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Outline:
Background and History
Development of cDC subsets —transcriptional basis
Function of different subsets — an emerging area
- cDC1, CD8 responses and |L-12/Th1
- Cross-presentation and Help
- cDC2 (heterogeneous) Th17, Th2, ?7?




Defense against pathogens requires diverse effector functions
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Dendritic cells are powerful APCs

Ralph M. Steinman MD
2011 Nobel Prize




IDENTIFICATION OF A NOVEL CELL TYPE IN PERIPHERAL
LYMPHOID ORGANS OF MICE
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During the course of observations on the cells of mouse spleen that adhere to
glass and plastic surfaces, it was clear that this population was quite hetero-
geneous. In addition to mononuclear phagocytes, granulocytes, and [ympho-
cytes, we noticed a large stellate cell with distinct properties from the former
cell types. In this paper, we describe the morphology, quantitation, and tissue
distribution of this novel cell as identified in vitro. In following papers, we will
further characterize it with respect to its functional properties in vitro, as well

as its localization and properties tn sif.



Frc. 1. Phase-contrast micrographs of dendritie cells feolated from peripheral lymphaoid
organs and fized in glutaraldebyde. Figs, 1 a-d are fram spleen, [¢) from cervical lymph
nade, and (f) from Pever's patch. The noclens is large, irregular in shape, and has a refractile
cuality. The cytoplasm is arranged in processes of varying siees and shapes, many of which
contain spherical phase-dense mitochondria. Occasional refractile lipid granules are also
present. A medium size lymphocyte in Fig. 15 can be used as a size comparison. {mh > 4,500;
(B) X 3,500; (¢} 2 3,200, (d) X 4,600; {¢) > 5,200; (1) X 3,200.

1145



First report, rapid turnover
and BM origin

Distinct from other cells

Present in mouse spleen

Potent in primary MLR

High MHC-Il expression

Syngeneic MLR

APCs for real antigens
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Pathogen-induced T cell/ILC modules rely on instructive cues
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How do DCs choose the appropriate instructive signal?

IL-12 TH 1/ CTL
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Can one DC make all the decisions?
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The Surface Phenotype of Dendritic Cells Purified
from Mouse Thymus and Spleen: Investigation of the
CD8 Expression by a Subpopulation of Dendritic

Cells

By David Vremec, Michelle Zorbas, Roland Scollay,

Dolores J. Saunders, Carlos F. Ardavin, Li Wh,

and Ken Shortman
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Types of DCs

Plasmacytoid DCs cDC1

high low/int
E2-2 dependent IRF8 J IRF4
Irf8hi [rf4lo .
Xcr1, Clec9a, TiIr3 CD4, Sirp-a (CD172a), ESAM
B220" SiglecH” Bst2* (CD317) |ntracellular pathogens, tumor Fungi, extracellular bacteria,
anti-viral IL-12 production, Th1 induction parasites ??
IFNo/B Cross-presentation IL-23 production
Th2, Th17 induction
pDC specific deletion cDC1 specific deletion So far only non-specific deletion
BDCA2-DTR (Xcr1-Cre, Batf3-- mice, Irf8 327) (CD11c-Cre or,germline Irf4, Mgl2-
DTR)

Hildner and Murphy_Science (2008), Satpathy and Murphy_Nat Immunol (2013)
Tussiwand and Murphy_Immunity (2015), Grajales-Reyes and Murphy_Nat Immunol (2015), Murphy and Murphy, Ann Rev Immunol (2016)



A developing framework for DC diversity

IRF8

Intracellular N XP
Parasites CD24*cDC \

v@‘é A XCR1+
OQ ~ E22 .~
Type-I

Viruses ' IFN

pDC

“~

IL-23

AL

IRF4

s

Fungi

Notch2

b

<« Extracellular
bacteria

Sirp-a* cDC

Pu

Parasites

*
~ I

Allergens

KLF4

“DC"cDC



Short list of references for development of cDCs
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CSFR+ plasmacytoid and conventlonal dendrltlc cell progenitors in mouse bone marrow. Nat. 8:1207-

clon
216.
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Schonheit, F. Rosenbauer, T. L Mur and h%/ 015 Batf3 maintains autoactivation of 1rf8 for commitment of a CD8alpha(+)
conventional DC clonogenic progenltor 'Nat Immunol1 08-717.

