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Abstract

Invariant natural killer T (iNKT) cells are a non-conventional T-cell population expressing a conserved semi-
invariant T-cell receptor (TCR) that reacts to lipid antigens, such as a-galactosyl ceramide (a-GalCer), presented by
the monomorphic molecule CD1d. iNKT cells play a central role in tumor immunosurveillance and represent a
powerful tool for anti-cancer treatment, notably because they can be efficiently redirected against hematological or
solid malignancies by engineering with tumor-specific chimeric antigen receptors (CARs) or TCRs. However, iNKT
cells are rare and require specific ex vivo pre-selection and substantial in vitro expansion to be exploited for adoptive
cell therapy (ACT). This protocol describes a robust method to obtain a large number of mouse iNKT cells that can
be effectually engineered by retroviral (RV) transduction. A major advantage of this protocol is that it requires
neither particular instrumentation nor a high number of mice. iNKT cells are enriched from the spleens of iVal4-
Ja18 transgenic mice; the rapid purification protocol yields a highly enriched iNKT cell population that is activated
by anti-CD3/CD28 beads, which is more reproducible and less time consuming than using bone marrow—derived
dendritic cells loaded with a-GalCer, without risks of expanding contaminant T cells. Forty-eight hours after
activation, iNKT cells are transduced with the selected RV by spin inoculation. This protocol allows to obtain, in 15
days, millions of ready-to-use, highly pure, and stably transduced iNKT cells that might be exploited for in vitro
assays and ACT experiments in preclinical studies.
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Background

Invariant natural killer T (iNKT) cells are a non-conventional T-cell population expressing a conserved semi-
invariant ofy T-cell receptor (TCR), which is formed in mice by an invariant Va14-Ja18 chain paired with a limited
set of diverse VP chains (Bendelac et al., 2007). iNKT cells react to CD1d-restricted self and non self-lipid antigens
in stress conditions, and are strongly implicated in tumor immunosurveillance (Godfrey et al., 2018). iNKT cells
are evolutionary conserved; their investigation benefits from the availability of mouse models and the unequivocal
detection, in mice and humans, by antigen-loaded CD1d tetramers and monoclonal antibodies specific for the semi-
invariant TCR.

Several studies have shown that iNKT cells are an active component of the tumor microenvironment (TME) and
control tumor progression by restraining cancer-supporting myeloid populations, such as modulating myeloid-
derived suppressor cells and killing tumor-associated macrophages (De Santo et al., 2008 and 2010; Song et al.,
2009; Liu et al., 2012; Gorini et al., 2017; Janakiram et al., 2017; Cortesi et al., 2018). Retargeting iNKT cells
against cancer cells, by transducing tumor-specific TCR genes, generates enhanced effectors able to concurrently
kill malignant cells and modulate detrimental myeloid cells in TME (Delfanti et al., 2022). This enhanced anti-
tumor activity is peculiar of TCR-engineered iNKT, in which both the endogenous invariant TCR and the exogenous
tumor-specific TCR exert anti-tumor effects—unlike conventional T cells, in which the endogenous TCRs are
irrelevant for the therapeutic action, or even detrimental for possible off-target effects (Wolf et al., 2018). Therefore,
iNKT cells are an attractive adoptive cell therapy (ACT) platform for engineering with anti-tumor TCRs or CAR
(Heczey et al, 2020; Rotolo et al, 2018; Landoni et al, 2020; Delfanti et al., 2022), providing an appealing alternative
to conventional T cells for the treatment of solid and hematological malignancies.

