Persistent reduction of mucosal-associated invariant T cells in
primary biliary cholangitis

Toru Setsu, Satoshi Yamagiwa, Kentaro Tominaga, Naruhiro Kimura, Hiroki
Honda, Hiroteru Kamimura, Atsunori Tsuchi ya, Masaaki Takamura and Shuji
Terai

Division of Gastroenterology and Hepatology, Niigata Universit y Graduate
School of Medical and Dental Sciences, 1-757 Asahimachi -dori, Chuo-ku,
Niigata 951-8510, Japan
Tel: +81-25-227-2207, Fax: +81 -25-227-0776

Correspondence to : Satoshi Yamagiwa, M.D., Ph.D.
Division of Gastroenterology and Hepatology,
Niigata Universit y Graduate School of Medical and Dental Scien ces,
1-757 Asahimachi-dori, Chuo -ku, Niigata 951-8510, Japan
E-mail address: syamagi@med.niigata -u.ac.jp
Tel: +81-25-227-2207, Fax: +81-25-227-0776
Disclosure statement: The authors have no conflict of interests.
This study was supported in part by Grants-in-Aid for Scientific Research (C)
(15K08991 to S.Y.) and (B) (26293175D to S.T.) from Japan Societ y for the
Promotion of Science (JSPS).
Acknowledgement : We thank T. Tsuchida for his excellent technical
assistance. We also thank all the patients who participated in the study.
This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/jgh.14076
This article is protected by copyright. All rights reserved.

Electronic word count: 2，997 words
Abstract
Background & Aim: Mucosal-associated invariant T (MAIT) cells constitute
a novel subset of innate-like T-l ymphocyt es characterized by a semi -invariant
T-cell

receptor

repertoire

capable

of

recognizing

bacterial

products.

Considering the abundance of MAIT cells in the liver and the possible
association b etween bacterial infections an d primary biliary cholangitis (PBC),
we aimed to anal yze the involvement of MAIT cells in the immunopathogenesis
of PBC.
Methods： Peripheral blood and liver biopsy specimens were collected from
25 patients with PBC and 1 9 patients wi th chronic viral hepatitis . Surgicall y
removed liver tissues distant from tumor s in patients with metastatic liver
tumors were used as control s. Mononuclear cells were separated using Ficollgradient, and the expression of various markers was investigated by flow
cytometry. C ytokine production was investigated using blood MAIT cells after
stimulation by anti-CD3/CD28-coupled beads with/without interleukin-7 (IL7).
Results： MAIT cells were significantl y reduced in both the blood and liver of
PBC patients compared with those in controls. MAIT cells in the blood of PBC
patients expressed significantl y lower levels of activation markers and IL-7
receptor. Moreover, MAIT cells in the blood of PBC patients showed impaired
production of cytokines, especiall y tumor necrosis factor -α, after in vitro
stimulation with IL-7. Interestingl y, even after biochemical responses were
achieved by ursodeoxycholic acid (UDCA) treatment , the frequencies of MAIT
cells did not full y recover to normal levels.
This article is protected by copyright. All rights reserved.

Conclusions ：

These findings suggested that MAIT cells were activated,

exhausted and persistentl y depleted in PBC patients even after UDCA treatment,
possibl y as a consequence of persistent liver inflammation.

Electric word count: 247 words
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Introduction
Primary biliary cholangitis (PBC) is a progressive chronic cholestatic liver
disease

