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Background: Type 2 innate lymphoid cells (ILC2s) have emerged as key players in the
development of type 2 driven diseases such as allergy and asthma. Due to their low number
in the circulation, in vitro expansion is needed to unravel their mechanisms of action.
Purpose: The aim of this study is to assess the impact of different culture conditions and
address whether the method of expansion may distinctly affect healthy donor or patient-
derived ILC2s.

Methods: Here, we described the impact of six different culture conditions on the prolif-
eration, phenotype and function of human ILC2s freshly obtained from healthy donors
(healthy ILC2s) and allergic patients (patient ILC2s).

Results: We showed that the cytokine cocktail or the PHA induced the highest proliferation
of healthy ILC2s and patient ILC2s, respectively. We observed that the stromal cells OP9,
used as ILC2 feeders, did not boost their proliferation, but impaired the activation marker
expression and the function of patient ILC2s. Furthermore, we demonstrated that the culture
conditions differently impacted the activation state of c-Kit"&" and ¢-Kit'®¥ ILC2s, in both
healthy donors and allergic patients. Last, we also observed that ILC2s expanded only with
IL-2 and IL-7 were the most prone to secrete IL-5 and IL-13 upon IL-33 stimulation. In
contrast, in patients, the addition of OP9 cells during the expansion restrained their type 2
cytokine secretory functions.

Conclusion: This report highlights that culture conditions distinctly impacted on the healthy
or patient ILC2 behavior, with important consequences for their study in disease settings.
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Introduction
Allergic diseases, including atopic dermatitis/eczema, allergic rhinitis/hay fever,
food allergy/ anaphylaxis and asthma, are mainly characterized by a type 2 polar-
ization. In the past years, the prevalence of allergic disease has considerably
increased with an estimated prevalence of 30% to 40% of the world’s
population." Besides known immune cell players such as eosinophils and CD4
Th2 cells, in the last few years, increasing interest in allergy research has focused
on innate lymphoid cells (ILCs).” In particular, group 2 innate lymphoid cells
(ILC2s) were shown to play a critical role in inducing strong type 2 immune
responses in asthma and allergy.® ¢

Phenotypically, ILC2s are lineage-negative cells, express the transcription factor
GATA3 and, in humans, they are defined by the expression of the prostaglandin D2
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receptor CRTH2® and variable levels of the stem cell factor
receptor ¢-Kit (CD117).° According to the c-Kit expression,
ILC2s can be divided in two distinct populations, the c-Kit™e"
and c-Kit"*" ILC2s.'® c-Kit"€" ILC2s are characterized by an
“ILC3-like”  phenotype  with the expression of
C-C chemokine receptor type 6 (CCR6) and the ability to
IL-17A ILC3-stimulating
cytokines.'' In contrast, c-Kit'™ ILC2s represent fully mature
ILC2s capable to produce type 2 cytokines.'®

In vivo, ILC2s are stimulated by soluble mediators

produce and IFN-y upon

released by different cell types such as adipose cells, mast
cells, epithelial cells'? and tumor cells.'® These activator sig-
nals comprise the interleukin (IL-) IL-25, the alarmin IL-33,'
(TSLP)
prostaglandins.'® In addition, ILC2 function can also be modu-

the thymic stromal lymphopoietin and
lated by neuropeptides'® such as neuromedin U (NMU),'"2°
vasoactive intestinal peptide (VIP)*' and calcitonin gene-
related peptide (CGRP).**?* Upon activation, ILC2s are
able to secrete type 2 cytokines such as IL-4, IL-5, IL-9 and
IL-13, highlighting their key role in the induction of type 2
responses.

Thus, several pathologies can be sustained by dysfunc-
tional ILC2s® emphasizing the need to unravel the
mechanisms underlying their chronic activation, to under-
stand their role in type 2-mediated diseases.’”*® In this
regard, the establishment of uniform tools to isolate and
in vitro culture both human healthy donor- and patient-
derived ILC2s is needed to harmonize and compare data-
sets obtained by different research groups.””~*° Further, the
comparison of the in vitro reactivity of ILC2s isolated
from healthy donors (HDs) and patients remains poorly
studied. It was previously reported that different culture
conditions modulate human ILC2 functions and pheno-
type. Indeed, ILC2 cultured in Serum-Free Expansion
Medium (SFEM II) exhibited superior survival compared
to the ones expanded in Iscove Modified Dulbecco
Medium (IMDM). However, when SFEM II was used in
combination with IL-2, IL-25, IL-33 and TSLP, it induced
minimal production of IL-5 and IL-13, while it sustained
a higher production of IFN-y, suggesting that SFEM II
induced a phenotypic switch of ILC2s.>' In contrast,
others reported that ILC2s expanded on the OP9 mouse
stromal cells (OP9 cells) showed a limited plasticity.>?

