se, and its expression appeared to be distributed homogenously between epithelial cells 
and the lamina propria, where the deposition of fibrotic tissue occurs. It is plausible that 
S1P/S1PR1 axis plays a critical role in the recruitment not only of the predominant 
inflammatory cells (eosinophils, mast cells, basophils, and both B and T lymphocytes) but 
also promotes the activation of fibroblasts, which in turn sustain fibrotic remodelling of the 
tissue. Based on these promising data we aim to validate S1PR1 as a new potential 
therapeutic target to prevent and treat fibrosis in patients affected by EoE. 
 
Objectives and outcomes 
Primary outcome 
To characterise the expression of S1PR1 in a large cohort of patients affected by EoE and 
to correlate S1PR1 expression with the fibrostenotic disease phenotype at diagnosis (T0). 
Secondary outcome: 
To define the effect of S1PR1 modulation in reversing fibrosis in EoE patients. 
 
Study procedures: prospective and observational study 
1. S1P and S1PR1 expression. Oesophageal biopsies from EoE patients will be 
prospectively enrolled by newly diagnosed EoE patients and matched healthy control over 
a period of 24 months. 
Subject enrolled will be divided into 3 groups: 50 healthy subjects, 30 EoE with 
inflammatory phenotype (EoEI) and 20 EoE with fibrostenotic (EoEF) phenotype. For each 
patient, oesophageal biopsies will be collected at diagnosis during an upper GI endoscopy 
(T0). Patients’ biopsies will be further embedded in paraffin block and cut in sections. At 
T0, S1P and S1PR1 expression will be evaluated on oesophageal sections by Multiplex 
immunohistochemistry and immunofluorescence staining. Moreover, tissue proteins and 
RNA will be extracted from the section to confirm the staining results with western blot 
and gene expression analysis (qPCR), respectively. Together with S1PR1, we will 
evaluate the expression of proteins and genes related to fibrosis as well as pro-
inflammatory and pro-fibrotic (TGFβ) cytokines expression. 
2.Organ culture. At T0, from each patient and healthy subject enrolled, at least 2 
oesophageal biopsies will be collected and further processed to perform organ culture. 
We will divide the treatment condition in 3 groups: healthy subject, EoEI (inflammatory) 
and EoEF (fibrostenotic). Briefly, each biopsy will be cultured for 24 hours in either control 
medium (no treatment) or Ozanimod (S1PR1 agonist). 
After 24 hours: 
-Medium will be collected to characterize change in cytokine production and tissue will be 
processed to perform: 
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-RNA-sequencing for transcriptomic analysis: to define the different molecular pathways 
between EoE patient and healthy controls and between inflammatory and fibrostenotic 
EoE patients at baseline and upon S1PR1 agonist modulation (Ozanimod) 
- Protein and gene expression analysis: to confirm on protein and gene level the changes 
detected by RNA-sequencing and to assess the changes upon S1PR1 agonist modulation 
in terms of fibrosis-related protein and gene expression. 
3. Blood collection for organoids generation. Based on the observation of expression of 
S1PR1 on the epithelial cells, we will explore its involvement of the fibrotic processes in 
EoE patients. To this end, human induced pluripotent stem cell-derived intestinal 
organoids (HIOs) will be generated from EoE patients and subsequently subjected to 
Ozanimod. Peripheral blood mononuclear cells (PBMC) will be reprogrammed (15). Once 
generated, HIOs will be subjected to repeated inflammatory stimuli (such as IFNγ, TNFα, 
TGF-β and IL-1β) and then, treated with Ozanimod or vehicle for the evaluation of fibrotic 
pathways through quantitative RT-PCR, immunofluorescence and western blot. 
Moreover, proliferation and expression of genes and proteins related to epithelial to 
mesenchymal transition (EMT), associated with wound healing and tissue regeneration 
will be analysed. 
 
Inclusion criteria: 
EoE patients 
-Patients≥ 18 years 
-Patients with a newly confirmed histological diagnosis of EoE 
-Patients performing esophagogastroduodenoscopy according to the clinical guidelines 
for EoE diagnosis 
Healthy subjects 
Subjects who perform esophagogastroduodenoscopy for other diagnostic reason and who 
are not affected by EoE 
Exclusion criteria 
-Patients not able to comply with the study procedures 
-Patients with other gastrointestinal disorders such as active Helicobacter pylori infection, 
history of achalasia, oesophageal varices, Inflammatory Bowel Disease 
-Patients affected by Eosinophilic granulomatosis with polyangiitis vasculitis. 
-Patients affected by Hypereosinophilic syndrome, defined by multiple organ involvement 
and persistent blood eosinophil count > 1500 eosinophils/μL. 
Impact of the study: Patients with EoE are at risk of potentially life-threatening 
complications due to esophageal fibrosis. Understanding and identifying a potential 
fibrotic target in EoE is a complex challenge with significant clinical implications. The main 
aim of our study is to gain a better understanding of the molecular pathways beyond 
fibrosis, which is crucial for the development of an anti-fibrotic agent that could 
dramatically change the natural history of the disease. 
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Evidence-based statements and recommendations for diagnosis and management in 
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2. Arias, Á., Lucendo A.J. Incidence and prevalence of eosinophilic oesophagitis increase 
continiously in adults and children in Central Spain: A 12-year population-based study. 
Dig. Liver Dis. 2019, 51, 55–62. 
3. Straumann A., Spichtin HP, Grize L., et al. Natural history of primary eosinophilic 
esophagitis: A follow-up of 30 adult patients for up to 11.5 years. Gastroenterology. 2003, 
125, 1660–1669. 
4. Rothenberg, M.E. Biology and treatment of eosinophilic esophagitis. Gastroenterology. 
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1. Background 
Gastric cancer is the 7th most common cancer worldwide and 5th in mortality, while 
esophageal cancer and gastroesophageal junction cancer are considered the 8th in 
incidence and 6th in mortality (1,2). Despite the improvements in terms of outcomes 
related to neoadjuvant approach in both gastric and esophageal cancers, the risk of 
recurrence after perioperative chemotherapy (CT) or chemoradiotherapy (CRT) followed 
by surgery remains high, especially among those patients who do not achieve a 
pathological complete response (3). In addition, no validated prognostic nor predictive 
biomarker is available to select patients and to guide clinicians in shared-decision making 
(4). Circulating tumor DNA (ctDNA) represents a promising non-invasive biomarker option, 
easily accessible through liquid biopsy, to predict patient outcomes in response to 
perioperative cancer therapy and surgical resection. ctDNA sequencing can serve as 
prognostic and predictive biomarker and for molecular residual disease (MRD), as it has 
already been demonstrated in different cancer types, and Phase II and III clinical trials are 
ongoing globally to validate this technique (5-8). However, data in gastroesophageal 
cancer are lacking. 
Due to these reasons, we aim to investigate the clinical utility of a ctDNA assay to detect 
minimal residual disease (MRD) and guide clinician choices during standard perioperative 
treatment strategy and surveillance in stage II and III gastroesophageal cancers patients 
(e.g. intensification of adjuvant chemotherapy or more frequent radiological assessment 
and follow up). 

mailto:direzione.generale@humanitas.it
mailto:Humanitasmirasole@legalmail.it


 11

Here we present our prospective, interventional, monocentric study (Figure 1) designed 
to establish the prognostic role of ctDNA and MRD detection in our patients with 
gastroesophageal cancers.  
In order to set a highly sensitive and specific ctDNA test to be implemented in this study, 
a small cohort of patients (N=20) with gastroesophageal cancer will be tested.  
 