of

unknown

etiol ogy

characterized

by

autoimmune -mediated

destruction of small - and medium-sized intrahepatic bile ducts. 1 , 2 Although its
etiology remains to be determined, several infectious and chemical candidates
have been proposed to trigger the disease via molecular mimicry. 1 , 3 Recentl y,
in addition to adaptive immunit y, contributions of the innate immune system s,
such as natural killer cells and natural killer T cells, have been highlighted in
PBC. 4 Indeed, recent genome-wide case-control association studies in PBC
have identified a significant association of PBC risk with genes of the innate
immune system. 5 - 8 However, the role of innate immune responses in the
pathogenesis of PBC has not yet been fully elucidated.
Mucosal-associated invariant T (MAIT) cells are a novel subset of
innate-like T cells that are characterized by the expression of a semi -invariant
Vα7.2-Jα33 chain of the T-cell receptor (TCR). This invariant TCR restricts
MAIT cells to the non-pol ymorphic major histocompatibilit y complex (MHC)
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class I related protein1 (MR1). 9 Vitamin B2 (riboflavin) metabolites produced
by bacteria and yeasts have been reported to activate MAIT cells in an MR-1dependent manner. 1 0 Moreover, MAIT cells can also be activated in a MR-1independent manner and can immediately produce various pro-inflammatory
cytokines such as interferon-gamma (IFN-γ), tumor necrosis factor alpha
(TNF-α),

and

interleukin

( IL)-17. 11

Several

studies

have

reported

a

contribution of MAIT cells to the protection against m ycobacterial and
enterobacterial infections. 1 2 - 1 5
In humans, MAIT cells acquire a memory phenot ype and expand
dramaticall y after birth; these cells ultimatel y comprise up to ~5% of the total
number of TCR-αβ + T-cells in the blood. 1 6 MAIT cells can also be found in
peripheral tissues, such as the mucosa of the intestine and lung, and they are
particularl y abundant in the liver. 1 7 Although MAIT cells have been reported
to play an important role in several autoimmune diseases , such as inf lammatory
bowel diseases (IBD), systemic lupus erythematosus (S LE) and multiple
sclerosis, 1 8 - 2 1 the involvement of MAIT cells in the immunopathology of
autoimmune liver disease s remains unclear. Considering the importance of
innate immune responses in PBC and the abundance of MAIT cells in the liver,
we aimed to anal yze the involvement of MAIT cells in the immunopathogenesis
of PBC.
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Methods

Subjects
Heparinized peripheral blood and liver biopsy specimens were consecutivel y
collected from 25 patients with PBC and 19 patients with chronic viral hepatitis
(CVH). Blood samples were also collected from 13 healthy individuals who
had no history of any liver disease. Surgicall y removed liver tissues obtained
from 13 patients with metastatic liver tumors were used as control livers
(Control). Those liver tissue s were distant from the tumors, and histology
findings confirmed that the patient had no chronic liver disease. The diagnosis
of PBC was based on established international and Japanese criteria and
excluded any autoimmune hepatitis (AIH) -PBC overlap. The demographic and
clinical characteristics of these subjects are indicated in Table 1. This work
was conducted in accordance with the Declaration of Helsinki. Written
informed

consent

under

institutional

review

board -approved

protocols

(approval no. 1474) at Niigata University Medical and Dental Hospital was
appropriatel y obtained from all the individuals enrolled in the study.

Cell isolation
Liver specimens were pressed through 200 -gauge stainless steel mesh and
suspended in Eagle ’s MEM medium (GIBCO/Life Te chnologies, Grand Island,
NY, USA) supplemented with 5 mM HEPES and 10% heat -inactivated fetal calf
serum (FCS). Liver mononuclear cells and p eripheral blood mononuclear cells
(PBMCs) were then isolated by densit y-gradient centrifugation using Ficoll Paque Plus (GE Healthcare UK Ltd, Little Chalfont, UK) . Obtained liver and
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blood mononuclear cells were resuspended in phosphate -buffered saline (PBS)
(GIBCO)

containing

2%

heat -inactivated

FCS,

and

counted

in

a

hemocytometer; the viabilit y of cells was determi ned using trypan blue
exclusion.

