----
. .

Richard Ferrero

[
X . CENTRE FOR
\ 9 INNATE IMMUNITY AND

INSTITUTE OF MEDICAL RESEARCH INFECTIOUS DISEASES

School of Molecular and
Translational Sciences &
Biomedicine Discovery Institute,
Department of Microbiology

. MONASH University

) N Australian Government
% National Health and
B i Medical Research Council State Government

Victoria




INSTITUTE OF MEDICAL CH

|
' HUDSON sour v researen v wewseevewrs v soews < sweorres - o (D)

HOME > RESEARCH » DISEASES WE RESEARCH

Inflammation

INFLAMMATION REPRODUCTIVE HEALTH NEWBORN HEALTH HORMONES AND HEALTH

While the immune system protects us from invaders (viruses, bacteria), TALKING INFLAMMATION
out-of-control inflammation is the cause of 50 per cent of deaths with the GoodlVeckend

worldwide and underpins hundreds of chronic diseases and conditions.

Hudson Institute houses Australia’s largest group of inflammation and
immunity scientists and clinicians. By finding the complex

interconnections that control inflammation, they are discovering new ways

to diagnose, detect and treat inflammatory diseases and conditions.
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Antimicrobial resistance CcoviD-18 Gastroenteritis
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LISTEN TO Professor Elizabeth Hortland,
CEQ, discussing inflammation.

Inflammation diseases we research

—

Inflammatory bowel disease (IBD) Influenza Lupus Microbiome in health and disease
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Pneumonia

" https://www.hudson.org.au/disease/inflammation/




Seminar outline

1. What is inflammation?
2. Historical perspective on inflammation

3. The innate Immune system — What is It
and how does it control inflammation?

4. Key factors in skin immunity
5. Questions and conclusions
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What is
Inflammation?

“A localized physical
condition in which part
of the body becomes
reddened, swollen,
hot, and often painful,
especially as a
reaction to Injury or
Infection.”

- Oxford Dictionary

The root cause of
many diseases

Age-related TV Cardiovascular
fra|lty 7 dlsease

Metabolic Ocular
syndrome disease
\ Disease- /
ﬁ promoting 9
chronic
inflammation

Autoimmune

[\ lex

Neurodegenerative Pulmonary
disease

e Accumulation of senescent cells

* Unresolved infection

* Dysbiosis

e Activated microglia and macrophages
» Cytokine and chemokine dysregulation e Lifestyle risk factors

disease
Potential contributors and therapeutic targets:
* Imbalance between pro-inflammation
mediators and pro-resolution mediators
* Gene mutations
* Epigenetic modifications
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Liu et al. Nat Immunol. 18, 1175-1180



Inflammation: Historical perspective - 1

The Egyptians (3,000 B.C.)
- Ebers papyrus
f Hlppocrates (5thc B.C.)
" N -oedema
-sepsis

Celsus (30B.C.-38A.D.)  Galen (129 - 210 A.D.)?

- rubor (redness)
- calor (warmth)

- dolor (pain)

- tumor (swelling)

- functio laesa
(loss of function)

HUDSON i Cavaillon J Venom Anim Toxins incl Trop Dis 27, €20200147
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Inflammation: Historical perspective - 2

John Hunter (18t c. A.D.)
A Treatise on the Blood,
Inflammation and Gun-
shot Wounds

“Inflammation in itself iIs not to be considered as a
disease, but as a salutary operation, consequent
either to some violence or some disease.”

* Described 3 types of inflammation: adhesive,
suppurative, ulcerative

* Pus, formation and treatment of abscesses and
wounds, infection

HUDSON i Turk Int J Exp Path 75, 385-395
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Inflammation: Historical perspective - 3

E. Metchnikoff (1890s)  Discovery of the innate
™ F . | immune system (2011)

BIBLIOTHEQUE DES ANNALES DE L'INSTITUT PASTEUR

LEGONS - Nobel Prize in Medicine

SUR
LA PATHOLOGIE COMPAREE

LINFLAMMATION

TFaites & 1'Institut Pasteur en Avril et Mai 1891

ELIE METCHNIKOFF
‘ Chof de Scrvice & Institat Pasteur

Avec 65 figures dans le texte et 3 planches en couler

i —

PARIS
G. MASSON, EDITEUR

M R e e Bruce A. Beutler Jules A. Hoffmann  Ralph M. Steinman

PN
P
Microorganism By
=

o o TTLR

FiG. 8. — Une Amibe vivant au milieu des bacilles,
dont clle a englobé un certain nombre.