Here, we investigated the impact of culturing human
ILC2s with IL-2 and IL-7, in combination or not with OP9
cells, a cocktail of cytokines composed of I1L-25, IL-33 and
TSLP and the mitogen phytohaemagglutinin (PHA). We
assessed the effect of the different culture conditions on the

proliferation, phenotype and function of ILC2s isolated from
healthy donors or allergic patients.

Overall our results argue for major impacts of culture
methods on ILC2 fitness, calling for careful selection of
in vitro expansion methods in human ILC2 studies.

Methods
Peripheral Blood Mononuclear Cell
(PBMC) Isolation

Venous blood from HDs (n=6) was collected at the local blood
transfusion center, Lausanne, Switzerland, under the approval
of the Lausanne University Hospital’s Institute Review Board,
upon written informed consent and in accordance with the
Declaration of Helsinki. Allergic patient blood samples (n=3)
were obtained from the University Hospital of Geneva in the
frame of the CCER 2017-00544 protocol, approved by the
local Ethical Committee (Commission cantonale d’éthique de
la recherche CCER, Rue Adrien-Lachenal 8, 1207 Geneva.
The CCER is the overarching authority responsible for all
studies in the canton of Geneva, including the ones performed
at HUG. Dr Jandus is affiliated with HUG). Characteristics of
patients are listed in Supplementary Table 1. PBMCs were

freshly isolated by Lymphoprep (Promega) centrifugation
(1800 rpm, 20 minutes, without break, room temperature).
Red blood cell lysis was performed using red blood lysis
buffer (Qiagen) and platelets were removed by centrifugation
(1000 rpm, 10 minutes without break, room temperature).
Cells were counted and immediately used.

Flow Cytometry and ILC2 Isolation

Human ILC2s were identified as lineage-negative lympho-
cytes. Lineage markers, all FITC conjugated included anti-
human CD3 (UCHTI1, Beckman Coulter BC), anti-human
CD4 (SFCI12T4D11, BC), anti-human CD8 (MEM-31,
Immunotools), anti-human CD14 (RMOS52, BC), anti-human
CD15 (80HS, BC), anti-human CD16 (3G8, BC), anti-human
CD19 (J3-119, BC), anti-human CD20 (2H7, Biolegend),
anti-human CD33 (HIM3-4, Biolegend), anti-human CD34
(561, Biolegend), anti-human CD94 (Miltenyi Biotech), anti-
human 203¢ (E-NPP3 Biolegend), anti-human FceRIa (AER-
37, Biolegend). Additional markers used included Brilliant
Violet 421 anti-human CDI127 (A019DS5, Biolegend),
PerCPCy5.5 anti-human CRTH2 (BM16, Biolegend),
Brilliant Violet 605 anti-human CD117 (c-Kit) (104D2,
Biolegend), BUV737 anti-human CD56 (NCAM16.2, BD
Biosciences), Brilliant Violet 785 anti-human CD94 (HP-
3D9, BD Biosciences), PE anti-human KLRGI1 (13F12F2,
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eBiocsiences), PECy7 anti-human Tim3 (F38-2E2,
eBiosciences), Brilliant Violet 711 anti-human PD-1
(EH12.2H7, Biolegend), Brilliant Violet 510 anti-human
CD25 (BC96, Biolegend), Alexa700 anti-human CD137
(4B4-1, Biolegend), APC-Cy7 anti-human HLA-DR (1.243,
Biolegend)and Brilliant Violet 650 anti-human CD69 (FNS50,
Biolegend). Samples were acquired on a LSRFortessa (BD)
flow cytometer. Data analysis was performed using FlowJo
software version 10.7.1. ILC2s were sorted to at least 98%
purity using FACSAria (Becton Dickinson), based on the
gating strategy illustrated in Figure 1A.

