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What is the "function” of the
inflammatory response?

Role of inflammation in host defense
1 from pathogens as its main purpose

2 Non-infective (sterile) inflammation
and its main purposes

3
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Inflammation
as an aspect

of innate
immunity

' Types of mechanism that
let us survive an infection

Pathogen control

Decreases the number
of pathogens (killing
or growth inhibition)

Innate Adaptive
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Innate immunity

Innate immunity is the first cell-mediated response of the

immune system aimed at reducing the number of pathogens

L

=)

Fast Germline encoded
Activated immediately Innate immune receptors
(minutes) after infection that recognize pathogens:
Unlike adaptive immune Are germline encoded

response (days needed) Do not require previous

exposure to the pathogen
for recognition

6
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' The acute inflammatory response
to an infection - overview

1 Cells recognize pathogens through
pattern recognition receptors (PRR)

expression of inflammatory genes: cytokines,

chemokines and other inflammatory mediators .
Macrophages

3 Cytokines induce systemic effects (e.g.
fever and acute-phase response)

PRR activate transcription factors leading to
2]

¥
Circulating leukocytes (neutrophils and
4 monocytes) extravasate from the blood o%’ P
to the tissue at the site of infection where "t

they eliminate the pathogens m

When pathogens are eliminated, inflammation
resolves with minimal tissue damage

4

' Pattern recognition receptors (PRRs)

m B-cell receptors and T-cell m Do not recognize
receptors specific antigens
m Huge diversity (trillions of m Recognize molecular patterns
possible conformations) common to many pathogens
(pathogen-associated molecular
m Recognize specific antigens, patterns - PAMP)
such as a portion of a foreign
protein (epitope) m Less specific but able to

distinguish potentially
pathogenic microbes from
non-pathogenic ones

Receptors of adaptive immunity Receptors of innate immunity

8
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' PRRs recognize PAMP ?

HSTalks

m Unlike receptors of adaptive immunity, receptors of innate

immunity cannot learn and adapt like those of adaptive immunity

m Therefore must recognize highly conserved structures (cell
wall, nucleic acids)

m Examples of PAMP are lipopolysaccharides (LPS) or flagellin
(component of the flagella) of gram-negative bacteria

' PRRs recognize PAMP

Lipopoly-
saccharides

Outer '

membrane 3ﬂ g

PERIPLASMIC
——SPACE

Murein Lipoprotein:

OmpA

Peptidoglycan

membrane

cyYTosoL

' PRRs recognize PAMP

Enlarged section

Capsule

]
/( \ Inclusion body
Nucleoid
P

ili Ribosome
\ Flagella
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' PRRs recognize PAMP 10

A major class of PRRs is that of the TLRs: Toll-like receptors
m  On the cell membrane or, intracellularly, on the endosomal membrane
m Recognize different extracellular or intracellular PAMPs, including viral RNAs

imidazoguinolones
CpG DNA dsRNA

Ay 25 T oo 2y

l

TLR9 TLR7 TLR8 TLR3

I |
endosomal ‘

' PRRs recognize PAMP 11

PRRs present in the cytoplasm (to recognize

viral RNAs or intracellular bacterial products):

c ° RLRs: Retinoic acid-inducible gene-l (RIG-I)-like receptors
> ‘5 m RIG-I, MDAS5 (viruses)

NLRs: Nucleotide-binding oligomerization domain

(NOD)-like receptors
= NOD1, NOD2, NALP1, IPAF, NAIP5 (bacteria)

m NALP3 (bacteria, viruses)
m CLR (fungi)

' PRRs trigger signaling cascades 12
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' PRRs trigger signaling cascades

m Activation of transcription factors (particularly NF-kB)
m Induction of inflammatory cytokines (e.g. IL-1, IL-6, TNF)
m Induction of enzymes producing prostaglandins or nitric oxide

TAKT ™ TRAFS  RAKt 2 ® 0
RIP Rake S & 3 TRIF TEKI
S Sz g IKKi
1 N F F
a b
IKKs v 4 MAP3Ks
PI3K
1
* ‘ MEKI2 MKK&7 — MKK3/6 IRF3
v v v
B2 =@ Rz oK p38

NF B
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.........--.I........
.-‘1 AP-1 oy,
. IRF3 .
®ececsceccccsscscsccccccce ‘

