. QU
5 Q2

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
)
43
44
45

G Model
YSCDB 1751 1-14

Seminars in Cell & Developmental Biology xxx (2015) XXX—-XXX

Contents lists available at ScienceDirect

Seminars in
CELL & DEVELOPMENTAL
BI0|

Seminars in Cell & Developmental Biology

journal homepage: www.elsevier.com/locate/semcdb

Review

Dendritic cells and monocyte-derived cells: Two complementary and
integrated functional systems

Andreas Schlitzer, Naomi McGovern, Florent Ginhoux*

Singapore Immunology Network (SIgN), Agency for Science, Technology and Research (A*STAR), 138648 Singapore, Singapore

ARTICLE INFO ABSTRACT

Article history: Dendritic cells (DC) are professional antigen sensing and presenting cells that link innate and adaptive

Available online xxx immunity. Within the DC population multiple subpopulations exist, each possessing distinct phenotypic
and functional properties, together forming a complex cellular network capable of integrating multiple

Keywords: environmental signals and determining immunity or tolerance. Inflammatory monocyte-derived DC are

ggndritic cell considered a subtype of DC generated upon inflammation. However, we now know that rather than

being a bona fide DC subtype, these monocyte-derived cells (MC) more likely represent a distinct type

mgggg:—derived cell of highly plastic cell that is able to acquire a multitude of functional capabilities, some of which are

MC shared with DC. In this review, we will first discuss the latest developments in our understanding of the

<DC1 organization of the DC and MC networks in both mouse and human and of the functional specializations

cDC2 of their subpopulations. Finally, we will discuss how DC and MC form two complementary and integrated
Mouse functional systems.

Human © 2015 Elsevier Ltd. All rights reserved.

Contents

B O oL 0T LE e U ) 00

2. Mouse dendritiC COIl SUDSEES ... ...ttt ettt ettt ettt ettt et et ettt ettt ettt 00

2.1.  Conventional DC (CDC) COMPATTITIEIIE . ...ttt st ettt ettt et e tte ettt e e et te ettt e e et e e e et e e et e e e et e e e aaa e e eeaeeeeaneeennnns 00

2.1.1. CD8a" and CD103" DC SUDSEES (CDCT ).ttt ittt ettt ettt ie e ettt e e et e ettt e e e e e e e et ee e e et ee e et ee e e iee e ie e iaeeees 00

2.1.2.  CD4" and CD11b* DC SUDSEtS (CDC2) .. .uun ettt e e eie et ee e e iee e ie e iee e eanans 00

2.2.  MC and their relationship to the DC compartment 00

D2 TR 013 Yo =4 0 VAo LG V5 Va1 (P 00

T & L0 B0 B TG U5 Yl 00

3.1. HUMAN CDC SUDSEES . . . ettt ettt ettt ettt ettt ettt ettt ettt e e e et e ettt ettt 00

3.1.1. CD141* DC (¢DC1) 00

3.1.2. CD1c" DC(cDC2).. 00

3.2. MCinthe humansystem..................... 00

3.2.1.  SLAN" DC: inflammatory IMIC? .. ...ttt ittt e ettt e ettt e e et e ettt e e et e e e e e e e e e ee e et e e e e ee e e 00

3.2.2.  Tissue CD14" Cells = TeSIACIIE IMIC . .. ...ttt ettt ettt ettt e e et ettt ettt ettt et e et ettt e e et e e e e e eeeeeaaans 00

3.3.  Ontogeny of human DC and MONOCYEES .. ...ttt ettt ettt et ettt et e e et e e et e e et e et e e e e e e e e ae e e e ane e eaaeeeennneeees 00

3.4. Aligning mouse and human DC and MONOCYTE SUDSEES .. ...ttt ettt e et tee e et ee e et e e e et ae e et e e et ae e e e iae e e aaeeeanaaeas 00

4.  Functional role of human and mouse dendritic cell subsets........... 00

4.1. Immune maintenance and tolerance in the steady state 00

4.1.1. ¢DC1 lineage: mouse CD8«*/CD103* DC and human CD141* DC 00

4.1.2. ¢DC2 lineage: mouse CD11b* DC and human CDTC SIRPO DC ...ttt ettt et e e e e et e e e ee e iee e aeeeeannns 00

