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RELAZIONE:  
 
BACKGROUND 

The management of chronic or recurrent visceral pain still represents a clinical problem. The lack of effective 
and safe therapies is mainly due to the complex and poorly understood pathophysiology of this disease 
(Grundy et al., 2019). Gut dysbiosis is a common denominator in patients affected by gastrointestinal 
disorders characterized by persistent pain, like irritable bowel syndrome (IBS) and inflammatory bowel 
diseases (IBDs; Shankar et al., 2015; Lo Presti et al., 2019; Mars et al. 2020). The perturbation of intestinal 
microbiota in terms of both composition and metabolism is responsible for pain fluctuations in animals 
(OʼMahony et al., 2017; Cryan et al., 2019; Xu et al., 2020; Yaghoubfar et al. 2020), as well as in humans (De 
Palma et al., 2017; Zhu et al., 2019; Defaye et al., 2020), though the mechanisms are still largely unknown (Li 
et al., 2020). We have recently demonstrated that the persistent visceral hyperalgesia induced by colitis in 
rats can be either transferred to controls or counteracted by means of a faecal microbiota transplant. These 
effects were long-lasting but transient (FMT; Esquerre et al., 2020; Lucarini et al., 2021a). On this basis, we 
hypothesize the existence of a bidirectional flow of information between gut microbiota and host/body. This 
hypothesis is supported by the fact that microbiota plays a fundamental role in the induction, training, and 
function of immune response and enteric glia (Kabouridis et al., 2015; Kamphuis et al., 2019) and, vice versa, 
the immune system has a key role in the maintenance of microbiota-gut homeostasis. Intriguingly, both 
immune response and microbiota are involved in visceral sensitivity regulation (Holzer et al., 2017; van Thiel 
et al., 2020; Aguilera-Lizarraga et al., 2021). Like in humans, in the animal model of colitis induced by DNBS, 
post-inflammatory visceral pain is associated with either dysbiosis, increased mast cells density, augmented 
MHC II positive cells coupling with nerve endings, and enteric glia activation (Lucarini et al., 2020; Lucarini et 
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al., 2021b). These findings make the preclinical model of post-inflammatory IBS induced by DNBS adequate 
for the study of the complex crosstalk between the microbiota and the host in the context of visceral 
hypersensitivity.  

 

 AIMS:  

• To investigate the mechanisms underpinning microbiota-mediated modulation of visceral sensitivity to 

identify new approaches or targets for relieving persistent pain.  

• To assess the involvement of immune response in the effect mediated by FMT. 

• To evaluate the role of microbiota in the modulation of intestinal neuroimmune interactions.  

 

EXPERIMENTAL APPROACH 

• Two groups of male Sprague Dawley adult rats (~ 250 g) have been used as donors for faecal microbiota 

transplantation (FMT): one treated with the vehicle (CTR), and one treated with the intracolonic pro-

inflammatory agent DNBS (an animal model of persistent visceral pain induced by colitis). Prior to FMT, the 

recipient naïve animals underwent an antibiotic/antifungal regimen (abx; amphotericin B, metronidazole, 

ceftazidime, vancomycin and neomicin).  

• In the first experimental set we evaluated the pro-algesic effect of FMT from visceral hypersensitive animals 

(DNBS) to naïve recipients pre-treated with abx. Twenty-four hours after the interruption of the antibiotic 

treatment, the animals underwent the FMT procedure. FMT was daily performed on days 7 to 11 (set I) and 

on days 20 to 24 (set II). The assessment of pain and the sacrifice of the following groups for tissues collection 

was performed on Day 32 (7 days after the last transplant): Abx-treated animals + FMTCTR and Abx-treated 

animals + FMTDNBS. 

• In the second experimental set we evaluated the therapeutic effect of FMT from healthy donors (CTR) to 

DNBS treated animals. Seven days after DNBS injection, the animals were split into 2 groups, respectively, 

receiving CTR- or DNBS–derived faecal microbiota suspensions. FMT was performed for 5 consecutive 

days/week and the same protocol was repeated for 4 weeks (I-IV set of FMT): on days 7 to 11 (set I), 14 to 

18 (set II), 21 to 25 (set III), and 28 to 32 (set IV) after DNBS injection. The assessment of pain and the sacrifice 

of the following groups for tissues collection was performed on Day 42 (10 days after the last transplant): 

DNBS-treated animals + FMTCTR and DNBS-treated animals + FMTDNBS. 

