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ABSTRACT

Background: Group 2 innate lymphoid cells (ILC2s) expand ia thngs of mice during type 2
inflammation induced by the fungal allerg@hternaria alternata. The increase in ILC2 numbers
in the lung has been largely attributed to localifgration and whether ILC2s migrate from the
circulation to the lung followind\lternaria exposure is unknown.

Objective: We examined whether human (lung, lymph node, Blat mouse lung ILC2s
expressp; and B, integrin adhesion molecules, and whether thessgiims are required for
trafficking of ILC2 into the lungs of mice

Methods: Human and mouse ILC2s were assessed for surfacession of3; andp; integrins
adhesion molecules by flow cytometry. The rolgpéndf; integrins in ILC2 trafficking to the
lungs was assessed tmyvivo blocking of these integrins prior to airway exp@sto Alternaria

in mice.

Results: Both human and mouse lung ILC2s express high devE; andp, integrin adhesion
receptors. Intranasal administrationAlternaria challenge reduced ILC2s in the bone marrow
and concurrently increased blood and lung ILC2|kve vivo blocking of; integrins (CD18)
significantly reduced ILC2 levels in the lungs, blid not alter ILC2 proliferation, apoptosis, and
function. In contrastin vivo blocking of B; integrins oro, integrins did not affect lung ILC2
levels.

Conclusion: ILC2s increase in number in the mouse lung noy ¢imtough local proliferation,
but also through trafficking from the circulationte the lung using3, rather thanB; or a4

integrins.
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KEY MESSAGES
» Both human and mouse lung ILC2s express high lesefz andp, integrin adhesion
receptors.
* ILC2s increase in number in the mouse lung not tmgugh local proliferation, but also
through trafficking from the circulation into theirlg usingp, rather thanB; or o4

integrins.

CAPSULE SUMMARY
ILC2s, which express high levels of Th2 cytokinae not only resident in the lung, but also
traffic from the bone marrow to the lung upon expesto Alternaria, an allergen associated

with severe asthma.

KEY WORDS
« ILC2
* Integrin
* Adhesion

+ Alternaria alternata
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ABBREVIATIONS

BM:
BMT:
CRTH2:
FSC:
gMFI:
ICAM-1:
ILC2:
LFA-1:
Lin:

LN:
MAdCAM-1:
PBMCs:
SSC:
VCAM-1:

VLA-4:

Bone marrow

Bone marrow transplanted

Chemoattractant receptor-homologous moleexgeessed on Th2 cells

Forward scatter

Geometric mean of fluorescent intensity
Intercellular adhesion molecule-1

Group 2 innate lymphoid cells
Lymphocyte function-associated antigen-1
Lineage

Lymph nodes

Mucosal vascular addressin cell adhesimiecule-1
Peripheral blood mononuclear cells

Side scatter

Vascular cell adhesion molecule-1

Very late antigen-4
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INTRODUCTION

As ILC2s express high levels of Th2 cytokines (IL#4-5, and IL-13), studies have
focused on understanding their role in the pathegisnof human diseases including asthma,
allergic rhinitis, and atopic dermatitis.While ILC2s and Th2 lymphocytes are both prominent
sources of Th2 cytokines, ILC2s do not expresggantireceptors and are instead activated by
cytokines (.e. IL-33, TSLP, IL-25) and lipid mediatorsi.€ cysteinyl leukotrienes and
prostaglandin B).> 7 Prostaglandin Pinduces ILC2 Th2 cytokine production and is also a
chemotactic factor for ILC2s through the binding @&RTH2, which is highly expressed by
ILC2s2 Mediators that activate ILC2s are known to be a&lled in different Th2 disease states,
including asthma and allergic rhinitis. The numbgtLC2s is increased in the peripheral blood,
BAL, and sputum of allergic and/or asthmatic indiwkls, and several studies demonstrate
increased ILC2s in the lung of mice during Th2anfmation’ ™