HUDSON icibmee https://www.nobelprize.org
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Innate Immune recognition of

REFLECTIONS ON SELF: IMMUNITY AND BEYOND

molecular patterns

Decoding the Patterns of Self and Nonself [Prammasm——"
by the Innate Immune System !

Ruslan Medzhitov* and Charles A. Janeway Jr.

The innate immune system evolved several strategies of self/nonself
discrimination that are based on the recognition of molecular patterns
demarcating infectious nonself, as well as normal and abnormal self. These
patterns are deciphered by receptors that either induce or inhibit an
immune response, depending on the meaning of these signals.

MHC/peptide
Co-stimulator

Activation of the adaptive immune response

https://www.edureka.co/blog/pattern-recognition/

HUDSQN INNATE IMMUNITY AND Medzhitov & Janeway Science 296, 298-300
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, Signaling Pathways

| Toll-like Receptors|
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The Innate Immune system

4 “Pathogen-associated “Danger-associated molecular patterns’N
molecular patterns™ (PAMPs) ric acid High-mobility group box 1
Patterns Lipopolysaccharide Chitin H?\/IGBl Y S
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\Peptldoglycan DNA RNA Fatty acids Heat shock proteins (HSPSs) D
g TLR4 Dectins N
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Cellular (e.g. cytokines, chemokines, antimicrobial peptides) Cell proliferation
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Clinical/ Infection Inflammation  Tissue repair
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Induction of inflammation by pathogens

Pathogens/PAMPs AMPs

Acute-phase
proteins:
° AAT

* CRP

e Ferritin

Hypothalamus Cell

recruitment

Endothe&

activation

e Fever
* Somnolence
¢ Anorexia

CCL2
J CCL3

Debbie Maizels/Springer Nature

HUDSCON  fssrimee Netea et al. Nat Immunol. 18, 826-831
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“Choreographing immunity in the
skin epithelial barrier”*

What is skin and what does it do?

 multilayered (epidermis, dermis, hypodermis — each with
Its immune cell population)

* endothelial cells, fibroblasts, neurones, adipocytes
epithelial cells acting in unison to ensure its function

e direct Interactions between immune cells of innate and
adaptive systems

a barrier against environmental pressures e.g. UV,
microbes, allergens..

 Immune cell interactions with keratinocytes can promote
antimicrobial responses or inflammatory disease

* emerging key factors: hair follicles, neurones, microbiota

HUDSCON e *Kobayashi et al. Immunity 50, 552-565
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What is skin and what does 1t do?
dxo)O

Virus, bacteria, Tissue damage (DAMPs),

v QNS
Mites, toxins

I Insults I
fungi (PAMPs) uv parasites
= = s
—_— -
o = 5 —_———
TLRs, RLRs, NLRs, AIM2-inflammasome
Y

\4
Chemical factors IL-1B8, IL-18, TNF TSLP, IL-33, IL-25
\4 Y

Type 2 response
ILC activation
tissue repair
atopic inflammation

Type 1 and 17 response
neutrophil recruitment
macrophage activation
psoriatic inflammation

[ Response ]

Immune pathways directed against

Dysregulation of
play key roles in inflammatory

Infectious agents
conditions e.g. psoriasis, dermatitis

SR Kobayashi et al. Immunity 50, 552-565

HUDSON e
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Hair follicles and skin immunity

 Immune systems preceded occurrence of hair follicles in
evolution e.g. hairless vertebrates

* Follicles - passageways for environmental signals,
Immunosurveillance and immune cell traffic?

 Chemical signals - chemokines, cytokines, growth factors

* Innate IymphOid cells — can Epidermal-immune cell crosstalk
regulate sebaceous gland F———— 0+

Integrin-mediated - Tissue repair,

size — sebum composition el 7 R | B

and amount — microbiota
* Epithelialisation in wounds

- " »@? CCLZOE ) @TNF
mediated by immune factors * j =Ce NI
e.g. eplder_mal grow_th factor o0 VHlEY -
receptor ligands, fibroblast | [*==@is==] Gl ok, |22@) |
th f t ILCs (IL-7 and TSLP) < » JYAG\1
growth factors
HUDSON i Kobayashi et al. Immunity 50, 552-565
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Neurones and skin immunity
« Skin is innervated (role of nervous system in “barriers”)

« Peripheral neurones recognise harmful stimuli

e.g. microbes, allergens

Immune cell and sensory neurones in skin

3 RS A N R T A N TS
e e e o o o o o o o o oo o o P o o

. CD8'Tcell

Langerhans cell /

i Mast cell
Neutro ot C fiber

/‘. \] ‘ Dendritic cell
\1\ . </,.'