2. Study design  
Prospective, interventional, single center study.  
3. Study objectives  
3.1 Primary Study Objective  
This project is conceived to explore the clinical utility of ctDNA to detect minimal residual 
disease (MRD) and to guide clinician choices during standard perioperative treatment 
strategy and surveillance in stage II and III gastroesophageal cancers patients.  
Secondary objectives:  
• To correlate the ctDNA status at different timepoints with outcomes.  
• To correlate the change of serial ctDNA measurements during treatment with outcomes.  
3.2 Study endpoints  
1) To evaluate the sensitivity and specificity of liquid biopsy at different timepoints in 
gastroesophageal cancer patients’ management.  
2) Correlation between ctDNA status and Disease-free survival (DFS), Overall Survival 
(OS) and clinical and pathological response.  
3) Correlation between the ctDNA changes and Disease-free survival (DFS), Overall 
Survival (OS) and clinical and pathological response.  
4. Statistical analysis  
Due to the descriptive intent of the study, a formal statistical hypothesis to be tested is not 
identified. Consequently, the calculation of the required sample size has not been 
performed. Data will be summarized as frequencies and proportions or as median and 
range. Chi-square will be used to evaluate differences between groups in case of 
categorical data, while the Wilcoxon test for continuous variables. Survival Curves will be 
estimated by Kaplan-Meier method and differences among subgroups will be evaluated 
using the log-rank test. The Cox Proportional hazard model will be used to estimate 
Hazard ratio and corresponding 95% confidence intervals. Statistical significance will be 
set at 0.05 (two sides).  
5. Study population  
Participants of any gender who are 18 years of age or older diagnosed with stage II or III 
gastric adenocarcinoma, gastroesophageal junction adenocarcinoma, esophageal 
adenocarcinoma or esophageal squamous carcinoma.  
5.1 Inclusion Criteria  
1) Newly histologically documented stage II or III gastric adenocarcinoma, 
gastroesophageal junction adenocarcinoma, esophageal adenocarcinoma or esophageal 
squamous carcinoma referred to our Institution.  
2) Candidate to undergo standard neoadjuvant or perioperative treatment with induction 
chemoradiation, or perioperative chemotherapy followed by surgery.  
3) Age ≥ 18 years of age.  
5.2 Exclusion Criteria  
1) Stage I, recurrent, or metastatic gastroesophageal cancer;  
2) Received prior therapy for gastroesophageal cancer;  
3) No baseline tumor biopsies or inadequate amount of tissue from biopsies available to 
send for assay development.  
6. Study procedures  
For every enrolled patient, the following samples will be retrieved:  
- FFPE tumor biopsy (or surgery);  
- At diagnosis: 2 blood sample in EDTA (5 ml) + 2 blood sample in Paxgene (10 ml);  
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- After neoadjuvant treatment (or before surgery): 2 blood sample in EDTA (5 ml) + 2 blood 
sample in Paxgene (10 ml);  
- 4-8 weeks after surgery: 2 blood sample in EDTA (5 ml) + 2 blood sample in Paxgene 
(10 ml);  
- At 6 months of follow up: 2 blood sample in EDTA (5 ml) + 2 blood sample in Paxgene 
(10 ml);  
- At 12 months of follow up: 2 blood sample in EDTA (5 ml) + 2 blood sample in Paxgene 
(10 ml);  
In one year, we plan to collect around 200 patients. Patients' medical records are also 
reviewed.  
First year: enrollment  
Second and third year: follow up.  
7. Expected results  
This prospective analysis is thought to explore the potential prognostic value of ctDNA in 
patients affected by locally advanced gastroesophageal cancer undergoing neoadjuvant 
or perioperative treatments. This subgroup of patients represents a challenge for clinicians 
not only for the right therapeutic strategy to choose but also  
for the follow-up management. While the role of liquid biopsy has being largely studied in 
CRC and other type of cancers, data are lacking for upper GI cancers. Therefore, 
information obtained by this analysis will increase our knowledge on the possible 
applications of this new technology. This study entails the use of liquid biopsy, providing 
precise information for each patient with high sensitivity and specificity. This method will 
enable a more precise analysis of the mutational landscape and MRD in our population.  
References:  
1. Grad, C., Grad, S., Fărcaş, R. A., Popa, S. & Dumitraşcu, D. L. Changing trends in the 
epidemiology of gastric cancer. Med Pharm Rep 96, 229–234 (2023).  
2. Uhlenhopp, D. J., Then, E. O., Sunkara, T. & Gaduputi, V. Epidemiology of esophageal 
cancer: update in global trends, etiology and risk factors. Clin J Gastroenterol 13, 1010–
1021 (2020).  
3. Asplund J., Kauppila J.H., Mattsson F., Lagergren J. Survival Trends in Gastric 
Adenocarcinoma: A Population-Based Study in Sweden. Ann. Surg. Oncol. 2018; 
25:2693–2702. doi: 10.1245/s10434-018-6627-y.  
4. Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Piessen G, Vogel A, Smyth 
EC; ESMO Guidelines Committee. Gastric cancer: ESMO Clinical Practice Guideline for 
diagnosis, treatment and follow-up. Ann Oncol. 2022 Oct;33(10):1005-1020. doi: 
10.1016/j.annonc.2022.07.004. Epub 2022 Jul 29. PMID: 35914639.  
5. Kotani D, Oki E, Nakamura Y, et al. Molecular residual disease and efficacy of adjuvant 
chemotherapy in patients with colorectal cancer. Nat Med. 2023 Jan;29(1):127-134. doi: 
10.1038/s41591-022-02115-4. Epub 2023 Jan 16. PMID: 36646802; PMCID: 
PMC9873552.  
6. Tie J, Cohen JD, Lahouel K, et al. Circulating Tumor DNA Analysis Guiding Adjuvant 
Therapy in Stage II Colon Cancer. N Engl J Med. 2022 Jun 16;386(24):2261-2272. doi: 
10.1056/NEJMoa2200075. Epub 2022 Jun 4. PMID: 35657320; PMCID: PMC9701133.  
7. Tie J, Cohen JD, Wang Y, et al. Serial circulating tumour DNA analysis during 
multimodality treatment of locally advanced rectal cancer: a prospective biomarker study. 
Gut. 2019 Apr;68(4):663-671. doi: 10.1136/gutjnl-2017-315852. Epub 2018 Feb 2. PMID: 
29420226; PMCID: PMC6265124.  
8. Zhou J, Wang C, Lin G, et al. Serial Circulating Tumor DNA in Predicting and Monitoring 
the Effect of Neoadjuvant Chemoradiotherapy in Patients with Rectal Cancer: A 
Prospective Multicenter Study. Clin Cancer Res. 2021 Jan 1;27(1):301-310. doi: 
10.1158/1078-0432.CCR-20-2299. Epub 2020 Oct 12. PMID: 33046514.  
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Titolo del progetto: Assessment of the immune, microbiota and metabolomic status of 

fibromyalgia and psoriatic arthritis patients: correlation with pain, intestinal permeability, 

nociceptor status, glucose and insulin levels. 

 

 

Data di inizio progetto: 

01/01/2025 

Data di fine progetto: 

31/12/2027 

Fondi 5 per mille assegnati al progetto: 

€ 295.090,00 

Di cui: 

Quota da sostenere entro l’anno di 

rendicontazione: € 34.500,00 

 

Quota accantonata, da sostenere, per 

progetti pluriennali (durata massima tre 

anni): € 260.590,00 
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VOCI DI SPESA 

Quota da sostenere 

entro l’anno di 

rendicontazione 

Quota accantonata, 

da sostenere, per 

progetti pluriennali 

(durata massima tre 

anni) 

Personale di ricerca (borsista, a contratto e 

di ruolo in quota parte) 
30.000,00 41.500,00 

Apparecchiature (ammortamento, canone 

di locazione/leasing) 
0,00 0,00 

Materiale d’uso destinato alla ricerca (per 

laboratori di ricerca, acquisto farmaci ecc.) 
0,00 139.226,50 

Spese di organizzazione (manifestazioni e 

convegni, viaggi e missioni ecc.) 
0,00 5.100,00 

Elaborazione dati 0,00 5.000,00 

Spese amministrative  4.500,00 39.763,50 

Altro (Shotgun metagenomic sequencing) 0,00 30.000,00 

TOTALE 34.500,00 260.590,00 

 

 

 

Data, 10/07/2025   

 

 

Il Legale Rappresentante  

 

 

 

 

 

 

Si autorizza al trattamento dei dati ai sensi del d.lgs. 196/2003 

 

Il Legale Rappresentante  
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Ministero della Salute – Direzione Generale della Ricerca e dell’Innovazione in Sanità 

 

 

Rendiconto 5 per mille ANNO 2023 

Contributo percepito € 1.759.297,78 in data 02/10/2024 
 

 

Ente della Ricerca Sanitaria 

Denominazione Ente: IRCCS Istituto Clinico Humanitas  

Codice fiscale: 10125410158  

Sede legale: via Manzoni 56 – 20089 – Rozzano (MI)  

Indirizzo di posta elettronica dell'ente: 

direzione.generale@humanitas.it   

Humanitasmirasole@legalmail.it   

Dati del rappresentante legale: Riccardo Bui 
 

 

 
Titolo del progetto: Assessment of the immune, microbiota and metabolomic status of 

fibromyalgia and psoriatic arthritis patients: correlation with pain, intestinal permeability, 

nociceptor status, glucose and insulin levels. 