While it is well accepted that T lymphocytes utliadhesion molecules to traffic from
the circulation to the lung following inhalation aeflergert’, studies have not yet examined
whether ILC2s migrate from the circulation to tlhad following allergen challenge, and if so
which adhesion receptors expressed by ILC2s mayateethis function. Several reports have
demonstrated that local proliferation of ILC2s ascin the tissues, including the lutgt’
However, ILC2s are bone marrow-derived cells andharisms that regulate trafficking from
blood to tissues could be important during inflartong response¥ Mice deficient in bone
marrow CRTH2-expressing ILC2s had diminished IL&els in the lungs following\N.
brasiliensis infection'®, suggesting that a trafficking defect may be imed|, but whether ILC2-
expressed adhesion receptors may account foreatliisction in ILC2 levels in the lung was not

examined. We hypothesized that bone marrow deriv€tPs migrating through the blood
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express adhesion molecules that firmly bind to teureceptors expressed by lung endothelium
during allergic inflammation. This firm adhesion 8fC2s to pulmonary endothelium then
allows for their subsequent migration into the ues through chemotactic mediators, such as
prostaglandin R

The most common method by which leukocytes (othan iLC2s) are known to migrate
from the blood into tissues and specifically thevays is mediated by leukocyte-expressed
selectins and integrirf8.Leukocyte-expressed selectins, such as L-selé€M62L), mediate the
first step of leukocyte tethering to endotheliimvivo, whereas leukocyte-expresggdand B,
integrins mediate leukocyte firm adhesion to endltim. Integrins are heterodimers comprised
of o andp subunits.p; (CD29) integrins, such as VLA-44p, or CD49d/CD29), are highly
expressed on eosinophils, T lymphocytes, and béspdbut not neutrophilé 2 VLA-4
expressed by leukocytes binds to vascular cell sdnemolecule (VCAM-1 or CD106)
expressed by endothelium. In addition fi¢ integrins, f, and p; integrins expressed by
leukocytes also mediate firm adhesion. For exanlpiaphocytes utilize, (CD18) integrins,
such as LFA-1d /., or CD11a/CD18), to firmly adhere to intercellukhesion molecule 1
(ICAM-1 or CD54) expressed by endothelidgimAlthough lymphocytes also utiliz® integrins
to firmly adhere to endothelium, this interactidnyommphocyte expresse) integrins {.e. a4/p7)
with endothelium is more prominent in migration lpfphocytes to the gtft as the counter-
receptor foras/p7 (i.e. MAACAM-1) is most highly expressed in the gadtitestinal tract rather
than the lung, which is the focus of our ILC2 sagdi

Overall, studies of integrins and leukocyte trafficking to sites ofleagic inflammation
have demonstrated an important role for bpthand B, integrins in eosinophil adhesion and

trafficking to tissue$> In contrast, for neutrophil$, integrins, rather tharp; integrins,
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predominantly mediate neutrophil trafficking tosti® sites of inflammatioff. We therefore
profiled expression of integrin adhesion molecudeshuman and mouse ILC2s to determine
which adhesion receptors were highly expressed B4, and used neutralizing antibodies to
demonstrate that ILC2s traffic from the circulatioising B2, but notp,, integrins during

Alternaria induced lung inflammation.
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METHODS

Human ILC2

Human ILC2s were identified by flow cytometry as 4€8Lin"CRTHZ" lymphoid cell§ 2" in
single cell suspensions of either post mortem hurwegs and lymph nodes, or human

peripheral blood, obtained as described in thenerdupplement.

Mouse ILC2: Airway administration of Alternaria andin vivo blocking of integrins

Mice were challenged intranasally wiliternaria Alternata three times (days 0, 3, and 6) and
were sacrificed one day after the final challerdgy(7) as previously describ8end detailed in
the online supplement. In experiments involvimg vivo blocking of integrins, mice were
administered intraperitoneally an integrin spedtfiocking or control antibodyB{, B2, o4, Or o
antibody) (see&supplementTable Ell) prior to eachAlternaria challenge(days 0, 3, and 6) as

detailed in the online supplement.

ILC2 proliferation, apoptosis, and Th2 cytokines
ILC2 proliferation (Ki-67 staining), apoptosis (axin V staining) and Th2 cytokines (IL-5, IL-

13 staining) were quantitated by flow cytometrydascribed in the online supplement.

Statistical analysis
Statistical analysis was performed using Prismvwso# (Graphpad, La Jolla, CA) as

described in the online supplemeRk 0.05 was considered statistically significant.
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RESULTS
Human ILC2s expressp; and B, integrins

To determine whether human ILC2s express adhesmrames commonly associated
with migration of other leukocytes, human ILC2sided from peripheral blood, lung tissue, and
intrathoracic lymph nodes were analyzed for expoesf adhesion molecules by flow
cytometry. Human ILC2s were gated as CD48'CRTHZ" lymphoid cells Figure 1A) and
were detected at a mean frequency of 0.15% of Cbdls in the blood, 0.04% in the lungs and
0.06% in lung lymph nodes$-igure 1B). Human ILC2s highly express both the integrinieba
for B, integrins (CD18 and CD11a) and moderately express both ttegrin chains forf;
integrins (CD29 and CD49dFigures 1C-E and Supplement Figures E1-B2 Compared with
human CD4 cells, human ILC2s express similar legé[gl andp2 integrin adhesion molecules

(Figure 1F-H).

