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Abstract

Mucosal-associated invariant T (MAIT) cells are an abundant innate-like T
cell subset in humans, enriched in mucosal tissues and the liver. MAIT cells
express a semi-invariant T cell receptor (TCR) and recognize microbial-
derived riboflavin metabolites presented on the MHC Class I-like molecule
MR1. In addition to activation via the TCR, MAIT cells can also be
activated in response to cytokines such as IL-12 and IL-18, in contrast to
conventional T cells. Here we describe TCR-dependent and -independent
methods for MAIT cell activation. The TCR-dependent approaches include
stimulation with microbead- or plate-bound anti-CD3/anti-CD28
antibodies, and with 5-OP-RU or paraformaldehyde (PFA)-fixed E. coli in
the presence of antigen-presenting cells (APCs). The latter method
includes a combination of TCR- and cytokine-mediated stimulation.
The TCR-independent methods include direct stimulation with the
recombinant cytokines IL.-12 and IL-18, and indirect stimulation with
TLR-4/TLR-8 agonists or influenza A virus in the presence of APCs.
Finally, we outline a protocol to analyze activated MAIT cells using flow
cytometry.

Keywords
(separated by *-*)

MAIT cells - Cytokines - MR1 - Invariant T cell receptor - Va7.2 - Innate -
Interleukin-12 - Interleukin-18 - E. colz - CD3 - CD28 - Beads - Plate-bound -
5-OP-RU - Toll-like receptor
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Chapter 7

Human MAIT Cell Activation In Vitro

Joachim P. Hagel, Lucy C. Garner, Matthew Bilton, Hema Mehta,
Tiangi Leng, Carl-Philipp Hackstein, Prabhjeet Phalora, Ali Amini,
Hossain D. Akther, Nicholas M. Provine, Matthew Edmans,
Christian B. Willberg, and Paul Klenerman

Abstract

Mucosal-associated invariant T (MAIT) cells are an abundant innate-like T cell subset in humans, enriched
in mucosal tissues and the liver. MAIT cells express a semi-invariant T cell receptor (TCR) and recognize
microbial-derived riboflavin metabolites presented on the MHC Class I-like molecule MR1. In addition to
activation via the TCR, MAIT cells can also be activated in response to cytokines such as IL-12 and IL-18, in
contrast to conventional T cells. Here we describe TCR-dependent and -independent methods for MAIT
cell activation. The TCR-dependent approaches include stimulation with microbead- or plate-bound anti-
CD3 /anti-CD28 antibodies, and with 5-OP-RU or paratormaldehyde (PFA)-fixed E. co/i in the presence
of antigen-presenting cells (APCs). The latter method includes a combination of TCR- and cytokine-
mediated stimulation. The TCR-independent methods include direct stimulation with the recombinant
cytokines IL-12 and IL-18, and indirect stimulation with TLR-4/TLR-8 agonists or influenza A virus in
the presence of APCs. Finally, we outline a protocol to analyze activated MAIT cells using flow cytometry.

Key words MAIT cells, Cytokines, MR1, Invariant T cell receptor, Va7.2, Innate, Interleukin-12,
Interleukin-18, E. coli, CD3, CD28, Beads, Plate-bound, 5-OP-RU, Toll-like receptor

1 Introduction

Innate-like subsets of T cells, including Natural Killer T (NKT),
Mucosal-Associated Invariant T (MAIT), and y8-T cells, operate at
the interface of the innate and adaptive immune responses. In
contrast to T cell receptors (TCRs) of conventional T cells, the
TCRs of innate-like T cells show more limited diversity, and func-
tion in a similar manner to pattern recognition receptors through
recognition of common pathogen-associated molecular motifs [1-
3]. A prominent example is the semi-invariant MAIT cell TCR
(Va7.2-Ja33,/20/12 TCRa chain paired with a limited Vf reper-
toire) that recognizes microbial riboflavin metabolites presented by
the MHC class Ib molecule MR1 on antigen-presenting cells

Helen Kaipe and Isabelle Magalhaes (eds.), Mait Cells: Methods and Protocols, Methods in Molecular Biology, vol. 2098,
https://doi.org/10.1007/978-1-0716-0207-2_7, © Springer Science+Business Media, LLC, part of Springer Nature 2020
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(APCs) [4-6]. This allows MAIT cells to respond rapidly to public
antigens and thus bridge the temporal gap between the responses of
innate and adaptive immunity [2]. Compared with the TCR
expressed by conventional T cells, the MAIT cell TCR is hypore-
sponsive. This may be necessary to ensure tolerance to commensal
microorganisms, given the promiscuity of the MAIT cell TCR in
regard to pathogen recognition [7, 8]. The majority of human
MAIT cells (about 80%) are CD8+ and almost all MAIT cells
express the marker CD161 [9-12], which is highly expressed by
innate-like T cell subsets compared with conventional T cells
[3, 12-16]. An important characteristic of MAIT cells is their
rapid activation in response to cytokines such as IL-12 and IL-18,
which they share with other CDI161-expressing T cells
[11, 17]. Such cytokines are produced by activated APCs in the
context of bacterial or viral infections and induce MAIT cell
responses either on their own or in combination with TCR signals
[11,18].

Here we describe several TCR-dependent and -independent
experimental approaches for the activation of MAIT cells. Protocols
to activate MAIT cells via their TCR include using anti-CD3 and
anti-CD28 antibodies coated on microbead particles or immobi-
lized on a plate. Moreover, we describe an activation protocol using
the riboflavin intermediate 5-OP-RU that can be bound and pre-
sented on MR1 by APCs to induce specific MAIT cell activation.
We also outline how MAIT cells can be activated by combined TCR
and cytokine stimulation using an in vitro experimental model in
which APCs (within Peripheral Blood Mononuclear Cells
(PBMCs) or THP-1 cells) are challenged with PFA-fixed E. cols.
MAIT cells are activated by the riboflavin metabolites presented on
MRI, and cytokines produced by activated APCs. Furthermore, we
explain how to stimulate MAIT cells in a TCR-independent manner
using cytokines such as IL-12 and IL-18, either directly by adding
recombinant cytokines or indirectly by stimulating APCs to pro-
duce IL-12 and IL-18 with Toll-like receptor (TLR) agonists.
Finally, we extend this MR1-independent activation to an in vitro
viral infection model in which virus-activated APCs produce cyto-
kines that activate MAIT cells. As one possible way to analyze
TCR-dependent or -independent MAIT cell activation, we provide
a protocol to assess expression of IFNy, TNFa, GzmB, and CD69
by flow cytometry.

2 Materials

2.1 TCR-Dependent
MAIT Cell Activation

1. R10 medium: RPMI 1640 Medium, 10% heat-inactivated fetal
calf serum (FCS), 1% L-glutamine, and 1% penicillin/
streptomycin.

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

73

74

75
76



Author's Proof

2.2 TCR-Independent
MAIT Cell Activation

Human MAIT Cell Activation In Vitro

Phosphate Buffered Saline (PBS), pH 7.4, sterile.

MACS Bufter: PBS, pH 7.2, 0.5% BSA (or alternatively 2%
FCS), 2 mM EDTA.

4. PBMG:s (peripheral blood mononuclear cells).

(921

CD8 MicroBeads (Miltenyi Biotec).

