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therapy reflects the dynamic interplay of the tumor and immune system during treatment. Here,
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SUMMARY

Single-cell analysis of tumor-infiltrating lymphocytes obtained before and after pre-
operative therapy reflects the dynamic interplay of the tumor and immune system
during treatment.Here,wepresent aprotocol to implement single-cell analysisof tu-
mor-infiltratingBcells,whichwere isolated frompairedhumanbreast cancersbefore
and after neo-adjuvant chemotherapy. This protocol also facilitates isolation and sin-
gle-cell analysis of other tumor-infiltrating lymphocytes.
For complete information on the generation and use of this protocol, please refer
to Lu et al. (2020).
BEFORE YOU BEGIN

Prepare Biopsy Samples from Patients before Receiving Neo-adjuvant Chemotherapy

Timing: �2 h

1. Obtain biopsy tissue when operating ultrasound-guided core needle biopsy for patients with sus-

picious breast cancer. Biopsy tissues were obtained by EnCor Enspire� Breast Biopsy System

with 7-G EnCor Enspire� needle probe (BARD GmbH, Karlsruhe, Germany). 1–2 pieces of spec-

imens were collected from each patient.

2. Collect tissue and place it in MACS Tissue Storage Solution (Cat# 130-100-008, Miltenyi Biotec)

on ice.
Prepare Paired Resected Samples from the Same Patients after Receiving Neo-adjuvant

Chemotherapy

Timing: �2 h

3. Obtain paired tumor tissue when resecting breast tumors for the same patients after receiving

neo-adjuvant chemotherapy.

4. Collect tissue and place it in MACS Tissue Storage Solution on ice.
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Digestion Solution for Tumor Tissue

Timing: 10 min

5. Combine the following reagents in gentle MACS C Tubes.

6. Pre-warm at 37�C for 30 min.

Dulbecco’s modified Eagle medium (DMEM)

5% fetal bovine serum

2 mg/mL collagenase I (Cat# LS004196, Worthington Biochemical)

2 mg/mL collagenase III (Cat# LS004182, Worthington Biochemical)

2 mg/mL hyaluronidase (Cat# H3506, Sigma-Aldrich)

CRITICAL: Fresh tumor tissue sample and fast processing is most important for B cells

isolation. The role of tumor-infiltrating B cells is still controversial. Previous studies

have demonstrated that tumor-infiltrating B cells promote tumor progression in various

ways, such as producing IL-10, TGF-b, and IL-35 (Bodogai et al., 2015; Olkhanud et al.,

2011; Shalapour et al., 2015; Yuen et al., 2016). In contrast, cumulating studies have re-

ported that B cells could enhance anti-tumor immunity and are positively correlated to

better prognosis in patients receiving immunotherapy (Cabrita et al., 2020; Helmink

et al., 2020; Petitprez et al., 2020). These findings indicate that tumor-infiltrating B cells

have distinct subsets and heterogeneity under different therapies. Thus, we examined tu-

mor-infiltrating B cells from samples before and after neo-adjuvant chemotherapy.
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Pacific Blue� anti-human CD45 Biolegend Cat# 304022; RRID:
AB_493655

Pacific Blue� Mouse IgG1, k Isotype
Ctrl Antibody

Biolegend Cat# 400151

PE anti-human CD19 Biolegend Cat# 392506; RRID:
AB_2750097

PE Mouse IgG1, k Isotype Ctrl Antibody Biolegend Cat# 400114

Chemicals, Peptides, and Recombinant Proteins

MACS Tissue Storage Solution Miltenyi Biotec Cat# 130-100-008

Collagenase, typeI Worthington Biochemical Cat# LS004196

Collagenase, typeIII Worthington Biochemical Cat# LS004182

Hyaluronidase Sigma-Aldrich Cat# H3506

Calcein AM ThermoFisher Scientific Cat# C3100MP

TO-PRO-3 iodide ThermoFisher Scientific Cat# T3605

Trypan Blue Solution ThermoFisher Scientific Cat# 15250061

Critical Commercial Assays

FcR Blocking Reagent, human Miltenyi Biotec Cat# 130-059-901

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Chromium Single Cell 30 Library
& Gel Bead Kit v3

103 Genomics Cat# 1000075

Other

gentleMACS C Tubes Miltenyi Biotec Cat# 130-093-237

gentleMACS� Dissociator Miltenyi Biotec Cat# 130-093-235

MACSmix Tube Rotator Miltenyi Biotec Cat# 130-090-753
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RESOURCE AVAILABILITY

Lead Contact

Further information and requests for resources and reagents should be directed to and will be ful-

filled by the Lead Contact, Shicheng Su (sushch@mail.sysu.edu.cn).