Because they are rare, iNKT cell harnessing for ACT requires two obligatory steps, consisting of ex vivo pre-
selection followed by substantial in vitro expansion. We previously set up an optimized protocol for splenic iNKT
cell purification and expansion (Delfanti et al., 2021) that can be used as the starting point for iNKT cell engineering.
iNKT cells are enriched from the spleen of iVa14-Ja 18 transgenic mice (iVal4 tg) (Griewank et al., 2007), in which
iNKT cells are 30 times more frequent than in wildtype mice, significantly reducing the number of mice needed for
the procedure. The setup of the cell culture requires only one day, instead of one week required by another
widespread published protocol in which iNKT cells are stimulated with bone marrow—derived dendritic cells pulsed
with the strong iNKT cell agonist a-GalCer (Chiba et al., 2009). In our protocol, iNKT cells are activated by anti-
CD3/CD28 beads, and this activation is also useful for the retroviral (RV) transduction, which is done 48 h after.
This procedure allows the generation of millions of ready-to-use, highly pure, and stably transduced iNKT cells
within 15 days, so that they can be easily employed for functional studies (Figure 1). Indeed, by this method, we
could engineer iNKT cells to express a second anti-tumor TCR (OT-I TCR), while maintaining the expression of
the endogenous one, and we proved their efficacy both in vitro and in vivo (Delfanti et al., 2022). This protocol is
also suitable for iNKT cell engineering with other effector molecules such as CARs or cytokines. A reporter gene,
such as GFP, can also be introduced in the RV sequence to track iNKT cell transduction by flow cytometry over
time.
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Figure 1. Timeline for engineered invariant natural killer T (iNKT) cell production. Schematic representation
of the protocol passages that lead to the generation of engineered iNKT cells.
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Materials and reagents
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Millex-HV 0.45 um filter (Merck Millipore, catalog number: SLHVM33RS)
Polypropylene centrifuge tubes (Beckman Coulter, catalog number: 326823)
Microplate 96-well shape (Greiner Bio One, catalog number: 650101)

75 cm? flask (Corning, catalog number: 430720U)

100 mm x 20 mm tissue culture dish (Falcon, catalog number: 353003)

5 mL polystyrene round-bottom tube (Falcon, catalog number: 352052)

70 pm cell strainer (Falcon, catalog number: 352350)

15 mL polypropylene conical tube (Euroclone, catalog number: ET5015B)
50 mL polypropylene conical tube (Euroclone, catalog number: ET5050B)

. iVal4-Jol8 tg mice, strain name: C57BL/6-Tg(Cd4-TcraDN32D3)1Aben/J, purchased from the Jackson

Laboratory (USA)
IMDM, with HEPES and L-GIn (Lonza, catalog number: 12-277F)

Hyclone FetalClone I (Cytiva, catalog number: SH30080.03)

Penicillin/streptomycin solution (Gibco, catalog number: 15140-122)

Phoenix-eco packaging cell line (ECO) cells, purchased from ATCC

Chloroquine (Sigma-Aldrich, catalog number: C6628)

dH,O0, tissue-culture grade (Sigma-Aldrich, catalog number: W-4502)

TE buffer (Invitrogen, catalog number: 8019005)

Vector DNA plasmid, purified using PureLink, HiPure Plasmid Filter Maxiprep kit (Invitrogen, catalog number:
K210017)

Dulbecco’s phosphate buffered saline (PBS) (Euroclone, catalog number: ECB4004L)

Fetal bovine serum (FBS), ultra-low endotoxin (Euroclone, catalog number: ECS0186L)

Purified rat anti-mouse CD16/CD32 (mouse BD Fc block), clone: 2.4G2 (BD Pharmingen, catalog number:
553142)

CDI19-FITC, clone: 6D5 (BioLegend, catalog number: 115506)

H2(IA®)-FITC, clone: AF6-120.1 (BioLegend, catalog number: 114406)

TCRB-APC, clone: H57-597 (BioLegend, catalog number: 109212)

VB5.2 PE/Cy7, clone MR9-4 (BioLegend, catalog number: 139508)

Mouse PBS57-CD1d-tetramer, provided by NHI tetramer core facility

DAPI (Santa Cruz, catalog number: SC-3598)

Live/Dead Zombie Violet Fixable Viability kit (BioLegend, catalog number: 423114)

Bovine serum albumin (BSA) fraction V (Roche, catalog number: 10735094001)

EDTA stock solution (Cayman Chemical Company, catalog number: 600215)

Anti-FITC microbeads (Miltenyi Biotec, catalog number: 130-048-801)

Anti-PE microbeads (Miltenyi Biotec, catalog number: 130-048-701)

LD column (Miltenyi Biotec, catalog number: 130-042-901)

Pre-separation filter (Miltenyi Biotec, catalog number: 130-041-407)

LS column (Miltenyi Biotec, catalog number: 130-042-401)

MS column (Miltenyi Biotec, catalog number: 130-042-201)

Dynabeads mouse T-Activator CD3/CD28 (Gibco, catalog number: 11452D)

