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FALC stromal cells define a unique immunological niche

for the surveillance of serous cavities
Lucy H Jackson-Jones' and Cécile Bénézech?

The serous cavities contain specialised adipose tissues which
house small clusters of immune cells known as fat-associated
lymphoid clusters (FALCs). The continuous flow of fluid from
the serous cavities through FALCs makes them unique niches
for the clearance of fluid phase contaminants and initiation of
locally protective immune responses during infection and
inflammation. Development, and activation of FALCs both at
homeostasis and following inflammation are co-ordinated by
the close interaction of mesothelial and fibroblastic stromal cell
populations with immune cells. In this review we discuss recent
developments in FALC stromal cell biology and highlight key
interactions that occur between FALC stroma and immune
cells.
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Introduction

Internal organs are contained in three fluid-filled serous
cavities: the peritoneum which envelops the abdominal
viscera [1] the pleural cavity enclosing the lungs [2] and
the pericardium which protects and anchors the heart [3].
These cavities are delimited by two membranes, the
parietal serosa covering the wall of the cavity and the
visceral serosa covering the organs. Fluid is secreted by
the mesothelium lining these membranes ensuring
lubrication of the serous cavities, free movement of
organs and continuous flow of fluid [4]. Fluid is drained
out of the cavities through stomata [4] found in the
mesothelium of certain visceral adipose tissues, such as
the membranous folds formed by the omentum and
mesenteries in the peritoneal cavity, the adipose tissue
of the mediastinum in the pleural cavity and the adipose
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tissue of the pericardium. Dedicated immunological
niches called fat-associated lymphoid clusters (FALCs)
develop under the intercellular pores formed by stomata
[5,6] in the mesothelium of these visceral adipose tissues
and contribute to the barrier function of the mesothelium
and immune surveillance of serous cavities. FALCs were
first identified in the omentum where, historically, they
were called milky spots [7], knowledge of their existence
was later expanded to include other visceral adipose
tissues [8-10,11°]. FALCs are important immune
activation and co-ordination hubs; possessing some
functions akin to lymph nodes but distinct in that they
are not encapsulated organs, enabling direct and more
immediate contact with contaminants (pathogens,
particulate material, PAMPs, DAMPs) within the cavities
in which they reside. Recent studies are beginning to
unpick the complex interactions between immune
and stromal cells within adipose organs. The FALCs,
as co-ordination hubs for body cavity immune responses
represent an important site for the analysis of adipose
stromal-immune interactions that take place just beyond
the mucosal frontline.

Structure of FALCs and function of FALC
stromal cells at homeostasis

Structure of FALCs

FALCs are a critical component of serous innate-B cell
function [12]. The recruitment of B cells to FALCs is
dependent on the homeostatic chemokine CXCI.13 [13],
which is expressed by macrophages and radio-resistant
stromal cells [13] that form a 3-dimensional basket that
envelopes FALC B cells [14]. Recent work from our lab
confirmed that the expression of CXCL13 was limited to
the loose lining of mesothelial cells covering the serous
facing side of FALGCs [15]. We called these cells
CXCL13* FALC cover cells. In addition to CXCIL13,
FALC cover cells express Podoplanin (also known as
gp38, Aggrus or Tlalpha) and a number of factors
involved in the recruitment, adhesion or activation of
immune cells [15] suggesting that FALC cover cells
facilitate the extravasation of immune cells between
the serous cavities and FALCs (T'able 1).

A distinct subset of stromal cells expressing the
homeostatic chemokine CCIL.19 is found at the heart of
the clusters [16°°]. These stromal cells form a reticular
network, expressing GP38 and the fibroblastic marker
PDGFRa, resembling fibroblastic reticular cells (FRCs)
and referred to as FALC FRGCs. Lymph nodes contain
different subsets of FRCs contributing to various
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Table 1

Markers expressed by adipose and FALC stromal cells

FALC FRC FALC cover cells Adipose stromal cells Mesothelial cells References
CD31 - - - =
GP38 + + + +
PDGFRa + - + - [15,23°]
CCL19 + - - _ [15,16"]
CXCL13 - + + + [14,15]
IL-33 + + + + [11°,15, 24°,25°,26°]
CCL2 + + - - [15,16°7]
WT1 + + + + [15,31°]
RA = + + + [31°7]
CCL11 - - + - [15,247]

structural and functional niches [17,18] including CCL.19
expressing reticular cells found in the T-cell zone of
lymph nodes and called T-reticular cells. While T cells
are present in FALCs, there is no clear T-cell zone,
indicating that FALC FRCs constitute a unique subset
of lymphoid stromal cells with differing functional
capacity to FRCs found within lymph nodes.

