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Isolation of Splenic Dendritic Cells Using Fluorescence-activated Cell Sorting
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[Abstract] The spleen is a vastly vasculated organ and consists of a complex organized network of
innate and adaptive immune cells. This permits the specialized functions of the spleen such as
antibacterial and antifungal immunity and iron metabolism among others (Mebius and Kraal, 2005).
Different dendritic cell (DC) subsets reside in the spleen and can be defined by the expression of
unigue surface markers. These DC subsets are recognized to perform non-redundant functions in the
immune system (Merad et al., 2013). In our recent study, we found that Inositol Requiring Enzyme
(IRE)-1 is specifically activated in splenic CD8a* DCs. Furthermore, loss of X-box binding protein
(XBP)-1 — the transcription factor regulated by IRE-1 — resulted in defective cross-presentation of dead
cell associated antigens by splenic CD8a* DCs (Osorio et al., 2014). This protocol allows the isolation

of specific DC subsets for experimental use ex-vivo.

Materials and Reagents

Mice (Jackson Laboratories, C57BI/6)

2,2,2-tribromoethanol (Sigma-Aldrich, catalog number: T48402)

2-methyl-2-butanol (Sigma-Aldrich, catalog number: 240486)

PBS (Gibco, catalog number: 10010-015)

0.5 M EDTA (Lonza, catalog number: 51234)

2-mercaptoethanol (Sigma-Aldrich, catalog number M3148)

BSA (Amresco, catalog number: 0332-500g)

HBSS (Life Technologies, catalog number: 24020-091)

RPMI 1640 GlutaMax (Life Technologies, catalog number; 61870-010)
. Gentamycin (Gibco, catalog number: 15710-049)
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. Fetal bovine serum (FBS) (Sigma-Aldrich, catalog number: F7524)

. Liberase TM (Roche Diagnostics, catalog number: 05401127001) (dilute 50 mg in 50 ml of
RPMI, aliquot and stored at -20 °C)

. DNase | (Roche, catalog number: 04536282001) (dilute content in 1 ml PBS, aliquot and
stored at -20 °C)

14. FACS antibodies
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15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

a. CD3- FITC (eBioscience, clone 145-2C11, dilution 1/300)

b. CD19 - FITC (eBioscience, clone 1D3, dilution 1/500)

CD11c - PE-eFluor610 (eBioscience, N418, dilution 1/300)

MHCII - APC-Cy7 (Biolegend, clone M5/114.15.2, dilution 1/1000)
CD8a - PE-Cy5 (BD-Pharmingen, clone 53-6.7, dilution 1/600)
CD11b - PE-Cy7 (BD-Pharmingen, clone M1/70, dilution 1/800)
CD64 - AF647 (BD-Pharmingen, clone X54-5/7.1, dilution 1/100)
CD16/CD32 (Produced in-house, clone 2.4G2, dilution 1/200)

Note: The use of 2.4G2 minimizes background fluorescence by inhibiting non-specific
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binding of antibodies to FcG — receptors present on immune cells.
Fixable viability dye eFluor 506 (eBioscience, catalog number: 65-0866-18)
a. Reconstitute vial with 400 pl PBS
b. Aliquot and store vials at -80 °C
c. Use at a dilution of 1/200
Anti-FITC microbeads (Miltenyi, catalog humber 130-048-701)
LD columns (Miltenyi, catalog number: 130-042-901)
Ultra comp eBeads (eBioscience, catalog number: 01-2222-42)
Trypan blue (Sigma-Aldrich, catalog number: T8154)
Avertin (see Recipes)
2x digestion medium (see Recipes)
MACS buffer (see Recipes)
R10 medium (see Recipes)

Osmotic lysis buffer (see Recipes)

Equipment
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100 um Nylon Cell strainer (Falcon, catalog number: 352360)
15 ml tubes (Falcon, catalog number: 430791)

35 mm Petri Dishes

5ml syringe (Norm-Ject, catalog number: 4020-000V0)

25 Gauge needle (Terumo, catalog number: NN-2516R)
Pasteur pipette

Forceps

Surgical scissor/scalpel

37 °C warm water bath

. Shaker

. Centrifuge

. Aspiration device

. MACS MultiStand (Miltenyi, catalog number: 130-042-303)
. Midi MACS (Miltenyi, catalog number: 130-042-302)
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15.
16.
17.
18.
19.

