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Abstract

Innate lymphoid cells (ILCs) comprise a family of innate immune cells that orchestrate mucosal
immune responses: initiating, sustaining, and even curbing immune responses. ILCs are relatively
rare (£1% of lymphocytes in mucosal tissues), lack classical cell-surface markers, and can be
divided into 3 subsets (type 1-3 ILCs) based on differences in cytokine production, phenotype,
and developmental pathway. Because ILCs can only be identified by combinations of cell surface
markers and cytokine production, multicolor flow cytometry is the most reliable method to purify,
characterize, and assess the functionality of ILCs. Here, we describe the methods for cell
preparation, flow cytometric analysis, and purification of murine ILCs from the lung.
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1. Introduction

Regulation of innate immunity at barrier surfaces (e.g. lung, Gl tract, skin) is critical to
preserving host integrity, thereby preventing inappropriate immune activation and pathology.
The immune system must constantly survey its surroundings and discriminate between
harmless and potentially harmful materials—a particularly complex task in the mucosa,
which is exposed to millions of exogenous stimuli on a daily basis. There, an intricate
network of cellular and molecular pathways is employed, which allows the immune system
to respond quickly and efficiently to harmful stimuli, while largely ignoring innocuous
materials.

Over the last decade, innate lymphoid cells (ILCs) have emerged as a family of
hematopoietic effectors and regulators of mucosal immunity [1-3]. These cells bear a strong
resemblance to T helper (Th) Thi, Th2, and Th17 cell subsets but lack rearranged, antigen-
specific receptors [1-3]. Although they populate nearly every tissue examined, ILCs are
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preferentially found in mucosal sites [4—6], where they exist as tissue-resident cells that may
expand locally during acute inflammation [7]. Additionally, ILC progenitors in the bone
marrow can reconstitute the ILC compartment and likely contribute to the renewal of ILCs
during chronic inflammation [8].

ILCs guide the reactions of local hematopoietic cells and non-hematopoietic stromal and
epithelial cells via production of and responsiveness to an array of soluble mediators,
including cytokines and eicosanoids. ILCs function in diverse physiological processes
including the organization of lymphoid structures, immune cell recruitment, maintenance of
tissue homeostasis, pathogen resistance, metabolic homeostasis, and anti-tumor immunity
[6,9-11,1,12-155]. Accordingly, deviations in the development, fate or function of ILCs by
environmental toxicants may result in immune dysregulation with profound consequences
for the host. Because of these important roles and conceivably life-threatening outcomes, it
is necessary to consider adverse effects on ILCs when evaluating an agent for
immunotoxicity. However, the low relative abundance of ILCs in mouse and human tissues
may be a considerable obstacle when cells and/or tissues for immunotoxicity testing are
limited.

ILCs are relatively rare [16,11,17], lack classical cell-surface markers, and can be divided
into 3 subsets (type 1-3 ILCs) based on differences in cytokine production, phenotype, and
developmental pathway [1,18-20,9,10,21-24] (Table 1). Type 1 ILCs, represented by ILC1s
and conventional NK (cNK) cells, produce interferon (IFN)-y, although cNK cells are also
capable of producing granzyme and perforin. These two cells can be differentiated by
expression of transcription factors (ILC1s are T-bet*Eomes™, while cNK cells are T-bet
*Eomes™) and specific surface markers (ILC1s are NK1.1"NKp46*CD49a*CD49bh"TRAIL
*CD69"CXCR3*CXCRG6™, while cNK cells are NK1.1*NKp46*CD49a~CD49b* TRAIL
“CD69"CXCR3"CXCR67). While cNK cells act as the primary cytotoxic lymphoid cells of
the immune system, to date, ILC1s appear to function in support of cNK cell activities
[25,22]. Therefore, group 1 ILCs contribute to anti-viral immunity and activation of Thl
cells. In contrast, type 2 ILCs seem to be fairly homogenous: ILC2s produce Th2 cell-
associated cytokines (IL-4, IL-5, IL-9 and IL-13) in response to stimulation with the
cytokines IL-7, IL-25, IL-33, and TSLP, and express several conserved surface markers
(IL-7Ra, CD25, ST2, Sca-1, and KLRG1) and transcription factors (GATA-3, RORa,
TCF-1, and Notch) that mediate their particular differentiation program and functions
[5,4,13]. Therefore, ILC2s can contribute to clearance of infections with extracellular
Helminths and can be involved in allergic inflammatory diseases, such as asthma and atopic
dermatitis [26]. Type 3 ILCs (comprised of ILC3s and lymphoid tissue inducer (LTi) cells)
produce IL-17A and/or IL-22 and share expression of the transcription factor RORvyt, but
exhibit differential expression of T-bet [1,18-20,25]. The typical markers of the T-bet™ LTi
cells are NK1.1"NKp46-CD127*CCR6*, while the T-bet* ILC3s are
NK1.1"NKp46*CD127*CCR6*/~ [27]. Functionally, ILC3s have been shown to participate
in the development of lymphoid tissues, homeostasis and mucosal defense, as well as
maintaining memory CD4" T cells [6,5].