Mouse ILC2s expres$; and p, integrins

To study the functional importance of ILC2 expressiof adhesion molecules to
recruitment of ILC2 to the lung, we used a wellidaled model oAlternaria allergen challenge
in non-sensitized wildtype mice which induces adapnate mediated increase in the number of
ILC2s!® To validate that mouse ILC2s expressed a simitafilp of adhesion molecules as
human ILC2s, the expression of the same adhesidecoies were assessed by flow cytometry
on ILC2s from mouse lungs. Mouse ILC2s were id@tifas LinThyl.2" from the CD45
lymphoid cell populationKigure 2A). We have previously used this gating strategshiow that

the LinThyl.Z" are ILC2s in naive andlternaria-challenged micé® To determine relative
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levels of adhesion molecule expression, ILC2s aDd'Thy1.Z cells from the same naive mice
lungs were analyzedrigure 2B-C and Supplement Figure ER

ILC2s showed slightly higher levels of expressiammpared to CD4 cells of thg;
integrin CD29 (mean 99.1% compared to 79.8%) and%mean 90.5% compared to 79.4%),
as well as thé, integrin CD18 (mean 88.0% compared to 49.0%).dditaon, ICAM-1 was
more highly expressed on ILC2 compared to CD4 ¢eilsan 98.5% compared to 65.2%), while
both populations showed equally high percentageSxfla expression (mean > 99%gure
2B). Interestingly, the percent of lung CD4 cells eg3ing L-selectin (CD62L; mean = 80.1%)
was markedly higher compared to lung ILC2 cellsregping L-selectin (mean = 4.9%; p <
0.0001) Figure 2B).

These differences were further demonstrated byctimeparison oiAgMFI between the
ILC2s and CD4Thyl.2" populations Figure 2C). ILC2s showed highengMFI for the B,
integrins CD18 AAgMFI = 744) and CD11aAAgMFI = 29,590), as well as th& integrins
CD29 (AAgMFI = 5,658) and CD49dAAgMFI = 1,399), and ICAM-1 AAgMFI = 4,896).
However, ILC2s had decreas@d)MFI of CD62L compared to the CDBhyl1.Z" population
(AAgMFI = 6,615;Figure 2C). As expected, ILC2 and CDBhy1.Z" populations had minimal
expression oAgMFI for the endothelial adhesion molecule VCAMA106). Thus, compared
with human ILC2s, mouse lung ILC2s express higrelewf bothp, (CD18/CD11a) ang;

(CD29/CD49d) integrins, which are at slightly higlevels compared to CD4 cells.

Effect of Alternaria challenge on levels of ILC2 adhesion molecule exgssion
Non-sensitized naive mice challenged with the fuafjargenAlternaria alternata over

three days develop innate type 2 inflammation dr@?l activation’’ Therefore, we assessed

10



191  lung ILC2 adhesion molecule expression after attbwan vivo by Alternaria challenge igure
192  2D-E). Similar to human lung ILC2s, the majority of wainonAlternaria challenged mouse
193  lung ILC2s expressed high levels of fheintegrins CD18 (mean = 97.7%) and CD1la (mean =
194  98.6%) as well as th& integrins CD29 (mean = 98.0%) and CD49d (mean .88k Levels of
195 ICAM-1 were highly expressed in mouse lung ILC2 &me= 98.0%). In contrast, CD62L (mean
196 = 2.5%) and VCAM-1 (mean = 8.2%) were expressedoat levels Figure 2B). After
197 Alternaria challenge, levels of lung ILC2 expression of paentegrin CD18 and thf; integrin
198 CD29, as well as CD62L, ICAM-1, and VCAM-1 did raftange. However, there was a minimal
199  but statistically significant increase in the pertegje of ILC2s expressing tfie integrin CD11a
200 and thep; integrin CD49d [tigure 2D). There was a statistically significant increasethe
201 AgMFI of mouse lung ILC3, integrin subunits CD18AgMFI = 4,954) and CD11aAAgMFI
202 = 19,114), as well as in thg integrin subunit CD49dAAgMFI = 2,723) afterAlternaria
203 challenge igure 2E). In addition, afterAlternaria challenge, levels of lung ILCRgMFI of
204 CD29, CD62L, ICAM-1, and VCAM-1 did not changEigure 2E). Thus,Alternaria challenge
205 in mice led to modest increasespinandp; integrin AgMFI adhesion molecule expression, but
206 did not alter the overall expression profile.