Polystyrene 5 ml tubes with 100 um cell strainer cap (BD Falcon, catalog number: 352235)
Polypropylene 5ml tubes (BD Falcon, catalog number: 352063)

Microscope

Birker-Turk counting plate

Multicolour FACS sorter (BD Aria Il or equivalent cell sorter equipped with 405 nm, 488 nm

and 633 nm lasers and appropriate filterset)

Procedure

10.

11.

12.

Euthanize the mice by injecting 0.5 ml of avertin intraperitoneally with a 25 Gauge needle. The
mice become unresponsive after 1-2 min.

Note: Verify the institution approved ethical regulations on animal welfare if other
euthanization methods are in place.

Check the absence of cerebrospinal reflexes by pinching the paw of the posterior limbs with a
forceps.

After spraying the animal with 70% ethanol, open the right flank and remove the spleen.
Remove any fatty tissue that is connected with the spleen and place the organ in 15 ml tube
with 5 ml of ice-cold HBSS.

Bring the spleen to a 35 mm Petri dish and mince the organ into pieces by using the scissors.
To obtain a good dissociation of the tissue, proceed until no pieces are visible with the bare
eyes.

Add 1 ml of ice-cold RPMI, bring the cell suspension to a 15 ml Falcon tube and put on ice.
Complete all other organs before adding the digestion medium.

Add 1 ml of 37 °C preheated 2x digestion medium to the cell suspension and bring all organs
to the 37 °C warm water bath. Make sure the shaker is put to its maximum setting.

Note: Shaking the sample will allow more efficient digestion of the tissue by decreasing its
precipitation.

Incubate the cell suspension for 15 min and dissociate the cell suspension by pipetting the
solution up and down through a Pasteur pipette.

Repeat step 7 once more.

Add 10 ml of ice-cold MACS buffer and spin down cell suspension at 400 x g 7 min 4 °C.
Aspirate the supernatant and resuspend the cell pellet in 2 ml of ice-cold osmotic lysis buffer.
Incubate for 4’ at room temperature and subsequently add 10 ml of ice-cold MACS buffer.
Spin down cell suspension at 400 x g 7 min 4 °C.

Resuspend cells in 10 ml of ice-cold MACS buffer and filter through a 100 um cell strainer.
One can reuse the 15 ml tube to collect the filtered cells. Take a 20 ul counting sample and
spin down rest of cell suspension at 400 x g 7 min 4 °C.

Add 180 pl of trypan blue to the 20 ul of counting sample and mix well. Count cells. After

digestion, 1 spleen will normally contain up to 60-100 x10° cells.
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14.
15.

16.

17.
18.

19.

. Remove supernatant from cell pellet and resuspend in antibody mix | at a concentration of 50
x 108 cells per 1 ml of mix (see table 1). Stain 20 min on ice in the dark. Add 10 ml of ice-cold
MACS buffer and spin down 7 min 400 x g 4 °C.

Table 1. Antibody mix | in MACS buffer

Label Marker Clone Dilution
FITC CD3 145-2C11 1/300
FITC CD19 1D3 1/500
- CD16/CD32 2.4G2 1/200

Remove supernatant from cell pellet and add 90 ul of ice-cold MACS buffer per 10 x 10 cells.
Add 5-10 pl/10 x 10° cells of anti-FITC microbeads. Resuspend and incubate 15 min on ice.
Add 10 ml of ice-cold MACS buffer and spin down 7 min 400 x g 4 °C. Discard supernatant.
Prepare LD columns according to manufacturer’s protocol.

After preparation, place a 15 ml tube on ice under the LD column.

Resuspend cell pellet in 1 ml of ice-cold MACS buffer and filter through a 100 um cell strainer
on the LD column.

Note: This minimizes the probability of cell clots obstructing the LD column. After the 1 ml of
cell suspension has run through, wash 2 times with 2 ml of ice-cold MACS buffer. Make sure
that cell suspension runs through each time. Discard the column and spin down the effluent (7
min 400 x g 4 °C). Aspirate the supernatant.

Stain cell pellet in 500 pl of antibody mix Il. Stain 20 min on ice in the dark. Add 10 ml of ice-
cold MACS buffer and spin down 7 min 400 x g 4 °C. Aspirate supernatant and resuspend in 1
ml of ice-cold MACS buffer. Bring the cell suspension to a 5 ml polystyrene tube with a cell

strainer cap to remove possible clots.