6. THP-1 cells (THP-1 ECACC 88081201), European Collec-

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.
24.
25.

tion of Authenticated Cell Cultures.

. T Cell Activation /Expansion Kit, human (contains anti-Biotin

MACSiBead Particles and anti-CD3 and anti-CD28 antibodies
to generate immobilized anti-CD3 and anti-CD28 on MAC-
SiBead Particles, Miltenyi Biotec).

96-well U-bottom cell culture plates.

96-well flat-bottom Nunc = MaxiSorp” ELISA Plate.

PMA (Phorbol 12-myristate 13-acetate).

Tonomycin 1mM in DMSO.

Brefeldin A Solution, 1000 x.

Anti-human CD3 antibody, clone UCHT].

Anti-human CD28 antibody, clone CD28.2.

Isotype control antibodies for anti-human CD3 and CD28.
5-OP-RU (5-(2-oxopropylideneamino)-6-dribitylaminoura-
cil) obtained from Prof. David P. Fairlie, University of Queens-
land, Australia.

DMSO.

LB Broth with agar (Lennox) tablet or powder microbial
growth medium.

LB Broth (Lennox) powder microbial growth medium.
Petri dishes (100 x 15 mm).

DH5a or TOP10 E. coli cells.

0.25 L Erlenmeyer flasks.

Rattler Plating Beads, 4.5 mm.

Paraformaldehyde solution 2% in PBS.

Tube rotator.

R10 medium: RPMI 1640 Medium, 10% heat-inactivated fetal
calf serum (FCS), 1% r-glutamine, and 1% penicillin/
streptomycin.

2. PBMCs.

CD8 MicroBeads (Miltenyi Biotec).

THP-1 cells (THP-1 ECACC 88081201), European Collec-
tion of Authenticated Cell Cultures.
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. 96-well U-bottom cell culture plates.

. Recombinant human IL-12.

. Recombinant human IL-18.

. PMA (Phorbol 12-myristate 13-acetate).

. Ionomycin, 1 mM in DMSO.

10. Brefeldin A Solution, 1000 x.

11. TLRS agonist ssRNA40/Lyovec.

12. TLR4 agonist E. coli K12 LPS.

13. Influenza virus strain A/WSN/1933(HINI1).

O 0 N O\

2.3 Analysis of MAIT 1. 96-well U-bottom or 96-well V-bottom cell culture plates.
Cell Activation Via 2. PBS, pH 7 4.
Flow Cytometry 3. PBS with 5% FCS.
4. LIVE/DEAD "™ Fixable Near-IR Dead Cell Stain (Invitrogen).
5. Antibodies: refer to Tables 1,2, and 3
6. Formaldehyde solution 2% in PBS.
7. Permeabilization Buffer 10x (Thermo Fisher Scientific).
3 Methods

3.1 TCR-Dependent
MAIT Cell Activation

3.1.1  MAIT Cell
Activation Using Anti-CD3/
Anti-CD28: MACSiBead
Particles

Here we describe how to activate MAIT cells in a non-specific way
by exposing MAIT cells within PBMCs or isolated CD8+ T cells to
anti-CD3 and anti-CD28 antibodies immobilized on MACSiBead
Particles. The anti-CD3 and anti-CD28 antibodies bind CD3 and
CD28, respectively, on T cells including MAIT cells, inducing CD3
and CD28 clustering and T cell activation [19-22] (Figs. laand 2).

1. Anti-CD3/anti-CD28—MACSiBead Particles (T Cell Activa-
tion/Expansion Kit, human) are prepared according to manu-
facturer’s instructions with a few alterations.

(a) Add 100 pL anti-CD3-Biotin, 100 pL anti-CD28-Biotin,
and 100 p. MACS Buffer to a sterile and sealable 2 mL
tube under aseptic conditions (se¢ Note 1).

(b) Vortex anti-Biotin MACSiBead Particles thoroughly for
30 s as they have a tendency to sediment quickly.

(c) Add 500 pL anti-Biotin MACSiBead Particles to the
antibody mix.

(d) Add 200 pLL. MACS Buffer to obtain a final volume of
1 mL.

(e) To allow the beads to be loaded with the antibodies,
incubate at 2-8 °C for at least 2 h under constant, gentle
rotation using a tube rotator.
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Table 1

Human MAIT Cell Activation In Vitro

Example antibody panel 1 for analysis with MACSQuant Analyzer 10, Miltenyi Biotec

Antibody Clone Color Manufacturer Dilution
Antibodies for surface antigens

CD3 OKT3 eFluor 450 Invitrogen 1:100
CDS8 REA734 VioGreen Miltenyi Biotec 1:25
Va7.2 TCR 3C10 FITC BioLegend 1:50
CDle6l 191B8 PE Miltenyi Biotec 1:50
Awntibodies for intracellular antigens

TNFa MADb11 PerCP-Cy5.5 BioLegend 1:25
IFNy 4S.B3 PE-Cy7 BioLegend 1:100
Granzyme B GB12 APC Invitrogen 1:100

Table 2

Example antibody panel 2 for analysis with MACSQuant Analyzer 10, Miltenyi Biotec

Antibody Clone Color Manufacturer Dilution
Antibodies for surface antigens
CD3 OKT3 eFluor 450 Invitrogen 1:100
CD8 REA734 VioGreen Miltenyi Biotec 1:25
CD69 FN50 FITC eBioscience 1:50
CDl61 191B8 PE Miltenyi Biotec 1:50
Vo7.2 TCR 3C10 PerCP-Cy5.5 BioLegend 1:50
Antibodies for intracellular antigens
IENy 4S.B3 PE-Cy7 BioLegend 1:100
Granzyme B GB12 APC Invitrogen 1:100
(f) Do not remove the antibody mix from the loaded beads.
Loaded beads can be stored for up to 4 months at 2-8 °C.
2. Count PBMCs or isolated CD8+ T cells (For CD8+ T cell
isolation we recommend using CD8 MicroBeads and following
manufacturer’s instructions).
3. Resuspend cells in R10 medium at a concentration of 10 million
PBMC s or 2 million CD8+ T cells per 1 mL.
4. Seed 100 pL of cells per well into a 96-well U-bottom cell

culture plate. This results in a final cell density of 1 million
PBMC s or 0.2 million CD8+ T cells per well. Cell numbers can
be adapted to your needs (see Note 2).
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t1  Table 3

Example antibody panel 3 for analysis with BD LSR II, BD Biosciences

t2 Antibody Clone Color Manufacturer Dilution
t3 Antibodies for surface antigens

t.4 CD69 EN50 eFluor 450 eBioscience 1:50
t5 CDS8 REA734 VioGreen Miltenyi Biotec 1:25
t6 CD3 UCHT1 BV605 BioLegend 1:100
t.7 CDle6l 191B8 PE Miltenyi Biotec 1:50
t.8 Va7.2 TCR 3C10 PE-Cy7 BioLegend 1:50
t.9 CD4 SK3 APC BioLegend 1:100
t10  Amntibodies for intracellular antigens

t11  IFNy 45-15 FITC Miltenyi Biotec 1:50
t12  Granzyme B GB11 AF700 BioLegend 1:100
t13  TNFa MADb11 PerCP-Cy5.5 BioLegend 1:50

t.14  The panel was optimized using a BD LSR II setup including violet (405 nm), blue (488 nm), and red (633 nm) lasers
with the following filter configuration: Violet array filters: 450,50, 525,/50, 560,20, 585/15, 605/12, 655/8. Blue
array filters: 530,/30, 575/26, 610,20, 670/14, 695 /40, 780,/60. Red array filters: 670,14, 730,/45, 780,/60

10.

