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SUMMARY:

In this protocol, lymphocytes are placed in the top chamber of a transmigration system,
separated from the bottom chamber by a porous membrane. Chemokine is added to the bottom
chamber, which induces active migration along a chemokine gradient. After 48 hours,
lymphocytes are counted in both chambers to quantitate transmigration.

ABSTRACT

Herein, we present an efficient method that can be executed with basic laboratory skills and
materials to assess lymphocyte chemokinetic movement in an ex vivo transmigration system.
Group 2 innate lymphoid cells (ILC2) and CD4+ T helper cells were isolated from spleens and lungs
of chicken egg ovalbumin (OVA)-challenged BALB/c mice. We confirmed the expression of CCR4
on both CD4+ T cells and ILC2, comparatively. CCL17 and CCL22 are the known ligands for CCR4;
therefore, using this ex vivo transmigration method we examined CCL17- and CCL22-induced
movement of CCR4+ lymphocytes. To establish chemokine gradients, CCL17 and CCL22 were
placed in the bottom chamber of the transmigration system. Isolated lymphocytes were then
added to top chambers and over a 48-hour period the lymphocytes actively migrated through 3
um pores towards the chemokine in the bottom chamber. This is an effective system for
determining the chemokinetics of lymphocytes, but, understandably, does not mimic the
complexities found in the in vivo organ microenvironments. This is one limitation of the method
that can be overcome by the addition of in situ imaging of the organ and lymphocytes under

L]


https://www.editorialmanager.com/jove/download.aspx?id=1058456&guid=bb201fa0-d08a-40c1-943d-cb8d3d34de1f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1058456&guid=bb201fa0-d08a-40c1-943d-cb8d3d34de1f&scheme=1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

study. In contrast, the advantage of this method is that is can be performed by an entry-level
technician at a much more cost-effective rate than live imaging. As therapeutic compounds
become available to enhance migration, as in the case of tumor infiltrating cytotoxic immune
cells, or to inhibit migration, perhaps in the case of autoimmune diseases where
immunopathology is of concern, this method can be used as a screening tool. In general, the
method is effective if the chemokine of interest is consistently generating chemokinetics at a
statistically higher level than the media control. In such cases, the degree of
inhibition/enhancement by a given compound can be determined as well.

INTRODUCTION:

This original transmigration method was presented by Stephen Boyden in 1962 in the Journal of
Experimental Medicine'. Much of what we know about chemotaxis and chemokinetics would not
be possible without the development of the Boyden chamber. Prior to the discovery of the first
chemokine in 1977, ex vivo transmigration systems were used to learn about serum-factors that
could arrest cellular movement in macrophages while amplifying cellular motility in
neutrophils?. A massive wealth of knowledge has been developed regarding immune cell
migration, and to date, 47 chemokines have now been discovered with 19 corresponding
receptors®*. In addition, multitudes of inhibitors/enhancers of these chemokine pathways have
undergone development for therapeutic purposes®®. Many of those compounds have been
tested in similar transmigration chambers to understand direct interactions between the
compounds and immune cell responsiveness to a given chemokine®.

Transmigration, or diapedesis, into inflamed tissue is an essential process to a healthy
inflammatory response to clear infection'®!l, A Boyden chamber, transmigration system, or
transwell apparatus are generally composed of two chambers separated by a porous
membranel!?, The bottom chamber most often holds media containing the chemokine of
interest, while leukocytes are placed in the top chamber. The size of the pore in the membrane
can be selected based on the size of the cell of interest. For this project, we selected a 3 um
porous membrane, as lymphoid cells are 7-20 um in size, depending on the stage of cellular
development. This pore size ensures that these cells are not passively falling through the pores,
but that they are actively migrating in response to the chemokine gradient.

The major advantage of this protocol is its cost effectiveness. In vivo transmigration is difficult
because it requires extensive training in animal handling and surgery, and often involves high-
powered microscopy that is not always available to a researcher. Cost effective screening of
compounds thought to enhance or inhibit transmigration can be accomplished in advance of in
vivo imaging. Because the transmigration system is tightly controlled, cells may be treated
initially then added to the transwell apparatus, or, vice versa, the chemokine may be treated first
with a chemokine inhibitor then cells added to the transwell apparatus. Lastly, endothelial cells
and/or basement membrane proteins can be added to the bottom of the transwell insert 1-2
days prior to the transmigration experiment to understand the involvement of these barrier cells
in chemokinetics. Again, these manipulations of the system provide a powerful means of
determining important information about the effectiveness of a given compound in advance of
more complicated in vivo studies.



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Utilizing a transmigration chamber system is an effective way to assess lymphocyte mobility
under various in vivo and in vitro conditions!?'4, Herein, we describe an optimized method for
assessing ex vivo lymphocyte responsiveness to chemokines in a transmigration chamber. In this
example experiment, CD4+ T cells and group 2 innate lymphoid cells (ILC2) were isolated from
male and female, BALB/c mice following OVA-allergen exposure. A hypothesis was generated
that CCR4+ CD45+ Lineage- (LIN-) ILC2 from allergen-challenged mice would migrate more
efficiently towards CCL17 and CCL22 than CCR4+ CD4+ T helper cells. CCL17 and CCL22 are
chemokines commonly produced by dendritic cells and macrophages of the M2 (allergic)
phenotype, among other cells, in allergy*>*¢. CCL17 and CCL22 can be thought of as biomarkers
of allergic inflammation as they are readily detected in the lungs during airway exacerbations®
18 Importantly, CCR4 expression is elevated in comparison to untreated controls, as revealed in
bioinformatic data generated from ILC2 isolated from house dust mite treated animals, and
similarly ILC2 from naive animals treated ex vivo with IL-33 (allergen-promoting innate cytokine)
upregulates CCR4%%2%, Furthermore, according to data for ILC2 in the Immunological Genome
Project database (www.immgen.org), CCR4 mRNA is highly expressed in these innate immune
cells. To date, little is known regarding trafficking of ILC2 into tissues, but it is likely that the ILC2
and CD4+ T cells use similar chemokines and receptors for chemotaxis and chemokinetics as they
express similar transcription factors and receptors. Thus, we compared CCL17 versus CCL22
responsiveness, of ILC2 and CD4+ T lymphocytes, from both male and female, OVA-challenged
animals.