Cell Culture

Freshly sorted ILC2s were directly seeded after the FACS-
sorting in 200ul of RPMI-1640 (Eurobio) supplemented
with 8% of human serum, 1% penicillin-streptomycin
10000U/mL (Gibco), 1% L-Glutamine (Gibco), 1% non-
essential amino acids (Gibco), 1% Na Pyruvate (Gibco),
kanamycin 100x (Gibco) and 0.1% of 2p-mercaptoethanol
5x10°M (Sigma), supplemented with 100U/mL recombi-
nant human (rh) IL-2 (PeprtoTech) and Sng/mL rhIL-7
(PeproTech). When indicated, 3000 mouse stromal OP9
cells (kindly provided by Prof. H. Spits and Dr B. Blum
Amsterdam UMC Research Institutes), lpg/mL PHA
(Sigma) or the cytokine cocktail composed of 50ng/mL
rhIL-25 (PeproTech), 50ng/mL rhIL-33 (PeproTech) and
50ng/mL rhTSLP (PeproTech) were added. Cells were
grown at 37°C under 5% CO,.

Cytokine Quantification

The total ILC2s cultured in the different culture conditions
were collected independently and washed with PBS. 2000
cells were re-seeded in 20U/mL rhIL-2 (PeproTech) and
stimulated for 48 hours with 50ng/mL IL-25 (PeproTech),
50ng/mL IL-33 (PeproTech) or a combination of both.
Supernatant was collected and the concentration of various
cytokines in ILC2 supernatants was determined using the
bead-based immunoassay LEGENDplex™ analyte flow
assay kit (human Th panel (13-plex), Biolegend) according
to the manufacturer’s protocol. Data were analyzed using
Prism (GraphPad software version 8.4.2).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
software version 8.4.2. One-way and two-way ANOVA
tests were used. We compared all the conditions against
the ex vivo level. For the between-condition comparisons,
we compared “matched” conditions: conditions without

and with the cytokine cocktail (i.e IL-2, IL-7 vs IL-2, IL-
7 + the cytokine cocktail; IL-2, IL-7 + OP9 vs IL-2, IL-7 +
OP9 + cytokine cocktail; IL-2, IL-7 + PHA vs IL-2, IL-7 +
PHA + cytokine cocktail). We also compared the three
conditions without the cytokine cocktail and the three with
the cytokine cocktail among each other (i.e IL-2, IL-7 vs
IL-2, IL-7 + OP9 vs IL-2, IL-7 + PHA; IL-2, IL-7 +
cytokine cocktail vs IL-2, IL-7 + cytokine cocktail +
OP9 vs IL-2, IL-7 + cytokine cocktail + PHA).
Statistically significant p-value is represented with *. * =
<0.05, ** = <0.01, *** = <0.001, **** = (0.0001

Results
ILC2-Stimulating Cytokines Induced the
Highest in vitro Proliferation Rate and

Favored c-Kit'®" ILC2 Maintenance

To understand how different culture conditions can affect
human ILC2 proliferation, phenotype and function, we
freshly sorted total ILC2s from peripheral blood mono-
nuclear cells (PBMCs) of HDs (Figure 1A) and expanded
the cells as indicated in Figure 1B. Cells were put in
culture with IL-2 and IL-7, supplemented either with
OP9 cells or PHA. The same setting was used with the
addition of a cytokine cocktail composed of 1L-25, 1L-33
and TSLP, known to activate ILC2s.”

As early as at day 7, we observed a difference in the
proliferative capacity of ILC2s among the different condi-
tions. In particular, the addition of the cytokine cocktail
increased the proliferation of ILC2s independently from the
presence of OP9 cells and/or PHA (Figure 1C). This initial
observation was confirmed after 17—19 days of culture, when
the presence of the cytokine cocktail fostered the highest
proliferation (Figure 1D and E, Supp. Figure 1B). However,
at this time point, we observed that the addition of OP9 cells
strongly impaired the proliferative advantage given by the
cytokine cocktail and that the addition of PHA did not
further increase ILC2 proliferation. Taken together, these
observations indicated that the cytokine cocktail but not the
addition of stromal cells or a mitogen induced the highest
proliferation of peripheral ILC2s in vitro.