4.1.3. Dermal CD14" cells and other MC present in the steady state in mice and Man ..........oeuuireeiiiieeeiiireeiiaeeeiieeenannns 00

4.2. DC and intracellular pathogens: the crucial role of the CDCT lINEAZE ... ....euuueeitiie ettt it e et ia e e iee e iaeeeannns 00

* Corresponding author at: 8A Biomedical Grove, Biopolis, Singapore 138648, Singapore. Tel.: +65 64070410.
E-mail address: Florent_ginhoux@immunol.a-star.edu.sg (F. Ginhoux).

http://dx.doi.org/10.1016/j.semcdb.2015.03.011
1084-9521/© 2015 Elsevier Ltd. All rights reserved.

Please cite this article in press as: Schlitzer A, et al. Dendritic cells and monocyte-derived cells: Two complementary and integrated
functional systems. Semin Cell Dev Biol (2015), http://dx.doi.org/10.1016/j.semcdb.2015.03.011



dx.doi.org/10.1016/j.semcdb.2015.03.011
dx.doi.org/10.1016/j.semcdb.2015.03.011
http://www.sciencedirect.com/science/journal/10849521
http://www.elsevier.com/locate/semcdb
mailto:Florent_ginhoux@immunol.a-star.edu.sg
dx.doi.org/10.1016/j.semcdb.2015.03.011

46
47
48
49
50
51
52
53
54
55
56
57

58

Q4

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

G Model
YSCDB 1751 1-14

2 A. Schlitzer et al. / Seminars in Cell & Developmental Biology xxx (2015) XxX—-XXX

4.2.1. The cDC1 lineage - specialized anti-Viral @ffeCtOrsS. ... ....oouiiiiiiii et e e e eaens 00

42.2. The cDC1 lineage - viral antigen cross-presentation SPeCialists ... .......uuueeetiiieeeiiee e eiie et iie et iieeeiaeeeniaeaenns 00

4.2.3. Cross-presentation of bacterial antieNs ... ... ... oiiiiiii ittt ettt it e e e et e e e 00

4.2.4. Contribution of MC during intracellular infectionsS . ..........iiiiiie ettt e ee e ee e iea e eiaaaas 00

4.3. The role of DC during extracellular INfeCtionS. ... .. .ouiiu ettt e ettt et e et e ee e et ee e e ae e e eaeeeeannns 00
4.3.1. ¢DC2 - specialized inducers of Th17 IMIMUNILY ... .oouu ettt ettt ettt ettt ittt e e e e e iae e e e e aeeeannnas 00

3 0 €)1 1 y 1580 o) 4 I ) L/ (R 00

433,  cDC2 - guardians Of the T2 T@SPOMSE . ... ..ttt ettt et ittt ittt e e ettt e e et e e et e e e e te e e ee e e e e e saeeeannnas 00

5. FiNal 1emMarks and PerSDECtIVES . ...ttt ettt ittt ittt e e et ittt et e e et e e e e et e e e et e e 00
(00) 014 ot 0 0 0 1 (1) N 00

Va4 Lo N YA 1=Ta 3 3 TS o 00

] (] ) el 3 00

1. Introduction

Dendritic cells (DC) form a heterogeneous group of antigen
sensing and presenting cells that are critical agents in the induc-
tion and regulation of immune responses, and therefore potential
targets for therapeutic intervention in immune-mediated condi-
tions.

DC were originally described as cells with a stellate morphol-
ogy capable of efficiently activating naive T-cells. Although true,
we now know that this description is too simple: within the DC
population multiple subpopulations exist, each possessing distinct
phenotypic and functional properties, together forming a complex
cellular network capable of integrating multiple environmental
signals and determining immunity or tolerance. In addition, a com-
plementary system of monocyte-derived cells (MC) coexists with
the DC network. MC can be found in tissue in steady state but are
most readily generated upon inflammation and exhibit high plas-
ticity and versatility in their functions, which are heavily influenced
by the microenvironment orchestrated and generated by local DC.

