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Supplementary Discussion 

The extended survival and high numbers of eosinophils present in the GI tract at steady 

state, and their accumulation during infection and inflammation, suggest eosinophils play 

cardinal roles in intestinal homeostatic and inflammatory processes. Here, we investigated the 

existence and ontogenetic relationship of eosinophil subsets to define their functional 

contribution to intestinal health and disease. We identified five consecutive developmental and 

maturation stages of the eosinophil lineage: (i) precursors in the BM, the only proliferative 

stage, (ii) immature eosinophils, characterized by granule protein production and present in the 

BM and blood, (iii) circulating eosinophils that migrate to target tissues, B-Eos, a tissue-

resident population shared across peripheral tissues and (v) A-Eos, a subset mostly specific to 

the GI tract, characterized by PD-L1 and CD80 expression, bactericidal activity, T-cell 

regulatory and tissue-protective function during acute inflammation. 

Our findings suggest that eosinophil subpopulations emerge from consecutive maturation 

steps and adaptation to distinct niches. This observation corroborates proposals that the 

considerable morphological, phenotypic and transcriptional variability of tissue eosinophils 

reflects their adaptation to different microenvironments1-3. While GI A-Eos shared a common 

transcriptional signature with other tissue resident eosinophils such as those from the uterus, 

lung or adipose, this subset also exhibited a clearly distinct gene expression profile as a result 

of their GI tissue maturation. Indeed, A-Eos upregulated a multitude of surface receptors, 

suggesting this subset responds and readily adapts to local microbial, tissue and cytokine cues. 

The residence of A-Eos in the luminal third of the intestinal mucosa coincides with the 

activation of HiF1-a, which may allow their adaptation to the oxygen gradient that decreases 

steeply from the intestinal submucosa to the anaerobic lumen4. The presence of this subset 

close to the intestinal epithelium is consistent with a CD11chi eosinophil population reported 

to localize to the intraepithelial fraction of the SI5. Thus, our study expands the concept of 

myeloid cell plasticity to the eosinophil lineage, a notion so far only explored thoroughly for 

macrophages6 and neutrophils7. 

The upregulation of multiple enzyme, cytokine and chemokine transcripts in A-Eos 

further indicates a marked increase in biosynthetic activity upon differentiation of this subset. 

Although eosinophil cytokines are predominantly found preformed and stored within their 

granules and secretory vesicles8, de novo production of these factors in A-Eos suggests they 

are strictly required to fulfill tissue-specific activities. Among the signature genes of this 



cluster, Vegfa, Il1b and Il1rn have been linked to eosinophil-mediated angiogenesis9, support 

of intestinal homeostasis and IgA production10,11 as well as downmodulation of  local Th17 

responses12, respectively.  

Our study further highlights the prevalent expression of T cell co-stimulatory molecules 

by B-Eos (Icosl) and, more predominantly, by A-Eos (Cd9, Cd80, Cd274) and identifies CD80 

and PD-L1 as bona fide markers of both the human and mouse A-Eos subset. We indeed show 

that eosinophils enhance T cell proliferation in their basal state, but downmodulate this activity 

following intestinal conditioning or IL-33 exposure, particularly in conjunction with IFN-g. A-

Eos might thus control the extent of CD4+ T cell responses, potentially via co-stimulatory 

molecule expression, to limit tissue damage during Th1 inflammation. These observations are 

consistent with our previous report indicating a functional role for PD-L1 and IFN-g signaling 

in eosinophil-mediated T cell suppression13 and corroborate studies supporting the regulation 

of T cell activities by GI eosinophils12,14,15. Further functional characterization of the eosinophil 

co-stimulatory markers identified in this study is warranted. 