RPMI 1640-GlutaMAX (Gibco, catalog number: 61870-010)

Non-essential amino acids (Gibco, catalog number: 11140-035)

Sodium pyruvate (Gibco, catalog number: 11360-039)

B-mercaptoethanol (Gibco, catalog number: 31350010)

Polybrene hexadimethrine bromide (Sigma-Aldrich, catalog number: H9268)

(hr)IL-2 (Chiron Corp)

Recombinant mouse IL-7 (R&D System, catalog number: 407-ML-025)

Paraformaldehyde (PFA) (Sigma-Aldrich, catalog number: P6148)

CaCl, (Sigma-Aldrich, catalog number: C9702)
NH4CI (Sigma-Aldrich, catalog number: A0171)
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KHCO; (Sigma-Aldrich, catalog number: 237205)
N.EDTA (BDH, catalog number: 280254-D)

NaCl (Sigma-Aldrich, catalog number: S5886)
HEPES (Sigma-Aldrich, catalog number: H4034)
Na,HPO; (Sigma-Aldrich, catalog number: S3264)
IMDM + 10% Hyclone (see Recipes)

TE 0.1-H,O (see Recipes)

2x HEPES buffered saline (HBS) (see Recipes)
ACK (ammonium-chloride-potassium) lysing buffer (see Recipes)
MACS separation buffer (see Recipes)

Complete RPMI (see Recipes)

Equipment

1. MACS® MultiStand (Miltenyi Biotec, catalog number: 130-042-303)

2. QuadroMACS™ Separator (Miltenyi Biotec, catalog number: 130-090-976)
3. DynaMag™.-15 Magnet (Invitrogen, catalog number: 12301D)

4. Polyallomer centrifuge tubes (Beckman Coulter, catalog number: 326823)
5. Eppendorf centrifuge (Eppendorf, model: 5810 R)

6. Ultracentrifuge (Beckman Coulter, model: Optima XPN-90)

7.  Rotor (Beckman Coulter, model: SW32Ti)

8. S@FEGROW 188 incubator (Euroclone)

9. FACS Canto II (BD Biosciences)

Software

1. FlowJo_V10 (BD Biosciences)

Procedure

A. Retrovirus production

Note: Universal precautions must be taken while handling RV supernatants and RV-transduced samples, and
all experiments must be carried out in at least class Il biological safety cabinets and using appropriate
protection equipment. RV must be handled and disposed of in accordance with your institutional biohazard
control regulations.
1. Maintain Phoenix-ECO cells in 10 mL of IMDM + 10% Hyclone (see Recipe 1) in a T75 flask in a 37 °C
incubator supplied with 5% CO,.
2. Seed 2 x 10 Phoenix-ECO cells into a 100 mm x 20 mm tissue culture dish with 9 mL of IMDM + 10%
Hyclone.
3. Transfect Phoenix-ECO cells at ~70%—80% confluency, normally ~20-24 h after seeding.
Ten minutes before transfection, add 25 pL of 10 mM chloroquine to the cell and incubate at 37 °C.
5. Prepare the plasmid mix:
125 pL of 1 M CaCl,
20 pg of vector plasmid DNA (20 pL if DNA concentration is 1 pg/uL)
and the proper volume of TE 0.1-H,O (see Recipe 2) to reach a final volume of 500 puL
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While vortexing the plasmid mix, add 500 uL of 2x HBS (see Recipe 3) (use the pipette gun and a 2 mL
pipette).

Immediately add (with the same pipette) the precipitate to the Phoenix-ECO cells drop by drop.

Return cells to the incubator.

After 14-16 h, completely replace the medium and add 7 mL of fresh prewarmed IMDM + 10% Hyclone.

. Twenty-four hours after step A9, collect culture media and replace with 7 mL of fresh prewarmed IMDM

+ 10% Hyclone.

Centrifuge the collected media at 300x g for 5 min at 4 °C and then pass through a 0.45 um filter into a
clean 50 mL tube. Store filtered media at 4 °C.

Twenty-four hours after step A11, repeats steps A10 and A11 and combine filtered media into 50 mL tubes.
Make 32 mL aliquots of retroviral supernatant in ultracentrifuge tubes (Polyallomer centrifuge tubes)
carefully balancing the volumes (add medium or PBS if necessary).