PROTOCOL:

All methods described here were reviewed and approved by the Institutional Animal Care and
Use Committees at the University of Nebraska Medical Center (UNMC) and the University of
Utah.

1. Setup and Preparation of Reagents

1.1. Prepare complete RPMI (Roswell Park Memorial Institute) media.

1.1.1. Add 10 mL of heat-inactivated fetal bovine serum (FBS) to 90 mL of RPMI.

1.1.2. Add 1 mL of 100x Penicillin-Streptomycin-Glutamine to 100 mL of 10% FBS RPMI.

1.2. Prepare ILC2 Expansion Media.

1.2.1. Add IL-2 and IL-33 (20 ng/mL each cytokine) to 10 mL of complete RPMI.

1.2.2. If stock cytokines are 10 pg/mL, pipette 20 pL of IL-2 and IL-33 into a 15 mL tube containing
10 mL of complete RPMI media.

1.3. Prepare Lung Dissociation Medium.
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1.3.1. Add 50 mg of type 1 collagenase to 250 mL of unsupplemented RPMI.

1.3.2. Add 2.5 mL of 100x penicillin-streptomycin-glutamine to the 250 mL of media in step 1.3.1.
1.3.3. Gently mix the media to ensure the type 1 Collagenase is completely dissolved before use.
1.4. Prepare Serum-free RPMI.

1.4.1. Dilute 1 g of lyophilized bovine serum albumin (BSA) in 200 mL of RPMI.

1.4.2. Add 2 mL of 100x penicillin-streptomycin-glutamine.

1.4.3. Gently mix the media to ensure the BSA is completely dissolved in the media before use.
1.5. Prepare Migration Medium with CCL17.

1.5.1. Acquire 10 mL of serum-free RPMI and add CCL17 [50 ng/mL].

1.5.1.1. If stock CCL17 is 10 pg/mL, add 50 puL of CCL17 stock to 10 mL of serum-free RPMI media.
1.6. Prepare Migration Medium with CCL22.

1.6.1. Acquire 10 mL of serum-free RPMI and add CCL22 [50 ng/mL].

1.6.2. If stock CCL22 is 10 pg/mL, add 50 pL of CCL22 stock to 10 mL of serum-free RPMI media.
1.7. Prepare CCR4 Antibody Staining Cocktail.

1.7.1. For 10 tests total, add 5 uL of each of the following antibodies to a 5 mL tube: anti-mouse
CCR4, CD19, CD11b, CD45, ST2, and ICOS.

NOTE: Example of how to make antibody cocktail for 10 samples: 0.5 uL of each antibody x 10
samples =5 uL of each of the antibodies listed in 1.7.1.

1.7.2. For 10 tests total, add 2.5 pL of the following antibodies to the antibody cocktail from step
1.7.1: anti-mouse CD3, CD11c, and NK1.1.

NOTE: Example to complete the antibody cocktail for 10 samples: 0.25 pL x 10 samples = 2.5 uL
of CD3, CD11c and NK1.1 antibodies.

1.7.3. Store the CCR4 Antibody Staining Cocktail at 4 °C until ready to add to the samples. Discard
antibody cocktail after 1 week if not used.
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1.8. Prepare 1x Stabilizing Fixative.
1.8.1. Add 10 mL of deionized-distilled water to 5 mL of 3x stabilizing fixative concentrate
2. Preparation of allergen-challenged BALB/c mice

NOTE: Male and female BALB/c mice were purchased from Charles River (UNMC) or Jackson
Laboratories (University of Utah) at 6 to 8 weeks of age.

2.1. After acclimation (1 week), sensitize all animals to OVA.

2.1.1. Combine 100 pg/mL OVA adsorbed to aluminum hydroxide (20 mg/mL) in a 5 mL
polystyrene tube.

2.1.2. Mix the tube and immediately draw 500 uL of the OVA-alum suspension intoa 1 mL, 28 G
syringe (insulin syringe).

2.1.3. Place a mouse in a bell jar containing isoflurane (1-2 mL under a false floor, so that the
animal is not standing directly in isoflurane). Allow the mouse to go under anesthesia for

approximately 1-2 min, or until the rate of respiration drops.

2.1.4. Quickly pick up the mouse by the fur on the back and shoulders and inject 100 pL of OVA-
alum intraperitoneally per mouse?'?2,

2.1.5. Place the mouse back in its cage and watch to make sure they regain mobility; this should
occur within 2=5 min.

2.2. Seven days after sensitization, subject all animals to intranasal (i.n.) 1.5% OVA diluted in
sterile saline in a nebulization chamber (Data Sciences International) for 20 min.

2.2.1. Remove mice from their cages and place them in the animal nebulization chamber. Close
the lid on the chamber.

2.2.2. Attach the nebulization hose to the input spout on the nebulization chamber.

2.2.3. Add 30 mL of 1.5% OVA diluted in sterile saline to the nebulization cup on the nebulizer.
2.2.4. Turn on the nebulizer and allow the chamber to fill with mist for 20 min.

2.2.5. Turn off the nebulizer and let the mist settle.

2.2.6. Return animals to their cages.

2.3. Repeat step 2.2 for a total of 5 times, on 5 consecutive days, to induce allergic inflammation.
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3. Isolation of CD4+ T cells from spleens and lungs of OVA-challenged mice

3.1. Humanely euthanize all OVA-treated male and female animals by CO; asphyxiation according
to approved IACUC protocols, using 2 to 3 animals per group, per experiment.

3.2. Excise lungs and spleens from animals and place tissues in separate dissociation tubes based
on the tissue type and sex of the animal?3.

3.3. Dissociate lung tissue in 500 uL of Lung Dissociation media (25 U/mL; collagenase, type 1) in
the automated tissue dissociator using the ‘lung’ protocol.