• Faecal microbiota analysis (16S rRNA sequencing on faecal pellets) was performed before all the 

treatments, after the antibiotic regimen or the DNBS treatment, and 7-10 days after the last FMT, according 

to the experimental protocol used.  

• The metabolic profile of microbiota (metabolomics) was investigated in the faecal pellets collected from all 

the experimental groups, 7-10 days after the last FMT, according to the experimental protocol used. 

• At the same time, different analyses were carried out on the intestine (colon, the portion stimulated during 

pain measurements): proteomic analysis; histological evaluation of the enteric nervous system, and enteric 

afferents plasticity (neurons/glia).  

 

PRELIMINARY RESULTS AND ONGOING ANALYSES 

In the preclinical model of colitis induced by DNBS, the intestinal damage is accompanied by the development 

of a persistent visceral hypersensitivity characterized by immune deregulation, glia activation and 

neuroplasticity within and without the gut, and dysbiosis (Lucarini et al. 2020; Lucarini et al., 2021). We 

observed that FMT from visceral hypersensitive DNBS donors could transfer pain in healthy controls. This 
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pro-algesic effect mediated by FMT lasted 2 weeks after transplantation. Interestingly, the trend of pain in 

the animals receiving the FMT was correlated with fluctuations in the composition and structure of the gut 

microbiota, but not with overt alterations in the colon histology. We used the reverse protocol to evaluate 

the therapeutic effect of FMT from controls to DNBS-treated animals. We observed that the FMT from 

healthy donors can relieve pain without modifying the intestinal damage, indicating again that FMT is mainly 

involved in the modulation of visceral sensitivity. Pain relief resulting from FMT lasted about 3 weeks, after 

that the animals came back to perceive pain. Therefore, we cannot consider the FMT as a resolutive 

intervention, likely because the bidirectional influence between the host and the microbiota perpetuates the 

pathological status (Lucarini et al. 2021). The aim of our current research is to uncover the mechanisms 

underpinning the modulation of visceral sensitivity mediated by FMT. We reproduced the experimental 

protocol we had previously used, and we collected the tissue from the naive animals undergoing FMT from 

either healthy donors or DNBS donors, 7 days after the last transplantation. We did the same with the second 

protocol, by collecting the samples from the DNBS animals undergoing the FMT from the different donors. 

We chose to compare mainly these 4 groups: Abx + FMTCTR, Abx + FMTDNBS, DNBS + FMTCTR, DNBS + FMTDNBS. 

First, we analyzed the faecal content of FMT recipient animals to assess their metagenomic and metabolomic 

profiles. Interestingly, the faecal metabolomic profiles of FMTCTR or from FMTDNBS recipients were completely 

segregated. Strong segregation was observed also in the DNBS animals undergoing FMT from different 

donors, with statistically significant differences in the amount of several compounds, like 3-hydroxybutyrate 

or lactate, very important in the regulation of immune response and epithelium functions. Looking at 

proteomics data from the colon, again strong segregation between the experimental groups has been 

observed. We also found that the FMT from CTR or DNBS donors in naïve animals differentially modulates 

several proteins and pathways involved in pain, immune response, neuroplasticity (neurites branching, 

axogenesis, and synoptic connectivity), neurovascular interaction, cytoskeleton arrangements, and 

inflammation within the colon. On the other hand, the FMT from CTR donors in DNBS animals displayed a 

marked immunosuppressive effect, with reduced leukocyte infiltration and inflammatory response, though 

no specific pathways could be identified. To study possible correlations between the omics data and pain, 

we are performing histological analysis on the colon to assess the occurrence of neuroplastic changes in the 

enteric nervous system and sensory afferents. We are also looking at the distribution and characterization of 

mast cells, macrophages, and enteric glia, whose altered activity has been correlated with visceral 

hyperalgesia both in rodents and patients. The laboratory of Neuroimmune interaction and Mucosal 

