Challenges to Intestinal Immune System

* Vast surface area - 400m? (x200 skin)

* Continual antigenic challenge
» Pathogenic bacteria, viruses, parasites
> Food proteins - >30kg/year

> Commensal bacteria->10%2/mlin
colon (>1000 species) 7




Regulation of Intestinal Immune Responses

* Many materials entering intestine contain
specific antigens + PAMPs

* Large resident populations of activated/memory
lymphocytes + innate effector cells

* |nappropriate immune responses cause IBD,
coeliac disease

What prevents these conditions?



The Intestinal Macrophage Niche

« Complex tissue with unique
physiological functions

» Constant need for monitoring and
adaptability

* Macrophages numerous Iin steady state

« Express PRR, look activated, but no
response to eg TLR ligands

* Needed to maintain tolerance and tissue
homeostasis

 Also important for protective immunity
and inflammation

- How/why are the cells different in the
Intestine from elsewhere?
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Resident Intestinal Macrophages are Derived from Local
Differentiation of Monocytes



Monocyte-Macrophage “Waterfall” in Normal Colon

CX3CR1" m¢ are homogenous

Ly6C
F4/80

Class Il MHC CD11c

CD11b

P1 “monocyte”

CX3CR1-GFP Can Ly6Ch monocytes give rise

to all subsets in vivo?

Ly6C

CX3CR1™ m¢ are heterogeneous
and appear to represent
transitional stages of development
from an initial Ly6Ch monocyte

Class Il MHC Bain et al Mucosal Immunol 2013



Classical Monocytes Generate Resident Intestinal

Macrophages in Colon

Time after adoptive transfer (days)
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Resident Intestinal Macrophages are Derived from

Local Differentiation of Monocytes

/ \ ( Parabiotic Mice
( Tamoxifen-inducible CSE1R- \ Long Term BrdU / Mixed BM Chimeric Mlce\ S
reporter Mice \‘ ~— T TS o,
1mg Brdu/day CCR2- €9 LN
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Intestinal macrophages behave identically to Ly6C" monocytes in multiple models

Bain, Bravo Blas et al Nature Immunology 2014



Continuous Replenishment of Intestinal Macrophages
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Progressive loss of intestinal macrophages in monocytopenic CCR2KO - unlike other tissues
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Local Differentiation of Colonic Macrophages
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Monocytes Differentiate into Anti-Inflammatory

Macrophages in Intestine

Desensitisation to TLR stimulation
g IL-10" Medium alone + LPS
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Progressive acquisition of IL10 production and loss of responsiveness to stimulation

Bain et al Mucosal Immunol 2013



Monocytes Differentiate into Homeostatic

Scaven

ers in Intestine
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Progressive acquisition of apoptotic cell receptors, phagocytic activity and metalloproteases



a5 Integrin Expression and Function in Intestinal

Macrophages
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Differentiation of monocytes into resident intestinal
macrophages is driven by local environment



Role of Local Environment In Monocyte-Macrophage

Differentiation
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Local Control of Intestinal Macrophage Development
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What drives local differentiation of monocytes into resident
intestinal macrophages?



Intestinal Macrophage Development Requires Microbiota
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Intestinal Macrophages in the Neonate

Phagocytic Activity

Newborn Adult
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M¢ are present in newborn colon —same phenotype and morphology as in adult

Bain, Bravo Blas et al Nature Immunology 2014



Ontogeny of Tissue Macrophages
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A Role for TGFp in Intestinal Macrophage Development?
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TGFPBR Signalling Defines Distinctive Differentiation of

Macrophages in Colon and Dermis
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Myc
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Schridde, Bain et al Mucosal Immunol 2017



TGFpB Does not Drive Monocyte Recruitment to Colon

4 Conditional TGFBRI KO Mice )
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TGFBR Signalling Regulates Colonic Macrophage

Differentiation
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TGFPBR Signalling Regulates Colonic Macrophage
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Loss of TGFBR Signalling in Macrophages Disrupts

Conditional KO of TGF3R on M¢
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TGFPBR Signalling in Macrophages Regulates

Intestinal Homeostasis
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TGFB and IL10 Signalling Regulate Intestinal

Macrophages by Distinct Pathways

Macrophage-Restricted Interleukin-10
Receptor Deficiency, but Not IL-10 Deficiency,
Causes Severe Spontaneous Colitis
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Reduced production of IL10 and TNFa by
colon m¢ in mice lacking TGF3R signalling,

but no increased responsiveness to LPS Little overlap in effect of deleting IL10R
and TGFPBR in colon macrophages
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Development and Functions of Intestinal Macrophages
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Differentiation and Functions of Intestinal

Macrophages
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Human Colonic Macrophages

Pamela Wright, Simon Milling
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Macrophages from normal human colon show phenotypic and functional heterogeneity



Regulation of Intestinal Macrophages by a 3; Integrin
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Steady State Intestinal Macrophages

* Resting m¢ partially activated - constitutive production of TNFa balanced by IL10

* Embryonically derived, self renewing m¢ are present early in life, but are
overwhelmed at weaning by arrival of classical monocytes

® Continuous replenishment by CCR2 and microbiota dependent monocytes required
throughout adult life — t,, ~ 6-8 weeks?