 

BACKGROUND AND RATIONALE  
 
Chronic pain is defined as pain that persists or recurs for more than 3 months, and one 
paradigmatic example is fibromyalgia (FM) in the absence of musculoskeletal 
impairment1. The pathogenesis of pain has been studied and evidence suggests that 
its processing is altered in the brain of patients with FM, causing ‘nociplastic 
pain’, where reversible changes to the nervous system increase the sensitivity of the 
control system that usually decides how to interpret a stimulus, whether as painful or 
not. An imbalance has been proved between nociceptive and anti-nociceptive 
neurotransmitters and receptors2. The stimuli might derive from the periphery, 
although a clear source has not been identified. A peripheral joint source of pain has 
been proposed, considering the high prevalence of FM among patients with rheumatic 
diseases3, 4.  
Several hypotheses have been proposed for the activation of nociceptive pathways. A 
stimulation from an activated immune system has been suggested, as some studies 
have shown alterations suggesting a possible role of cytokines5, 6, innate immune 
cells7, and adaptive immunity8-10, although evidence show conflicting results. Patients 
with FM have an increased risk for metabolic syndrome (MetS) and the coexisting 
metabolic syndrome may increase the severity of fibromyalgia 11. At the core of 
MetS lies a disruption in glucose, lipid, and protein metabolism, leading to the 
accumulation and dysfunction of adipose tissue, insulin resistance, and secretion of 
proinflammatory cytokines. This cascade can induce a chronic, low-grade 

mailto:direzione.generale@humanitas.it
mailto:Humanitasmirasole@legalmail.it


 16

inflammatory state, exacerbated by the leakage of proinflammatory molecules 
from the gut into the  
bloodstream due to a compromised gut barrier integrity, the so called “leaky gut” 
12. Consistently, insulin resistance seems to characterize all patients with FM 
regardless of age, gender, and ethnicity13, but how this links to inflammatory alterations 
or neuropathic impairment remains to be elucidated.  
Preclinical studies have shown a positive correlation between neuropathic pain and 
insulin resistance in obese rats, and decreased expression of insulin receptors in 
skeletal muscle has been postulated as a possible underlying mechanism14. In line with 
these findings, García et al. proposed that the nociceptive hypersensitivity induced by 
insulin resistance in the mouse model is due to the modulation of several ion channels 
on primary afferent neurons15. Dysfunction of the cerebral microcirculation has also 
been proposed to explain central pain in patients with FM, and impaired cerebrovascular 
reactivity has been demonstrated with advanced imaging methods in patients with 
insulin resistance16, 17.18 Recently, a link between MetS, depression and FM has 
similarly been found in patients with irritable bowel syndrome19. An impaired gut-brain 
axis, which connects the gut microbiota with the brain through the enteric nervous 
system, have been proposed as a possible pathogenetic mechanism20. Alterations in 
the composition of the gut microbiota have also been recently reported in FM, 
with impaired proportions of bacteria participating in the metabolism of 
neurotransmitters in the host, associated with changes in neurotransmitter 
metabolism21, 22. Nonetheless, the exact role of gut microbiota in impairing immune 
cell function and phenotype, or nociceptor activity in FM has yet to be elucidated. 
Moreover, alterations in gut microbiota composition are known to play a pivotal role also 
in the development of metabolic diseases such as obesity23, MetS24, and NAFLD25, 
although the precise mechanisms underlying these metabolic changes remain unclear.  
Recent research has shed light on the significance of gut barrier function, revealing that 
its maintenance relies on finely tuned mechanisms influenced by the microbial 
composition. The gut barrier acts as a protective shield, preventing the entry of 
enteric microbiota and potent immunostimulatory molecules into the 
bloodstream, while allowing the absorption of essential nutrients and fluids. Moreover, 
we have described that beneath the epithelium lies another cellular barrier known as 
the gut vascular barrier (GVB), which regulates entry into the portal circulation 
and the liver's access. Therefore, if a molecule or microorganism breaches the 
epithelial barrier, it will be confined to the lamina propria unless the GVB is compromised 
as well. Indeed, bacterial entry into the systemic circulation requires disruption of 
the GVB26. The GVB is strictly connected with another vascular barrier that we have 
identified in the brain choroid plexus (the plexus vascular barrier, PVB) which becomes 
visible only when the GVB is disrupted as a mechanism of defense of the brain from 
intestinal inflammation27. This suggests a direct crosstalk between the gut and the 
brain via vascular networks. Increased intestinal permeability has also been 
associated with post-prandial glucose peaks in type 1 diabetes18 . Also, patients 
with FM are characterized by an increase in intestinal mucosal permeability, suggesting 
that a leaky-gut may be responsible for controlling blood glycemia and 
consequently insulin levels in MetS or FM patients.  
In addition, the gastrointestinal (GI) tract is richly innervated by intrinsic enteric neurons 
as well as extrinsic neurons. This enteric nervous system (ENS) collectively governs 
various aspects of tissue function, including intestinal movement, nutrient absorption, 
immune response, and pain perception28. Enteric neurons can be categorized into two 
main groups based on their neurotransmitters: nitric oxide synthase 1 (Nos1)+ neurons, 
which utilize nitric oxide (NO), and choline acetyltransferase (Chat)+ neurons, which 
employ acetylcholine (Ach). Nos1+ neurons function as inhibitory motor neurons or 
secretomotor neurons and they co-express vasoactive intestinal peptide (VIP), a 28-
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amino acid peptide that interacts with two high-affinity large G protein-coupled 
receptors, VIPR1  
and VIPR2. Chat+ neurons are diverse and include excitatory motor neurons, 
interneurons, and sensory neurons29.  
Nociceptors are specialized sensory neurons expressing ion channels like Nav1.8 and 
TRPV1 and they play a pivotal role in pain transmission, eliciting withdrawal responses 
and avoidance behaviors30. A recent study has demonstrated that gut permeability is 
influenced by nociceptors present in the gut, which stimulate the secretion of mucus 
from neighboring intestinal goblet cells via the calcitonin gene-related peptide (CGRP) 
- receptor activity modifying protein 1 (Ramp1) pathway. Mice lacking nociceptors 
exhibit reduced mucus thickness under normal conditions, whereas nociceptor 
activation promotes mucus production31. Neurotransmitters involved in nociceptor 
activation or inhibition are released by the gut microbiota as final mediators or their 
precursors, hence, changes in microbiota composition can also lead to different 
production of neurotransmitters and neuronal signals32. Similarly, several metabolites 
released by bacteria can have an analgesic effect; butyrate, for instance, may regulate 
CGRP release to decrease visceral hyperalgesia. There is therefore a bidirectional 
network between the microbiota, nociceptors, mucosal and immune barriers 
which is mediated by several microbial mediators, including neurotransmitters thus 
controlling neural activity30.  
Besides FM, in a subgroup of patients affected by inflammatory arthritis, pain may 
persist despite good control of the gross inflammatory state33, a condition named 
‘residual pain’. As a paradigm, patients affected by psoriatic arthritis (PsA), an 
inflammatory arthritis involving peripheral joint, spine, as well as skin, nails, and 
enthesis34, may suffer from considerable residual pain burden, which affects 
functional status and quality of life35. Residual pain occurs more frequently in women, 
elderly, and obese patients, independent of treatment36.  
The involvement of the interleukin 23–T-helper-17 cell pathway driving 
inflammation37 and a role of gut microbiota38 and increased gut permeability39 
have been described in PsA. Further, insulin resistance has a high prevalence in 
patients with PsA and is associated with disease activity, as in FM. However, the 
features of residual pain have not been clearly characterized. Pain does not appear 
greatly reduced after treatment with biologics, suggesting a minor role of inflammation, 
at least that inducing the rheumatic disease40. The pathogenic mechanism underlying 
residual pain have not been studied and the burden of this is reflected in the difficulties 
of managing these patients, in whom it is challenging to understand whether it is 
necessary to introduce a new therapy or treat pain as a symptom.  
Therefore, PsA patients appear to be an appropriate population for comparison with 
patients with primary chronic fibromyalgia pain.  
 
HYPOTHESIS AND AIMS  
We herein hypothesize, for the first time, that the modification in microbiota composition 
which is characteristic of FM and PsA patients, leads to a change in intestinal 
permeability (leaky-gut), increased glucose uptake, low, but persistent systemic 
inflammation, modification of neurotransmitters and hormones involved in nociceptor 
responses, and establishment of insulin resistance leading to disease symptoms and 
pain. Identification of new biomarkers and targetable signaling pathways may lead to 
new therapeutic approaches. The ultimate goal is to identifying novel therapeutic 
strategies targeting both pain perception and the disease mechanisms.  
 
