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[Abstract] One-way mixed lymphocyte reaction (MLR) is a classic tool to measure how T cells react to
external stimuli. However, MLR is an in vitro reaction system, which shows different response intensity
compared with in vivo trails sometimes due to the lack of cytokines, tissue matrix and other immune
response associated factors. The following popliteal lymph node assay (PLNA) protocol is designed to
test the T cells antigen-specific reaction in vivo by using ovalbumin (OVA) specific reacted transgenic
mouse OT-1 and OT-2.
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[Background] In transplantation, autoimmune and infection studies, one-way mixed lymphocyte
reaction (MLR) is a helpful parameter to assess whether T-cell proliferation is increased or inhibited in
response to antigen present cells (APC) or other external stimuli. This is a classic functional test, which
demonstrates how the T-cell is affected by the test reagents, such as immune-suppress drug (Hou et
al., 2015; Zhang et al., 2015), negative cell or exosome vaccines (Ma et al., 2016; Cai et al., 2017).

However, this system has some limits due to the fact that it is in vitro immune reaction system. In vivo
immune reaction is affected by bio-microenvironment, such as cytokines, chemokines, hormones
secretion, tissue matrix and other unknown bio-factors.

Herein, the popliteal lymph node assay (PLNA) was designed as an in vivo tool to test the increased
or decreased immune response by using an ovalbumin (OVA) antigen-specific reaction system (Bhatt
et al., 2014; Cai et al., 2017).

Materials and Reagents

1. Gloves, mask and lab coat

2. Pipette tips
10 yl (FUKAEKASEI and WATSON, catalog number: 110-207C)
200 pl (FUKAEKASEI and WATSON, catalog number: 110-705C)
1 ml (FUKAEKASEI and WATSON, catalog number: 110-706C)

3. 27 G needle (Terumo Medical, catalog number: NN-2732R)
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24-well tissue culture plate (Greiner Bio One International, CELLSTAR®, catalog number:
662160)

Nylon fiber column T (Wako Pure Chemical Industries, catalog number: 147-06721)

21 G needle (Terumo Medical, catalog number: NN-2138R)

Nylon mesh, 70 um (AS ONE, catalog number: PA-70)

Culture dish

3.5 ml (Greiner Bio One International, CELLSTAR®, catalog number: 627170)

10 ml (Greiner Bio One International, CELLSTAR®, catalog number: 664160)

BD Falcon® disposable transfer pipets, 3 ml (Corning, Falcon®, catalog number: 357524)

10 ml serological pipette (Greiner Bio One International, CELLSTAR®, catalog number: 607180)
Falcon® 15 ml conical centrifuge tubes (Corning, Falcon®, catalog number: 352097)

1.5 ml round-bottom micro tube (FUKAEKASEI and WATSON, catalog number: 131-715C)
Aluminum foil (Mitsubishi)

C57BL6/Nslc (B6) mice

70% ethanol (Wako Pure Chemical Industries, catalog number: 324-00037)

Crashed ice and carrier

Recombinant Murine GM-CSF (PeproTech, catalog number: 315-03)

Recombinant Murine IL-4 (PeproTech, catalog number: 214-14)

Recombinant Murine IFN-y (PeproTech, catalog number: 315-05)

EndoGrade® Endotoxin-free ovalbumin (Hyglos, catalog number: 321000)

Distilled water (Thermo Fisher Scientific, Gibco™, catalog number: 15230162)
Phosphate-buffered saline (PBS; 10x), pH 7.2 (Thermo Fisher Scientific, Gibco™, catalog
number: 70013073)

CellTrace™ Violet Cell Proliferation Kit (Thermo Fisher Scientific, Invitrogen™, catalog number:
C34557)

CellTrace™ CFSE Cell Proliferation Kit (Thermo Fisher Scientific, Invitrogen™, catalog number:
C34554)

APC anti-mouse CD4 Antibody (BioLegend, catalog number: 100516)

