
Pre-Clinical Research Report

Effects of interleukin-23
on the activation of
mucosal-associated invariant
T cells from oral lichen planus

Fang Wang1,2 , Xiu-Li Zhang1, Jing-Ya Yang1,2

and Gang Zhou1,2

Abstract

Objective: Oral lichen planus (OLP) is a T cell-mediated inflammatory condition in the oral

cavity. Mucosal-associated invariant T (MAIT) cells are gaining more relevance in immune diseases

because they can be activated by cytokines without T cell receptor stimulation. Herein, we tested

the effect of interleukin-23 (IL-23) on the activation status of OLP MAIT cells.

Methods: Peripheral blood mononuclear cells (PBMCs) isolated from OLP patients were stim-

ulated by IL-23 in the absence or presence of phorbol myristate acetate (PMA) and ionomycin.

The activation status of MAIT cells was analyzed by flow cytometry after staining for CD3, CD4,

CD8, CD161, TCR Va7.2, and CD69.

Results: The fraction of MAIT cells in OLP peripheral blood was approximately 0.38% to 3.97%,

and CD8þ subpopulations overwhelmed CD4þ cells. The mean percentages of OLP MAIT cells in

PBMCs and CD8þMAIT cells in MAIT cells were approximately 40%. PMA and ionomycin sig-

nificantly increased CD69 expression on OLP T cells, MAIT cells, and CD8þMAIT cells. Cells

with enhanced activation had different responsiveness to exogenous IL-23, showing increased

CD69 expression on OLP T cells, decreased CD69 on OLP CD8þMAIT cells, and no significant

change on OLP MAIT cells.

Conclusions: IL-23 showed different effects on the activation status of OLP MAIT cells and

CD8þMAIT cells.
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Introduction

Oral lichen planus (OLP) is a T cell-
mediated inflammatory condition that
occurs in the oral mucosa.1 OLP develops
as an immunological disease with lympho-
cyte infiltration of the lamina propria that
results in keratinocyte apoptosis and lique-
factive destruction of the basal mem-
brane.1,2 OLP lesions can have multiple
presentations including reticular, papular,
plaque-like, atrophic, erosive, and bullous
damages.3 Although much is still unknown
about its etiology, numerous theories
consider that immune dysregulation may
trigger the chronic inflammatory process
in OLP.4,5 CD4þ T helper (Th) cells and
CD8þ T cytotoxic cells are strongly involved
in the pathogenesis of OLP.4,6 Of note, inter-
feron-c (IFN-c)- and interleukin-17 (IL-17)-
producing immune cells were found to be
present in OLP lesions.7 Our previous
study reported that IFN-c and IL-17 levels
were increased in the serum of OLP patients
and within local lesions.8,9 Moreover, we
found that IFN-c contributed to OLP
T-cell immune attack towards keratino-
cytes.2 Thus, IFN-c and IL-17 have been
implicated as key inflammatory mediators
in the immunopathogenesis of OLP.

In humans, mucosal-associated invariant
T (MAIT) cells are a type of unconvention-
al innate-like T cells that express the semi-
invariant TCRa chain Va7.2-Ja33/20/12.10

In human peripheral blood, MAIT cells
mostly express CD161, which is a marker
of IL-17-producing T cells.1,11 MAIT cells
are defined by their high expression of TCR

Va7.2 and CD161 and comprise approxi-
mately 1% to 10% of human peripheral

blood cells.1 Our recent study reported
the frequency of blood MAIT cells in
OLP patients and analyzed the variable
functional features of OLP MAIT cells.12

We found that peripheral MAIT cells
were deficient in OLP, but that cellular acti-
vation, as detected by CD69, was enhanced
in OLP MAIT cells.12 Activated MAIT

cells can induce a rapid innate-like
immune response, subsequently releasing
cytotoxic products, inflammatory chemo-
kines, and cytokines.13

