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[Abstract] Natural killer T (NKT) cells bridge the innate and adaptive arms of the immune system,
and manipulating their effector functions can have therapeutic significances in the treatment of
autoimmunity, transplant biology, infectious disease and cancer. This important lymphocyte
subset regulates the immune system through their potent cytokine production following the
recognition of lipid antigen present in the context of the MHC class I-like CD1d molecule, in
addition their ability to directly mediate cytotoxicity. Here, we describe a method of expanding
mouse invariant NKT (iNKT) cell lines from mononuclear cells isolated from the thymus, spleen,
or liver using bone marrow derived dendritic cells. These iNKT cell lines can be used study their
co-signaling requirements, cytokine profiles and cytotoxic functions which will greatly enhance our
knowledge of INKT cell biology.

Materials and Reagents

6-12 weeks old C57BL/6 or BALB/c mice

2. Erythrocyte lysis buffer- ACK Lysing buffer (Life Technologies, Gibco®, catalog number:
A10492-01)

3. PBS-no calcium, no magnesium, 1x & 10x (Life Technologies, Gibco®, catalog number:
14190)
FITC-anti-CD3 (BD Biosciences, catalog number: clone 2C11; 553061)
APC-conjugated CD1d tetramer loaded with PBS-57 lipid antigen (National Institutes of
Health Tetramer Core Facility, Atlanta, GA)

6. PE-anti-NK1.1 (BD Biosciences, catalog number: clone PK136; 561046)

7. Recombinant mouse GM-CSF (R&D systems, catalog number: 415-GM)

8. Recombinant mouse IL-4 (R&D systems, catalog number: 404-IL)

9. Recombinant mouse IL-2 (Peprotech, catalog number: 212-12)

10. Recombinant mouse IL-7 (Peprotech, catalog number: 217-17)

11. Mouse Pan T cell isolation kit (MiltenyiBiotec, catalog number: 130-095-130)

12. Anti-APC microbeads (MiltenyiBiotec, catalog number: 130-090-855)
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13. a-galactosylceramide (a-GalCer, KRN7000) (Enzo Life Sciences, catalog number: BML-
SL232)

14. Lympholyte-M (Accurate Chemical)

15. Percoll (Amersham-Pharmacia Biotech, catalog number:; 17-0891-01)

16. RPMI-1640 medium (Life Technologies, Gibco®, catalog number: 11875)

17. Non-essential vitamin solution (Life Technologies, Gibco®, catalog number: 11140-050)

18. MEM Vitamin solution (Life Technologies, Gibco®, catalog number: 11120-052)

19. Sodium Pyruvate (Life Technologies, Gibco®, catalog number: 11360-070)

20. 2-mercaptoethanol (Life Technologies, Gibco®, catalog number: 21985-023)

21. Anti-CD16/32 antibody (Biolegend, catalog number: 101320)

22. Antibiotics: Penicillin-streptomycin

23. Heat inactivated fetal bovine serum

24. FBS

25. EDTA

26. Complete medium (see Recipes)

27. MACS buffer (see Recipes)

28. Liver MNC isolation (see Recipes)

29. Cell buffer solution (see Recipes)

Equipment

1. 70 um nylon mesh cell strainer (BD Biosciences, Falcon®, catalog number: 352350)

2. Centrifuge with swing out rotor and capable of 300-700 x g
3. BD LSR Il flow cytometer (BD Biosciences)
4. Gamma irradiator
5. 0.22 ym filter
Procedure

1. To generate immature dendritic cells (BMDCs):

a. Collect bone marrow from femurs of mice by passing through a 70 ym filter and
centrifuge for 5 min at 300 x g. Discard supernatant and lyse red blood cells by gently
resuspending the cell pellet in 5 ml ACK lysing buffer and incubating for 2-3 min at
room temp. Then quickly add 5 ml cell buffer solution and centrifuge for 5 min at 300
X g. Wash 2x with 10 ml cold cell buffer solution.

b. Resuspend pelleted cells (10%/ml) in complete medium containing 10 ng/ml mouse
GM-CSF.
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a.

e.

a.

Plate 5 x 108 cells/well in a 6 well plate for 7 days to generate immature DC.

To isolate iNKT cells:

Make a single-cell suspension of thymocytes or splenocytes by pressing organs
through a 70 uym cell strainer (for liver see detailed protocol below) using cell buffer
solution and the plunger from a 3 ml syringe.

Note: This protocol should be performed using 4-6 mice. The total number of NKT
cells per organ is approximately one million, however typical yields are 30-40% per
organ.

Centrifuge single cell suspension for 5 min at 300 x g. Discard supernatant and lyse
red blood cells by gently resuspending the cell pellet in 10 ml ACK lysing buffer and
incubating for 2-3 min at room temp. Then quickly add 10 ml cell buffer solution and
centrifuge for 5 min at 300 x g.

Enrich T cells via negative selection by using the mouse Pan T Isolation Kit Il
according to the manufacturer’s protocol.

Resuspend the cells (108/ml) in MACS buffer, and then select iNKT cells by
incubating in the dark on ice with APC-conjugated CD1d tetramer loaded with PBS-
57 lipid antigen (5-10 pl/ml of cells; 50 pg/ml) for 30 min.