APC Rat 1gG2a, k Isotype Ctrl Antibody (isotype) (BioLegend, catalog number: 400511)

PE anti-mouse CD8a Antibody (BioLegend, catalog number: 100708)

PE Rat IgG2a, k Isotype Ctrl Antibody (isotype) (BioLegend, catalog number: 400507)
RPMI-1640 (Wako Pure Chemical Industries, catalog number: 189-02025)

Fetal bovine serum (FBS) (Thermo Fisher Scientific, Gibco™, catalog number: 26140079)
100x penicillin-streptomycin-glutamine (Thermo Fisher Scientific, catalog number: 10378016)
100x MEM non-essential amino acids solution (Thermo Fisher Scientific, Gibco™, catalog
number: 11140)

100 mM sodium pyruvate (Thermo Fisher Scientific, Gibco™, catalog number: 11360070)
2-Mercaptoethanol (Sigma-Aldrich, catalog number: M6250)

Complete medium (see Recipes)
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Equipment
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Sanyo Bio clean bench (Panasonic Healthcare, catalog number: MCV-B131F)

COz2 incubator (Panasonic Healthcare, catalog number: MCO-5ACUV-PJ)

Autoclave (TOMY SEIKO, model: ES-315)

Tweezers (Weller, catalog number: 4SA)

Centrifuge (Beckman Coulter, catalog number: Allegra X-12)

Water bath (Tokyo Rikakikai, EYELA, model: NTT-2000)

Dissecting instrument start set (NATSUME SEISAKUSHO, Nazme, catalog number: E-16-F)

Flow cytometer (Beckman Coulter, model: Gallios)

Software

1.

FlowJo V.10.0.8. (FlowJo, LLC)

Procedure

A. Dendritic cells (DCs) culture and antigen loading (Figure 1)

1.

C57BL6/Nslc (B6) mice are kept within a CO2 chamber for 5 min and are confirmed dead. Both
ends of the femoral and tibial bone cortex are drilled with a 27 G needle. 5 ml PBS is injected
through the hole of one end, and bone marrow cells (BMCs) can be collected from the hole of
the other end. About 5-8 x 107 BMCs can be collected from one mouse. BMCs are cultured in a
24-well TC plate as 1 x 108 cells per well in 1 ml complete medium (see Recipes) in the presence
of GM-CSF (10 ng/ml), IL-4 (10 ng/ml) in 5% CO2 in air at 37 °C.

On Day 2, the culture soup is removed and new complete medium with GM-CSF (10 ng/ml), IL-
4 (10 ng/ml) is added to the plate (0.5 ml per well). The culture soup is centrifuged (300 x g, 5
min, 22 °C) and the supernatant is added back to the plate (0.5 ml per well).

On Day 5, the cells are harvested and washed 2 times with PBS. The split ratio is about 60-
80%. Cells are cultured into a new 24-well TC plate as 1 x 10° per well in 1 ml complete medium
in the presence of GM-CSF (10 ng/ml), IL-4 (10 ng/ml) and IFN-y (10 ng/ml). The final volume
is 1 ml per well.

On Day 6, the cells are pulsed with OVA (400 ug/ml) for 24 h. In detail, OVA s diluted in PBS at
10 ug/ul first and then added into DCs at 40 ul per well. The final volume is 1.04 ml per well. At
least 2 wells of cells are untreated with OVA as negative control for the reaction.

Cells are harvested on Day 7. Because the cells of interest are loosely adherent, we 1) tap the
plate gently; 2) harvest the fluid; 3) flush the empty well with 1 ml PBS and collect the fluid. The
harvested cells are washed with PBS three times to make sure that the redundant OVA is

removed thoroughly. Cells are suspended in PBS at 1.5-4.5 x 105 per 30 ul for use (Figure 1).
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Figure 1. OVA pulsed DCs preparation. Bone marrow cells are isolated from B6 mice and

cultured in completed medium with GM-CSF and IL-4 for 7 days. Half/half medium is changed
on Day 2. BM-DCs are stimulated with IFN-y on Day 5 for 48 h and are pulsed with OVA on Day

6 for 24 h. Cells are harvested on Day 7 and washed thoroughly before using.

