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ABSTRACT

Alcoholic liver cirrhosis (ALC) is caused by chronic alcohol overconsumption and might be
linked to dysregulated immune responses in the gut-liver axis. However, there is a lack of
comprehensive research on levels and functions of innate lymphocytes including mucosal-
associated invariant T (MAIT) cells, NKT cells, and NK (NK) cells in ALC patients. Thus, the
aim of this study was to examine the levels and function of these cells, evaluate their clinical
relevance, and explore their immunologic roles in the pathogenesis of ALC. Peripheral blood
samples from ALC patients (n = 31) and healthy controls (HCs, n = 31) were collected. MAIT
cells, NKT cells, NK cells, cytokines, CD69, PD-1, and lymphocyte-activation gene 3 (LAG-
3) levels were measured by flow cytometry. Percentages and numbers of circulating MAIT
cells, NKT cells, and NK cells were significantly reduced in ALC patients than in HCs. MAIT
cell exhibited increased production of IL-17 and expression levels of CD69, PD-1, and LAG-3.
NKT cells displayed decreased production of IFN-y and IL-4. NK cells showed elevated CDG9
expression. Absolute MAIT cell levels were positively correlated with lymphocyte count but
negatively correlated with C-reactive protein. In addition, NKT cell levels were negatively
correlated with hemoglobin levels. Furthermore, log-transformed absolute MAIT cell levels
were negatively correlated with the Age, Bilirubin, INR, and Creatinine score. This study
demonstrates that circulating MAIT cells, NKT cells, and NK cells are numerically deficient
in ALC patients, and the degree of cytokine production and activation status also changed.
Besides, some of their deficiencies are related to several clinical parameters. These findings
provide important information about immune responses of ALC patients.

Alcoholic liver cirrhosis; Mucosal-associated invariant T cells; Natural killer T
cells; Natural killer cells; Prognosis
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INTRODUCTION

Alcohol use disorder is a common disease worldwide, of which alcoholic liver disease (ALD)
accounts for a major portion (1). ALD is a leading cause of liver-related mortality. With
gradually increasing prevalence, ALD is becoming a considerable socioeconomic burden

in many countries (2). Chronic alcohol overconsumption might trigger the liver to undergo
several pathologic changes, ranging from hepatic steatosis and alcoholic steatohepatitis to
alcoholic liver cirrhosis (ALC) and hepatocellular carcinoma (HCC) (3,4). Such development
and progression of ALD are known as a result of repeated complex immune reactions.
Accumulating data suggest that dysregulated immune responses in the “gut-liver axis”
might contribute to the worsening of various liver diseases (4,5). Therefore, research on
immune cells associated with the intestine and the liver is crucial for revealing the ALD
pathophysiology.

Recently, studies on pathogenetic functions of innate-like and innate lymphocytes such as
mucosal-associated invariant T (MAIT) cells, NKT cells, and NK cells are emerging (6,7).

In humans, MAIT cells and NKT cells are subsets of innate-like lymphocytes that express
invariant T cell receptor a-chain (TCR Va7.2-Ja33/12/20) and invariant TCR Vo24-Jal8 chain,
respectively (8,9). NK cells are a subset of innate lymphoid cells that use various surface
receptors to identify changes of infected or injured host cells (10). These immune cells are
reported to be abundant in the intestinal mucosa and liver. They can directly or indirectly
affect other Antigen-presenting cells and T lymphocytes, eventually provoking liver damage
or regeneration (11,12).

Several studies have described pathologic roles of these innate immune cells in ALD. A
myriad of studies have suggested their profibrogenic role in the liver (13,14). In addition,
depletion of MAIT cells can induce fibrogenesis and augment bacterial translocation due

to loss of antibacterial potency in ALD patients (15,16). In murine models, NKT cells play

a pathogenic role in ALD in that they can migrate from the intestine to the liver and induce
hepatocyte apoptosis and fibrosis (17,18). NK cells are reported to play an ambivalent role
against liver injury. Alcohol consumption inhibits anti-fibrotic function of NK cells, thereby
causing more fibrosis in the liver (19,20). However, there is a lack of comprehensive research
on levels and functions of these immune cells coupled with their association with clinical
indicators in ALC patients. Thus, this study aimed to examine levels and functions of MAIT
cells, NKT cells, and NK cells in ALC patients, evaluate their clinical relevance, and explorer
their immunologic roles in the pathogenesis of ALC.