FALCsare highly vascularised [19-21] with the endothelial
blood wvasculature forming distinctive convolutions
resembling the renal glomeruli. FALCs can support the
differentiation of high endothelial venules (HEV). HEVs
are essential for lymphocyte trafficking in secondary organs
and in FALCs support the entrance of lymphocytes to the
serous cavities from the circulation. In addition, HEVs are
used by neutrophils to swiftly transit into the peritoneal
cavity during peritonitis [22]. In contrast to lymph nodes
which directly receive lymph through afferent collecting
lymphatics, FALCs are not exposed to lymph but to the
serous fluid entering through the mesothelial stomata.
Collecting lymphatic vessels are found in the vicinity of
FALCG:s to drain this fluid toward downstream lymph nodes
[19]. See composition of FALCs in Figure 1a.

The expression of IL-33 by FALC stromal cells supports
ILC2 function in FALCs

Group 2 innate lymphoid cells (ILC2) were first identified
in FALCs of the mesenteric adipose tissue [8], where in
response to IL.-33, they secrete IL-5 which in turns
enables innate-B cell proliferation and IgM secretion
[8,11°]. We found that GP38"CD31~ FALC stromal
cells produce IL.-33, which is sequestrated in their
nucleus [11°]. Recent reports have now shown that IL-
33 is also present within mesenchymal cells interspersed
within, and mesothelial cells covering, adipose tissues.
IL-33 is emerging as a key regulator of adipose tissue
homeostasis by controlling type 2 immune cell recruit-
ment to adipose tissue [23°,24°,25°,26°%,27°]. In particular,
stromal adipose 11.-33 promotes ILLC2 secretion of 11.-4
and I1.-13 [23°,26°,27°] triggering the expression of Cc/11
by mesenchymal adipose stromal cells which in turn
increases recruitment of eosinophils to adipose tissue

[24°]. While PDGFRa"GP38"CD31~ adipose stromal
cells have been shown to support the differentiation of
ILC2 progenitors [23°], it is still not clear what promotes
the recruitment/survival of ILC2 in FALCs and the
adipose tissue stromal cell niche nor what proportion of
ILCZ are found in FALCs compared to the rest of the
adipose tissue. Interestingly, adipose tissues rich in
FALCGs, such as the omentum, secrete high amounts of
IL.-33 compared to adipose depots poor in FALCs [11°],
suggesting that FALCs may concentrate 11.-33 produc-
tion and ILC2 action in adipose tissue. We recently
confirmed by single-cell RNA sequencing the expression
of IL.-33 by mesothelial cells and mesenchymal cells [15],

The role of stromal cell derived retinoids at homeostasis
All serous cavities are home to a population of self-
renewing cavity-resident macrophages [28-30,31°°],
important for clearance of pathogens in serous cavities
[28,32-34], tissue repair [35,36°] and Ig production by
innate-B cells [37,38]. The maintenance and functional
identity of these cavity-resident macrophages rely on the
transcription factor GATAG6 [37,39,40]. Gata6 expression
is induced by retinoic acid (RA), a derivative of retinol
(vitamin A) [31°°,37]. Mesothelial cells and fibroblastic
cells of the omentum and mesenteries express high levels
of two rate limiting enzymes required for the conversion
of retinol into RA, the retinaldehyde dehydrogenase
1 and 2 (Raldhl and Raldh2) [32°°,37]. The transcription
factor Wilms tumour 1 (W¢7), which is required for the
development of all visceral adipose tissues including the
omental, pericardial and mesenteric depots [41] and is
expressed by both PDGFRa™ mesothelial cells and
PDGFRa™ fibroblasts in the omentum and mesenteries,
drives the expression of Raldhl and Raldh2 [31°°].
Diphtheria-toxin mediated depletion of Ws* cells
diminishes the frequency of serous-resident macrophages
in the pericardial, pleural and peritoneal cavities confirm-
ing that Wzl expressing cells are critical for the mainte-
nance of cavity-resident macrophages [31°°]. Single-cell
RNA sequencing analysis of omentum stroma confirmed
that mesothelial cells, FALC cover cells and adipose
stromal cells are competent to secrete RA while FALC
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Figure 1

(a) Stromal composition of FALCs
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Structure of FALCs.

(a) FALC stroma is made of two main stromal cell populations: FALC FRCs expressing CCL19 and FALC cover cells expressing CXCL13. Serous
fluid enters FALCs through stomata made by the loose lining of FALC cover cells and drain through collective lymphatic vessels in the vicinity of
FALCs. Immune cells enter FALC from the circulation via HEVs and transit in and out of the serous cavity via stomata. (b) Mesothelial cells,
adipose stromal cells and FALC cover cells are competent to produce RA (1). RA induces the expression of GATA6 which is required to retain
cavity-resident macrophages (2) and the secretion of TGF-B (3) which induces IgA class-switching (4). RA also acts directly on innate-B cells,
inducing the expression of gut homing molecules (5) and is required for the expression of the transcription factor NFATc1 needed for the
development and function of innate-B cells (6).