Furthermore, we quantified and compared the proportion
of ¢c-Kit"#" and c-Kit'®™ ILC2 populations ex vivo (Supp.
Figure 1A) and after expansion (Figure 1F and G). The
distribution of c-Kit"€" and c-Kit'™ ILC2s was dramatically
modulated by the culture conditions. Indeed, a switch in the
repartition of both populations occurred with the c-Kit"e"
ILC2s increasing when the cells were cultured with IL-2, IL-
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Figure | ILC2-stimulating cytokines induced the highest in vitro proliferation rate and favored c-Kit'®" cell maintenance. (A) Gating strategy used to sort fresh

ILC2s from PBMCs. (B) Scheme representing the different culture conditions used in the experiment. Freshly sorted ILC2s were put in culture in medium with IL-
2 and IL-7, supplemented either with mouse stromal OP9 cells (n=6 HD samples from 4 independent experiments) or PHA (n=4 HD samples from 4 independent
experiments). The same setting was used with the addition of a cytokine cocktail composed of IL-25, IL-33 and TSLP (n=between 4 and 6 HD samples from 4
independent experiments). (C) Representative examples of expanded ILC2s in the different culture conditions (n=between 4 and 6 HD samples from 4
independent experiments) (magnification = 10x). (D) Quantification of the ILC2s counted after 17-19 days of expansion for each culture condition (n=4/6).
(E) Fold change of ILC2s after the culture relative to initially plated cells. (F) Representative dotplots of c-Kit"&" and c-Kit'*" ILC2 populations ex vivo and after
expansion in each culture condition (n=between 4 and 6 HD samples from 4 independent experiments). (G) Quantification of c-Kit"&" and c-Kit'*" ILC2
populations ex vivo and after expansion in each culture condition (n=between 4 and 6 HD samples from 4 independent experiments). Data are shown as mean *
standard error of the mean (SEM). Significance was calculated using one-way ANOVA where *P<0.05.
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7, with or without OP9 cells and/or PHA (Figure 1G). In
contrast, the expansion of ILC2s with the cytokine cocktail,
irrespective of the presence of OP9 cells and/or PHA,
favored the c-Kit'"" ILC2s. Interestingly, ILC2s cultured
with the cytokine cocktail and PHA revealed the most
homogenous trend across donors, with a majority of c-Kit'*"
ILC2s (Figure 1G), suggesting the maintenance of a bona

fide mature ILC2 state.

Different Culture Conditions Affected

Marker Expression in c-Kit"&" and

c-Kit'*™ ILC2s

In order to decipher the phenotype of both c-Kithieh

and

¢-Kit'®" ILC2s ex vivo and among the different culture
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conditions, we assessed the expression and the modula-
tion of a selection of markers involved in ILC2 biology.
We first assessed the expression of CD25, known to be
expressed by human ILC2s under physiological condi-
tions in some tissues®> and by cytokine activated ILC2s
in vitro.** CD25 expression was not modulated and
remained high among all the conditions in both c-Kit"e"
and c-Kit'®" ILC2s (Figure 2A). We then evaluated the
expression of another ILC2-specific marker, Killer cell
Lectin-like Receptor subfamily G member 1 (KLRG1),
The expression of KLRGI1

tended to decrease in culture compared to ex vivo.

a co-inhibitory receptor.*

Notably, the cytokine cocktail in the presence of OP9
cells induced the strongest reduction of KLRG1 expres-
sion (Figure 2B). Programmed Cell Death 1 (PD-1) has