Materials Availability

This study did not generate new unique reagents.

Data and Code Availability

This study did not generate/analyze new datasets/code.

STEP-BY-STEP METHOD DETAILS

Generation of Single-Cell Suspension Using Tumor Tissues

Timing: �4 h

This step provides a detailed procedure for tissue dissociation and cell suspension preparation.

1. Take out the tissue from the MACS Tissue Storage buffer. Wash tissue samples with excess cold

PBS on ice to prevent the contamination of peripheral blood.

2. Cut tissue samples into small pieces (1–2 mm diameter) with autoclaved surgical instruments

(Huang et al., 2018; Su et al., 2018a) on ice.

3. Transfer the tissue pieces into MACS C Tube containing pre-warmed (37�C) digestion solution.

4. Attach C Tube upside down onto the sleeve of the gentleMACS Dissociator and choose the pro-

gram: h_tumor_01.

5. After completion of the program, detach C Tube and incubate sample for 2 h at 37�C under

continuous rotation using the MACSmix Tube Rotator. During digestion, vortex the tissue pieces

in solution every 15 min.

6. Repeat step 4 and apply the suspension to 100 mm and 70 mm cell strainer placed on a 50 mL tube

successively on ice. Wash the cell strainers twice with 20 mL sterile cold PBS.

7. Pre-cool the spin to 4�C. Centrifuge at 350 3g for 10 minutes at 4�C and discard supernatant.

Resuspend cells with cold PBS and place the tube on ice.

Isolation of Tumor-Infiltrating B Cells

Timing: �3 h

This step provides a detailed procedure for viable B cell isolation from the cell suspension of tumor

tissue.

8. Count cells with hemocytometer.
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Figure 1. B Cell Isolation from Paired Breast Cancer Tissues of Patients before and after Receiving Neo-adjuvant Chemotherapy (NAC)

(A) Gating strategy of tumor-infiltrating B cells in FACS.

(B) Number of B cells isolated from paired breast cancer tissues of five patients.
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a. Transfer 10 mL of the cell suspension under the cover slip on the hemocytometer. Wait until

capillary action draw the fluid inside and the chamber is fulfilled.

b. Observe the hemocytometer under the microscope. Count the cells in four sets of 16

squares. For cells located on the line, only count ones on the left-hand or top boundary line.

c. No. of cells/mL = (Cell count)/4(number of chambers counted) 3 104.

9. Resuspend cells up to 107 cells per 80 mL of cold PBS with 2% FBS and 2 mM EDTA, and add

20 mL of Fc receptor blocking reagent (Cat# 130-059-901, Miltenyi Biotec). Mix the cells and

incubate for 10 min at 4�C. Use a small number of cells for single channel control and isotype

staining.

10. Add Pacific Blue� anti-human CD45 (Cat# 304022, Biolegend) and PE anti-human CD19 (Cat#

392506, Biolegend) antibodies to the suspension and incubate at 4�C for 30 min in the dark (Su

et al., 2018b).

11. Wash with cold PBS by centrifugation at 350 3g for 5 min at 4�C.
12. To exclude dead cells, use calcein AM (Cat# C3100MP, ThermoFisher Scientific) to stain live

cells, and TO-PRO-3 (Cat# T3605, ThermoFisher Scientific) to stain dead cells. Only cells that

are both positive for calcein AM and negative for TO-PRO-3 could be gated as viable (Figure 1A)

(Puram et al., 2017). Prepare calcein AM solution by dissolving 50 mg reagent with 50 mL DMSO.

Prepare TO-PRO-3 solution by diluting 10 mL reagent with 20 mL DMSO. Restore the solution to

20�25�C before use.

13. Prepare calcein AM and TO-PRO-3 staining solution by diluting the solution with PBS (1:1000 for

both). Incubate the cells in calcein AM and TO-PRO-3 staining solution at 20�25�C for 15 min in

the dark.

14. Wash with cold PBS and centrifuge at 350 3g for 5 min at 4�C. Resuspend the cells in 500 mL of

cold PBS on ice.

