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ABSTRACT

This article represents not only a significant scientific value, but also a great teaching and instruction value for researchers
and motivated students to improve the skill spectrum in flow cytometry. This article provides step-by- step procedure description
and results based on in vivo studies on murine lung tissue, cell of interest isolation with dual protocols for flow cytometry
method as well as IL-33 impact in dynamics. The newly described innate lymphoid cells of group 2 (ILC2) play an important
role in type 2 immune reactions, epithelial repair in mucosal tissue and metabolic homeostasis. ILC2 releases large amounts
of type 2 cytokines such as interleukin 4 (IL-4), IL-5 and IL-13, which stimulate type 2 immunity, such as protection against
worms. However, without strict regulation, the level of ILC2 can cause undesirable type 2 immune pathologies, including
allergic inflammation of the respiratory tract, hypersensitivity of the respiratory tract and atopic dermatitis. Viral infections of
the respiratory tract, which are typical triggers of type 1 immune reactions, often lead to type 2 pulmonary immune pathologies,
such as asthma and its exacerbations. Interestingly, pulmonary virus infections induce the release of IL-33 with subsequent

induction of ILC2-mediated type 2 pulmonary immunopathology, which is independent of the adaptive immune system.
Keywords: Innate immunity, Cytokines, Interleukins, IL-33, CD-90, CD117, ILC2

INTRODUCTION

Type 2 immunity is important for the immune defense
against worm infections, but can also be caused by infections
with respiratory viruses such as respiratory syncytial virus,
flu virus or rhinoviruses [1, 2]. This is surprising, since viral
infections of the respiratory tract are powerful inducers of in-
nate and adaptive immune reactions of type 1. It is import-
ant to note that viral respiratory infections are the main cause
of pathologies mediated by type 2 immunity, including bron-
chial asthma and its exacerbations [3]. Type 2 immune reac-
tions are characterized by the release of characteristic type 2
cytokines, such as IL-4, IL-5 and IL-13, secreted by two main
cell populations: the adaptive CD4+ T helpers of type 2 (Th2)
and their innate analogues, recently discovered by the congen-
ital cells of group 2. lymphoid cells (ILC2) [4, 5]. ILC2 is in
a stable state on the surfaces of the mucous membranes, in-
cluding the lungs and intestines [6-8], as well as the skin and
bone marrow, and multiplies rapidly when activated [9]. ILC2
belongs to a group of innate lymphoid cells, which consists of
natural killer cells, lymphoid tissue inducer cells (LTI) and a
group of innate lymphoid cells [1-3]. All ILC groups depend
on the transcription factor Id2, as well as on the entire gamma
chain of the IL-2 receptor. In addition, the transcription fac-
tors GATA3 and RORa are required for the development and
function of ILC2 [10]. The induction of ILC2 depends on IL-
25, IL-33 and stromal thymus lymphopoietin (TSLP), which
can be released by cells of hematopoietic and non- matopoi-
etic origin. Two main subgroups of ILC2 have been identi-
fied recently, the natural (n) ILC2 as well as the inflammatory
(1) ILC2 [11]: nILC2 are elicited by IL-33, whereas i[LC2 are
induced by IL-25. nILC2 and iILC2 are thought to be mainly
distinguished by their cytokine receptor expression pattern, as
nILC2 express ST2 (IL-33R).

MATERIALS AND METHODS OF RESEARCH

1. C57BL/6 wild-type (WT) dark brown mice
Animals should be kept in an SPF environment
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2. All the experiments should be completed in accordance
with legislation outlined in the regulations and standard guide-
lines of each research facility