11.

. To prepare the loaded MACSiBead particles, resuspend or

vortex beads thoroughly, as beads tend to sediment quickly to
the bottom of the container.

. Take an aliquot of loaded MACSiBead particles (50 pL per

1 million PBMCs or isolated CD8+ T cells, which equals
0.5 million beads; bead-to-cell ratio 1:2 for PBMCs and
isolated CD8+ T cells) and transfer into a new sterile
Eppendorf tube.

. Add at least 100-200 pLL R10 medium and centrifuge at

500 x g for 5 min to separate the beads from any unbound
antibody.

. Aspirate the supernatant completely and resuspend in 100 pL

R10 medium per 0.5 million beads.

. Add 100 pL of the bead mix to the wells containing the cells

and mix well. This results in a total culture medium volume of
200 pL (see Note 3).

As a negative control, add 100 pL. R10 medium instead of
beads. Further controls can include conditions with unloaded
or isotype-loaded MACSiBead particles.

As a positive control, add 100 pL 2x PMA + Ionomycin mix,
diluted in R10 medium, to the cells and mix well (final con-
centration: PMA = 5-50 ng/mL, we recommend 10 ng/mlL;
Tonomycin: 0.66-1 pM, we recommend 0.66 pM) (see Note
4).
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Human MAIT Cell Activation In Vitro

a TCR/CD3
complex

| CD28
7/

b TCR/CD3
complex

anti-CD28

d Riboflavin

MR1 metabolite
PFA-fixed ] TeR 7

E. coli

i+

IL-12 IL-18
receptor  receptor IL-12/1L-18

Fig. 1 Methods to activate MAIT cells in a TCR-dependent manner. (a) MAIT cells can be activated by anti-CD3
and anti-CD28 antibodies that are coupled to beads. The beads bind CD3 and CD28 on MAIT cells, which
results in clustering of those molecules leading to MAIT cell activation. (b) MAIT cells can be activated by anti-
CD3 antibody that is immobilized on a plate in combination with soluble anti-CD28 antibody. The plate-
immobilized anti-CD3 antibodies bind and cluster CD3, and the soluble anti-CD28 antibodies bind and
crosslink CD28 on MAIT cells. This results in MAIT cell activation. (¢) MAIT cells can be activated in the
presence of APCs by the administration of the riboflavin intermediate 5-0P-RU. 5-OP-RU can be bound by MR1
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+

1.73%

16.6%

1.21%

+ - + - +
4.53% 85.2% 89.1%| 20 h
13.8% 3.24% Al 635%
0.054% I | 281% /| 15.3%| unstimulated

IFNy ———MMM8M8 TNFa ————» GzmB ——mM» CD69 ——M»

Fig. 2 MAIT cell activation using anti-CD3/anti-CD28 beads. Isolated CD8+ T cells were stimulated using anti-
CD3/anti-CD28 beads and subsequently analyzed by flow cytometry. Example histograms show the kinetics of
IFNy, TNFo,, GzmB, and CD69 expression by MAIT cells at 6 and 20 h post-stimulation. Half-offset histograms
show modal y-axis scaling (% max. count per condition)

12.

13.

Incubate at 37 °C, 5% CO, for 24 h (the incubation time can
be varied depending on the experimental question, see Note 5).

If the experiment is to be analyzed by flow cytometry including
staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.

3.1.2 MAIT Cell This protocol describes how to activate MAIT cells within PBMCs

Activation Using Plate- or isolated CD8+ T cells by exposing them to anti-CD3 antibodies,

Bound Anti-CD3/Anti-CD28 ~ which are immobilized on a plate, and soluble anti-CD28 antibo-
dies. The anti-CD3 antibodies bind CD3 on T cells, resulting in
CD3 clustering and the soluble anti-CD28 antibodies crosslink
CD28. This results in the activation of T cells, including MAIT
cells [20, 23] (Fig. 1b).

1.

To coat the plate, prepare a 2.5 pg/mL solution of anti-CD3
antibody or IgG isotype control (negative control) in sterile
PBS (see Note 6).

2. Add 50 pL anti-CD3 or IgG isotype control antibody solution

A

to the wells of a 96-well flat-bottom Nunc' MaxiSorp
ELISA Plate. Use aseptic techniques when handling the plate
and cover the plate with the lid of a sterile standard 96-well cell
culture plate.

Fig. 1 (continued) on the APCs and presented to MAIT cells. The MAIT cell TCR recognizes and binds 5-0OP-RU
in the context of MR1, which leads to MAIT cell activation. (d) MAIT cells can be activated in the presence of
APCs by administration of PFA-fixed E. coli. The bacteria activate the APCs, which take up and process the
E. coli. Bacterial-derived riboflavin metabolites are then presented on MR1 to MAIT cells. Additionally, the
activated APCs express cytokines including IL-12 and IL-18, which can be recognized by the MAIT cells via
IL-12 and IL-18 receptors. The combination of TCR and cytokine signal leads to MAIT cell activation
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3.1.3 MAIT Cell
Activation by 5-0P-RU

10.

11.

12.

13.

Human MAIT Cell Activation In Vitro

. Seal the plate tightly with Parafilm to avoid evaporation and

incubate at 4 °C overnight or at 37 °C for 2 h.

. To wash the wells, add 150 pL sterile PBS or R10 medium

under aseptic conditions, then aspirate and discard all the
liquid.

. Wash two more times with 200 pL sterile PBS or R10 medium.
. Add 200 pL. R10 medium containing 10% FCS and incubate

for at least 2 h at 37 °C to block the plate.

. In the meantime, prepare and count PBMCs or isolated CD8+

T cells (For CD8+ T cell isolation we recommend using CD8
MicroBeads and following manufacturer’s instructions).

. Resuspend PBMCs or CD8+ T cells in R10 medium at a

concentration of 2 million cells per 1 mL.

. Seed 100 pL cells per well into a 96-well U-bottom cell culture

plate, resulting in a cell density of 0.2 million cells per well (see
Note 7).

Prepare a 2 x anti-CD28 antibody or IgG isotype antibody mix
(2 pg/mL) diluted in R10.

Add 100 pL antibody mix to 100 pL cell suspension and mix
well, resulting in a final anti-CD28 antibody concentration of
1 pg/mL (see Note 6) and a total culture medium volume of
200 pL (see Note 3).

Incubate at 37 °G, 5% CO, for 24 h (the incubation time can
be varied depending on the experimental question, see Note 5).

If the experiment is to be analyzed by flow cytometry including
staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.

Here we outline a protocol to activate MAIT cells using 5-OP-RU,
ariboflavin intermediate. This metabolite can be bound by MR1 on
APCs and presented to MAIT cells. Recognition of 5-OP-RU in
the context of MR1 by the MAIT cell TCR induces MAIT cell
activation (Figs. 1c and 3). This experiment can be performed using
MAIT cells and APCs within PBMCs or using MAIT cells within
isolated CD8+ T cells in combination with THP-1 cells as APCs
[24-26].