- Schlitzer, A., N. McGovern, and F. Ginhoux. 2015. Dendritic cells and monocyte-derived cells: Two complementary and integrated
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Enhancers of IRF8 gene required for cDC1 develo ment — explalns BATF3 requirement.
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BATF3 is an AP-1 factor expressed uniquely in DCs
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Murphy et al., Nature Reviews Immunology, 2013



Batf3 controls development of CD8a* and CD103* DCs
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Batf3-- mice fail to prime CD8 T cells to HSV
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Cross presentation - Mechanisms?

West Nile virus .
MCMV MHC-I-presented antigen

Herpes

Influenza CD8a' cDC

T. gondii

M. tuberculosis
Listeria
Tumors

DNA vaccines

Mechanism of cross-presentation?

. : J Helft, 2012
apoptotic body
Hildner, 2008
~— > Mashayekhi, 2011
ﬂ protein Tussiwand, 2012

Torti, et al, 2011

Virally infected cell Li,, 2012
Edelson, 2011



CD8a* DCs (cDC1) are required for anti-tumor immunity
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Batf3/- mice die rapidly after T. gondii infection and

Percent survival

Photons/second

cannot control parasite replication
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IL-12 from CD8a* DCs is required in 7. gondii

donor Compartment in chimera

bone marrow
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cDC1 are useful in defense against Toxoplasma gondii

(a) (b)

Epithelial
cell layer

LN migration



cDC2 are useful in defense against Citrobacter rodentium

(b) Citrobacter rodentium

LN migration

Current Opinion in Immunology




Summary — cDC1 Part 1

What we know.

BATF3 is required for cDC1 development.

cDC1 are required to prime CD8 T cell responses to viruses and tumors
cDC1 provide defense against T. gondii by sensing (TLR11/12) and
producing IL-12 to activate NK cells.

What we don’t know.

-It is still unclear why cDC1 and cDC2 seem to have different capacity for
IL-12 and IL-23 production.

-We don’t know for sure that the defense is ONLY due to TLR expression.
- no work on subset-specific TLR in cDC1/cDC2 activity



What distinguishes cDC1 and cDC2 gene programs?

Immunity ¢? CelPress I

High Amount of Transcription Factor IRF8 Engages
AP1-IRF Composite Elements in Enhancers to Direct
Type 1 Conventional Dendritic Cell Identity
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IRF4 and IRF8 can bind DNA in three ways.

DNA

IFN-Stimulated Response Element

---AAnNnGAAA---

Levy and Darnell
Gene and Dev. 1988

***IRF4/8-specific interactions™**
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Ay — )

EICE AICE
Ets-IRF Composite Element Ap1-IRF Composite Element
---GGAANNGAAA--- AICE1 ---TTTChnnnTGANTCA---
AICE2 --GAAATGANTCA---

Eisenbeis and Storb Tussiwand Nature 2012
Gene and Dev. 1995 Ciofani Cell 2012

Glasmacher Science 2012



Microarray
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DNA motifs

cDC1 engage an AICE-dependent gene program.
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High IRF8 activated the cDC1-specific AICE gene program.

cDC1 cDC2
I RF8h|gh |IRF4low IRF4low/int |RFglow
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Summary

What we know.
cDC1 express HIGH levels of IRF8, cDC2 express low IRF8/IRF4

cDC1-specific genes are controlled by AICEs and EICEs
BATF3 has virtually no known functions in cDC2.
cDC1-specific genes require HIGH level of IRF8 to occupy AICEs

What we don’t know.

How is cDC2-specific gene expression imparted?

Are there IRF4-specific targets? Why is Batf3 expressed in cDC27
Are there subsets of cDC2, probably, but how?

How is Batf3 required for cDC1 development? this we will now

address.