Unlike conventional T cells that recog-
nize individual peptides and undergo mas-
sive expansion, MAIT cells are restricted by

the major histocompatibility complex
(MHC)-related protein-1 (MR1) and recog-
nize vitamin B2 (riboflavin) metabolites of
microbial origin.13 Nevertheless, MAIT

cells can also be directly activated by
inflammatory cytokines in the absence of
riboflavin metabolites.13 Wang et al.
reported that exogenous IL-23 could
fully reconstitute MAIT cell expansion

and activity in IL-23-deficient mice.14

Additionally, IL-23 stimulation in vitro
increased the IL-17 polarization of primary
MAIT cells from Sjogren’s Syndrome

patients.15 Studies have demonstrated that
IL-23 is overexpressed in OLP serum and
can increase IL-17 production in OLP
CD4þT cells.9,16,17 Thus, in this study, we
examined the effect of IL-23 stimulation

in vitro on the activation status of peripher-
al MAIT cells from OLP patients.
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Materials and Methods

Study design

OLP patients were recruited from the
Department of Oral Medicine, School and
Hospital of Stomatology, Wuhan University
(China). All patients had been clinically and
histopathologically diagnosed with OLP
under the WHO criteria.18 The inclusion
and exclusion criteria for this study are
listed in Supplemental Table 1. Written
informed consent for participation in this
research and publication of the related data
was obtained from each patient in accordance
with the Declaration of Helsinki. Each exper-
iment included blood samples of six donors,
who were aged from 42 years to 57 years with
a male-to-female ratio of 2:1. Experiments
in this study were performed with informed
consent under approval by the Ethical
Committee Board of the School and
Hospital of Stomatology, Wuhan University
(approval number 2019A17).

Cell isolation and culture

Peripheral blood mononuclear cells
(PBMCs) were isolated by density gradient
centrifugation using lymphocyte separation
medium (Catalog #LDS1075, Haoyang
Biological Manufacture Co., Ltd., Tianjin,
China). Briefly, 1� 106 PBMCs were cultured
per well in 24-well plates and maintained
in RPMI 1640 medium with 10% fetal
bovine serum (Tianhang Biotechnology Co.,
Ltd., Zhejiang, China), and then stimulated
with or without 10ng/mL IL-23 (Catalog
#CW54, Novoprotein Technology Co.,
LTD., Shanghai, China) for 72 hours, in
the absence or presence of 50 ng/mL phor-
bol myristate acetate (PMA; Catalog
#P6741, Solarbio Science & Technology
Co., Ltd., Beijing, China) and 1 lg/mL ion-
omycin (IM; Catalog #I139530, Aladdin
Biochemical Technology Co., Ltd.,

Shanghai, China). Brefeldin A (Catalog

#B1400, APExBIO, Houston, TX, USA)

was added at a concentration of 5lg/mL

before flow cytometric analysis according

to the manufacturer’s instructions.

Extracellular and intracellular staining for

flow cytometry

For extracellular staining, cultured PBMCs

were incubated with FITC-anti-CD3 anti-

body (Catalog #300440, BioLegend, Inc.,

San Diego, CA, USA), APC-anti-CD4 anti-

body (Catalog #300514, BioLegend), APC/

Cyanine7-anti-CD8 antibody (Catalog

#344714, BioLegend), PE-anti-CD161 anti-

body (Catalog #339904, BioLegend), and

PE/Cyanine7-anti-TCR Va7.2 antibody

(Catalog #351712, BioLegend) for

15 minutes at 25�C. To detect intracellular

cytokines, cells whose surfaces were stained

by markers of MAIT cells were then fixed

and permeabilized in Transcription Factor

Buffer Set (Catalog #562574, Becton

Dickinson and Co., Franklin Lakes, NJ,

USA) at 4�C in accordance with the instruc-

tions of the manufacturer. Intracellular pro-

tein probing was performed by staining with

BV421-anti-IL-17A antibody (Catalog

#512322, Becton Dickinson and Co.) and

BV650-anti-IFN-c antibody (Catalog

#506542, Becton Dickinson and Co.) for 30

minutes at 4�C. Cells were washed and resus-

pended in phosphate-buffered saline prior to

flow cytometric analysis.

