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Capsule summary:

Human DCs and ILC3 can engage in a reciprocal d@miksresulting in a bidirectional cell
activation relevant either in the regulation of ms@l immunity or in promoting pathological
processes such as inflammatory hyperproliferative diseases.
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To the Editor

Innate lymphoid cells (ILCs) represent a heterogasdamily of lymphocytes that includes, beside
classic cytotoxic natural killer (NK) cells, the morecently described non-cytotoxic ILC
populations.

We have previously shown that human NK cells are &b recognize dendritic cells (DCs) by
NKp30 receptor, a member of Natural Cytotoxicity cBgtor (NCR) family, and that this
recognition results in the activation of NK célisd in a process of DC “editing” able to selectsDC
with the most efficient antigen presenting capafifi. Our current results unveil a similar, but even
more effective, bridge between innate and adaptihreunity where group 3 ILC, potent effectors
of the very early immune response, can receivecawading signal by DCs via cellular ligands able
to engage the activating receptor DNAM-1, and mm tact as early and strong activator of DCs.
Group 3 ILC, also known as ILC3, are characteriagdhe expression of the transcription factor
RORyt. In addition to ROR, they express homogenously the IL-7 receptor/®er CD127), the
stem cell factor (SCF) receptor c-kit (or CD117daran be further dissected according to the
expression of NKp44 (Fig. E1A).

DNAX Accessory Molecule-1 (DNAM-1) is known to bepressed on NK cells, monocytes and
subsets of T cells and has recently described @isthe surface of mouse ILE3WVe have here
shown that human ILC3 express DNAM-1 at levels caraple to NK cells (Fig. 1A) and provided
first evidence that, upon DC/ILC3 interaction, tegagement of DNAM-1 receptor on ILC3 is
required for inducing granulocyte-macrophage colstimulating factor (GM-CSF) production by
ILC3, while neither NKp44 nor NKp30 are involveddF1B). In turn, GM-CSF released by ILC3
stimulates the release of Il31by the interacting DCs (Fig. 1C,D) and, remarkalthis latter
cytokine can be responsible for DC maturation inaatocrine and, most likely, paracrine fashion
on surrounding DCs, as assessed by the upregulation-stimulatory/activation molecules on DC
surface (Fig. 1E). Of note, the activation of D@duced by ILC3 was, at least in this experimental
setting, significantly more efficient than the anduced by autologous NK cells (Fig. 1E). On the
other hand, IL13 produced by DCs during their cross-talk with IL@8ys a relevant role also for
ILC3 proliferation and production of IL-22 (Fig. L,Rhus resulting crucial for inducing a reciprocal
cell activation during the cross-talk between D@d #.C3. It is noteworthy that during co-culture
with autologous DCs, ILC3 proliferate more vigorlyushan NK cells, which are known to
proliferate upon interaction with DE¢Fig. 1G). The robust proliferation of ILC3 occimig upon
interaction with DCs, provides a possible explaratifor the accumulation of these innate

lymphocytes in secondary lymphoid organs, in mulcegas and, more in general, at epithelial



barriers, where DCs are present as sentinel cetlsabundantly recruited during inflammation.
Accordingly, the frequency of NKp4% ILC3 in human inflamed tonsil apparently correthteith

the degree of inflammation and, in vitro, appeatteel prominent ILC subset activated by DCs
(Fig.E1B-E). Remarkably, we showed that IB{iroducing DCs and ILC3 harbor in the same area
of human inflamed tonsils (Fig. 1H), thus suggestithat an early release of Il31by DCs
encountering ILC3 at these sites would play a e¢éntole in the initiation, but also in the
maintenance, of inflammatory processes.

Hence, in the context of the early phase of the umenresponse, the role played by ILC3 in
activating the subsequent adaptive response mighhdre relevant than previously appreciated,
particularly in settings where activation of DCs jpgthogen/danger signals might be inefficient,
including cancers.