3.3.1. Repeat 3.2 and 3.3 a total of two times.

3.4. Dissociate spleen tissue in 500 pL of complete RPMI media using the ‘spleen’ protocol on the
automated tissue dissociator.

NOTE: The remaining steps should be performed in a Biological Safety cabinet using sterile
technique.

3.5. Rinse the dissociation tubes containing lung and spleen homogenates with 5 mL of additional
Lung Dissociation media or Complete RPMI, respectively.

3.6. Filter cell suspensions through a 40 um cell strainer and collect into 50 mL conical tubes.

3.7. Incubate lung homogenates for 15-30 min in a 37 °C incubator with 5% CO, to further
dissociate lung tissue.

3.8. Add 5 mL of Complete RPMI to the lung and spleen homogenates and pellet the cells at the
bottom of the 50 mL tubes using centrifugation; 378 x g at room temperature (RT) for 5 min.

3.9. Combine splenocytes and lung cells into a single 50 mL conical tube and determine total cell
counts using the automated cell counter.

3.10. Adjust male and female cell suspensions to 1 X 108 cells/mL in separation buffer and add to
a 5 mL polystyrene tube.

NOTE: The Enrichment Protocol can be adjusted up to 14 mL polystyrene tubes when more cells
are acquired from spleen and lungs. This protocol was designed for tissues from 2—3 mice per
group; therefore a 5 mL tube should suffice.

3.11. Use approximately two thirds of the total cells for ILC2 isolation according to the ILC2
enrichment protocol.
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3.11.1. Add antibody cocktail (50 uL/mL) to the cell suspension and incubate for 5 minutes at RT.

3.11.2. Vortex rapid spheres for 30 s and add to the sample at a rate of 75 uL/mL of cell
suspension. Gently mix and incubate for 5 min at RT.

3.11.3. Top the tube up to 3 mL total volume with separation buffer and place in the 8-chamber
easy separation magnet. Incubate for 3 minutes at RT.

3.11.4. Tip the magnet forward (away from the sphere-antibody-cell complexes adhered to the
back of the tube) and pipette off the cell suspension into a clean 5 mL tube.

3.11.5. Add 1.5 mL of complete RPMI to the tubes and centrifuge at 378 x g for 5 min at RT.
3.11.6. Pour off the media from the cell pellet and resuspend the ILC2 at 1 x 107 cells per mL.

3.11.7. Place 100 ulL of male and female ILC2 per well in a U-bottom, 96-well plate and add 100
ulL of ILC2 Expansion Media to each well.

3.11.8. Incubate the cells for 4-5 days to expand the ILC2.

3.11.9. Collect the ILC2 into a 5 mL tube and add up to 4.5 mL of serum-free RPMI. Centrifuge the
cells at 378 x g for 5 min at RT.

3.11.10. Count cells using a hemacytometer and resuspend at 1 x 107 ILC2 per mL in serum-free
RPMI.

3.12. Use the remaining cells for the CD4+ T cell isolation procedure, which is conducted
according to the mouse CD4+ T cell isolation protocol with few modifications.

3.12.1. Add rat serum (50 puL/mL) to the CD4 T cell enrichment suspension.

3.12.2. Add Isolation cocktail (50 uL/mL) to the sample and incubate for 10 min at RT.
3.12.3. Vortex rapid spheres for 30 s and add to the sample at a rate of 75 puL/mL.
3.12.4. Gently mix the cell suspension and incubate for 2.5 min and RT

3.12.5. Top the samples up to 3 mL and place the 5 mL tubes into the 8-chamber easy separation
magnet and incubate for 5 min at RT.

3.12.6. Tip the magnet forward and pipette the cell suspension into a clean 5 mL tube.

3.12.7. Add 1.5 mL of serum-free RPMI to the tubes and centrifuge at 378 x g for 5 min at RT.
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3.12.8. Pour off the media from the cell pellet and resuspend the CD4+ T cells at 1 x 107 cells per
mL in serum-free RPMI.

4. Determine CCR4 expression on CD4+ T cells and group 2 innate lymphoid cells (ILC2) from
OVA-challenged animals by flow cytometry.

NOTE: The following steps may be performed on an open bench top as they are non-sterile
techniques.

4.1. Acquire approximately 1-2.5 x 10° ILC2 cells from step 3.11.10 and 1-2.5 x 10° CD4+ T cells
from step 3.12.8 in separate 5 mL tubes.

4.1.1. Keep an additional tube of at least 5.0 x 10*CD4+ T cells as an unstained control.

4.2. Suspend the cells in 100-200 uL of FACS buffer and add 1 uL of Fc Block to every tube, then
incubate on ice (or in a 4 °C refrigerator) for 10 min.

4.3. Add 1-2 mL of FACS Buffer to every tube and centrifuge at 378 x g for 5 min at RT.
4.4. Pour off the supernatant and resuspend the cells in 100—200 pL of FACS Buffer.

4.5. Add 37.5 uL of the CCR4 Antibody Staining Cocktail to the cell suspension in every tube
except the tube containing the ‘unstained’ cells.

4.6. Incubate the tubes on ice, or in a 4 °C refrigerator, for 20—-30 minutes.

4.7. Add 1-2 mL of FACS Buffer to every tube and centrifuge at 378 x g for 5 min at RT.
4.8. Pour off the supernatant.

4.9. Repeat steps 4.7 and 4.8.

4.10. Add 250-300 pL of 1x stabilizing fixative (see Table of Materials) to every tube.

4.11. Prepare single-colored bead controls for each antibody in the CCR4 antibody cocktail
according to the protocol provided with the compensation beads.

4.11.1. Vortex the compensation beads.
4.11.2. Add one drop of the beads to each single-colored control tube.
4.11.3. Add 1 pL of each antibody in the CCR4 Antibody cocktail to its own labeled tube.