Reagents
Monoclonal antibodies (mAb) used for immunofluorescence ass ay were antiCD161-FITC (Miltenyi Biotec GmBH, Bergisch Gladbach, Germany), anitTCR PAN γ/δ-PC5 (Beckman Coulter Brea, CA, USA ), anti-CD3-PerCP, antiCD8α-PerCP/C y5.5, anti-IL-7R-PE (Becton Dickinson, San Jose, CA, USA),
anti-TCR-Vα7.2-APC, anti-TNF-α-PerCP/Cy5.5 (BioLegend, San Diego, CA,
USA), anti-CD69-PE, anti-IFN-γ-PE (BD Biosciences, San Diego, CA, USA ),
anti-NKG2D-PE, anti-IL-17-PerCP (R&D systems Inc. , Minneapolis, MN,
USA).

Flow cytometry
Cells (10 5 ) were labeled with several mAbs at 4°C for 30 min in darkness for
the surface antigens, and then washed with PBS 2 times and acquired by
FACSCalibur flow cytometer (Becton Dickinson) . Data were anal yzed using
Flow-Jo software (v7.7.2, Tree Star Inc., Ashland, OR , USA). The percentage
of MAIT cells was calculated as follows: % MAIT cells (number of CD3 + TCRγδ ⁻ CD161 h i g h TCR-Vα7.2 + cells) / (number of CD3 + TCR-γδ - cells).

In vitro cytokine production and apoptosis assay
PBMCs were suspended in R PMI1640 medium (GIBCO/ Life Technologies )
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supplemented with 10% FCS and cultured in the presence or absence of IL-7
(10ng/ml) (R&D Systems Inc. ) for 2 days as described previousl y. 2 2
Subsequently, cells were stimulated with anti -CD3/28-coupled beads (1:1
bead/cell ratio) ( Invitrogen , Carlsbad, CA, USA ) overnight. Monensin (Golgi
Stop, BD Biosciences) was added for the last 3 hours of incubation. Cells were
then stained for several surface molecules. For intracellular staining, BD
Cytofix/Cytoperm Fixation/permeabilization Kit (BD Biosciences) w as used
according

to

the

manufacturer ’s

specification. Apoptosis

assays

were

performed by Annexin V Apoptosis D etection Kit (BD Biosciences). The
percentages

of

cytokine -positive

cells

among

MAIT

cells

(CD3 + CD161 h i g h TCR-Vα7.2 + cells) were examined as in a previous study. 2 3

Statistical analysis
The nonparametric Mann -Whitney U test was used to determine the statistical
significance of differences . Relationship s of surface markers in MAIT cells
were examined using Spearman ’s rank correlation test. Wilcoxon signed rank
test was used for the comparison of MAIT cell levels before and after UDCA
treatments. Statistical anal yses were performed by Prism software ver.7 .02
(GraphPad Software, San Diego, CA, USA). The level of si gnificance was set
at P value <0.05.
Results

MAIT cells are abundant in the liver, but significantly decreased in PBC
MAIT cells were defined as CD3 + TCR-γδ - CD161 h i g h TCR-Vα7.2 + l ymphocytes
(Fig. 1A). 1 3 , 1 6 MAIT cells were significantl y increased in the liver of controls,
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accounting for up to 35% of αβ T-cells compared with the blood (10.57 ± 8.83%
vs. 1.89 ± 2.05%, P <0.001) (mean ± SD) (Fig. 1B). In PBC patients, the
frequencies of MAIT cells were significantl y decreased in both the blood and
liver compared with those in controls (0.66 ± 0.77% vs. 1.89 ± 2.05%, P =
0.038, and 2.23 ± 2.80% vs. 13.01 ± 9.42%, P = 0.002, respectivel y) (Fig. 1B).
Moreover, we also found that the absolute numbers of MAIT cells in the blood
was significantl y decreased in PBC patients compared with those in controls
(Table 2). However, we did not find any association between the frequencies
of MAIT cells in both the blood and liver wit h the liver histology of PBC
patients (data not shown). Because the expression of CD161 was downregulated after in vitro stimulation of MAIT cells, 1 2 , 2 4 we also anal yzed the
frequencies of CD161 l o w TCR-Vα7.2 + T-cell subset (Fig. 1A). Although the
CD161 l o w TCR-Vα7.2 + T-cell subset was relativel y increased in the blood
compared with the liver, there were no significant differences in the
frequencies of CD161 l o w TCR-Vα7.2 + T-cell subsets among the groups (Fig. 1C).