1.

Prepare and count PBMCs or THP-1 cells and isolated CD8+
T cells (For CD8+ T cell isolation we recommend using CD8
MicroBeads and following manufacturer’s instructions).
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1 10 100 1000

5-OP-RU conc [nM]
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30 100
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X 20 X
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20
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0o 110 100 1000 o 1 10 100 1000
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Fig. 3 Stimulation of MAIT cells with 5-OP-RU in the presence of APCs. Increasing concentrations of 5-OP-RU

were added to isolated CD8+ T

cells and THP-1 cells as indicated. Cells were incubated for 24 h and

subsequently analyzed by flow cytometry. (a) Frequency of IFNy+ MAIT cells. (b) Frequency of TNFa+ MAIT
cells. (¢) Frequency of CD69+ MAIT cells. Data points represent mean 4+ SEM of five donors

2.

Resuspend cells in R10 medium at a concentration of 10 million
PBMCs per 1 mL or 4 million CD8+ T cells per 1 mL and
2 million THP-1 cells per 1 mL.

. Seed 100 pLL of PBMCs or alternatively 50 pLL of CD8+ T cells

per well into a 96-well U-bottom cell culture plate. When using
isolated CD8+ T cells, add 50 pLL. THP-1 cells into each well.
This results in a final cell density of 1 million PBMCs or
0.2 million CD8+ T cells and 0.1 million THP-1 cells per
well. Cell numbers can be adapted to your needs (see Notes
2 and 8).

4. Dilute 5-OP-RU in R10 medium to obtain a 2 x mix (20 nM).

. Add 100 pL of the 2x 5-OP-RU mix to the wells containing

100 pL cell suspension and mix well. This results in a final
5-OP-RU concentration of 10 nM. The concentration of
5-OP-RU can be adapted according to your experimental
needs (see Note 9).

. As a negative control, prepare a 2x mix of DMSO diluted in

R10 medium (because the 5-OP-RU stock is diluted in
DMSO), and add 100 pL to the cells instead of 5-OP-RU.

. Incubate at 37 °C, 5% CO, for 24 h (the incubation time can

be varied depending on the experimental question, see Note 5).

. If the experiment is to be analyzed by flow cytometry including

staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000 x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.
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3.1.4  MAIT Cell In this experimental model, MAIT cells are activated within PBMCs 292
Activation by PFA-Fixed (model 1) or within CD8+ T cells in the presence of THP-1 cells 293
E. coli (model 2). APCs within PBMCs or THP-1 cells are activated by 204

PFA-fixed E. coli. This results in the processing of the bacteria 295
within the APCs, upregulation of MR1 expression, presentation 296
of bacterial riboflavin metabolites on MR1, and expression of IL-12 297
and IL-18 by the APCs. MAIT cells are specifically activated by 298
recognizing the riboflavin metabolites in the context of MRI in 299
combination with binding IL.-12 and IL-18 to respective receptors 300
on their surface [5, 6, 11,27, 28] (Figs. 1d and 4). TCR-mediated 301
MAIT cell activation dominates at early time points (6 h), while 302
both TCR and cytokine signals contribute to later MAIT cell 303

activation (24 h) [11]. 304
PBMCs CD8+ T cells and THP-1 cells
SC SC E. coli
L L
10°4 0 10° 10°4 0
IFNy
L
. A
o | * 0.14 0.15
et
a 0 0 102
(&) o . o
TNFa
‘] o
1024 0.95 10°q 10°4 1.39 102
| P
GzmB GzmB

Fig. 4 Activation of MAIT cells with E. coli. PFA-fixed E. coli or sterility control (SC) was added to PBMCs or CD8
+ T cells and THP-1 cells. Cells were incubated for 24 h and subsequently analyzed by flow cytometry. Graph
shows an example of flow cytometry plots of IFNy, TNFa, and GzmB production by CD8+Va7.2+CD161++
MAIT cells
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Preparation of PFA-Fixed 1. Preparation of LB agar plates

E. coli [27-30] (a)

(b)

(c)
(d)

Add LB Broth with agar powder or tablets to deionized
water following manufacturer’s instructions and make up
the quantity required for the desired number of plates
(approximately 10 mL LB agar per Petri dish) within a
glass bottle.

Close the bottle loosely with the cap and label it with
autoclave tape.

Autoclave the LB agar medium at 121 °C to sterilize.

When the LB agar medium has cooled enough to handle
safely, but before it begins to solidify, pour it into sterile
Petri dishes under aseptic conditions to form a layer of
approximately 5 mm. Avoid bubbles.

In order to prevent condensation within the plates, leave
them to solidify and dry at room temperature. When the
agar plates are solidified and free of moisture, store them
upside down at 2-8 °C.

2. Obtaining E. coli colonies on LB agar plates

(a)
(b)

(¢)

Warm LB agar plates to 37 °C.

From now on, work near a Bunsen burner flame or within
a laminar flow cabinet.

Take the E. coli stock vial (strain DH5a or TOP10) from
the —80 °C freezer and transfer it onto ice. Scrape the
surface of the frozen bacterial stock with an
inoculation loop.

Fig. 5 Streaking technique to obtain single E. coli colonies on LB agar plates.
Spread bacteria with an inoculation loop on the LB agar plate to obtain streak
1. To further separate the bacteria, use a fresh sterile inoculation loop and streak
through streak 1 to create streak 2. Repeat using a fresh sterile inoculation loop,
crossing through streak 2 to create streak 3
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(d)

(¢)
()

(a)

(a)

Human MAIT Cell Activation In Vitro

Streak the bacteria onto a plate with an inoculation loop as
shown in Fig. 5. This procedure is necessary to obtain
isolated colonies.

Incubate plates in a microbiological incubator overnight
(approx.16 h) at 37 °C.

Remove the plates containing the E. co/i cultures. Single
colonies should be visible. Store the plates at 2-8 °C for
up to 2 months.

. Growing up E. coli cultures

To prepare LB Broth medium, add LB Broth powder to
deionized water within a glass bottle following manufac-
turer’s instructions. Swirl to mix. Powder will not
completely dissolve. Loosen the bottle cap for steriliza-
tion. Autoclave at 121 °C to sterilize. Allow medium to
cool before use.

Add 50 mL of LB Broth medium into a 0.25 L Erlen-
meyer flask for the bacterial culture (BC). Prepare a sec-
ond flask for the sterility control (SC).

Use a pipette with a sterile 200 pL tip and pick five
bacterial colonies from the agar plate and eject the tip
into the BC flask (see Note 10).

Take a fresh tip and eject it into the SC flask. This will be
the no bacteria control.

Cover the flasks with aluminum foil. NB: cover should not
be too tight, as this will prevent gas exchange.

Incubate the flasks in a shaking incubator (225 rpm) at
37 °C for 16 h.

. Quantification of bacteria: Determination of CFU [31]

Prepare a 1,/10 serial dilution from BC and SC ranging
from 1,/10 to 1,/10'°. For the initial 1,/10 dilution, take
50 pL of BC or SC and add it to 450 pL sterile PBS. Work
under aseptic conditions.

To plate each of the dilutions, add 50 pL to the center of
an agar plate.