The functionality of ILCs is dependent on their microenvironment or local cytokine milieu.
In general, murine ILCs lack pattern recognition receptors, which are broadly expressed by
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other innate immune cells for the detection of pathogen-associated molecular patterns.
Instead, ILCs react to exogenous stimuli indirectly by sensing myeloid or epithelial cell
derived cytokines, alarmins, and inflammatory mediators. In turn, ILCs promote immune
responses by secreting soluble factors such as cytokines and other peptides, such as IFN and
TNF (ILC1s), IL-5, IL-9, and IL-13 (ILC2s), and IL-17, IL-22, and GM-CSF (ILC3s) [6].
Although ILCs act largely by secreting soluble mediators, some molecules expressed by
ILCs require cell-cell contact for effector mechanisms. At present, the regulatory and
inhibitory pathways that control ILC responses are not well understood.

Improvements in the identification and isolation of ILCs has led to a recent explosion of
studies, yet many questions remain surrounding their development, regulation, and function
in homeostasis and disease. In this chapter, we focus on the basic methods for the
identification and isolation of ILCs from the murine lung, which play key roles in regulating
lung inflammation during allergic respiratory disease, influenza infection, helminth
infection, chronic obstructive pulmonary disease, and other pulmonary disease states [6,5]
(Figure 1). The protocols described below can be applied to total ILCs, as well as individual
subsets of ILCs from the lungs of wild-type or transgenic mice.

2. Materials

. C57BI/6 or other mouse strain expressing CD90.2 (e.g. Thy1.2)
. Reagents and equipment for AVMA approved method of euthanasia

. Dissection tools: alcohol wipes, dissecting pins and board, 2 pairs of fine serrated
forceps, fine scissors (sharp-blunt tips), 2 pairs of fine curved hemostats (Fine
Science Tools)

. Single edge razor blades (VWR)

. 100mm sterile petri dishes

. 15 and 50mL conical tubes (BD Falcon)

. Collagenase D (Roche)

. DNAse | (Roche)

. RPMI 1640 medium (Corning)

. Sodium pyruvate (Atlanta Biologicals)

. Fetal bovine serum (FBS, Atlanta Biologicals)
. HEPES (Atlanta Biologicals)

. [B-mercaptoethanol (Sigma-Aldrich)

. Centrifuge

Tissue Dissociation

. lung digestion medium: complete RPMI (cRPMI) containing 2mg/mL
collagenase D + 0.02mg/mL DNase |

Methods Mol Biol. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tait Wojno and Beamer

Cell separation

CD90.2 Enrichment

Page 4
cRPMI-1640: with L-glutamine, 10% FBS, 25mM HEPES, 10mM sodium
pyruvate, 50uM B-mercaptoethanol, 50 ug/ml gentamicin.
70um sterile cell filters (BD)

1mL syringes (BD)

Fico/Lite-LM (Mouse) (Atlanta Biologicals)

CD90.2 microbeads (Miltenyi Biotec)

MACS columns & magnets (Miltneyi Biotec)

40um sterile cell filters (BD)

PBS (pH 7.2) containing 0.5% bovine serum albumin (BSA) and 2 mM EDTA

Multicolor flow cytometry

3. Methods

5mL round-bottom polystyrene test tube, with cell strainer snap cap
Multicolor flow cytometer

Compensation beads (Thermo Fischer Scientific)
Anti-CD16/CD32 blocking reagent (Tonbo Biosciences)

Directly conjugated antibodies tailored to the specific flow cytometer and
previously titrated to optimize concentrations (Biolegend, BD Biosciences,
eBiosciences/Affymetrix, Tonbo Biosciences)

Fixable Live-dead discriminator (Tonbo Biosciences or Thermo Fischer
Scientific)

Isolation of murine lung & preparation of single cell suspension

This protocol describes a general method for isolating leukocytes from the murine lung.
First, lung tissue is mechanically dissociated and digested in medium containing collagenase
D plus DNase I. Second, the single cell suspension is subjected to Ficoll gradient
centrifugation to isolate lymphocytes from red blood cells and debris. After washing, the
single cell suspension is ready for flow cytometric analysis, enrichment, cell sorting, and
culture, etc.

