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Turning tolerogenic into immunogenic ileal cell death through ileal microbiota: the 
key to unlock the mystery of colon cancer immunoscore?
Maria Paula Roberti a,b,c, Marion Picarda,b,d, Satoru Yonekura a,b,e, and Laurence Zitvogel a,b,c,e,f

aGustave Roussy Cancer Campus (GRCC), UMR 1015, Villejuif, France; bInstitut National de la Santé et de la Recherche Medicale (INSERM) U1015, 
Equipe Labellisée—Ligue Nationale Contre le Cancer, Villejuif, France; cCenter of Clinical Investigations in Biotherapies of Cancer (CICBT) 1428, 
Villejuif, France; dUnit Biology and Genetics of the Bacterial Cell Wall, Institut Pasteur Paris, Paris, France; eUniversité Paris-Saclay, Faculté de Médecine, 
Le Kremlin-Bicêtre cedex, , France; fSuzhou Institute for Systems Medicine, Chinese Academy of Medical Sciences, Suzhou, China

ABSTRACT
Why PD-1 blockade is ineffective in the vast majority of colorectal cancers (CCs) lacking microsatellite 
instability but harboring high densities of tumor infiltrating T cells and follicular T helper (TFH) and B cells 
remained so far an open conundrum. In a recent report published in Nature Medicine, we bring evidence in 
mice and patients that ileal microbiota turns tolerogenic apoptosis of ileal intestinal epithelial cells (IEC) 
into immunogenic cell demise capable of eliciting IL-1β-dependent TFH responses that benefit from anti- 
PD1 antibodies.
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Chemotherapy induced an immunogenic apoptosis of ileal 
crypts

We monitored apoptosis of ileal cells by performing1-4 

immunohistochemical stainings of cleaved caspase-3 in the 
healthy colon and ileal mucosae to better understand the 
immunogenicity of chemotherapy in proximal CC.1-4 These 
tissues were harvested during right hemicolectomy for 
proximal colon cancer (pCC) in patients receiving or not 
pre-operative oxaliplatin (OXA)-based chemotherapy. 
Surprisingly, apoptosis of IEC was detectable only in the 
crypts of ilea (not in the villi nor lamina propria), and not 
in healthy colons, mainly after chemotherapy, in two inde-
pendent patient cohorts from different institutions. Ileal 
apoptosis dictated the prognosis in as much as stage IV 
pCC patients presenting with higher cleaved caspase 3 
levels in ileal crypts had a prolonged progression free sur-
vival. We reproduced these findings in MC38 and CT26 
colon cancer bearing mice. OXA(which induced a T cell- 
dependent tumor regression) promoted the ileal (but not 
colonic) crypt apoptosis. Importantly, the ability of OXA to 
treat established colon cancers was compromised in Casp3/ 
7ΔIEC animals where the executioner caspases were disabled 
only in intestinal villi.

Moreover, dying ileal IEC (crypt-derived, not villus-derived, 
and not colon-derived) harvested right after OXA could immu-
nize naive animals against MC38 (or CT26) but not unrelated 
sarcoma or breast cancers or cholangiocarcinomas, suggesting 
that stem cells from normal crypt shared antigens with colon 
cancers. Taken together, these findings indicate that intestinal 
apoptosis of ileal crypts is indispensable for the efficacy of 
OXA-mediated immunogenic cell death and anticancer effects 
of chemotherapy.

Role of ileal microbiome as adjuvant for ileal crypt cell 
demise

Ileal crypt IEC lost their immunogenicity when derived from 
germ-free animals or TLR2/4 knock-out (KO) mice. Similarly, 
small intestinal crypt stem cell derived-enteroids failed to med-
iate any anticancer protection. Some patients’ ileal microbiome 
restored the immunogenic potential of IEC. Culturomics and 
16S rRNA gene sequencing-based screening of all 12 ileal muco-
sae-associated microbiomes used to compensate the lack of 
immunogenicity of enteroids in vivo led us to discover that 
distinct commensals (such as Erysipelatotrichaceae family mem-
bers or non-enterotoxigenic B. fragilis) conveyed immunogeni-
city while others (such as Fusobacterium nucleatum or 
Prevotellaceae family members) conferred tolerance. Cause- 
effect relationship could be brought up by admixing to crypt 
derived-enteroids exposed to OXA, distinct species (and strains) 
belonging to immunogenic (such as B. fragilis) or tolerogenic 
(such as F. nucleatum or P. clara) families that could turn 
tolerogenic enteroids into immunogenic vaccines (for 
B. fragilis) or failed to do so (F. nucleatum or P. clara).

Role of TFH in the immunogenicity of ileal crypt apoptosis 
in the presence of a suitable ileal microbiome

Driven by other reports highlighting the key role of TFH and 
B cells during PD-1 blockade,4-10 we performed 
a comprehensive flow cytometric analyses of immune changes 
post-OXA in tumor and mesenteric lymph node (mLN) as well 
as in the vaccine-draining lymph-node. An accumulation of 
TFH was observed in the tumor draining lymph node (tdLN) 
of MC38 tumor bearers responding to therapy after 12–14 days 
of intraperitoneal OXA. Skin draining LN after sub-cutaneous 
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(s.c.) vaccination of mice with OXA-treated ileal IEC revealed 
priming of CXCR5+PD1highBcl6+ TFH expressing high levels 
of membrane ICOS at day 7. Such TFH were also increased 
at day 7 post-OXA in mLN of WT (wild type) mice but not 
Casp3/7ΔIEC animals, suggesting the crucial role for ileal apop-
tosis in the activation of TFH.