The Irf8 +32 kb enhancer contains AICEs binding Batf3 and Irf8
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The Irf8 +32 kb enhancer contains AICEs binding Batf3 and Irf8
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XCR1

+32 kb Irf8 enhancer is absolutely required for cDC1 development

AUTOACTIVATION- IRF8 drives IRF8 with help from BATF3
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An Nfil3-Zeb2-1d2 pathway imposes Irf8 enhancer
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switching during cDC1 development
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An Nfil3-Zeb2-1d2 pathway imposes Irf8 enhancer
switching during cDC1 development

ARTICLES

Prachi Bagadia'®®, Xiao Huang'®®, Tian-Tian Liu»%"%,
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A transient pulse of NFIL3 induces cDC1 specification
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XCR1

Nfil3 acts upstream of Zeb2 in cDC1 development
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CUT&RUN
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The -165 kb Zeb2 enhancer is required for B cells, pDCs and monocytes
Immunity  July 2021

Differential usage of transcriptional | o |
repressor Zeb2 enhancers distinguishes  XiaoHuang,’ StephenT. Ferris,” Sunkyung Kim,
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Hypothesis
NFIL3 directly represses the Zeb2 -165kb enhancer to drive cDC1 specification

[Zeb2-165kb—|:|—l—[l 0 ] = [’X’Z@bz] ':>[ copP —"]

Test: Does mutation of the NFIL3 binding sites eliminate cDC1 development?
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Sequential mutation of sites 1, 2 and 3 in combinations

4 % gRNA-1 )
1 2 3
wr —H-O—8i & i—
—J¥— Donor-1
S o
RNA-2 © 00 RNA-3 N
: xR
1 2 3
A1 —B-—aa £t i—
——— Donor-2
% A
d N
o,
/{’ gRNA-4
1 2 3
Al+2  —E-T—F0 1 0—
%o —J— Donor-3 J

pUNOI g punoJ |

punol e

Thanks to Mike White and his excellent team



Sequential mutation of sites 1, 2 and 3 in combinations

WT Al Al1+2 Al+3 AT+2+3
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We got exactly the opposite of our prediction — No cDC2 development!
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P < 0.0001 ] pre-cDC1
P < 0.0001
4 NS wT > 1
P = 0.0084
3 - H | =
%
2 'g‘ 15;: 9 100 10° .i
[
# A1+2+3 ik
108 10° | S
0 T T T T *_ -+ E t ] } f@? 49.
S L G o q o I a0 "m
ol -7 0 1 10¢ 108 o 1 10 1 0 W W 1t 0 100 1 100

CD172a — CDi1lc —— CcD24 ——— cD115 ——



A1+2+3 mice lack monocytes but have pDC and B cells

20- P<00001 80 - NS 0.8 P<0.0001
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C/EBP family of transcription factors

TAD RD TAD DBD

| 1 i | | | | ]

C/EBPa [I [T T e e ELE Lz
I 1
C/EBPp I T 1 m
C/EBPS T T T .
C/EBPs INNIEEE B [ ]
T A TaaT

C/EBPy o TTGCGLAAL
C/EBPC | [ .

NFIL3(bZIP) motif :TT&% &léA%
C/EBP(bZIP) motif A.ITJ-Q&QAAQ

Peter Johnson J. Cell Science 2005



C/EBP and NFIL3 compete for support or repression of Zeb2

? Activation of +290 kb Nfil3 enhancer

]
cDC1 - @ CEBPo/f . cDC2

N \

—{HE—] B [ ] (]
Zeb2 -165 kb Enhancer
Batf3 1d2
cDC1 - Batf3 sustains Irf8 \/ No Batf3, Low Irf8 . ¢DC2

- Myeloid pDCs



Summary

What we know.

cDC1 and cDC2 split from CDPs based on NFIL3 expression.

NFIL3 transient induction drives cDC1 specification.

NFIL3 inhibits Zeb2 expression at C/EBP sites in the -165kb enhancer.
cDC1 specification leads to induction of Id2 and BATF3

BATF3 maintains HIGH IFR8 expression at the +32kb enhancer

What we don’t know.

How is NFIL3 induced? Timing, Niche, Cytokines? a therapy?

How does Id2 act in cDC1 development? Block E protein? Kill Zeb2?
Does Zeb2 directly repress Batf3 and |d2 expression? Where?



