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Characterization of mucosal-associated invariant
T (MAIT) cells in liver diseases

Mucosal-associated invariant T (MAIT) cells represent the most abundant T cell
type in human liver. MAIT cells respond to bacterial metabolites presented by
MHC-like molecule MR1 on antigen (Ag)-presenting cells (APCs). In mouse mod-
els, activated liver MAIT cells were described as profibrogenic and MAIT cells from
patients with liver cirrhosis showed functional alterations consistent with pro-fi-
brotic functions. Gut dysbiosis has also been implicated in progressive liver fibro-
sis in fatty liver disease in mice. Since liver MAIT cells respond to bacterial metabo-
lites and exhibit pro-fibrotic properties, they likely also contribute to pathogenesis
of non-alcoholic fatty liver disease (NAFLD). In our research, we investigate which
cells in the human liver are involved in MAIT cell activation and how their profibro-
genic function could be prevented. We also study influence of the gut microbiome
on the phenotype of MAIT cells, with an emphasis on a pathogenic role of MAIT
cells in fibrosis and NAFLD.

We found that several classes of primary liver cells, including hepatocytes, hepat-
ic stellate cells (HSCs), liver endothelial and biliary epithelial cells, have the capac-
ity to present bacterial Ag to MAIT cells. Liver cells exposed to bacterial Ag precur-
sor had the capacity to generate active Ag endogenously. The identified interaction
between HSCs and MAIT cells supports the pro- fibrogenic function of these cells.
The finding that activated liver MAIT cells produce large amounts of IL-17, suggests
the involvement of this pro-fibrotic cytokine in liver disease pathogenesis. The ob-
served repression of MAIT cell activation by non-stimulatory MR1 ligands creates
a therapeutic opportunity to interfere with MAIT cell pro-fibrogenic properties.

To better understand the role of MAIT cell stimulation in liver disease, we are cur-
rently studying molecular signatures of MAIT cells derived from liver in compari-
son to colon and blood and we are also correlating MAIT cell phenotypes with the
gut microbiome of patients with liver diseases.

Mechanisms of MAIT cell regulation in the liver - physiological functions
and pro-fibrotic properties

We assessed the localization of MAIT cells by immunofluorescence staining of
cryopreserved human liver tissue and found them to dispersedly localize with-
in the liver parenchyma, thus being in close contact to cells within the sinusoidal
compartment (Fig. 1). We have found that distinct primary liver cell types, includ-
ing hepatocytes, HSCs, liver sinusoidal endothelial cells (LSECs), and biliary ep-
ithelial cells (BECs), act as strong drivers of MAIT cell activation, with the poten-
tial of increasing liver fibrogenesis (Fig. 2). Presentation occurred in response to
both pure synthetic Ag 5-OP-RU (5-(2-oxopropylideneamino)-6-D-ribitylamino-
uracil) and bacterial lysate from E. coli. Presentation capacities differed markedly
among the investigated liver cell types, with hepatocytes being the most efficient
liver-derived APCs (data not shown).

MAIT cell activation was prevented by pre-treating APCs with the non-stimula-
tory MR1 ligands 6-formylpterin (6-FP) and Acetyl-6-FP and was diminished in
the presence of the acetylsalicylic acid derivative 5-formylsalicylic acid (data not
shown). These findings create a therapeutic opportunity to prevent pro-fibrogen-
ic properties of MAIT cells. Human polyclonal liver-derived MAIT cells produced
large amounts of Interleukin 17 (IL-17), a cytokine with strong pro-fibrotic proper-
ties, when interacting with distinct liver-derived APCs, including hepatocytes and
HSCs. Moreover, liver cells exposed to an Ag precursor (5-A-RU) had the capacity
to generate active Ag 5-OP-RU, as assessed by Ag-presentation assays and mass
spectrometry (data not shown).
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Fig.1: MAIT cells localize dispersedly to the parenchymal space in healthy human liver.
(A) Representative IF analysis of tissue section from a liver biopsy without histopathological
abnormalities. Co-localization of CD3, TCR Va7.2 and IL18-Ra (see higher magnification lower
panels) identifies MAIT cells (yellow arrow heads). White arrow and blue arrow heads point
at portal field and central veins, respectively. Lower panels also show MAIT cells in proxim-
ity of TCR Va7.2- and IL18-Ra-negative T cells. (B) Percentages of MAIT cells and non-MAIT
Va7.2+ cells versus total CD3+ T cells in healthy human liver (n=8), assessed as shown in (A). **
P <0.01, non-paired Welch t-test.

Fig.2: Robust MAIT cell activation in response to interactions with

primary human liver cells.

Synthetic antige (Ag) 5-OP-RU (A), and E. coli lysate (B) titration on liver-derived cells, includ-
ing hepatocytes (HEP), BEC, and HSC, used as Ag-presenting cells (APCs). IFN-y production
by a liver-derived MAIT cell line (A) and blood-derived MAIT cell clone (B) is depicted. MR-1
dependence of the activation process was confirmed by MR1-blocking antibodies. (C) Cell sur-
face staining for MAIT cell markers CD161 and Va7.2 in response to distinct liver-derived APCs
exposed to 5 nM 5-OP-RU. The left panel corresponds to the negative control (CTRL) lacking
the APC. Primary blood-derived Va7.2+ CD161++ cells were enriched by negative selection.
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Connection to Clinical Practice

Characterization of liver- and gut-derived
human MAIT cells

Most liver diseases are characterized by an inflam-
matory response in the liver, driven by numerous
triggering conditions, such as exposure to alcohol,
excess fat, medication, infection or autoimmunity.
A prolonged inflammatory state leads to progres-
sive fibrosis that can result in liver cirrhosis asso-
ciated with serious complications including loss of
liver function or development of hepatocellular car-
cinoma.

Since liver MAIT cells respond to bacterial metab-
olites and exhibit pro-fibrotic properties, they likely
also contribute to pathogenesis of various liver dis-
eases. To date, only few studies have addressed a
role of these cells in human liver tissue and using
primary human material.

Our projects are being performed in close collab-
oration with the Department of Gastroenterology/
Hepatology at the Basel University Medical Clinic
in Liestal (PD Dr. E. Burri and Prof. J. Leuppi), the
Visceral Surgery Department at the Kantonsspi-
tal Baselland (Prof. R. Rosenberg), the Divisions of
Gastroenterology/Hepatology and Visceral surge-
ry, Clarunis University Center for Gastrointesti-
nal and Liver Diseases (Prof. M. Heim and Prof.
O. Kollmar), the Department of Interventional Ra-
diology of the University Hospital Basel (Prof. C.
Zech), and with the laboratories of Prof. D. Stroka
and Prof. A. Macpherson, Department of Biomedi-
cal Research, University Hospital Bern.
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