1.

Euthanize mice and remove lungs from chest cavity.

Note: To ensure that blood-derived ILCs are not present in the cell
preparation, lungs can be perfused with cold phosphate buffered saline
prior to removal.
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Place dissected lung lobes in a petri dish on ice and mechanically dissociate
tissue with sterilized razor blades or dissection scissors into fragments of tissue
~1lmm in size.

Note: Tissues should be kept on ice, unless otherwise noted.

Transfer tissue into a 24-well tissue culture plate containing 2mL/lung of lung
digestion medium.

Incubate plate at 37°C for 30 minutes, gently agitating every 10 minutes.

Push digested tissue and supernatant through a 70um cell strainer using the
plunger end of a ImL syringe to make a single cell suspension.

Wash cell strainer with 5-10mL of complete RPMI-1640 medium.
Centrifuge cells at 4°C for 10 minutes at 1500rpm.

Discard supernatant (pour off, do not vacuum) and re-suspend cells in 5mL
CRPML.

Transfer cell suspension to a 15mL conical.

Using a glass Pasteur pipette, slowly layer 5mL (room temperature) Fico-Lite
beneath the single cell suspension.

Centrifuge cells at 4°C for 30 minutes at 2000rpm (select no brake and minimal
acceleration settings on the centrifuge).

Carefully collect the cells at the interface and transfer to a 15mL conical (Figure
2).

Wash cells with 5-10mL of complete RPMI-1640 medium.
Centrifuge cells at 4°C for 10 minutes at 1500rpm.

Discard supernatant and re-suspend cells in 3mL recommended buffer for
magnetic enrichment (see below) or flow cytometric analysis (see below).

Magnetic enrichment of CD90.2* cells

This protocol describes the enrichment of CD90.2* cells from a single cell suspension of
digested lung tissue. First, the CD90.2* cells are magnetically labelled with CD90.2
microbeads. Then, the cell suspension is loaded onto a MACS column, which is placed in
the magnetic field of a MACS separator. The magnetically labelled CD90.2* cells are
retained within the column allowing unlabeled CD90.2" cells to pass through. After
removing the column from the magnetic field, the CD90.2* cells can be eluted as the
positively selected cell fraction. The purity of the CD90.2* cells should be assessed prior to
proceeding to flow cytometric analysis and/or cell sorting. If necessary, it is possible to
increase purity and/or yield of CD90.2* cells, by enriching the eluted CD90.2~ and CD90.2*
fractions over additional magnetic columns. After washing, the single cell suspension is
ready for flow cytometric analysis or sorting.

1.

Determine total cell number
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Re-suspend cells in 90puL recommended buffer (PBS/0.5% BSA/2mM EDTA)
per 107 total cells. Scale up as appropriate.
Add 10pL of CD90.2 MicroBeads per 107 total cells
Mix well and incubate for 15 minutes in the dark in the refrigerator (2-8 °C).
Wash cells by adding 1-2mL of buffer per 107 cells
Centrifuge cells at 4°C for 10 minutes at 1500rpm
Discard supernatant
Re-suspend < 108 cells in 500uL of buffer.

Proceed to magnetic separation with an appropriate column, based on the
number of total cells and the expected number of CD90.2* cells retained on the
column.

Place column in the magnetic field and rinse with 3mL of recommended buffer.

Pass cells through a 40um sterile filter to remove cell clumps which may clog the
column.

Apply cells onto the column.

Collect the flow through (CD90.2" fraction) containing unlabeled cells.
Wash column with 3mL of recommended medium.

Collect the flow through (CD90.2 fraction) and set aside on ice.

Remove column from the magnetic separator and place it on a suitable collection
tube.

Pipette 5mL of recommended buffer onto the column.