Cross-presentation loads exogenous antigens onto MHC class |

1978 CROSS-PRIMING FOR A SECONDARY CYTOTOXIC Cross-presentation
RESPONSE TO MINOR H ANTIGENS WITH
H-2 CONGENIC CELLS WHICH Exogenous antigens ‘

DO NOT CROSS-REACT IN THE CYTOTOXIC ASSAY*

By MICHAEL JOHN BEVAN

Immunize with H-2P cells 1| MHC

All tissues

+ | restricted by H-2b [

cell

BALB
H_2bxd o g

Endogenous antigens
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T | restricted by H-2d
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Dogma says that only cytosolic proteins are loaded onto class | MHC molecules

Partly folded MHC class MHC class | a:B,m Cytosolic proteins and A peptide binds the
| @ chains bind to complex is released defective ribosomal MHC class | molecule
calnexin until from calnexin, binds a products (DRiPs) are and completes its
B,-microglobulin binds complex of chaperone degraded to peptide folding. The MHC class |
proteins (calreticulin, fragments by the molecule is released
Erp57) and binds to proteasome. TAP delivers from the TAP complex
TAP via tapasin peptides to the ER and exported to the cell

membrane
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I‘> |
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Cross-presentation loads exogenous antigens onto MHC class |

1978  CROSS-PRIMING FOR A SECONDARY CYTOTOXIC
RESPONSE TO MINOR H ANTIGENS WITH
H-2 CONGENIC CELLS WHICH
DO NOT CROSS-REACT IN THE CYTOTOXIC ASSAY*

By MICHAEL JOHN BEVAN

Immunize with H-2° cells

* | restricted by H-2b

cell

BALB
H_2bxd o g

/N

T | restricted by H-2d

cell

B10 background
minor antigens

Could prime by
o direct presentation

‘ H-24 restricted Ag

“cross’- presentation




Original Bevan discovery of Cross-priming.

(H-27)
splenﬂcgﬂes
\ In vivo prime by
i.p. immunization
B10.D2
(H-2%) -
o _— “_'_‘“}
F1 (BALB/c x BALB.B)
(H-25)
= ! i T ! l | g ! & i L ! -
Harvest splenocytes: ) COC N g v R )
' . N L ‘“—l‘ k . 8 i -
I"?" I-r".‘? l-l"“-l- I.p?'n
] i 1 |

in vitro boost against #. | #.. |
splenocytes from: '

F1(BALB/c x BALB.B)  B10.D2 B10 Mix of B10.D2 and B10
(H-25) (H-29) (H-2) (H-2¢ + H-2°)
Assay for lysis of: * ¢ ¢ *
B10.D2 target cells (H-27) — + — -

B10 target cells (H-2%) — — + ] +
-



Endogenous antigens only are loaded onto MHC class |

1987 DIFFERENCES IN ANTIGEN PRESENTATION TO MHC
CLASS I- AND CLASS I-RESTRICTED INFLUENZA VIRUS-
SPECIFIC CYTOLYTIC T LYMPHOCYTE CLONES

By LYNDA A MORRISON, ARONM E. LUKACHER, VIVIAN 1. BRACIALE,
DAVID P. FAN.* avp THOMAS |. BRACIALE

TABLE VI
Effect of Chloroquine on Target Cell Sensitization by Infectious Virus »
MHC |
Percent specific *'Cr-release from A20-1.11 targets* o
Clone . A/JAP A/JAP infected
Uninfected infected + chloroquine¥
14-1 48 64 66 — Interpreting a All tissues
14-7 2 66 62 negative result
Gl 4 68 14
U-12 2 67 7
* As in Table 1. Spontaneous *'Cr-release from all target groups was ‘ Endogenous antigens
<10%. E/T ratio is 5:1. Concluded class | MHC
* Target cells were exposed to infectious A/JAP/57 virus (10-50 infec-  processing does not involve
tious units per cell) in the absence or presence of 5 X 107 M chloroquine. exogenous antigens

Chloroquine was then maintained at a lower concentration (5 X 10™° M) .
throughout the course of the assay as described (see Materials and But was NOT examining
Methods). dendritic cells

§ As in Table L.



