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AUTHOR’S VIEW

Beneficial autoimmunity links primary biliary cholangitis to the avoidance of 
cholangiocarcinoma
Jonathan G. Pol a,b, Juliette Paillet a,b,c, Céleste Plantureuxa,b,c, and Guido Kroemer a,b,d,e,f,g

aEquipe 11 labellisée par la Ligue Nationale contre le Cancer, Centre de Recherche des Cordeliers, INSERM U1138, Université de Paris, Sorbonne 
Université, Paris, France; bMetabolomics and Cell Biology Platforms, Gustave Roussy Cancer Campus, Villejuif, France; cFaculté de Médecine, Université 
Paris-Saclay, Kremlin-Bicêtre, France; dInstitut Universitaire de France, Paris, France; ePôle de Biologie, Hôpital Européen Georges Pompidou, AP-HP, 
Paris, France; fSuzhou Institute for Systems Medicine, Chinese Academy of Medical Sciences, Suzhou, China; gDepartment of Women’s and Children’s 
Health, Karolinska University Hospital, Karolinska Institute, Stockholm, Sweden

ABSTRACT
It has been an open conundrum why primary sclerosing cholangitis (PSC) is a major risk factor for 
developing cholangiocarcinoma (CAA), while primary biliary cholangitis (PBC) is not. In mouse models 
of PSC and PBC, it turned out that the latter condition, an autoimmune disease affecting the bile ducts, 
reduces transgene-induced cholangiocarcinogenesis, as well as the progression of subcutaneously 
implanted CCA. This CCA-delaying effect is lost upon depletion of T lymphocytes and involves tumor 
infiltration by T cell clonotypes that are also found in PBC lesions. Hence, organ-specific autoimmunity 
may improve immunosurveillance.
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Patients with primary sclerosing cholangitis (PSC), which often 
develops in the context of inflammatory bowel disease, have 
a 20% lifetime risk to develop cholangiocarcinoma (CAA), 
which likely results from the chronic inflammation-associated 
proliferation of cholangiocytes, the epithelial cells of the biliary 
tract. The prognosis of CAA is grim because it is usually 
detected at a locally advanced, inoperable stage and barely 
responds to standard chemotherapy, radiotherapy, and 
immunotherapy.1,2 In strict contrast to PSC, another type of 
cholangitis referred to as primary biliary cholangitis (PBC), 
which has a strong autoimmune component, does not predis-
pose to CAA (Figure 1A).

Intrigued by these epidemiological associations, we charac-
terized mouse models of PSC (induced by the cholestasis 
inducing compound 3,5-dicarbethoxy-1,4-dihydrocollidine) 
and PBC (induced by intraperitoneal injection of 2-octynoic 
acid coupled to bovine serum albumin) by bulk RNA sequen-
cing (RNA-seq) of affected livers. This approach led to the 
conclusion that PSC exhibits a predominantly autoinflamma-
tory pattern marked by the enrichment of myeloid cells, while 
PBC exhibits an additional autoimmune signature with 
a strong local enrichment of B and T lymphocytes. This infil-
tration pattern of PBC was corroborated by cytometry-based 
immunophenotyping.3

Of note, a CCA cell line that was injected subcutaneously in 
control mice or mice with PSC developed tumors indistin-
guishably in healthy control mice and animals with PSC. In 
sharp contrast, such CCAs either failed to develop palpable 

tumors or grew more slowly in mice with PBC. This effect was 
specific because subcutaneous fibrosarcoma, hepatocellular 
carcinoma and lung adenocarcinoma developed indistinguish-
ably on mice with or without PBC (Figure 1B). Moreover, it 
extended to orthotopic cholangiocarcinogenesis (induced by 
hydrodynamic injection of oncogene-expressing vectors) that 
was prevented upon PBC as opposed to control mice without 
cholangitis.3