Pour 4-5 Rattler Plating spherical glass beads into the
plate and close the plate lid.

Shake the plate back and forth and from side to side to
spread the bacteria over the plate. Ensure that the beads
cover the entire plate so that there is an even distribution
of bacteria.

To remove the beads, invert the plate. Use fresh beads for
each dilution and plate.

331
332
333

334
335

336
337
338

339

340
341
342
343
344
345

346
347
348

349
350
351

352
353

354
355

356
357

358

359
360
361
362

363
364

365
366

367
368
369
370

371
372



Author's Proof

Joachim P. Hagel et al.

(f) Incubate plates in a microbiological incubator overnight
(approx. 16 h) at 37 °C.

(g) Remove the plates and count bacterial colonies. The plates
containing the dilutions of the SC should not contain any
colonies.

(h) For calculation of CFU, use the plate containing from
30 to 300 colonies.

CFU _ number of colonies x dilution factor
mL  volume of bacterial culture plated

__ number of colonies x dilution factor
B 0.05 mL

CFU
mL

_ CFU
~ mL

total CFU = x total volume of bacterial culture

x 50 mL

5. PFA fixation of E. colz

(a) Transfer the BC and SC into 50 mL Falcon tubes. Treat
the SC in exactly the same way you treat the BC through-
out the whole protocol.

(b) Pellet bacteria through centrifugation (10 min at
4000-6000 X g). Discard supernatant.

(¢) Resuspend bacteria in 50 mL sterile PBS. Make sure the
bacterial pellet is thoroughly resuspended by pipetting up
and down (this is necessary for all the washing steps and
for the fixation).

(d) Centrifuge (10 min at 4000-6000 x g) and discard
supernatant.

(e) Resuspend the bacterial pellet in 25 mL 2% PFA, diluted
in PBS, and fix at room temperature for 20 min.

(f) Add 25 mL sterile and filtered (0.22 pm) PBS and centri-
fuge for 10 min at 4000-6000 X g4. Discard supernatant.

(g) Wash twice with 50 mL sterile filtered PBS (10 min at
4000-6000 x g).

(h) Resuspend bacteria in sterile filtered PBS at a concentra-
tion of 1 million CFU per 1 pL. Add an equal volume of
sterile filtered PBS to the SC tube.

(i) Aliquots should be prepared and stored at 2—-8 °C for up
to 2 months.
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Experimental Setup for 1. Prepare and count PBMCs or THP-1 cells and isolated CD8+ 405
MAIT Cell Activation by T cells (For CD8+ T cell isolation we recommend using CD8 406
PFA-Fixed E. coli MicroBeads and following manufacturer’s instructions) (see 407

Note 11). 408

2. Resuspend cells in R10 medium at a concentration of 10 million 409
PBMCs per 1 mL or 4 million CD8+ T cells per 1 mL and 410
2 million THP-1 cells per 1 mL. 411

3. Seed 100 pL of PBMCs or alternatively 50 pL of CD8+ T cells 412
per well into a 96-well U-bottom cell culture plate. When using 413
isolated CD8+ T cells, add 50 pIL. THP-1 cells into each well. 414
This results in a final cell density of 1 million PBMCs or 415
0.2 million CD8+ T cells and 0.1 million THP-1 cells per 416
well. Cell numbers can be adapted to your needs (see Notes 417
2 and 8). 418

4. Dilute PFA-fixed E. cols in R10 medium to obtain a 2Xx mix 419
(we recommend 20 million CFU per 100 pL for the PBMC 420
assay or 6 million CFU per 100 pL for the THP-1 assay) (see 421
Note 12). 422

5. Add 100 pL of the 2x E. coli mix to the wells containing 423
100 pL cell suspension and mix well. This results in a final 424
concentration of 10 CFU per PBMC or 30 CFU per 425
THP-1 cell. 426

6. As a negative control, prepare a 2x mix of the sterility control 427
(SC). Add 100 pL of the 2x SC mix to the control wells 428
containing 100 pL cell suspension and mix well. 429

7. Incubate at 37 °C, 5% CO, for 6 or 24 h (the incubation time 430
can be varied depending on the experimental question, see 431
Note 5). 432

8. If the experiment is to be analyzed by flow cytometry including 433

staining for intracellular cytokines, add Brefeldin A to all con- 434

ditions 4 h before termination of the assay. Prepare a 1:50 435

dilution of Brefeldin A 1000 x stock solution in R10 medium. 436

Add 10 pL to each well containing 200 pL cultured cell sus- 437

pension and mix well. The final working concentration of 438

Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for 439

the remaining 4 h and then continue with Subheading 3.3. 440

441

3.2 TCR-Independent Hecre we describe how to activate MAIT cells within PBMCs or 442
MAIT Cell Activation isolated CD8+ T cells by recombinant IL-12 and IL-18 [11] 443

(Figs. 6a and 7). 444

3.2.1 MAIT Cell
Activation by Cytokines 1. Prepare and count PBMCs or isolated CD8+ T cells (For CD8+ 445
IL-12 + IL-18 T cell isolation we recommend using CD8 MicroBeads and 446
following manufacturer’s instructions). 447

2. Resuspend cells in R10 medium at a concentration of 10 million 448
PBMC:s or 2 million CD8+ T cells per 1 mL 449
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Fig. 6 Methods to activate MAIT cells in a TCR-independent manner. (a) MAIT cells can be activated by
cytokines such as the combination of IL-12 and IL-18. The cytokines signal through IL-12 and IL-18 receptors
on MAIT cells, inducing activation. (b) MAIT cells can be indirectly activated by TLR agonists in the presence of
APCs. The administration of TLR8-agonist to TLR8-expressing APCs within PBMCs or TLR4-agonist to TLR4-
expressing THP-1 cells induces APC activation. Activated APCs produce cytokines including IL-12 and IL-18
that can activate MAIT cells. (c) MAIT cells can be activated indirectly by the administration of certain viruses
in the presence of APCs. The APCs become activated by sensing pathogen-associated molecular patterns of
the viruses resulting in the expression of cytokines such as IL-12 and IL-18 and hence MAIT cell activation

3. Seed 100 pL cells per well into a 96-well U-bottom cell culture
plate. This results in a final cell density of 1 million PBMCs or
0.2 million CD8+ T cells per well. Cell numbers can be adapted
to your needs (see Note 2).

4. To generate a 2x IL-12 + IL-18 mix, add 0.5 pL of each
cytokine (stock concentration: 100 pg/mL) per 1 mL RI10
medium.

5. Add 100 pL of the 2x IL-12 + IL-18 mix to 100 pL cell
suspension. This results in a total culture medium volume of

450
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Fig. 7 MAIT cell stimulation with IL-12 + IL-18. CD8+ T cells were stimulated with increasing concentrations
of IL-12 + IL-18 as indicated. Cells were incubated for 24 h and subsequently analyzed by flow cytometry.
Responses of CD161++ T cells, including CD161++Va7.2+ MAIT cells and CD161++Va7.2- T cells, are
shown. (a) Frequency of IFNy+ cells. (b) IFNy gMFI of IFNy+ cells. (c) Representative flow cytometry plot of
IFNy expression by CD161++ T cells. Half-offset histogram shows modal y-axis scaling (% max. count per
condition). (d) Frequency of TNFa+ cells. (e) Frequency of CD69+ cells. Graphs show mean 4= SEM of four

donors

200 pL (see Note 3) and a final cytokine concentration of
50 ng/mL each. The cytokine concentration can be adapted
to your experimental needs (see Note 13).