Ultracentrifuge at 69,000 g for 2 h at 4 °C (rotor SW32Ti).

Discard supernatant and pay attention to dry all drops that may remain on the tube walls.

Add 70 pL of PBS per tube and wait 15 min at room temperature (RT).

Resuspend the samples at least 10 times setting the pipette volume at 60 pL, without creating bubbles, and
pool all the samples in a 1.5 mL Eppendorf tube.

Parafilm the Eppendorf tube and rotate on a wheel for 30 min at 4 °C.

Make 20 pL aliquots and store at -80 °C. Under these conditions, RV may be stored up to two years after
production.

B. Primary iNKT cell purification

Note: All the procedures must be performed under sterile conditions.

1.

Spleen processing

a. Euthanize iVal4-Jal8 mice according to institutional policy, by inhalation of COs.
Note: iVal4-Jal8 mice must be eight weeks old or older.

b. To dissect the spleen, place the animal on a clean dissection board and rinse with 70% reagent alcohol.
Incise the abdominal cavity and collect the spleen using scissors and tweezers. The spleen is located
to the left side of the abdomen, inferior to the stomach (Dowling et al., 2020).

c. Place a 70 um cell strainer on a 50 mL tube and prepare the strainer by rinsing with 3 mL of PBS +
2% FBS (hereafter PBS-FBS).

d. Place the spleen on the strainer and homogenize the tissue via grinding in 10-20 mL final volume of
PBS-FBS.

e. Centrifuge at 450% g for 5 min at 4 °C.

f.  Remove the supernatant by inversion and resuspend the cell pellet with 1 mL of sterile ACK lysing
buffer (see Recipe 4); for red blood cell lysis, incubate for 3 min at room temperature and block with
5 mL of PBS-FBS.

g. Centrifuge at 450% g for 5 min at 4 °C.

h. Remove the supernatant by inversion and resuspend the cell pellet in 3 mL of PBS-FBS. Remove fat
residues by pipetting and determine cell number.
Note: Expected recovery from the spleen of one iVal4-Jal8 mouse is 2 x 10° iNKT cells; if more
iNKT cells are needed, increase the number of mice accordingly. Cells coming from different mice can
be pooled at this point prior to the determination of cell number.

T-cell enrichment

Note: For the enrichment steps, work fast, keep the cells cold, and use solutions pre-cooled at 4 °C

overnight and then kept on ice.

a. Resuspend the total spleen cells in the appropriate volume of PBS-FBS (500 uL for 107 cells) + Fc
blocker (5 pL % 107 cells) and incubate for 15 min at RT.

b. Wash with 1-2 mL of MACS separation buffer (MB) (see Recipe 5) per 107 total cells and centrifuge
at 450x g for 10 min at 4 °C.
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Remove the supernatant by inversion and stain the cell with CD19-FITC and H2(IA®)-FITC (use 5 pL
x 107 cells in 100 puL of MB); mix well and incubate for 15 min in the dark at 4-8 °C.

Wash cells by adding 1-2 mL of MB per 107 cells and centrifuge at 450x g for 10 min at 4 °C.
Pipette off the supernatant completely and resuspend the cell pellet in 90 pL of MB per 107 total cells.
Add 10 pL of anti-FITC microbeads per 107 total cells. Mix well and incubate for 15 min in the dark
at4-8 °C.

Wash the cells by adding 1-2 mL of MB per 107 cells and centrifuge at 450x g for 10 min at 4 °C.
Pipette off the supernatant completely and resuspend up to 1.25 x 10® cells in 500 pL of MB.

Place a LD column in the magnetic field of MACS Separator to proceed with the depletion. To avoid
clogging, apply a pre-separation filter on the LD column and rinse with 2 mL of MB. When the column
reservoir is empty, apply the cell suspension onto the filter. This step depletes B and myeloid antigen-
presenting cells from the spleen cell suspension.

Collect the unlabeled cells that pass through the column.

Wash three times with 1 mL of MB, only when the column reservoir is empty.

Collect the total effluent, which will be enriched in T cells, and count the cells.

3. INKT cell enrichment

a.

Centrifuge the T cell-enriched suspension at 450% g for 5 min at 4 °C and remove the supernatant by
inversion.

Stain the cells with CD1d-tetramer-PE (mouse PBS57-CD1d-tetramer), according to the antibody
titration, in 50 uL of MB per 109 cells. Mix well and incubate for 30 min in the dark on ice.