Of note, when compared to BDCABCs, BDCAT DCs induced a stronger ILC3 proliferation and
release of IL-22, GM-CSF and IL-8 whereas IL-2, TN&nhd IL-17 were not produced by ILC3
upon stimulation by both DC subset (Fig.E2A). Thédence that BDCAL DCs derived from
tonsil (as well as from peripheral blood, Fig.E4fpear particularly prone to activate human ILC3
is in agreement with their specific higher cap#piin the production of IL-§ when compared to
other human DC subsdtsDC/ILC3 interaction also results in the expressiof NKp44,
accompanied at the same time by the upregulatioNKgf46 and again BDCA1DCs are more
potent than BDCA3DCs in inducing this effect (Fig. E3A-C). We alsbserved that activation of
ILC3 in response to DCs is more prominent in ILC&ressing NKp44, both in terms of
proliferation and cytokine secretion (Fig. 2B), withe exception of GM-CSF, which is released in
similar amount by NKp4¥%° and NKp44°1LC3 exposed to DCs (Fig. 2B). The evidence that
steady state NKp424LC3 can produce, upon interaction with DCs, retevamount of GM-CSF,

is in agreement with a model in which the releds@&M-CSF by ILC3 acts as triggering factor for
completing the reciprocal activation between DCd BIC3.

The release of other ILC3-associated cytokined) sgclL-22, is known to be sustained by both IL-
1B and IL-23. We observed that, along with the redeafsIL-18, the encounter with ILC3 induced
the upregulation of IL-23 expression in BDCARCs (Fig. 2C), thus further supporting the strong
capability of the latter to boost IL-22 productibg the interacting ILC3. In tissues, IL-22 levels
are regulated by epithelial derived cytokines sasHL-25 and TSLP, which are able to suppress
the production of IL-22 by ILC3 Nevertheless, in case of chronic epithelial daerdampening the
production of IL-25 and TLSP, the reciprocal adtiea between DCs and ILC3 should lead to an

exacerbating loop of the initial inflammatory prese potentially playing a critical role in the



maintenance and progression of the starting lesiinghe same time, DC activation would reduce
their production of IL-22 binding protein, anottactor able to control IL-22 activify

This hypothesis might particularly hold true in lashmatory skin diseases characterized by
hyperproliferative epidermis, where ILC3 expressB{gR6 and the skin homing receptor cutaneous
lymphocyte antigen (CLA)would migrate to damaged epidermis and engage BBEA1* DCs,
which are abundantly represented in inflamed %kixt these sites, ILC3/DC cross-talk might
initiate a self-maintaining loop of reciprocal aetiion that results in the expansion of ILC3 aslwel
as in the long-term release of IL-22 responsibtettie continuous proliferation of epidermal cells,
an event frequently occurring in several chronidlammatory skin diseases. Our current
observation that, upon interaction with ILC3, besid-13, DCs can also increase IL-23 expression,
which is recognized as a crucial player in psosigsathogenesis, is in agreement with this
hypothesis.

On the same line, ILC3 expressing Cutaneous Lymyibo&ntigen (CLA), an homing receptor
that facilitates the targeting of lymphocytes tamed skin, were abundantly represented in both
peripheral blood of psoriatic patients and in infed tonsils (Fig. 2D). Remarkably, CLALC3
can produce high level of GM-CSF and accounted nimst of IL-22 producing ILC3 upon
interactions with DCs (Fig.2E). In this context,ist worth mentioning that IL-22 production is
mainly restricted to ILC3 expressing NKp44, a subs& detectable in the peripheral blood of
healthy individual® but considerably accumulated and activated updardction with DCs.
Moreover, in support of the model here proposed,itiiamed papillary dermis of psoriatic skin
reveals a massive presence of both plptoducing DCs and ILC3 (Fig.2F).