4.11.4. Gently mix and incubate for 10 min in a 4 °C refrigerator or on ice.
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4.11.5. Add 1-2 mL of FACS Buffer to all the tubes and centrifuge at 378 x g for 5 min at RT.
4.11.6. Pour off the supernatant and resuspend the beads in 200 uL of FACS buffer.

4.11.7. Refrigerate the single-colored controls until all the samples are stained and ready to be
analyzed on the flow cytometer.

4.12. Analyze the unstained cells, single-colored controls and the experimental samples on the
flow cytometer within 24 h of fixation.

5. Ex vivo transmigration procedure

NOTE: The following steps should be performed in a Biological Safety Cabinet, as they require
sterile technique.

5.1. Acquire the ILC2 from step 3.11.10 and CD4 T cells from step 3.12.8 and determine the
number of transwell inserts needed for the experiment.

NOTE: Example: For 1.2 mL of enriched CD4 T cells from step 3.12.8, multiply 1.2 X 1000 pL =
1200 pL; then divide 1200 uL by 100 pL = 12, the number of inserts needed for CD4 T
transmigration.

5.2. Gently move the 3 um transwell inserts from the middle rows of a 24-well plate.

5.3. Add 500 pL of migration media with CCL17 to approximately one-third of the wells.

5.4. Add 500 pL of migration media with CCL22 to another one-third of the wells.

5.5. Add 500 pL of serum-free RPMI containing no chemokine to the last one-third of the wells.

5.6. Clearly label the lid on the plate with the appropriate transmigration media placed in the
bottom wells.

5.7. Place the transwell inserts back into the wells containing the various treatments.
5.8. Gently add 100 pL of CD4 T cells or ILC2 to the top well of each insert. Do not mix or pipette
the cell suspension up and down in the transwells, as this may confound the results of the

experiment.

5.9. Clearly label the lid of the plate with the cell type placed in each well and write the date and
time of day that the cells were added.

5.10. Repeat steps 5.2 to 5.9 until all the cells have been placed in transwell inserts with media.



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

5.11. Gently place the plate in a 37 °C incubator with 5% CO> for 48 hours. Minimize contact with
the plate over the incubation period.

6. Quantification of ex vivo transmigration

6.1. Gently remove the plate from the incubator and remove all the transwell inserts from the
middle rows into the empty wells just above or below.

6.2. Collect the cells from the bottom and top wells of the transwell inserts into tubes labeled
with TOP or BOTTOM, with CCL17, CCL22, or media, with the cell type, and with the replicate
number (at least 3 replicates per experiment).

6.3. Rinse the bottom wells with 500 uL of 1X PBS and collect this rinse into the corresponding
tube.

6.4. Rinse the top wells with 250 pL of 1X PBS and collect this rinse into the corresponding tube.
6.5. Pellet the cells by centrifugation at 378 x g for 5 min at RT.

6.6. Gently pipette off all supernatant from the cell pellet.

6.7. Resuspend T cells and ILC2 into 50 pL of 1x PBS.

6.8. Take 10 pL of the cell suspensions and add to 90 uL of 0.4% trypan blue.

6.9. Count the cells on the automated cell counter.

6.9.1. Record %viability.

6.9.2. Record the cell count per mL for each sample.

6.9.3. Determine the total number of cells per treatment in the top and the bottom chamber;
record the cell counts.

REPRESENTATIVE RESULTS:

CCR4 expression on CD4+ T cells and ILC2.

For the success of the ex vivo transmigration experiment, it is imperative to determine whether
the lymphocytes are responsive to CCL17 and CCL22 through CCR4; therefore, we determined
CCR4 expression on both CD4+ T cells and ILC2 by flow cytometry. While it is well known that
OVA-specific CD4+ helper T cells express CCR4, less is known of the expression of CCR4 on ILC2.
Figure 1 shows representative results of CCR4 expression, comparatively, on CD4+ T cells (Figure
1A,C) and ILC2 (Figure 1B,D) from male and female, OVA-challenged BALB/c mice. Flow
cytometry was used to detect CCR4 using a monoclonal antibody conjugated to allophycocyanin
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(APC). Using One-Way Analysis of Variance (ANOVA), we determined there were no differences
in CCR4 expression between male and female hosts (Figure 1A-D), however, the expression of
CCR4 on a per cell basis (MFI) on ILC2 was higher in comparison to CD4+ T cells (Figure 1C
compared to Figure 1D). These results are important in showing that the ILC2 and CD4+ T cells
should respond to CCL17 and CCL22 in the following experiment.

Responsiveness of CD4+ T cells to CCR4 ligands in the top and bottom chambers of a
transmigration system.

CD4+ T cells from male, OVA-challenged BALB/c mice were isolated from the lungs and spleens
and placed in the top chamber of a transmigration apparatus separated by a 3 uM porous
membrane (Figure 2). A summary of the in vivo preparation of OVA-treated mice (Figure 2A) and
the transmigration procedure (Figure 2B) are shown for reference. A combination of CCL17 (25
ng/mL) and CCL22 (25 ng/mL) were placed in the top chamber, the bottom chamber or both the
top and bottom chambers to confirm (Figure 2C), (1) that the CD4+ T cells from OVA-challenged
animals were responsive to CCR4 ligands, and (2) that chemokine-induced migration was an
active process by which T cells were moving through the pores in response to the chemokine
gradient, and that the lymphocytes were not moving through the pores independent of
chemokine. A media (No Chemokine) control was included to show that CD4+ T cells could not
migrate through the 3 uM pores without stimulation. In this condition, the highest percentage of
cells remained in the top chamber. When the chemokines were placed in the top and bottom
chamber simultaneously, we detected 52% of the total T cells in the bottom chamber and 48%
of the cells in the top chamber (TOP/BOTTOM treatment). As expected, the distribution of cells
moved in response to chemokine placed only in the top or only in the bottom chamber, as we
detected the highest percentage of cells in the compartment where chemokine was present.

Responsiveness of CD4+ T cells and ILC2 to CCL17 and CCL22 in an ex vivo transmigration
apparatus.