Wash the cells by adding 1-2 mL of MB per 107 cells and centrifuge at 450x g for 10 min at 4 °C.
Pipette off the supernatant completely and resuspend the cell pellet in 80 uL of MB per 107 total cells.
Add 20 pL of anti-PE microbeads per 107 total cells. Mix well and incubate for 15 min in the dark at
4-8 °C.

Wash cells by adding 1-2 mL of MB per 107 cells and centrifuge at 450x g for 10 min at 4 °C.
Pipette off the supernatant completely and resuspend up to 108 cells in 500 pL of MB; otherwise, if
cells exceed 10%, adjust the volume accordingly.

According to cell count, place a LS (up to 10%) or MS (up to 107) column in the magnetic field of
MACS Separator. Rinse the column with MB (3 mL for LS, 500 pL for MS).

Apply the cell suspension onto the column. Collect unlabeled cells that pass through.

Wash column three times by adding the appropriate volume of MB (3 x 3 mL for LS column, 3 x 500
pL for MS column), only when the column reservoir is empty. The total effluent is the negative
fraction.

Remove column from the magnetic field and place it on a new collection tube.

Add MB onto the column (5 mL for LS column or 1 mL for MS column), push the provided plunger
into the column, and flush out the positive fraction (enriched in iNKT cells).

To further increase the iNKT cell recovery, centrifuge the negative fraction at 450x g for 10 min at
4 °C and repeat steps h—1 with a new LS or MS column.

Pool the positive fractions and determine cell count.

Check the purification steps by FACS analysis. Samples are spleen ex vivo, T cell-enriched fraction,
iNKT-positive fraction, and iNKT-negative fraction. Stain the cells with CD19-FITC, IAb-FITC,
CDl1d-tetramer-PE, TCRB-APC, and DAPI (Figure 2 and Figure 3).
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Figure 2. Primary invariant natural killer T (iNKT) cell purification. A. Schematic representation of
the purification protocol. B. Flow cytometry analysis of each enrichment step. Upper plots show the
percentage of T-cell frequencies, gated on viable lymphocytes (see data analysis section for details). Lower
plot show the percentage of iNKT cells along each step, gated on viable CD19" TAb- TCRB* lymphocytes.

Adapted from Delfanti et al. (2021).
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Figure 3. Gating strategy for analysis of invariant natural killer T (iNKT) cells purification steps.
Representative dot plots of gating strategy for analysis of ex vivo splenic iNKT cells used to evaluate each

purification step.

C. iNKT cell activation and transduction

1. Activate purified iNKT cells with mouse T activator anti-CD3/CD28 magnetic beads in 1:1 ratio.
a. Centrifuge the iNKT cell positive fraction at 450x g for 5 min at 4 °C.
b. Meanwhile, transfer the appropriate volume of mouse T activator anti-CD3/CD28 magnetics beads to
a 15 mL tube, add an equal volume of PBS, vortex for 5 s, place the tube on the magnet (DynaMag™.-
15 Magnet) for 1 min, and discard the supernatant.
c. Remove the tube from the magnet and resuspend the washed magnetic beads in the proper volume of
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complete RPMI (see Recipe 6) to have 5 x 10° iNKT cells in 1 mL. Use this suspension to resuspend
the iNKT cell pellet.
d. Plate 1 mL of the cell suspension (5 x 10’ iNKT cells) + anti-CD3/CD28 magnetic beads in a 48-well
plate with 20 U/mL human recombinant (hr)IL-2 and incubate at 37 °C.
2. Transduce iNKT cells after 48 h in culture.
Note: All handling of retroviral production and transduction is carried out in at least class II biosafety
cabinets.
3. Centrifuge the 48-well plate at 450% g for 7 min at RT.
. Carefully remove the cell media by pipetting, starting from the top of the well to avoid disturbing the cells.
5. Add 200 pL of complete RPMI, plus the appropriate volume of concentrated RV (Section A), and 8 pg/mL
of polybrene to the wells.
Note: Always leave one well for the non-transduced (NT) control by adding complete RPMI and 8 pug/mL
polybrene only.
6. Centrifuge the plate at 800% g for 2 h at 30 °C.
7. Add 800 pL of prewarmed media to each well with original culture conditions [complete RPMI and 20
U/mL of (hr)IL-2] and incubate at 37 °C.
8. Analyze iNKT cell transduction five days post-infection as described below (Section E).

