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Mucosal-associated invariant T (MAIT) cells and natural killer T (NKT) cells are known to play
crucial roles in a variety of diseases, including autoimmunity, infectious diseases, and
cancers. However, little is known about the roles of these invariant T cells in acute
cholecystitis. The purposes of this study were to examine the levels of MAIT cells and NKT
cells in patients with acute cholecystitis and to investigate potential relationships between
clinical parameters and these cell levels. Thirty patients with pathologically proven acute
cholecystitis and 47 age- and sex-matched healthy controls were enrolled. Disease grades
were classified according to the revised Tokyo guidelines (TG13) for the severity assessment
for acute cholecystitis. Levels of MAIT and NKT cells in peripheral blood were measured by
flow cytometry. Circulating MAIT and NKT cell numbers were significantly lower in acute
cholecystitis patients than in healthy controls, and these deficiencies in MAIT cells and NKT
cell numbers were associated with aging in acute cholecystitis patients. Notably, a
reduction in NKT cell numbers was found to be associated with severe TG13 grade, death,
and high blood urea nitrogen levels. The study shows numerical deficiencies of circulating
MAIT and NKT cells and age-related decline of these invariant T cells. In addition, NKT cell
deficiency was associated with acute cholecystitis severity and outcome. These findings
provide an information regarding the monitoring of these changes in circulating MAIT and
NKT cell numbers during the course of acute cholecystitis and predicting prognosis.

(#2013R1A2A2A01067956) and the Chonnam National University
Hospital Biomedical Research Institute (CRI13905-22,
CRI14039-21, and CRI14039-22).

INTRODUCTION

Acute cholecystitis is an acute inflammatory disease of the gall-
bladder (1). Gallstones are etiologically involved in 90%-95% of
cases, whereas acute acalculous cholecystitis accounts for 5%-
10% of cases, in which severe systemic conditions, such as sur-
gery, trauma, long-term intensive care unit stay, infection, burns,
and parenteral nutrition, are commonly involved (1). The ma-
jority of patients with acute cholecystitis follow a mild clinical
course, but about 6% of patients progress to accompanying or-
gan dysfunction (grade III) according to the Tokyo guidelines
2007 (TGO07) for severity assessment (2). Recently, it was report-
ed that older patients with acute acalculous cholecystitis are
more likely to have more severe complications and to succumb
to the disease (3). With the exception of one study, which show-
ed a decline in T cell numbers and functional activity in elderly
patients (4), little is known of the status of the immune system
before intervention in patients with acute cholecystitis.

Human mucosal-associated invariant T (MAIT) cells and nat-
ural killer T (NKT) cells are two distinct subsets of innate-like T
cells that express an invariant TCR Va7.2-Jo33 chain paired with
alimited repertoire of VB chains or an invariant TCR pair of Vo24-
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Ju18/VP11 chains together with the VB chain, respectively (5, 6).
Using these unique pairs of TCR chains, MAIT cells recognize
bacteria-derived vitamin B2 metabolite antigens presented by
major histocompatibility complex (MHC) class Ib-like related
protein MR1 (7), whereas NKT cells react with endogenous and
exogenous glycolipid antigens, such as isoglobotrihexosylce-
ramide (iGb3) and a-galactosylceramide (a-GalCer), presented
by MHC class I-like protein CD1d (8). Following antigen recog-
nition, MAIT cells rapidly produce Th1/Th17 cytokines, such as
interferon-y (IFN-y) and interleukin (IL)-17 (9), whereas NKT
cells rapidly produce large amounts of Th1 and Th2 cytokines,
such as [FN-y and IL-4, in an innate-like manner (8). Accord-
ingly, MAIT cells play important roles in mucosal immunity
and gut homeostasis (9, 10), and NKT cells act as regulatory
and/or effector cells and are implicated in the control of auto-
immune diseases, cancer, and infectious diseases (11). Further-
more, these two invariant T cells are known to play protective
roles in host immune responses against a variety of infectious
pathogens, including certain enterobacterial and mycobacteri-
al species, viruses, fungi, and parasites (12, 13). In humans, MAIT
and NKT cells are more abundant in liver as compared with pe-
ripheral blood, suggesting that effector functions of MAIT and
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NKT cells might overlap and lead to protect the liver from infec-
tious agents and intestinal floral products that reach the intra-
hepatic blood circulation (14, 15).