Our current results represent an advance in uradelstg ILC3 activating signals as well as their
interactions with other players of the innate immyurand might be informative for designing

modern immunotherapeutic strategies targeting effiizor ILC activation.
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L egendsto Figures

Figurel

DNAM-1triggersILC3/DC reciprocal cell activation vialL-1p

A) DNAM-1 expression analyzed on tonsillar ILC3 anH Bells B) GM-CSF staining on ILC3
stimulated with BDCAIDCs in the presence of indicated blocking antibsdie isotype-matched
irrelevant mAb (Ig-CTRL)C) Detection of IL-B mRNA in BDCAI'DCs stimulated or not with
ILC3. D) IL-1p expression on BDCADCSs cultured alone or with ILC3 +/- anti-GM-CSF tking
antibodyE) CD40 and CD83 expression analyzed on BDUXs alone, with ILC3 +/- IL-f
blocking mAb, and with NK cellsF) Ki67 and IL-22 staining in ILC3 stimulated with
BDCA1'DCs +/- anti-ILB blocking mAb.G) Ki67 staining of tonsil ILC3 and NK cells stimugat
with BDCA1'DCs. H) Histology (a,b) and immunohistochemistryc-1) of consecutive tonsil
sections showing the presence of CIxgds (brown) ¢,d) and the expression of ILBI(red) ) at
the epithelial(E)-lymphoid interface (left panelgahd in theinter-follicular T-cell areas (right
panels) between the B-cell follicles (F). Double stainingveals IL-B(red/CD83(brown) co-
localization (brick-red) ¢,h) with magnification X1000 in the inset) and, in tBame areas,
NKp46'cells (blue) endowed with RGR nuclei (brown), highlighted by the white box and
magnified in the black insetgl) (a-h and |:X400scale bars 30um-k:X630; scale bars 20uin

Figure2

BDCA1'DCs are prone to activate IL C3 and induce strong IL-22 production in skin homing
CLA'ILC3

A) CFSE proliferation assay and cytokine produchignILC3 following BDCAT or BDCA3'DC
stimulation. B) Flow cytometry analysis of NKp4# ILC3 cultured with BDCAIDCs for the
expression of Ki67 proliferation marker and acdiosi of NKp44 (upper panels). Cytokine
production by NKp4¥3and NKp44°® ILC3 upon BDCAIDC stimulation.C) IL-23 mRNA was
detected in BDCAIDCs alone or stimulated with ILC®) CLA expression on ILC3 subsets
derived from inflamed tonsils and peripheral blq&) of healthy donors and psoriatic patients.
Data are representative of at least 10 patidfjtdL-22 and GM-CSF production was assessed in
both CLA" and CLA™9ILC3 upon interaction with BDCADCs. One experiment out of three is
shown. F) Histology (a) and immunohistochemistr{b-d) of skin biopsies from patients with



psoriasis showing the inflamed papillary dermis {il¢d with CD83'cells @) and, in the same

areas, the expression of lIBL{inset in b) and a crowding of blue stained NKjs&fls endowed
with dark-brown RORt™ nuclei €), at higher magnification id, and in the inset. (a-c: X408¢ale
bars 30umd: X630; scale bars 20uin
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Online repository

M ethods

Sample Collection

All samples were collected after obtaining informmwmhsent and with approval of tissue-specific
protocols by the Ethical Committee of the Univergitospital PoliclinicoG.Martino, Messina.
Peripheral blood was also obtained from healthyodomand patients affected by active psoriasis.

Tonsil tissues were processed as previously destTib

Cell Sorting

Total CD127" ILCs were sorted to high purity (above 98%) byngsFACSAria Il cell sorter (BD
Biosciences) as Lineage (LINYD3,CD19,CD94,CD14,CD34,BDCA2) CD1%7Among ILC
group 3 ILC were sorted as LIKRTHZcKIT*CD127"NKp44"- and ILC1 as LINCRTHZcKIT
CD127"NKp44. NK cells were sorted as LINNKp46". Dendritic cells were sorted as LINLA-
DR"CD11¢ or LIN HLA-DR* BDCAL" or BDCASJ'.