Table 2. Antibody mix Il in PBS

Label Marker Clone Dilution
FITC CD3 145-2C11 1/300
FITC CD19 1D3 1/500
PE-eFluor610 CD11c N418 1/300
PE-Cy5 CD8a 53-6.7 1/600
PE-Cy7 CD11b M1/70 1/800
AF-647 CD64 X54-5/7.1 1/100
APC-Cy7 MHCII M5/114.15.2  1/1,000
eFluor 506 Viability 1/200
- CD16/CD32 2.4G2 1/200

Note: Use of PBS is necessary for optimal staining of dead cells with the Fixable viability dye
eFluor 506.
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. Single stains are prepared by diluting 1 drop of Ultra comp eBeads in 2 ml of PBS. Make sure

to shake the beads thoroughly before use as precipitation occurs. Bring 200 ul of this bead
suspension to seven 5 ml reaction tubes (6 fluorochromes + 1 unstained sample). Antibodies
conjugated to bright fluorochomes (PE-eFluor610, Pe-Cy5, AF-647) are diluted 1/2,000, other
antibodies are diluted 1/400. Stain 15 min on ice in the dark. Add 1 ml of PBS and spin down 7
min 400 x g 4 °C. Remove supernatant and resuspend beads in 200 ul of PBS. Proceed to the
cell sorter.
Note: Viability dyes do not bind to the Ultra comp eBeads. Since we exclude dead cells
(defined by a positive staining for eFluor 506) there is no need to compensate this
fluorochrome. If compensation is preferred, cells can be stained with a 1 in 200 dilution of the
eFluor 506 viability dye in PBS. Stain 20 min on ice in the dark. Wash cells with 1ml| of PBS
and spin down 7 min 400 x g 4 °C. Resuspend the cells in 200 ul of PBS.

. An example of a gating setup is shown below.
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Figure 1. Gating strategy of splenic DCs. A strict gating strategy in the FSC-H/FSC-A plot allows
the exclusion of doublets. The CD11b* DCs (Lin"CD11c* MHCII* CD11b" cells) contain a fraction of

monocyte derived cells (specific infections with pathogens or inflammation can drastically increase this

cell population, contaminating the CD11b* DC gate). The conventional CD11b* DCs can be identified

by exclusion of the CD64" cells.

Notes

2.

One should take in mind to work as fast as possible. Once removed from the live animal
splenic DC subsets viability is quickly compromised. Furthermore, working with cold reagents
improves overall survival.

A good dissociation of the tissue by use of scissor and Pasteur pipettes and adequate

incubation of the splenocytes in the digestion medium is crucial for optimal cell retrieval. When
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surface proteins expressed on the cell types of interest.

3. In optimal conditions, negative selection with the use of MACS beads removes 90-95% of
CD3e* and CD19* cells. This reduces the number of cells to approximate 5-10 x 108 cells and
a total sorting time to approximate 20 min.

4. One can sort 80,000-120,000 CD8a* DCs and 400,000-600,000 CD11b* DCs from 1 spleen
(in homeostatic conditions). The CD11b* DCs can be further subdivided by the use of surface
markers ESAM or CD4.

5. In the case that the cells are to be cultured, the scientist should keep in mind to work sterile
from the moment the spleen is obtained (step 4). Prior to use, the buffers can be filtered to
remove potential pathogens using a 0.2 um filter.

6. Cells can be brought into culture in R10 medium with the addition of 250 ng/ml of recombinant
murine FIt3L. Without any further stimulation; survival of these dendritic cell subsets is less
than 60% after 24 h of culture.

Recipes

1. Avertin (for 40 ml)
Dissolve 1 g of 2,2,2-tribromoethanol in 1 ml of 2-methyl-2-butanol
Resuspend in 39 ml of PBS and shake over night at room temperature
Avoid direct exposure to light and store at 4 °C
2. 2x digestion medium
Reconstitute RPMI 1640 with:
1/500 DNAse | (10 IU/ml)
1/25 liberase TM (0.42 Wiinsch Unit/ml)
3. MACS buffer
1x PBS
2% FCS (or 2% BSA)
5 mM EDTA
Note: This minimizes adherence of cells to plastics by chelating Ca?*.
Filter sterilize over a 0.2 ym filter and store at 4 °C
4. R10 medium
Reconstitute RPMI1640-Glutamax with:
10% FBS
50 ug/ml gentamycin
50 yM beta-mercaptoethanol
5. Osmotic lysis buffer (500 ml total)
450 ml MilliQ water (or other source of ultra-pure ddH20)
4,145 g ammonium chloride
100 pyl 500 mM EDTA
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AdjustpHto 7.1-7.4
Add MilliQ water up to 500 ml

Filter sterilize over a 0.2 uym filter and stored at 4 °C
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