' Endosomal and cytoplasmic TLRs 13

ikBox
P50 PES

AP-1 \

NF-x8 \
— NEKS,
— —— — _—)— —

8 ey IREZ ez vis's o
modoodloodonon.  mdonodonooons

' NF-kB target genes 14
involved in inflammation

Inflammatory cytokines  IL-1, IL-6, IL-12, TNF Various
Growth factors MY EndlGMICSEI I icreasSlIstkocyie
differentiation
Chemokines IL-8, MIP1, MCP, GRO __eukooyte
migration/activation
iNOS Produces nitric oxide
Enzymes Produce
COX-2, PLA2 prostaglandins and
leukotrienes
: E-selectin, ICAM-1, Leukocyte
Aeliestion metates VCAM-1 extravasation

4

The screen versions of these slides have full details of copyright and acknowledgements




Inflammation: purposes, mechanisms and development

4

Prof. Pietro Ghezzi - University of Urbino, Italy

' Biosynthesis of eicosanoids
from arachidonic acid

Diacylglycerol or phospholipid

Phospho- | Phospho-
lipase C | lipase A,

Arachidonic acid

PGD
synll\asef Prostaglandin Hy(PGH,)

PGD, PGE
synthase

Fever, pain,
vasodilation JJel=N

PGF,

Prostacyclin synthase
Thromboxane synthase

6-keto- Prostacyclin Thromboxane

HPETE (hydroperoxy-
Lipooxygenase  eicosatetraenoic acid)

(FLAP, Alox5)
PGHj synthase
(cox-1 or cox-2 and| H20

2
peroxidase)
LTB4 <—4 Leukotriene A4

Glutathione .
Glutathione-
S-transferase

Leukotriene C,

Glutatmic acid

Leukotriene Dy

Leukotriene E4

Thromboxane

PGF1q endothelium  (PGl3) (TXAz) platelets (TXAz)

15

Vasodilation,

vascular

permeability,

neutrophil
recruitment

HSTalks

Leukocyte
extravasation
and the
hallmarks of
inflammation

' Early step in the inflammatory response:

Extravasation of leukocytes from the blood to the site of infection/inflammation

Tissue

Neutroph
-
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' Key (protein) players in the process o
tissue infiltration of inflammatory cells

Inflammatory

cytokines
(e.g. TNF, IL-1, IL-6)

Inflammatory
cytokines activate
the endothelium

Chemokines
(e.g. IL-8/CXCLS8 for
neutrophils; MCP1
/CCL2 for monocytes/
macrophages) & other
chemotactic factors
(e.g. C5a, fMLP)

Chemokines and
other chemotactic
factors induce
migration

. 18

Adhesion
molecules

Adhesion molecules
promote adhesion
to the vascular
endothelium and

HSTalks

extravasation

' Main steps in the infiltration 19

of inflammatory cells

1] Vasodilation and increased vascular permeability (cytokines, kinins)

2] Leukocytes rolling and adhesion to the vascular endothelium

Normal endothelium does not bind circulating leukocytes; needs
activation by cytokines

4] Migration through the endothelium and the vessel wall

5] Migration to tissues following a chemotactic stimulus

4

' Capture, rolling and adhesion depend 20
on specific adhesion molecules

) Capture Rolling Firm adhesion =~ Extravasation
Gle_ o o o o o e e o

Leukocyte . E
Endothelium E
Basement membrane w

Inflammatory cytokines
(TNF, IL-1, IL-6...)

t 1t 1
Area of inflammation ‘
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' Capture, rolling and adhesion depend 21

on specific adhesion molecules

Selectin, PSGL1, T g MAC1, PCAM1, cDog, [l ICAM1,
VLA4 y ICAM1 JAM, ESAM PECAM1?

Capture Rolling Firm adhesion  Extravasation

) O)
Leukocyte
Endothelium
Basement membrane

Inflammatory cytokines
(TNF, IL-1, IL-6...)

t 11

HSTalks

Area of inflammation

' Capture, rolling and adhesion depend
on specific adhesion molecules

Selectin, PSGL1, T MAC1, PCAM1, cDog, [l ICAM1,
VLA4 ok ICAM1 JAM, ESAM PECAM1?