Among the signals driving A-Eos differentiation, we identified microbially-derived cues, 

IL-33 and IFN-γ as critical drivers of their adaptation in situ. A-Eos maturation required 

microbial presence but was independent of major bacterial recognition pathways (TLR2/4), 

suggesting that microbiota-derived signals may act on eosinophils via alternative bacterial 

sensors or indirectly via the epithelium or immune cells. Furthermore, the alarmin IL-33, but 

not other cytokines such as IL-22 and IL-25, was sufficient to induce A-Eos maturation. IL-33 

is known to be involved in eosinophilic disorders16 and signalling via ST2 receptor was recently 

reported to promote eosinophil homeostatic functions in the small intestine in a microbiota-

dependent manner17. Our data show that IL-33 signalling via the ST2/MyD88 axis is required 

for A-Eos accumulation during colitis and that it promotes their ability to downregulate T cell 

responses. This effect was further reinforced by IFN-g signaling, which promoted PD-L1 

upregulation and the induction of genes involved in antigen presentation. In addition, IFN-g 

stimulation induced a shift in the transcriptome of BM-Eos to a more mature state and promoted 

the mobilisation and focal aggregation of EPX granular proteins at the cellular periphery. These 

observations are in line with previous reports indicating a role for IFN-γ in inducing a 

transcriptional signature resembling that of eosinophils during DSS colitis18, in promoting 

eosinophil primary granule mobilisation and piecemeal degranulation in vitro19, as well as in 

enhancing EPX degranulation and eosinophil bactericidal activity in vivo13.  



An intriguing new finding of our study is the striking compositional shift toward the 

active cluster at sites of infection and inflammation. The absence of new eosinophil cluster(s) 

arising during bacterial infection and colitis, as observed in three independent models, suggests 

that eosinophils recruited in this context do not differ substantially from their steady state 

counterparts, but rather acquire new functional properties, largely driven by local interferon 

and cytokine signaling networks (Irf1/2/7/9; Stat1/3-6; NFkb1/2, Rela/b). This finding contrast 

with a previous report indicating that inflammatory eosinophils accumulating during allergen 

challenge in the lung differ morphologically, phenotypically and functionally from lung-

resident eosinophils20. Interestingly, the sustained expression of antimicrobial peptides and 

cytotoxic granule protein genes was already detectable during eosinophil maturation in the BM 

and blood. Together with the bypassing of certain maturity stages such as the basal state, this 

may ensure the rapid deployment of “primed” eosinophils at sites of bacterial invasion. The 

appearance of EPX-rich cellular protrusions in A-Eos following bacterial challenge is 

consistent with our previous report showing that eosinophils undergo degranulation and EETs 

release in response to C. rod, thus promoting bacterial clearance and host protection.1312 This 

“non-lethal” mechanism of defense21 may thus result in the formation of a tissue-protective 

scaffold preventing luminal bacterial translocation upon acute epithelial injury22. The presence 

of a PD-L1+ eosinophil subset in the normal human mucosa, and its accumulation during IBD, 

suggests the existence of a human counterpart of the A-Eos subset that may share its functional 

properties. Our data indicate that A-Eos are strongly enriched in CD, but less so in UC patients, 

and predominantly localize in proximity to CD4+ T cells, where they show evidence of IFN-g 

signaling activity. While this observation raises the possibility that A-Eos attenuate T cell 

responses during intestinal inflammation in human, the superior secretory activity and 

cytotoxic potential associated with this subset may at the same time promote the pathological 

features of IBD over time through chronic tissue degradation. The effect of eosinophils on IBD 

outcomes is indeed unclear and typically associated with both, tissue protective and damaging 

activities23-27. As the severe mucosal damage characteristic of IBD also requires efficient 

wound healing activity, it remains to be determined how long-term imbalance in the A-to-B-

Eos ratio affects these distinct processes during the active and remission phases of disease.    

Overall, our study further elucidates the ontogeny of intestinal eosinophils and reveals 

the marked transcriptomic changes that occur during eosinophil maturation across anatomical 

compartments. The gene programs upregulated by eosinophils in the healthy and inflamed GI 

tract further highlight the major contribution of these cells to intestinal homeostasis, immune 



regulation and host defense. Our findings provide novel insights into the biology of this elusive 

cell type and lay a framework for the functional characterization of eosinophil subsets in GI 

diseases. 
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