Recently, it was reported that patients with severe cholecysti-
tis have high microorganism culture rates in bile and blood (2).
Of the microorganisms cultured in bile or blood, Escherichia
coli was most prevalent followed by other enterobacterial spe-
cies. However, little is known about the relevances of MAIT and
NKT cells in acute cholecystitis. Thus, the aims of the present
study were to measure MAIT and NKT cell numbers in the pe-
ripheral blood of patients with acute cholecystitis and to inves-
tigate potential relationships between these cell numbers and
clinical parameters.

MATERIALS AND METHODS

Study population

The study cohort was composed of 30 patients with a diagnosis
of acute cholecystitis (7 women and 23 men; mean + SD age
66.7 + 10.8 yr) according to the revised Tokyo guidelines (TG13)
regarding diagnostic criteria for acute cholecystitis (16), and 47
age- and sex-matched healthy controls (11 women and 36 men;
mean * SD age 65.3 + 8.3 yr). None of the controls had a docu-
mented history of autoimmune disease, pregnancy, infectious
disease, malignancy, chronic liver or renal disease, or diabetes
mellitus, or had ever received immunosuppressive therapy or
experienced fever during the 72 hr prior to enrollment.

Monoclonal antibodies (mAbs) and flow cytometry

The following mAbs and reagents were used in this study: fluo-
rescein isothiocyanate (FITC)-conjugated anti-CD3, phycoery-
thrin (PE)-Cy5-conjugated anti-CD161, FITC-conjugated anti-
TCR y8 and PE-conjugated 6B11 (all from Becton Dickinson,
San Diego, CA, USA), allophycocyanin (APC)-conjugated anti-
TCR V7.2 (BioLegend, San Diego, CA, USA) and APC-Alexa
Fluor 750-conjugated anti-CD3 (Beckman Coulter, Marseille,
France). Cells were stained with combinations of appropriate
mADbs for 20 min at 4°C. Stained cells were analyzed on a Navios
flow cytometer using Kaluza software (Beckman Coulter, Brea,
CA, USA).

Isolation of peripheral blood mononuclear cells (PBMCs)
and the identification of MAIT and NKT cells

Peripheral venous blood samples were collected in heparin-con-
taining tubes, and PBMCs were isolated by density-gradient cen-
trifugation using Ficoll-Paque Plus solution (Amersham Biosci-
ences, Uppsala, Sweden). MAIT and NKT cells were identified
phenotypically as CD3+TCRy3-Vo7.2+CD161"¢" and CD3+6B11+
cells, respectively, by flow cytometry, as previously described
(17-21).
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Statistical analysis

Percentages and absolute numbers of MAIT and NKT cells were
compared using the Mann-Whitney U test. Linear regression
analysis was used to examine potential relationships between
MAIT/NKT cell numbers and clinical or laboratory parameters.
Pvalues of less than 0.05 were considered statistically signifi-
cant. The statistical analysis was performed using SPSS version
18.0 (SPSS, Chicago, IL, USA).

Ethics statement

The study protocol was approved by the institutional review
board of Chonnam National University Hospital (IRB No. CNUH-
2012-093), and written informed consent was obtained from all
participants in accordance with the Declaration of Helsinki.

RESULTS

The clinical and laboratory characteristics of the acute chole-
cystitis patients are summarized in Table 1. Thirty patients with
acute cholecystitis treated during a 6-month period were includ-
ed in this study. Of these patients, 24 (80%) and 6 (20%) patients
had moderate and severe acute cholecystitis, respectively, ac-
cording to the Tokyo guidelines (TG13) (16).