B. T cells preparation

1.

Spleens are isolated from OT-1 and OT-2 Tg mice. Spleen cells are hemolyzed in 4.5 ml distilled
water for 6 sec followed by 0.5 ml 10x PBS. After this, 5 ml 1x PBS is added to dilute the
suspension.

Spleen T cells are separated by using Nylon Column T. Nylon Column T is washed by 10 ml
pre-warmed RPMI-1640 slowly. Air is removed by squeezing the nylon fiber. Hemolyzed spleen
cells (< 1 x 108) are suspended in 1 ml of warm RPMI and loaded onto the column. The T-shape
stopcock, which connected the column and 21 G needle, is switched to let the suspension
infiltrate into the nylon fiber followed by 1 ml additional RPMI-1640 loading onto the column.
Then, the column is sealed and incubated at 37 °C and 5% COz2 for 60 min. After that, T cells
are then eluted with 5 ml warm RPMI.

T cells are labeled with CellTrace Violet or CFSE Cell Proliferation Kit (2.5 uyM, 37 °C, 8 min)
according to product manual. Violet or CFSE labeled T cells are suspended in PBS at 3 x

108/500 pl for use. Details are shown in Figure 2.
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Figure 2. T cells isolation and labeling. Spleen cells are hemolyzed with distilled water and
10x PBS. T cells are separated by nylon-wool column and then labeled with Cell-Trace CFSE
or Violet.

C. Popliteal lymph node assay (PLNA)

1. Violet or CFSE labeled OT-1 or OT-2 T cells are adoptively transferred intravenously to naive
B6 mice (recipients) at 3 x 108/500 ul/mice at Day -1. Then OVA pulsed BMDCs are injected
subcutaneously into the recipients’ footpads at 4.5 x 105/0.03 ml at Day 0. The popliteal lymph
nodes (PLNs) are harvested at Day 3.

2. Lymph nodes (LNs) capsules are pierced by 27 G needle. Cells isolated from LN are filtered
with 70 yum mesh and stained with CD8-PE (violet labeled T cells group) or CD4-APC (CFSE
labeled group) for flow cytometry assessment. Details are shown in Figure 3.
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Figure 3. PLNA procedure. Step 1. Cell-Trace labeled T cells are transferred into wide type B6
at Day -1. OVA-loaded DCs are injected subcutaneously into their footpads at Day 0. The
popliteal lymph nodes (PLNs) are harvested at Day 3. Step 2. Cells harvested from PLNs are
stained with antibody and detected by flow cytometry.

Data analysis

1.

Copyright © 2017 The Authors; exclusive licensee Bio-protocol LLC.

Cells isolated from PLN are detected by Gallios flow cytometer and analyzed with FlowJo
V.10.0.8.

Proliferation of T cells is determined by Violet or CFSE dilution gated on CD8* (OT-I) or CD4*

(OT-Il) population. Grey lines indicate PBS injection into the footpad (i.fp), used as a negative
control (Figure 4).
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Figure 4. PLNA data. CD8*Violet* (OT-1) or CD4*CFSE* (OT-Il) double positive population is
gated for a histogram view. T cells transferred + PBS i.fp, negative control group (grey) indicates

the original non-proliferation population. The proliferated population is gated and shown as a
percentage of total T cells.
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Recipes

1. Complete medium (500 ml)

435 ml RPMI-1640

50 ml Gibco™ fetal bovine

5 ml 100x penicillin-streptomycin-glutamine

5 ml 100x Gibco™ MEM non-essential amino acids
5 ml 100 mM Gibco™ sodium pyruvate

2 ul 2-mercaptoethanol
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