Immediately flush out the magnetically labeled cells by firmly pushing the
plunger into the column.

Check the purity of CD90.2* cells within the CD90.2~ and CD90.2* fractions to
determine the efficiency of the enrichment.

To increase the purity and/or yield of CD90.2* cells, repeat the magnetic
separation procedure on the CD90.2™ and CD90.2* fractions as described above.

Determine the cell number for the CD90.2~ and CD90.2* fractions.
Continue to flow cytometric analysis and/or purification of ILCs (see below).

Note: IL.Cs may be enriched by negative selection as well, depleting
labeled cells of known lineages (macrophages, dendritic cells, red blood
cells, and 7, B, and NK cells) using a cocktail of biotinylated antibodies
as described in Table 2 and a similar microbead-based selection
protocol.
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Example of an enrichment using CD90.2 microbeads—CD90.2* cells were isolated
from a mouse lung digestion using CD90.2 microbeads, two consecutive LS columns, and a
MACS separator. Cells were fluorescently stained with CD90.2 APC (Biolegend). Cell
debris and dead cells were excluded from the analysis based on side scatter and live dead
discriminator fluorescence (Hoechst, Thermo Fisher Scientific). The frequency of live,
CD90.2" cells was analyzed from a sample of the single cell suspension pre-enrichment
(0.23% =+ 0.008), as well as the CD90.2 fraction (0.03% +* 0.004) and CD90.2" fractions
after the first (4.82% + 0.31) and second magnetic enrichment columns (45.68% + 1.63)
(Figure 3A). A representative overlay shows the relative frequency of live, CD90.2* cells
from each of the cell fractions (Figure 3B).

Flow cytometry & cell sorting

This protocol describes the analysis of a single cell suspension from digested lung tissue or a
single cell suspension of magnetically enriched CD90.2* cells from the murine lung for the
presence of ILCs by multicolor flow cytometry (CD90.2* cell enrichment is not required but
may be desirable). First, 3 x 10 cells are re-suspended in PBS containing 2% FBS, 2mM
EDTA, and 0.1% sodium azide plus purified anti-CD16/CD32 blocking reagent. Cells are
then fluorescently labelled for 30 minutes at 4°C in the dark with a panel of previously
optimized, directly conjugated monoclonal antibodies. After careful washing, the single cell
suspension is ready for flow cytometric analysis and/or sterile sorting. Care must be taken to
include unstained, single stained, and fluorescence minus one (FMQ) controls when working
with rare immune cell populations. An intermediate level of flow cytometry experience is
required to setup, perform compensation, and modify the suggested antibody panels to suit
individual hardware configurations for the identification of ILC subsets. In contrast, an
advanced level of flow cytometry experience is required to setup and sort ILCs.

1. Centrifuge 3 to 5 x 108 cells at 4°C for 10 minutes at 1500rpm, and discard
supernatant.

2. Wash cells by adding 1mL of PBS per 106 cells.
3. Re-suspend cells in ImL of PBS (azide and protein-free) per 106 cells.

4, While vortexing, add 1uL of appropriate live dead fixable Ghost Dye (Tonbo
Biosciences) per mL of PBS.

Note: Cells labeled with Ghost Dyes are compatible with intracellular
staining protocols without any loss of fluorescence intensity.

5. Incubate cells at 4°C for 30 minutes in the dark.

6. Wash cells by adding 1mL of PBS containing 2% FBS, 2mM EDTA, and 0.1%
sodium azide per 106 cells.

Note: Washing with a protein containing buffer removes unreacted live
dead discriminator dye prior to staining with fluorescent antibodies.

7. Centrifuge cells at 4°C for 10 minutes at 1500 rpm, and discard supernatant.

8. Wash pellet by repeating steps 6 & 7.

Methods Mol Biol. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tait Wojno and Beamer Page 8

9. Re-suspend cells in 50uL staining buffer (PBS containing 2% FBS, 2mM EDTA,
and 0.1% sodium azide plus purified anti-CD16/CD32 blocking reagent diluted
1:100) per 10° total cells and set aside on ice.

Note: Alternatively, cells may be re-suspended in 100uL of 2.4G2
hybridoma cell culture supernatant to block Fc Receptors.

10.  Prepare master mix using directly conjugated antibodies diluted in staining
buffer and stain at 4°C for 30 minutes in the dark.

