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Dendritic Cellsat the
center of the
Immunologic

univer se

Sampllng their environment DENDHIT[CJC':LL (
Sensing pathogens

Trafficking from the periphery to
lymph nodes

Presenting antigen and shaping
adaptive immune response

Inhibiting unwanted responses
(tolerance) and activating neede
responses

Many different types of DC



Dendritic cells: Understanding immunogenicity

Figure 1. Phase contrast micrographs of dendritic cells. Left. A
mouse spleen DC cultivated 24h in a plasma clot. Right. Four
successive views of a living human blood DC cultivated in
liquid medium to show the rapidly changing cell shape. The

Ralph M. Steinman

Dendritic cells: Ralph M. Steinman, MD
2011 Nobel Prize in Medicine or Physiology Eur. ]. Immunol. 2007. 37: S53-60



Dendritic Cells

Dendritic cells

Antigen uptake receptors
and processing pathways
for presentation of

peptide-MHC complexes

Maturation or differentiation
in response to microbial and
other stimuli

Location at body Subsets with distinct
surfaces and in the T-cell pattern recognition

areas 'Df |ymphnld ﬂrgans e FT CE"E. rECEFJ'tGrE El.l"lﬁ funﬂﬁﬂl‘tﬁ
and other lymphocytes

Steinman & Banchereau Nature 2007
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TRENDS in Trrrnunodogy

Pathogens direct the induction of Th cell subtypasiistinct effects on innate immune ce{ks.TLRs recognise bacterial
and viral PAMPs and drive IL-12p70 production by DCs. fflem innate immune cells such as NK cells augments the production of IL-1(8)70.

CLRs such as mannose receptor have been shown to recognise helminth-deduets guch as the SEA Omega-1 glycoprotein which activates DCs to
drive Th2 cell induction. In some systems Th2 cell induction is independdntipfhereas in others cells such as TSLP-dependent basophils aredequir
for optimal Th2 cell differentiation(C) The CLR Dectin-1 recognis@sglucans from several fungal species and initiates cytokine production $§y DC
which drives Th17 cell differentiation. The key differentiating dastfor Th17 cell induction from naive T cells are IL-6, T/FRnd IL-21, with IL-1 and
IL-23 being required for activation and expansion of Th17 qE&sPAMPSs from bacteria such Bsrdetalla pertussis bind to CD11b/CD18 on DCs and
stimulate IL-10 production, which in turn drives the induction of IL-10-producing Tekg c

Walsh and Mills, Dendritic cells and other innate determinants of T helper cell polarisation. 2013 Trends Immunology, V34, #11



TRIGGERING DISTINCT TLRs ON DCs ELICITS DIFFERENT
CYTOKINE PROFILES AND DIFFERENT IMMUNE RESPONSES
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Pulendran & Ahmed. 2006 Cell



DENDRITIC CELL MATURATION

The control point of cellular immunity

Microbial Products/Adjuvants:
TLR, NOD and lectin ligands
LPS, DNA, RNA

Tissue damage:
Uric acid, HSPs

Cells of innate
immunity
pDC, NK, NK T,
Neutrophils
IFN, TNF, GM-CSF

Cells of adaptive
immunity
T and B cells
CD40L, RANK

Immature bC ——————p Mature DC
Steinman & Mellman




IMMATURE DENDRITIC CELLS ALLOW PERIPHERAL TOLERANCE
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Cao, Gabrilovich, Mellman, Zahner, Thomson



MATURE DENDRITIC CELLS ALLOW IMMUNITY
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Steinman, Lanzavecchia, Kalinski, Mescher and many others



The complexity of eliciting immune response:
Which antigens, which dendritic cells,
which immune responses?