Statistical analysis

Data were collected by ACEA NovoCyte

flow cytometry (Agilent Technologies Inc.,

Santa Clara, CA, USA) and analyzed using

FlowJo 10 software (BD Life Science

Informatics, Ashland, OR, USA). Statistical

analysis was performed using GraphPad

Prism 8 software (GraphPad Software, Inc.,
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La Jolla, CA, USA). Data are presented as
the mean� standard deviation (SD) when
variables were normally distributed or as
the median� interquartile range (IQR) for
non-normal variables, which are labeled
with “#” in the figures. Statistical differences
were analyzed using the paired t test or
Wilcoxon matched-pairs signed rank test,
respectively. P values <0.05 were defined
as statistically significant, referring to two-
sided probability. Then, the statistical data
from differences or group parameters were
then used in the calculation of post hoc sta-
tistical power (SP) using G*Power software.

Results

MAIT cell frequencies in PBMCs of
OLP patients

Single cells among isolated PBMCs from
OLP patients were gated by SSC-H and
SSC-A, in which T cells were gated out by
CD3 positive staining. MAIT cells were
gated by co-expression of CD161 and
TCR Va7.2 in T cells. Regarding unstimu-
lated OLP MAIT cells, they made up a
small fraction of T cells, ranging from
0.38% to 3.97%, in which the CD8þ phe-
notype was more common than CD4þ cells
(SP¼ 87%). The expansion of MAIT cells
seemed to increase after stimulation with
PMA/ionomycin, although there was no
statistical difference (SP¼ 24%, Figure 1).

MAIT cell activation in OLP patients

The mean percentages of OLP MAIT cells in
PBMCs and CD8þMAIT cells in MAIT cells
were approximately 40%. PMA/ionomycin
stimulation increased the CD69 expression
on T cells, MAIT cells, and CD8þMAIT
cells from OLP patients (SP[T]¼ 99%, SP
[MAIT]¼ 88%, SP[CD8þ MAIT]¼ 87%,
Figure 2). IFN-c and IL-17 production were
unchanged in stimulated MAIT cells and
CD8þMAIT cells from OLP patients (SP

[IFN-c in MAIT]¼ 5%, SP[IL-17 in
MAIT]¼ 33%, SP[IFN-c in CD8þMAIT]¼
32%, SP[IL-17 in CD8þMAIT]¼ 49%,
Figure 3).

IL-23 played different roles in the
activation of OLP T cells, MAIT cells,
and CD8þMAIT cells

IL-23 had no influence on the expansion of
OLP T cells, MAIT cells, or CD8þMAIT
cells (SP[T]¼ 14%, SP[MAIT]¼ 15%, SP
[CD8þMAIT]¼ 9%, Figure 1). Single stimu-
lation with IL-23 did not induce changes in
CD69 expression on OLP T cells, MAIT
cells, or CD8þMAIT cells (SP[T]¼ 5%, SP
[MAIT]¼ 20%, SP[CD8þMAIT]¼ 44%).
Under stimulation with PMA/ionomycin,
IL-23 increased CD69 expression on T cells
but decreased CD69 on CD8þMAIT cells,
while it had no effect on MAIT
cells (SP[T]¼ 99%, SP[MAIT]¼ 5%, SP
[CD8þMAIT]¼ 15%, Figure 2). Both in
OLP MAIT cells and CD8þMAIT cells stim-
ulated with or without PMA and ionomycin,
IL-23 had no effect on IFN-c and IL-17 pro-
duction (in MAIT cells without PMA/iono-
mycin stimulation: SP[IFN-c]¼ 11%, SP[IL-
17]¼ 43%; in MAIT cells with PMA/iono-
mycin stimulation: SP[IFN-c]¼ 20%, SP[IL-
17]¼ 9%; in CD8þMAIT cells without
PMA/ionomycin stimulation: SP[IFN-c]¼
28%, SP[IL-17]¼ 16%; in CD8þMAIT cells
with PMA/ionomycin stimulation: SP[IFN-
c]¼ 6%, SP[IL-17]¼ 21%, Figure 3).