Current Opinion in Immunology 2020, 64:42-49 www.sciencedirect.com
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FRCs are not [15]. Secretion of RA by FALC cover cells
may establish an RA rich environment important for
FALC B cell function. RA directly induces the expression
of the gut homing molecules integrin a437 and CCR9 by
innate-B cells [42] while GATA6-dependent secretion of
TGF-B2 by peritoneal macrophages promotes IgA class
switching in innate-B cells [37,43]. RA is also important
for the maintenance and function of innate-B cells via
control of NFATc1 expression [44,45]. See Figure 1b for
RA production by FALC and adipose stromal cells.

Signals controlling the formation of FALCs
and their maturation

During development and under homeostatic conditions
FALC:s are first found in human omentum during foetal
development [46] and appear in the mouse mesenteries
during the first week after birth [10]. Recruitment of a
subset of RORyt-dependent innate lymphoid cells (ILC)
called lymphoid tissue inducer (IL'T1) cells expressing
Lymphotoxin a (I.'Ta) that engage the Lymphotoxin 3
receptor (L' TBR) on mesenchymal cells is a critical step in
the development of secondary lymphoid organs. In par-
ticular L'TBR signalling induces CXCIL.13 expression by
stromal cells of the lymph node anlagen, precipitating the
recruitment of CXCRS5" LTi cells [47-51]. In contrast,
the initiation of FALC formation is independent of
RORytand L'TBR signalling [10,14]. While the formation
of FALCs can be initiated in B and T cell deficient
Rag?™'~ mice, FALCs are absent in Rag2 ™'~ 1/2ry™'~ mice
suggesting that a subset of ILCs different from L'Ti is
required to trigger the initial formation of FALCs during
normal development. FALCs do form in Cxc/137/~ mice
[14], but fail to recruit B cells. The expression of Cxc/13 is
not affected in L'Ta ™™ mice [14], indicating that Cxc/13
expression by FALC cover cells is not dependent on
LTo/L'TBR signalling. Recent work showed that
TLRY signalling in adipose stromal cells suppress
CXCL13 secretion and the recruitment of B cells in
the peritoneal cavity at homeostasis and during peritonitis
[52]. Additional work is required to determine what
controls the expression of CXCL 13 and the differentia-
tion of FALC cover cells. Interestingly, both RA [53] and
interstitial fluid flow [54] have been shown to induce/
reinforce CXCL13 expression during lymph node forma-
tion, two pathways which could be acting during FALC
formation and which may have implications in disease
states where there is increased serous fluid for example
during peritoneal dialysis or malignant effusion [21].

FALCs are notably smaller and their number is reduced
in Tufrl™"Tufr2”’~ mice [10] and in mice with a
conditional deletion of Myeloid differentiation primary
response 88 (MyD88) in Cc/19" FRCs [16°°] indicating an
important role for TNF signalling and innate-immune
sensing for the development of FALCs. MyD88 signal-
ling controls transcriptional reprogramming of FALC
FRCs leading to increased expression of homeostatic

and inflammatory chemokines and extra-cellular matrix
proteins [16°°]. Germ free mice also show reduced
numbers of FALCs [10], indicating that the presence
of commensal microbes or their by-products sets an innate
inflammatory tone sensed by FALC FRCs to form and
mature a full complement of FALCs in the serous
cavities. Sensing of the environment by FALC FRCs is
likely to be facilitated by the constant flow of serous fluid
through FALGCs bringing in pathogens and antigens.

Under acute inflammatory conditions

During peritonitis, neutrophils and inflammatory mono-
cytes rapidly enter FALCs to access the peritoneal cavity,
while peritoneal contaminants are captured by FALCs
[7,15,20,21]. In addition to the activation of existing
FALCGs, peritonitis leads to swift de novo FALC forma-
tion. This is dependent on the production of TNF by
inflammatory monocyte/macrophages and TNFR-signal-
ling in stromal cells [10]. The initial recruitment of
inflammatory monocytes into FALCs requires MyD88-
dependent signalling within C¢/79 expressing FALC FRC
and the release of the monocyte chemoattractant CCL2
[16°°]. The cross-talk between monocyte/macrophage
and FALC FRCs thus plays a critical role in de novo
FALC formation. Natural Killer T cells (iNK'T'), a subset
of T’ cells-enriched in visceral adipose tissue [55], are
required to induce neo-formation of FALCs during acute
inflammation, an effect mediated through I1.-4 and IL.-13
[10]. This suggests that a cross-talk between iNK'T cells
secreting 11.-4/13 and FALC stromal cells expressing I1.-
4R is required to induce FALC formation.