Capture Rolling Firm adhesion  Extravasation

Leukocyte
Endothelium
Basement membrane

m Expression of selectins and their ligands is induced by inflammatory cytokines
m Preformed P selectin is rapidly redistributed from intracellular storage (Weibel-
Palade bodies) to the endothelial cell surface

m Firm adhesion is due to integrins on leukocytes being activated to a high
affinity state by chemokines

m Leukocytes produce collagenase to disrupt the basement membrane ‘

' Summary 22

Leukocytes are recruited to the site of infection by chemotactic factors:
1] bacterial molecules such as fMLP; complement products (e.g. C5a);
chemokines (e.g. IL-8)

2] Requires extravasation of circulating leukocytes (neutrophils & monocytes)

ﬂ Extravasation is associated to increased vascular permeability (e.g. by
TNF or inflammatory eicosanoids such as prostaglandins and leukotrienes)

4 Circulating leucocytes arrest because they bind the vascular
endothelium via adhesion molecules, mainly endothelial selectin

5 Binding is strengthened due to the binding of leukocyte integrins
(activated by chemokines) to their endothelial ligands (e.g. ICAM-1)

6] Transendothelial passage involves other adhesion molecules (e.g.

PECAM-1) and collagenase to disrupt the basement membrane ‘
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' Kinetics of acute inflammation 23

= Neutrophils

are the first to
Monocytes/ infiltrate the site
macrophages of inflammation

(Neutrophils)
Oedema PMNs

= Monocytes
follow (that, in
the tissue, will
differentiate to
macrophages)

Leukocyte
infiltration

m Neutrophils

sec-min  min-hrs  days in tissues are
Time > short lived

Effectors of
inflammation

' Hallmarks of inflammation 25

Calor (heat)

Rubor (redness)

Tumor (swelling)

Dolor (pain)
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' Hallmarks of inflammation 26
Calor (heat) m The first three
Vasodilation can be explained
by the action of
inflammatory

Rubor (redness)

cytokines on
the vessel wall

Vasodilation

Tumor (swelling) -
Increased vascular m Painis prObany

permeability mainly due to

bradykinin but

Dolor (pain) also due to tumor

Nociceptor stimulation

necrosis factor

' Effector mechanisms of infiltrated 27

leukocytes in the defense against pathogens

1 Phagocytosis (neutrophils, 5 Acidification (neutrophils,
monocytes/macrophages) monocytes/macrophages)
2 Antimicrobial peptides 6 Inflammatory mediators
(neutrophils) (monocytes/macrophages)
3 Lytic enzymes (neutrophils, 7 Antigen presentation

monocytes/macrophages) (monocytes/macrophages)

=] Reactive oxygen and = :
" - . Cytokines
4 nitrogen species (neutrophils, 8
(monocytes/macrophages)
===| Mmonocytes/macrophages) —
' Inflammatory cell infiltrate
Nowadays, the inflammatory cell infiltrate is
commonly considered the hallmark of inflammation
Source: Department of Pathology, Calicut Medical College ‘
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Systemic
effects of
inflammation:
fever and the
acute-phase
response

' Infections can cause 30
several systemic effects
Fever
sleepiness, fatigue
Production of acute- E.g. C-reactive
phase proteins protein (CRP)
Hypoferremia

' Infections can cause
several systemic effects

m These are largely due to the pleiotropic activity of
cytokines outside the immune system

m Pleiotropic: cytokines can act on many different types
of cells, both within and outside of the immune system

4
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Infections can cause
several systemic effects

(IL-1 > brain) >
Fever stimulates phagocytosis
and killing

(brain) > energy
Sickness behaviour conservation to

fight infection

Production of acute- (IL-6 > liver) > CRP
phase proteins opsonization

(IL-6 = liver = hepcidin)
Hypoferremia - iron is required

by microorganisms

31
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' Inflammatory cytokines activate the
hypothalamus-pituitary-adrenal axis

Inflammatory cytokines activate the hypothalamus-
pituitary-adrenal axis (HPAA) resulting in an increase in

blood corticosteroids, potent anti-inflammatory molecules

32

' Inflammatory cytokines activate the
hypothalamus-pituitary-adrenal axis

Hypothalamic PVN Anterior pituitary
AT A CRH

IL-1,IL-6 —— >

ACTH

X -
- GR-mediated \,”