L2, IL7 L2, IL7
okinecockiai + + oioine coka
oy

wawsowaws | war
D . want T
D Sl eoaal] &]
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IL2,1L7
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Figure 2 Different culture conditions affected marker expression in c-Kit"" and c-Kit'®" ILC2s. Representative dotplots and quantification of CD25 (A), KLRGI (B), PD-1
(C), CD69 (D) and HLA-DR (E) in ex vivo and in vitro expanded ILC2s, across different culture conditions (n=between 4 and 6 HD samples from 4 independent
experiments). Data are shown as mean # standard error of the mean (SEM). Significance was calculated using one-way ANOVA where *P<0.05, **P<0.01, ***P<0.001,
*#kP<0.0001.
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been identified as regulator of KLRG1" ILC2 function in
humans.’®>” As shown in Figure 2C, we did not detect
PD-1 expression on ex vivo ILC2s, whereas the culture
induced its expression, which was significantly higher in
c-Kit"#" ILC2s cultured with IL-2, IL-7 and the PHA.
Next, we assessed the expression of the lymphocyte
activation marker CD69,*® known to be expressed by
activated ILC2s.>® Ex vivo ILC2s did not express
CD69 in contrast to expanded ILC2s that expressed it
at high level, irrespective of the culture conditions
(Figure 2D). In addition, the MHC class II molecule
human leukocyte antigen-D related (HLA-DR) known
to modulate the antigen presenting capacity of ILC2s*°
and more recently identified as being regulated by
cytokines*' was monitored. HLA-DR was not detected
on ex vivo ILC2s, in line with the literature.’**!
However, HLA-DR expression increased in both c-Kit-
high and ¢-Kit'*™ ILC2s expanded with the cytokine cock-
tail, with or without OP9 cells (Figure 2E). Last, we also
evaluated the expression of the inhibitory receptor T-cell
mucin-domain

and containing-3

743

immunoglobulin
(Tim3)* and the co-stimulatory molecule CDI13
which were however not detectable (Supp. Figure 2A
and B).

ILC2s Expanded with IL-2 and IL-7 and
Re-Challenged with IL-33 Displayed an

Increased IL-5 and IL-13 Secretion
ILC2 function is mainly associated with the production of
type 2 cytokines, such as IL-4, IL-5, IL-9 and IL-13.%
Thus, to investigate whether the different culture condi-
tions affected ILC2 function, we evaluated the cytokine
secretion profile of total ILC2s after culture. Cells were
harvested, washed and re-seeded to be stimulated for 48
hours with IL-2 as control, with IL-25 and IL-33 alone or
in combination (Figure 3A). At the end of the stimulation,
the secreted cytokines were quantified in the supernatants.
Upon IL-33 stimulation alone or in combination with IL-
25, only the ILC2s expanded with IL-2 and IL-7 showed an
increased production of both IL-5 (Figure 3B) and IL-13
(Figure 3D). This effect was independent from the addition
of OP9 cells or PHA during the expansion phase (Figure 3B
and D). Notably, the ILC2s expanded with the cytokine cock-
tail showed a high and similar level of IL-5 and IL-13 among
the different re-challenge conditions (Figure 3C and E).
Further, IL-25 alone did not induce neither IL-5 nor IL-13
secretion compared to IL-2 stimulation, suggesting that the

higher secretion observed with the combination of IL-25 and
IL-33 was mainly driven by IL-33.

In addition, we also evaluated the secretion of IL-4 and
IL-9, other two well-known ILC2-secreted cytokines.*>**®
We did not observe any significant modulation among the
(Supp.
Figure 3A-D). However, IL-9 tended to be more elevated
in cultures of ILC2 expanded with IL-2 and IL-7 upon IL-
33 re-stimulation (Supp. Figure 3A), while IL-4 was lower
in ILC2s expanded with the cytokine cocktail and OP9
cells (Supp. Figure 3C).

High plasticity is a key feature of human ILC2s
that cytokine

Consequently, to decipher whether the different culture

different culture conditions and stimulations

47,48

exposure.49’50

can be driven by
conditions induced ILC2 plasticity and thus a switch
towards another type of cytokine-secreting profile, we
examined the secretion of ILC1 and ILC3 prototypic cyto-
kines, IFN-y, IL-17A and IL-17F, respectively. None of
the culture conditions induced a secretion of these cyto-
kines (Supp. Figure 3E-J). Nevertheless, we noticed
a trend of increased IFN-y secretion by some ILC2s
expanded with the cytokine cocktail and re-challenged

with IL-25 and IL-33 (Supp. Figure 3F).

Distinct in vitro Behavior of Healthy
Donor-Derived and Patient ILC2s

ILC2s have been associated with various allergic disorders.
For instance, patients suffering from allergic asthma dis-
played an enhanced type 2 immunity in peripheral blood

5152 and an ILC2 decrease was observed in

and in lungs,
patients responding to allergen-specific immunotherapy
(AIT), but not in non-responders.”® To evaluate whether
ILC2s from allergic patients showed the same in vitro beha-
vior as healthy ILC2s, we performed the same experiments
described above using freshly isolated ILC2s from allergic
patients’ PBMCs and we made a side by side comparison
between HD and patient cells.