CDA4 T cells and ILC2 from male and female, OVA-challenged mice were isolated from lungs and
spleens then placed in the top chamber of a transwell transmigration apparatus (Figure 3). The
bottom chamber of the apparatus was filled with untreated cell culture media, media containing
CCL17, or media containing CCL22. The representative results show that less than 14% (13.37 +
6.5%) of the cells migrated in media control conditions (Figure 3A-D). In response to CCL22, both
cell types, regardless of whether they were from male or female hosts, responded to CCL22
(Figure 3A-D), however, the results for CCL17 were less consistent. CCL17 only induced
significant migration for the female CD4 T cells and ILC2 in comparison to media alone (Figure
3C,D). CCL17 treatment was not different than media for male CD4+ T cells or male ILC2 (Figure
3A,B), and CCL22 induced greater migration than CCL17 in male ILC2 (Figure 2B).

Suboptimal transmigration results for CD4+ T cells with low viability.

Suboptimal results were generated to provide the researcher an example of what to expect when
the transmigration experiment does not work properly (Figure 4). We isolated male CD4+ T cells
from animals according to this protocol and placed them in the top well of transmigration system.
After the CD4+ T cells were added, however, the plate remained at room temperature for the
first 24 hours, then the plate was moved into the incubator for the remaining 24 hours of the



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

incubation period. Not surprisingly, we detected no migration towards CCL17 and CCL22 (Figure
4A) and the viability of the cells was notably low (< 15%) for the cells in the top (Figure 4B). These
flawed results highlight the importance of using the correct temperatures and conditions detailed
in this protocol to achieve optimum results.

FIGURE LEGENDS:

Figure 1. CCR4 expression on CD4+ T cells and ILC2. 7- to 9-week old, male and female, BALB/c
mice were injected once with 100 pL of OVA-adsorbed to aluminum hydroxide (500 pg/mL; OVA
and 20 mg/mL aluminum hydroxide) 7 days prior to the first of 5, repetitive, daily airway
challenges with 1.5% OVA in saline. Allergen-challenged animals were humanely euthanized, and
lung and spleen tissue was collected for ILC2 and CD4+ T cells isolation. A small aliquot of cells
was then stained and analyzed by flow cytometry to determine the level of CCR4 on each cell
type. (A) Frequency of CD4+ T cells that are CCR4+ from OVA+ mice, where the error bars
represent the standard error of the mean (+ SEM). (B) Frequency of ILC2 that were CCR4+ (+SEM).
(C, D) Mean fluorescence intensity (+SEM) of CCR4 on (C) CD4+ T cells and (D) ILC2. A total of 13
mice were used to generate these data, and the flow experiment was repeated two times, with
3 replicates of each treatment per experiment. Significance was determined by One-Way ANOVA;
n.d. indicates there were no differences between groups.

Figure 2. Responsiveness of CD4+ T cells to CCR4 ligands in the top and bottom chambers of a
transmigration system. Male BALB/c mice sensitized and challenged with chicken egg ovalbumin
(OVA) and CD4+ T cells were isolated from the spleens and lungs (A, B). For this transmigration
experiment, CD4+ T cells were suspended in serum-free media at 1 x 107 cells/mL. CCL17 and
CCL22 were added to serum-free media at a concentration of 50 ng/mL (25 ng/mL of each
chemokine to achieve a total of 50 ng/mL). Chemokine-containing media was added to the top
chamber only, to the bottom chamber only, or to both the top and bottom chambers. A total
volume of 500 uL of transmigration media was added to the bottom wells and 100 pL of cellular
suspension (1 x 108 cells/well) was added to the top well. Transmigration was measured after 48
hours in culture (C). These data were generated from a single experiment, 3 OVA-treated, male
mice were used for tissue collection, and 3 replicates were made per treatment. Statistical
significance was determined by One-Way ANOVA; *p < 0.05.

Figure 3. Responsiveness of CD4+ T cells and ILC2 to CCL17 and CCL22 in an ex vivo
transmigration apparatus. Mice were prepared as in Figure 1 for CD4+ T cell and ILC2 isolation
from spleens and lungs. CD4+ T cells and ILC2 were suspended in serum-free media at 1 x 10’
cells/mL. CCL17 or CCL22 were added to serum-free media at a concentration of 50 ng/mL. 500
uL of transmigration media was added to the bottom wells and 100 pL of cellular suspension (1
x 10° cells/well) was added to the top well. Transmigration was measured after 48 h in culture.
(A) CD4+ T cells and (B) ILC2 from male hosts were treated with media as control, CCL17, or
CCL22. Similarly, (C) female CD4+ T cells and (D) female ILC2 were treated with media, CCL17, or
CCL22. A total of 14 mice were used to generate these data. The transmigration experiment was
repeated 4 times, with 3—6 replicates of each treatment per experiment. Significance was
determined by One-Way ANOVA; *p < 0.05, ***p < 0.001, ****p < 0.0001.
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Figure 4. Suboptimal transmigration results for CD4 T cells with low viability. Naive male BALB/c
mice were acquired for lung and spleen tissue collection and CD4+ T cell isolation as in Figure 1,
Figure 2, and Figure 3. CD4 T cells were added to the top chamber of the transmigration
apparatus and serum-free media containing CCL17, CCL22 or no chemokine (media control) were
added to the bottom well. For the first 24 h of the experiment the plate was left at room
temperature, then it was moved to a 37 °C incubator with 5% CO; for an additional 24 h. (A)
Percentage of cells remaining in the top and bottom wells after 24 hours. (B) Viability of the CD4+
T cells in the top and bottom chamber following poor incubation conditions. These data were
generated from a single experiment, 3 naive male mice were used for tissue collection, and 3
replicates were made per treatment. Statistical significance was not determined.