/{’5’\ br 9

\-J/ \‘\\/J

Basophil  Eosinophil

siueq

CD4' T cell

e

RG
\\Jﬂ\-/

Huang et al Pharmaceuticals 16, 246

* Neuronal activation leads

to pain and itch responses

Cytokine receptors - specialised
functions for pain or itch
Pain — restrict movement, promote
wound healing, prevent infection
spread, conserve metabolic resources
ltch — expulsion of irritants

CENTREFOR
H U DSQN INNATE IMMUNITY AND
INFECTIOUS DISEASES
INSTITUT MEDICAL RESEARCH

Trier et al. J Immunol 202, 2829-2835



Neurones and skin immunity

* Sensory neurones:

- share some features with immune cells e.g. pathogen
recognition, soluble factors

- regulate immune cells

- can be directly activated by pathogens

- primarily  transmit

signals

from skin to CNS but can also

do so to other

through release

cells
periphery via efferent route

of

neuropeptides e.g. calcitonin
gene—related peptide, CGRP

in [¢

Epidermis

Psoriasis

(B)

Sensory nerves

LBacterial killing

Strept Staphylococcus
pyog aureus
E../ )
i \
Z/
CGRP
IL-17 (
CGRP
LTNF-a
IBacterial killing

Key:
0 PMNs @ v8 T cells 1 Macrophages

bl . . .. . :
J+:47 Antimicrobial peptides -
4~§;F p p

_ CD301b*dDC
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Blake et al. Trends Neurosci 42, 537-551




fungi, viruses, parasites)

The microbiota and skin
« The microbiota: resident microbes (bacteria,

« Skin microbial communities are shaped by the
host immune system (maintain commensals,

eliminate pathogens)

* Microbiota
composition Is
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Byrd et al. Nat Rev Microbiol 16, 143-155




The cutaneous barrier
homeostasis versus dysbiosis

Homeostasis

Dysbiosis

AMP,
Stratum Commensals > T~ o
corneum Low pH guiatior
Altered lipid . of dysbiosis
p iINKT _—>»
Hostiinids composition ——» and return to
Bacterial lipids @ homeostasis
Epiderm IS Adherens and Junction
tight junctions downregulation
— S Microbial
fmmune a¢tS sensing
. ILC3 (TLR, NLR, CLR)
Trm ‘ AMP
induction P
Filaggrin - Barrier
Dermis lhfzz o ILt, 105,413, ¥ downregulation  disruption
. amphiregulin i N TJ_
M2 macrophages  Barrier
EGFR signaling repair
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Eyerich et al. Trends Immunol 39, 315-327



The microbiota and skin

Commensals:

» “educate” skin Immune responses

 Interact with other commensals and also with

pathogens
* have role in skin diseases
e.g. atopic dermatitis

Knowledge has Dbeen rapidly
gained due to technical advances
In sequencing (“metagenomics”)

- need to better understand impact of
commensals on immune system; how
these microbes are sensed; and
immunological tools to track commensal-
specific responses

Epidermis

EEEEEEEEEEEEEEEEEEEEEEEEEE

Byrd et al. Nat Rev Microbiol 16, 143-155




The microbiota and skin

« Both commensals and pathogens regulate
neuronal function

« Can information about their Impact on
neurones be used to develop novel
approaches to treat infection?

* Does the location of pathogen invasion affect

neuroimmune interactions i.e., the types of
iImmune cells that are recruited, the
neuroimmune modulation mechanism?

HUDSON  fatitumae Blake et al. Trends Neurosci 42, 537-551
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Conclusions

e Inflammation can have beneficial effects
- host defence, tissue repair

 Key role of the innate Immune system In
iInflammation

« The need for a better understanding of
the microbiome and commensal-
pathogen interactions in inflammation
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