Intracellular cytokine staining

Intracellular staining for the detection of cyto&swas performed on freshly isolated tonsillar ILC3
or NK cells stimulated for 18 h with autologousalainDCs or, in selected experiments, with either
autologous tonsil or allogeneic blood derived BDCAt BDCA3 DCs at ratio 2:1. Monensin
(2uM, Sigma-Aldrich) and brefeldin (10uglSigma-Aldrich) were added during the last 6 hour
of culture to inhibit cell secretion. Detectioniofracellular cytokines in blood BDCAIDCs was
performed co-culturing them for 36h with tonsilldKp44°°°ILC3s and monesin and brefeldin were
added during the last 12h hours of culture. Cellrewthen fixed in 1% paraformaldehyde,
permeabilized with saponin 0.1% in PBS and staimigld the following antibodies: PE-conjugated
anti-IL-22, PE-conjugated anti-GM-CSF, PE-conjudadati-IFNy, PE-conjugated anti-TNE PE-
conjugated anti-IL-8 and anti-IL-2, FITC-conjugatedti-IL-13. Samples were then acquired and
about 3x16 events were collected for each subset analys@ty B2CS Canto Il (BD Biosciences)

cytometer and data were analysed by FlowJoVX (Btee Inc) software.



Céell Culture Assays

Freshly isolated FACS-sorted human ILCs were platefix1d cellsml* in RPMI 1640 plus FBS
10% supplemented with Pen/Strep in 96-well roundtdoo plates. For DC-mediated ILC
proliferation, purified LIN CD127" cells were cultured with autologous LIMLADR* CD11¢
DCs for 6 days. For DC-mediated ILC activation|s@tere co-cultured for 48h. For ILC3 and NK
cell proliferation experiments, cells were stimathtwith autologous tonsillar BDCAIDCs,
BDCA3" DCs or, alternatively, blood BDCAIDCs at ratio 2:1 for 6 days in the presence o7 IL-
(50ngmi*, Miltenyi Biotec). Where indicated, cells were nstilated with recombinant ILAL
(50ngmi*, Miltenyi Biotec). Proliferation was assessed loyvfcytometry using CFSE fluorescence
or alternatively Ki67 staining. For BDCADC maturation, purified BDCA1DCs from peripheral
blood were cultured with freshly isolated ILC3 oKNells for 24h and then analysed for the
expression of CD80, CD83, CD40. The level of exgi@swas measured as the geometric mean of
fluorescence (MFI). IL-p production was assessed on purified blood BDCBCs cultured for
24h with or without ILC3, by both intracellular stang and Real Time PCR analysis. Alternatively,
IL-1p was measured by flow cytometry on BDCAICs stimulated with 25 ngrlof recombinant
GM-CSF (Sargamostim, Genzyme). In selected expatsneeutralizing anti-human ILB1(clone
2805, R&D), anti-GM-CSF (clone 3209, R&D), anti-N&4 (IgM, KS38), anti-NKp30 (IgM,
F252) and anti-DNAM-1 (IgM, F5) (the last three gooced in our laboratories and/or kindly
provided by Alessandro Moretta, University of Gendtaly) blocking antibodies, or matched

isotype controls, were added at the beginning efctiitures.

Quantitative Real Time PCR

MRNA was isolated from cells by using RNeasy MidtalQIAGEN). cDNA was synthesized by
using Quantitect Reverse Transcription Reagent&®@N) and assayed by gPCR in duplicates by
using a Quant Studio DX real-time PCR system (Tlefasher Scientific). IL-g and IL23
TagMan Gene expression assay (Thermo Fisher Sagntas employed and mRNA content was
normalized to GAPDH expression. Mean relative gerpression was determined by using the
DDCT method.

I mmunohistochemistry
Formalin-fixed, paraffin-embedded palatine tonfitsn pediatric tonsillectomies and skin biopsies
from patients with psoriasis were collected frone #wrchives of the Department of Anatomic