. Prepare a negative control by adding 100 pL. R10 medium

instead of cytokines to the cells and mix well.

. Prepare a positive control by adding 100 pL 2x PMA + Iono-

mycin mix, diluted in R10 medium, to the cells and mix well
(final concentration: PMA = 5-50 ng/mL, we recommend
10 ng/ml; Ionomycin: 0.66-1 pM, we recommend
0.66 pM) (see Note 4).

. Incubate at 37 °C, 5% CO, for 24 h (the incubation time can

be varied depending on the experimental question, see Note 5).

. If the experiment is to be analyzed by flow cytometry including

staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
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3.2.2 Indirect MAIT Cell
Activation Using TLR4 or
TLR8 Agonists

Protocol A: Activate MAIT
Cells Indirectly Through
TLR8 Agonists Within
PBMCs

Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for the
remaining 4 h and then continue with Subheading 3.3.

In this experimental model APCs are activated by TLR4 or TLRS
agonists. The TLR agonists bind to the respective TLR on APCs,
stimulating the production of relevant cytokines (e.g., IL-12 and
1L-18) for MAIT cell activation [11, 32] (Fig. 6b).

Follow protocol A in order to activate MAIT cells indirectly

through TLRS8 agonists using PBMCs, or protocol B to activate
MAIT cells indirectly through TLR4 agonists using CD8+ T cells in
combination with THP-1 cells.

1.
2.

Prepare and count PBMCs.

Resuspend cells in R10 medium at a concentration of 10 million
PBMC:s per 1 mL.

. Seed 100 pL cells per well into a 96-well U-bottom cell culture

plate. This results in a final cell density of 1 million PBMCs per
well. Cell numbers can be adapted to your needs (see Note 2).

. Prepare a 2x mix of TLRS8 agonist (ssRNA40/Lyovec) by

adding 2 pL TLR8 agonist (stock: 100 pg/mL) per 100 pL
R10 medium.

. Add 100 pL of the 2x TLRS8 agonist mix to 100 pL cell

suspension. This results in a total culture medium volume of
200 pL (see Note 3) and a final TLR agonist concentration of
1 pg/mL each. The final TLR agonist concentration can be
adapted to your experimental needs (see Note 14).

. Prepare a negative control by adding 100 pLL R10 medium

instead of TLR agonist to the cells and mix well.

. Prepare a positive control by adding 100 pLL 2x PMA + Iono-

mycin mix, diluted in R10 medium, to the cells and mix well
(final concentration: PMA = 5-50 ng/mL, we recommend
10 ng/ml; Ionomycin: 0.66-1 pM, we recommend
0.66 pM) (see Note 4).

. Incubate at 37 °C, 5% CO, for 24 h (the incubation time can

be varied depending on the experimental question, see Note 5).

. If the experiment is to be analyzed by flow cytometry including

staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.
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Protocol B: Activate MAIT
Cells Indirectly Through
TLR4 Agonists Using CD8+
T Cells in the Presence of
THP-1 Cells

o~

10.

11.

12.
13.

14.

15.

Human MAIT Cell Activation In Vitro

. Prepare and count THP-1 cells.

. Resuspend cells in R10 medium at a concentration of 2 million

THP-1 cells per 1 mL.

. Seed 100 pL THP-1 cell suspension per well into a 96-well

U-bottom cell culture plate. This results in a cell density of
0.1 million THP-1 cells per well (see Note 8).

. Prepare a 2 x mix of TLR4 agonist ( E. co/z K12 LPS) by adding

2 pL TLR4 agonist (stock: 100 pg/mL) per 100 pL R10
medium.

. Add 100 pL of the 2x TLR4 agonist mix to 100 pL cell

suspension. This results in a total culture medium volume of
200 pL (see Note 3) and a final TLR agonist concentration of
1 pg/mL each. The final TLR agonist concentration can be
adapted to your experimental needs (sec Note 14).

. Prepare a negative control by adding 100 pL R10 medium

instead of TLR agonist to the THP-1 cells and mix well.

. Incubate at 37 °C, 5% CO, for 24 h.

. Before continuing with the plate, prepare and count isolated

CD8+ T cells. (For CD8+ T cell isolation we recommend using
CD8 MicroBeads and following manufacturer’s instructions).

. Resuspend CD8+ T cells in R10 medium at a concentration of

2 million cells per 1 mL.

Centrifuge the plate containing THP-1 cells for 5 min at
350 x g. Aspirate and discard supernatant.

Wash THP-1 cells by resuspending cells in 200 pL fresh
medium. Centrifuge again, and aspirate and discard the
supernatant.

Resuspend THP-1 cells in 100 pLL R10 medium.

Add 100 pL of CD8+ T cell suspension per well to the stimu-
lated THP-1 cells. This results in a final cell density of 0.2 mil-
lion CD8+ T cells and 0.2 million THP-1 cells per well. Cell
numbers can be adapted to your needs (see Note 8).

Incubate at 37 °C, 5% CO, for 24 h (the incubation time can
be varied depending on the experimental question, see Note 5).

If the experiment is to be analyzed by flow cytometry including
staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000 stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.
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323 MAIT Cell
Activation Using Viruses

MAIT cells can be indirectly activated by certain viruses in the
presence of APCs. The viruses stimulate cytokine production by
the APCs, for example, I1.-12, IL.-18, and /or IL-15, which in turn
can activate MAIT cells [ 18] (Fig. 6¢). Here we describe a protocol
for the activation of MAIT cells within PBMCs using influenza
strain A/WSN /1933 (H1IN1), which activates MAIT cells mainly
through the induction of IL-18 secretion by APCs. Please refer to
reference [18] for information about using other viruses such as
dengue or hepatitis C virus.

1.
2.

Prepare and count PBMCs.

Resuspend cells in R10 medium at a concentration of 10 million
PBMCs per 1 mL.

. Seed 100 pL cells per well into a 96-well U-bottom cell culture

plate. This results in a final cell number of 1 million PBMCs per
well. Cell numbers can be adapted to your needs (see Note 2).

. Prepare a 2x mix of influenza virus strain A/WSN,/1933

(HIN1) in R10 medium (final MOI of PBMC: 0.05-2.5; we
recommend a final MOI of 1 for optimal stimulation). Refer to
reference [18] for any information about influenza virus
preparation.

. Add 100 pL of the 2x influenza virus mix to 100 pL cell

suspension and mix well. This results in a total culture medium
volume of 200 pL (see Note 3).

. As a negative control, add 100 pL R10 medium instead of

influenza virus to the cells and mix well.

. Prepare a positive control by adding 100 pLL 2x PMA + Iono-

mycin mix, diluted in R10 medium, to the cells and mix well
(final concentration: PMA = 5-50 ng/mL, we recommend
10 ng/mL; Ionomycin: 0.66-1 pM, we recommend
0.66 pM) (see Note 4).

. Incubate at 37 °C, 5% CO, for 24 h (the incubation time can

be varied depending on the experimental question, se¢ Note 5).

