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[Abstract] Antibody-dependent cell-mediated cytotoxicity (ADCC) bridges innate and adaptive
immunity, and it involves both humoral and cellular immune responses. ADCC has been found to
be a main route of immune protection against viral infections and cancers in vivo. Here we
developed a flow cytometry based protocol for ADCC assay using human peripheral blood
mononuclear cells (PBMCs) as effector cells. Using this protocol, we determined the ADCC
activity of convalescent plasma IgGs from six H1N1-infected human subjects in China, and
identified two dominant ADCC epitopes, designated E1 [amino acid (AA) 92-117] and E2 (AA
124-159), on haemagglutinin of pandemic H1N1 influenza virus by epitope mapping of the
convalescent plasma IgGs with different levels of ADCC activity. Our study may aid in designing
immunogens that can elicit antibodies with high ADCC activity. Vaccine immunogens designed to
include the structural determinants of potent broadly neutralizing antibodies and ADCC epitopes

may confer a comprehensive immune protection against viral infections.

Materials and Reagents

Raiji cells (ATCC)
A/California/04/2009(H1N1) influenza virus (Reference Laboratory)

Turkey red blood cells (from animal)

P wondPE

Tissue culture medium with serum (complete medium) RPMI 1640 (Life Technologies)
containing 10% heat-inactivated fetal calf serum (FCS) and 2% L-glutamine

o

Serum, albumin, or other system-compatible protein (FBS) (Life Technologies, catalog
number: 10099141)

6. PKH67 cell labelling dye (Sigma-Aldrich, catalog number: MIDI67)

7. 7-AAD Stain (Life Technologies, catalog number: A1310)

8. PBS (Calcium Magnesium free) (Life Technologies, catalog number: 10010-023)

9. RPMI 1640 media (Life Technologies, catalog number: 12633-020)
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10. Pen/Strep (Life Technologies, catalog number: 10378016)
11. Triton X-100 (Sigma-Aldrich, catalog number; T8787)

Equipment

Round bottomed 96-well plate
Temperature controlled centrifuge

Polypropylene conical bottom centrifuge tubes (4-15 ml)

1.

2

3

4. Bio-safety Cabinet
5. Haemocytometer or cell counter

6. Slides and coverslips

7. Instrument(s) for fluorescence analysis (Flow cytometer)
8

37 °C, 5% CO: incubator
Procedure

A. Preperation of Target Cells

1. Infect Raji cells at a MOI 2, 48 h before assay with A/California/04/2009 (H1N1) influenza
virus in BSL-3 facility at a multiplicity to give about 80-95% infected cells. Detall
procedure in Note 4.

2. Take a sample of target cells 48 h after infection in order to assess the incidence of
infected cells through its ability to produce hem-agglutination with Turkey red blood cells
and binding with polyclonal antibodies. Detail procedure in Note 5.
2 x 108 cells washed twice with PBS.

4. PKH67 cell labelling performed as per the protocol for General Cell Membrane Labelling

by Sigma-Aldrich.

B. Preparation of Effector Cells (Isolation of PBMCs)
1. Isolate PBMCs from Blood samples of healthy volunteers, according to method given by
Panda and Ravindran (2013).
2. Wash twice isolated PBMCs with PBS.

C. Antibody-dependent cell-mediated cytotoxicity assays (ADCC)
Antibody-dependent cell toxicity was determined using the flow-cytometry based method
employing the principle of live and dead cell discrimination (Srivastava et al., 2013).
1. Dispense 5.0 x 10*labelled target cells in 50 yl RPMI 1640 media in each well as per the

layout given bellow in round-bottomed 96 well plate in duplicate.
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2. Add 50 pl of antibodies (total IgGs from plasma of infected patients 1ug/ml and/or 5 pg/ml
resulting in 0.5 pyg/ml and 2.5 pg/ml) to the wells as per layout.
Incubate for 15 min at 37 °C in COz incubator.

4. Add unlabelled normal PBMC effector cells in 100 ul of RPMI 1640/0.5% Pen/Strep at a
concentration of 2.5 x 107 cells/ml to each well as per the layout.

5. Incubate cells for 2 h at 37 °C in CO2 incubator.

6. After 2 h add 1 pl of the fluorescent dead cell dye 7-amino-actinomycin-D (7-AAD).

7. Incubate at 4 °C in dark for 20 min.

8. Analyse cells on FACS machine. A total of 5,000 target cells acquire.

9. Determine percentage cell death by software analysis of four identifiable cell populations,
live effector cells (no dye), dead effector cells (7-AAD only), live target cells (PKH-67
only) and dead target cells (PKH-67 and 7-AAD).

1 2 3 4 5 6 7

Unstained | Unstained | PKH67 | 7AAD PKH67 PKH67 PKH67 Stained

Target Effector Stained | Stained | Stained Stained Target | Target Cells

Cells Cells Target | Target | Target Cells + Antibody

Cells Cells Cells + |+ 5 uy 1% | + 7AAD Stain
media + | Triton X-100

7AAD + 7AAD Stain
Stain

D. FACS analysis step

o g s~ wDh P

Notes

Identify total (Live and dead) target cell zone (FSC Vs SSC) (5,000) (Well no 1).
Identify effector cell zone (FSC Vs SSC) (5,000) (Well no 2).

Acquire PKH67 positive cells (5,000) (Well no 3).

Acquire 7AAD positive cells (5,000) (Well no 4).

Acquire all wells 5, 6 and 7 (5,000 PKH67 positive cells).

Locate double positive population (PKH67 and 7AAD) by gating PKH67 cells and then
gating 7AAD positive cells.

Assay controls will be used to define cell populations included target cells without
antibody (background cell death) and target cells with 5 pl 1% Triton X-100 (maximum

fluorescence).
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2. Data presented as % increase in ADCC = (% cell death in presence of IgG - % cell death

in absence of IgG)/(% Cell death in maximum lysis - % cell death in absence of IgG) x100.

3. Experiments should be repeated for each IgG using pooled PBMCs from three healthy

volunteers.

4. Infection of Raji cells (briefly)

a.

10 ml of 2 x 10° cells/ml wash 3 times with 5 ml of RPMI1640 containing 2 ug/ml of
TPCK-trypsin.

Remove media and inoculate A/California/04/2009 (H1N1) influenza virus at a MOI 2.
Allow inoculum to adsorb for 60 min at 37 °C.

Gently wash with 6 ml of media (RPMI1640) containing 2 pug/ml of TPCK trypsin
without serum.

Add 5 ml of media (RPMI1640) containing 2 pg/ml of TPCK trypsin with 2% calf

serum to T-25 flasks.

5. Hem-agglutination Assay (HA)

a.
b.

C.

Prepare culture supernatant, serially dilute virus in PBS.

Take 50 pl of each dilution and place in pre-labeled U bottom 96-well plate.

Add 50 ul of a 0.5% turkey Red Blood Cells suspension to each tube and mix by
agitation.

Allow tubes to sit undisturbed at room temperature for 30 min.

After 30 min, record results. A negative tube is seen as a perfectly outlined round
"button” of cells settled at the bottom of the tube. Intermediately positive results are
seen with irregular clumps of cells at the bottom of the tube. Positive results are seen

with a uniform film that lacks a distinct shape covering the bottom of the tube.
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