3. Syringes: 5 mL, 10 mL.

4. Needles: 23G, 18G 1%.

5. Petri dishes (60 mm x 15 mm).

6. Sharp scissors or razor blades

8. 70 pm cell strainers

9. Gentle MACS Dissociator

Solutions

1. Phosphate-buffered saline (PBS) without calcium and
magnesium.

2. Enzyme-free digestion buffer (wash buffer): RPMI11640,
5% fetal bovine serum (FBS).

3. Digestion buffer A: RPMI1640, 5% FBS, 0.5 mg/mL
Collagenase Type IV, 0.1 mg/mL DNase I.

4. Digestion buffer B: RPMI1640, 5% FBS, 0.5 mg/mL
Liberase TM, 0.1 mg/mL DNase I.

5. Digestion buffer C: RPMI1640, 5% FBS, 0.2 mg/mL
Collagenase P, 0.8 mg/mL Dispase II, 0.1 mg/mL DNasel.

6. Digestion buffer D: Miltenyi Biotec, Lung Dissociation
Kit, Cat. No. 130095927.

7. Blocking buffer: PBS, 2% FBS, 2.4G2 hybridoma su-
pernatant (to block Fc receptors CD16 and CD32).

8. FACS buffer: PBS, 2% FBS.

9. Fixation buffer: 4% paraformaldehyde (PFA) or Foxp3

staining kit (eBioscience, Cat. No. 5523) if nuclear transcrip-
tion factor stain is desired

10. Red blood cell lysis buffer (e.g., Sigma-Aldrich Cat.
No. R7757)

11. Viability stain (e.g., Fixable Live/Dead staining kit,
Life Technologies, Cat. No. L34957)

Antibodies for flowcytometry
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1. Lineage antibodies: TCRP (clone H57-597), TCRyd
(clone eBioGL3), CD11b (clone M1/70), CD1l1c (clone
N418), B220 (clone RA3-6B2), CD3¢ (clone 145-2C11),
Ter119 (clone Ter119), NK1.1 (clone PK136) to exclude lin-
eage positive cells)

2. CD45 (clone 104) to specifically detect hematopoietic
cells

3. KLRGI (clone 2F1) and Thyl/CD90 (clone 53-2.1) to
detect and enrich for ILC2.

4. Sca-1 (clone E13-161.7), c-kit (clone 2B8), ICOS (clone
C398.4A), CD69 (clone H1.2F3), CD25 (clone PC61.5), ST2
(clone RMST2-2 or DJS;) and GATA3 (clone TWAJ) to phe-
notypically characterize ILC2

5. BD Canto II Flow Cytometer.
6. Flow Jo software

METHODS

The lungs refer to the lower respiratory tract and are lo-
cated in the chest along with the heart and thymus. The lung
of the mouse consists of five lobes. The following protocol
describes the preparation of a suspension of individual cells
from the lungs of a mouse. If more than one mouse needs to
be treated, the lungs should be kept on ice in a solution of
RPMI 1640 + 5% FBS. All solutions used for this prepara-
tion should be cold; however, before adding enzymes, buffer
solutions are brought to room temperature for digestion. All
buffers with enzymes should be freshly prepared. Injection of
the cytokine IL-33 (Figure 1).

Figure 1. Injection of the cytokine IL-33

Injection of cytokine IL-33 induces an innate type 2 im-
mune response, including ILC2, in a dose-dependent man-
ner. As a control, PBS and 10, 50 or 100 ng IL-33 were ad-
ministered for three consecutive days, and ILC2 levels in the
lungs were analyzed with flow cytometry 24 hours after the
last treatment. Two to five mice were used in each group and
a representative result was displayed for each group.

Preparation of a single cell suspension from mouse lungs
(Figure 2). Subject the mouse to euthanasia, open the abdom-
inal cavity and carefully separate the chest membrane from
the rib cage. Cut the rib cage from the left and right sides and

either cut the rib cage from the top or cut the rib cage in half.

Figure 2. Preparation of a single cell suspension from mouse lungs

Cut through the blood vessels under the lungs. Perform
pulmonary perfusion by inserting 1 10 ml of cold PBS ice
into the right ventricle using a 10 ml syringe and a 23g nee-
dle 1. After perfusion, the lungs should turn white. Remove
the heart and thymus, cut out the lungs and place them in 2
ml of washing solution. Remove the trachea, median lymph
nodes and all additional tissues taken so that only the lungs
(five lobes) are left.