Discussion

In this study, we found that CD3þTCR
Va7.2þCD161þMAIT cells comprised
approximately 0.38% to 3.97% of PMBCs
in OLP patients. Moreover, the CD8 phe-
notype was the dominant component of
OLP MAIT cells compared with CD4 sub-
sets. The number of peripheral MAIT cells
in healthy human has been reported to be
approximately 1% to 10%.1 Our previous
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study confirmed a decrease in the frequency

of peripheral MAIT cells in OLP compared

with in healthy individuals.12 Additionally,

OLP MAIT cells primarily showed a CD8

phenotype and strongly granzyme B pro-

duction, which indicated that these cells

might have cytotoxic activities.12

Granzyme B can mediate the immune

attack of T cells towards keratinocytes.19

Therefore, the above results suggested that

MAIT cells might be important in the

immunopathogenesis of OLP.
PMA activates protein kinase C, and

ionomycin raises intracellular calcium

levels and activates cells via bypassing the

early activation steps through the TCR,

together resulting in NF-jB activation,

thus mimicking physiological T cell activa-

tion.20,21 Our previous study reported that

NF-jB signaling was overactive and CD69

Figure 1. Effect of IL-23 on the proportion of MAIT cells among PBMCs from OLP patients in the absence
or presence of PMA and ionomycin. Briefly, 1� 106 PBMCs were cultured per well in 24-well plates and
stimulated with or without 10 ng/mL IL-23 for 72 hours in the absence or presence of 50 ng/mL PMA and
1 lg/mL ionomycin (IM). (a–d) The gating strategy for T cells, MAIT cells, and MAIT subsets are shown by
representative images in different groups. (e–g) Histograms of the proportions of T cells, MAIT cells, and
MAIT subsets. Normally distributed variables are presented as mean� SD, while non-normally distributed
data are presented as mean� IQR and labeled by “#”. P< 0.05 was defined as statistically significant.
MAIT, mucosal-associated invariant T; PBMCs, peripheral blood mononuclear cells; OLP, oral lichen planus;
PMA, phorbol myristate acetate; SD, standard deviation; IQR, interquartile range.
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expression was elevated in MAIT cells in

OLP;12,22 thus, we speculated that OLP

MAIT cells might be activated in a TCR-

independent manner. The results of this study

showed that PMA/ionomycin stimulation

increased CD69 expression on MAIT cells

and CD8þMAIT cells from OLP patients.
MAIT cells can also be activated by a

cytokine-dependent pathway, which broad-

ens their role in immune inflammatory dis-

eases even in the absence of antigen

recognition.13 The activating cytokine

IL-23 was evidenced in OLP serum,17 sug-

gesting that the OLP peripheral microenvi-

ronment might be able to activate MAIT

cells. However, in this study, IL-23 alone

or in the PMA/ionomycin stimulated state

did not increase the activation of MAIT

cells. Interestingly, the activation of

CD8þMAIT cells under PMA/ionomycin

stimulation was decreased by IL-23, while

T cell activation was enhanced under the

same conditions. We hypothesize that this

phenomenon could be attributed to several

factors. First, both T cells and MAIT cells

are heterogeneous populations, character-

ized by subsets that differ in phenotype,

function, and maturation level.23 Second,

PMA and ionomycin can activate the tran-

scription factors NF-jB and members of the

NFAT family, which subsequently regulate

downstream gene expression.24 Although

PMA/ionomycin can induce T cell prolifer-

ation, it can also either activate T cells or

initiate activation-induced cell death

(AICD) in lymphocytes under some specific

Figure 2. The effect of IL-23 on the expression of CD69 in MAIT cells from OLP patients in the absence or
presence of PMA and ionomycin. (a) The gating strategy for CD69 staining in T cells, MAIT cells, and
CD8þMAIT cells is shown by representative images in different groups and (b–d) Histograms of CD69
expression in T cells, MAIT cells, and CD8þMAIT cells. Normally distributed variables are presented as
mean� SD, while non-normally distributed data are presented as mean� IQR and labeled by “#”. P< 0.05
was defined as statistically significant.
MAIT, mucosal-associated invariant T; OLP, oral lichen planus; PMA, phorbol myristate acetate; FMO,
fluorescence minus one; SD, standard deviation; IQR, interquartile range.