=\
negative (\ Adrenal
feedback \\ glands
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Inflammation
as a response

to injury and
the concept
of DAMP

V

The inflammatory response can be
discussed in different-contexts

Defence

against
pathogens Response
(immunity) to injury

Inflammation

Pathogenesis

34

HSTalks

V

The inflammatory response can be
discussed in different-contexts

Response
to injury

Inflammation
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' Inflammation in the absence of
infection (sterile inflammation)

& ¢=
Ischemic injury Tissue damage
(e.g. wounds)

‘
¥
)

Chemicals & foreign Atherosclerosis
bodies (e.g. urate

or silica crystals) ‘

' Inflammation in the absence of
infection (sterile inflammation)

Sha

T

36

' Inflammation after tissue damage

Inflammation after tissue damage is important for the elimination of dead

cells, debris or microorganisms and activation of the fibrotic response

Intact tissue Tissue damage Hemostasis & coagulation

Epidermis | - .
Dermis » »

1Fat

Remodelling Proliferation Inflammation

o <IN\ @
ip—

o “ Platelets @ Neutrophil 0 Macrophage yFibroblast N\ Vessel

Morbidelli L. et al., Front Bioeng Biotechnol. 2021; 9:720091
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' Non-microbi
can induce inflammation

Infections

Pathogen-Associated
Molecular Patterns (PAMPs)

37

ial agents

©
Damage/stress

Damage-Associated Molecular
Patterns (DAMPs) released in

HSTalks

activate various PRRs response to injury activate
various PRRs

DAMPs can include crystals (e.g.
urate, silica) or molecules normally
present only inside the cells (e.g.

ATP, nuclear proteins)

4

' Main damage-associated 38

molecular patterns

oawr e |

Nuclear proteins (histones,
HMGB1)

DNA

ATP

Heat-shock proteins
S100

ECM components (fibrinogen,
hialuronate, tenascin, heparans)

Urate crystals, cholesterol,
asbestos

Oxidative stress

TLR2,4 and 9; RAGE

TLR9, NALP3
P2X7/NALP3
TLR2, 4

TLR2, 4 and RAGE

TLR2,4; NALP3

NALP3

NALP3 I

' The NALP3 inflammasome is implicated
in the response to DAMPs

Krefflux Ca?* mobilization
Kt K*

{Hll= H m
\ L

[ — NLRP3
A asc NLRP3
® Procapase-l inflammasome

cAsR
ntegrity
oo @ e @ .

* NLRP3 o — )

oligomerization - Proil-18 Frodl1s
+ ASCclustering CathepsinB
© Caspasel Lipases

recruitment K*, Ca?, etc.

39

ROS crystalline

\\ / IL- 1[4? IL‘;S

Increased

mltochondrlal 4.>
damage >

Caspase-1
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Resolution of
inflammation

41

' When injury is repaired, or the noxious
agent eliminated, inflammation resolves

Intact tissue Tissue damage Hemostasis & coagulation

Epidermis
Dermis » »

1Fat

Remodelling Proliferation Inflammation

P 38
W « N e« 2
k

o “ Platelets @ Neutrophil f Macrophage yFibroblast N\ Vessel

4

' When injury is repaired, or the noxious
agent eliminated, inflammation resolves

Passive mechanisms Active mechanisms

m No stimulus - all bacteria m Stop signals produced by
are dead, or the wound has the organism
been repaired

m Lipid mediators

m Half-life of inflammatory cells
= Anti-inflammatory cytokine

n Half-life of
inflammatory cytokines

m M2 macrophages

4
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' Inflammation: onset to resolution

Onset of resolution

‘Chemokine depletion
- Atypical chemokine receptors
- Chemokine proteolysis

" Production of inflammatory WEE
Y Lipid mediator class
Neutrophil recruitment switching
lifespan De AnxA1 synthesis
Classically-activated Cytokine-induced ACTH
‘macrophages Non-adrenal effects
Release of neutrophil
microparticles
Downregulation of pro-
inflammatory cytokines
Negative feedback loop
— ACTH Anxat
LTB4 Lipoxins
oDz PGE2 G
TNFa  IL1B

42

Production of pro-resolving 4
mediators

Abrogation of neutrophil
recruitment

Neutrophil apoptosis

Find-me and eat-me signals

Efferocytosis
Non-phlogistic monocyte
recruitment
Alternatively-activated
macrophages
Maresins s
TGFB
Resolvins
Protectins

4
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' Resolution of inflammation: switch o
arachidonate metabolism towards lipoxins

Inhibit PMN
adhesion and
migration

¥GT, 6L |

=]

Es

| 12107151017

LTA4
LTc4i/
- LTA4H
Leukotriene
fige?

