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[Abstract] Infiltration of leukocytes into joints is one of the main features of autoimmune inflammatory
arthritis. Here, we describe the protocol for isolation of joint-infiltrating cells in mice. This protocol is
useful to analyze cell surface antigens and intracellular cytokines by flow cytometry.

Materials and Reagents

1. 27-gauge needle (TERUMO, catalog number: NN-2719S)
2. 1 ml syringe (TERUMO, catalog number: SS-01T)
3. 6-well plate (Corning, Falcon®, catalog number: 353046)
4. 50 ml tube
5. 70 μm cell strainer (Corning, Falcon®, catalog number: 352350)
6. 10 ml syringe (TERUMO, catalog number: SS-10SZ)
7. Mice (adult > 6 weeks, any sex, any strain)
8. Hyaluronidase (60 mg/ml stock) (Sigma-Aldrich, catalog number: H3506)
9. Collagenase type VIII (10 mg/ml stock) (Sigma-Aldrich, catalog number: C2139)
10. RPMI 1640 (Sigma-Aldrich, catalog number: R8758)
11. Fetal bovine serum, heat inactivated (Biowest, catalog number: S1820-500)
12. HANK’s solution “Nissui”② (NISSUI PHARMACEUTICAL, catalog number: 05906)
13. NaHCO3 (NAKARAI TESQUE, catalog number: 31212-25)
14. NaN3 (NAKARAI TESQUE, catalog number: 31208-82)
15. Digestion medium (see Recipes)
16. FACS solution (see Recipes)

Equipment

1. Surgical scissors and tweezers
2. Mini-Shaker 3D (Biosan, catalog number: BS-010151-AAK)
3. Refrigerated centrifuge
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Procedure

1. Euthanize mice. Sterilize mouse skin with 70% ethanol and peel off the skin of ankles using
scissors and tweezers (Figure 1). Be careful not to leave any skin.

Figure 1. Peel off the skin of ankles

2. Cut out the leg at 0.7 cm above the ankle joint using scissors, and discard the finger portion
(Figure 2).

Figure 2. Cut out ankles

3. Wash ankle portion in 2 ml RPMI 1640.
4. Flush out bone marrow cells using a 27-gauge needle and 1 ml syringe filled with RPMI 1640
and discard the bone marrow cells.
5. Put bone marrow-removed ankles in 4 ml of digestion medium on a 6-well plate (Figure 3).
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Figure 3. Put ankles in digestion medium

6. Chop up ankles with scissors to 3-4 mm sized chunks (Figure 4).

Figure 4. Chop up ankles

7. Incubate ankles in a 6-well plate with gentle shaking by Mini-shaker for 1 h at 37 °C under 5%
CO2.
8. Place a cell strainer in a 50 ml tube. Then, transfer the medium with digested ankle pieces onto
the cell strainer.
9. Remove the plunger from a 10 ml syringe. Mash the residues of ankle pieces using the black
rubber end of the plunger.
10. Add 10 ml 10% FBS/RPMI 1640.
11. Centrifuge at 1,500 rpm (400 x g) for 5 min at 4 °C.
12. Discard the supernatant and resuspend the cell pellet in FACS solution.
13. Count viable cells. Representative data are shown below (Figure 5).
14. Perform FACS analysis. Representative data are shown below (Figure 6).
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Representative data

Figure 5. Cell numbers in ankle joints. Total cell numbers (A) and T cell numbers (B) obtained
by this protocol are shown. White diamonds represent cells from non-inflamed ankles in a WT
mouse, and black diamonds represent cells from inflamed ankles in an Il1rn-/- mouse (Akitsu et
al., 2015). Each symbol indicates the number of joint cells without flushing (step 4) [Flush (-)],
bone marrow-removed joint cells [(Flush (+)], and bone marrow cells (BM). Horizontal lines
indicate medians.

Figure 6. An example of FACS analysis of joint-infiltrated cells from inflamed ankles. Flow
cytometry of joint-infiltrating cells from Il1rn-/- mice (Akitsu et al., 2015). Numbers indicate
percent cells in each gate. Data are representative of 10 independent experiments.

Notes

1. Similar data were obtained by ten independent experiments using this protocol.
2. If joints are arthritic with inflammation, joint cells from a mouse are enough to analyze with FACS.
However, for normal joints, a pool of two to four mice is recommended.
3. From arthritic mice, 2-4 x 104 T cells are obtained from one mouse (without flushing step).
Because bone marrow-derived cells are about 1/5 of the total T cells, flushing step can be
skipped. On the other hand, total cell numbers without flushing step are approximately 4 x 106
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC.

4

Please cite this article as: Aoi and Yoichiro, (2016). Isolation of Joint-infiltrating Cells, Bio-protocol 6 (17): e1911. DOI: 10.21769/BioProtoc.1911.

www.bio-protocol.org/e1911

Vol 6, Iss 17, Sep 05, 2016

cells/non-inflamed ankles, and 7-13 x 106 cells/inflamed ankles. Because 1/2-1/3 of them are
derived from bone marrow, flushing step is necessary for analyzing non-T cell population. After
the flushing step, total joint-infiltrated cell numbers are approximately 2 x 106 cells in noninflamed ankles, and 5-7 x 106 cells in inflamed ankles.

Recipes

1. Digestion medium
160 μl hyaluronidase (final concentration: 2.4 mg/ml)
400 μl collagenase VIII (final concentration: 1 mg/ml)
4 ml of RPMI 1640 supplemented with 10% FBS
2. FACS solution
Dissolve 4.9 g HANK’s in 490 ml H2O
Add 0.15 g NaHCO3 and 0.05 g NaN3, and dissolve completely
Add 10 ml inactivated FBS (final 2%), then mix
Store at 4 °C until use
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