MATERIALS AND METHODS

The study cohort included 31 decompensated ALC patients (8 females and 23 males; mean
age + SD: 52.7 + 9.7 years) hospitalized at Chonnam National University Hospital and 31
healthy controls (HCs; 8 females and 23 males; mean age + SD: 59.8 + 8.0 years). Patients
with radiological findings consistent with cirrhosis (caudate and left lateral segmental
enlargement, right and left lobe medial segmental atrophy, and regenerative nodules) on
abdominal computed tomography were included in the liver cirrhosis (LC) cohort, and
the presence of hepatic encephalopathy, varices, and ascites with no other cause than
alcohol consumption was defined as decompensated ALC (21,22). HCs had no history of
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Table 1. Clinical and laboratory characteristics of 31 patients with alcoholic liver cirrhosis

Parameters Findings
Sex (male/female) 23/8
Age (yr) 52.7+9.7
Modified DFI 61.0+43.1
GAHS 8.7+1.5
ABIC score 8.3+1.4
MELD score 23.3+12.8
Laboratory variables
Leukocytes (cells/ul) 10,506 + 7,509
Lymphocytes (cells/pl) 1,089 + 635
Neutrophils (cells/pl) 8,244 + 6,964
Hemoglobin (g/dl) 9.1+1.8
Platelets (x10°/pul) 103+ 63
Total bilirubin (mg/dLl) 14.4+13.5
Total protein (g/dl) 5.8+ 1.0
Albumin (g/dl) 2.8+ 0.6
AST (U/1) 136.6 +139.5
ALT (U/1) 55.3 + 86.3
Alkaline phosphatase (U/Ll) 131.7 £ 57.9
Prothrombin time (INR) 1.98 + 0.69
LDH (U/l) 710 + 345
Creatinine (mg/dl) 1.0+ 0.6
CRP (mg/dl) 2.9+3.3

Data are presented as number or the mean + SD.

autoimmune disease, infectious disease, malignancy, chronic pulmonary, liver or renal
disease, immunosuppressive therapy, or fever within 72 h prior to enrollment. To assess
the severity of ALC, the Discriminant Function Index (DFI, mean score + SD: 61.0 + 43.1);
Glasgow Alcoholic Hepatitis Score (GAHS, mean score + SD: 8.7 + 1.5); the Age, Bilirubin,
INR, and Creatinine (ABIC, mean score * SD: 8.3 + 1.4) score; and the Model of End-Stage
Liver Disease (MELD) score (mean score + SD: 23.3 + 12.8) were calculated (23-206). Clinical
and laboratory characteristics of patients are summarized in Table 1.

The following mAbs and reagents were used in this study: Allophycocyanin (APC)-
conjugated anti-CD3, APC-conjugated anti-IL-4, APC-conjugated anti-TCRV024-Ja18,
APC-Cy7-conjugated anti-CD3, FITC-conjugated anti-CD3, FITC-conjugated anti-CD45,
FITC-conjugated anti-CD56, FITC-conjugated anti-TCRyd, FITC-conjugated anti-IFN-v,
PE-conjugated anti-TCRVa24-Jal18, PE-conjugated anti-CD45, PE-conjugated anti-CD56, PE-
conjugated anti-CDG69, PE-conjugated anti-IL-17A, PE-conjugated anti-lymphocyte-activation
gene 3 (anti-LAG3), PE-Cy5-conjugated anti-CD161, PE-Cy7-conjugated anti-TNF-a, PerCP-
conjugated anti-CD3, PerCP-conjugated anti-CD45, FITC-conjugated mouse IgG isotype,
PE-conjugated mouse IgG isotype and PE-Cy7-conjugated mouse IgG isotype control (all
from Becton Dickinson, San Diego, CA, USA); PE-conjugated anti-programmed death-1 (anti-
PD-1; eBioscience, San Diego, CA, USA) and APC-conjugated anti-TCR Va7.2 (BioLegend,
San Diego, CA, USA). Cells were stained with combinations of appropriate mAbs for 20 min
at 4°C. Stained cells were analyzed on a Navios flow cytometer using Kaluza software (version
1.5a; Beckman Coulter, Brea, CA, USA).