Expression of functional markers on MAIT cells in PBC
MAIT cells in the liver expressed significantl y higher levels of activation
marker CD69 than those in the blood of controls, patients with PBC and CVH
(all P values <0.01) (Fig. 2A). Expression of CD69 in MAIT cells in the blood
was significantl y decreased in PBC patients compared with controls (13.11 ±
9.89% vs. 22.76 ± 9.10%, P = 0.02) (Fig. 2A). However, there was no
significant difference in CD69 expression in MAIT cells in the liver among the
groups. Although MAIT cells in the blood have been reported to display high
expression levels of IL-7 receptor (IL-7R), IL-18 receptor ( IL-18R) and natural
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killer group 2, member D (NKG2D) , 1 2 , 1 3 , 1 7 , 2 2 , 2 4 , 2 5 MAIT cells in the liver also
expressed similar levels of those surface markers compared with MAIT cells
in the blood (Fig. 2B-D). Among those markers, the expression levels of IL-7R
and IL-18R in MAIT cells were significantl y decreased in the blood of PBC
patients compared with those in controls ( 79.33 ± 24.20% vs. 92.81 ± 10.97%,
P <0.01, and 73.40 ± 23.52% vs. 82.25 ± 19.67%, P = 0.03, respectivel y) (Fig.
2BC). Interestingl y, the expression levels of CD69 in MAIT cells in the blood
of PBC patients were positivel y associated with IL -7R (r = 0.52, P = 0.02) and
IL-18R (r = 0.48, P = 0.03) expression levels (Fig. 2EF). We also anal yzed the
expression levels of natural killer group 2, member A (NKG2A) , C-C
chemokine receptor type 5 (CCR5) (data not shown) and CCR6 (Supplementary
Fig. 1), but we detected no significant differences.

Clinical relevance of MAIT cells in PBC
We then anal yzed the clinical relevance of MAIT cells in PBC patients.
Although we did not find an y association between the frequencies of MAIT
cells (data not shown) or CD69 + MAIT cells with serum alkaline phosphatase
(ALP) or gamma-glutam yl transpeptidase (GGT) levels (Fig. 3A), MAIT cells
in the blood of PBC patients with elevated alanine a minotransferase (ALT)
levels (n = 10) exhibited significantl y higher expression levels of CD69
compared with those in the blood of PBC patients with normal ALT levels
(20.20 ± 16.61% vs. 10.38 ± 7.45%, P = 0.04) (Fig. 3B). NKG2D expression
was also significantly increased in MAIT cells in the blood of PBC patients
with elevated ALT levels c ompared with PBC patients with normal ALT levels
(64.04 ± 20.77% vs. 25.70 ± 14.96%, P = 0.02) (Fig. 3B). We further anal yzed
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the effects of ursodeox ycholic acid (UDCA) treatment on the frequency of
MAIT cells in PBC patients by comparing the frequencies of MAIT cells in the
blood before and after UDCA treatment (n = 7). All the patients were treated
with UDCA alone for at least 6 months, and we found that serum levels of ALT,
ALP and GGT normalized after the treatment. The frequencies of MAIT cells
were significantl y increased after UDCA treatment (0.42 ± 0.28% vs. 0.27 ±
0.26%, P = 0.02), and we confirmed that the absolute numbers of MAIT cells
were also increased after treatment (Fig. 3C). However, the frequency and
absolute number of MAIT cells remained low er than those of controls after
UDCA treatment (Fig. 1B, Table 2). In addition, the expression levels of CD69,
IL-7R and IL-18R in MAIT cells did not recover after UDCA treatment
(Supplementary Fig. 2).