DISCUSSION:

Herein, we present a well-established method for assessing chemokine-induced migration of
lymphocytes in an ex vivo transmigration system. There are several critical steps in the protocol,
the first of which is verifying the expression of the correct chemokine receptor on the immune
cells in the experiment. In our hands, we chose CCR4 because of the body of literature that
highlights the importance of CCR4 on Th2 helper T cells in allergic inflammation. Ovalbumin-
induced inflammation was shown previously to be limited by at least two CCR4 antagonists?4?>;
however, this was prior to the discovery of the group 2 innate lymphoid cells (ILC2)%%%7. We
generated novel data showing that ILC2 cells express higher CCR4 than CD4+ T cells and showed
that these cells were consistently responsive to CCL22.

A second critical step to follow in the protocol is to ensure that cells are kept in optimum medium
for culture prior to beginning the transmigration part of the protocol. In the case of ILC2, we had
to culture these cells in ILC2 Expansion Media that contains both IL-2 and IL-33. IL-2 and IL-7 are
both reported in the literature to support ILC2 in culture for up to 14 days?®2°. If viability becomes
an issue for CD4+ T cells and ILC2 in future experiments, the addition of IL-2 or IL-7 would likely
improve survival of the lymphocytes until the endpoint of the experiment. Each of the media
presented herein were defined over the course of several experiments and were optimized for
use in this protocol'*3%31, In Figure 4, we presented faulty results to demonstrate the importance
of using an incubator with proper temperature and 5% CO,. Keeping the transmigration plates in
the incubator where they will not be disturbed is another critical step for the success of the
protocol.

As stated previously, there are advantages to using the in vivo microscopy available at most
institutions, however, in vivo imaging can be time consuming and costly. An alternative
experimental procedure that is less costly uses microfluidics in combination with chemokine
gradients to understand leukocyte extravasation and tissue migration3234. These systems hold
scientific value because they assess the complexities of cell kinetics that involves endothelial
cells, which can be grown onto the capillaries of the microfluidic systems. Furthermore, these
microfluidic systems assess the importance of adherences proteins (e.g., E-cadherin) on the
endothelial cells and integrins on the immune cells in the process of cell adherence under blood
flow. Nonetheless these systems require specialized equipment and complex computational
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programming and statistics to determine the importance of each treatment conditions.
Therefore, although the limitation of the transmigration method presented here is that it is
artificial in nature, it can be used as an important screening tool to limit the waste of unnecessary
reagents in subsequent in vivo methods. The significance of the method is that as new cells are
discovered, as is the case for ILC2, we can screen these cells for their responsiveness to known
chemokines. This is one of the future applications involving ILC2 and potential therapies that may
inhibit their migration into the lungs during asthma exacerbation. This transmigration protocol
will be used to screen various inhibitors that may be used to limit CCR4 or other chemotactic
mediators involved in recruiting ILC2. Altogether, this ex vivo transmigration protocol will lead to
the generation of critical data that can be verified with future in vivo experiments.
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Table of Materials

Name of Material/ Equipment
0.4% Trypan Blue
1 mL syringe
100x Penicillin-Streptomycin, L-Glutamine
15 mL conical tubes
3 um transwell inserts
3x stabilizing fixative
5 mL polystyrene tubes
50 mL conical tubes
8-chamber easy separation magnet
ACK Lysing Buffer
Advanced cell strainer, 40 um
Aluminum Hydroxide, Reagent Grade
anti- mouse CCR4; APC-conjugated
anti-mouse CD11b
anti-mouse CD11c; PE eFluor 610
anti-mouse CD16/32, Fc block

anti-mouse CD19; APC-eFluor 780 conjugated

anti-mouse CD3; PE Cy 7-conjugated
anti-mouse CD45; PE conjugated
anti-mouse ICOS (CD278)

anti-mouse NK1.1 (CD161); FITC-conjugated
anti-mouse ST2 (IL-33R); PerCP Cy5.5 conjugated

Automated Cell Counter
Automated Dissociator

Bovine Serum Albumin, Lyophilized Powder

Cell Counter Clides

Chicken Egg Ovalbumin, Grade V
Collagenase, Type 1, Filtered
compensation beads

Dissociation Tubes

FACS Buffer

Heat Inactivated-FBS

mouse CCL17

mouse CCL22

mouse CD4+ T cell enrichment kit
mouse IL-2

mouse ILC2 enrichment kit
mouse recombinant IL-33

RPMI

Separation Buffer

small animal nebulizer and chamber
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Company
Sigma-Aldrich
BD Bioscience
Gibco
Olympus Plastics
Genesee Scientific
BD Pharmigen
STEM Cell Technologies
Olympus Plastics
STEM Cell Technologies
Life Technologies Corporation
Genesee Scientific
Sigma-Aldrich
Biolegend
BD Pharmigen
Thermo-Fischer Scientific
BD Pharmigen
Thermo-Fischer Scientific
BD Pharmigen
BD Pharmigen
BD Pharmigen
BD Pharmigen
Biolegend
BIORAD
MACS Miltenyi Biotec
Sigma-Aldrich
BIORAD
Sigma-Aldrich
Worthington Biochemical Corporation
Affymetrix
MACS Miltenyi Biotec
BD Pharmigen
Genesee Scientific
GenScript
GenScript
STEM Cell Technologies
GenScript
STEM Cell Technologies
STEM Cell Technologies
Life Technologies Corporation
STEM Cell Technologies
Data Sciences International
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sterile saline Baxter



Catalog Number
15250061
329424
10378-016
28-101
25-288
338036
38007
28-106
18103
A1049201
25-375
239186-25G
131211
557396
61-0114-82
553141
47-0193-82
552774
56087
564070
553164
145311
1450102
130-093-235
A2153-10G
1450015
A5503-10G
CLSS-1, purchase as 5 X 50 mg vials (LS004216)
01-1111-41
130-096-335
554657
25-525H
202954-20
202856-20
19852
202764-20
19842
78044
22400071
20144
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Comments/Description