Peripheral venous blood samples were collected into heparin-containing tubes, and PBMCs
were isolated by density-gradient centrifugation using Ficoll-Paque Plus solution (Amersham
Biosciences, Uppsala, Sweden). MAIT, NK, and NKT cells were identified phenotypically
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as CD3*TCRy$ Va7.2°CD161"e! cells, CD3 CD56" cells, and CD3*TCRV024-Jal18* cells,
respectively, by flow cytometry as previously described (27-29).

IFN-y, IL-17, and TNF-o expression levels in MAIT cells were detected by intracellular cytokine
flow cytometry as previously described (11,28). Briefly, freshly isolated PBMCs (1x10°/well)
were incubated in 1 ml complete media, consisting of RPMI 1640, 2 mM L-glutamine, 100
units/ml of penicillin, and 100 pg/ml of streptomycin, and supplemented with 10% FBS
(Welgene, Gyeongsan, Korea) for one hour in the presence of PMA (100 ng/mL; Sigma, St
Louis, MO, USA) and ionomycin (IM) (1 pM; Sigma). For intracellular cytokine staining, 1

ul of brefeldin A for 1 ml of cell culture (GolgiPlug; BD Biosciences, San Diego, CA, USA)
was added. The final concentration of brefeldin A was 10 pg/ml. After incubation for an
additional 4 h, cells were stained with APC-Cy7-conjugated anti-CD3, PE-Cy5-conjugated
anti-CD161, and APC-conjugated anti-TCR Va7.2 mAbs for 20 min at 4°C, fixed in 4%
paraformaldehyde for 15 min at room temperature, and permeabilized with Perm/Wash
solution (BD Biosciences) for 10 min. Cells were then stained with FITC-conjugated anti-
IFN-y, PE-conjugated anti-IL-17A and PE-Cy7-conjugated anti-TNF-o. mAbs for 30 min at 4°C
and analyzed by flow cytometry.

Freshly isolated PBMCs (1x10°/well) were incubated in 1 ml complete media, consisting of
RPMI 1640, 2 mM L-glutamine, 100 units/ml of penicillin, and 100 pg/ml of streptomycin,
and supplemented with 10% FBS for 2 h in the presence of a-GalCer (100 ng/ml; Alexis
Biochemicals, San Diego, CA, USA) or 0.1% DMSO as control. For intracellular cytokine
staining, 1 ul of brefeldin A for 1 ml of cell culture was added. After incubation for an
additional 4 h, cells were stained with FITC-conjugated anti-CD3 and APC-conjugated anti-
TCRV024-Ja18 mAbs for 20 min at 4°C, fixed in 4% paraformaldehyde for 15 min at room
temperature, and permeabilized with Perm/Wash solution for 10 min. Cells were then stained
with PE-conjugated anti-IFN-y and PE-conjugated anti-IL-4 mAbs for 30 min at 4°C and
analyzed by flow cytometry.

Freshly isolated PBMCs (1x10°/well) were incubated in 1 ml complete media, consisting of
RPMI 1640, 2 mM L-glutamine, 100 units/ml of penicillin, 100 pg/ml of streptomycin, and
supplemented with 10% FBS for 24 h in the presence of IL-12 (50 ng/ml; Miltenyi Biotec,
Bergisch Gladbach, Germany) and IL-18 (50 ng/ml; Medical and Biological Laboratories,
Woburn, MA, USA). For intracellular cytokine staining, 1 ul of brefeldin A for 1 ml of cell
culture was added. After incubation for an additional 4 h, cells were stained with APC-Cy7-
conjugated anti-CD3 and PE-conjugated anti-CD56 mAbs for 20 min at 4°C, fixed in 4%
paraformaldehyde for 15 min at room temperature, and permeabilized with Perm/Wash
solution for 10 min. Cells were then stained with FITC-conjugated anti-IFN-y for 30 min at
4°C and analyzed by flow cytometry.