Impaired cytokine pr oduction by MAIT cells in PBC
Previous studies established that MAIT cells can be activated and produce
various cytokines upon TCR signaling. 1 2 , 2 6 Moreover, without TCR stimulation,
MAIT cells can also be activated by cytokines , including IL-7. 11 , 1 8 , 2 2 Therefore,
we investigated cytokine production by MAIT cells in the blood of control
individuals (n = 9) and PBC patients (n = 19) after in vitro stimulation of the
TCR by using CD3/28 -coupled beads or IL-7 alone either without TCR
stimulation or with TCR stimulation in the presence of IL-7 (Fig. 4A). MAIT
cells were activated using CD3/28-coupled beads or IL-7 alone and were found
to produce TNF-α, IFN-γ and IL-17 (Fig. 4B). Moreover, MAIT cells were
strongl y activated and produced increased amounts of these cytokines upon
stimulation with CD3/28-coupled bead s and IL-7 (Fig. 4B). TNF-α production
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by MAIT cells in PBC patients was significantl y reduced after IL -7 stimulation
compared with that in control s (36.74 ± 23.43% vs. 59.02 ± 17.69%, P = 0.04).
Moreover, MAIT cells in PBC patients produced lower amounts of IFN -γ and
IL-17 after stimulation with CD3/28 -coupled beads and IL-7 than did controls,
although the difference was not statisticall y significant (Fig. 4B). The
frequencies of MAIT cells were significantl y decreased by these stimulations,
and the reduction in the frequencies of MA IT cells was likel y caused by
apoptosis because the frequencies of MAIT cells that expressed Annexin V
were significantl y increased upon those stimulations (Fig. 4C).
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Discussion

Several

reports have

described

associations

between MAIT cells and

autoimmune diseases , such as S LE, rheumatoid arthritis (RA), multiple
sclerosis and IBD. 1 8 , 1 9 , 2 1 MAIT cells are decreased in the blood of patients with
these autoimmune diseases . In contrast, in patients with multiple sclerosis or
RA, MAIT cells accumulat e in the inflamed foci of diseases. 2 1 We also reported
that MAIT cells accumulated in the inflamed colonic mucosa of IBD patients,
although MAIT cells were significantl y decreased in the blood of those
patients. 2 7 However, the present study revealed that MAIT cells were
significantl y decreased in the liver of PBC patients in addition to being reduced
in the blood. Consistent with our findings, Jeffery et al. recentl y reported a
decreased frequency of MAIT cells in explanted liver tissues of end-stage PBC
patients. 2 3 These researchers observed that intrahepatic MAIT cells expressed
the biliary tropic chemokine receptors CCR6 and CXCR6, 2 3 while we observed
that circulating MAIT cells expre ssed CCR6. Although the reason for the
differences between PBC and other autoimmune diseases , such as RA and IBD ,
remains to be elucidated, we speculate that an alteration of cell trafficking may
influence the frequency of MAIT cells in the liver s of PBC patients . Moreover,
the reduction of circulating MAIT cells may simpl y result in the decrease of
trafficking of MAIT cells to the liver.
The reduction of circulating MAIT cells was also reported in patients
with chronic viral infection s, including human immunodeficiency virus and
hepatitis C virus (HCV), 2 8 - 3 0 although we could not identify this reduction of
MAIT cells in the blood of patients with CVH. We could not determine the

This article is protected by copyright. All rights reserved.