Cross-presentation mechanisms derived from analysis of MoDCs

1994 Ly-6C* TremL4-
Dendritic Cells Use Macropinocytosis and the Monocyte
Mannose Receptor to Concentrate Macromolecules in f/,rf - GM-CSF

the Major Histocompatibility Complex Class II . +HL-4
Compartment: Downregulation by Cytokines and k '
Bacterial Products o/

By Federica Sallusto,"+ Marina Cella,” Carlo Danieli,”
and Antonio Lanzavecchia® - o




The model according to “MoDCs”

Cross-presented
p-MHC | molecules

plasma membrane plasma membrane

Rab27a

VAMP-8
Rac2
6 © exogenous peptides
Lysosome ® endogenous peptides
related structure PLC: peptide loading complex|
Phagosomal alkaline pH Peptide loading on MHC-I

Nair-Gupta and Blander, Front. Immunol. 2013



Cross-presentation mechanisms derived from analysis of MoDCs

Genes identified as controlling cross-presentation in MoDCs

Nox2 (gp91),
Rac2, Rab273,
IRAP, Rab3b/c,
Mannose receptor,
Rab34,
TFEB,

Sec22b



Cross-presentation mechanisms derived from analysis of MoDCs?

Genes never confirmed in vivo for controlling cross-presentation:

Nox2 (gp91),
Rac2, Rab273,
IRAP, Rab3b/c,

Mannose receptor,
Rab34,
TFEB



Wdfy4 is a gene of unknown function

PH WD-FYVE

WDEY4 No recognized domains I ]

BEACH
Beige and Chediak-Higashi

56 exons encoding a protein of 3014 amino acids

BEACH domain proteins Disease Association

Lyst . Chediak Higashi

NBEA - LI Patients with LRBA deficiency show
NBEAL1 | . Glioma CTLA4 loss and immune dysregulation
NBEAL2 M —P responsive to abatacept therapy
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Wdfy4 is a gene of unknown function

PH WD-FYVE

WDEY4 No recognized domains I ]

BEACH
Beige and Chediak-Higashi

56 exons encoding a protein of 3014 amino acids

BEACH domain proteins Disease Association

. Chediak Higashi

Lyst

NBEA

NBEAL1 _ Glioma

NBEAL2

5 CVID 6 GWAS studies link WDFY4 to systemic lupus
LRBA - L . )
erythematosus (SLE) risk in Asian populations.

WDFY3 " i i fii

WDFY4 SLE Genome-Wide Association Study in Asian Populations
Identifies Variants in ETS57 and WDFY4 Associated with

NSMAF I 1] Systemic Lupus Erythematosus

WDR81 |

BEACH WA Con A-like lectin PH DUF10EE ARM P FYVE T GRAM i‘—w|



Wdfy4/- mice develop DC1 and are resistant to Toxoplasma gondii

CRISPR deletion of exon 4 alters reading frame between
exons and terminates after aa 146.

Exon 4

Wdfy4/- mice are viable

300

200 e e e — —
— e —

100 g = B e DR diqectgfor SRy T

CD84™ Dendritic Cells Are the Critical Source
of Interleukin-12 that Controls Acute Infection
by Toxoplasma gondii Tachyzoites

Mona Mashayekhi,' Michelle M. Sandaw,” lidiko R. Dunay,®® Eva M. Frickel,*? Asis Khan,? Romina 5
Allan Sher,t Hidde L. Ploegh,® Theresa L. Murphy,! L. David Sibley,.? and Kenneth M. Murphy!3.*

Normal DC1 development in Wdfy4/- mice
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Wdfy4/- mice have a selective failure in DC1 cross-presentation

Absent cross-presentation to cell-associated Impaired cross-presentation to soluble
antigen by Wdfy4/-DC1

antigen by Wdfy4”/- DC1

B ewt DC1 804 DC2 100 - 100+
N - WOFY. = DC]. /f. DC2
= 60 e 2T 2 60 - 804 o
= s 0 o ¥ s o f
o =
& @ T 60 2 50
B 40- E 40 = wrey 2 .
g z 5 -
E ;E‘ E- 40 /il:> *_E 404 |:>

20 - 204 =8 I o (%
& = £ 20 / . £ 20+ j

— iy . rd
0- O —————— Ol gpip—p— 0le—o o0
o 1 10 100 B i3 10 100 o 1 10 100 o 1 10 100
HELM-OVA Dose (=10° Bacteria) HELM-OWVA Dose (=107 Bactaria) Soluble OVA Concentration (pg/mL) Soluble OVA Concentration (pg/mL)



Wdfy4/- mice have a selective failure in DC1 cross-presentation

Absent cross-presentation to cell-associated
antigen by Wdfy4/- DC1
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Wdfy4/- mice have normal moDCs and direct presentation on MHCI