6 Journal of International Medical Research



circumstances.25 NF-jB mediates protection

from AICD while NFAT plays a major role

in this process.26,27 In OLP, NF-jB signaling

was overactive.22 Tacrolimus, by inhibiting

NFAT activation, could significantly

reduce the symptoms of OLP.28 Thus, we

speculate that PMA/ionomycin activates

MAIT cells and might initiate AICD in

these cells. OLP MAIT cells have been pre-

sumed to be activated from the IL-

23-elevated environment, in which subject-

ing the cells to PMA/ionomycin could elicit

a high proportion of cell death and would

not be expected to yield evident responses to

greater IL-23 levels. Taken together, the

effect of IL-23 on OLP MAIT cells might

be related to the cell phenotypes and cells’

original environment and state.
After activation, MAIT cells can

respond with the production of a variety

of pro-inflammatory cytokines, whereas

their capacity to produce IFN-c and IL-17

is altered in different immune diseases.13

Circulating MAIT cells in patients or

mouse models with multiple sclerosis

showed an activated phenotype and

decreased IFN-c and IL-17 production.29,30

Although MAIT cell numbers were

decreased in peripheral circulation in

patients with obesity and type 2 diabetes,

these cells exhibited a pro-inflammatory

phenotype and increased secretion of

IFN-c and IL-17.30 OLP peripheral MAIT

cells were found to be hyperactivated and

with a comparable capacity of producing

IFN-c and IL-17 in our previous study,

but with no difference from healthy individ-

uals.12 Additionally, hyperactivated MAIT

cells in OLP also expressed higher levels of

the exhaustion marker PD-1.12 In this

study, we did not observe any significant

changes in IFN-c or IL-17 production by

Figure 3. The effect of IL-23 on the production of IFN-c and IL-17 by MAIT cells and CD8þMAIT cells
from OLP patients in the absence or presence of PMA and ionomycin. (a) The gating strategy for IFN-c and
IL-17 staining in MAIT cells and CD8þMAIT cells is shown by representative images in different groups and
(b–e) Histograms of IFN-c and IL-17 expression in MAIT cells and CD8þMAIT cells. Normally distributed
variables are presented as mean� SD. P< 0.05 was defined as statistically significant.
MAIT, mucosal-associated invariant T; OLP, oral lichen planus; PMA, phorbol myristate acetate; FMO,
fluorescence minus one; SD, standard deviation.
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OLP MAIT cells or CD8þMAIT cells in

response to stimulation by PMA/ionomycin

or IL-23. We therefore conclude that OLP

MAIT cells could have different effector

functions from other diseases and that

MAIT cell hyperactivation might render

the cells exhausted, resulting in loss of

response to PMA/ionomycin or IL-23.
Collectively, there was a relatively small

quantity of MAIT cells in OLP peripheral

blood, and these predominantly showed the

CD8 phenotype. Both OLP MAIT cells and

CD8þMAIT cells already presented an acti-

vated phenotype. Additionally, PMA/iono-

mycin stimulation significantly increased

CD69 expression on OLP T cells, MAIT

cells, and CD8þMAIT cells. Cells with

enhanced activation had different respon-

siveness to exogenous IL-23, showing

increased expression of CD69 on OLP

T cells, decreased expression of CD69 on

OLP CD8þMAIT cells, and no significant

change of CD69 expression and IFN-c/
IL-17 production on OLP MAIT cells.

Given that OLP MAIT cells were presumed

to be activated and came from an IL-23-

elevated environment, we hypothesize that

the effect of IL-23 on OLP MAIT cells

might be related to the cell phenotypes

and their original environment and state.
This pilot study is the first to investigate

the effect of IL-23 on the activation of OLP

MAIT cells, and therefore may play an

indicative role for future research into the

function and mechanism of OLP MAIT

cells and treatment targets. The main limi-

tation of this study was the relatively small

number of cases. Therefore, further studies

are needed that include large patient

cohorts as well as longitudinal studies

focused on how hyperactivation regulates

biological functions in OLP MAIT cells.
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