The immunogenicity of vaccines composed of apoptotic ileal 
IEC was lost after depletion of CD4+ or CD8+ T cells from the 
host, in accord with the possibility that CD4+ helper T cells 
including TFH cells are mandatory to confer memory T cell 
capacities to CD8+ T lymphocytes. Next, to evaluate the func-
tional impact of TFH on the immunogenicity of dying ileal 
intestinal epithelial cells, we utilized four approaches. We 
observed that OXA-exposed ileal IEC (“vaccine”) exhibited 
a reduced immunizing capacity in two TFH-deficient mouse 
models, namely, Bcl6fl/flCreCD4 mice where Bcl6 is conditionally 
deleted in CD4+ T cells and CXCR5-deficient (Cxcr5-/-) hosts, 
compared with WT counterparts. Moreover, neutralizing the 
CXCR5 ligand CXCL13 with specific antibodies affected protec-
tion by this vaccine. Given that TFH cells are pivotal regulators 
of the germinal center responses and humoral immunity, we 
explored humoral immune responses and the impact of B cell 
responses on the immunizing potential of dying ileal IEC. 
Elevated serum levels of IgG2b were monitored by 3 weeks post- 
immunization, and this effect was blunted by neutralization of 
CXCL13 and the depletion of CD4+ T cells. Systemic adminis-
tration of anti-CD19, -CD20, -CD22 antibodies, which depleted 
circulating B cells, compromised the prophylactic antitumor 
effects of OXA- exposed ileal IEC.

In untreated CC patients, the immunoscore (based on 
the abundance of positive CD3, CD8 in the cancer core and 
invasive margins as well as B cells and TFH cells assessed 
by immunohistochemistry in paraffin embedded-tumor tis-
sues) determines the prognosis of patients1. Chemotherapy 
could not increase the overall abundance of TILs (tumor- 
infiltrating lymphocytes) in stage IV individuals but 
enriched tumor beds with CD4+Bcl6+ TFH cells, the density 

of which correlated with that of TILs within the tumor core 
and was positively associated with ileal epithelial cell apop-
tosis. We conclude that TFH are indispensable for the full- 
blown efficacy of chemotherapy against CC and depend on 
ileal caspases 3/7 in mice while positively correlating with 
ileal apoptosis in patients.

Role of lamina propria dendritic cell in the priming of 
PD1high TFH

Distinct subsets of ileal antigen presenting cells activated 
through damage and microbe-associated molecular patterns 
are in charge of priming of TFH and crypt IEC-specific CD8+ 

T cell responses. After OXA, lamina propria (LP) DC subsets 
were progressively eliminated such as the cDC1, while the 
mLN got enriched in cDC1 in the mLN microenvironment 
enriched in IL-6, IL-21, IFNγ and IL-12p40. Indeed, Batf3 KO 
mice (lacking cDC1) failed to mount TFH following OXA. 
Moreover, immunogenic bacteria (B. fragilis, E. ramosum) 
could stimulate IL-1β and IL-12 coproduction by cDC1 cells 
in vitro while tolerogenic bacteria (F. nucleatum, P. clara) 
failed to trigger IL-12 in these conditions. We demonstrated 
that ileal crypt apoptosis lost its immunizing potential against 
CC when IL-1R1 or IL-12p70 were neutralized in vivo.

Combining immunogenic commensals with OXA 
triggered the efficacy of PD1 blockade against MSS 
colon cancers

We finally showed-in various settings of MSI (microsatellite 
instable, CT26) or MSS (microsatellite stable, MC38)-colon 
cancers which responded poorly or modestly to the combina-
tion of OXA+anti-PD1 Abs, that oral gavage with B. fragilis (or 
E. ramosum) but not P. clara or F. nucleatum boosted IgG2b 
responses and markedly ameliorated the anticancer effects of 
the combinatorial therapeutic regimen.

Figure 1. Proposed mechanism of action how the gut microbiota impacts the immunogenic apoptosis of ileal IEC during oxaliplatin based chemotherapy. 
Chemotherapy acts not only on the tumor cells but on dividing cells, in particular the IEC of the ileal crypts, resulting in their Casp3-deficient cell death. The 
immunogenic potential of IEC death relies on the profile of the ileal microbiota. Local immunity is then modulated by migration of CD103+CD11b− (Batf3+) DCS to the 
mLN where they trigger a local immune response characterized by the IL-1β and IL-12 dependent activation of TFH cells. TFH accumulate in the tumor microenviron-
ment and shift the balance toward anti-tumor immunity in colorectal cancer, restoring responsiveness to PD-1 blockade.
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Conclusions

These data (summarize in Figure 1) suggest potential new 
therapeutic avenues, including ileum-targeting cell death indu-
cers and bacterial adjuvants with the purpose of inducing 
immune responses against CC (self-) antigens and of reinstat-
ing clinical responses to PD1 blockade in MSS tumors.

Abbreviations

CC colon cancer
pCC proximal colon adenocarcinoma
Ab antibody
Casp caspase
IEC intestinal epithelial cells
KO knock-out
mLN mesenteric lymph node
MSI/MSS microsatellite instability/stability
OXA oxaliplatin
tdLN tumor draining lymph node
TFH T follicular helper cell
TIL tumor-infiltrating lymphocytes
TLR Toll-like receptor
WT wild type.
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