MoDCs (GM-CSF/IL-4)

MHCI Expression Direct Presentation
100 moDCs (GM/IL4)
- W4 - cDC1 ¢DC2
,  Wdfy4 =
= 80- N Wdfy4 | Ware- -wﬁ%r
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Wdfy4/- mice cannot mount a response to COWpOX Virus
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Wdfy4-/- mice cannot reject immunogenic tumors

Response to regressor fibrosarcoma
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How does Wdfy4 control cross-presentation by DC17?
CTLA4
4

- —
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recycling
endosome
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How does Wdfy4 control cross-presentation by DC17?

CLECSA CLEC9A %ﬂ

LD D

Recycling / \
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endosome
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Summary

What we know.

WDFY4 is required for cross-presentation of cell-associated antigens.
WDFY4 knockout mice fail to mount anti-viral or anti-tumor CD8 T cells responses.
Sec22b and Rab43 also contribute some to cross-presentation.
Real cDC1 in vivo cross-present by different pathways than MoDCs.
CLEC9a is not required for tumor rejection. Redundant receptor?

What we don’t know.

No clue how WDFY4 works in the cell.

Are there redundant receptors to capture cell-associated antigens?
No clue on the mechanism for Sec22b or Rab43.

Can ¢cDC2 be induced to XP?

Does direct vs. indirect priming induce qualitative changes in T cells?



REVIEW
Innate Immunity Focus

DCs at the center of help: Origins and evolution of JEM 2022, vol 219
the three-cell-type hypothesis

Renee 'Wull and Kenneth M. Murphy' IS

https://pubmed.ncbi.nim.nih.gov/35543702/

-

cDC1 (vs cDC2)
MHC-II processing

MHC-| processing

CD40 mediated cDC1 licensing

Helper T cell Cytotoxic T cell

cDC1



FUNCTIONAL SUBCLASSES OF T LYMPHOCYTES BEARING
DIFFERENT Ly ANTIGENS
II. Cooperation Between Subclasses of Ly*' Cells in the Generation of

Killer Activity*

By H. CANTOR axn E. A. BOYSE (1975)

HELPER ACTIVITY IS REQUIRED FOR THE IN VIVO
GENERATION OF CYTOTOXIC T LYMPHOCYTES*

By JO-ANN KEENE anp JAMES FORMAN

From the Department of Microbtology and the Immunology Graduate Program, University of Texas Health
Sctence Center, Dallas, Texas, 75235

Eur. 1. Immunol, 1987, I7: 15791583 Epitope linkage and noncognate requirements

El ::t?ﬂu&i;:ﬂwn and Three-cell-type clusters of T cells with antigen-
" ' presenting cells best explain the epitope linkage and
N O ey noncognate requirements of the in vivo cytolytic

response
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Ligation of CD40 on Dendritic Cells Triggers Production of
High Levels of Interleukin-12 and Enhances T Cell
Stimulatory Capacity: T-T Help via APC Activation

By Marina Cella,” Doris Scheidegger,” Kathrin Palmer-Lehmann,*
Peter Lane,” Antonio Lanzavecchia,” and Gorttfried Alber#

From the * Basel Institute for Immunology, CH-4005 Bazsel, Suitzerland; and *Hoffmann-La Roche

AG, CH-4002 Basel, Suntzedand

T-cell help for cytotoxic
T lymphocytes is mediated
by CD40-CD40L interactions

Stephen P. Schoenberger*ti, Rene E. M. Toes*{,
Ellen I. H. van der Voort*, Rienk Offringa*
& Cornelis J. M. Melief

Help for cytotoxic-T-cell
responses is mediated
by CD40 signalling

Sally R. M. Bennett*, Francis R. Carbone:,

Freda Karamalis* 7, Richard A. Flavells,
Jacques F. A. P. Miller* & William R. Heath*



How do CD4 T cells help CD8 responses?

CDA T cells help CD8 T cells Activation of CD40 on APC?

.. 5
Cantor and Boyse 1975 Bennett and Heath 1998 Activation of CD40 on CD8 T cells?

Buller and Morse 1987 Schoenberger and Melief 1998
Bennett and Heath 1998

Bourgeois and Tanchot 2002

*\SD4OL CD40 CD40 Do DC1 uniquely activate CD8 T cells in vivo?