FALC stromal cells support B cell immune
responses

Innate-B cells

Upon sensing of inflammatory or infectious signals, serous
B cells migrate into FALCs where they undergo rapid
proliferation and start to release large amounts of poly-
reactive IgM to protect the serous space [11°,12,56]. The
absence of 11.-33 signalling via genetic deletion of 1/717/1
(IL-33R) results in a failure to activate pericardial &
mediastinal FALCs and a decrease in the levels of IgM
locally within the pleural cavity in response to infection or
allergic airway inflammation [11°]. 11.-33 does not act
directly on FALC B cells but most likely on ILC2 [8],
which respond by increased secretion of IL.-5 enabling
rapid B cell proliferation and IgM secretion (Figure 2a)
[11°]. Thus stromal-derived IL.-33 is important not only
during homeostasis but early in response to infection or
inflammation within the serous cavities, the mechanisms
leading to release of 11.-33 by FALC stromal cells are still
to be elucidated.

FALC FRC support T cell-dependent B cell immune
responses

FALCs support T cell-dependent immune responses,
including Ig isotype switching [10,14,18], somatic
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Figure 2

1. Pathogens/Antigens

CXCL13*

(MyD88)

4. CCR2*
monocytes

(a) FALC stromal cells support innate-B cell activationa

4. Innate-B cell .
activation
IgM secretion

2. Innate sensing

. T-B interaction

CCL19* FRC
¥

7. GC formation
Class-switching
Somatic hyper-mutation
Affinity maturation

Current Opinion in Immunology

FALC stromal cells support B cell immune responses.

(a) FALC stromal cells support innate-B cell immune responses. CXCL13* cover cells and CCL19* FRCs express IL-33. Upon sensing of
infectious/inflammatory signals (1), release of IL-33 (2) induces increased secretion of IL-5 by ILC2 (3) leading to innate-B cell activation and IgM
secretion (4). (b) FALC FRCs support T cell-dependent B cell immune response to peritoneal antigens. During serous infections, pathogens and
antigens are filtered into FALCs (1) where MyD88 mediated-innate sensing of pathogens by CCL19" FRCs (2) trigger CCL2 secretion (3) and
inflammatory monocyte recruitment (4). FALC FRC-monocyte cross-talk through TNF-TNFR signaling (5) is required for T-B cell interactions (6),
germinal center formation, class-switching, somatic hyper-mutation and affinity maturation (7).

hypermutation, and limited affinity maturation [14],
despite the lack of identifiable follicular dendritic cells.
Although FALCs do not develop proper germinal centres
[14], B cells rapidly acquire a germinal centre-like
phenotype that can be assessed by the expression of first
apoptosis signal (FAS) and the T and B cell activation
marker GL.7. Recent work by Perez-Shibayama using

FRC-restricted MyD88 ablation demonstrates that
FRC play a key role in CD4+ T cell-dependent B-cell
activation, the initiation of a germinal centre reaction
and IgG class switching during Salmonella infection.
Recruitment of inflammatory monocytes into FALCs
and bidirectional TNFR1/2 signalling between inflam-
matory monocytes and FRC mediates FRC activation and

Current Opinion in Immunology 2020, 64:42-49

www.sciencedirect.com



Immune function of FALC stromal cells Jackson-Jones and Bénézech 47

germinal centre formation (Figure 2b) [16°°]. Interest-
ingly, the secretion of IgM by FALC B cells is not
affected by FRC-restricted MyD88 ablation [16°°] indi-
cating that innate-B cell function and T cell-dependent B
cell immune responses are supported by distinct FALC
stromal cell population. In support of this, IgM producing
B cells are found in the periphery of FALCs while IgM""
B cells are found in the centre of the cluster [10,11°].

Conclusions

Here we discussed how the structure and function of
FALG:s is supported by unique subsets of stromal cells.
FALCs are emerging as critical regulators of serous cavity
immune function at homeostasis and during infection
and inflammation. Recent studies have shed considerable
light on the importance of the adipose stromal cell
niche for the establishment and function of the immune
compartment of the serous cavities and adipose tissues.
Future studies will benefit from genetic tools that will
enable targeted deletion and modification of specific
subsets of adipose stromal cells including those within
FALCs. As immune-adipose tissues are increasingly
recognised for the key roles they play in the regulation
of whole body homeostasis, metabolism & disease there is
an urgent need to expedite the development of such
tools.

Declarations of interest
None.

Acknowledgements

This work was supported by a Medical Research Council (MRC) UK
Grant to CB (MR/M011542/1) and a Wellcome Seed Award in Science
(213697/Z/18/Z) to L]]. The figures were compiled using images from
Servier Medical Art.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. vanBaal JO, Van de Vijver KK, Nieuwland R, van Noorden CJ, van
Driel WJ, Sturk A, Kenter GG, Rikkert LG, Lok CA: The
histophysiology and pathophysiology of the peritoneum.
Tissue Cell 2017, 49:95-105.