Pathology, “SS. Annunziata” Hospital of Chieti,lfta



For histology, tonsillar tissue samples were fixed4% neutral buffered formalin, embedded in
paraffin, sectioned at 4um, and stained with hematoxylin and eosin (H&E).r Fo
immunohistochemistry, to inhibit endogenous perages, the formalin-fixed, paraffin-embedded
sections were treated with 3%,® for 5 minutes and, then, washed inCH Antigen was
unmasked by heat-induced epitope retrieval in EDbI#fer at pH 8. The slices were then, left at
room temperature for twenty minutes. The sectiomsewwashed in PBS/Tween-20 and then
incubated with the primary antibody (Ab) anti-CD&B (clone 1H4b, Gentaur Srl, Bergamo, Italy),
or anti-IL13 Ab (Santa Cruz, Dallas, TX, USA) for 30 minute$ieTresulting immune complexes
were detected with the Bond Polymer Refine DetacHat (Leica Biosystems) according to the
manufacturer’s protocol. Negative controls werdgrened by replacing the primary antibody with
10% non-immune serum. Double immunohistochemistyg performed, as reported (Di Meo et al.,
2014), with anti-CD83 Ab in combination with antill3 Ab, by using the Bond Polymer Refine
Red Detection Kit (Leica Biosystems), and anti-NBpAb (clone 195314, R&D, Minneapolis,
MN, USA) in combination with anti-ROR (clone MAB F81, Merck Millipore, Billerica, MA,
USA) by using Ferangi Blue Chromogen Kit (Biocaredital, Concord, CA, USA).

Statistical analysis.

Statistical significance was determined with Studen-test or linear regression test. Prism
GraphPad (GraphPad Software, Inc.) software wasl. uBevalues of <0.05 were considered
statistically significant.* = P<0.05, ** = P<0.01.

E-Results

The frequency of ILC3 increases upon culture with DCs and is associated with tonsil
inflammation

In human tonsil, ILC3 represent the most promirgriset among CD127ILCs accounting for
about 6x18 + 5x1 cells per tonsil, while ILC2 are barely detect&hl¢Fig. E1A). Within ILC3
population, ILC3 that express NKp44 is the mostralaunt subset (Fig. E1A) and, interestingly, we
observed that their amount correlated with totaigheral blood leucocyte count, with neutrophilia
as well as, in the tonsil, with both the frequemdyB cells and the percentage of proliferating B
cells within the tonsil (Fig. E1B). Because of tlipparent association between inflamed tonsil
reactivity and the frequency of NKp#3LC3, we hypothesized that accessory cells, suddGs,
might play a role in ILC3 activation and/or protiféion. To evaluate the ability of tonsil-derived



myeloid DCs to instruct ILCs, LINHLA-DR" CD11¢ cells were sorted from tonsil tissue and co-
cultured with autologous CD127LCs. Upon 6 days of co-culture of total CDI2.C population
with autologous tonsil-derived DCs, the frequentiNKp44°°°ILC3 was significantly increased to
the detriment of NKp4¥%9ILC3, whereas no difference was observed for ILEig.(E1C). In
agreement with this data, only NKF4aLC3 acquired the expression of Ki67 proliferatimarker
(Fig. E1D). Confirming their activating ability, nsil-derived DCs induced an elevated production
of IL-22 in autologous ILC3 (Fig. E1E). In contrast high level of IL-22, tonsillar DCs were, at
least in this setting, poor stimulators of f-production by ILC1 and, when we compared tonsillar
NK cells and ILC1, the latter produced much loweoant of IFN (Fig. ELE).

BDCA1'DCs are more effective than BDCA3" counterpart in inducing cytokine secretion and
conversion from NK p44™ to NKp44°* ILC3

The high frequency of NKp4% ILC3 observed in human inflamed tonsil (Fig. Eliight result
from the loco-regional proliferation of this ILC Isset but also by conversion of NKP34ILC3
into NKp44®® cells. Thus, we investigated whether the two wigstisubsets of DCs might also
display the potential to drive differentiation froMKp44™9 ILC3 to the NKp44-expressing
counterpart. NKp4¥%? ILC3 were sorted and cultured for 5 days with DEsalternatively, with
each of the two DC subsets. Tonsillar myeloid Dffisiently induced the expression of NKp44 on
ILC3, and, again, BDCA1DCs were mainly responsible for this inductiong(FE2A,B). It is
noteworthy that the prominent acquisition of NKp#duced by BDCA1 DCs was accompanied
by a significant up-regulation of NKp46 expresswnlILC3 (Fig. E2C).