- CDS8
Thi @ .-




Phenotype:

PRRs:

Murine
equivalent:

Location:

The Human DC Compartment

BDCA1+ BDCA3+
pDC (CD1¢)* (CD141)* LC cD14+ CD1a*
Lin- Lin- Lin- Lin- Lin- Lin-
HLA-DR+ HLA-DR* HLA-DR* HLA-DR+ HLA-DR+ HLA-DR+
CD11clow CD11ct CD11ct CD11ct CD11ct CD11ct
CD1a CD1a CD1a- CD1at CD1a- CD1a*
CD123hi BDCA1+ BDCA1- CD14- CD14+ CcD14-
BDCA2+ BDCA3*- BDCA3* BDCA1+ BDCA1* BDCA1+
BDCA4* CD11blow CD11blow Langerin® Langerin~ Langerin™
cD1a+ EpCAM* EpCAM- EpCAM-
Necl2* Sirpa* DC-SIGN* Sirpa*®
Xer1t CD11b*~ FXllla- CD11bN
Clec9at _ E-cadherint CD163-
Dec205Mi
TLR1+,TLR2, ND TLR1+, TLR2, TLR1+, TLR2, ND ND
TLR3~, TLR4, TLR3*, TLR4, TLR3'°, TLR4",
TLRé&*, TLR7+, TLRe*, TLR7, TLRe*, TLR7,
TLR8-, TLRo9* TLR8+, TLR9- TLR8-, TLR9-
pDC cDC CD8+ cDC LC ND Dermal DC
Epidermis Dermis
Blood and lymphoid tissue Cutaneous tissue
Merad et al. Annual Review of Immunology 2013



Multiple monocyte-derived DCs
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LANGERHANS CELLS PREFERENTIALLY CONTROL CELLULAR IMMUNITY
DERMAL DC PREFERENTIALLY CONTROL HUMORAL IMMUNITY
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LCs efficiently prime effector CD8* T cells

IL-15
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Distinct DC subsets elicit CD8* T cells
with distinct phenotypes

Langerhans cells CD1c+ DCs
CD141+ DCs

IL- 15/XCR1 TGF-B
| .‘n;
0 0
Potent CTLs c|;48L.I|.C9|-Sgé|| .

Palucka & Banchereau Curr Opin Immunol 2013
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Amigorena et al

Immunity 2013
Trends in Immunolog

Human DCs in vivo

(A) Steady state
Bone marrow Blood

1

(B) Inflammation
Bone marrow Blood

y September 2013, Vol. 34, No. 9
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Immunological goals of vaccination

Prophylactic Vaccines:
« Priming, I.e. generation of new immune
response
« Boosting Immune memory

Therapeutic Vaccines:
 Priming
 Re-programming pathogenic immune
memory to protective one
« Generating CD8* T cells able to kill cancer

Palucka & Banchereau Immunity 2013



Therapeutic cancer vaccines act via
dendritic cells

Therapeutic vaccine candidates

Priming @ @
Synthetic peptides @
(short, long)

Naive CD8'T cell

Recombinant proteins
(antigen, antigens fused
with anti-DC Ab)

Tumor cells : Dendritic cell

(genetically modified
and/or killed) Memory CD8*T cell ° ° o
(healthy) Granzymes, perforin
Viral vectors

(oncolytic, antigen cassetes)

Reprogramming

Bacteria

Memory CD8*T cell
(chronically activated,
type 2-polarized)

Nucleic acids
(DNA, RNA)

Palucka & Banchereau, Immunity, 2013



Dendritic cells as targets
for vaccination

RANDOM DC TARGETING

Peptides with adjuvants
Viral vectors
DNA vaccines
Transduced tumor cells

EX VIVO GENERATED
ANTIGEN-LOADED DCs

y ®

MHC class |

Anti-DC antibody fused
to viral/cancer antigens
and DC activators

SPECIFIC DC TARGETING
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Dendritic Cell Vaccines

Successes. >7% clinical response rate in late stage patients

Failures. <6% responses rate that was similar to chemotherapy in a
randomized trial; other trials without significant clinical resgans

Current questions:

e Dose (10e5 minimum? 10e8 maximum feasible?)

 Route(i.d. > I1.v.? I.n accuracy? i.lymphatic?)

e Cultureconditions (can we do better than 6 days in GM+IL-47?)
« Maturation conditions (TLRs, cocktails...)

« Antigen loading (peptides, proteins, lysates, allo, autologous...)

e Potency Assay (IL-12p707? IL-12/10? Phenotype? Transcriptome?)



Cellular Product minimal safety, purity and identity tests.

The following is an example of the specific reletests which are required by the FDA for early ghasls involving
autologousin vitro manipulated cellular products (in this example, DI3jis example also shows the identity/purity
testing chosen for this type of product, and thedadate potency test being performed.