2. Charalampidis C, Youroukou A, Lazaridis G, Baka S,
Mpoukovinas I, Karavasilis V, Kioumis |, Pitsiou G, Papaiwannou A,
Karavergou A et al.: Pleura space anatomy. J Thorac Dis 2015, 7:
S27-32.

3. Hoit BD: Anatomy and physiology of the pericardium. Cardiol
Clin 2017, 35:481-490.

4. Isaza-Restrepo A, Martin-Saavedra JS, Velez-Leal JL, Vargas-
Barato F, Riveros-Duenas R: The peritoneum: beyond the tissue -
a review. Front Physiol 2018, 9:738.

5. Hodel C: Ultrastructural studies on the absorption of protein
markers by the greater omentum. Eur Surg Res 1970, 2:435-
449.

6. Doherty NS, Griffiths RJ, Hakkinen JP, Scampoli DN, Milici AJ:
Post-capillary venules in the "milky spots" of the greater
omentum are the major site of plasma protein and leukocyte

extravasation in rodent models of peritonitis. /nflamm Res
1995, 44:169-177.

7. Platell C, Cooper D, Papadimitriou JM, Hall JC: The omentum.
World J Gastroenterol 2000, 6:169-176.

8. MoroK, Yamada T, Tanabe M, Takeuchi T, Ikawa T, Kawamoto H,
Furusawa J, Ohtani M, Fujii H, Koyasu S: Innate production of T
(H)2 cytokines by adipose tissue-associated c-Kit(+)Sca-1(+)
lymphoid cells. Nature 2010, 463:540-544.

9. Elewa YH, Ichii O, Otsuka S, Hashimoto Y, Kon Y:
Characterization of mouse mediastinal fat-associated
lymphoid clusters. Cell Tissue Res 2014, 357:731-741.

10. Benezech C, Luu NT, Walker JA, Kruglov AA, Loo Y, Nakamura K,
Zhang Y, Nayar S, Jones LH, Flores-Langarica A et al.:
Inflammation-induced formation of fat-associated lymphoid
clusters. Nat Immunol 2015, 16:819-828.

11. Jackson-Jones LH, Duncan SM, Magalhaes MS, Campbell SM,

. Maizels RM, McSorley HJ, Allen JE, Benezech C: Fat-associated
lymphoid clusters control local IgM secretion during pleural
infection and lung inflammation. Nat Commun 2016, 7:12651

This is the first report of a functional role for FALCs of the pericardium and

mediastinum in response to infection. FALC stromal cells are shown to

secrete IL-33 which activates ILC2s within the cluster to produce IL-5

which regulates B1 cell proliferation and IgM secretion.

12. Jackson-Jones LH, Benezech C: Control of innate-like B cell
location for compartmentalised IgM production. Curr Opin
Immunol 2018, 50:9-13.

13. Ansel KM, Harris RB, Cyster JG: CXCL13 is required for B1 cell
homing, natural antibody production, and body cavity
immunity. /Immunity 2002, 16:67-76.

14. Rangel-Moreno J, Moyron-Quiroz JE, Carragher DM, Kusser K,
Hartson L, Moquin A, Randall TD: Omental milky spots develop
in the absence of lymphoid tissue-inducer cells and support B
and T cell responses to peritoneal antigens. /mmunity 2009,
30:731-743.

15. Jackson-Jones LH, Smith P, Portman JR, Magalhaes MS,
Mylonas KJ, Vermeren MM, Nixon M, Henderson BEP, Dobie R,
Vermeren S et al.: Stromal cells covering omental fat-
associated lymphoid clusters trigger formation of neutrophil
aggregates to capture peritoneal contaminants. Immunity
2020, 52:700-715.

16. Perez-Shibayama C, Gil-Cruz C, Cheng HW, Onder L, Printz A,

ee Morbe U, Novkovic M, Li C, Lopez-Macias C, Buechler MB et al.:
Fibroblastic reticular cells initiate immune responses in
visceral adipose tissues and secure peritoneal immunity. Sci
Immunol 2018, 3

An extensive body of work showing how the cross-talk between CCL19

producing FALC FRCs and inflammatory monocyte promote T cell-

dependent B cell immune responses.

17. Rodda LB, Lu E, Bennett ML, Sokol CL, Wang X, Luther SA,
Barres BA, Luster AD, Ye CJ, Cyster JG: Single-cell RNA
sequencing of lymph node stromal cells reveals niche-
associated heterogeneity. Immunity 2018, 48:1014-1028.€6.

18. Perez-Shibayama C, Gil-Cruz C, Ludewig B: Fibroblastic
reticular cells at the nexus of innate and adaptive immune
responses. Immunol Rev 2019, 289:31-41.