—» & (CDS8

What is the function of MHC class Il on DC1 in
vivo?

What is mechanism of CD4 help through DC1?
TRAIL, IL-15, CD40, CD80/86. LAG3, IFNAR, CD70.
Janssen and Schoenberger 2005 vs. Sacks and
Bevan 2008

Targeted XCR1-Cre allele
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CDA40 specifically in cDC1 is required for anti-tumor immuni
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How does CD40 in cDC1 mediate help?

Ferris, Durai, and Wu et al. Nature 20



What are the transcriptional targets of CD40 signaling in cDC(
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Does CD70 mediate CD40 help to cDC1 during tumor challenge?
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Cd70 in cDCA1 partially contributes to CD40-dependent tumor
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Loss of CD70 on cDC1 reduces anti-tumor CD8 T cell expan:
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Loss of CD70 on cDC1 reduces anti-tumor CD8 T cell expan:
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Loss of CD40 signaling reduces migratory cDC1 during tumor res
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CDA40 signaling induces Bcl-xL, an anti-apoptotic Bcl2 family memn

aCDAO [ TTTT=====-
Control stimulated active anti-apoptotic

Bcl2 family protein
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Is Bcl-xL required in cDC1 for
anti-tumor immunity?
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Loss of Bcl-xL reduces migratory cDC1 in tumor-draining LN
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Loss of Bcl-xL in cDC1 reduces anti-tumor CD8 T cell expa
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Conclusion:
CDA40 signaling acts as a control hub for licensing cDC1
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Summary

What we know.

CD40 signaling in cDC1 has a HUGE impact on CD8 T cells responses.

CD40 is a transcription HUB that controls several target genes.

All identified CD40 targets have smaller impacts on CD8 responses than CD40.
Bcl-xL induction in cDC1 contributes to increased ‘vitality’ of cDC1.

What we don’t know.

Is there another way to activate CD40 in cDC1 besides the CD4 T cell? (NKT?)
Could multiple CD8 T cell clones combine to ‘help’ the cDC1.

What kind of CD4 T cell licenses the cDC1? T.,? Ty17 Etc.

What APC normally activates the CD47? cDC1 can, but do they always?



What about cDC2 functions?

IL-23
ILC3
IL-22

epithelium

Lu et al, Am J Clin Nut 2001



The different functions of cDC2 are still being worked out.

Plasmacytoid DCs cDC1

high low/int
E2-2 dependent IRF8 J IRF4
Irf8hi [rf4lo X .
cr1, Clec9a, Tir3 CD4, Sirp-a (CD172a), ESAM
anti-viral IL-12 production, Th1 induction parasites ??
IFNo/3 Cross-presentation IL-23 production
Th2, Th17 induction
pDC specific deletion cDC1 specific deletion So far only non-specific deletion
BDCA2-DTR (Xcr1-Cre, Batf3” mice, Irf8 327) (CD11c-Cre or,germline /rf4, Mgl2-
DTR)

Hildner and Murphy_Science (2008), Satpathy and Murphy_Nat Immunol (2013)
Tussiwand and Murphy_Immunity (2015), Grajales-Reyes and Murphy_Nat Immunol (2015), Murphy and Murphy, Ann Rev Immunol (2016)



IRF4/Notch2-dependent DCs influence IL-17/IL-22 responses
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cDC2 support TH17 type responses
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Intestinal CD11b* CD103* ¢cDCs are Notch2-dependent
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Notch2-dependent CD11b* DCs are required in C. rodentium for IL-23
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Development and maturation of CD11b* ¢cDCs

B cell follicle
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cDC2 are useful in defense against Citrobacter rodentium

(b) Citrobacter rodentium

LN migration

Current Opinion in Immunology




DCs act earlier than Mono/Macs in C. rodentium

C. rodentium
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Ty17 to SFB may use MACs, not DCs.

Intestinal Monocyte-Denved Macrophages
Control Commensal-Specific Th17 Responses
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Ty17 to SFB may use MACs, not DCs.
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Previous studies linked cDC2 to TH2