All comparisons of percentages and absolute numbers of MAIT, NK, and NKT cells were
performed by analysis of covariance after adjusting for age and sex using Bonferroni
correction for multiple comparisons. The Mann-Whiney U test was used to compare
expression levels of CD69, PD-1, LAG3, and cytokines in MAIT, NK, or NKT cells from ALC
patients versus HCs. Linear regression analysis was used to test associations between cell
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levels and clinical or laboratory parameters. The p-values less than 0.05 were considered
statistically significant. All statistical analysis and graphic works were performed using SPSS
version 26.0 software (IBM Corp., Armonk, NY, USA) and GraphPad Prism version 5.03
software (GraphPad Software, San Diego, CA, USA), respectively.

RESULTS

Percentages and absolute numbers of MAIT cells, NKT cells, and NK cells in peripheral blood
samples were determined by flow cytometry. All comparisons of percentages and absolute
numbers of these cells were performed by analysis of covariance (ANCOVA) after adjusting
for age and sex using the Bonferroni correction for multiple comparisons as described in the
Materials and Methods. MAIT cells were defined as CD3*"TCRyd™ T-cells expressing TCRVa7.2
and CD161%¢™ NKT cells were defined as CD3*TCRVa24-Jal8" cells, and NK cells were defined
as CD3 CD56" cells (Supplementary Fig. 1). Percentage of circulating MAIT cells, NKT cells,
and NK cells were significantly lower in ALC patients than in HCs (for MAIT cells, median
0.47% vs. 2.73%, p<0.005; for NKT cells, median 0.02% vs. 0.09%, p<0.0001; for NK cells,
median 14.32% vs. 21.90%, p<0.005; Fig. 1A, C, and E). Absolute numbers of circulating
MAIT cells, NKT cells, and NK cells were calculated by multiplying each cell fraction by

total lymphocyte numbers (per pl of peripheral blood). ALC patients had significantly lower
absolute numbers of MAIT cells, NKT cells, and NK cells than HCs (for MAIT cells, median
2.51vs. 27.44 cells/ul, p<0.005; for NKT cells, median 0.24 vs. 2.33 cells/ul, p<0.0001; for NK
cells, median 109.4 vs. 450.3 cells/ul, p<0.0001; Fig. 1B, D, and F).

We next examined cytokine-releasing profiles of MAIT cells, NKT cells, and NK cells from
ALC patients. IFN-y, IL-17 and TNF-a-producing MAIT cells, IFN-y and IL-4 producing NKT
cells, and IFN-y-producing NK cells were obtained from 10 patients and then compared

with those from 12 HCs. The percentage of IL-17* MAIT cells was significantly higher in ALC
patients than in HCs (median 10.0 vs. 1.4%, p<0.005; Fig. 2A). Besides, NKT cells from

ALC patients showed decreased IFN-y and IL-4 expression than those from HCs (for IFN-y,
median 9.0% vs. 15.2%, p<0.05; for IL-4, median 3.6% vs. 8.9%, p<0.005; Fig. 2B). However,
the expression of IFN-y from NK cells showed a declining tendency in ALC patients without
showing statistical significance (Fig. 2C).

CDG69 is considered an early activation marker, whereas PD-1 and LAG-3 are relatively late
activation markers (30-32). To examine activities of MAIT cells, NKT cells, and NX cells,
expression levels of these activation markers were compared between 10 ALC patients and 12
HCs using flow cytometry. Percentages of CD69* MAIT cells and CD69* NK cells were found
to be significantly higher in ALC patients than in HCs (for MAIT cells, median 36.81% vs.
6.9%, p<0.005; for NK cells, median 12.5% vs. 2.7%, p<0.0005; Fig. 3A and G). Moreover,
both PD-1+ and LAG-3+ MAIT cells were significantly elevated in ALC patients than in HCs
(for PD-1, median 41.6 vs. 2.4, p<0.0005; for LAG-3, median 26.2 vs. 1.1, p<0.01; Fig. 3B