U-100 Syringes Micro-Fine 28G 1/2" 1cc

Dilute to 1x in RPMI media

polypropylene tubes

24-well plate containing 12 transwell inserts

Prepare 1x solution according to manufacturers protocol

polypropylene tubes

nylon mesh, 40 micron strainers
20 mg/mL
0.5 ug/test
0.5 ug/test
0.25 ug/test
0.5 ug/test
0.5 ug/test
0.25 ug/test
0.5 ug/test
0.5 ug/test
0.25 ug/test
0.5 ug/test

0.5% in serum-free RPMI

500 ug/mL

25 U/mL in RPMI

1 drop per contol tube

1x PBS + 2% FBS, w/ sodium azide; stored at 4 °C
10% in complete RPMI & ILC2 Expansion Media
50 ng/mL

50 ng/mL

20 ng/mL

20 ng/mL

1 X PBS + 2% FBS; stored at 4C



0.9% Sodium Chloride
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which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. [n consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in prin't,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a} above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. loVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JOVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JOVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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to editor_reviewers JOVE.docx

From: <em.jove.14956.62f19d.4ec8326f@editorialmanager.com> on behalf of Phillip Steindel
<em@editorialmanager.com>

Reply-To: Phillip Steindel <phillip.steindel@jove.com>

Date: Wednesday, May 1, 2019 at 9:31 AM

To: Todd Wyatt <twyatt@unmc.edu>

Subject: Revisions required for your JoVE submission JoVE60060 - [EMID:9cf23e8a325605f4]

You are being carbon copied ("cc:'d") on an e-mail "To" "Kristi Jo Warren" kristi.warren@hsc.utah.edu
CC: "Todd A Wyatt" twyatt@unmc.edu

Dear Dr. Warren,

Your manuscript, JoOVE60060 "Assessment of lymphocyte migration in an ex vivo transmigration system,"
has been editorially and peer reviewed, and the following comments need to be addressed. Note that
editorial comments address both requirements for video production and formatting of the article for
publication. Please track the changes within the manuscript to identify all of the edits.

After revising and uploading your submission, please also upload a separate rebuttal document that
addresses each of the editorial and peer review comments individually. Please submit each figure as a
vector image file to ensure high resolution throughout production: (.svg, .eps, .ai). If submitting as a .tif
or .psd, please ensure that the image is 1920 x 1080 pixels or 300 dpi. Additionally, please upload tables
as .xIsx files.

Your revision is due by June 5, 2019.

To submit a revision, go to the JoVE submission site and log in as an author. You will find your
submission under the heading "Submission Needing Revision".

Best,

Phillip Steindel, Ph.D.

Review Editor

JoVE

617.674.1888

Follow us: Facebook | Twitter | LinkedIn
About JoVE

Editorial comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The manuscript has been read through for grammatical errors and
typographical errors have been corrected

2. Please ensure that the manuscript is formatted according to JoVE guidelines—letter (8.5” x 11”) page
size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing
within paragraphs, and spaces between all paragraphs and protocol steps/substeps. This is done.

3. Please define all abbreviations before use; e.g., RPMI. All abbreviation have been defined.
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4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols
(™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of
commercial language from your manuscript and use generic terms instead. All commercial products
should be sufficiently referenced in the Table of Materials and Reagents.

For example: GentleMACS, EasySep, RapidSpheres We have removed trademark names and commercial
language and replaced these titles with generic names.

Protocol:

1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please
highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential
steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive
story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and
therefore will still be available to the reader. The filmable content has now been highlighted.

2. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e.,
how is the step performed? Alternatively, add references to published material specifying how to
perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per
step, please split into separate steps or substeps. This is now done.

Specific Protocol steps:
1. Please provide more details (or a reference) on lung and spleen excision. A reference has been added
to the text of the manuscript.

Figures:
1. Please explain the error bars in the figure legends. The error bars have been explained in the figure
legends now.

References:

1. Please do not abbreviate journal titles.

This was on oversight in the original submission. All the title have been corrected.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially
those mentioned in the Protocol. We have double checked the Materials and Equipment list, everything
should now be included in this document.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This manuscript describes a methodology for lymphocyte migration towards a chemoattractant using a
modified version of the traditional Boyden chamber.

Protocol described in the manuscript is simple but not necessarily cost effective as claimed by the
authors.

In light of many similar protocols available in the literature, it is unclear if this manuscript in the present
form adds up to existing literature.

Major Concerns:



Lymphocytes can migrate through pores without the presence of chemokines.| have never seen passive
migration of T cells through 3 micron-sized pores. The presence of chemokine is absolutely necessary for
the migration to occur. At the smallest size a T cell may be 7 micron across, unless they are
dividing/proliferating at which stage they get larger (7-20 microns), as such we took this reviewers
suggestion just below regarding placing chemokine in the top and bottom chambers and show in these
new results that migration in this transwell system is an active process that requires chemokine (see
newly added Figure 2)

Incubation period of 72h is long enough for all the lymphocytes to migrate. This is a typo in the original
submission, the T cells and ILC2 were incubated from 48 hours total. In addition, we do not see passive
migration of lymphocytes in these experiments.

In order to conclusively show that lymphocytes are dependent on chemokines one needs to use
pertussis toxin to block the migration. To confirm the dependence of CD4+ T cell migration we repeated
and experiment using the suggestion in the very next comment to confirm that this is a chemokine-
dependent process. These new data are contained in Figure 2.

If chemokines are used in the top chamber, do the lymphocytes stop migrating? Yes, the CD4+ T cells do
not migrate when there is chemokine in the top chamber. This was an excellent suggestion by the
reviewer. Please see new Figure 2.

Rationale of performing suboptimal migration experiment is not well explained in the text. Generating
suboptimal results is required by the journal to help someone performing the experiment know what to
expect when the experiment doesn’t work properly. We have added a sentence to provide a rationale
for producing these results.

Minor Concerns:

In the method section following clarifications are needed,

1. Is the FBS heat inactivated or complement deactivated? It is now clearly stated that the FBS was heat-
inactivated.

2. Please clarify if the nature of 40uM cell strainer. Is this a nylon strainer? Yes, you are correct the
strainer was nylon, and we have added this detail to the manuscript as well.