11.  Wash cells by adding 1mL of staining buffer per 106 cells.
12.  Centrifuge cells at 4°C for 10 minutes at 1500 rpm, and discard supernatant.
13.  Wash pellet by repeating steps 11 & 12.

14.  Re-suspend cells in 0.5mL of staining buffer and filter cells through a 35um filter
cap 5mL test tube prior to flow cytometric analysis.

15.  Keep cell suspension on ice in the dark prior to analysis or cell sorting.

Note: It is highly recommended to include a viability dye when working
with a single cell suspension from digested lung tissue or a single cell
suspension of enriched CD90.2* cells.

Note: It is highly recommended to use compensation beads and to
prepare unstained, single-stained, and fluorescence minus one (FMO)
controls when analyzing ILCs.

Example gating scheme identifying bulk ILCs in the murine lung—A single cell
suspension from digested lung tissue or a single cell suspension of enriched CD90.2* cells
were fluorescently labelled with a panel of directly conjugated antibodies (Table 2). Cell
debris and dead cells were excluded from the analysis based on side scatter and fixable live
dead discriminator fluorescence (Ghost Dye red 710, Tonbo Biosciences). Using multicolor
flow cytometry, ILCs are identified based upon a combination of markers denoting live,
CD45*, lineage negative cells (lacking CD3, CD5, CD11b, CD11c, CD19, Gr-1, v8TCR,
TER119, and NK1.1) which express CD90.2, CD127, and CD25 [24,28-30]. Lastly, in the
lung, ILC3s may be distinguished from the predominant ILC2 subset based upon differential
expression levels of ST2 and CD4, as well as CCR6 (Figure 4). For cell sorting, typical yield
from a single, naive murine lung is approximately 5,000-8,000 total ILCs. Following
induction of inflammation in models of allergy or infection or expansion of ILCs /n situ (see
below), this yield increases 2-5 fold, depending upon the stimulus.

Complementary Protocols

A. Expansion of ILCs in situ: A major obstacle to the study of ILCs is their relative paucity
compared to other lymphoid cells and plasticity between subsets [31]. ILCs react to myeloid
or epithelial cell derived cytokines, alarmins, and other inflammatory mediators during
injury and repair, resulting in the expansion and activation of ILCs [32,33]. Consequently, it
should be possible to experimentally manipulate specific subsets of ILCs present in the
lungs depending on the soluble mediator delivered. This system allows for a selective rise in
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ILC subsets in order to obtain sufficient quantities of cells for analysis, thus reducing the
numbers of mice necessary to complete the desired experiments.

This protocol describes the intranasal (i.n.) delivery of 100ng/mouse of recombinant (rm)
IL-33 or IL-1p once a day for four consecutive days to expand either ILC2s or ILC3s in
vivo.

1. Anesthetize mice using isoflurane vaporizer system.

2. Remove animal from induction chamber.

3. Confirm the absence of reflexes on the footpad.

4. Working quickly, hold the mouse vertical by the scruff of the neck and gradually

release 30l of the inoculum into the nostrils (~15ul in each nostril) with the help
of a micropipette. This should cause an increase in the breathing rate.

Note: Adjust the rate of release so as to allow the mouse to inhale the
inoculum without forming bubbles.

5. Hold the mouse in the hanging position for ~1-2 minutes until its breathing
gradually returns to normal.

6. Place animal in recovery area and monitor until fully recovered.

7. On day 5 following the start of treatment, euthanize the animals and purify or
analyze ILC populations as described above.

B. Depletion of ILCs in situ: Because ILCs do not express a specific lineage marker and
there are currently no conventional ILC knockout mice, ILC depletion via anti-CD90 is
often used in research to investigate the essential functions of ILCs [5,11]. Some criticize the
use of anti-CD90.2 as a tool because anti-CD90 may elicit the depletion of other cells (e.g. T
cells and neurons). Ideally, ILC research would utilize a mouse model that ensures specific
deletion of individual subsets of ILCs to fully elucidate the relative contributions of ILCs to
the etiology of immune-mediated diseases. When such a tool becomes available, it will be
incorporated into common experimental procedures.

This protocol describes the depletion of ILCs from the murine lung using 0.5mg of anti-
CD90.2 (clone 30H12) monoclonal antibody i.p. at days -3, 0 and 2.