First of all, we observed that the frequency of ex vivo
total ILC2s was similar between HDs and patients but
with an opposite repartition in the frequency of c-Kit"e"
and c-Kit'°%, with expanded c-Kit"e"

(Figure 4A, Supp. Figure 4E). In vitro, we observed that

ILC2s in patients

the subsets repartition was differently modulated in HD
and patient ILC2s (Figure 4A). In patient but not in HDs,
the expansion with IL-2 and IL-7 favored the mainte-
nance of c-Kit"€" ILC2s (Supp. Figure 4D and E,
Figure 1G, Figure 4A). Moreover, the addition of the
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Figure 3 ILC2s expanded with IL-2 and IL-7 and re-challenged with IL-33 displayed an increased IL-5 and IL-13 secretion. (A) Schematic representation of the experimental
design: after the expansion, ILC2s from each condition (n=between 4 and 6 HD samples from 4 independent experiments) were separately harvested and re-plated for a 48
hours cytokine stimulation. Cells were stimulated with IL-2 as control, added with IL-25, IL-33 or a combination of both. The readout was performed using the LEGENDplex
assay kit. ILC2s expanded with IL-2 and IL-7 (n=6 HD samples from 4 independent experiments) secreted more IL-5 (B) and IL-13 (C) upon IL-33 stimulation. IL-5 (D) and
IL-13 (E) secretion were not modulated upon the different stimulations when ILC2s were expanded with the cytokine cocktail, added or not with OP9 cells (n=6 HD
samples from 4 independent experiments) or PHA (n=4 HD samples from 4 independent experiments). Data are shown as mean * standard error of the mean (SEM).
Significance was calculated using one-way ANOVA where *P<0.05, **P<0.01, ***P<0.001.

cytokine cocktail in the expansion phase favored the c--
kit subset of patient ILC2s (Figure 4A, Supp.
Figure 4E), while in HDs, c-Kit'°% ILC2s were main-
tained by the expansion with the cytokine cocktail and
PHA (Figure 1G). In addition, by analyzing the prolifera-

hlgh and

tion of the cells, we observed that patient c-Kit
c-Kit'®" ILC2s displayed a higher proliferation when
expanded with PHA (Supp. Figure 4A-C, Supp.
Figure 4F), in contrast to HD ILC2s that proliferated
more when expanded with the cytokine cocktail
(Figure 1D-E). Next, by comparing HD and patient
ILC2 phenotype, we observed that the expansion of
patient ILC2s with OP9 cells downregulated the expres-
sion of activation markers such as PD-1, KLRG1, CD69
and HLA-DR (Figure 4B, Supp. Figure 5B-E).

Nonetheless, the expression of CD25 remained similar

in both HD and patient ILC2s (Figure 4B, Supp.
Figure 5A), as well as the lack of expression of Tim3
and CD137 (Supp. Figure 5SF-G).

Finally, by assessing the IL-5 and IL-13 secretion profile
between HD and patient ILC2s, we observed an overall lower
level of secretion in patients (Figure 4C). Furthermore, the
presence of OP9 cells during the expansion tended to impair
IL-5 and IL-13 production upon re-stimulation of patient
ILC2s (Figure 4C, Supp. Figure 6A-D). No other type-2,
type-1 or —3 cytokines were detected in patient ILC2 cultures,
irrespective of the condition (Supp. Figure 6 E-N).

Discussion

Recently, a rapidly growing body of literature has inte-
grated the ILC2 profiling in the immune monitoring port-
folio of several type 2-mediated disease settings. The
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Figure 4 Distinct in vitro behavior of healthy donor-derived and patients ILC2s. Heat maps representing the comparison of HDs (n=between 4 and 6 HD samples from 4
independent experiments) and allergic patients (n=3 allergic patient samples from 2 independent experiments) for the proportion of c-Kit"&" and c-Kit'*" ILC2s ex vivo and
after the expansion in the different culture conditions (A), the activation marker expression (B) and the cytokine secretion profile upon re-stimulation (C). Data are shown
as mean # standard error of the mean (SEM). Significance was calculated using two-way ANOVA where *P<0.05.