Transfer the lungs to a small Petri dish (60 x 15 mm) (Fig-
ure 3) and cut into small pieces with sharp scissors or razor
blades. Add 5 ml of the appropriate gap buffer and incubate
for 1 hour at 37°C if a gap buffer A, B or C is used. Perform
the cleavage using the Miltenyl cleavage kit and the Gentle
MACS Dissociator according to the manufacturer’s recom-
mendations.

Enter various digestible tissues into a 5 ml syringe (18 g
1% needles) and distribute the suspension by re-suction to ob-
tain a single-celled suspension. Filter out the cell suspension
using a 70 um thick cell sieve. Rinse a Petri dish with 1 ml of
washing solution and also pass it through a cell sieve. If there
are still small pieces of fabric left, push them through the cell
sieve with the syringe plunger. Rinse the cell filter with addi-
tional 5 ml rinsing buffers. Centrifuge the cell suspension at
450 g for 5 minutes and remove the supernatant liquid. Re-
suspend the cells in 10 ml of FACS buffer. Centrifuge the cell
suspension at 450 g for 5 minutes and remove the superna-
tant liquid. Perform red blood cell lysis (RBC) to remove red
blood cells with a buffer for red blood cell lysis according
to the manufacturer’s recommendations. Rinse the cell sus-
pension once with a FACS buffer to remove all traces of the
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Figure 3. Transferring the lungs into a petri dish

Figure 4. Doublet discrimination in NK

buffer for lysis of red blood cells. Continue the blocking and
staining of the cell suspension for flow cytometry analysis.

Staining procedure

Before staining the cells for flowing cytometry, Fc recep-
tors (CD16 and CD32) are blocked to avoid binding of non-
specific antibodies, on ice for 15 minutes using the superna-
tant 2.4G2 hybridoma diluted in the FACS buffer. Centrifuge
the cell suspension at 450 g for 5 minutes and remove the
supernatant liquid. Add the appropriate antibody mixture di-
luted in the FACS buffer to the cells, resuspend and incubate
on ice for 30 minutes. Add cooled PBS to the cells, centri-
fuge at 450g for 5 minutes and remove the supernatant liq-
uid. Note that the cells are washed only with PBS, since FBS
can suppress the staining of vitality. If viability staining has
not been performed, the cells can be washed with a FACS buf-
fer containing FBS. Repeat this: add the PBS cooled on ice
to the cells, centrifuge at 450g for 5 minutes and remove the
supernatant liquid. Incubate the cells on ice for 30 minutes to
make them viable. Add a FACS buffer to the cells, centrifuge
the cell suspension at 450 g for 5 minutes and drain the su-
pernatant liquid. Repeat the centrifugation of the cell suspen-
sion for 5 minutes at 450 g and remove the supernatant lig-
uid. The cells can be analyzed immediately by flow cytometry
or fixed with 4% PFA for 15 minutes at room temperature. If
nuclear staining is required, the cells are fixed, permeabilized
and stained with the Foxp3 staining kit, as recommended by
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Figure 5. The FSC-A vs FSC-H strategy to exclude doublets.
Digital instruments provide an option to equalize A and H for a
given parameter. In BD- instruments this option is called ‘area

scaling’
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Figure 6. Using SSC and FSC-H and W-Hierarchically

the manufacturer.
Flow cytometry tutorial

Forward scatter (FSC) is the amount of light scattered in
the forward direction. FSC is roughly proportional to the cell/
particle size.

Side scatter (SSC) is the light scattered at large angles.
SSC is proportional to the internal complexity of a cell.

H-Hight -is the intensity of signal, W-Width- is time taken
for a cell to pass through the laser beam and also the duration
of the signal. A-Area — is a procession and definition of a volt-
age pulse which is a signal from a cell/particle is detected and
serves as marker for a cell or particle.