Note: Based on the model used, monoclonal antibody treatment can continue for longer
periods of time,; however, mice should be carefully monitored for effects on cell types other
than ILCs in this case.

1. Disinfect top of multi-dose vial with 70% alcohol and gauze.

2. Draw up, into the syringe and needle, the amount of pre-warmed solution to be
administered.

3. Gently remove animal from the cage and restrain appropriately in the head-down
position. Identify anatomical landmarks in order to inject into the appropriate
area of the abdomen.
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Note: Typically the injection site will be in the animal’s lower right
quadrant of the abdomen to avoid damage to the urinary bladder,
cecum and other abdominal organs.

Note: Tilt the mouse with its head slightly toward the ground so that its
head is lower than its hind end. This allows the abdominal viscera to
shift cranially and minimize accidental puncture of abdominal organs at
site of injection.

4, Insert needle to the depth in which the entire bevel is within the abdominal cavity
(in fat animals, almost the entire length of the needle length may need to be
inserted but in smaller mice, only about 1/2 the needle length may need to be
inserted).

Note: Pull back on the plunger to ensure negative pressure prior to
injecting. If there is negative pressure, proceed with the injection -
depress the plunger until the solution has been fully administered.

Note: Do not allow the needle to move around inside the abdominal
cavity.

5. Pull the needle straight out and place the syringe/needle directly into a sharps
container without recapping. Use a new needle and syringe for each animal.

6. Place the animal back into its cage and observe for any complications.

Note: The volume to be injected should be the lowest volume possible
and not exceed the current AVMA recommended guidelines.

Note: All substances for injection should be sterile since contamination
can cause infection and irritation at the site of injection and cause
clinical illness in the animals and affect research results.

Note: Warm substances to room or body temperature since injection of
cold substances can cause discomfort and drop in body temperature.

C. Adoptive transfer of ILCs: To investigate ILC functions /in vivo, researchers can take
advantage of the ability to adoptively transfer relatively pure subsets of magnetically
enriched and sterile-sorted ILCs. Adoptive transfer of specific subsets of ILCs into
Rag2~/~IL-2ry™"~ mice (which lack all ILCs, in addition to lacking all T and B cells) can be
used to demonstrate essential functions of ILCs. Additionally, adoptive transfer of CD90.1*
ILCs into CD90.2* hosts can be used to demonstrate trafficking and distribution of ILCs
during immune responses.

Example of adoptive transfer of ILC2s promoting lung inflammation—A group
of 5 CD45.1-expressing C57BL/6 mice were treated for 5 days with 300ng recombinant
murine 1L-33 delivered intraperitoneally for /n situ expansion of ILC2s. On day 6 of
treatment, the mice were euthanized and the lungs were collected. Single cell suspensions
from the lungs were stained for cell sorting, and CD45.1*Lineage (CD3/ CD4/CD5/CD11b/
CD11¢/CD19/NK1.1)~CD90.2*CD25*CD127*IL-33R* ILC2s were isolated. Then, 1x10°
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4. Notes

ILC2s were transferred intravenously to Rag2”~cy ™~ CD45.2-expressing mice that lack
ILC2s, and this was repeated every 7 days for a total of 4 transfers. The day after the first
transfer, transferred Rag2~~cy ™~ mice, untransferred Rag2~~cy~~ mice, and control
Rag2~'~ mice that have 1LC2s were infected with 500 L3 larvae of the helminth parasite
Nippostrongylus brasiliensis, which drives chronic type 2 inflammation in the lung that
persists after all parasites are expelled. On day 32 following infection, type 2 inflammation
was evaluated in the lung of all mice. Transferred ILC2s could be identified by flow
cytometry in the Rag2~~cy™" recipient lung (Figure 5A). Rag2~~ mice that have ILC2s
had an infection-induced increase in levels of the type 2 cytokine IL-5 in the lung
homogenate, while Rag2~~cy ™~ mice did not mount a significant IL-5 response. In
contrast, Rag2~~cy™~ mice that received transferred ILC2s had increased levels of the type
2 cytokine IL-5 in the lung (Figure 5B).