19. Gerber SA, Rybalko VY, Bigelow CE, Lugade AA, Foster TH,
Frelinger JG, Lord EM: Preferential attachment of peritoneal
tumor metastases to omental immune aggregates and
possible role of a unique vascular microenvironment in
metastatic survival and growth. Am J Pathol 2006, 169:1739-
1752.

20. Cruz-Migoni S, Caamano J: Fat-associated lymphoid clusters in
inflammation and immunity. Front Immunol 2016, 7:612.

21. Meza-Perez S, Randall TD: Immunological functions of the
omentum. Trends Immunol 2017, 38:526-536.

22. Buscher K, Wang H, Zhang X, Striewski P, Wirth B, Saggu G,
Lutke-Enking S, Mayadas TN, Ley K, Sorokin L et al.: Protection
from septic peritonitis by rapid neutrophil recruitment through
omental high endothelial venules. Nat Commun 2016, 7:10828.

www.sciencedirect.com

Current Opinion in Immunology 2020, 64:42-49


http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0005
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0005
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0005
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0005
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0010
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0010
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0010
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0010
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0015
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0015
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0020
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0020
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0020
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0025
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0025
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0025
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0030
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0030
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0030
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0030
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0030
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0035
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0035
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0040
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0040
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0040
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0040
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0045
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0045
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0045
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0050
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0050
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0050
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0050
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0055
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0055
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0055
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0055
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0060
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0060
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0060
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0065
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0065
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0065
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0070
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0070
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0070
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0070
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0070
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0075
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0080
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0080
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0080
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0080
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0080
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0085
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0085
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0085
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0085
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0090
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0090
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0090
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0095
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0100
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0100
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0105
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0105
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0110
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0110
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0110
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0110

48 Functional interaction of lymphocytes/leukocytes

23. Koga S, Hozumi K, Hirano Kl, Yazawa M, Terooatea T, Minoda A,

e Nagasawa T, Koyasu S, Moro K: Peripheral PDGFRalpha(+)gp38
(+) mesenchymal cells support the differentiation of fetal liver-
derived ILC2. J Exp Med 2018, 215:1609-1626

First report showing that adipose tissue stromal cells support ILC2

differentiation in adipose tissue.

24. Rana BMJ, Jou E, Barlow JL, Rodriguez-Rodriguez N, Walker JA,
. Knox C, Jolin HE, Hardman CS, Sivasubramaniam M, Szeto A
et al.: A stromal cell niche sustains ILC2-mediated type-2
conditioning in adipose tissue. J Exp Med 2019, 216:1999-2009
Recent report showing that adipose tissue stromal cells produce IL-33.
This paper also demonstrates that other factors are required to sustain
ILC2 in adipose tissue.

25. Spallanzani RG, Zemmour D, Xiao T, Jayewickreme T, Li C,

e  Bryce PJ, Benoist C, Mathis D: Distinct immunocyte-promoting
and adipocyte-generating stromal components coordinate
adipose tissue immune and metabolic tenors. Sci Immunol
2019, 4

Recent report showing that adipose tissue stromal cells produce IL-33.

This paper also identifies a negative regulatory loop between Treg and

adipose stromal cells.

26. Mahlakoiv T, Flamar AL, Johnston LK, Moriyama S, Putzel GG,

. Bryce PJ, Artis D: Stromal cells maintain immune cell
homeostasis in adipose tissue via production of interleukin-
33. Sci Immunol 2019, 4

Recent report showing that adipose tissue stromal cells produce IL-33.

27. Dahlgren MW, Jones SW, Cautivo KM, Dubinin A, Ortiz-

. Carpena JF, Farhat S, Yu KS, Lee K, Wang C, Molofsky AV et al.:
Adventitial stromal cells define group 2 innate lymphoid cell
tissue niches. Immunity 2019, 50:707-722.e6

Recent report showing that adipose tissue stromal cells produce IL-33.

28. Jenkins SJ, Ruckerl D, Cook PC, Jones LH, Finkelman FD, van
Rooijen N, MacDonald AS, Allen JE: Local macrophage
proliferation, rather than recruitment from the blood, is a
signature of TH2 inflammation. Science 2011, 332:1284-1288.

29. Bain CC, Hawley CA, Garner H, Scott CL, Schridde A, Steers NJ,
Mack M, Joshi A, Guilliams M, Mowat AM et al.: Long-lived self-
renewing bone marrow-derived macrophages displace
embryo-derived cells to inhabit adult serous cavities. Nat
Commun 2016, 7 ncomms11852.