The transplantable CCAs that slowly developed on mice 
with PBC exhibited a more favorable ratio of tumor- 
infiltrating CD8+ cytotoxic T lymphocytes (CTLs) over 
FoxP3+ regulatory CD4+ T cells (Tregs) than CCAs growing 
in control mice or in the context of PSC. Moreover, in the 
context of PBC, CCA tumor-draining lymph nodes contained 
higher levels of granzyme B-positive T cells producing several 
cytokines (such as IFNγ, IL2, IL4, IL-17 and TNFα) than in 
CCA-bearing mice without cholangitis or post-PSC. 
Depletion of T cells (by injections of antibodies specific to 
CD4 and CD8), elimination of B cells (by anti-CD20) or 
neutralization of IFNγ or IL4 (but not that of IL17) by 
means of suitable neutralizing antibodies, accelerated the 
growth of CCA effects post-PBC, yet did not affect CCA 
progression in control or PSC mice.3

The aforementioned results strongly suggest that PBC 
induces an autoimmune response that cross-reacts against 
CCA, hence specifically enhancing immunosurveillance against 
this specific cancer type. To obtain formal proof in favor of this 
conjecture, we used single-cell RNA-seq and single-cell TCR 
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sequencing to compare T lymphocytes purified from PBC livers, 
peripheral blood and CCA tumors. We found that, in the same 
mouse with PBC, a substantial proportion of CCA-infiltrating 
and intrahepatic CD4+ and CD8+ T cells shared identical TCRs 
(Figure 1C), strongly suggesting that T cells that recognize PBC- 
relevant autoantigens also recognize CCA.3

Circumstantial evidence suggests that immune responses 
against antigens expressed by normal, non-transformed cells 
can contribute to anticancer immunosurveillance. For example, 
the CTL/Treg ratio detectable in normal, nonmalignant breast 
tissue, predicts the risk to develop breast cancer in spite of the 
surgical removal of ductal in situ carcinomas.4 Moreover, 
immune responses against normal melanocytes causing vitiligo, 
and against normal thyroid epithelial cells causing thyroiditis, 
have a positive prognostic impact on patients with melanoma 
and thyroid carcinoma, respectively.5 Moreover, in preclinical 
experiments, the development of mammary carcinoma and 

colorectal cancer can be delayed by prior vaccination with 
anthracycline-treated or irradiated normal breast epithelial cells 
and oxaliplatin-treated normal ileal epithelial cells, respectively.6,7

In the context of this epidemiological and experimental evi-
dence, it appears highly plausible that organ-specific autoim-
mune responses specific to cholangiocytes, mammary gland 
cells, melanocytes, and thyrocytes can improve immunosurveil-
lance against CCA, breast cancer, melanoma, and thyroid cancer, 
respectively. Hence, from the point of view of the cancer immu-
nologist and immunotherapist, such autoimmune responses may 
be dubbed as “beneficial”. It is noteworthy that such a “beneficial 
autoimmunity” involves the recognition of non-mutated auto-
antigens, at odds with the popular view that the clinically most 
important tumor antigens arise from mutations.5–9

The precise nature of autoantigens shared between the 
target cells of organ-specific autoimmunity, and malignant 
cells originating from such target cells remains to be 

Figure 1. Epidemiological and immunological links between cholangitis and cholangiocarcinoma. (A) Patients with primary sclerosing cholangitis (PSC) often develop 
cholangiocarcinoma (CAA), while patients with primary biliary cholangitis (PBC) usually do not develop CAA. (B) In preclinical models, PBC, but not PSC, prevents or 
delays the development of CCA. This protective effect mediated by PBC is specific to CCA as it does not prevent the outgrowth of other cancers such as hepatocellular 
carcinoma (HCC). (C) In mice, some CD4+ and CD8+ T cell clonotypes with immune effector functions were infiltrating and expanding in both liver and CCA tissues upon 
PBC. These T cell clones responsible for concomitant detrimental and beneficial autoimmunity are likely to recognize non-mutated autoantigens shared between 
nonmalignant and malignant cholangiocytes.
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determined. Theoretically, such autoantigens may either be 
constitutively expressed or might be restricted to stressed 
(but not unstressed) parenchymal cells. In the former case, 
clinical signs of autoimmunity would be ineluctable (at least 
in the presence of Tregs dysfunction), while the latter scenario 
would be compatible with a physiological state. Indeed, there is 
mounting evidence that immunosurveillance is not only 
involved in the destruction of (pre-)malignant cells but may 
also assure the elimination of stressed and senescent cells that 
otherwise would accumulate as a result of local damage and 
aging.5,10 It is tempting to speculate that “beneficial autoim-
munity” is in charge of this phenomenon, calling for the 
identification of such health-relevant autoantigens.
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