Leukotriene | ~
LTDs

Leukotriene
LTI

I Membrane lipids |

ULL%] phosphatidyl inositol [# e

Phospholipase A2

— _— COOH e
m Arachidonic Acid

FLAP/5-L0 |

Cydooxygenase
(COX-1/COX-2)

Leukotriene
LT8;

>

| Tissue specific synthases, PGES: mPGES-1/2, cPGES |

g 43

| PGG2

|

PGE,, PGD,, PGF,

- = ]
PGI, ™, ‘ '

' Resolvins
Arachidonic Docosahexaenoic Eicosapentanoic
acid (AA) . acid (AA) acid (AA)
Lipoxin A Resolvin D1 Resolvin D2 Resolvin E1
. A\ 1
oon Neoon |
< \ o (s oy o
ELQ/%‘PI{Z‘ DEQI‘(}P%Z DE\‘/}/GP{}s ERV1/ChemR23
vyyL  yyye LLLULTLE
= Inhibit chemotaxis, NF-kB activation and inflammatory cytokines
m Increase non-inflammatory phagocytosis of dead cells
m Induce macrophage polarization towards M2

The screen versions of these slides have full details of copyright and acknowledgements

18



Inflammation: purposes, mechanisms and development

4

Prof. Pietro Ghezzi - University of Urbino, Italy

' Resolution of inflammation: switch of 45

macrophages from M1 to M2 phenotype

M2 resolving M1 inflammatory

IL-4

IL-10 IFN-y

IL-13 PAMP
GC Arginase INOS

IL10 TNFa
TGF-B, VEGF IL-1B

Apoptotic cell clearance Pathogen clearance
(efferocytosis) Pathogen killing

Damaged molecule clearance ROS ‘

HSTalks

The role of
adaptive

immunity in
inflammation

' T helper cells regulate inflammation

47

m Inflammation is normally a rapid-onset, early response to infections
that precedes the activation of adaptive/specific immunity

m However, adaptive immunity can regulate the inflammatory response
through subsets of antigen-specific T helper (Th) CD4* lymphocytes

Antigen o 8 OO o
presenting cell Immature [e) o
Antigen CD4" T cell cD4+*

—_—
Mature
TCR CD4* T cell

4
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' T helper cell phenotypes 48
0 Pro-inflammatory
—_ 00% Activate macrophages
IL-2, IFN-y | Fight intracellular bacteria
TNF
IL-12 Pro-inflammatory
e % Induce neutrophil recruitment
IL-4 —>ee’e Fight intracellular bacteria
/ IL-17 and fungi
IL-6,
TGF-B 0° Anti-inflammatory
\ 00% Activate B cells > IgE, mast
IL-4, IL-5, | cells, eosinophils
IL-10, IL-13 | Fight parasites (helminths)
0° Anti-inflammatory
— 00% Stop immune response after
IL-10, TGF-B | pathogen eradication ‘

HSTalks

' B cells can regulate inflammation

e
x¢ \Ax m Antibodies produced as a
- Bethaes ‘T result of antigen-specific

Y B-cell activation can
Antibody _‘}2(/ regulate inflammation
m The antibody Fc region
binds to Fc receptors

Fc Receptor
m This is important for

phagocytosis but can also
Effector cell regulate inflammatory cells

49

4

' IgG binding to FcyR regulates the production
of inflammatory cytokines and ROS

Immune complexes Monomeric Ig 1ps

 PLey o PI3K Fyn
IRAK1
Ptdins 1 Ptdins TRAF-6
@, T (B34S
| Pro-inflammatory Anti-inflammatory |
DAS Activation Inhibition

InsP3

50

Oxidative burst
ADCC
Phagocytosis

4 ca* %
MAPK  mobilization /ﬁﬁr; |
Cytokine/Chemokine production Nucleus Cytokine

production

4
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' FcyRs are pro- and anti-inflammatory