reason for the discrepancy between previous studies and our study; however,
the median value of ALT in the patients with CVH in our study seems to be
lower than that in patients with HCV infection in the previous studies. 2 8 , 2 9 We
speculate that our study included patients with less active liver inflammation
and that MAIT cells might be less activated. Therefore, in our study, the
frequencies of MAIT cells might not be as strongl y decreased in patients with
CVH.
In addition to the reduction of MAIT cells, we observed that the
expression levels of CD69, IL-7R and IL-18R in MAIT cells were significantl y
reduced in the blood of PBC. Interestingl y, IL -7R has been identified as a
susceptibilit y locus for PBC patients in a genome -wide association study
conducted in Japan. 5 Its ligand, IL-7, is primaril y produced in the liver,
especiall y in an injured liver, and influences homeostasis throughout the whole
body. 3 1 Moreover, it has been reported that MAIT cells can be “licensed” by
IL-7 stimulation and produce abundant pro -inflammatory cytokines in an MR 1-independent manner. 2 2 Yamano et al. also reported that serum lev els of IL18 were increased in patients with PBC. 3 2 In the normal liver, Jeffery et al.
observed that intrahepatic MAIT cells were predominantl y localized to bile
ducts in the portal tracts and that MAIT cells may protect the biliary epithelium,
playing an important role in immune surveillance and homeostasis of the
biliary mucosal barrier. 2 3 These reports may indicate the importance of MAIT
cells in PBC.
Interestingl y, we observed that the frequency of MAIT cells in the
blood of PBC patients was significantl y increased after UDCA treatment, but
it had not full y recovered to normal levels. In addition, the expression levels
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of CD69, IL-7R and IL-18R in MAIT cells did not recover after UDCA
treatment. These data suggested that immune responses that involved MAIT
cells might continue in the liver, even after biochemical responses had been
achieved b y UDCA treatment. Indeed, Poupon et al. reported that by anal yzing
paired liver biopsy samples, two years of UDCA treatment onl y improved
periportal necroinflammation and ductular proliferation in 33% and 23% of the
treated PBC patients, respectivel y. 3 3 UDCA has also been shown to improve
inflammation in the liver in onl y 10% of PBC patients treated with UDCA for
3 years based on an anal ysis of paired liver biopsy samples . 3 4 Therefore, we
believe that the persistent reduction in circulating MAIT cells after UDCA
treatment was a robust finding, and we speculate that such persistent reduction
might be associated with the continuous inflammation in the liver of PBC
patients. Moreover, we observed that activated CD69 + MAIT cells were
significantl y increased in PBC patients who exhibited elevated ALT levels
relative to the levels in PBC patients with normal ALT levels. Th ese findings
also suggest that activated MAIT cells may be associated with the severit y of
inflammation in the livers of PBC patients.
Impaired cytokine production by MAIT cells after in vitro TCR
stimulation has been reported to occur in patients with t ype 2 diabetes and HIV
infection. 2 4 , 2 6 The MAIT cells in those patients displayed decreased expression
levels of activation markers and increased expression levels of CD38 and
programmed cell death -1 (PD-1), which suggested the exhaustion of MAIT
cells in a chronically inflamed environment. 2 4 , 2 6 In the present study, we
observed that circulating MAIT cells in PBC patients showed significantl y
decreased expression levels of CD69 and impaired production of TNF-α upon
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IL-7 stimulation. The production of IFN-γ and IL-17 also tended to decrease.
Such decreases of CD69 expression and cytokine production after stimulation
with IL-7 might be associated with the decreased expressi on of IL-7R in
circulating MAIT cells in PBC patients. Moreover, after in vitro stimulation
with CD3/28-coupled beads and/or IL-7, apoptosis was significantl y induced
in MAIT cells. Although we did not anal yze the expression levels of CD38 and
PD-1, our findings suggested that MAIT cells in PBC patients might be
persistentl y activated and exhausted .
We recognize that the present study has several limitations. First, the
relativel y small sample size might have provided inadequate statistical power
to detect definitive differences among patients with PBC, CVH and healthy
controls and to identify associations between MAIT cells and clinical
parameters in PBC patients. Second, the limited number of liver samples from
PBC patients might also explain the low statistical power of our data on MAIT
cells in the liver. Third, we could not investigate cytokine production by MAIT
cells in the liver after in vitro stimulation because the sample volumes from
the liver were limited , while MAIT cells in the liver we re significantl y depleted
in PBC patients. Moreover, because of the difficult y in repeatedl y obtaining
liver samples from the same patients or stable patients after treatment, we
could not anal yze MAIT cell s in the liver after UDCA treatment. Therefore,
further studies will be required to clarify the role of MAIT cells in PBC.
In conclusion, our findings are consistent with a model in which MAIT
cells are activated, exhausted and persistentl y depleted in PBC. This even
occurred after biochemical responses were achieved by UDCA treatment,
possibl y as a result of persistent inflammation in the liver.
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Table1. Characteristics of patients and controls
Factors (Median) (range)
Number of patients
Age (years)
Gender (male / female)