* Monocytes differentiate in situ into anti-inflammatory scavenger m¢ — TGFf3
dependent

® Transcriptionally unique - partial activation may allow homeostatic functions
> Clearance of apopotic epithelial cells
> Production of epithelial trophic factors
> Tissue remodelling
»>Clearance of invading commensals

> IL10 dependent maintenance of Treg



Intestinal Macrophages

MHCII Expression
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Platt et al J Immunol. 2012



Upregulation of CX3CR1 Expression on Monocytes by TGFf

4 : FACS-purify Ly6Ch I

monocytes from BM

In vitro
@ CSF-1 +/- thTGFP
o —— 3d Analyse expression of

E—j » CX3CR1-GFP by flow
\§ J

100000

10000

MFI CX3CR1-GFP

1000
CSF-1 -
TGFp -

Bain Unpublished



Relationships of Colonic Macrophages
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Intestinal Macrophages

L
'
ar ﬁ at Rev Immunol,10: 415 (2010)

. FW N _

Enormous pool of macrophages in

normal mucosa

In close contact with bacteria

Highly dynamic tissue — constant cell
renewal and remodelling

Appear activated
Also major effectors of inflammation

Often assumed distinct m¢ pools
involved in health and inflammation

What is nature of precursors?

M¢ functions in steady state?



Intestinal M¢ are Derived from Conventional

Haematopoiesis

— Newbomn

(

‘ FIt3 Reporter Mice R
| Irreversible
] z“ LA v Y —

labelling of FIt3*

o ¥ & 8 8 8

@ Newborn

|

010" 10* 10 10°

Flt3-cre Rosa-LSL-eYFP cells
CDB4 —  CX3CR1-GFP— \
Tamoxifen-inducible CSF1R-reporter Mice
Q Q Pulse pregnant Irreve'rsible
\/\‘ X \/\Q __,  femaleswith — labelling of
tamoxifen at CSF1R* cells Total CD45+
CSF1R-icre Rosa-eYFP E8.5 present at E8.5 hi
Ly6C" mono.

Kupffer Cells

Colonic M¢
d9 ‘ ** (I) T T T 1
Adult (12wk)

20 40 60 80
| T T T T |

0 9 4 5 3 10 Yo fIt3/YFP™ cells
Number/colon (x103)

Intestinal m¢ derive from flt3 expressing
haematopoietic precursors
Yolk sac derived m¢ present in newborn
intestine, but do not persist into adulthood

Bain, Bravo Blas et al Nature Immunology 2014



CD45.1 (Ccrz™ BM)

CCR2 Dependence of Steady State Intestinal M¢
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Intestinal M¢ in Parabiotic Mice
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Monocytes Differentiate into Anti-Inflammatory

Macrophages in Intestine
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Development of Intestinal Macrophages
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TGFp Signalling in Macrophages Prevents

Intestinal Inflammation?

TGFBRf Derived Populations
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Intestinal Macrophages in the Neonate
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M¢ are present in newborn colon —same phenotype and morphology as in adult
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Maturation of Intestinal Macrophages
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Burst of monocyte accumulation + cessation of self renewal around weaning leads to expansion of m¢ population
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Monocytes Differentiate into Homeostatic

Scavengers in Intestine

Scavenger Receptors
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In Situ Maturation of Monocytes into Resident

Macrophages
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Intestinal Macrophage Development

FOETAL/
NEWBORN

S

x)

High levels of in situ
proliferation

Conditioning
by local
environment

F4/80M M¢
CD11ple
CX3CR1" CD64+
Mostly MHCII-

- []

2-3 WEEKS ADULTHOOD
Commensal Bacteria Dietary Components =
o= ° |:I.|:||:|.|:,':'Q |:|’|:| o o ‘:'D':'.:I ’E.QD‘:"
@ F4/80'"° M¢ @ F4/80'° Mg
CD11b+ CD11b*
°@ CXBCR1" CD64+* CXBCR1" CD64+*
Ly6C- MHCII+
'l

Microbial signals
influence monocyte
recruitment &
differentiation

(@

Mono/M¢ Intermediate
CX3CR1int
Ly6C- MHCII* CD64*

Maturing monocyte
CX3CR1nt LyeC+
MHCI*CD64+

F \ Newly arrived
monocyte
‘ ’ CX3CR1Mt Ly6C*

MHCII-CD64"

F4/80" Mg
CD11bP
CX3CR1M CDB4*

Cessation of in
situ proliferation

Onset of ‘Monocyte Waterfall’

°@ Ly6C- MHCII+
High levels of IL1
Uniform
expression of

Microbial signals
influence the rate of

MHCII Mono/M¢ Intermediate
CX3CR{int
Ly6C- MHCII* CD64+*

monocyte
recruitment Conditioning
by local
environment

Maturing monocyte

CX3CR1int | y6C+
MHCII*CD64+
CCR2-dependent
extravasation of Ly6Chi
blood monocytes

r \ Newly arrived
monocyte
k ) CX3CR1nt Ly6C*

MHCII-CD64"

Complete dependence on ‘Monocyte Waterfall’




The Colonic M¢ Compartment Comprises a Monocyte-M¢

Continuum
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Genetic Signature of Intestinal Macrophages

Tissue

Rcbth2
Dtx3
Procr
Gpri7l
Paf

Il1r2
CcdcZ3
Tnm3
Ahrr
Il112b
HZ-mM2
Zmyndls
Mmpl3
T4 sfs
Ocstamp
Gml0684 A/ Gmloessd
Amical
Gprilg
Tdafl
1300002K09R 1k
Gpr3ib
Gpr3ib

Ig)

Iglk /// Ighk-w28 /// Igkwe-23
Iglez /// Iglwl

Ighk

IlZZraz

artzb

Apol7c

Tlr1z

Lox|3
F&E30111L10RIk
Mroh2a

Gm7Ee7E [/ Ifitml
Sleo3al

Aifl

Pdlima

Ccliz /// LOC100862578
MNtpecr

St@siad

Fglz

Aoah

Adam1l9

Msda7

Dnasell3

Cd4

Pxdcl

Ifiz711




Monocytes Differentiate into Homeostatic

Scavengers in Intestine
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A Role for TGF in Intestinal Macrophage Development?
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Ontogeny of Intestinal Macrophages
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