D. iNKT cell expansion

Split the cells 1:2 when they reach 80%—-90% confluency (usually starting from day 3—4 after activation)
Maintain the cell in complete RPMI and 20 U/mL of (hr)IL-2 until day 5 in culture.

After five days in culture, add 10 ng/mL of mouse IL-7.

In these culture conditions [complete RPMI, 20 U/mL of (hr)IL-2, 10 ng/mL of mouse IL-7], iNKT cells
can be expanded for up to 15 days, when in vivo or in vitro assays can be performed.

BN -

Note: For iNKT adoptive cell transfer, beads have to be removed from the cell culture by loading the cell
suspension on the magnet (incubate for 3 min). Cells are washed three times with PBS before injection.

Analysis of iNKT cell transduction
1. At five days post-infection, iNKT cell transduction can be assessed by flow cytometry.

Note: Work under a class II biosafety cabinet, since at this time point some RV particles can still be present
in cell supernatant.

2. Collect 200 pL of cell suspension and transfer to a U-bottom 96-well plate for staining.

3. Centrifuge at 450x g for 5 min at RT.

4. Remove the supernatant by pipetting (change the tips and bleach them).

5. Add 50 pL of PBS + 0.5 uL of Fc blocker per sample and incubate for 15 min at RT.

6. Centrifuge at 450x g for 5 min at 4 °C.

7. Remove the supernatant, add 50 uL of PBS + 0.1 pL of Live/Dead Fixable Violet per sample, and incubate
for 20 min at RT.

8. Centrifuge at 450x g for 5 min at 4 °C.

9. Remove the supernatant and stain the cells with CD1d-tetramer-PE, according to the antibody titration, in
50 pL of PBS-FBS per sample. Mix well and incubate for 30 min in the dark on ice.
10. Centrifuge at 450x g for 5 min at 4 °C.
11. Meanwhile, prepare the flow cytometry mix for surface staining:
a. 100 pL of PBS-FBS.
b. 1 pL of TCRB-APC and 1 pL of VB5.2-PE/Cy7 (for OT-I TCR staining) per sample.
Note: If the RV contains a GFP reporter, avoid the use of FITC-conjugated antibodies for the cell
staining.
12. Remove the supernatant and add 100 pL of flow cytometry mix. Mix well and incubate for 15 min in the
dark on ice.
13. Centrifuge at 450% g for 5 min at 4 °C.

Cite as: Delfanti, G. et al. (2023). Primary Mouse Invariant Natural Killer T (iNKT) Cell Purification and Transduction.
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14. Remove the supernatant and add 200 puL of 2% (w/v) PFA in PBS. Incubate for 10 min in the dark on ice.

15. Centrifuge at 600x g for 7 min at 4 °C.

16. Remove the supernatant and wash twice with PBS: add 200 pL of PBS, centrifuge at 450x g for 5 min at
4 °C, and repeat.

17. Resuspend the cells in 200 puL of PBS and transfer to flow cytometry tubes for FACS analysis.

18. Use gating strategy in Figure 4 to identify transduced iNKT cells.

19. iNKT cell transduction can also be assessed later on over cell culture. Starting from day 7 after infection,
fixation with PFA is no longer required.

Data analysis

1. Use gating strategy lymphocytes/single cell/viable cells/ CD19- IAb- TCRB*/TCRB" CDId tetramer® for
analysis of ex vivo splenic iNKT cells (Figure 3).

2. Use gating strategy lymphocytes/single cell/viable cells for analysis of transduced iNKT cells (Figure 4). Here,
iNKT cells were transduced to express the OT-I TCR, and transduction efficiency can be evaluated by the
expression of the V5.2, which is the specific VP chain of the OT-I TCR. The co-expression of the endogenous
invariant TCR can be evaluated by staining iNKT cells also with the CD1-tetramer. In case the RV also encodes
a GFP reporter, the transduction efficiency can simply be evaluated by the GFP expression.
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Figure 4. Gating strategy for analysis of transduced invariant natural killer T (iNKT) cells. Representative
dot plots of gating strategy for analysis of control non-transduced (NT), OT-I TCR, and OT-I TCR GFP-
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transduced iNKT cells. The expression of the transgene is assessed on viable cells by staining with anti-V5.2
monoclonal antibody (mAb). Dotted grey lines in the histograms represent the NT cells. When the RV also
expresses a GFP reporter (bottom line), iNKT cells transduction can also be evaluated by the GFP expression.