CD301b"* Dermal Dendritic Cells Drive
T Helper 2 Cell-Mediated Immunity 2013
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Kif4 is highly induced in pre-cDCs
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KLF4 deletion in cDCs eliminates CD11b'° migratory cDCs

Migratory DC
KIf4" KIf4" KIf4"
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CD326'°CD103"°CD11b" Dermal Dendritic Cells Are
Activated by Thymic Stromal Lymphopoietin during Contact
Sensitization in Mice

Sotaro Ochiai,*" Ben Roediger,” Arby Abtin,” Elena Shklovskaya,’ _ J1 2014
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Graham Le Gros” and Franca Ronchese™



KLF4 cDCs express Zbtb46 and require IRF4 for migration
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KLF4 cDCs are required for resistance to Schistosoma mansoni
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KLF4 cDCs are required for Th2 responses in HDM challenge
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Mechanism of KLF4-dependent cDCs?

No in vitro system.

No obvious gene candidates from gene expression.
May involve other cells, such as ILC2.

May be due to lack of IL-12 or IL-23 (i.e., balance).

Challenges — lack of selective Cre deleter strains.



J2014  CD326CD103'°CD11b" Dermal Dendritic Cells Are
Activated by Thymic Stromal Lymphopoietin during Contact
Sensitization in Mice

Sotaro Ochiai,*’ Ben i-‘..m:[lif_l,l.'r;é' Arby Abtin.” Elena Hhkhn'ﬁkal}'ilf
Barbara Fazekas de St. Groth,” Hidehiro Yamane,” Wolfzang Weninger,™
Graham Le Gros.” and Franca Ronchese™

1

December 2021
Homeostatic IL-13 in healthy skin directs dendritic
cell differentiation to promote T,2 and inhibit
T,17 cell polarization

Johannes U. Mayer2"", Kerry L. Hilligan'#, Jodie 5. Chandler', David A. Eccles @', Samuel |. Old2",
Rita G. Domingues?, Jianping Yang', Greta R. Webb @', Luis Munoz-Erazo @', Evelyn J. Hyde',

Kirsty A. Wakelin', Shiau-Choot Tang', Sally C. Chappell', Sventja von Daake', Frank Brombacher?,
Charles R. Mackay®®, Alan Sher ©¢, Roxane Tussiwand ©%’, Lisa M. Connor'", David Gallego-Ortega®®,
Dragana Jankovic®"™, Graham Le Gros(®', Matthew R. Hepworth®?, Olivier Lamiable ™" and

Franca Ronchese &35



o WT
o Al+2+3
= P < 0.0001
=
% T
@
==
8 47 3.'53
o o
o 24 &
g
0 £
H.p.
IL-4
2.5+
P = (.0008
= 2.0- o
8
= 1.5
<
& 1.0-
G
E.E D..E" EJ!.%
i
0 Lo s J'G
naive H.p.

granulomas/Sl

07 p. 0001
3:} o) oo
%
204 | ;th
10 o
0 i
H.p.
IL-5
1.0 -
= 00001
0.8 - o
0.6 - Ho
0.4 - =
=]
0.2 - o
P
0 el -—
naive H.p.

% GATA3'CD44°

MLN

P <0000

oo

g

2.0+

1.54

1.04

0.5

e L[

naive H.p.

With great help from Pritesh Desai, Michael Diamond, Steven van Dyken Do-Hyun Kim

cDC2 are required for T,,2 response against H. polygyrus infection

spleen
15 -
&< 0 0001
@
10 i
5 o
e ‘
naive H.p.
IFN-y
1.0 -
=
k3
0.8 a] a@
064 oo ooff
=)
0.4 - . o
(5]
0.2 -
ﬂ ! !
naive H.p



A1+2+3 and Irf8 327 mice restores cDC2s but not monocytes
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A1+2+3 and Irf8 327 mice restores cDC2s but not monocytes
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A1+2+3 x Irf8 32~ mice restore cDC2, but not monocytes
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cDC2, not monocytes, drive T2 responses to H. polygyrus
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Summary

What we know.
cDC2 are required for some T,17 and T,2 responses.
cDC2 protection against Citrobacter rodentium relies on |IL-23 production.

What we don’t know.

Are there distinct subsets of cDC2? If so, by what molecular mechanism?
How does cDC2 support T,2 responses? Antigen capture vs. cytokine bias?
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