Based on our research hypothesis, we structured the design of the proposed project 
considering the following working packages (WPs):  
WP 1 Pain profiling (Selmi).  
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Pain assessment will allow stratification of patients based on pain outcomes and provide 
insights into the mechanisms of pain in FM and PsA; furthermore, by comparing deeply 
profiled pain perception in FM and PsA with residual pain, we expect to improve shared 
decision making for treatment regimens (including pharmacological and 
nonpharmacological therapies), as well as increase patients' perceptions of disease 
activity and the quality of their pain sensation.  
WP 2 Leaky gut analysis (Selmi - Rescigno)  
In WP2 we will assess the leaky gut status in patients affected by FM or PsA through 
biological and functional assays.  
WP 3 Insulin resistance (Lania)  
Systematic assessment of both insulin resistance and pain in patients with FM or PsA 
will confirm the relationship between these two entities and further clarify whether 
neuropathic changes induced by insulin resistance occur early in the course of the 
disease. The relationship between chronic pain, the degree of insulin resistance and 
other determinants of the metabolic syndrome will also be assessed.  
WP 4 Adaptive immune response (Lugli)  
The leaky gut is associated with low grade inflammation. Hence the status of the 
adaptive immune response will be evaluated in this WP.  
WP 5 Innate immune response and cytokines (Di Mitri, Jaillon, Garlanda)  
Here we will evaluate the associations between leaky gut, insulin resistance, and the 
innate immune response. We will profile the composition and activation of immune cell 
subsets and we will measure the abundance of soluble factors, to finally identify targets 
for therapeutic intervention.  
WP 6 Metagenomics and metabolomics (Rescigno)  
Microbiota composition and its produced metabolites are associated with insulin 
resistance, leaky-gut, MetS, FM and AsP and pain development. In this WP we will 
analyze microbiota and metabolomics composition.  
WP 7 Data integration (Shulzhenko and Morgun)  
The integration of biological parameters (immunity, metabolomics, microbiota and 
clinical data) will allow us identifying molecular and microbial pathways involved in IR 
induction, pain development and disease symptoms.  
 
STUDY DESIGN AND METHODS  
WP1: Clinical study  
Patients  
Patients affected by fibromyalgia (n=30) according to the 2010/2011 ACR criteria and 
2016 revised version41, not taking non-steroidal anti-inflammatory drugs (NSAIDs) for 
at least one month prior to enrolment, will be enrolled.  
In parallel, 30 patients with PsA, classified according to CASPAR criteria42, who 
reached remission or low disease activity according to DAPSA (Disease Activity Index 
for Psoriatic Arthritis) score43 or who achieved minimal disease activity (MDA)44 after 
any treatment with disease-modifying anti-rheumatic drugs (DMARDs) for at least three 
months, but who still complain of residual pain with a visual analog scale >20 mm on a 
0-100 scale45, 46, with 100 indicating the worst assessment.  
As a control, 30 age-sex matched healthy subjects will be recruited.  
Specifically, patients aged ≥18 years, referred to the Rheumatologic Outpatient Clinic 
of the Humanitas Research Hospital and capable of expressing written informed 
consent will be enrolled if they fulfill the following criteria.  
Inclusion criteria  
Subjects fulfilling all of the following inclusion criteria are eligible for the study:  
 
patients aged ≥18 years;  
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- diagnosis of fibromyalgia according to the 2010/2011 ACR criteria and 2016 
revised version41, not taking NSAIDs for at least one month prior to enrolment;  

- diagnosis of PsA, classified according to CASPAR criteria42, who reached 
remission or low disease activity according to DAPSA (Disease Activity Index for 
Psoriatic Arthritis) score43 or who achieved minimal disease activity (MDA)44 
after any DMARD for at least three months, but who still complain of residual pain 
with a visual analog scale >20 mm on a 0-100 scale45, 46, with 100 indicating 
the worst assessment; 

- able to provide written informed consent. 
 
Exclusion criteria  
The presence of any one of the following exclusion criteria will lead to the exclusion of 
the subject.  

- current or previous treatment with steroids;  
- pregnancy and/or lactation;  
- current or anamnestic malignancy.  