and C). However, expression levels of CD69, PD-1, and LAG-3 molecules in NKT cells were
comparable between ALC patients and HCs (Fig. 3D, E, and F).
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Figure 1. Decreased innate immune cells in the peripheral blood of patients with alcoholic liver cirrhosis. Freshly isolated PBMCs from HCs and patients with
alcoholic liver cirrhosis were stained with APC-Cy7-conjugated anti-CD3, FITC-conjugate anti-CD3, FITC-conjugate anti-CD56, FITC-conjugated anti-TCRY9,
APC-conjugated anti-TCRVa7.2, PE-conjugated anti-CD3, PE-conjugated anti-TCRVa24-Ja18, PE-Cy5-conjugated anti-CD161, PerCP-conjugated anti-CD45 mAbs
and then analyzed by flow cytometry. (A) Percentages of MAIT cells were calculated using a a3 T cell gate. (B) Absolute MAIT cell numbers (per pl of blood). (C)
Percentages of NKT cells were calculated using a CD45/SSC gate. (D) Absolute NKT cell numbers (per pl of blood). (E) Percentages of NK cells were calculated
using a CD45/SSC gate. (F) Absolute NK cell numbers (per pl of blood). Data in (A and B) were obtained from 17 HCs and 17 patients. Data in (C, D, E, and F) were
obtained from 31 HCs and 31 patients.

Symbols represent individual subjects and horizontal lines show median values. *p<0.005, **p<0.0001 by ANCOVA.

To evaluate clinical relevance of MAIT, NKT, and NK cells in ALC, we first determined
relationships between laboratory parameters and percentages of MAIT, NKT, and NK cells
in the peripheral blood using linear regression analysis. Since their distributions were
distorted, absolute percentages of MAIT, NKT, and NK cells were log-transformed for the

https://doi.org/10.4110/in.2023.23.€22 6/15



Innate Lymphocytes in Patients With ALC

IMMUN=
N=TWORK

A
< 10°+
P
©
o
102 + akl ®_o®

= 08,0 ® oqpap®
E adfoe  ofRe seege® A
= ® °® e
°0 %0
g 10" _.:l_
3 o °
o > o
100 ®8es® ™
(] ..
c
£
2
5 10—1 T T T T T T

HC ALC HC ALC HC ALC

| | |
IFN-y IL-17 TNF-a

B Cc
~ 102 - 102 ~
< .
2 * %k
© ®
8 “.._... o ... ;\? [ ]
g 10" - °g ®e ] ~ ® H
z ° ° RCH °° @ e
%D .' ® _® 3 .:. °®
'S () ® ® < 10" —
[ R
2 0 In
5 10 o z 0@
@ w oo °
£
= % ®
2
(3‘ 107" T T T T 10° T T

HC ALC HC ALC HC ALC

| |

IFN-y IL-4

Figure 2. Change of cytokine expression in innate immune cells of patients with alcoholic liver cirrhosis. (A) Freshly isolated PBMCs (1x10°/well) were incubated
for 1 hr in the presence of PMA (100 ng/ml) and IM (1 uM). IFN-v, IL-17 and TNF-a expressions levels in MAIT cell population were determined by intracellular flow
cytometry after stimulation with PMA and IM. (B) Freshly isolated PBMCs (1x10°/well) were incubated for 2 hr in the presence of a-GalCer (100 ng/ml). IFN-y,
and IL-4 expression levels in the NKT cell population were determined by intracellular flow cytometry after stimulation with a-GalCer. (C) Freshly isolated PBMCs
(1x10%/well) were incubated for 24 hr in the presence of IL-12 (50 ng/ml) and IL-18 (50 ng/ml). IFN-y expression levels in the NK cell population were determined
by intracellular flow cytometry after stimulation with IL-12 and IL-18. Data were obtained from 12 HCs and 10 patients.

Symbols represent individual subjects and horizontal lines indicate median values. “p<0.05, **p<0.005 by the Mann-Whitney U test.

analysis. Results revealed that MAIT cell percentages were significantly correlated with
lymphocyte count and C-reactive protein (CRP) level (p=0.03, and p=0.01, respectively).
NKT cell percentages were found to be correlated with hemoglobin level (p=0.012).
However, no significant correlations were observed between NK cell percentages and

clinical parameters such as sex, age, leukocyte count, lymphocyte count, neutrophil count,
hemoglobin level, platelet count, total bilirubin level, total protein level, albumin level,

aspartate aminotransferase level, alanine aminotransferase level, alkaline phosphatase level,
prothrombin time, lactate dehydrogenase level, creatinine level, or CRP level (Table 2). Next,
we calculated several validated and clinically used scores in ALC and compared these values
with log-transformed absolute number of peripheral MAIT, NKT, and NK cells. Among