DC subsets can be classified by various parameters and at dif-
ferent levels, which will be discussed below, including localization,
phenotype, ontogeny, gene expression profile and specialized func-
tion. Historically, the broadest division was made between DC
resident in lymphoid organs and migratory DC that exist in all
non-lymphoid tissues and can be detected migrating through the
lymphatics to draining lymph nodes (LN). Lymphoid-resident DC
were also termed conventional dendritic cells (cDC) to distinguish
them from plasmacytoid DC (pDC), known for their unique capac-
ity to produce massive amounts of type I interferons in response to
viral stimulation. Additional key features of cDC are their depend-
ence on the growth factor fms-like tyrosine kinase 3 ligand (FLT3L)
and its receptor FLT3 [1], as well as granulocyte macrophage colony
stimulating factor (GM-CSF) and its receptor GM-CSFR [2,3]. They
also exhibit a unique ontogeny, arising from common DC precursors
present in the bone marrow (BM) [4], and expressing the transcrip-
tion factor Zinc Finger and BTB Domain Containing 46 (ZBTB46)
as they mature [5]. These criteria are important, as several other
cell types including MC and Langerhans cells (LC) share features
of DC, and it has been challenging to understand their relationship
to the DC population at large. LC, described as the DC population
of the epidermis, were long considered part of the DC family, until
recent data demonstrating their unique embryonic ontogeny and
FLT3-independence revealed that they are in fact an unusual type of
tissue-resident macrophage that acquires DC-like functions upon
maturation [6,7]. Additionally, during inflammation, MC are gen-
erated and recruited into tissues by microbial and/or inflammatory
stimuli. These cells were initially classified as inflammatory DC as
they can present antigen and exhibit an overlapping phenotype
with cDC. However, we now know that MC arise independent of
both FLT3 and GM-CSFR [2], and so more likely represent a distinct
type of highly plastic cell able to acquire a multitude of functional
capabilities, some of which are shared with ¢DC, rather than a bona
fide DC sub-type [8].

In this review, we will first discuss the latest developments in
our understanding of the organization of the DC and MC networks
and of the functional specializations of their subpopulations. We
will consider the newly recognized parallels between DC and MC
populations in both mouse and human, focusing on cDC. The dis-
tinct pDC system has been recently reviewed elsewhere, and we
refer the reader to these publications for further information [9,10].
Finally, we will give an overview of the flexible integration of the DC
and MC populations and how this system is shaped by ontogeny or
“central programming”, as well as by microenvironmental stimuli
or “peripheral programming” within a given tissue during health
and disease.

2. Mouse dendritic cell subsets

Expression of the integrin CD11c (integrin alpha X) and major
histocompatibility complex (MHC) class Il molecules (MHC-II) was
classically thought to characterize all bona fide DC subsets during
both the steady state and inflammation. However this definition
is now known to be an over-simplification as is does not reflect
the true diversity of DC and MC subpopulations. In mouse lym-
phoid organs, DC can be separated into several phenotypically and
functionally distinct subsets and were originally segregated accord-
ing to mutually exclusive expression of the surface markers CD8«
and CD4 in lymphoid tissues. In non-lymphoid tissues, the divid-
ing markers are the integrins CD103 (integrin alpha E) and CD11b
(integrin alpha M), while in the intestine an atypical additional DC
subset co-expressing CD103 and CD11b exists (Fig. 1). The entity
formed from these subpopulations of cells across the various tissues
collectively constitutes the cDC compartment.

2.1. Conventional DC (¢cDC) compartment

The genetic and functional studies that will be discussed below
have revealed that lymphoid organ resident CD8a* and non-
lymphoid organ CD103* DC subsets on one side, and lymphoid
organ resident CD4* and non-lymphoid organ CD11b* DC subsets
on the other side, constitute two distinct DC lineages. Each lineage,
irrespective of their lymphoid/non-lymphoid localization and dis-
tinct phenotypes, possesses unique characteristics and properties.
Based on these advances, it was recently proposed that murine cDC
are most appropriately divided into only two main subtypes: classi-
caltype 1 DC(cDC1) for CD8a*/CD103* DC, and type 2 DC (cDC2) for
CD4*/CD11b* DC [8]. Accordingly we will use the denominations
cDC1 and cDC2 hereafter.

2.1.1. CD8a* and CD103* DC subsets (cDC1)

DC expressing CD8« (in lymphoid organs) or CD103 (in periph-
eral organs and the migratory fraction of LN) represent a unified
lineage according to their functional capacities and transcrip-
tion factor requirements. These cDC1 exhibit a strict dependence
on FLT3L for their differentiation [11] and require GM-CSFR for
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