207

208  Alternaria challenge reduced ILC2s in the bone marrow and irreased ILC2s in the blood
209 and lungs

210 To determine whether ILC2s circulate from the bonarrow to the lungs following
211 Alternaria challenge, we assessed ILC2 levels in the boneomaiblood, and lungs of mice
212 challenged every three days whlternaria allergen. Mice were sacrificed 24 hours afteregith

213 the second challenge on day 4, or the third chgdlean day 7Kigure 3). Mouse bone marrow

11
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and blood ILC2s were characterized as Tityl.ZCD127ST2" from the CD45 lymphoid cell
population Supplement Figure E4. Intranasal administration oAlternaria significantly
diminished bone marrow ILC2 levels on day 7 comgdceboth naive and day 4 mideidure
3A). There were little to no detectable blood ILCasthe naive and day 4 mice. However,
Alternaria challenge significantly increased blood ILC2 leveh day 7 compared to naive and
day 4 mice Figure 3B). In addition, ILC2 levels in the lung lymph nodssd spleen were found
to be increased on day Bupplemental Figures E4 C-D and E5 A-B. As expected, mice
sacrificed on both day 4 and day 7 had increasezideof lung ILC2s compared to naive mice
(Figure 3C). Summary of the changes in overall CD48ll levels are depicted Bupplement
Figure E5 C-G. Together, these studies demonstrate that intahadsninistration oAlternaria
reduced ILC2s in the bone marrow and concurremityeased blood and lung ILC2 levels on

day 7.

ILC2s in the lungs following Alternaria challenge originate in bone marrow in mice

In order to determine whether ILC2s migrate frdra bone marrow to the airways, we
generated bone marrow transplanted (BMT) mice ircivkither CD45.1 or CD45.2 donor bone
marrow was transplanted into irradiated recipiem48.2 mice, and challenged them with
Alternaria (as described in the Methods in the Online Supetgjn In both the CD45.1 and the
CD45.2 BMT mice, over 95% of all the hematopoietgtls in the blood were of donor origin
(Figure 3D-E). Alternaria challenge significantly increased CD45.1 ILC2 lsvim the blood
and lungs of the CD45.1 donor BMT mice, but did imatease CD45.2 ILC2 levelBigure 3F-
G andSupplemental figure E6 A-Q. In addition, there was a significant increasehia total

number of proliferating (Ki-67 expressing) CD45LLCPs in theAlternaria challenged CD45.1

12
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BMT mice compared to the naive CD45.1 BMT miéag(re 3H). There was little Ki-67
expressing CD45.2 ILC2s in both the naive aitbrnaria challenged CD45.1 BMT lungs
(Supplemental Figure E6 D. These results suggest that ILC2s migrate froenbibne marrow

to the lungs.

I'n vivo blocking of B, integrins reduced ILC2 recruitment to the lung

Due to the high levels ¢¥; integrins we noted to be expressed on both humdnmreuse
ILC2s we examined whether administering neutrafjzamtibodies t@, integrins would inhibit
the accumulation of ILC2s in the lungs Alternaria challenged miceHigure 4A). Alternaria
challenged mice treated with control antibody higdificantly higher total numbers of ILC2s in
the lungs compared to naive micEigure 4B). In contrast, Alternaria-challenged mice
pretreated with aruCD18 B, integrin blocking antibody had significantly reewac absolute
ILC2s per lung compared t#ternaria challenged mice (61.3% reduction/Adternaria-induced

ILC2 increase in lung)Higure 4B).

In vivo blocking of B, integrins does not inhibit ILC2 proliferation, or induce ILC2
apoptosis

To confirm that the effect of theCD18 antibody on the levels of lung ILC2 following
Alternaria challenge was due to inhibition of ILC2 migratiosther than inhibition of ILC2
proliferation or induction of ILC2 apoptosis, ILCRvels of Ki-67 and Annexin V were
determined Kigure 4C). Alternaria challenge induced increased lung ILC2 proliferatias
previously describetf. Administration of thexCD18 antibody tdlternaria challenged mice did

not inhibit lung ILC2 proliferation (Ki-67 ILC2s) or ILC2 apoptosis (Annexin "VILC2s)

13
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(Figure 4C). Thus,B; integrins are required for the accumulation ofgdbC2s from the blood

without affecting proliferation or apoptosis.