the clinical scores including DFI, GAHS, ABIC, and MELD scores, ABIC showed a negative
correlation with the log-transformed absolute number of MAIT cells (p=0.044). However,
these clinical scores showed no correlations with log-transformed absolute number of NKT
or NK cells (Table 3).
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Figure 3. Expression levels of CD69, PD-1, and LAG-3 in circulating innnate immune cells of patients with alcoholic liver cirrhosis. Percentages of CD69-
expressing cells (A, D, G), PD-1-expressing cells (B, E), and LAG-3-expressing cells (C, F) among MAIT, NKT, or NK cell population are shown. Data were obtained
from 12 HCs and 10 patients.

Symbols represent individual subjects and horizontal lines indicate median values. *p<0.01, **p<0.005, ***p<0.0005 by the Mann-Whitney U test.

DISCUSSION

To the best of our knowledge, this is a comprehensive study that examines levels and
functions of MAIT cells, NKT cells, and NK cells in ALC patients and assesses their clinical
relevance. We found that ALC patients exhibited lower percentages and absolute numbers of
circulating MAIT cells, NKT cells, and NK cells than HCs. Compared with HCs, MAIT cells
in ALC patients exhibited increased IL-17 production and expression level of CD69, PD-1, and
LAG-3. NKT cells displayed a decrease in the production capability of IFN-y and IL-4 without
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Table 2. Regression coefficients for log-transformed percentages of MAIT, NKT, and NK cells with respect to laboratory findings in patients with alcoholic liver

cirrhosis
Variable MAIT cells NKT cells NK cells

B SE p-value B SE p-value B SE p-value
Sex (male) -0.110 0.362 0.765 0.095 0.160 0.557 -0.159 0.102 0.130
Age (yr) -0.011 0.019 0.688 0.002 0.007 0.756 0.002 0.005 0.690
Leukocytes (cells/pul) -0.001 0.001 0.288 -0.001 0.001 0.726 0.001 0.001 0.147
Lymphocytes (cells/pl) 0.001 0.001 0.030" -0.001 0.001 0.972 -0.001 0.001 0.985
Neutrophils (cells/pl) -0.001 0.001 0.515 -0.001 0.001 0.665 0.001 0.001 0.126
Hemoglobin (g/dl) -0.055 0.076 0.482 -0.092 0.035 0.012" -0.004 0.026 0.867
Platelets (cells/pl) 0.001 0.003 0.845 0.001 0.001 0.285 -0.001 0.001 0.206
Total bilirubin (mg/dLl) -0.009 0.009 0.334 0.004 0.005 0.405 -0.004 0.003 0.311
Total protein (g/dl) 0.035 0.181 0.850 -0.023 0.070 0.749 -0.043 0.047 0.363
Albumin (g/dl) 0.010 0.214 0.965 -0.012 0.105 0.911 0.002 0.071 0.973
AST (U/l) 0.001 0.001 0.694 -0.001 0.001 0.962 0.001 0.001 0.930
ALT (U/) 0.001 0.004 0.893 0.001 0.001 0.400 0.001 0.001 0.777
Alkaline phosphatase (U/l) 0.002 0.002 0.486 0.001 0.001 0.969 0.001 0.001 0.794
Prothrombin time (INR) -0.099 0.138 0.482 0.017 0.077 0.828 -0.020 0.051 0.704
LDH (U/l) 0.001 0.001 0.483 0.001 0.001 0.716 0.001 0.001 0.110
Creatinine (mg/dLl) -0.070 0.164 0.676 -0.087 0.084 0.308 -0.063 0.056 0.270
CRP (mg/dl) -0.179 0.061 0.010" 0.001 0.021 0.957 -0.007 0.014 0.605
*p<0.05.