PBC

CVH

Control

PB: 25

PB: 19

PB: 13

Liver: 9

Liver: 14

Liver: 13

66 (29-81)

52 (30-81)

66 (44-83)

PB: 4 / 21

PB: 11 / 8

PB: 8 / 5

Liver: 2 / 7

Liver: 10 / 4

Liver: 8 / 5

9/0

11 / 3

13 / 0

4/3/2/0

-

-

-

-

Liver histopathology
non-cirrhosis / cirrhosis
Scheuer stage (I / II / III / IV)

Duration between initial diagnosis and present analysis (years)
PB: 2.2 (0-24.1)
Liver: 0
Alb (g/dl)

3.8 (3.2-4.5)

3.6 (2.8-4.6)

4.0 (3.7-4.6)

AST (IU/l)

31 (20-153)

48(19-137)

20 (18-21)

ALT (IU/l)

26 (11-219)

47 (11-209)

14 (9-26)

T. Bil (mg/dl)

0.7 (0.5-1.1)

0.9 (0.6-5.4)

0.6 (0.4-0.8)

ALP (IU/l)

286 (78-1168)

257 (25-696)

209 (97-333)

GGT (IU/l)

74 (12-594)

49 (12-402)

21 (13-128)

Platelets (x10 /μl)

19.7 (8.4-34.5)

11.7 (2.7-21)

22.2 (171.-33.1)

PT-INR

1.02 (0.91-1.25)

1.10 (0.97-1.06)

0.97 (0.86-1.07)

Child-Pugh classification

PB: 25 / 0 / 0

PB: 18 / 1/ 0

(A / B / C)

Liver: 9 / 0 / 0

Liver: 13 / 1/ 0

4

-
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Treatments (Treatment-naïve / UDCA / UDCA + BF / Steroid)
PB: 7 / 15 / 3 / 0
Liver: 7 / 2 / 0 / 0

PB: 11 / 7 / 1 / 0

PB: 13 / 0 / 0 / 0

Liver: 11 / 3 / 0 / 0 Liver: 13 / 0 / 0 / 0

PBC, primary biliary cholangitis; CVH, chronic viral hepatitis; PB, peripheral blood; Alb, albumin;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; T. Bil, total bilirubin; ALP,
alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; PT-INR, prothrombin timeinternational normalized ratio; UDCA, ursodeoxycholic acid; BF, bezafibrate.
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Table 2 Absolute cell numbers of MAIT cells and CD161-Vα7.2+ cells in the blood

MAIT cells

CD161-Vα7.2+ cells

n

(x104 / ml blood)

(x104 / ml blood)

Healthy individuals

13

2.51 ± 2.90

2.34 ± 2.07

PBC

19

0.59 ± 0.56*

2.10 ± 1.46

CVH

19

1.47 ± 2.06

1.34 ± 0.76

MAIT cells, mucosal-associated invariant T cells; PBC, primary biliary cholangitis;
CVH chronic viral hepatitis. *P = 0.044 (compared with healthy individuals). The mean
± SD is shown.
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Figure 1. Frequencies of MAIT cells in the blood and liver. (A) Identification
of MAIT cells in the peripheral blood and liver by flow cytometry. MAIT cells
were

gated

as

CD3 + TCR-γδ - CD161 h i g h TCR-Vα7.2 +

cells;

