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Abstract

vd T cells play a critical role in homeostasis and diseases such as infectious diseases and tumors in both mice and
humans. They can be categorized into two main functional subsets: IFN-y-producing y3T1 cells and IL-17-producing
vOT17 cells. While CD27 expression segregates these two subsets in mice, little is known about human y6T17 cell
differentiation and expansion. Previous studies have identified y6T17 cells in human skin and mucosal tissues,
including the oral cavity and colon. However, human yd T cells from peripheral blood mononuclear cells (PBMCs)
primarily produce IFN-y. In this protocol, we describe a method for in vitro expansion and polarization of human
v8T17 cells from PBMCs.

Key Features

*  Expansion of y3 T cells from peripheral blood mononuclear cells.
*  Human IL-17A-producing y$ T-cell differentiation and expansion using IL-7 and anti-ydTCR.
*  Analysis of IL-17A production post yd T-cell expansion.
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Background

v6 T cells are a group of lymphocytes consisting of a y and  chain, being considered as a bridge linking innate and
adaptive immunity (Melandri et al., 2018). yo T cells are mainly found in cutaneous and mucosal tissues such as the
skin, gut, and oral mucosa (Cai et al., 2011; Wu et al., 2014; Hovav et al., 2020), but they also circulate in peripheral
blood (Davey et al., 2018). yd T cells are commonly classified based on their TCR chains and cytokine production.
In mice, y6 T cells bear different Vy chains ranging from Vyl to Vy7, according to Heilig and Tonegawa
nomenclature (Heilig and Tonegawa, 1986). Murine yd T cells are heterogenous, secrete different cytokines, and
can be divided into two main functional subsets: IFN-y-producing y8T1 cells and IL-17-producing y6T17 cells
(Ribot et al., 2009). Surface markers such as CD27 and CCR6 can be used to define these two subsets (Haas et al.,
2009; Ribot et al., 2009). In humans, y3 T cells can be distinguished by the d chain, including V&1, V32, V43, and
V&5 (Ling et al., 2022). While previous studies have reported methods for in vitro expansion of human yd T cells
(Ness-Schwickerath et al., 2010; Caccamo et al., 2011; Hur et al., 2023), the majority of peripheral blood y3 T cells
in humans are V32 subsets that mainly produce IFN-y. It is difficult to investigate human y3T17 cells as they are
scarce, and little has been done to expand human y8T17 cells in vitro. A previous report from Michel et al.
demonstrated that IL-7 promotes the expansion of human IL-17-producing yd T cells (Michel et al., 2012). In this
study, we describe a modified method for in vitro polarization of human ydT17 cells from peripheral blood
mononuclear cells (PBMCs) (Chen et al., 2022).

Materials and reagents

24-well plate (Falcon, catalog number: 353047)
6-well plate (NEST, catalog number: 703001)
Blood-drawing tubes containing EDTA-K2 (Improve Medical, catalog number: 101680720)
12 x 75 mm plastic tubes (Falcon, catalog number: 352052)
Anti-human ydTCR Ab (Beckman, clone: IMMUS510, IM1349)
Human IL-7 (R&D system, catalog number: 207-1L-005/CF)
RPMI-1640 medium (Sigma-Aldrich, catalog number: R8758-500ML)
2-Mercaptoethanol (Gibco, catalog number: 21985023)
Sterile PBS (Sangon Biotech, catalog number: E607008-0500)
. Fetal bovine serum (FBS) (Atlanta Biologicals, catalog number: S11150)
. Penicillin-Streptomycin liquid (100x) (Solarbio, catalog number: P1400)
. Trypan Blue (STEMCELL Technologies, catalog number: 07050)
. Lympholyte® cell separation media (Ficoll) (Cedarlane Laboratories, catalog number: CL5020)
. Anti-human IL-17A (BioLegend, catalog number: 512306, referred to as anti-human IL-17 later in this protocol)
. Anti-human CD3 (BioLegend, catalog number: 300328)
. Anti-human ydTCR (Miltenyi Biotec, catalog number: 130-113-508)
. Anti-human CCR6 (BioLegend, catalog number: 353412)
. Viability dye (Invitrogen, catalog number: 65-0865-14)
. GolgiPlug (Brefeldin A solution 1,000x%) (BioLegend, catalog number: 420601)
. Phorbol 12-myristate 13-acetate (PMA) (Millipore Sigma, catalog number: P8139)
. Tonomycin (Millipore Sigma, catalog number: 10634)
. Human TruStain FeX™ (BioLegend, catalog number: 422302)
. Fixation buffer (BioLegend, catalog number: 420801)
. Intracellular staining perm 10x wash buffer (BioLegend, catalog number: 421002, referred to as wash buffer
later in this protocol)
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Equipment

a e e

CO; incubator (Thermo Fisher Scientific, model number: 3543 or 3111)

Centrifuge (Beckman Coulter, model: Allegra® X-15R, catalog number: 392934)

Laminar flow hood (Scitech Equipments Ltd., model: EVL-5S, catalog number: ZX0907-04)
Flow cytometry (BD Bioscience, model: FACSCanto™ 11, catalog number: 338962)

Pipettes (multi-channel, Eppendorf)

Software and datasets

1.  Flowlo v10.8.1 (BD Biosciences)

Procedure

A. Recipes for preparation

Make complete RPMI-1640 medium: RPMI-1640 medium + 10% FBS + 1% Penicillin-Streptomycin
liquid + 2-Mercaptoethanol (0.1 mL/L).