Table 3. Regression coefficients for log-transformed absolute numbers of MAIT, NKT, and NK cells with respect to
clinical findings in patients with alcoholic liver cirrhosis

Variable MAIT cells NKT cells NK cells

§ SE p-value B SE p-value § SE p-value
Modified DFI -0.004 0.002 0.057 0.001 0.002 0.882 -0.001 0.001 0.295
GAHS -0.103 0.074 0.184 0.018 0.057 0.748 -0.008 0.041 0.845
ABIC -0.126 0.058  0.044" -0.011 0.049 0.824 -0.055 0.034 0.122
MELD -0.010 0.008 0.247 0.003 0.007 0.622 -0.003 0.005 0.530

any difference in the expression of activation markers. NK cells showed only increased
expression of CDG9. Besides, circulating MAIT cell levels were positively correlated with
lymphocyte count, but inversely correlated with CRP level. Circulating NKT cell levels showed
an inverse correlation with hemoglobin levels. However, NK cell levels in peripheral blood
did not show any correlation with clinical parameters. Of note, log-transformed absolute
numbers of MAIT cells showed a negative correlation with the ABIC score, suggesting that
these cells might play a role as a disease severity indicator. Overall, these findings imply that
these altered levels and function of MAIT cells, NKT cells, and NK cells might reflect the
altered immunologic milieu of ALC.

Our study revealed that percentages and absolute numbers of innate and innate-like
lymphocytes in peripheral blood of ALC patients were decreased than those of HCs. In line
with our research, several previous studies have shown that the frequency of MAIT cells
appears to be decreased in various liver diseases (13,33). In particular, the number of MAIT
cells is decreased in chronically alcohol-fed groups and further decreased in the presence of
alcoholic hepatitis (34). Mechanisms involved in such decrease remain uncertain. Several
hypotheses such as cell apoptosis or their migration to liver tissue have been proposed
(13,35). Further research studies are needed to clarify the mechanisms involved in such
disease. However, the frequency of NKT cells varied depending on the target disease

and study design. Circulating NKT cells are usually decreased in the viral hepatitis B and
hepatitis C patients than in HCs (36,37). However, a few studies have shown no difference in
peripheral NKT cell levels between HCV patients and HCs (38). Besides, whether circulating
NKT cells in non-alcoholic fatty liver disease increase or decrease remains unclear due to
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conflicting results among studies (39). Such contradictory results might be due to the use

of different markers when defining NKT cells depending on studies or the lack of a clear
distinction about the condition of a liver disease (40,41). Therefore, further research is
warranted to examine the number of circulating NKT cells consistently and comprehensively
depending on each cause of cirrhosis. Lastly, the number of circulating NK cells was
decreased in ALC patients of the present study, similar to previous studies on viral hepatitis
and HCC patients (42,43). Although the leukocyte count was comparable, total lymphocyte
counts were significantly lower in ALC patients than in HCs (median 1,041 vs. 2,209 cells/ul,
p<0.0001). Thus, these findings suggest that the reduction in innate and innate-like cells may
due to the reduced total lymphocyte count.

These reduced innate and innate-like cells in ALC patients displayed different cytokine
production profiles and activation status, respectively. Circulating MAIT cells of ALC patients
showed increased production of IL-17. However, there was no significant difference in IFN-y
or TNF-a expression between HCs and ALC patients. Besides, MAIT cells of ALC patients
showed increased expression of CDG9 (an early activation marker) and PD-1/LAG-3 (late
activation/anergy markers). Activation of MAIT cells and elevation of IL-17 production have
been reported in previous studies (13,44). It is known that MAIT cells can secrete pro-
inflammatory cytokines in Th1 or Th17 patterns upon TCR mediation and that IL-17 secreted
by MAIT cells plays a role in the pathogenesis of various diseases as well as regulation of liver
inflammation (11,45-47). Likewise, our findings support that MAIT cells are likely to play a
role in the pathogenesis of ALC. In the present study, IL-4 and IFN-y secreted by NKT cells

in the peripheral blood of ALC patients were decreased compared to those of HCs, although
there was no difference in the expression of activation markers. Previous studies of NKT

cells in ALD have mostly been carried out using hepatic tissue of murine models. Results
have revealed that chronic alcohol consumption can cause NKT cells to be accumulated and
activated in the liver, leading to neutrophil infiltration (17,48). NKT cells are known to secrete
cytokines such as IL-4 and IFN-y (17,49). Whether they are involved in liver protection or
damage in ALD remains unclear. Overall, the role of NKT in peripheral blood of ALC patients
is still unclear. Several reasons could possibly explain these controversies. First, most studies
were conducted using murine models. Second, experimental conditions that influence the
NKT cell activation and polarization might differ among studies. Lastly, our data revealed an
elevated level of CDG9* NK cells in patients with ALC without showing statistical difference
in the expression of IFN-y between ALC patients and HCs. Despite no statistical significance,
IFN-v level from NK cells tended to decrease in ALC patients. This finding was also observed
in several previous studies, suggesting that alcohol consumption could downregulate IFN-y
expression from NK cells and inhibit NK cells’ protective effect against liver steatosis and
hepatic fibrosis (19,49).