The percentages and absolute numbers of MAIT cells in the
peripheral blood samples of the 30 patients and the 47 age- and
sex-matched healthy controls (HCs) were determined by flow

Table 1. Clinical and laboratory characteristics of the 30 patients with acute chole-
cystitis

Parameters Findings
No. male/female 23/7
Age, mean £ SD (yr) 66.7 £ 10.8
Clinical variables, No. (%)
Fever 12 (40.0)
Grade III" 6 (20.0)
Death 4(13.3)
Laboratory variables, mean £+ SD
Hemoglobin (g/dL) 124 £ 22

Leukocyte (cells/plL)
Neutrophil (cells/pL)

13,290 £ 3,987
11,352 =+ 3,659

Lymphocyte (cells/pL) 1,022 + 558
Platelet (10° cells/pL) 172 + 64
AST (U/L) 70 £ 127
ALT (UL 68 £ 99
ALP (U/L) 143 £ 70
Albumin (g/dL) 34105
Bilirubin (mg/dL) 17+£13
BUN (mg/dL) 178+ 7.4
Creatinine (mg/dL) 0.8+ 0.3
CRP (mg/dL) 158 £ 9.5
LDH (U/L) 528 + 172
Pa0; (mmHg) 855 + 145
Prothrombin time (INR) 1.20 £ 0.13

*Indicates grade according to the 2013 Tokyo guidelines (TG13) for the severity as-
sessment of acute cholecystitis. ALP, alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive
protein; INR, international normalized ratio; LDH, lactate dehydrogenase; Pa0,, partial
pressure of oxygen in arterial blood; SD, standard deviation.
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Fig. 1. Reduced circulating MAIT cell numbers in the peripheral blood of acute cholecystitis patients. (A) Representative MAIT cell percentages as determined by flow cytometry.
(B) MAIT cell percentages among peripheral blood a3 T cells. (C) Absolute MAIT cell numbers (per microliter of blood). *P < 0.05; TP < 0.001. HC, healthy control.

cytometry. MAIT cells were defined as CD3+TCRyd- cells ex-
pressing TCR V7.2 and CD161"¢" (Fig. 1A). Percentages of cir-
culating MAIT cells were significantly lower in patients than in
HCs (median 0.34% vs. 1.37% [P < 0.05]) (Fig. 1B). Absolute
numbers of MAIT cells were calculated by multiplying MAIT
cell fractions by CD3+yd- T cell fractions and total lymphocyte
numbers (per microliter of peripheral blood). Acute cholecysti-
tis patients had significantly lower absolute numbers of MAIT
cells than HCs (median 0.75 cells/pL vs. 8.51 cells/pL [P < 0.001])
(Fig. 1C).

The percentages and absolute numbers of NKT cells in the
peripheral blood samples of the 30 patients and the 47 age- and
sex-matched HCs were determined by flow cytometry. NKT cells
were defined as CD3+6B11+ cells (Fig. 2A). No significant dif-
ference was observed between the NKT cell percentages of pa-
tients and HCs (Fig. 2B). Absolute NKT cell numbers were cal-
culated by multiplying NKT cell fractions by total lymphocyte
numbers (per microliter of peripheral blood). Acute cholecysti-
tis patients had significantly lower absolute NKT cell numbers
than HCs (median 0.47 cells/pL vs. 0.78 cells/uL [P < 0.05]) (Fig.
20).

To investigate the clinical relevances of MAIT and NKT cell
levels in patients, we explored relationships between the abso-
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lute numbers of MAIT cells and NKT cells in peripheral blood
with clinical and laboratory parameters using regression analy-
sis (Table 2). Because distributions were skewed, the absolute
numbers of MAIT cells and NKT cells were log-transformed for
the analysis. Linear regression analysis showed that log-trans-
formed MAIT cell numbers were significantly correlated with
age and lymphocyte count (P = 0.039 and P = 0.025, respective-
ly). Log-transformed NKT cell numbers were found to be sig-
nificantly correlated with age, TG13 grade, death, lymphocyte
count, and BUN level (P = 0.011, P = 0.024, P = 0.002, P = 0.007,
and P = 0.044, respectively) (Table 2).