30. Bain CC, Jenkins SJ: The biology of serous cavity
macrophages. Cell Immunol 2018, 330:126-135.

31. Buechler MB, Kim KW, Onufer EJ, Williams JW, Little CC,

ee Dominguez CX, Li Q, Sandoval W, Cooper JE, Harris CA et al.: A
stromal niche defined by expression of the transcription factor
WT1 mediates programming and homeostasis of cavity-
resident macrophages. Immunity 2019, 51:119-130.e5

This comprehensive study links for the first time the expression of Wt1 by

mesothelial and fibroblastic adipose stromal cells, the secretion of RA

and the maintenance of functional cavity-resident macrophages.

32. Jenkins SJ, Ruckerl D, Thomas GD, Hewitson JP, Duncan S,
Brombacher F, Maizels RM, Hume DA, Allen JE: IL-4 directly
signals tissue-resident macrophages to proliferate beyond
homeostatic levels controlled by CSF-1. J Exp Med 2013,
210:2477-2491.

33. Zhang N, Czepielewski RS, Jarjour NN, Erlich EC, Esaulova E,
Saunders BT, Grover SP, Cleuren AC, Broze GJ, Edelson BT
et al.: Expression of factor V by resident macrophages boosts
host defense in the peritoneal cavity. J Exp Med 2019,
216:1291-1300.

34. Jorch SK, Surewaard BG, Hossain M, Peiseler M, Deppermann C,
Deng J, Bogoslowski A, van der Wal F, Omri A, Hickey MJ et al.:
Peritoneal GATA6+ macrophages function as a portal for
Staphylococcus aureus dissemination. J Clin Invest 2019,
129:4643-4656.

35. Wang J, Kubes P: A reservoir of mature cavity macrophages
that can rapidly invade visceral organs to affect tissue repair.
Cell 2016, 165:668-678.

36. Deniset JF, Belke D, Lee WY, Jorch SK, Deppermann C,
. Hassanabad AF, Turnbull JD, Teng G, Rozich |, Hudspeth K et al.:
Gata6(+) pericardial cavity macrophages relocate to the

injured heart and prevent cardiac fibrosis. Immunity 2019,
51:131-140.e5
Interesting report implicating GATAG" pericardial/pleural cavity-resident
macrophages in the repair of the heat post-myocardial infarction.

37. Okabe Y, Medzhitov R: Tissue-specific signals control
reversible program of localization and functional polarization
of macrophages. Cell 2014, 157:832-844.

38. Zeng Z, Surewaard BGJ, Wong CHY, Guettler C, Petri B,
Burkhard R, Wyss M, Le Moual H, Devinney R, Thompson GC
et al.: Sex-hormone-driven innate antibodies protect females
and infants against EPEC infection. Nat Immunol 2018,
19:1100-1111.

39. Gautier EL, Ivanov S, Williams JW, Huang SC, Marcelin G,
Fairfax K, Wang PL, Francis JS, Leone P, Wilson DB et al.: Gata6
regulates aspartoacylase expression in resident peritoneal
macrophages and controls their survival. J Exp Med 2014,
211:1525-1531.

40. Rosas M, Davies LC, Giles PJ, Liao CT, Kharfan B, Stone TC,
O’Donnell VB, Fraser DJ, Jones SA, Taylor PR: The transcription
factor Gataé links tissue macrophage phenotype and
proliferative renewal. Science 2014, 344:645-648.

41. Chau YY, Bandiera R, Serrels A, Martinez-Estrada OM, Qing W,
Lee M, Slight J, Thornburn A, Berry R, McHaffie S et al.: Visceral
and subcutaneous fat have different origins and evidence
supports a mesothelial source. Nat Cell Biol 2014, 16:367-375.

42. Roy B, Brennecke AM, Agarwal S, Krey M, Duber S, Weiss S: An
intrinsic propensity of murine peritoneal B1b cells to switch to
IgA in presence of TGF-beta and retinoic acid. PLoS One 2013,
8:82121.

43. Mora JR, von Andrian UH: Role of retinoic acid in the
imprinting of gut-homing IgA-secreting cells. Semin Immunol
2009, 21:28-35.

44. Maruya M, Suzuki K, Fujimoto H, Miyajima M, Kanagawa O,
Wakayama T, Fagarasan S: Vitamin A-dependent
transcriptional activation of the nuclear factor of activated T
cells c1 (NFATc1) is critical for the development and survival of
B1 cells. Proc Natl Acad Sci U S A 2011, 108:722-727.

45. Marks E, Ortiz C, Pantazi E, Bailey CS, Lord GM, Waldschmidt TJ,
Noelle RJ, Elgueta R: Retinoic acid signaling in B cells is
required for the generation of an effective T-independent
immune response. Front Immunol 2016, 7:643.

46. Krist LF, Koenen H, Calame W, van der Harten JJ, van der
Linden JC, Eestermans IL, Meyer S, Beelen RH: Ontogeny of
milky spots in the human greater omentum: an
immunochemical study. Anat Rec 1997, 249:399-404.