Effect of in vivo blocking of B, integrins on ILC2 Th2 cytokine expression

To determine whether pretreatment with #€D18 antibody had an effect on the
activation of ILC2s, we assessed IL-5 and IL-13dpiadion. Alternaria allergen challenge
induced increased numbers of IL-B.C2, IL-13" ILC2, as well as ILC2s that were double
positive for IL-5 and IL-13 Kigure 4D). The ILC2s in the lung followind\ternaria allergen
challenge include ILC2 expressing Th2 cytokinesland IL-13 (approximately 23% and 17%
of total lung ILC2 respectively), as well as a plgpion of ILC2 not expressing Th2 cytokines.
Administration of theaCD18 antibody did not reduce cytokine-producing ZL@Qumbers
(Figure 4D), despite reducing the total number of ILGZglre 4B) suggesting a reduction in
the number of ILC2s that do not express Th2 cytekimfter administration of theCD18

antibody Supplement Figure E7.

In vitro adhesion of ILC2s to ICAM-1 is dependent oifs; integrins

In order to determine direct interaction betweke@as and ICAM-1, sorted mouse lung
ILC2s were plated on ICAM-1 coated plates and afidwo adhere for 90 minutes (as described
in the Methods in the Online Supplement). There wasgnificant increase in the number of
adherent ILC2s in the ICAM-1 coated wells compat@dontrol coated wellsHgure 4E). To
determine the role di; in the adherence of ILC2s to ICAM-1, sorted ILG2sre preincubated
in the presence or absence of t#&D18 antibody prior to plating on ICAM-1 coated tela

There was a significant reduction in the numbelGAM-1 adherent ILC2s in wells containing

14
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ILC2s preincubated withCD18 compared to control ILC2Eigure 4E). This demonstrates the
direct interaction between ILC2s and ICAM#1vitro, which is dependent on ILC2 expression

of CD18.

I'n vivo blocking of the B, binding integrin, a., inhibits ILC2 recruitment to the airways

Both human and mouse ILC2s had high expressian,offhich is one of the integrins
that interacts wittg,. Therefore, we tested whether blocking the integriB, (LFA-1), would
also inhibit ILC2 recruitment to the airwayslternaria challenged mice pretreated with a
blocking antie, integrin @CD11a) antibodif had a significant reduction in lung ILC2 levels
compared to the lung ILC2 levels Afternaria challenged mice that were pretreated with the

isotype control Figure 4F).

I'n vivo blocking of either g1 0r a4 integrins does not inhibit ILC2 recruitment to the airways

As ILC2s also express high levelsffintegrins, we investigated whether blocking this
pathway would inhibit ILC2 numbers in the lung ling Alternaria challenge.Alternaria
challenged mice pretreated with a blocking @atintegrin @CD29) antibody* had no reduction
in total lung ILC2 Figure 5A). Administration of thexCD29 antibody tcAlternaria challenged
mice did not inhibit lung ILC2 proliferatior={gure 5B). Similarly, administration of theCD29
antibody toAlternaria challenged mice did not induce lung ILC2 apopt@sigure 5C).

As theay integrin (CD49d), may associate with eithgl;antegrin @4f1) or ap7 integrin
(0gB7), we also examined whether they expresBedntegrins. Human ILC2s from PBMCs,

lymph nodes, and lungs were assessed for the swefgression of integrigy alone and for dual

15
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expression of CD49d an@gk (Figure 5D). Human ILC2s, regardless of tissue source, showed
low percentages of ILC2s expressitigand even lower levels of ILC2s expressing both @D4
and B7 (Figure 5D). In contrast to human ILC2s, mouse ILC2s exprdsgh levels off;
integrin in both naive mice (mean = 67.8%) atbernaria challenged mice (mean = 74.0%;
Figure 5E). Due to the high levels ef3: andasf; expression on mouse lung ILC2s, the role of
blockingay integrins inAlternaria-induced ILC2 recruitment was assessed.

Alternaria challenged mice pretreated with a blocking agtiintegrin @CD49d)
antibody? also had no reduction in total lung ILCRidure 5F). Administration of thexCD49d
antibody toAlternaria challenged mice did not inhibit lung ILC2 proligion Figure 5G).
Similarly, administration of theCD49d antibody tAlternaria challenged mice did not induce
lung ILC2 apoptosisKigure 5H). These studies suggest that neidof nor a4f37 integrins play

a significant role in ILC2 recruitment to the lung.