3. Fig 2B shows that CCL17 migration (bottom chamber) is significant (as denoted by asterisks) but the
text states otherwise. Please correct the discrepancy. We have corrected this in the manuscript.

4. Fig. 2A if CD4 cells migrate from top to bottom chamber, then cells in the top chamber need to go
down. Based on the bar graph there is no change in number of cells in the top chamber. We have
reviewed this figure, and the purpose of the graph is to compare the media, CCL22 and CCL17 bars.
When comparing each bar the percentage of CD4+ T cells do go down in the top chamber when
comparing media to CCL22 treatments.

Reviewer #2:

Manuscript Summary:

I am not an expert of biological procedures to obtain cells ex vivo so | am not entitled to check the single
laboratory steps for each procedures. Anyway the description is very detailed and complete. Each steps
is logically well defined.

In the experiments, population of cells (CD4 T and ILC2) from mice (placed separately in the top
chambers of a transmigration system) are induced to transmigrate across a porous membrane by the
presence of chemokines in the bottom chambers of a transmigration system.

The proposed experiments is very interesting because allows the observation of a complex phenomena
in a simple and quite cheap set up. The Boyden chamber set up is, in literature, a very well known set



up, many times described in literature for chemotactic investigations.

Together with these advantages, the Boyden chamber set up has been recognized as a set up with many
limits that keep the experimental conditions very far from the "real" ones. These limits are mostly
related to the mechanobiology: the mechanical stimuli from the blood and from the tissues on cells are
absent.

As the authors said, these experiments is very useful to determine the reaction or not of a cell
population to a given chemokine.

The authors show also some results able to validate the results of the main experiment : in the wrong
conditions of %Co2 and temperature, survival cells do no transmigrate. In the absence of chemical
stimulus the transmigration happens but it is a very negligible contribution. these results show that the
experiment "sees" the effect of the chemokine on the transmigration of cells through the transwell
insert.

Thank you for these comments.

Major Concerns:

In the description of the framework: on one side the Boyden chamber ( easy going and cheap), on the
other side the observation in vivo (expensive, complex, cruel .. etc) there are some technical solutions in
the middle that you may consider to talk about.

These technical solutions are microfluidics lab on a chip, where researchers try to mimic in vitro the
"real" environment, by introducing mechanical and fluid dynamic stimuli to complete the chemotactic
condition, described by the Boyden chamber approach. We appreciate these suggestions and have
added some discussion about alternatives or other systems that lie in ‘the middle’ for the readers to
consider.

Here some examples:

Lab Chip. 2015 Jan 7;15(1):195-207. doi: 10.1039/c4lc00741g. A novel device to concurrently assess
leukocyte extravasation and interstitial migration within a defined 3D environment. Molteni R, Bianchi E,
Patete P, Fabbri M, Baroni G, Dubini G, Pardi R.

Proc Natl Acad Sci U S A. 2015 Jan 6;112(1):214-9. doi: 10.1073/pnas.1417115112. Epub 2014 Dec 18.
Human 3D vascularized organotypic microfluidic assays to study breast cancer cell extravasation. Jeon

JS, Bersini S, Gilardi M, Dubini G, Charest JL, Moretti M, Kamm RD.

You may consider to insert some sentences about these kind of devices/approach. Thank you to this
reviewer for including these references and insight into ways to improve the manuscript. Again, we have
expanded this discussion in the manuscript.

Although a complete description of the set up is not available in this document ( multiwells + transwell
inserts but anything else but the pore size.. the thickness of the membrane, i.e.), the use of a Boyden
chamber kind of set up makes the experiment more assimilable to an In vitro experiment than to an ex
Vivo. In my opinion you should consider to review the title. The reason we used ex vivo versus in vitro in
the title is because the use of allergen-challenged animals is absolutely necessary for the success of
these experiments. In allergen-challenged animals an OVA-specific T cell response develops in vivo
where T cells and ILC2 within the animals specifically upregulated CCR4, which are specific for CCL17 and
CCL22. One of the novel components of this manuscript is the assessment of the ILC2 movement
towards these chemokines as well. These ILC2 need to be harvested from allergen-challenged animals as
well in order to get enough of this rare cell to carry out the transmigration assay. As such, there is an ex
vivo component to the work because the T cells/ILC2 are grown in vivo under conditions that make
them well suited for this specific chemokinetic assay. In vitro would apply perhaps if the animals were



naive OR if the cells were from an immortalized cell line, e.g. Jurkat T cells.

Together with the video, a schematic representation of the set up would help the reader (and the
spectator of the video!) to understand how the system works, direction of transmigration, chemotactic
gradients and characteristic dimensions of the phenomena. This is a good point by the reviewer. We
have developed a schematic to aid the reader of the manuscript and those watching the video to
understand the movement of the cells and important characteristics of the assay.

In the list of the materials/equipment | suppose that the 24-multiwell is missing (should be there? | may
put it because it is the main piece of the set up, together with the inserts). Yes, the inserts come shipped
in a 24-well plate, however, this is a great suggestion and this piece of the description that should be
provided. This has now been added to the Materials/Equipment and in the manuscript it has been
clarified.

Please check Typos in the titles of fig.1, section D -> + This has been corrected in Figure 1, and the
remaining Figures were checked for consistency.

Please check fig 2, titles of sec B and C. CD45 ? check the legend We removed CD45 from the titles. Both
CD4+ T cells and ILC2 are both CD45+ (pan lymphocyte marker). This details is unnecessary as it is
included in the text of the manuscript.

In compliance with data protection regulations, you may request that we remove your personal
registration details at any time. (Remove my information/details) Please contact the publication office if
you have any questions.

The information in this e-mail may be privileged and confidential, intended only for the use of the
addressee(s) above. Any unauthorized use or disclosure of this information is prohibited. If you have
received this e-mail by mistake, please delete it and immediately contact the sender.

em.jove.14956.62f19d.4ec8326f@editorialmanager.com on behalf of Phillip Steindel
[em@editorialmanager.com]
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