Doublet discrimination in NK - (natural killer) cells: The
disproportions between H, W and A can be used to identify
doublets in a laser beam signal. The singlet shows a clear red
gradient as a marker in voltage pulse (Figure 4).

When the scaling property is set for the range, cells of a
certain size show very similar values to A and H. Therefore,
all singlets are grouped diagonally and separated from dupli-
cates and clots (the black arrow in Figure 5). It is important
to note that this strategy requires scaling the area with some
experimental cells (not clumps or doublets).

Using SSC and FSC-H and W-Hierarchically adjusted
method-— this strategy is more accurate and recommended
since it is not affected by area scaling (H is independent of
W). Plotting width vs area — this strategy too does not require
area scaling with experimental cells unlike H vs A (Figure 6).

RESULTS

In comparison with other areas of the mucous membrane
(for example, the small intestine), the flow cytometric analy-
sis of ILC2 in the lungs is difficult, since ILC2 is very rarely
found in the lungs, especially in a stable state, as well as in
infectious or inflammatory diseases. The data are collected
with the BD Canto II flow cytometer and analyzed with Flow
Jo (Figure 7 A, B).

The following definition strategy was used for pulmonary
ILC2 (Fig. 1a); At first, only individual cells were selected in
the FSC-H and FSC-A graph (Fig. 1a, step 1); secondly, cell
residues and dead cells were excluded (Fig. 1a, step 2 and step
3). Pulmonary ILC2 are CD45-positive hematopoietic cells
(Fig. 1a, step 4) and negative by origin (Fig. 1a, step 5), but
positively stained twice on Thy1 and KLRGI (Fig. 1a, step 6).
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Figure 7 A. Characterization of Group 2 innate lymphoid cells (ILC2) in the mouse lung. Gating strategy for the
identification of ILC2

Figure 7 B. Upon gating on single cells and exclusion of dead cells, ILC2 are defined as CD45+Lineage (Lin)-
Thy1+KLRG1+ cells expressing (B) ST2 (IL-33R), c-kit, CD127, Sca-1, and GATA-3

Figure 8. A -Induction of pulmonary Group 2 innate lymphoid cells (ILC2) in vivo. (A) Outline of experimental
setup.
B - Intranasal administration of the cytokine IL-33 induces an innate type 2 immune response including ILC2 in
a dose-dependent manner.
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Pulmonary ILC2 are further defined by their expression
of ST2 (IL-33R), c-kit (CD117), CD127 (IL-7Ra), Sca-1, and
GATA3 (Fig. 1b).

PBS as a control, and 10, 50 or 100 ng IL-33 were ad-
ministered at three consecutive days and levels of pulmonary
ILC2 analyzed by Flow Cytometry 24 after the last treatment.
Two to five mice have been used per group and a representa-
tive result for each group is shown (Figure 8).

CONCLUSION

In our experience, both antibodies (eBioscience, clone
RMST2-2; and MD Bioproducts, clone DJ8) stain ST2 very
well and are recommended for the characterization of ILC2.
Interestingly, clone DJ§ can also be used as a blocking anti-
body. This should be taken into account when cells are subse-
quently used for experiments with IL-33 stimulation. Lungs
are perfused with ice-cold PBS (10 ml) or erythrocyte lysis is
performed before blocking and staining with erythrocyte ly-
sis buffer (for example, Sigma-Aldrich, Cat. No. No. R7757).
If more than one lung is processed, 6-well plates can be used
instead of small petri dishes. We use four lungs for each group
of digestive buffers (digestive buffers A-D) to analyze pulmo-
nary ILC2. To avoid a non-specific binding of staining anti-
bodies, Fc receptors can be blocked with commercially avail-
able antibodies. Alternatively, the supernatant from the 2,4G2
hybridoma cell line, which produces antibodies against the Fc
receptors CD16 and CD32, can be used. In summary, it can
be said that the described protocol can also be used to detect
ILC2 in other mouse strains. However, the pedigree cock-
tail must be carefully adjusted. For example, NK cells do not
express NK1.1 in Balb / ¢ mice. Here, NK1.1 is replaced by
CD49b (clone DXS5) to exclude NK cells.
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TBHIIKAHHBIH OKITECIHEH BUPYCKA KAPCBI IL-33-bBIHTAJTAHJIBIPBIJIFAH 2-TOIITAFBI TYA
BITKEH JIUM®OUATHI ) KACYIIAJIAP (CD90 ’)KOHE CD117)
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TYWUIH