Notes

iVal4 tg mice are commercially available; however, their availability could be a limitation for the
reproducibility of the current protocol. In absence of these mice, we envisage the possibility of using a large
number of C57BL/6 mice, but the protocol needs to be set up accordingly due to the paucity of iNKT cells in
C57BL/6 mice [iNKT cell frequencies in C57BL/6 and iVal4 tg are shown in Supplementary Figure 1 of
Delfanti et al. (2022)].

For unequivocal detection of iNKT cells in the present protocol, we used mouse PBS-57-CD1d-tetramers
provided by NIH. PBS-57 is an analog of the prototypical antigen recognized by iNKT cells aGal-Cer, with
improved solubility (Liu et al., 2006). The NIH Tetramer Facility provides PBS-57 ligand complexed to CD1d
tetramers. However, we envisage the possibility to adjust the protocol for the use of commercially available
CD1d dimers/tetramers/dextramers that can be loaded with lipid antigens as aGal-Cer.

For optimal iNKT cell transduction, it is recommended to determine the RV titer. To do so, actively proliferating
mouse hybridoma cells (i.e., 58a B cells) can be transduced as described in Section C steps 5—6, with serial
dilution of the RV (from 1:50 up to 1:100,000). Five days after transduction, the transgene expression can be
assessed by flow cytometry (fix cells with 2% PFA), and RV titer (expressed as transducing units/milliliter,
TU/mL) is calculated according to the formula [N x (F/100) x D]/0.2, where N is the number of the transduced
cells (usually 2.5 x 10°), F is the percentage of cells expressing the transgene, and D is the fold dilution of virus
used in transduction. The RV titer allows the calculation of the multiplicity of infection (MOI) with the
following formula: MOI = V(mL) x TU/mL/N.

Transduction efficacy can vary depending on the construct used. In the case of the TCR transfer (Delfanti et al.,
2022), we obtained a good (60%) transduction using MOI 4 of our RV. However, there are two possible
strategies to increase iNKT cell transduction efficacy: by increasing the MOI employed, or by transducing
iNKT cells 48 h after activation and repeating the transduction also 72 h after the activation.

Fresh, non concentrated RV supernatants can also be employed for iNKT cell transduction. In this case, the
maximum volume of RV that can be added to the 48-well plate is 1.5 mL. We recommend always adding 8
pg/mL of polybrene and performing spin inoculation as described above.

Recipes

1.

IMDM + 10% Hyclone
IMDM with L-Glutamine

10% Hyclone

1x Penicillin/streptomycin solution

TE 0.1-H,O
Dilute TE buffer 1:10 in dH,O to obtain TE 0.1; then, mix two volumes of TE 0.1 and one volume of dH,O.

2x HEPES buffered saline (HBS)

281 mM NaCl

100 mM HEPES

1.5 mM Na,HPO4

Dissolve in dH,O, pH 7.14, and 0.22 pm filter.
Store at -20 °C and avoid re-freezing.

Cite as: Delfanti, G. et al. (2023). Primary Mouse Invariant Natural Killer T (iNKT) Cell Purification and Transduction.
Bio-protocol 13(13): e4707. DOI: 10.21769/BioProtoc.4707. 10



bio-protocol Published: Jul 05, 2023

4. ACK (ammonium-chloride-potassium) lysing buffer
0.15 M NH,4Cl
10 mM KHCO;
0.1 mM N,EDTA
Dissolve in dH,O, pH 7.2-7.4, and 0.22 pm filter.
Store at 4 °C. ACK is also commercially available.

5. MACS separation buffer
0.5% BSA
2 mM EDTA stock solution
In PBS, pH 7.2, 0.22 um filtered
Store at 4 °C. MACS buffer is also commercially available.

6. Complete RPMI
RPMI 1640-GlutaMAX
10% heat-inactivated FBS
1x Penicillin/streptomycin solution
1% non-essential amino acids
1 mM sodium pyruvate
50 uM 2-mercaptoethanol
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