 
Recruitment  
Patients attending the Rheumatologic Outpatient Clinic of the Humanitas Research 
Hospital and eligible according to inclusion/exclusion criteria will be enrolled and will 
undergo a rheumatologic evaluation with clinimetric assessment. For patients with FM, 
Widespread Pain Index (WPI) and Symptom Severity Scale (SSS) score41 will be 
evaluated. For patients with PsA, DAPSA43 and MDA44 will be assessed. A complete 
pain profiling will be performed as shown below.  
As a control 30 age-sex matched healthy subjects will be recruited from Humanitas 
employees.  
Blood, saliva and stools will be collected.  
Anthropometry and body composition  
Bioelectrical impedance analysis will be performed to measure weight (kg), body fat (kg 
and %) and skeletal muscle mass (kg). Height (cm) will be measured using a 
stadiometer. BMI will be calculated as weight (kg) divided by height (m) squared and 
categorised using the international criteria: underweight (<18.5 kg/m2), normal-weight 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (≥30.0 kg/m2). Waist 
circumference (cm) will be measured with the participant standing at the middle point 
between the ribs and ileac crest.  
In all cases, the measurements will be made at least two hours after the last meal, 
released from clothing and metal objects and having remained standing at least 5 
minutes before the assessment.  
Pain profiling  
Quantitative Sensory Testing (QST)  
The QST tests chosen are listed below. These tests can be fully applied at the bedside.  
1. Mechanical detection threshold (MDT) assessed using modified von Frey filaments  
2. Mechanical pain threshold (MPT) assessed using blunt mechanical pinprick stimuli  
3. Stimulus-response-functions: mechanical pain sensitivity (MPS) for blunt mechanical 
pinprick stimuli and dynamic mechanical allodynia for stroking light touch (PinPrick and 
OptiHair2 set stimulators)  
4. Wind-up ratio — the perceptual correlate of temporal pain summation for repetitive 
pinprick stimuli  
5. Vibration detection threshold with Rydel-seiffer Tuning forks 64Hz  
6. Pressure pain threshold with Algometer FPX50  
7. Conditioned pain modulation using ischemic pain via blood pressure cuff  
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These will all be undertaken by a trained member of staff. Quantitative Sensory Testing 
will require the patient to be exposed to stimuli that elicit sensations of light and heavy 
touch and  
pressure. This is a patient assessment methodology grounded in scientific rigour, is 
used globally in clinical research and is well established at the institution. The 
methodology and inciting stimulus will be communicated in written and verbal 
consenting, allowing patient withdrawal at any point.  
Numerical Rating Scale (NPRS-11)  
The Numerical Rating Scale (NPRS-11) is an 11-point scale for self-report of pain. The 
participant selects a whole number (integers 0–10) that best reflects the intensity of their 
pain. The anchors are 0 = no pain and 10 = extreme pain/worst possible pain. The NPRS 
can be administered verbally (therefore also by telephone) or graphically for self-
completion.  
DN4 (Douleur Neuropathique en 4 Questions)  
DN4 (Douleur Neuropathique en 4 Questions) is a screening tool for neuropathic pain 
consisting of interview questions (DN4-interview) and an examination of the participant.  
Pain Catastrophising Scale (PCS)  
The PCS is a questionnaire developed to help quantify an individual's pain experience, 
asking about how they feel and what they think about when they are in pain.  
Pain Anxiety Symptoms Scale (PASS-20)  
The Pain Anxiety Symptoms Scale-20 (PASS-20) is a questionnaire which assesses 4 
factorially distinct components of pain-related anxiety (ie, cognitive, fear, 
escape/avoidance, physiological).  
PROMIS (Patient-Reported Outcomes Measurement Information System®)  
PROMIS is a set of person-centred measures that evaluates and monitors physical, 
mental, and social health in adults and children.  
Gastrointestinal symptoms evaluation  
Rome IV Diagnostic Questionnaire for Functional Gastrointestinal Disorders  
The Rome IV Diagnostic Questionnaire was developed to screen for functional 
gastrointestinal disorders, serve as inclusion criteria in clinical trials, and support 
epidemiologic surveys  
Food Dietary Assessment  
Food Registry  
For the assessment of food consumption, a Food Registry will be used. Each patient 
and healthy control individual will be instructed to register three non-consecutive days 
of dieting (two weekdays and one weekend day) and should include detailed foods or 
preparations. Later the data will be tabulated in the DietoSystem software and the mean 
3-day intake will be adjusted to reduce intrapersonal and interpersonal variation. The 
items examined will be total calories, carbohydrates, proteins, lipids, vitamins (A, C, 
B12, D and E) and minerals (folate, selenium, zinc, iron, calcium and magnesium). 
Energy and nutrient intakes of the study population will be compared to the Italian LARN 
references.  
Self-assessment evaluation for anxiety and depression  
Beck’s Depression Inventory (BDI)  
The Beck Depression Inventory (BDI) is a 21-item, self-report rating inventory that 
measures characteristic attitudes and symptoms of depression.  
Beck Anxiety Inventory (BAI)  
The Beck Anxiety Inventory (BAI) is a widely used 21-item self-report inventory used to 
assess anxiety levels in adults.  
WP2: Leaky gut assessment  
Leaky-gut assessment in plasma:  
We will analyze potential biomarkers related to leaky gut in the plasma of FM and PsA 
patients. Blood plasma and serum will be collected at a single time point: LPS, 
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lipopolysaccharide binding protein (LBP), soluble CD14 (sCD14), zonulin, hCRP, PV-1 
and calprotectin. Moreover, we will measure the neuropeptide CGRP, the VIP and the 
neurotransmitter acetylcholine (ACh) .  
Functional assay:  
FM and PsA patients with increased plasma biomarkers of leaky-gut will undergo a 
functional test to confirm altered permeability. This assessment involves employing a 
multi-saccharide test to detect saccharides in urine samples following oral 
administration. The Mass-QGASTROPACK® I test (AB-Analitica, Padova, Italy) is 
utilized for this purpose, following the manufacturer’s instructions. This test relies on 
quantifying four sugars excreted in the urine after ingestion. The presence of these 
sugars in abnormal quantities indicates potential abnormalities in the structure or 
function of specific gastrointestinal regions, including the stomach, small intestine, and 
large intestine. Specifically, mannitol serves as an internal control, assessing small 
bowel epithelial surface and integrity. Sucrose, lactulose, the lactulose-to-mannitol ratio 
(L/M), and sucralose function as markers for gastroduodenal, small intestinal, small 
intestinal normalized for total small intestinal absorption surface, and colonic 
permeability, respectively.  
Leaky-gut, immune and nociceptor assessment in colon biopsies:  
Patients with FM and PsA who have been found to have increased intestinal 
permeability (via plasma biomarkers and functional testing) will undergo a colonoscopy 
to obtain a colon biopsy.  
Mucosal barrier status will be evaluated by assessment of PV-1 (marker of GVB 
permeability in CD31/ CD34+ endothelial cells), ZO-1 (marker of intestinal epithelial 
barrier) staining by immunofluorescence. MUC2, Ramp1, nociceptor distribution will 
also be evaluated (TRPV1+ and CGRPα +) 47. On a limited number of samples (n=15), 
immune cells, nociceptor and ENS spatial interaction will be evaluated by spatial 
transcriptomics on FFPE samples (GeoMx DSP).  
WP3: Metabolic profile (Lania)  
Metabolic profile assessment (insulin sensitivity):  
Metabolic profile will be assessed by evaluating fasting glucose, fasting insulin, 
hemoglobin A1c (HbA1c), lipid profile, body mass index (BMI). Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR), Triglyceride-Glucose (TyG) Index and 
Quantitative Insulin Sensitivity Check Index (QUICK1) will be used to assess insulin 
sensitivity.  
WP 4: Adaptive immune response (Lugli)  
Leaky gut and microbial translocation have been linked to the chronic activation of the 
adaptive immune system 48. Our lab has pioneered the development of high-
dimensional flow cytometry analysis of the immune system 49, 50and related data 
analysis51. Frequency of immune cell populations in circulation related to immune 
activation, proliferation, differentiation, effector functions and cytotoxic/T helper cell 
activity will be evaluated by high-dimensional flow cytometry capable to measure 40+ 
markers. We have developed automated bioinformatics approaches for the unbiased 
and rapid analysis of large and complex datasets, to identify the dynamics of immune 
cell populations in disease and in response to treatment52, 53. By using these 
approaches, we will make it possible to correlate  
adaptive immune signatures with clinical and inflammatory characteristics of the 
different patient cohorts (see WP5). Sex and age-matched healthy controls will be 
included as a comparison. We expect to identify novel cell populations in patients that 
are absent, or underrepresented in healthy controls, and thus possibly involved in the 
pathogenesis/perpetuation of the disease. The combination of markers expressed on 
the surface will make it possible to further isolate these cells for downstream omics 
analysis, such as at the transcriptomic (RNA-seq) or epigenomic (ATAC-seq) level. 
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These investigations will inform us on the possible functions of these cells, that will be 
further evaluated with dedicated functional assays in vitro.  
WP 5: Innate immune response and cytokines (Di Mitri, Jaillon, Garlanda)  
The first objective of WP5 will be to assess the local and systemic inflammatory status 
observed in plasma of patients, and to compare them with healthy controls. Specifically, 
we will assess the presence of a wide panel of inflammatory and anti-inflammatory 
biomarkers via a multiplex assay (e.g. CRP, PTX3, IL-1β, IL-6, IL-10, TNF-α, TGF-β, 
CXCL1, CXCL2, G-CSF, sIL-1R2). We will then assess whether the expression level of 
these molecules is associated with pathology activity or severity.  
The second objective will be to study the presence and activation status of innate 
immune cells (e.g. monocytes and natural killer cells) in blood using flow cytometry 
analysis. This analysis will be performed in parallel with WP4. We will improve the 
characterization of innate immune cells through different approaches, including 
multiparametric flow cytometry analysis (up to 50 colors). In particular, we will assess 
the presence of cells expressing T cell immune checkpoint ligands (e.g. PD-L1, PD-L2, 
VISTA, OX40L, 4-1BBL, CD86), myeloid checkpoints (e.g., SIRP, CD200R), and other 
molecules indicating differences in maturation or activation states (such as CD101, 
CD36, CD24, CXCR2, CXCR4, CD177, MHCII, CD80, CD86 for neutrophiles and 
monocytes, CD16, CD57, KIR, NKG2A, CD27, CD62L, NKG2D for NK cells). We will 
include original markers of the IL-1 system, including IL-1R2 and IL-1R8, which we are 
developing as markers of leukocyte dysfunction/activation in inflammatory conditions. 
As for WP4 activities, we will take advantage of CRUSTY, a versatile platform for rapid 
analysis and visualization of high-dimensional flow cytometry data developed in our 
institute51. These results will be complemented by transcriptomic analysis performed 
on isolated peripheral blood mononuclear cells (PBMC) from blood. We will apply 
deconvolution analysis to gene expression data to visualize the heterogeneity of 
different cell subsets present in patient samples.  
WP6: Metabolomic and microbiota profiling (Rescigno)  
Microbiota composition of patients affected by FM or PsA will be analyzed in oral and 
fecal samples. Metabolomics will be measured in plasma and fecal samples. All 
samples will be collected at a single time point (baseline).  
Fecal and buccal swab samples will be stored at -80°C until DNA extraction. Bacterial 
DNA will be extracted from all the samples using DNeasy PowerSoil Pro Kits (Qiagen) 
according to the manufacturer’s procedures. DNA concentration will be measured using 
the NanoDrop spectrophotometer (Thermo Fisher scientific) and stored at −80 °C. 
Shotgun metagenomic sequencing will be performed fecal (~ 7.5 Gb/sample) and 
buccal swab (~ 15 Gb/sample) samples: libraries will be prepared using Illumina® DNA 
prep according to the manufacturer’s procedures.  
The second aim of WP6 will be to identify metabolites in the plasma and feces of patients 
affected by FM or PsA. An untargeted metabolomics analysis will be performed. 
Samples will be collected and flash frozen, stored and maintained at -80 °C until 
processed. Samples will be spiked with internal standard, lyophilized overnight and then 
extracted with 400 μL of cold MeOH, 100 μL of H2O and 1 mL of cold tert-
methylbutylether (MTBE). After centrifugation two phases can be observed: the upper 
organic phase and the bottom aqueous phase were collected and dried with a vacuum 
concentrator. Aqueous phases are analyzed using HILIC chromatographic column in 
negative mode with mobile phase (MP) at pH 10.5 and positive mode with MP at pH 3. 
Organic phases are analyzed with a C18 chromatographic column in positive and 
negative mode with MP pH respectively at 9.0 and 3.0. For quality control (QC) in each 
condition, a pooled sample is generated by taking a small volute of each sample extract. 
QC are analyzed along with technical blanks to assure method reproducibility during the 
entire analysis time. Analysis is performed using UHPLC (Vanquish Flex, Thermofisher 
Scientific) online with a high-resolution mass spectrometer (HRMS) (Orbitrap IQ-X 
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Tribrid Mass Spectrometer, Thermofisher scientific). Compound identification is 
achieved using the AcquireX method on pooled samples, and compound quantitation 
on each sample is based on peak integration of extracted ion chromatograms. Data 
mining and analysis is performed with Compound Discoverer Ver 3.3 (Thermofisher 
Scientific).  
WP7: Data integration and analysis (Shulzhenko and Morgun, visiting professors)  
Omics data from the different results obtained in the previous WPs will be integrated 
with clinical data through Transkingdom Network Analysis (TkNA) which is a unique 
analytical framework for inferring causal factors underlying host–microbiota and other 
multi-omic interactions. This analysis will allow us identifying causality and pathways 
involved in disease development. The analysis will be performed in collaboration with 
Natalia Shulzhenko and Andrey Morgun that are visiting professors of Humanitas 
University54.  
EXPECTED RESULTS AND IMPACT  
The present project takes advantage of unique lines of expertise strictly collaborating to 
develop precision and personalized medicine which requires the identification of 
biomarkers useful for early assessment of individual risk, diagnosis and identification of 
risk factors related to chronic pain. In this regard, monitoring the innate and adaptive 
immune responses, encompassing both cellular and humoral components, microbiota, 
metabolomics form the same patients and correlating them with the leaky-gut, glucose 
and insulin levels, as well as nociceptor activity, could contribute to the identification of 
new biomarkers, as previously demonstrated for other conditions55-57. We may further 
envision that alterations observed may lead to new therapeutic approaches to limit the 
quality-of-life impairment secondary to chronic pain.  
 