By Makasia MaHBI3IbI FRIIBIMHA KYH/IBIIBIKTHI FaHa €MEC, COHBIMEH Karap 3epTTeylIIep MEH BIHTAJIbI CTYISHTTEp YLIIH
aFBIHBIK TUTOMETPHSIIAFb] JaFAbUIap CIEKTPIiH XKaKcapTyFa OarbITTaJIFaH OKBITY MEH OKBITYIBIH YJIKEH KYHABUIBIFBIH Oi1-
nipeni. By makanazna npoueypanap/biH Ke3eH-Ke3eHIMEH CHITaTTaMachl )KOHE aFbIH/IbI IUTOMETPHS SAiC] YILIIH KOC XaTrTama-
Japbl 6ap KbI3BIFYIIBUIBIK TYABIPATHIH JKacylaaapasl OKmayinay, conaaii-ak 1L-33 nunamukaceina OCEP ety apKbUIbl OKIeHiH
MYPHH TiHiH in Vivo 3epTTeyre Heri3enreH HaTkenep Oepiiren. XKaHanan cunartainrad 2-TONTarbl Tya OiTKeH JIUMGOUATHI
wacymanap (ILC2) 2 TunTi ”MMYHIBIK peakuusuiapAa, IBIPBIIITH TIHAEPIH SITUTEINHIH KIIbIHa KeNTipy/e )KaHe MeTabo-
JIMKaJIBIK TOMEOCTa3qa MaHbI3/1bl peit atkapaasl. ILC2 KypTTapiaan Kopray CHSKTHI 2 TUITI HMMYHHUTETTI BIHTAJIaHABIPAThIH
unTepneiikuH 4 (UJI1-4), NJI-5 xone WJI-13 cUsIKTHI 2 THIITI TUTOKUHICP/IH KON MeMIIepiH merapanpl. Anaiina, KATAH pert-
teyci3 ILC2 neHreii 2 TUNTI XKaFbIMChI3 IMMYH/IBIK IATOJIOTHSIIAP/IbI, COHBIH iIIiHJIE THIHBIC alTy >KOJIAAPBIHBIH aJUIePTUSIIBIK
KaOBIHYBIH, THIHBIC aJTy >KOJIIAPBIHBIH KOFaphl CE3IMTaJIBIFbIH )KOHE aTONUSUIBIK JEPMATUTTI TYABIPYbl MYMKIH. | THOTI UM-
MYHBIK PEeaKIUsIapIblH THITIK KO3ABIPFBILITAPB! OOJBIN TaOBUIATHIH THIHBIC ATy YKOJAAPbIHBIH BUPYCTHIK HH(EKIUIIAPhI
KeOiHece JAeMiKIIe )KoHE OHBIH OpIIyi CHSKTHI 2 THUIITI OKIIe UMMYH/IBIK [1aTOJIOTHsUIapbIHA 9KeJe . bip KbI3bIFbI, OKIIEHIH BU-
pycTbIK nHpekuusuaps! 1L-33 mbrrapburysis Tynsipazpl, conat keitin AJJAIITUBTI ummyHzasIk xkyiiere Toyenci3 ILC2-nen-
JaNABIK 2 THIITI OKIIE UMMYHOITATOJIOT USICHIH WH T KINSUIAMIBI.