DISCUSSION

To the best of our knowledge, this is the first study to measure
levels of circulating MAIT cells and NKT cells in acute cholecys-
titis and to examine the clinical relevances of these two distinct
invariant T cell levels. The present study showed that percent-
ages and numbers of circulating MAIT cells were lower in pa-
tients than in healthy controls. Recently, MAIT cells were report-
ed to express high levels of CCR6 and CXCR6 and intermediate
levels of CCR9 (12, 14), and these chemokine receptors are known
to be involved in cell trafficking to intestines and liver (22-24).

http://dx.doi.org/10.3346/jkms.2015.30.5.606



Kim J-C, et al. = MAIT and NKT Cell Deficiency in Acute Cholecystitis

JKMS

P N

6B11

NKT cells (%)

10*

10°

107

10'

10°

10 -

10°

107

107

10°

HC

10

Cholecystitis

0.06%

10
' ': 10° :

10° 10 10? 10° 10 10° 10 10? 10° 10

14

CD3
Percentage 10 Absolute number
*
1
@]
= o - 10 OOOOO
©0,0° \i“ ogoooooo ° o
OOOO%O %000 6 ©o0 o e
- 0092 o SSoe’ = 0 0009 ®ce
—co~——66— oo > sEEE60 BT VY

003800 I3 et o o 0
0000000 ° v OOOOo %ol

I coooooo XY XX = 10" I :00
0,®

[ ]

| | 10—2 | |

HC Cholecystitis (B) He Cholecystitis

(C)

Fig. 2. Reduced circulating NKT cell numbers in the peripheral blood of acute cholecystitis patients. (A) Representative NKT cell percentages as determined by flow cytometry.
(B) NKT cell percentages among peripheral blood lymphocytes. (G) Absolute NKT cell numbers (per microliter of peripheral blood). *P < 0.05. HC, healthy control.

Table 2. Regression coefficients for log-transformed MAIT and NKT cell numbers with respect to clinical and laboratory findings in acute cholecystitis patients

MAIT NKT

Variables

B SE Pvalue B SE Pvalue
Age (yr) -0.026 0.012 0.039 -0.029 0.011 0.011
Sex -0.106 0.320 0.743 0.085 0.297 0.776
Fever 0.310 0.272 0.264 0.196 0.254 0.447
Grade* -0.142 0.362 0.698 -0.686 0.287 0.024
Death -0.436 0.443 0.334 0.000 0.313 0.002
Hemoglobin (g/dL) -0.050 0.063 0.433 0.093 0.056 0.110
Leukocyte (cells/plL) 0.000 0.000 0.601 0.000 0.000 0.706
Neutrophil (cells/pL) 0.000 0.000 0.899 0.000 0.000 0.915
Lymphocyte (cells/pl) 0.001 0.000 0.025 0.001 0.000 0.007
Platelet (cells/ul) 0.003 0.002 0.155 0.002 0.002 0.320
CRP (mg/dL) -0.002 0.015 0.910 -0.009 0.013 0.514
AST (UL) 0.000 0.001 0.964 0.001 0.001 0.559
ALT (U/L) 0.000 0.001 0.735 0.001 0.001 0.686
ALP (UL) 0.001 0.002 0.736 0.000 0.002 0.977
Albumin (g/dL) 0.069 0.262 0.793 0.189 0.235 0.429
Bilirubin (mg/dL) -0.176 0.132 0.192 -0.083 0.100 0.411
BUN (mg/dL) -0.014 0.019 0.459 -0.034 0.016 0.044
Creatinine (mg/dL) 0.203 0.406 0.621 -0.292 0.375 0.442
LDH (U/L) 0.001 0.001 0.490 0.000 0.001 0.965
Pa0, (mmHg) -0.006 0.009 0.523 -0.004 0.009 0.621
PT (INR) -0.221 1.084 0.840 -1.300 0.940 0.178