Functional analyses of ILC populations have shohairtmajor role in the early production of
cytokines. ILC3 are able to switch between IL-22To{ production, depending on the activating
signals involved. Engagement of NKp44 triggerspghaduction of TNk and IL-2 by ILC3, while
cytokine stimulation (IL-23, IL-f, IL-7) preferentially induces IL-22 and GM-CSF eagsiofi™
3 We evaluated the cytokine production profile Ib€8 upon stimulation with DCs. Remarkably,
BDCAL1" DCs were strong inducer of the release of IL-228land GM-SCF by ILC3 while
BDCA3" DCs could only induce the release of a limited am®f IL-22 (Fig.2A). Conversely, IL-
2, TNFo and IL-17 were not produced by ILC3 upon interactivith both DC subtypes (Fig. E3A).
Then, we investigated the pattern of cytokines deduby DCs on both NKp4# and NKp44°
ILC3 subsets. As expected, IL-22 production wasnigaiestricted to the NKp44° ILC3 cells, IL-

8 was significantly higher on NKp4% compartments, while no differences in GM-CSF putidun
could be observed among the two different subgst® lboth BDCAI DC (Fig.2B) and BDCA3
DC stimulation (Fig. E3B).



DCsisolated from peripheral blood are competent for |L C3 activation

In our experimental conditions, tonsillar DCs wal#e to activate ILC3 in absence of exogenous
stimuli able to trigger DC activation. We thus weneld whether a possible explanation could rely
on the activated status of DCs, which were isol&teah inflamed tonsils. To address this question,
BDCA1" DCs were sorted also from peripheral blood andwtsred with tonsillar ILC3. Also in
this case BDCA1DCs could strongly activate ILC3, inducing high ambof cytokines (Fig. E4),
thus indicating that tonsil- and blood-derived Diisplay similar ILC3 activating properties.
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Legendsto E-Figures

FigureE1l

NK p44P° | L C3 accumulated in human inflamed tonsil and proliferate in response to myeloid
DCs

Flow cytometry analysis of ILC subset frequencyhuman tonsil§A) and correlation between the
frequency of NKp42™ILC3 and total leucocyte count, percentage of rogils, tonsillar B cells
and Ki67 B cells(B). Data are from at least 30 different patie@¥.ILCs were analyzed for the
expression of c-KIT and NKp44 by flow cytometry;rbdiagrams indicate mean percentage of
ILC1, NKp44'9|LC3 and NKp44° ILC3 cells cultured alone (white bar) or with D@sack bar)

* = P<0.05; n=4D) Intranuclear expression of Ki67 was measuredldy tytometry after gating
on the different ILC subsets, as described in BgdailA. Bars represent mean values obtained in 5
experiments. * = P<0.05* = P<0.01.E) Intracellular cytokine production by FACS-sortedCB,
ILC1 and NK cells stimulated with DCs. Bars repragaean values of four experiments.

FigureE2

BDCA1" DCsefficiently induce the expression of NKp44 on ILC3

Acquisition of NKp44 and upregulation of NKp46 oAES-sorted NKp4%9ILC3 cultured with
total DCs(A) or BDCA1'/BDCA3" subset$B,C).

FigureE3

Both BDCA1" and BDCA3" DC subsets are poor inducer of TNFa, IL-2 and IL-17 by ILC3
and BDCA3" DCshave a modest effect on IL-22, |L-8 and GM-CSF

A) Intracellular cytokine expression of FACS-sorte@3, stimulated as indicated, was measured
by flow cytometry.B) Intracellular cytokine expression of FACS-sorfep44°®® and NKp44°
ILC3 upon BDCAS3 DC stimulation.

FigureE4

Blood-derived BDCA1" DCs can efficiently activate NKp44°*|LC3

Intracellular cytokine expression of FACS-sorted pdiP°® ILC3 stimulated by BDCA1 DCs
isolated from peripheral blood.
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