Make anti-human y3TCR solution for coating: 0.1 mg of human ydTCR Ab (clone: IMMUS510, IM1349)
+ 500 pL of PBS = 0.2 pg/uL human ydTCR Ab.

Make working stock of viability dye: 1 pL of viability dye + 49 pL of PBS (Viability dye:PBS = 1:49).
Make 1x wash buffer: 1 mL of 10x wash buffer + 9 mL of H,O (10x wash buffer:H,O = 1:9).

B. PBMC isolation from peripheral blood (see Note 1)

This section provides PBMCs for polarization of human y3 T cells in Procedure C.

1
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10.

Draw peripheral blood from healthy donors and collect approximately 15-20 mL of blood with EDTA-
K2-containing tubes in accordance with institutional ethics and safety protocols.

Dilute blood samples with an equal volume of RPMI-1640 medium.

Carefully layer the diluted blood suspension (5 mL) over 5 mL of Ficoll in a 15 mL conical tube.
Centrifuge at 931x g for 15 min at room temperature without brakes.

Carefully transfer the mononuclear cell layer to a new 15 mL conical tube [the mononuclear cell layer is
the white layer between topside plasma layer and Ficoll layer (Figure 1A); the colors from top to down are
light yellow, white, clear, and red]. The white layer must be collected.

Fill the conical tube with complete RPMI-1640 medium to 10 mL.

Mix gently by hand (up and down mixing) and centrifuge at 524x g for 10 min at 4 °C.

Carefully remove and discard completely the supernatant by pipetting. The cells are at the bottom of the
15 mL conical tube.

Wash the cells with 5 mL of complete RPMI-1640 medium. Specifically, resuspend the cells in 5 mL of
complete RPMI-1640 medium and centrifuge at 524x g for 10 min at 4 °C. Then, completely remove the
supernatant by pipetting.

Resuspend the cell pellet in 5 mL of complete RPMI-1640 medium and count the cell numbers directly
with a hemocytometer under a microscope or using Trypan blue staining (see Note 2).

C. In vitro polarization

This section provides polarization steps for human yd T cells.

1.

Coat a 24-well plate with PBS containing anti-human ydTCR Ab. Please note that plates need to be coated
one day before cell isolation and polarization. Add 245 pL of PBS per well and then add 5 pL of 0.2 pg/uL
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10.

anti-human ydTCR Ab per well to achieve a final concentration of 1 pg anti-human ydTCR Ab/250 pL of
PBS. Incubate overnight (18-24 h) in a 37 °C incubator with 5% CO..

Aspirate and discard the coating antibody solution from the 24-well plate on the second day (see Note 3).
Isolate PBMCs from healthy donors’ peripheral blood (Procedure B) and dilute PBMC prepared in
Procedure B with complete RPMI-1640 medium to an appropriate concentration.

Seed PBMCs (1—4 million per well in 1 mL of complete RPMI-1640 medium containing 20 ng/mL human
IL-7) into the 24-well plate, which has been pre-coated with anti-human ydTCR Ab.

Check the status of cells every day under a microscope to exclude contamination. Healthy cells will appear
bright (see Note 4). If cells are contaminated with bacteria, the medium will appear cloudy. Sudden drops
in the pH of the culture medium (the color of the culture medium turns yellow) are also signs of
contamination.

According to the cell density in the plate, transfer and passage the cells to a new 6-well plate (not coated
with anti-human ydTCR Ab) on the third to fourth day using complete RPMI-1640 medium containing 20
ng/mL human IL-7. Transfer and passage the cells before two-thirds of plate confluency (see Note 5).
Please note that yd T cells are suspension cells, and passage of cells can be performed by aspirating 1 mL
of cells medium by pipetting into a new well in a 6-well plate and adding 2 mL of complete RPMI-1640
medium containing 20 ng/mL human IL-7 into this new well.

Check the status of cells every day under a microscope to exclude any contaminations and make sure the
cells appear healthy (bright).

Passage the cells using complete RPMI-1640 medium containing 20 ng/mL human IL-7 when necessary.

Culture the cells for 2-3 weeks (approximately 4-5 passages).

Collect the cells by aspirating 1 mL of cells medium by pipetting and perform intracellular cytokine
staining of IL-17 with the cells (Procedure D)

Data acquisition and analysis

This procedure provides an analysis of IL-17 production from human y3 T cells after polarization.

1.

Stimulate approximately 100,000 cells that have been polarized in Procedure C with PMA (final
concentration: 50 ng/mL) and ionomycin (final concentration: 1 pg/mL) in the presence of GolgiPlug (final
concentration: 1x in the medium) in a total 250 pL of complete RPMI-1640 medium per well using 24-
well plate.