15. Perform fluorescence activated cell sorting (FACS) with flow cytometer (BD Biosciences) using

488 nm (calcein AM, 530/30 filter), 640 nm (TO-PRO-3, 670/14 filter), 405 nm (Pacific blue�,

450/50 filter) and 561 nm (PE, 586/15 filter) lasers. Standard forward scatter height versus

area criteria were used to discard doublets and capture singlets. Collect the calcein AMhigh

TO-PRO-3low CD45+ CD19+ cells with tube containing sterile cold PBS with 10% FBS on ice.

The time for cell sorting should not exceed 4–5 h.

16. Pipette the sorted cell suspension and remove 20 mL to a new tube and add 20 mL of 0.4% Trypan

Blue (Cat# 15250061, ThermoFisher Scientific). Mix by gentle pipetting and use 10 mL to fill the

hemocytometer.
4 STAR Protocols 1, 100040, June 19, 2020
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17. Count the number of live (seen as bright cells) and dead cells (stained blue) with microscope. No.

of cells/mL = (Cell count)/4(number of chambers counted)3 2 (Dilution with Trypan Blue)3 104.

18. Divide the live cell count by the total cell count to calculate the viability.
Storage of B Cells

Timing: �20 min

This step provides a detailed procedure for storage of B cells for single-cell analysis or other

application.

19. Pre-cool the spin to 4�C. Centrifuge the isolated viable B cells at 3503g for 5min at 4�C. Discard

the supernatant.

20. Resuspend the cells with the 1 mL of freezing medium (90% FBS supplemented with 10%

DMSO).

21. Remove the cell suspensions into cryovials.

22. Put the vials in a gradient cooling box and store at -80�C.
23. After 24 h, transfer the vials containing cells to liquid nitrogen.
Thawing and Resuspension of Frozen Cells

Timing: �20 min

This step provides a detailed procedure for thawing and resuspension of frozen cells.

24. After confirming the treatment information of patients, pick the paired samples of breast can-

cers before and after neo-adjuvant chemotherapy.

25. Remove the cryovials from liquid nitrogen and thaw in the water bath at 37�C.
26. Pre-cool the spin to 4�C. Transfer thawed cells to a 50 mL conical tube and dilute cells with

30 mL of DMEM containing 10% FBS. Centrifuge at 350 3g for 5 min at 4�C.
27. Remove most of the supernatant and leave �1 mL.

28. Add 9 mL of cold Dulbecco’s PBS + 0.04% BSA containing 10% FBS.

29. Determine the cell viability and concentration with 0.4% Trypan Blue with Countess II Auto-

mated Cell Counter. Take out 20 mL of cell suspension and place in an Eppendorf tube. Add

20 mL of 0.4% Trypan Blue and mix gently.

30. Count cells with Countess II Automated Cell Counter. Load 10 mL of the mixure into a dispos-

able Countess chamber slide. Insert the slide into the instrument and press ‘‘Capture’’ to read

the concentration and viability.

31. Centrifuge cell suspension at 350 3g for 5 min at 4�C.
32. Discard the supernatant and resuspend cells with cold DPBS + 0.04% BSA at concentration of

1 3 105–2 3 105 cells/mL (Savas et al., 2018) on ice.

33. Load the cell suspension to v3 reagent kit (103Genomics, Pleasanton, CA, USA) for single-cell

RNA sequencing following the 10 3 Genomics Chromium single-cell protocol for the v3 re-

agent kit.
EXPECTED OUTCOMES

About 100–1,000 viable tumor-infiltrating B cells could be isolated from the specimen of each

patient.

Before loading the cell suspension to v3 reagent kit, the viability of cells ideally should be at least

90%.
STAR Protocols 1, 100040, June 19, 2020 5
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LIMITATIONS

The number of isolated tumor-infiltrating B cells varies among different patients due to the tumor

heterogeneity. In addition, tumor-infiltrating B cells from different patients may be pooled together

for single-cell analysis due to the limited number of isolated cells.

TROUBLESHOOTING

Problem

Low cell viability.

Potential Solution

The viability for B cells isolated from tumor tissue could be improved by always placing tissue or cells

on ice (steps 1–15 in STEP-BY-STEP METHOD DETAILS). In addition, it is critical to exclude dead

cells, debris and doublets in FACS (steps 12–15 in STEP-BY-STEP METHOD DETAILS).

Problem

Cell loss in the multiple steps.

Potential Solution

Due to very small number of cells isolated from primary tumor tissue, the cell pellet may not be

visible after centrifuge. Cell loss could be reduced by leaving a bit of supernatant in the tube instead

of removing all (steps 7, 11, 14, 19, 27, 32 in STEP-BY-STEP METHOD DETAILS).
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