*Indicates grade according to the 2013 Tokyo guidelines (TG13) for the severity assessment of acute cholecystitis. ALP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; INR, international normalized ratio; LDH, lactate dehydrogenase; MAIT cell, mucosal-asso-
ciated invariant T cell; NKT cell, natural killer T cell; Pa02, partial pressure of oxygen in arterial blood; PT, prothrombin time; SE, standard error.
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Thus, aloss of circulating MAIT cells in acute cholecystitis might
be due to the transmigration of these cells from blood to sites of
inflammation. This notion is supported by several lines of evi-
dence that MAIT cells number are diminished in blood but ob-
viously elevated in the intestines of patients with inflammatory
bowel disease and in the ascetic fluids of patients with ovarian
cancer or active tuberculosis (12, 25, 26). In the present study,
no significant differences were observed between NKT cell per-
centages in the peripheral blood of patients and HCs. However,
circulating NKT cell numbers were found to be significantly re-
duced in patients. This decline in NKT cell numbers might be
due to lower lymphocyte counts in patients (data not shown),
as a similar finding was reported in patients with head and neck
squamous cell carcinoma. In this previous study, circulating
NKT cell numbers and total lymphocyte counts were signifi-
cantly reduced in patients, but NKT cells per million T cells in
patients and HCs were not significantly different (27).

In addition, our data also revealed that numbers of MAIT and
NKT cells were negatively correlated with age in acute chole-
cystitis patients, which is reminiscent of a previous report that
demonstrated an age-dependent decrease in circulating NKT
cell numbers in cancer patients and HCs (28). Similarly, we pre-
viously reported circulating MAIT and NKT cell numbers are
affected negatively by age in healthy subjects (21, 29). These
findings show that an age-related decline in these invariant T
cell numbers can be expected regardless of patients or healthy
subjects.

We also found that reductions in NKT cell numbers are asso-
ciated with TG13 grade and death (i.e., disease severity and out-
come). However, correlations between NKT cell numbers and
grade or death might be obtained because all of these parame-
ters are age-dependent. Thus, in the present study, age was in-
cluded as a control variable in a partial correlation analysis and
correlations were reanalyzed. It was found that death (7 = -0.485,
P =0.008), but not TG13 grade (r = -0.265, P = 0.165), retained
its association with NKT cell deficiency after this adjustment,
which suggests that screening for NKT cell levels in blood sam-
ples could be used to predict prognosis in acute cholecystitis.
Interestingly, this prognostic value of circulating NKT cell levels
was also addressed in a previous study on head and neck can-
cer (27).

The present study has some limitations that require consid-
eration. The study was performed on small populations with
unbalanced sex ratios and narrow age ranges (41-83 yr). Fur-
thermore, selection bias may have been caused by the inclu-
sion of patients with pathologically proven acute cholecystitis
in a tertiary-care regional referral center. Thus, patients with
mild cholecystitis were not included in this study. Moreover,
male (76.7%) and elderly (mean age, 66.7 yr) patients account-
ed for the majority of the patients, and several studies have re-
ported patients with more severe cholecystitis tend to be male
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and that elderly patients have more severe grades (i.e., grade
III) (2, 3). In addition, levels and functions of circulating immune
cells are known to be affected by several factors, such as drugs
and invasive procedures (30, 31). To exclude the possibility that
MAIT and NKT cell levels were affected by these factors, blood
samples were obtained before surgery and study subjects with
a history of drug exposure (e.g., steroid or immunosuppressant
use) were excluded. Nonetheless, follow-up analyses of MAIT
and NKT cell levels before and after treatment are required to
evaluate changes in these cell levels according to disease activi-
ty. Further investigations for large populations with balanced
sex ratios and broad age ranges are needed and in particular
functional studies are required to assess MAIT and NKT cell
functions and to elucidate the roles these invariant cells play in
immune responses to acute cholecystitis.

Summarizing, the present study describes numerical defi-
ciencies of circulating MAIT cells and NKT cells in acute chole-
cystitis and age-related declines in these invariant T cells. In
addition, NKT cell deficiency was found to be associated with
disease severity or outcome. These findings provide important
information regarding the monitoring of changes in circulating
MAIT and NKT cell levels during disease course and predicting
the prognosis of acute cholecystitis.
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