FcyRllb: anti-inflammatory FcyRlla: pro-inflammatory

Homeostasis

/lla

IIb

FcyRIlb-mediated
inhibition of
cytokines

LA
A

FoyRllb -
4 sHP-Hg s

—~

(p%@) 4
9§80

TNFa, IL-1B, IL-6,

IL-8, IL-12p70, IL-23

Monocyte
oc

51

ITAMi-mediated
inhibition of
cytokines

.k

FeyRlla
9/ S ITAM

==X )
{ Jooot

<327 7 Monoyte
— Macrophage

4

°g°°o$

TNFa, IL-6, IL-8

HSTalks

' FcyRs are pro- and anti-inflammatory

FcyRllb: anti-inflammatory FcyRlla: pro-inflammatory
Infection Bacterial infection Viral infection
/( *5(/va:
’( — Bactenum _{
Y =¥
R—ll—>
€= @%\
CF0000 SO cosase €= A
oy &T:/)/ ’ \-I’—/ ot
Macrophage b Macrophage
09904 09807
TNFa, IL-1B, TNFa, IL-6, IL-10,
IL-6, IL-23 IFN-B, IP-10 ‘
' . 52
IgG glycosylation patterns

Fab

The glycosylation pattern of IgGs can also determine their pro- or

anti-inflammatory activity (e.g. sialylation -> anti-inflammatory IgGs)

) Heavy
chain

V4
Asn® |-}

\4
Mono-sialylated Fc
,,,,, i
\
- Di-sialylated Fc

Gal-terminated Fc

T fucose
B N-acetyl-glycosamin

@ mannose

Glycan core

@ gelactose

@ sialicacid
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Resolution of
inflammation:

chronic
inflammation

V

The inflammatory response can be
discussed in different-contexts

Defence

against
pathogens Response
(immunity) to injury

Inflammation

Pathogenesis

54
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V

The inflammatory response can be
discussed in different-contexts

Inflammation

Pathogenesis

4
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V

Inflammation in pathogenesis
ONSET ACUTE INFLAMMATION
Injury » Inflammatory mediators
Pathogens Neutrophil recruitment

e &

55

Elimination of stimuli/pathogens
Stop signals, resolvins, repair

Persistent stimuli
(e.g. silicosis) or pathogens
Autoimmunity, IgG, Th1, Th17

\ 4

2

RESOLUTION OF
INFLAMMATION
AND RETURN TO
HOMEOSTASIS

-

CHRONIC INFLAMMATION
Macrophage, lymphocyte
infiltrate, attempted healing
(angiogenesis, fibrosis)

4

TISSUE DAMAGE

A
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V

Chronic inflammation is
not just about duration

Acute inflammation

Inflammatory mediators,
neutrophil recruitment

Chronic inflammation

Macrophage, lymphocyte
infiltrate, attempted healing
(angiogenesis, fibrosis)

56

4

V

Time of onset

Differences between acute and
chronic inflammation

(acute-phase)

Prevalent site Vessels
Fibrosis, angiogenesis  +
Tissue damage +

Duration Short-term (days, weeks)

Cell infiltrate Neutrophils

Magnitude +++

Results

Biomarkers IL-6, CRP

Key cytokines IL-1, IL-6, TNF,
chemokines

Systemic effects +++

[ JAcue _______ [Chronic______|

Minutes/hours

Days

plasma cells
+

Removal of trigger, repair Collateral damage
low CRP (need hsCRP)

IL-12, IL-17, IFN-y
+
Tissues

+++

+++

Persistent (months, years)
Mono/mac, lymphocytes,
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V

Hallmarks of inflammation

Calor (heat)

Rubor (redness)

Tumor (swelling)

Dolor (pain)

Functio lesa
(impairment

of function)

Tissue damage can
be due to the same
mediators involved
in host defence
(TNF, reactive oxygen
species, proteases)

58

HSTalks

Types of mechanism that
let us survive an infection

D

Pathogen control
Decreases the number
of pathogens (killing
or growth inhibition)

OJ

©
Damage control

Protects from the
damage induced
by the infection
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Types of mechanism that
let us survive an infection

D

Pathogen control
Decreases the number
of pathogens (killing
or growth inhibition)

OJ

©
Damage control

Protects from the
damage induced
by the infection

Protects from the damage
induced by the "friendly

fire" of immunity
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' Types of mechanism that
let us survive an infection

m This is arguably the most successfully developed field
of immunopharmacology

m Nowadays, the top sale in biologics are antibodies that
inhibit specific inflammatory cytokines (e.g. IL-1, IL-6,
TNF), that are used for the therapy of chronic
inflammatory diseases

Thanks for
your attention!
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