Our data revealed relationships between innate-like lymphocytes and several clinical
parameters. In the present study, MAIT cell levels were positively correlated with lymphocyte
count but negatively correlated with CRP. Such results were also observed in other infectious
and inflammatory diseases (50,51). A recent study on ALD patients has also shown a
decrease in the number and function of MAIT cells after exposure to gut microbiota and
microbial products (16). Collectively, the reduction of MAIT cell frequency might be a
consequence of contact with microbial products or microbiota released by gut leakage in an
inflammatory condition of ALC patients. Besides, NKT cell levels were negatively correlated
with hemoglobin levels. This could be explained to some extent by recent studies implying
that NKT cells might secrete inflammatory cytokines in an infectious condition to induce
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anemia or that NKT cells might be engaged in hepcidin production, which could affect iron
homeostasis (52,53). However, NK cells showed no significant correlation with any clinical or
laboratory parameters in the present study.

Since there is no known single parameter to predict the severity or prognosis of ALC, several
prognostic models have been developed and used (54). Direct biomarkers associated with
byproducts in the process of ALD’s immune response or metabolism have recently been
emphasized (55). Our novel findings revealed that the ABIC score, one of several prognostic
markers, showed a negative correlation with log transformed absolute MAIT cell numbers. It
implies that a decrease in the number of MAIT cells in ALC could be used as a predictor for
estimating disease mortality.

A limitation of our study is that we only studied patients with ALC, so there are no data
available on patients with other causes of LC, including hepatitis B virus (HBV)-LC. However,
some relevant findings have been reported. According to a recent paper on MAIT cell
behavior in decompensated LC, the frequency of MAIT cells was reduced in LC patients
compared to HC, and there was no significant difference between hepatitis-induced LC

and ALC. Functionally, however, PD-1 expression was significantly higher in LC patients,

and MAIT cells in hepatitis-induced LC patients had higher PD-1 activity compared to ALC
(56). Regarding NK cells, studies have shown that the frequency of TNF-related apoptosis-
inducing ligand (TRAIL)+CD56"" NK cells of HBV patients was higher in liver tissue than
in peripheral blood, and the expression of CDG9 was also higher, which was associated with
liver damage (57,58). For the invariant NKT (iNKT) cells, the frequency of peripheral iNKT
cells was significantly reduced in HBV-LC patients, but the expression levels of CD25, IL-4,
IL-13, and IFN-y were increased (59). Taken together, the frequency of innate and innate-like
lymphocytes seems to be decreased in HBV-LC, which is in line with our results. However,
further studies are needed to determine the aspects of the function of these cells according to
the cause of LC.

In conclusion, we comprehensively analyzed levels and functions of circulating MAIT cells,
NKT cells, and NK cells in ALC patients. Frequencies of these innate lymphocytes were
diminished, and the degree of cytokine production and activation status also changed
according to each cell. Some of their deficiencies were related to several clinical parameters.
Especially, MAIT cell reduction was associated with a prognostic model that could be used to
estimate mortality. These findings provide important information about the innate immune
response of ALC patients.
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SUPPLEMENTARY MATERIAL

Gating strategy to define circulating MAIT cells, NKT cells, and NK cells by flow cytometry
analysis. Freshly isolated PBMCs from patients with alcoholic liver cirrhosis were stained
with APC-Cy7-conjugated anti-CD3, FITC-conjugate anti-CD3, FITC-conjugate anti-CD56,
FITC-conjugated anti-TCRyd, APC-conjugated anti-TCRVa7.2, PE-conjugated anti-CD3, PE-
conjugated anti-TCRVa24-Ja18, PE-Cy5-conjugated anti-CD161, PerCP-conjugated anti-CD45
mAbs and then analyzed by flow cytometry. Representative dot plots for circulating MAIT,
NKT, and NK cells.

Click here to view
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