Tyiiinai ce3nep: Tya Oitken ummynuTtet, Luroxuanep, Marepnerikunaaep, [IL-33, CD90, CD117, ILC2.
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CTUMYJIHUPOBAHHBIE TIPOTUBOBUPYCHBIM IL-33 BPOXJIEHHBIE IUM®ONJIHBIE KJIETKHA
2- TPYIIIBI (CD90 U CD117) U3 JETKUX MbIIIH
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ABCTPAKT

OTa cTaThs NpeCTaBIseT cO00I He TOIBKO 3HAYUTENBHYIO HayqHYIO IEHHOCTb, HO M IIPEACTABISIET COO0H OOIIbIIyI0 yueo-
HYIO IIEHHOCTb IS ICCIIeioBaTesell 1 MOTUBHPOBAHHBIX CTY/ACHTOB, JKEJIAIONIUX YITyUIINTh CBOM HABBIKH B 00JIACTH ITPOTOY-
HOM HUTOMETpHUH. B 3TOM cTaThe MPUBOAUTCS MOIIATOBOE OMHMCAHUE MPOLEAYPHI U PE3YIIbTaThl, OCHOBAHHBIE Ha HCCIEI0BA-
HUSIX in Vivo Ha MBIIIMHON JIETOYHOM TKaHM, BBIJICIICHUN HHTEPECYIOMINX KJIETOK C IOMOIIBIO IBYX ITPOTOKOJIOB JUIS METOAA
MIPOTOYHON IIUTOMETPHH, a Takxke BiustHue 1L-33 B nuHaMuke. HegaBHO omicaHHbIe BPOXKIEHHBIE JIMM(OUTHBIE KIETKH 2-1
rpymns! (ILC2) urparor BaskHYIO polib B UMMYHHBIX PEeaKIUsIX 2-TO THIIA, BOCCTAHOBJIECHUH SIUTENINS B TKAHIX CIN3UCTON
00omouky 1 MeTabonmaeckoM romeocrase. ILC2 BBICBOOOKAAET OOBIIOE KOITMYECTBO IUTOKMHOB 2-TO THIIA, TAKUX KaK HH-
tepneiikut 4 (IL-4), IL-5 n IL-13, koTOpble CTUMYINPYIOT IMMYHHUTET 2-TO THIA, HAIIPUMEP, 3aIIHUTY OT IIHCTOB. OqHAKO
6e3 crpororo perynupoBaHus ypoBeHb ILC2 MOXKeT BBI3BIBaTh HeXKeJaTeIbHbIe IMMYHHBIE ITaTOJIOTUH 2-TO THIIA, BKIIIOYast
aJJIEprUYecKoe BOCMAJICHUE AbIXaTeNbHbIX MyTel, TUIepUyBCTBUTENBLHOCTD ABIXATEIbHBIX TyTEH 1 aTOMUYECKHUI JepMAaTHT.
BupycHble nH}peKIMH AbIXaTeIbHBIX IyTeH, KOTOPBIE SBISIOTCS TUIIMYHBIMU TPUTTEpaMi IMMYHHBIX peakuuii 1-ro Tnna, ga-
CTO TIPUBOJIAT K JIETOYHBIM MMMYHHBIM ITaTOJIOTHSM 2-TO THIIA, TAKMM Kak acTMa M ee o0ocTpeHus. IHTepecHo, 4To Jierod-
HBIE BUPYCHBIE MH(EKIINN HHAYIUPYIOT BeIcBoOOKaeHue 1L-33 ¢ mocnenyromeit nanykuuneit ILC2-omocpeioBaHHOMN J1erod-
HOM MMMYHOIIATOJIOTUH 2-TO THIIA, KOTOpasi HE 3aBUCHUT OT aJallTUBHOM UMMYHHOM! CHCTEMBI.

KuaroueBble c10Ba: BpoxIeHHBIN MMMYHHUTET, IUTOKUHBL, HHTEpIeHkuHbL, [L-33, CD90, CD117, ILC2
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