analysis of these cells ex vivo relies on more and more extensive comparison of the impact of in vitro culture
standardized multiparametric flow cytometry panels that conditions on human ILC2 fitness and phenotype, arguing
provide knowledge on ILC2 phenotype and frequency. for the need of more harmonized protocols for in vitro
Instead, their in-depth functional characterization mostly = ILC2 functional studies.

depends on in vitro studies or on the use of genetically It has previously been shown that the expansion of
engineered mouse models.** Here, we provide an ILC2s in SFEM II media induced a plastic phenotype
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with cells that gained the ability to produce IFN-y and IL-
17A, in the presence or not of IL-25, IL-33 and TSLP.3!
We did not observe any switch towards IFN-y and IL-17A/
IL-17F secretion using RPMI medium supplemented with
8% human serum (HS), even when ILC2s were expanded
with the cytokine cocktail and re-challenged with either
IL-25 or IL-33 or both. However, one can speculate that
depending on the use of FCS or HS, and on the glucose
and/or amino acid content of the medium, ILC2 biology/
plasticity will be dramatically affected. This is mainly due
to the known distinct metabolic requirements of ILC sub-

d54,55 and

sets, being resting ILC2 primarily fatty-aci
amino-acid®® dependent, at least in the intestine and the
lung, respectively. The rationale to include HS was to
mimic as close as possible the ex-vivo conditions of
human peripheral blood circulating cells.

Further, ILC2-driver cytokines have been increasingly
characterized in the last years.”” Here, we demonstrated
that the addition of these mediators (eg IL-33, IL-25)
during the in vitro expansion phase leads to the highest
cell proliferation rate. Yet, this pre-exposure seems to
shape ILC2s, since upon short-term re-challenge with dif-
ferent cytokines to monitor their functionality, a similar
type-2 cytokine plateau is observed across conditions.
Therefore, while cytokine-driven expansion is suitable to
obtain large cell numbers, it seems counterproductive if
measurement of cell functionality is the primary study
aim. In that regard, it would be interesting to compare
the reactivity of ILC2s isolated from allergic patients
under immunotherapy. Indeed, based on the induction of
“regulatory” IL-10-secreting ILC2s upon AIT in allergic
patients, one can hypothesize that differences in functional
polarization (eg IL-10 versus IL-13 secretion) might still
be captured when cytokines are used during the in vitro
cell propagation.®® Moreover, it would be informative to
test whether a resting period in IL-2 and IL-7 only after
expansion in the presence of IL-25 and IL-33 would
restore their capacity to respond to a further in vitro
stimulation.

A further aspect related to ILC expansion is linked to
the use of stromal cells to support their growth. The addi-
tion of OPY cells or Notch ligand Delta-like 4 expressing
OP9 (OP9-DL4) as feeders has been described to support
human ILC2 clonal expansion.***’ OP9-DL1 expressing
the Notch ligand Delta-like 1 has also been identified as
promoting ILC2 differentiation.”> However, in our hands,
the addition of OP9 cells had a detrimental effect on ILC2
proliferation, in both allergic patient and healthy donor

ILC2s. Furthermore, we observed that OP9 cells impaired
patient ILC2 functions, since their type-2 cytokine secre-
tion was dramatically reduced. One can speculate that
OP9-secreted factors®® might directly affect cytokine
secretion.  Nevertheless, in line with previous
observations,* we also observed that the addition of
OP9 cells restrains ILC2 plasticity. Further, in healthy
ILC2s, our data indicate that the addition of OP9 cells
with IL-2 and IL-7 favored the maintenance of the c-Kit-
high subset, while the combination of the cytokine cocktail
and PHA supported a fully activated state of ILC2s as
observed with a high proportion of c¢-Kit'¥ ILC2s after
expansion.

To conclude, we demonstrated that the proliferation
behavior and the functions of ILC2s can be distinctly
modulated, depending on the conditions used for their
in vitro expansion. Moreover, we also showed that ILC2s
isolated from HDs and allergic patients are differently
affected by the in vitro conditions used for their expansion.
Overall, we believe that the development of refined
in vitro culture system for ILC2 will be of invaluable use
to profile and exploit these cells in human type-2 mediated

disorders.
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