. If the experiment is to be analyzed by flow cytometry including

staining for intracellular cytokines, add Brefeldin A to all con-
ditions 4 h before termination of the assay. Prepare a 1:50
dilution of Brefeldin A 1000 x stock solution in R10 medium.
Add 10 pL to each well containing 200 pL cultured cell sus-
pension and mix well. The final working concentration of
Brefeldin A is 3 pg/mL. Incubate at 37 °C and 5% CO, for
the remaining 4 h and then continue with Subheading 3.3.
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3.3 Analysis of MAIT
Cell Activation Via
Flow Cytometry

3.3.1 Staining for Flow
Cytometry

10.

11.
12.

13.

14.
15.

Human MAIT Cell Activation In Vitro

. Centrifuge the 96-well U-bottom plate containing the cells for

5 min at 350 x g. If cells were cultured in a flat-bottom plate,
e.g., for a plate-bound anti-CD3 /anti-CD28 stimulation assay,
transfer cells first to a 96-well U-bottom plate to ensure proper
cell pellet formation during centrifugation. For very low cell
numbers, V-bottom plates can be used for staining.

. Discard supernatant.

. To wash cells, resuspend the pellet in 200 pL. PBS and centri-

fuge (5 min at 350 x g). Discard the supernatant.

. Resuspend cells in 50 pL. PBS-diluted viability dye (1:1000

dilution of LIVE/DEAD"" Fixable Near-IR Dead Cell Stain).
Incubate for 20-30 min at 2-8 °C.

. Add 150 pL PBS, centrifuge (5 min at 350 x ) and discard the

supcernatant.

. To wash cells, resuspend the pellet in 200 pL PBS and centri-

fuge (5 min at 350 X g). Discard the supernatant.

. Resuspend cells in 50 pL antibody mix containing the antibo-

dies for surface antigens (prepare the antibody mix in advance
by diluting antibodies in PBS containing 5% FCS. Tables 1, 2,
and 3 lists recommended dilutions of three different panels for
use with two different flow cytometers. For optimal perfor-
mance, we recommend titrating the antibodies before use. This
is especially important when using a flow cytometer different
from those listed. Refer to Notes 15 and 16 for further con-
siderations regarding panel design). Incubate for 20-30 min at
2-8 °C.

. Add 150 pLL PBS and centrifuge for 5 min at 350 x g4. Discard

the supernatant.

. Wash cells in 200 pL PBS, centrifuge (5 min at 350 X g) and

discard supernatant.

Resuspend cells in 100 pL 2% formaldehyde solution (diluted
in PBS) and incubate for 10 min at 2-8 °C.

Add 100 pL PBS and centrifuge at 500 x g for 5 min.

Wash cells in 200 pL PBS, centrifuge (500 x g for 5 min), and
discard supernatant.

Resuspend cells in 200 pL 1 x Permeabilization Buffer (diluted
in distilled water) and incubate for 10 min.

Centrifuge (500 x g for 5 min) and discard supernatant.

Resuspend cells in 50 pL antibody mix containing the antibo-
dies for intracellular antigens (prepare the antibody mix in
advance by diluting antibodies in 1x Permeabilization Buffer.
Tables 1, 2, and 3 lists recommended dilutions of three differ-
ent panels for use with two different flow cytometers. For
optimal performance, we recommend titrating the antibodies
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before use. This is especially important when using a flow 649
cytometer different from those listed. Refer to Note 16 for 650
further considerations regarding panel design). Incubate for 651

30 min at 2-8 °C. 652
16. Add 150 pL 1x Permeabilization Buffer and centrifuge for 653
5 min at 350 x g. Discard the supernatant. 654
17. Wash cells in 200 pL. 1x Permeabilization Bufter, centrifuge 655
(500 x g for 5 min), and discard supernatant. 656
18. Resuspend cells in 100 pLL PBS containing 5% FCS. 657
19. Analyze samples on the flow cytometer. 658
659
Singlets Lymphocytes 54 Viable cells
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3
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Fig. 8 Gating strategy to identify MAIT cells with their activation profile. The gating strategy is demonstrated on
unstimulated (SC, sterility control) and E. coli-stimulated PBMCs (24 h). Doublets are first excluded, then
lymphocytes are defined by size (FSC-A) and granularity (SSC-A), and viable cells identified by gating on live/
dead marker-negative cells. Next, CD3+CD8+ T cells are selected, and MAIT cells are identified as CD161+
+Va7.2+ cells. Finally, the activation profile of MAIT cells is determined by analyzing the expression of IFNy,
TNFa, and GzmB
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3.3.2 Gating Strategy to
Identify MAIT Cells and
Analyze Their Activation
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Human MAIT Cell Activation In Vitro

. Exclude doublets by gating on singlets using the parameters

FSC-A and FSC-H (Fig. 8).

. Identify lymphocytes by size (FSC-A) and granularity (SSC-A).

. Exclude dead cells by gating on live /dead marker-negative cells

(see Note 15).

. Gate on CD3+CD8+ T cells. Optional: If the staining panel

includes CD4, CD4+ T cells can be excluded to identify CD3
+CD4-CD8+ T cells for further analysis. Depending on the
experimental question, additional cell populations can be iden-
tified and analyzed, including CD3+CD4+CD8—, CD3
+CD4—-CD8—, and CD3+CD4+CD8+ T cells (see Note 17).

. Plot CD161 vs. Va7.2 TCR. In the CD3+CD8+ T cell gate,

two CD161+ populations can be distinguished, a CD161
intermediate population (CD161+) and a CD161 bright pop-
ulation (CD161++). MAIT cells are identified as CD161+
+Va7.2+ T cells (see Note 18).

. Within the MAIT cell gate, the expression of cytokines, activa-

tion markers, or other readouts can be analyzed, for example,
IENy, TNFa, GzmB, or CD69 expression, depending on the
antibody staining panel.

4 Notes

. The manufacturer recommends using 100 pL of anti-CD3-

Biotin, 100 pL anti-CD28-Biotin, and 100 pL of anti-CD2-
Biotin to load the Anti-Biotin MACSiBead Particles. For better
comparability with other assays and work from other groups,
we load the beads only with anti-CD3 and anti-CD28 antibo-
dies and substitute the anti-CD2 antibody with 100 pL. MACS
Buffer. This approach successfully activates T cells including
MAIT cells. If your needs and experimental setup require,
100 pL. MACS Butffer can be replaced with 100 pL anti-CD2-
Biotin.

. Cell numbers can be adapted depending on the needs and

experimental setting. We recommend culturing 0.25-2 million
(PBMC:s) or 0.1-1 million (CD8+ T cells) per well of a 96-well
U-bottom cell culture plate, depending on required cell num-
bers for analysis and on assay duration. For stimulations of
>5 days, we recommend not to exceed 0.25 million cells per
well. For an overnight stimulation, cell numbers of up to
2 million cells per well can be used. If the experimental design
allows, high cell densities can be accommodated for a longer
time period by replacing the media and any stimuli periodically.

. We usually culture cells in a final volume of 200 pL per well of a

96-well U-bottom cell culture plate. If any additional reagents
are added, make sure to adapt the cited volumes of cell
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suspension and reagents to obtain a final culture medium vol-
ume of 200 pL.