16



318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

DISCUSSION

ILC2s expand in the lungs of mice during type Jdamfmation induced blternaria
challenge’® 2’ The increase in ILC2 numbers in the lung has presty been attributed to local
proliferation alon&’ as studies have not demonstrated that ILC2 migrate the circulation to
the lung following allergen challenge. We reposdtthoth human and mouse ILC2s express high
levels off; andp, integrin adhesion receptors, known to be usedthgrairculating leukocytes
to adhere to endothelium and traffic to the lung.addition, we show that after the 7 day
Alternaria challenge ILC2 levels in the bone marrow decreaséile they increased in the
circulation and lungs of mice, suggesting that Ie@2e released from the bone marrow to traffic
to the lung followingAlternaria challenge. In addition, BMT studies demonstrateat 1LC2s
derived from the bone marrow traffic to the lundldaing Alternaria challenge.ln vivo
blocking of B, integrins (CD18) prior toAlternaria allergen challenge in mice significantly
diminished ILC2 levels in the lungs. The effecttioé «CD18 blocking antibody was specific to
trafficking, asaCD18 treatment did not affeédternaria-induced ILC2 proliferation, apoptosis,
or Th2 cytokine expression. Moreovén,vitro we demonstrated that ILC2s adhere to ICAM-1
and that the adherence was inhibited by blockirtpadies to theB, integrin. This was further
confirmed byin vivo blocking of thea, integrin, a subunit of integrin g, (LFA-1), which
showed a reduction in lung ILC2 levels whe@D11a was administered. Importantly, we also
demonstrate thah vivo blocking of B; or o4 integrins did not affecAlternaria-induced ILC2
levels in the airways. Therefore, we demonstrateadditional novel mechanism by which
Alternaria allergen challenge increases airway ILC2 levelgdwyuiting ILC2s from the bone
marrow to the circulation through integrin mediateadficking that is dependent ¢ integrins,

but notp; integrins.

17



341 We have previously demonstrated that human subjeitks allergic rhinitis due to cat
342 allergen exposure, when challenged with cat allerigethe laboratory develop a significant
343 increase in numbers of peripheral blood ILC2s, Wh& not noted on a separate diluent nasal
344 challenge visif. In addition, ILC2s levels in grass pollen allergitlividuals increase in the
345  blood during the grass pollen seasdhese studies demonstrate that exposure to inhaled
346  allergens in allergic subjects can significantlgrease peripheral blood ILC2 levels. At present it
347 is not known in humans whether the increase inpperal blood ILC2s following exposure to
348 inhaled allergens is due to a signal to the bongawato release ILC2 from the bone marrow
349  which then traffic to tissue sites such as the uppdower airway, where they can express Th2
350 cytokines and contribute to allergic inflammatidn. contrast, studies in mice have provided
351  evidence that ILC2s have tissue residency in theagis and do not recirculat®.’’ However,
352 these studies have not examined whether the exyaons§ilLC2 numbers in the lung following
353  Alternaria challenge may be mediated by trafficking of ILE@rh the bone marrow to the lung.
354  Our study provides evidence that ILC2 numbers e®edn the mouse lung followirgdternaria

355 allergen challenge through mechanisms that incligdmtegrin, but not3; integrin, mediated
356 trafficking from the circulation to the lung, as Nvas due to local proliferation of ILC2s in
357 response to local inflammatory mediators. Thesalt®sire in agreement with a prior study by
358  our group, showindlternaria challenge increases the percentage of Ki-67 raliing ILC2s in
359 the lungs:®> When considered together, it is likely that onbset of ILC2s that are increased in
360 the lung followingAlternaria challenge are a result of migration from the bloetile a second
361 subset of ILC2s are the pre-existing lung ILC24 firaliferate and increase ILC2 lung numbers