Incubate for 4-6 h in a 37 °C incubator with 5% CO,.

Collect the cell suspension (T cells are non-adherent cells) into a 12 X 75 mm plastic tube by pipetting
from the wells in the 24-well plate and wash the wells with 1 mL of PBS (also collect by pipetting).
Centrifuge at 524x g for 5 min at 4 °C and discard the supernatant.

Add human TruStain FcX™ (Fc receptor blocking solution, 5 uL/test) and incubate at 4 °C for 10 min.
Add commercial antibodies for surface staining, including working stock of viability dye (5 pL/test), anti-
human CD3 (5 pL/test), anti-human ydTCR (3 pL/test), and anti-human CCR6 (5 pL/test) according to the
instructions. Incubate at 4 °C for 30 min.

Wash the cells with 1 mL of PBS and centrifuge at 524x g (1,500 rpm) for 5 min at 4 °C.

Completely discard the supernatant by pipetting.

Add 400 pL of fixation buffer per tube and vortex.

. Fix the cells at room temperature for 20 min in the dark.

. Wash the cells with 1 mL of 1x wash buffer and centrifuge at 524x g for 5 min at 4 °C.
. Discard the supernatant and wash the cells with 1 mL of 1x wash buffer again.

. Centrifuge at 524x g for 5 min at 4 °C and discard the supernatant.

. Add anti-human IL-17 antibody (5 pL/test) and incubate at 4 °C overnight (see Note 6).
. Wash the cells with 1 mL of 1x wash buffer and centrifuge at 524% g for 5 min at 4 °C.
. Discard the supernatant and resuspend the cells.

. Acquire the cells on FACSCanto™ II flow cytometer (see Note 7).

. Analyze data with FlowJo software (see Notes 8 and 9, Figures 1B, C, and 2).
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Figure 1. Human y6T17 expansion in vitro from peripheral blood mononuclear cells (PBMCs). A. Overall
workflow of this protocol. B. Percentage of human y3 T cells after expansion. Cells were gated on CD3" cells.
C. Production of IL-17 by human yd T cells after polarization from two different donors. Cells were gated on

vd TCR* cells.
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Figure 2. Analysis of IL-17 production in yd T cells from peripheral blood mononuclear cells (PBMCs)
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before and after polarization. A. Representative dot plot and summarized data of IL-17 production in primary
vd T cells from PBMCs. B. Representative dot plot and summarized data of IL-17 production in polarized yd T
cells (Chen et al., 2022). Each dot represents one individual donor, and student #-test was used for statistical
analysis; *** p < 0.001.

Validation of protocol

This protocol or parts of it has been used and validated in the following research article(s):

Chen et al. (2022). Differential metabolic requirement governed by transcription factor c-Maf dictates innate

v8T17 effector functionality in mice and humans. Science Advances (Figure 6, panel A).

Notes

1.  A24-well plate should be coated with PBS containing anti-human ydTCR Ab on the day before PBMC isolation;
details can be found in the first step of Procedure C.

2. Count the cell numbers using a hemocytometer under a microscope directly or use Trypan blue staining. Either
method is suitable since the cells are mostly viable. When counting cells directly, healthy cells appear bright;
when counting cells using Trypan blue staining, live cells remain unstained and bright while dead cells are
stained with the blue dye. If 10 pL of cell suspension is mixed with 90 pL of Trypan blue staining solution, the
dilution factor is 10 when calculating the total cell numbers.

3. There are no washing steps after discarding the coating solution.

4. Healthy cells under the microscope appear bright, as shown in Figure 3.

Figure 3. Morphology of the cells under a microscope. Different densities of the cells are shown: low density
(A) and high density (B).

5. Passage the cells according to the cell density; two-thirds of the plate confluency is considered a target density,
as shown in Figure 3B.

6. Incubate anti-human IL-17 according to the manufacturer’s instructions. We usually incubate anti-human IL-
17 Ab overnight.

7. The analysis of IL-17 production in yd T cells (gating strategy) is as follows: 1) gating live cells (viability dye
negative), 2) gating CD3-positive cells, 3) gating CD3-positive and ydSTCR-positive cells (Figure 1B), 4) gating
IL-17-positive cells on y3 T cells (Figure 1C).

8. The percentage of y3 T cells increased to 64.8% of CD3™ cells after expansion (Figure 1B). However, the

percentage of IL-17-producing yd T cells varies depending on different donors. As shown in Figure 1C after
polarization, the percentages of IL-17" v T cells were 7.59% and 1.03% in Donor A and Donor B, respectively.
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9. The percentage of 8 T cells in CD3" T cells post polarization is approximately a 10-fold increase. Primary 8
T cells from PBMCs produce scarce IL-17 (Figure 2A). After polarization, IL-17" y3 T cells are predominantly
CCR6" y3 T cells, and the percentage of IL-17* v T cells in the total yd T-cell population is approximately 10%
on average (Figure 2B) (Chen et al., 2022).
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