It is important to note that the methods and gating strategies described herein cover the
identification, expansion /n situ, isolation and ex vivo culture of ILCs from naive C57BI/6
mice. The expression of intracellular cytokines and cell surface molecules on ILCs is likely
to change in response to exogenous stimuli and across transgenic strains of mice. Therefore,
it is imperative to not only use wild-type ILCs as a control to define the gating strategy and
optimize the protocol, but to select the appropriate antibody based on the mouse strain
utilized in the study. For example, anti-NK1.1, which is used to detect and exclude NK cells
from mice on a C57BI/6 background, is not expressed in mice on a Balb/c background. In
this instance, DX5 would be the antibody of choice. At present, the best method for
identification of ILCs remains detailed multi-color analysis of those lineage negative cells
that express the lymphoid associated markers CD90.2, CD127, and/or CD25. Intracellular
staining for transcription factors may then distinguish ILC2s from ILC3s. Similarly,
intracellular staining for cytokines may then link ILC subsets with functional capabilities.
Another method is to sort purify an ILC subset of interest, followed by ex vivo manipulation
to interrogate its function.

For the basic lung digestion protocol with collagenase plus DNase, it is critically important
to keep dissected tissues on ice at all times during processing, except where specifically
noted otherwise. RBC lysis is recommended when fluorescently labelling ILCs from
digested lung tissue immediately following harvest, although this step is not compatible with
the CD90.2 magnetic enrichment. The Fico-Lite gradient is not required, though it does
significantly decrease the amount of debris and epithelial cells in the lung preparations. All
cells should be blocked for Fc receptor before staining.

It is extremely important to filter single cell suspensions before running flow cytometry,
because clumping and excess debris are common amongst tissue-derived cell suspensions. If
large amounts of debris are present, samples may require reduced flow rates when acquiring
data. It is also imperative to assess cell viability, as debris and non-viable cells will make
positive identification of ILCs nearly impossible.
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While it is important to design the antibody staining panel to suit individual hardware
configurations and target ILCs, it is perhaps more important to carefully titrate antibodies
before analysis, keeping in mind spectral overlap and the need to use “bright” fluorochromes
for markers that are difficult to detect.

An alternative method to identifying transcription factors and/or cytokines by intracellular
staining of ILCs is to utilize transgenic mice that express fluorescent cytokine and/or
transcription factors.

Lastly, similar methods can used to isolate and analyze human ILCs. However, surface
markers differ somewhat between human and murine ILCs. Notably, human ILCs do not
express appreciable levels of CD90 (see ref [31]).

5. Conclusions and Perspectives

Although research on ILCs and their related cytokines is still in its infancy, significant
progress has been made toward elucidating their functions as regulators of immunity,
inflammation, and tissue homeostasis. ILCs are present in nearly all tissues examined (albeit
in very small numbers), yet substantially enriched in mucosal tissues. It is now clear that
these cells play important roles in diverse physiological responses: resistance to pathogens,
regulation of chronic inflammation, tissue remodeling, cancer, and promoting metabolic
homeostasis [6].

ILCs do not express rearranged antigen receptors, but do exhibit a functional diversity
similar to T cells. With the exception of FoxP3* regulatory T cells, ILC counterparts have
been identified for each T cell subsets (e.g. Thl, Th2, Th17/22). Moreover, ILCs express and
developmentally depend upon expression of key transcription factors that control a cytokine
profile similar to that of their corresponding T cell counterpart. The functionality of ILCs is
dependent on their microenvironment or local cytokine milieu. Because ILCs do not express
T or B cell receptors, they can be identified in the lineage negative gate when performing
flow cytometric analysis. ILCs can be identified in mice by analyzing the lineage-negative
cells for combinations of different cell surface molecules. The challenge in working with
ILCs lies in the fact that research has not (yet) discovered a single cell surface molecule that
can be used to distinguish these cells by either flow cytometry of immunohistochemistry.
Therefore, the best method remains detailed multi-color analysis of those lineage negative
cells that express the lymphoid associated markers CD90.2, CD127, and/or CD25 to
successfully identify and isolate ILCs for further manipulation. Depending on the tissue of
interest, mouse strain, exogenous stimuli, antibody/fluorochrome combination, one may
require different combinations of these marker to positively identify subsets of ILCs. For
example, in the analysis of ILC2s, it is important to use anti-ST2 antibody to detect 1L-33
responsive cells; whereas in the analysis of ILC3s, it is important to include Sca-1, CD117
(c-kit), and CCR®. Future efforts to elucidate the tissue distribution and molecular
mechanisms underlying the functions of ILCs in triggering immunity, inflammation and
tissue repair will result in a more comprehensive view of how ILCs regulate immunological
and physiological processes.
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Figure 1.
Typical workflow to isolate and identify total ILCs from the murine lung.
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Figure 2.
Typical aspect of the lymphocyte-rich interphase between medium and Fico-lite after