362 independent of migration from the circulation.
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As ILC2 express high levels of tifig integrin which is known to mediate firm adhesion
of other leukocytes to ICAM-1 expressed by endatine| the reduction in lung ILC2 we have
noted inAlternaria challenged mice treated with a@D18 antibody can best be explained by
reduced ILC33, integrin adhesion to ICAM-1 expressed by endotimelin the lung. Oum vitro
studies demonstrated that ILC2s adhere to ICAM-4 fipintegrin dependent manner. As ILC2s
and endothelium both express ICAM-1, administrabban anti-ICAM-1 antibody télternaria
challenged mice would unfortunately not only bld€AM-1 function on endothelium, but also
ICAM-1 function on ILC2 making interpretation ofishn vivo experiment problematic. One of
the weaknesses of this study is the lack of thekog of CD18 specifically on ILC2s, which
would demonstrate direct CD18 expression on ILG2Ivement in ILC2 migration. In addition,
our study demonstrates that t€D18 antibody does not inhibit the numbers of ILG@2he
subset of ILC2 expressing Th2 cytokines. This ladkinhibition of ILC2 Th2 cytokine
expression would be anticipated as there is cuyrent evidence that inhibition df, integrins
inhibits Th2 cytokine responses.

Although we demonstrated that both human and mdu€@s expressed significant
levels off; integrins @1 or VLA-4), blockingp integrin did not reduce the number of ILC2 in
the lungs ofAlternaria challenged mice. Thu$; integrins, are not as central @sintegrins in
mediating the increase in number of lung ILC2 faflog Alternaria challenge. In addition tf;
andp; integrins,B; integrins (in particulao,f7) can mediate adhesion to MAdCAM-1 expressed
by endothelium. In this study we found tHatintegrin is expressed at low levels on human
ILC2s isolated from PBMCs, lung tissue, and lunmpyh nodes. Prior studies have also not
detected significant expression [Bfintegrin on mouse lung ILC2s and human periphiel@bd

ILC2s3* % Thus, p; integrins are unlikely to play a major role in hamILC2 adhesion. In
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contrast to human lung ILC2s, we did note high llewd expression of; integrin on mouse
lung ILC2s. Prior studies have reported the exjpoassf CD49dp; integrin on the surface of
mouse ILC precursors in the bone marfgvweut minimal expression on mouse lung ILG2$°
Despite the varying levels of mouse ILC2 CD4Bdhtegrin expression reported in different
studies, we demonstrated that the inhibition of @dD4did not alter ILC2 levels in the airways
and therefore CD49g is unlikely to play a significant role in ILC2 nrigfion to the lungs
following Alternaria challenge.

B1 and B, integrins, expressed by ILC2s, bind to known ceunéceptors such as
VCAM-1 and ICAM-1 expressed by vascular endothelikdternaria inhalation challenge is
known to induce high levels of lung IL-33 within s of challengé® In addition, IL-33 has
been shown to induce VCAM-1 and ICAM-1 expressignemdothelial cell§® As this study
demonstrated that blockin@y integrins {.e. the ICAM-1 counter-receptor pathway) reduced
numbers of ILC2s in the lung followinglternaria challenge, whereas blocking tfeintegrin
pathway {(.e. the VCAM-1 counter-receptor pathway) did not regldung ILC2 numbers, it
suggests that either the VLA-4/VCAM pathway onlydiaes minor firm adhesion of ILC2s to
endothelium pathway that can be bypassed bythetegrin/I[CAM-1 pathway, or that VLA-4
expressed on ILC2 is in a low affinity stitewhich does not permit firm adhesion to
endothelium. We also demonstrated that mouse 1IU@@4d did not express VCAM-1, but did
express ICAM-1, which is in agreement with anotterdy>*

In summary, this study makes the novel observatian the expansion of ILC2s in the
lung following Alternaria challenge is not only mediated by the well desildocal lung
proliferation of ILC2$’, but is also mediated by recruitment of circulgtihC2s from the blood

to the lungs. Interestingly, ILC2 expression [&f integrins plays an important role in the
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415

recruitment of ILC2s to the lung, as demonstratei vivo studies blocking, integrins prior to
Alternaria allergen challenge. In contrast,vivo blocking of3; integrins, or integrins, did not
affect ILC2 levels in the airwaydn vivo blocking of B, integrins did not inhibit ILC2
proliferation, induce ILC2 apoptosis, or inhibit Zttytokine responses. Thus, ILC2 numbers
increase in the lung followinglternaria allergen challenge through mechanisms that incfsde
integrin, but notB; integrin, mediated trafficking of ILC2s from th&aulation to the lung, as

well as due to local proliferation of ILC2s in resyse to local inflammatory mediators.
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FIGURE LEGENDS

Figure 1. Human ILC2s express CD18/CD11g8¢/a, ) and CD29/CD49d f1/a4) integrins.