Next sort INKT cells by using anti-APC beads following the manufacturer’s protocol.

For Liver Mononuclear cell (MNC) isolation:

Isolation of hepatic MNC (use 1 liver per tube):

Euthanize mice, open peritoneal cavity, slide intestines over to the right to expose the
underside of the liver. Then using a 10 ml syringe and a 21 ga needle, inject 10 ml
room temp PBS into the hepatic portal vein.

Remove gall bladder, excise liver, place in tube containing cell buffer solution (on ice).
Mince with liver tissue into very small pieces with scissors (500-700 cuts; < 3mm?®),
and add to nylon mesh cell strainer on top of a 50 ml centrifuge tube. Add 2-3 ml cold
cell buffer solution and mash through the mesh with the plunger from a 3 ml syringe.
This does not need to be performed on ice, but tissue should be kept cold by the
addition of ice-cold cell buffer solution and this step should be done quickly.

Rinse with lots of cold cell buffer solution, continue mashing through and bring
volume up to 40 ml with cold cell buffer solution. Centrifuge at 300 x g for 7 min at 4
°C.

Resuspend pellet in 25 ml room temperature Percoll solution.

Spin at 700 x g at room temperature for 12 min with the brake on (the cells of interest
will form pellet so brake can be left on).

Aspirate off supernatant (MNC are in the pellet), but be careful initially to remove the

top layer of hepatocytes before aspirating down to the pellet. This will reduce the
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amount of hepatocyte contamination of MNC.

h. Resuspend the pellet in 5 ml of ACK lysing buffer (or a similar RBC lysing buffer) to
lyse the RBC, transfer to a 15 ml conical centrifuge tube, stop reaction by adding 5 ml
of cell buffer solution. Spin at 300 x g for 7 min at 4 °C.

i. Wash cell pellet 2x in 5-10 ml cell buffer solution. Resuspend in 5 ml cell buffer
solution, media, or staining buffer and count (expect about 3-5 x 10 MNC).

j-  Continue as described above starting with step 3-e.

4. Invitro expansion of iINKT cells:

a. Collect the immature DCs by pipetting vigorously with ice cold complete medium
and wash cells with 10 ml complete medium.

b. Resuspend cells in 10 ml fresh medium and irradiate with 2,000 rads.

c. Incubate 2 x 108 NKT cells with 2 x 10° irradiated immature DCs in the presence of
a-GalCer (100 ng/ml) in 10 ml complete medium, and add 2 ml per well in 24-well
plate.

d. Onday 4, add IL-2 (10 U/ml) and IL-7 (10 ng/ml) to the media.

e. Onday 10, harvest the cells and remove dead cells and debris using lympholyte-M
according to the manufacturer’s protocol.

f.  Then re-stimulate the cells with immature DCs in the presence of 100 ng/ml a-
GalCer and 10 U/ml mouse IL-2 at a 1:1 ratio as described in step c.

g. Culture cells for 7-10 days, and replace medium every 4 days as step 4-d.

Note: If the cells are maintained in high levels of a-GalCer and cytokines, some
specificity and sensitivity to CD1d is lost, so it is best to supplement with a-GalCer
and cytokines when the cell line needs to be maintained, but add fresh complete
media only if the cells are to be used in functional assays.

h. Flow cytometric analysis of expanding iNKT cells.

Gate on lymphocytes and check purity by flow cytometric analysis, using CD1d
tetramer (or NK1.1 in C57BL/6 mice) and anti-CD3, see Figure 1.
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Figure 1.

Flow cytometry procedure:

a. Collect 1 x 10° cells, and transfer into 1.5 ml tube, and filled with 1 ml FACS buffer
(0.2% FBS in PBS).

b. Centrifuge cells at 600 x g for 5 min, and then discard supernatant.

c. Resuspend cells in 100 pl FACS buffer, and add 1 pl anti-CD16/32 antibody for 15
min to block non-specific binding, and then wash as step a.

d. Resuspend cells in 100 yl FACS buffer, and add 0.5 pul APC-PBS57 loaded CD1d
tetramer, or 1 pl PE-anti NK1.1 and 1 pl FITC anti-CD3 antibody (for 30 min on ice in
dark, and then wash as step a.

e. Resuspend cells in 200 ul PBS, and run samples on LSRII FACS machine.

Recipes

1. Complete medium
RPMI medium
100 mM sodium pyruvate
10 mM non-essential vitamin solution
100 mM MEM Vitamin solution
5 x 10°M 2-mercaptoethanol
50 U/ml penicillin-streptomycin

10% heat inactivated fetal bovine serum
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2. MACS buffer

1 L PBS free of Ca?* and Mg?*

59 BSA

2 mmol EDTA

Sterilized by passing through 0.22 um filter
3. For Liver MNC isolation

Preparation of isotonic Percoll: Make up a 37.5% stock of Percoll

337.5 ml of Percoll

100 ml of 10x PBS free of Ca?* and Mg?*

562.5 ml ddH20

Filter sterilize through a 0.2 micron filter unit

Store at 4 °C (very stable as long as it is kept sterile)
4. Cell buffer solution

Prepare 1x PBS supplemented with 2% FBS and 0.02% sodium azide
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