47. Benezech C, White A, Mader E, Serre K, Parnell S, Pfeffer K,
Ware CF, Anderson G, Caamano JH: Ontogeny of stromal
organizer cells during lymph node development. J Immunol
2010, 184:4521-4530.

48. Benezech C, Mader E, Desanti G, Khan M, Nakamura K, White A,
Ware CF, Anderson G, Caamano JH: Lymphotoxin-beta
receptor signaling through NF-kappaB2-RelB pathway
reprograms adipocyte precursors as lymph node stromal
cells. Immunity 2012, 37:721-734.

49. van de Pavert SA, Mebius RE: New insights into the
development of lymphoid tissues. Nat Rev Immunol 2010,
10:664-674.

50. Brendolan A, Caamano JH: Mesenchymal cell differentiation
during lymph node organogenesis. Front Immunol 2012, 3:381.

51. Eckert N, Permanyer M, Yu K, Werth K, Forster R: Chemokines
and other mediators in the development and functional
organization of lymph nodes. /Immunol Rev 2019, 289:62-83.

52. XulL, LiY, Yang C, Loughran P, Liao H, Hoffman R, Billiar TR,
Deng M: TLR9 signaling in fibroblastic reticular cells regulates
peritoneal immunity. J Clin Invest 2019, 130:3657-3669.

53. van de Pavert SA, Olivier BJ, Goverse G, Vondenhoff MF,
Greuter M, Beke P, Kusser K, Hopken UE, Lipp M, Niederreither K
etal.: Chemokine CXCL13 is essential for lymph node initiation

Current Opinion in Immunology 2020, 64:42-49

www.sciencedirect.com


http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0115
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0115
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0115
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0115
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0120
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0120
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0120
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0120
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0125
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0125
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0125
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0125
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0125
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0130
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0130
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0130
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0130
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0135
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0135
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0135
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0135
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0140
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0140
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0140
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0140
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0145
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0145
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0145
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0145
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0145
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0150
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0150
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0155
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0155
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0155
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0155
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0155
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0160
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0160
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0160
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0160
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0160
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0165
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0165
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0165
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0165
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0165
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0170
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0170
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0170
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0170
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0170
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0175
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0175
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0175
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0180
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0180
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0180
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0180
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0180
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0185
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0185
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0185
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0190
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0190
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0190
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0190
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0190
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0195
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0195
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0195
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0195
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0195
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0200
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0200
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0200
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0200
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0205
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0205
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0205
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0205
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0210
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0210
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0210
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0210
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0215
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0215
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0215
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0220
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0220
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0220
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0220
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0220
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0225
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0225
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0225
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0225
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0230
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0230
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0230
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0230
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0235
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0235
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0235
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0235
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0240
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0240
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0240
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0240
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0240
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0245
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0245
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0245
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0250
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0250
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0255
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0255
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0255
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0260
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0260
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0260
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0265
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0265
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0265

54.

Immune function of FALC stromal cells Jackson-Jones and Bénézech 49

and is induced by retinoic acid and neuronal stimulation. Nat
Immunol 2009, 10:1193-1199.

Bovay E, Sabine A, Prat-Luri B, Kim S, Son K, Willrodt AH,
Olsson C, Halin C, Kiefer F, Betsholtz C et al.: Multiple roles of
lymphatic vessels in peripheral lymph node development. J
Exp Med 2018, 215:2760-2777.

55.

56.

LaMarche NM, Kohlgruber AC, Brenner MB: Innate T cells govern
adipose tissue biology. J Immunol 2018, 201:1827-1834.

Jones DD, Racine R, Wittmer ST, Harston L, Papillion AM,

Dishaw LM, Randall TD, Woodland DL, Winslow GM: The omentum
is a site of protective IgM production during intracellular
bacterial infection. Infect Immun 2015, 83:2139-2147.

www.sciencedirect.com

Current Opinion in Immunology 2020, 64:42-49


http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0265
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0265
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0270
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0270
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0270
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0270
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0275
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0275
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0280
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0280
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0280
http://refhub.elsevier.com/S0952-7915(20)30031-5/sbref0280

	FALC stromal cells define a unique immunological niche for the surveillance of serous cavities
	Introduction
	Structure of FALCs and function of FALC stromal cells at homeostasis
	Structure of FALCs
	The expression of IL-33 by FALC stromal cells supports ILC2 function in FALCs
	The role of stromal cell derived retinoids at homeostasis

	Signals controlling the formation of FALCs and their maturation
	During development and under homeostatic conditions
	Under acute inflammatory conditions

	FALC stromal cells support B cell immune responses
	Innate-B cells
	FALC FRC support T cell-dependent B cell immune responses

	Conclusions
	Declarations of interest
	References and recommended reading
	Acknowledgements