(A) Representative ILC2 gating strategy from humangdly nodes.R) The frequency of
ILC2s from CD45 human PBMCs, lungs, and lung lymph nodes. SumroaiyC2 adhesion
molecule expression fronCj PBMCs (n=7), D) lung tissue (n=8), and} lymph nodes (n=7).
Comparison of ILC2 and CDERTHZ" cell adhesion moleculégMFI from (F) PBMCs (n=5),
(G) lungs (n=3), andH) lymph nodes (n=5) of the same donSolid circles represent ILC2
populations andpen circles represent CDLZRTHZ" populations. Data depicted as boxplots
(whiskers: 18-90" percentile) or individual points; mean represerged line + SEM. P<0.05

by Student’s pairetltest.

Figure 2. Adhesion molecule expression on mouse L.C2s.

(A) Representative gating strategy of mouse lung H.MBuse lung ILC2sopen circles)
compared to lung COZhyl.Z cells gray squares) (B) percent adhesion molecule expression
and C) adhesion moleculeAgMFI (n=3).Comparison of mouse lung ILCD)( percent
expression andE) AgMFI of adhesion molecules between naive migger( circles) and
Alternaria challenged micesflid circles; n=7). Independent experiments depicted as indalid

points; mean represented as a line + SER&0:.05, **P<0.01, ***P<0.001 by Student’stest.
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Figure 3. ILC2 levels change in bone marrow, bloodand lungs following Alternaria
challenge in wt and BMT mice.

Total ILC2s from A) bone marrow, ) blood, and C) whole lung from naivewhite;
n>23), 4-dayAlternaria challenged dray; n=8), and 7-daylternaria challenged miceb{ack;
n>14). CD45.1 or CD45.2 donor bone marrow was trargpt into CD45.2 irradiated recipient
mice O) Representative plots of BMT mouse blood ILC2 esgion of CD45.1 and CD45.2.
(E) Total CD45.1 iflack) and CD45.2White) blood cells from BMT mice. Total ILC2s fronf)
blood and G) whole lung from naive (n=8) &ternaria challenged (n=4) BMT miceH( Total
lung Ki-67" ILC2s from BMT mice. Data summarized as bar gragpsesenting mean + SEM.

*P< 0.05, *P< 0.01, **P< 0.001 by Student’stest.

Figure 4. 1n vivo blocking of CD18 diminishesAlternaria-induced ILC2 recruitment to the
airways.

(A) Mice treated with anti-CD18 antibody@D18) or the isotype control and challenged
with Alternaria (Alt) (B) Total ILC2s per mouse whole lung>D). (C) Representative plots of
ILC2 Ki-67 and Annexin V expression and summarythef percentage of Ki-671LC2s (r»10)
and live Annexin V ILC2s (r»4) per mouse lungD) Summary of total IL-5, IL-13, and IL-
5/1L-13 producing ILC2s in the lung ¥4; data was log transformed for normalcyg) (Total
number of sorted ILC2s adherent to ICAM-1 coatedlsmeompared to control coated wells +
preincubation of ILC2s witlhhCD18 (two independent experimentd)) [Total ILC2s per lung of
mice treated + Alt and = anti-CD1la antibody>@h Data summarized as bar graphs or
individual points; mean represented as a line £ SEN) not significant, P< 0.05, *P< 0.01,

*** P< 0.001 by Student’stest.
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Figure 5. In vivo blocking of CD29 and CD49d does not alteAlternaria—induced ILC2
recruitment.

(A) Total number of lung ILC2sB) total Ki-67" ILC2s, and C) live Annexin V' ILC2s
per mouse treated + anti-CD29 antibody@n (D) Percentage of human ILC2s expressing
integrin 7 and both CD49d an@; from PBMCs hite; n=4), lung tissueblack; n=3), and
lymph nodes dgray; n=4). €) Summary of the percentage of mouse lung ILC2gesging
CDA49d and integriff; from both naive and Alt challenged mice (n=8). Total number of lung
ILC2s, G) total Ki-67" ILC2s, and H) live Annexin V' ILC2s per mouse treated + anti-CD49d
antibody (®5). Mean represented as a line £ SEMS)(not significant, < 0.05, **P< 0.01,

*** P< 0.001 by Student’'stest.
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Figure 1 (2 column)
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Figure 2 (1.5 column)
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Figure 3 (2 column)
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Figure 4 (1.5 column)
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Figure 5 (single column)
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Figure E1
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Figure E2
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Figure E3
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Figure E4
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Figure E5
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Figure E6
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Figure E7
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