CD3 + TCR-γδ -

CD161 l o w TCR-Vα7.2 + cells were also analyzed. (B) The frequencies of MAIT
cells in the blood and liver of patients with primary biliary cholangitis (PBC),
chronic viral hepatitis (CHV) and controls (Control). MAIT cells were
significantl y more abundant in the liver compared with the blood. The
frequencies of MAIT cells were significantl y decreased both in the blood and
liver of patients with PBC. (C) The frequencies of CD3 + TCR-γδ - CD161 l o w TCRVα7.2 + T-cells in both the blood and liver were similar between the three
groups. Dat a are presented as the means + SD; * P <0.01,

**

P <0.05.
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Figure 2. Expression of markers associated with the function of MAIT cells in
the blood and liver. Bars indicate the percentages of indicated marker -positive
cells among MAIT cells in the blood and l iver of patients with primary biliary
cholangitis (PBC), chronic viral hepatitis (CHV) and controls (Control). (A)
Representative results of CD69, IL -7R and IL-18R expressions by flow
cytometry gating on MAIT cells in the blood of PBC patients and Controls are
shown. Expression levels of CD69 ( B), IL-7R (C), IL-18R (D) and NKG2D (E)
in MAIT cells in the blood of PBC patients were significantl y decreased
compared with those in controls. ( F, G) Positive correlations were observed
between the percentages of CD69 + MAIT cells and IL-7R + or IL-18R + MAIT
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cells in the blood of PBC patients by Spearman ’s rank correlation test. Data
are presented as the means + SD; * P <0.01,

**

P <0.05.
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Figure 3. Clinical relevance of MAIT cells in PBC patients. (A) Associations
between the frequencies of CD69 + MAIT cells in the blood of PBC patients and
serum

levels

of

alkaline

phosphatase

(ALP)

and

gamma -glutam yl

transpeptidase (GGT) by Spearman ’s rank correlation test; no significant
correlation was found. (B) MAIT cells in the blood of PBC patients with
elevated alanine aminotransferase (A LT) levels displayed higher expression
levels of CD69 and NKG2D than PBC patients with normal ALT levels. (C)
Frequencies of MAIT cells in the blood of a cohort of PBC patients before and
after UDCA treatment. MAIT cells were significantl y increased after
biochemical responses were achieved, but this frequency remained lower
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compared with controls. The individual data are presented, and bars indicate
the means ± SD. Wilcoxon signed rank test was used to compare MAIT cell
frequencies. * P <0.05.
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Figure 4. In vitro MAIT cell stimulation by CD3/28 -coupled beads and/or IL7. (A) Representative results of flow cytometry ga ting on MAIT cells in a
healthy control after stimulations are shown. The percentages of cytokine positive cells among MAIT cells (CD3 + CD161 h i g h TCR-Vα7.2 + cells) are
indicated. MAIT cells were highl y activated and produced large amounts of
cytokines upon combined stimulation of anti-CD3/28-coupled beads and IL-7.
(B) Frequencies of TNF-α + , IFN-γ + , IL-17 + and IL-7R + cells among MAIT cells.
The production of TNF-α from MAIT cells was significantl y reduced in PBC
patients after IL-7 stimulation. (C) Frequencies of MAIT cells and Annexin V +
MAIT cells. Frequencies of MAIT cells significantl y decreased, and apoptosis -
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induced MAIT cells significantl y increased after stimulations. MAIT cells in
PBC patients were significantl y reduced compared with those in controls
before and after stimulations. The data are presented as the means + SD;
<0.01,

**

P <0.05, † P <0.01 (compared with control),

††

*

P

P <0.05 (compared with

unstimulated in each group).
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