Viability: The cells are counted by microscopic eb&tion on a hemacytometer, and a differentiaht@DC vs.
lymphocytes) is obtained using trypan blue dye. ki 70% viability.

Purity: The DC must express MHC class Il and CDg@éldw cytometry in a minimum of 70% of the celfsdditional
phenotyping (MHC class |, CD80, CD83, CCR7, othexperformed to fully characterize the DC, antbisresearch
proposes.

Sterility: DC are tested by bacterial (aerobic anderobic) and fungal cultures at the Clinical Miology Laboratory.
Final results of the microbial cultures are avdeéah 14 days. Prior to release of the DC for vaeaise, a standard
gram stain is performed and must be negative ®ptiesence of microorganisms.

Mycoplasma testing of cell suspensions (not supantsltis performed using a rapid detection sysb&sed on nucleic
acid hybridization or by PCR. The cell preparatnst be negative for mycoplasma.

Endotoxin testing is performed on the cell culturéha time of harvest and prior to release of thalfproduct. The
acceptable endotoxin level is <5 EU/kg of body wejggr dose. For intrathecally-administered cellsypper limit of
acceptance criterion is 0.2 EU/kg body weight/hour.

Potency: To define a measure of potency for thew&determine their ability to produce IL-12p70 dbd 0 by
Luminex assay (25). This test is performed batcthatth, and without activation by CD40L and/or LP&das available
several weeks after vaccine injection. Data wilcberelated with measures of DC phenotype and gicéd activity
such as antigen presentation and clinical outc@8g (

Additionally, a 0.5 ml sample of the final DC pregon from each vaccination time is cryopreserfgggossible
ancillary testing in the future. These samplesséweed a minimum of one year after vaccine adnratisn.



Directing the Immune response:
Targeting antigens to specific DC subsets

Epidermis

Dermis

intDCs
o | immunity Langerhans cells
. ; -Cellular immunity
nti neration
ianiinody generation) (effector T cells)




Chemotherapy and targeted therapy
meet immunology: immuno-oncology

* Cyclophosphamide
* Fludarabin

= Gemcitabine

= Paclitaxel
» Anthracyclins
= Methotraxate
= Bevacizumab
= Sorafenib
= Sunitinib

Enhanced
crosspresentation

¢

| T cell activation |

——— | DC activafion ‘

HMGE1, ATP

Cancer immunotherapy — revisited

W. Joost Lesterhuis*, John B. A. G. Haanen* and Cornelic .1 A Punt*

NATURE RE"'.-’IEWS| DRUG DISCOVERY

VOLUME 10 | AUGUST 2011 |
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]. Exp. Med. @ The Rockefeller University Press
Volume 190, Number 10, November 15, 1899

http://www . jem.org

In Breast Carcinoma Tissue, Immature Dendritic Cells
Reside within the Tumor, whereas Mature Dendritic Cells
Are Located in Peritumoral Areas

By Diana Bell,” Pascale Chomarat,” Denise Broyles,” George Netto,*

Ghada Moumneh Harb,* Serge Lebecque,* Jenny Valladeau,*
Jean Davoust,” Karolina A. Palucka,” and Jacques Banchereau®

From the * Baylor Institute for Immunology Research and Department of Pathology, Baylor University
Medical Center, Dallas, Texas 75204; and ' Schering-Plough Laboratory for Immunological Research,
69571 Dardilly, France

mature DCs




Pro-tumor Th2 inflammation
in breast and pancreatic cancer
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et T,1/T,1CD8* T cells

Aspord C.....Palucka, J Exp Med 2007
Pedroza-Gonzalez...Palucka, J Exp Med 2011 DeNardo D, Cancer Cell 2009
De Monte, J Exp Med 2011 Coussens, Zitvogel, Palucka, Science 2013



Dendritic Cells

Dendritic cells

Antigen uptake receptors
and processing pathways
for presentation of

peptide-MHC complexes

Maturation or differentiation
in response to microbial and
other stimuli

Location at body Subsets with distinct
surfaces and in the T-cell pattern recognition

areas 'Df |ymphnld ﬂrgans e FT CE"E. rECEFJ'tGrE El.l"lﬁ funﬂﬁﬂl‘tﬁ
and other lymphocytes

Steinman & Banchereau Nature 2007
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