FEASIBILITY, PITFALLS AND CAVEATS  
Humanitas research center is characterized by the close proximity of the hospital and 
research laboratories thus allowing close interactions between clinicians and 
researchers. We expect to enroll all of the patients in the first two years thus allowing to 
finish sample analysis within the proposed time frame (36 months). We do not envisage 
technical issues as all of the techniques are in place. Whatever the results will be 
informative.  
 
MILESTONES  
M1: determine the expression level of soluble molecules and their association with the 
activity or severity of the pathology.  
M2: determine the presence, maturation, and activation status of innate immune cells in 
patient samples.  
M3: determine the microbiota composition of FM and PsA patients.  
M4: determine metabolomics of FM and PsA patients.  
M5: correlate above parameters with glucose, insulin, glycate hemoglobin, insulin 
sensitivity indexes and lipid profile and increased intestinal permeability  
M6: evaluate the status of nociceptors and neurotransmitters in FM and PsA patients 
with increased intestinal permeability.  
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Background: 
Myocardial revascularization represents the most commonly performed therapeutic 
intervention worldwide and the gold standard of treatment for patients with acute coronary 
syndromes (ACS). Owing to clinical and technological advancements in stent design and 
revascularization strategies, percutaneous coronary intervention (PCI) provides excellent 
outcomes during short and long-term follow-up. However, a relevant portion of ACS 
patients undergoing PCI require a repeat revascularization procedure in the following 
years, largely due to CAD progression on non-culprit segments considered as the main 
underlying mechanisms. In the landmark Prospective Natural History Study of Coronary 
Atherosclerosis (PROSPECT) trial, including 697 patients with ACS undergoing 
intravascular imaging guided PCI, one out of five patients had a repeat revascularization 
at three years, with a similar proportion of events attributable to culprit lesions (10.9%) 
and CAD progression in non-culprit sites (10.5%). 
Both clinical and angiographic factors might contribute to an increased risk of myocardial 
revascularization failure over time. Specific coronary atherosclerotic plaque features 
which might predispose to recurrent ACS events have been mainly investigated through 
invasive intravascular imaging studies. However, intracoronary imaging is notably 
underused in clinical practice and is not recommended to systematically search for non-
culprit plaques, especially in the absence of angiographically obstructive lesions. 
Coronary computed tomography angiography (CCTA) is a noninvasive test that enables 
evaluation of all coronary arteries and their branches in patients with known or suspected 
CAD. The high accuracy of CCTA for detection and exclusion of CAD is well reported, and 
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recent advances in computed tomographic technologies now allow for coronary 
atherosclerotic quantification and characterization, with high diagnostic performance 
when compared with invasive reference standards. If routinely performed in patients with 
manifest CAD, CCTA could offer the unique opportunity to describe the natural history of 
atherosclerosis before ACS occurrence, while accounting for the totality of atherosclerotic 
features in all coronary arteries and their branches at the patient level. At the same time, 
novel tools are being developed to implement the diagnostic accuracy of CCTA in the 
presence of coronary stents thereby allowing to recognize subclinical in-stent restenosis. 
Across clinical factors, diabetes mellitus is one of the most common determinants of CAD 
progression after PCI with newest generation drug eluting stents, and diabetic patients 
present an increased risk of both target lesion failure and non-target lesion 
revascularization compared to non-diabetic individuals. While several pathogenic 
mechanisms might justify the accelerated atherosclerosis associated with diabetes, 
including lipid metabolism dysregulation, endothelial dysfunction and chronic 
inflammation, very little is known concerning the relative effectiveness of the different 
classes of antidiabetic medications to promote or retard the progression of 
atherosclerosis. Injectable glucagon like peptide-1 receptor (GLP-1R) agonists mimic 
endogenous GLP-1 by stimulating pancreatic insulin secretion with a low risk of 
hypoglycemia. Seven randomized clinical trials and a subsequent meta-analysis have 
shown a consistent reduction in major adverse cardiovascular events associated with 
GLP1-R agonists (GLP1-RA) when administered in diabetic patients at high 
cardiovascular risk. As a consequence, GLP1-RA have been recommended as first-line 
antidiabetic medications in diabetic patients with atherosclerotic cardiovascular disease 
by the 2021 guidelines of the European Society of Cardiology on cardiovascular disease 
prevention. Several potential indirect cardiovascular effects of GLP1-RA have been 
proposed to explain the strong prognostic benefit associated with these compounds. 
Among these, preclinical evidence suggests GLP1-RA could prevent the development 
and progression of atherosclerotic lesions by suppressing macrophage foam cell 
formation and potentially driven by anti-inflammatory mechanisms. 
 
Aim: 
To evaluate the effects of GLP1-RA on CAD progression and correlate the findings with 
immune and inflammatory modulation. 
 
Preliminary findings: 
The PROGRESSION trial (ClinicalTrials.gov Identifier: NCT03890822) is a single-center, 
prospective observational study conducted at Humanitas Research Hospital IRCCS 
(Milan, Italy), which actively enrolled 100 patients with non-ST-segment elevation acute 
coronary syndromes from 2019 to 2022. In order to be included, patients were required to 
undergo PCI and to present at least one non-culprit lesion with indication to medical 
therapy alone. Enrolled subjects underwent repeated CCTA at discharge and at 1 year, 
with the aim to evaluate the incidence and predictors of CAD progression after ACS. 
Progression of CAD is assessed based on percent atheroma volume and total atheroma 
volume, precisely and automatically quantified with the QAngio CT software (Medis 
Medical Imaging Systems, Leiden, NL). 
A preliminary analysis of 16 patients was performed, 7 (44%) of these were treated with 
GLP1-ra. Baseline characteristics, including age, sex, cardiovascular risk factors, body 
mass index, and medical therapy at discharge did not differ between groups. Median 
baseline PAV was 25.7 (5.6-34.0)% in the GLP1-ra group and 25.3 (14.4-28.0)% in the 
no GLP1-ra group (p=0.68). At one year, a signal towards a lower PAV increase in the 
GLP1ra group was observed (-1.9 [-3.5, -0.2]% vs. 0.4 [-1.8, 2.5]%, p=0.10). Whereas, 
absolute change in TAV was not significantly different between the GLP1ra (-2.5 [-29.0-
1.2] mm3) and no GLP1ra (14.4 [-4.9-51.2], p=0.37) groups. 
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Methods: 
The PROGRESSION GLP1-RA study will prospectively enroll 25 diabetic patients with 
ACS, following the same angiographic inclusion criteria specified for the PROGRESSION 
trial. After PCI and guideline-directed medical therapy optimization, therapy with GLP1-
RA will be initiated as suggested by current international guidelines, unless 
contraindicated. CCTA will be performed at baseline (within 2 weeks from discharge) and 
at 1 and 3 years of follow-up. These patients will be compared with diabetic patients 
already enrolled in the PROGRESSION trial and not on GLP1-RA treatment (n=25), who 
will be scheduled an additional CCTA at 3 years. 
We will compare 1) atherosclerotic progression in non-culprit sites on native vessels and 
2) the degree of subclinical in-stent restenosis with and without GLP1-ra. The primary 
endpoint will be the absolute change in percent atheroma volume (PAV) at 1 and 3 years, 
, as detected by CCTA. A key secondary endpoint was absolute change in total atheroma 
volume (TAV) at 1 and 3 years, as detected by CCTA. 
In addition, all patients will undergo collection of peripheral blood mononucleated cells 
(PBMC) and plasma, at baseline and at follow-up. 
We will perform single cell RNA sequencing and single proteomics sequencing (CITE-
SEQ) on PBMC. We will obtain an average of 2500 cells per sample, in order to perform 
an accurate genes analysis. Moreover, the proteomics analysis will confirm and 
strengthen the RNA cluster analysis that will be performed for every samples. This 
analysis will clusterize and characterize the immune cells. The cell-to-cell interaction and 
cell abundance will provide information about the cellular response and function. The 
genes and pathways differentially activated in aggravate condition, but down modulated 
during GLP1-ra treatment, are the new, specific, and potentially highly efficient therapeutic 
targets. Plasma will be also examined for the analysis of the level of key pro-inflammatory 
cytokines, including IL-6, TNFa and CCL2. The plasma collected will be also used to 
perform a metabolomic assay, in order to find markers associated to the pathologic state 
and to the cell-related activation state. Lastly, we will determine the mutational state of 
genes involved in clonal hematopoiesis of indetermined potential (CHIP), the mutation of 
which has been shown to be associated with increased risk of CAD by mean of enhanced 
inflammation. 
 