Immunology of TARGID (Translational Research Center for Gastrointestinal Disorders) at the KU Leuven has 

a long-standing experience in the study of the interaction between the intestinal immune system and the 

nervous system in the gastrointestinal tract. The intersection of those interests led the group to deepen the 

immune mechanisms involved in the development of visceral hypersensitivity in IBS patients. During my stay 

at KU Leuven, I acquired theoretical knowledge and the technical expertise to properly investigate 

neuroimmune interaction in the context of FMT-mediated effects. I worked on a recently developed 

preclinical model of IBS caused by Citrobacter rodentium infection during exposure to ovalbumin. It has been 

observed that after clearance of the infection, re-exposure to OVA led to the development of visceral 

hypersensitivity, but only in infected mice, caused by a break in the oral tolerance to this protein (Aguilera-

Lizarraga et al., 2021). In that context, I had the chance to learn a new method to measure visceral sensitivity 

in awake mice free to move in the arena (Telemetry), which allows to strongly reduce stress in animals. 

Concomitantly to the behavioral assessments, I practiced retrograde tracing of dorsal root ganglion (DRG) 

neurons from the colon and the direct injections into DRGs (for the identification of spinal sensory afference 

to the colon and for the selective modulation of sensitive neurons’ activity, respectively) under the 

supervision of Dr. Javier Aguilera-Lizarraga and Dr. Yaping Xue. I acquired familiarity with the calcium imaging 

of neurons isolated from DRGs. I had also the opportunity to follow and practice the dissection of the 

intestinal layers for the ex-vivo procedures (imaging, histology, and molecular analysis), the isolation of 

immune cells from different tissues (intestine, spleen, and mesenteric lymph nodes), and their analysis by 

FACS under the supervision of Dr. Hind Hussein. All these techniques will be employed to investigate the 

impact of FMT on nervous signaling and the immune response as described in the following paragraph. Our 

hypothesis is that FMT, by perturbating the established equilibrium between the microbiota and the host, 

can influence the neuroimmune interactions involved in the regulation of visceral sensitivity within the colon. 
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PERSPECTIVES 

The continuation of this project aims to unravel the mechanisms responsible for the altered crosstalk 

between the microbiota and the host which leads to pain persistence in animals and in patients, to ultimately 

improve clinical management of the disease. 

Starting from the results obtained from the proteomic analysis, we will use classical immunofluorescence or 

Hybridization Chain Reaction Sequential Barcoded Fluorescence in situ Hybridization (HCR-seqFISH), to 

evaluate both target gene expression and their spatial distribution in the tissue. Thanks to the knowledge 

acquired during my stay in Leuven, we will investigate further the immune response of the gut to the FMT 

and its implication in the establishment of pain after the resolution of colitis induced by DNBS. First, by 

analyzing cytokine production, we will try to identify the subset of immune populations mainly involved in 

the response to FMT. Depending on the results, flow cytometry panels will be designed to analyze live 

immune cells and to identify innate subpopulations (mast cells, basophils, eosinophils, neutrophils, or ILCs) 

and adaptive immune cell populations (B cells, cytotoxic T cells, helper T cells, or Treg cells) affected by FMT. 

We will monitor the immune response at different time points during the protocol in order to investigate the 

events which eventually drive the establishment or the resolution of visceral pain.  

We will validate the relevance in visceral sensitivity modulation of the pathways which emerged to be 

modulated by the FMT in vivo or in vitro (calcium imaging assays of DRG neurons projecting to rat colon), by 

employing selective antagonists, or by gene knockdown. In parallel to the study of the role of microbiota and 

immune response in the persistence of post-inflammatory visceral hypersensitivity, we will investigate the 

presence of changes in the neural pathways implicated in the transmission of pain. For this purpose, DRG 

neurons projecting to the colon of DNBS-treated rats in remission from colitis will be individually isolated by 

FACS and analyzed by single-cell RNA-seq. We hope that this project will shed light on the chain of events 

that lead to the establishment of chronic visceral hyperalgesia, highlighting new therapeutic targets. 
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