. Increasing concentrations of PMA and Ionomycin correlates

with increased cell death of MAIT cells, most likely due to
activation-induced cell death.

. Incubation time can be varied depending on the experimental

question. Time courses from 0 h up to 110 h can be performed.
Nutrient deprivation and accumulation of harmful metabolites
can compromise long-term experiments of >5 days. If the
experimental question allows, the media (and if necessary, any
stimuli) should be replaced periodically from day 5. As men-
tioned in Notes 2, 7, and 8, it is important to carefully consider
cell numbers.

. In our standard protocol we use anti-CD3 at a concentration of

2.5 pg/mL in combination with soluble anti-CD28 at a con-
centration of 1 pg/mL. Depending on the experimental ques-
tion, the efficacy of other antibody concentrations should be
explored. For example, co-stimulation with other antibodies,
cytokines, or other stimuli could require suboptimal stimula-
tion with antibody concentrations as low as 0.1-0.5 pg/mL.
Stronger responses could possibly be reached using higher
antibody concentrations with up to 10 pg/mL. Please note
that overstimulation can lead to increased cell death most likely
due to activation-induced cell death. In addition, high anti-
CD3/anti-CD28 antibody concentrations can lead to down-
regulation of the TCR which can make subsequent analysis via
flow cytometry difficult when staining for TCR-associated
antigens.

7. When using a plate-bound approach of anti-CD3 antibodies

with soluble CD28 antibodies to stimulate MAIT cells, we
recommend a cell density of 0.1-0.5 million PBMCs or CD8
+ T cells per well of a 96-well flat-bottom cell culture plate.
Efficacy of lower and higher cell densities should be titrated for
particular experimental questions. Very low cell densities could
compromise experiments due to insufficient cell-to-cell con-
tact. Higher cell densities could compromise experiments due
to insufficient contact of the cells with anti-CD3 adsorbed to
the well surface.

8. When culturing CD8+ T cells in the presence of THP-1cells,

we recommend cell densities of 0.2 million CD8+ T cells and
0.1 million THP-1 cells per well (CD8+ T cell to THP-1 ratio
of 2:1). Other cell densities and ratios can be tested for partic-
ular experimental needs. Depending on the duration of the
experiment, we recommend not to use less than 0.1 million
CD8+ T cells and 0.05 million THP-1 cells per well or exceed
2 million total cells per well in overnight assays.
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9. When stimulating MAIT cells by using 5-OP-RU in the pres-

10.

11.

12.

13.

ence of APCs, we recommend using a 5-OP-RU concentration
of 10 nM for optimal stimulation. Certain experimental ques-
tions can require other 5-OP-RU concentrations, for example,
for suboptimal stimulation. Therefore, a range of concentra-
tions (e.g., 1 pM-1 pM) should be tested and titrated for their
efficacy before use (Fig. 3).

We recommend adding one bacterial colony per 10 mL LB
Broth medium. The total volume of bacterial culture can be
scaled up or down depending on the final number of bacteria
required. Remember to adjust Erlenmeyer flask size to the
culture volume to allow optimal oxygen supply to the bacteria.
We recommend an Erlenmeyer flask capacity to LB Broth
volume ratio of 5:1.

MAIT cells can be stimulated in an MRI1-dependent manner
using PFA-fixed E. coli in a model with PBMCs (model 1) or
with isolated CD8+ T cells in combination with THP-1 cells
(model 2). In model 1, PFA-fixed E. coli are processed by APCs
contained within the PBMCs. MAIT cells become activated by
E. coli-derived riboflavin metabolites presented by MR1 on
APCs, in combination with cytokines, such as I1.-12 + IL-18,
produced by the activated APCs. In model 2, PFA-fixed E. coli
are processed by THP-1 cells that activate MAIT cells within
isolated CD8+ T cells via MR1 and cytokines. THP-1 cells are
more efficient APCs compared to those contained within
PBMC:s, and frequencies of activated MAIT cells are usually
higher in model 2 compared with model 1.

We recommend performing a pilot experiment with each fresh
batch of PFA-fixed E. cols to test their potency to activate
MAIT cells. The dose-response should be investigated at a
range of 0-100 CFU per cell in steps of 10 CFU and smaller
steps of 5 CFU at <20 CFU. The CFU required for maximal
activation (we recommend staining for intracellular IFNy
expression) should be fairly consistent and is in our hands
around 10 CFU per PBMC and 30 CFU per THP-1 cell. As
the PFA-fixed E. coli degrade over time, their potency to
activate MAIT cells decreases. Therefore, we recommend pro-
ducing new batches frequently. The fixed bacteria should be
reasonably stable for up to 8 weeks at 2-8 °C.

When stimulating MAIT cells with the cytokines IL.-12 and
IL-18, we recommend a concentration of 50 ng/mL each for
optimal stimulation. Certain experimental questions require
simulation with suboptimal IL-12 + IL-18 concentrations as
low as 1-10 ng/mL. Excessively high cytokine concentrations
greater than 50 ng/mL can lead to increased cell death
through overstimulation. The efficacy of other concentrations
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14.

15.

16.

17.

18.

should be tested and titrated for their specific purpose before
use (Fig. 7).

We recommend a TLR4 agonist (E. co/z K12 LPS) or TLRS8
agonist (ssRNA40/Lyovec) concentration of 1 pg/mL to
stimulate MAIT cells indirectly within CD8+ T cells plus
THP-1 cells or within PBMCs, respectively. Depending on
your experimental needs, TLR agonist concentration can be
adapted and further titrated. The manufacturer InvivoGen
recommends a range of 10 ng-10 pg/mL for E. cols K12
LPS, and 0.25-10 pg/mL for ssRNA40/Lyovec.

The antibody staining panel can be extended by using the
channel of the viability dye as a dump channel. The dump
channel includes cells which are not of interest and could
contaminate downstream analysis, for example, pan-yd§TCR
or CD14. By adding additional markers of the same color as
the viability marker to the antibody staining mix, those cell
populations can be merged in one channel. During analysis,
dead cells and unwanted cell populations can be excluded
together by gating on dump channel fluorochrome-negative
cells.

Strong MAIT cell activation can lead to downregulation of
CD3 and Va7.2 TCR expression, which makes subsequent
analysis difficult. In such cases, intracellular staining of CD3
and Va7.2 TCR can rescue some of the CD3 and Va7.2 TCR
staining intensity. To stain for those markers intracellularly,
include the CD3 and Va7.2 TCR antibodies in the antibody
staining mix at step 15 instead of step 7.

Most MAIT cells are CD3+CD4—CD8+, but subsets have
been identified within other CD3+ T cell populations includ-
ing CD4-CD8-, CD4+CD8—, and CD4+CD8+ [9].

In flow cytometric analysis, MAIT cells are usually defined by
high expression of the surrogate marker CD161 in combina-
tion with Va7.2 TCR. Alternative surrogate markers can be
used for MAIT cell identification, including CD26 and
IL18Ra, but are less reliable than CD161 [9]. MR1-Ag tetra-
mers are now freely available from the NIH for accurate MAIT
cell identification. Use of the MRI1 tetramer is particularly
important in populations where MAIT cell frequency is low
or where staining with surrogate markers is not very reliable,
e.g., CD4+ T cells [9].
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