Relevance: 
Since CAD remains the first cause of mortality worldwide, risk stratification aiming at 
identifying patients at higher risk of CAD progression over time is, therefore, pivotal to 
impact on patients prognosis. Moreover, new treatments are required to target and 
minimize CAD progression among patients at higher risk. This study will allow the 
implementation of 1) a more granular bioimaging-based risk stratification to identify those 
subjects at increased risk of CAD progression, and 2) targeted therapies to limit disease 
progression and prevent potentially fatal events. 
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Titolo del progetto: Pathophysiological insights and tailored therapeutic approaches in 

patients with ST-segment elevation myocardial infarction and plaque erosion: an optical 

coherence tomography imaging study with single-cell analysis 

 

BACKGROUND 
Primary percutaneous coronary intervention (PCI) with drug-eluting stents (DES) 
implantation is the cornerstone therapy in patients with ST-segment elevation myocardial 
infarction (STEMI) (1). Nevertheless, risks of target lesion revascularization following PCI 
with DES, owing to stent thrombosis and restenosis due to neointimal hyperplasia or late 
neoatherosclerosis are not trivial (2). Furthermore, such one-size-fits-all therapeutic 
approach does not take into account the heterogeneity of the coronary pathologies and 
mechanisms underlying coronary thrombosis in STEMI. Indeed, in both autopsy data and 
in vivo clinical studies using high resolution intravascular optical coherence tomography 
(OCT) imaging, plaque rupture was the most frequent cause of coronary thrombosis 
(about 60%), plaque erosion without cap disruption, where flowing blood comes into direct 
contact with intimal surface lacking endothelial cells triggering coronary thrombosis, was 
found in about 30% of cases, and calcified nodule with disruption of fibrous cap was 
reported in about 5% of patients (3). 
We reported the association of elevated systemic myeloperoxidase levels with plaque 
erosion and a differential expression of myeloperoxidase in thrombi overlying eroded 
plaques, compared with plaque rupture (4). Also increasing evidence lends support the 
idea that plaque erosion as a disease entity is wholly different from plaque rupture, with 
fundamental differences in the inflammatory mechanisms and pathogenesis of thrombosis 
(5). Nevertheless, a detailed single-cell level analysis of how immune cells are related to 
different coronary pathologies, i.e. plaque erosion vs plaque rupture, in acute STEMI is 
lacking. 
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Furthermore, previous observational studies, with the use of OCT, have reported an 
association between plaque erosion with lower residual percentage stenosis, compared 
with plaque rupture, after successful removal of thrombus burden (6,7). This finding has 
prompted several investigators to attempt a revascularization strategy consisting in 
thrombus removal and antithrombotic therapy only, without DES implantation, in patients 
with acute coronary syndromes and plaque erosion (6,7). Although such treatment 
approach was associated with good immediate clinical and angiographic results without 
vessel re-occlusion, nevertheless a high rate of target lesion revascularization at longer 
term follow-up was reported (6,7). The residual post-procedural percentage of area 
stenosis, that progressed over time, was found to be an independent predictor of target 
lesion revascularization at follow-up, thus underscoring the need for optimization of the 
acute angiographic result following thrombus removal. 
Drug-coated balloons (DCB) are an emerging technology that allows to treat coronary 
artery disease without the need for permanent stent scaffold. DCB allow to achieve 
substantial acute gain (i.e. immediate increase in luminal diameter) compared with 
medical therapy and provide significant advantages, compared with plain old balloon 
angioplasty, in reducing the incidence of restenosis at follow-up, via the release of 
antiproliferative drugs to the vessel wall that offset vascular smooth cell proliferation, 
known to be a key pathogenetic mechanism of restenosis (8). A recent OCT study has 
also shown the potential of DCB to promote positive vessel remodeling (i.e. increased 
vessel dimension) at follow-up in about 50% of patients, with negligible late loss (i.e. 
reduction of luminal diameter at follow-up compared with the postprocedural result) (9). 
Recent meta-analyses of randomised clinical trials comparing DCB with DES have also 
shown the clinical safety and efficacy of DCB for the treatment of de-novo coronary artery 
disease in the setting of chronic coronary syndromes, reporting no thrombotic events in 
the early and late follow-up following DCB use (10). Evidence about the safety and 
effectiveness of DCB in STEMI patients is increasing (11). 
 
AIMS 
1) This is a proof-of concept study for OCT-guided primary angioplasty in patients with 
STEMI tailoring the use of DES or DCB according to different coronary pathologies, i.e. 
plaque rupture or plaque erosion, respectively. Specifically, the study aims at assessing 
the effects of angioplasty with DCB on acute and mid-term angiographic and clinical 
outcomes in patients with plaque erosion. 
2) A key aim of the study is to investigate the differential immunological and inflammatory 
pathophysiological mechanisms of plaque erosion compared with plaque rupture by 
analysing the characteristics of specific cell types and individual cells simultaneously on 
a transcriptome-wide level and gene expression level. 
3) The study will also investigate the relationship of different plaque phenotypes and 
specific immunological traits with microvascular obstruction, a key component of 
ischemia-reperfusion injury, as well as infarct size. 
 
STUDY ENDPOINTS (Cohort of patients with plaque erosion) 
-The primary endpoint of the study will be angiographic net gain in minimal lumen diameter 
(MLD) (mm) inside the DCB treated area in the per-protocol (PP) population, which will 
comprise patients who will receive the assigned treatment in the absence of bail-out 
stenting. Net gain is defined as follow-up MLD minus baseline MLD. 
-Key secondary endpoints will be: device (DCB) success, procedure success, 
angiographic acute gain, acute/subacute/early/late vessel closure/thrombosis, 
angiographic late lumen loss (LLL) (i.e. post PCI MLD minus MLD at 6-month follow-up), 
MLD at 6 months, angiographic percent diameter stenosis at 6 months, binary restenosis 
rate (percent diameter stenosis [%DS] ≥50% at 6-month follow-up. 
-Additional secondary endpoints: 
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-Vessel healing as assessed by OCT at 6 months following DCB, comprising evaluation 
of plaque morphology, vessel and lumen size, residual thrombus burden. 
 
STUDY ENDPOINTS (entire STEMI cohort) 
-Cell type composition, i.e.major cell types in the peripheral blood mononuclear cell 
(PBMCs), in patients with plaque erosion compared with plaque rupture, both at the site 
of the culprit lesion and the systemic circulation, 
-Gene expression levels per cell type in patients with plaque erosion compared with 
patients with plaque rupture, 
-Protein expression profiles in patients with plaque erosion compared with patients with 
plaque rupture, 
-Clinical Device oriented Composite Endpoint (DoCE): the composite of cardiac death, 
target vessel myocardial infarction, clinically and/or physiologically indicated target lesion 
revascularization at 12 months in patients with plaque erosion compared with plaque 
rupture, 
-Microvascular obstruction as assessed by angiographic indices of reperfusion such as 
myocardial blush grade, and postprocedural ECG ST resolution > 70%, 
-Infarct size, as assessed by CK-MB and high sensitivity troponin release curve. 
 
STUDY DESIGN 
Prospective, multicentre, observational interventional trial enrolling about 150 patients 
with acute STEMI presenting within 24 hrs from symptom onset. All patients will undergo 
coronary angiography and primary PCI. Patients with OCT-documented plaque rupture 
will undergo DES implantation following thrombus aspiration. Patients with OCT-
documented plaque erosion will undergo angioplasty with DCB following thrombus 
aspiration. Patients with plaque erosion will undergo coronary angiography and OCT 
evaluation of the treated target lesion at 6-month follow-up. All patients will be followed for 
up to 1 year for clinical endpoints. It is expected that the number of patients with plaque 
erosion will be about 50. 
 
STUDY POPULATION 
Inclusion criteria 
Consecutive patients with a diagnosis of STEMI undergoing primary PCI within 24 hours 
from symptom onset, de novo coronary occlusion, written informed consent, age ≥18 yrs. 
Exclusion criteria 
Administration of thrombolytic, stent thrombosis, culprit lesion in bypass graft, impossibility 
to identify culprit lesion, known mechanical complication of acute myocardial infarction, 
unconscious patients, intubated patients, shock, women of child-bearing potential (e.g. 
below 55 years of age, who have not undergone tubal ligation, ovariectomy or 
hysterectomy and last menstruation within the last 12 months), participation in another 
interventional clinical trial, non-cardiac comorbid conditions with life expectancy of less 
than 1 year, patients unable or unwilling to give their informed consent. 
Study duration 
The estimated duration of the enrolment phase will be approximately 15 months. The 
duration of the follow-up phase will be 12 months. Total study duration is expected to be 
approximately 27 months. The First Patient-In is expected to be enrolled in November 1st 
2024. The Last-1-year follow-up is expected on February 1st 2027. Our centre will enrol 
approximately 60 to 70 patients with STEMI, given the collaboration with an academic 
high-volume centre of primary PCI in Milan, eg Centro Cardiologico Monzino. This rate of 
enrolment corresponds to 1-1.2 patients per week which is a realistic target of enrolment. 
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Quota da sostenere 

entro l’anno di 

rendicontazione 

Quota accantonata, 

da sostenere, per 

progetti pluriennali 

(durata massima tre 

anni) 