centrifugation.
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Figure 3.
Typical enrichment of CD90.2* cells from lung digests. (A) The frequency of live, CD90.2*

cells was analyzed from the single cell suspension pre-enrichment, the CD90.2 fraction, and
the CD90.2* fraction after the first and second magnetic enrichment columns. (B) A
representative overlay shows the frequency of CD90.2* cells before magnetic separation
(light grey line), the CD90.2" cells (dark grey line), and the CD90.2* cells (black line).
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Figure 4.
Staining strategy to identify bulk lung ILCs (CD90.2*CD45"Lineage"CD127*CD11b").

Lung ILC2s are identified as ST2*CD4~, whereas ILC3s are ST2-CD4*"~. Cells were first
gated for live propidium iodide (PI) negative, singlet leukocytes. See Table 2 for antibody
panel.
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Figure 5. Transferred 1LC2s drive type 2 inflammation in the lung of ILC2-deficient mice
CD45.1-expressing C57BL/6 mice were treated for 5 days with 300 ng recombinant murine
IL-33. On day 6, CD45.1* Lineage(CD3/CD4/CD5/CD11b/CD11c/CD19/
NK1.1)"CD90.2*CD25* CD127*IL-33R* ILC2s were sort-purified, and 1x10° ILC2s were
transferred intravenously to Rag2/~cy !~ CD45.2-expressing mice every 7 days for 4
transfers. The day after the first transfer, transferred Rag2/~cy~'~ mice, untransferred
Rag2~cy™!~ mice, and RagZ™'~ mice were infected with 500 N. brasiliensis L3 larvae. On
day 32 following infection, (A) transferred ILC2s could be identified by flow cytometry in
the RagZ'~cy™'~ lung, and (B) IL-5 levels were measured by ELISA in the lung
homogenate. Data are representative of 2 experiments, 7= 2-4/group in each experiment;
meanzsem.
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Table 2
Antibody Staining Panel to identify ILCs

This table shows a typical staining strategy to identify bulk ILCs and discriminate between ILC2s and ILC3s
in the lungs of C57BI/6 wild-type mice using a 3 laser, 10 color BD FACSAria Il cytometer. FcR-blocked
single cell suspensions from the lungs should be used for unstained, single stained, and fluorescence minus
one (FMO) controls. An appropriate live dead discriminator (e.g. prodidium iodide (P1)) is used for all
samples to exclude non-viable cells. Lineage monoclonal antibodies (mAbs) include: CD3e, CD5, CD11c,
CD19, NK1.1, Gr-1, TER119 and gd TCR. Bulk ILCs are gated from the live (PI-negative) small/non-granular
(FSClowssclowy Jeukocytes (CD45*) as CD90.2*CD127+*CD11b™. ILC2s and ILC3s can be discriminated
from one another based upon differential expression of CD25, IL-33Ra, CD4, and CCR6. mAbs should be
used at their individual, optimally titrated dilution in PBS containing 2% FBS, 2mM EDTA, and 0.1% sodium
azide. Note: Expression of these markers may vary by mouse strain and in response to stimuli; therefore,
individual titration is highly recommended for optimal results. With minimal modifications, this staining
strategy can be applied to other immune tissues. See Figure 4 for example gating strategy.

Gate Antibody clone Conjugation

CD3e 145-2C11 | PerCP Cy5.5

CD11c N418 PerCP Cy5.5

CD11b M1/70 PerCP Cy5.5

CD5 53-7.3 PerCP Cy5.5
Lineage negative CD19 1D3 PerCP Cy5.5
NK1.1 PK136 PerCP Cy5.5

Gr-1 RB6-85C | PerCP Cy5.5

TER119 TER-119 | PerCP Cy5.5

gd TCR GL3 PerCP Cy5.5

CD45 30-F11 APC-Cy7

ILCs CD90.2 53-2.1 BV510
CD127 A7TR34 PE-Cy7
CD25 PC61.5 PE
ILC2s
IL-33Ra DIH9 BVv421
CD4 RM4-5 FITC
ILC3s
CCR6 29-2L.17 AF647
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