Personale di ricerca (borsista, a contratto e 

di ruolo in quota parte) 
0,00 30.000,00 

Apparecchiature (ammortamento, canone 

di locazione/leasing) 
0,00 65.000,00 

Materiale d’uso destinato alla ricerca (per 
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0,00 0,00 

Elaborazione dati 0,00 0,00 

Spese amministrative  0,00 19.305,42 

Altro 0,00 0,00 

TOTALE 0,00 128.702,78 
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Titolo del progetto: Personalizzazione delle terapie antibiotiche ed antifungine nel 

paziente complesso mediante approcci combinati di farmacologia clinica e microbiologia 

 

Razionale del progetto 
Nella pratica clinica quotidiana i farmaci vengono solitamente prescritti utilizzando schemi 
impostati sulla scorta di informazioni derivate dagli studi registrativi, e gli eventuali 
aggiustamenti posologici sono spesso attuati in modo empirico. Tuttavia, è esperienza 
comune che lo stesso farmaco, somministrato alla stessa dose, possa essere efficace 
nella maggioranza dei soggetti trattati risultando però scarsamente efficace e/o con effetti 
collaterali, a volte anche gravi, in alcuni pazienti. Di fatto, il notevole aumento di risposte 
imprevedibili ai farmaci sta diventando un problema sempre più rilevante nella società 
attuale. Alla luce di quanto sopra detto, trova utile ed efficace un approccio più razionale 
alla terapia farmacologica, in cui la posologia sia definita tenendo conto di tutte le variabili 
sopra elencate, delle evidenze scientifiche in continua evoluzione e di test diagnostici 
specifici in grado di valutare l’esposizione individuale del paziente al singolo farmaco.  
Tali concetti hanno validità generale ma possono trovare particolare applicazione in 
setting clinici specifici, come nel campo delle malattie infettive. Sempre più 
frequentemente si osserva infatti che le posologie convenzionali di antibiotici e antifungini 
non sono sufficienti per ottenere valori target di farmacocinetica/farmacodinamica 
(PK/PD) nei pazienti complessi (critici, obesi, iperfiltranti, ipoalbuminemici, con 
insufficienza degli organi emuntori, sottoposti a procedure dialitiche ecc), potenzialmente 
aumentando il rischio di fallimento terapeutico. Per tale motivo, il ruolo del monitoraggio 
terapeutico (TDM, therapeutic drug monitoring) associato al dato microbiologico puntuale, 
sono cruciali per l’ottimizzazione della posologia dei diversi antibiotici e antifungini (si veda 
elenco sotto). 
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Tabella 1: Farmaci sottoposti a monitoraggio terapeutico 
 

antibiotici anifungini 

Ampicillina Itraconazolo 

Cefepime Isavuconazolo 

Ceftazidime Posaconazolo 

Linezolid Voriconazolo 

Meropenem   

Piperacillina/tazobactam   

Sulbactam   

Vancomicina    

Gentamicina    

 
 
Scopo dello studio 
Lo scopo di questo studio è di verificare se l’identificazione di approcci terapeutici 
personalizzati per le terapie antibiotiche ed antifungine basati su dati di TDM e di 
microbiologia puntuale possano migliorare l’outcome clinico di pazienti complessi rispetto 
all’utilizzo di posologie convenzionali. 
La nostra ipotesi è che in questi pazienti ci possa essere una potenziale esposizione 
subottimale alle terapie infettive utilizzate alle posologie convenzionali. 
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Di cui: 
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Quota da sostenere 

entro l’anno di 

rendicontazione 

Quota accantonata, 

da sostenere, per 

progetti pluriennali 

(durata massima tre 

anni) 

Personale di ricerca (borsista, a contratto e 

di ruolo in quota parte) 
0,00 0,00 

Apparecchiature (ammortamento, canone 

di locazione/leasing) 
143.650,00 143.650,00 

Materiale d’uso destinato alla ricerca (per 

laboratori di ricerca, acquisto farmaci ecc.) 
0,00 0,00 

Spese di organizzazione (manifestazioni e 

convegni, viaggi e missioni ecc.) 
0,00 0,00 

Elaborazione dati 0,00 0,00 

Spese amministrative  25.350,00 25.350,00 

Altro 0,00 0,00 

TOTALE 169.000,00 169.000,00 

 

 

 

Data, 10/07/2025   

 

 

Il Legale Rappresentante  

 

 

 

 

 

 

Si autorizza al trattamento dei dati ai sensi del d.lgs. 196/2003 

 

Il Legale Rappresentante  
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Titolo del progetto: Analisi della distribuzione spaziale di farmaci e mataboliti in campioni 

di tessuto tumorale raccolti alla chirurgia tramite mass spectrometry imaging 

 

L’efficacia antitumorale è strettamente collegata alla distribuzione dei farmaci nel tessuto 
bersaglio in concentrazione sufficiente per essere attiva. Il tessuto tumorale presenta 
anomalie biomeccaniche associate alla resistenza, come l’aumento della rigidità della 
matrice e lo stress solido causato dalla crescita tumorale (Kalli et al., 2018). Queste 
anomalie ostacolano la penetrazione e la diffusione del farmaco, limitando la distribuzione 
e l’efficacia del trattamento. Vasi sanguigni e linfatici anomali, stroma reattivo e 
infiammazione nei tumori aumentano la pressione interstiziale, lo stress solido e l’ipossia, 
peggiorando ulteriormente la distribuzione del farmaco (Saggar et al., 2013; Fuso Nerini 
et al., 2014). I tumori solidi presentano anche uno stroma desmoplastico costituito da 
tessuto connettivo denso che aumenta la rigidità tissutale (Provenzano et al., 2012; 
Gkretsi et al., 2048; Morosi et al., 2021). Inoltre il reprogramming metabolico è uno degli 
hallmark del cancro la cui importanza è sempre più evidente. L’imaging con spettrometria 
di massa (MSI) offre una soluzione potente a questo problema, mappando e quantificando 
con precisione la distribuzione del farmaco nel tessuto con alta risoluzione spaziale e 
specificità. La pipeline analitica da noi sviluppata inoltre permette la mappatura simultanea 
dei metaboliti e dei lipidi nei tessuti tumorali fornendo informazioni su eventuali 
correlazioni tra la distribuzione spaziale dei farmaci e l'accumulo di specifici lipidi o 
alterazioni metaboliche, che potrebbero essere responsabili della scarsa efficacia 
terapeutica. Inoltre, MSI può integrarsi facilmente con dati istopatologici e altre tecniche 
di imaging, consentendo un approccio multimodale per migliorare la comprensione della 
distribuzione del farmaco nei tumori (Davoli et al., 2021). 
Abbiamo sviluppato metodi per visualizzare diversi farmaci nel tessuto tumorale (ad 
esempio amoxicillina, cefazolina) in correlazione con analisi istologica e di 
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immunoistochmica sui sezioni adiacenti oltre che una innovativa pipeline analitica per la 
metabolomica spaziale untarget. I nostri dati dimostrano che la distribuzione intra-
tumorale di piccole molecole in sezioni provenienti da vari modelli tumorali è 
estremamente eterogenea. In particolare, la distribuzione del farmaco appare molto 
scarsa e irregolare in tumori solidi con ampie aree necrotiche o fibrotiche e 
vascolarizzazione irregolare. 
Il progetto quindi mira all’ utilizzo dell'imaging con spettrometria di massa (MSI) per 
visualizzare la distribuzione dei farmaci nel tessuto tumorale in correlazione con un’analisi 
untageted dei metaboliti e lipidi, abbinato ad analisi istopatologica, al fine di approfondire 
la comprensione delle caratteristiche tumorali del tessuto che influenzano la penetrazione 
del farmaco stesso. Studiando la distribuzione degli antibiotici somministrati 
routinariamente prima dell’intervento chirurgico o di farmaci antitumorali con tossicità 
moderata (es. PARPi), miriamo a scoprire l’interconnessione tra distribuzione del farmaco, 
la morfologia tumorale locale e il suo stato metabolico. 
L’obiettivo è quello di identificare caratteristiche morfologiche e/o metaboliche del tessuto 
tumorale nei campioni chirurgici che influenzano la distribuzione del farmaco. Questa 
analisi aiuterà a comprendere come le caratteristiche strutturali e metaboliche dei tumori, 
come la rigidità della matrice, lo stress solido, i vasi sanguigni e linfatici anomali, 
l’accumulo di determinati lipidi impattino sulla distribuzione di antibiotici e altre piccole 
molecole nel tessuto tumorale. La combinazione di dati MSI e analisi istopatologica fornirà 
approfondimenti completi sulla relazione complessa tra morfologia tumorale e 
distribuzione del farmaco, potenzialmente portando allo sviluppo di strategie terapeutiche 
più efficaci per i pazienti. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


