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esponse are microbpial, such as viruses and bacteria
which are the major
xtracellular DAMPs or Danger-Associated Molecula

Patterns
and contain
AMPS or Pathogen Associated Molecular Patterns...
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Viruses infecting a cell,

Growth of pathogenic
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MECHANISMS......

Direct mechanisms of tissue damage by pathogens
Exotoxin Direct
production Endotoxin cytopathic effect
Pathogenic
mechanism e & O
£ B ()
Streptococcus Escherichiacoli Variola
P nes Haemophilus Varicella-zoster
Staphylococcus influenzae Hepatitis B virus
& aureus Salmonella typhi Polio virus
Infectious Corynebacterium Shigella Measles virus
agent diphtheriae Pseudomonas Influenza virus
Clostridiumtetani aeruginosa Herpes simplex
Vibrio cholerae Yersinia pestis virus
Human herpes
virus 8 (HHVS8)
Tonsilitis, scarlet Gram-negative Smallpox
fever sepsis Chickenpox,
Boils, toxic shock Meningitis, shingles
- syndrome, pneumonia Hepatitis
Disease food poisoning Typhoid Poliomyelitis
Diphtheria Bacillary dysentery Measles, subacute
Tetanus Wound infection eclerosina




HEY CAN ENTER OUR CELLS, USING |
ONLY SPECIFIC RECEPTORS ....

. Tronds in Bolechnoiogy June 2012, V

'athogenic microbes and their membrane receptor targets

Species Virulence fector Cell receptor”

E. col Heat-labile enterotoxin, endotoxin Gangloside
V. cholers Cholers toxin Gangliosicde
Streprococous, Staphylococcus Upoteichoic acid, hemolysin Phospholipid

virus Influenza Hemaggiutinin, neuraminicase Ganghoside
HIV GP120 protein Galactosy! caramide
Paramyxovirus Attachment protein G EphrinB2 protein

wed virus Polyomavirus, rhinovirus Capsid coat protesn ) !

1 and LDLR :

Adencvirus Capaid protein knob domain CAR and LOLR peoteins

s ICAM.Y, intercelluler adhesion mokecu'e 1; CAR, coxsaciue virus and adencviras receptorn, LOLR, low-density lipoprotein receptor.

ting host-pathogen interactions
membrane-based nanostructures

carello™*, Mira A. Patel® and Atul N. Parikh®3*®
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mian virus 40

“hovirus 11

>hovirus 1

ian sarcoma and leukosis virus

amiliki-forest vinues

otropic mouse leukaemia virus
uman T-cell leukaemia virus type 1
V-1

ola and Marburg viruses

Nature Reviews Immunology 3, 557-568 (2003)
[ rafts lipidici sono de lle strutture di men
eterogenee, insolubili in detergenti non ionici
gt phonshatey Triton X-100 ed arricchite in colesterolo, glicosfin
come GM1 o GM3 e prote ine come le caveolin
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Bacteria

o~ At gt gl Campylobacter jefuni Intracellular survival

Legionalla pneumophila Intracellular survival
Pseudomonas aseruginosa Host response, signalline
Brucella spp. Entryintracellular surviva
FimH and Dr* Escherichia colf Entry/intracellular surviva
Salmonealla typhimurnium Entry/intracellular surviva

Entry/trafficking Shigella flexneri Entryintraceliular surviva

Entry/trafficking Chiamydia spp. Entry/intracellular surviva

Entry Mycobactenum spp. Entryintraceliular surviva

Entry Vibrio cholerae (cytolysin) Toxin binding/oligomeriz.

Entry’budding Aaromonas hyarophifa (aerolysin) Toxin binding/oligomeriz.

Entry'budding Clostridium spp. Toxin binding/oligomeriz.

Entry’budding Streptococcus pyogenes Toxin oligomerization

Entry’budding/transcytosis (streptolysin O)

Entry’budding Bacilus anthrad's (anthrax toxin) Toxin oligomerization
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yacteria to enter the cells, move and
pe the cytoplasm and modulate the
ons using proteins that mimic the
ons of the structural and signaling
ns (such as small G proteins Rho, Rac
dc42) and their effectors (such as Wasp,

Microbial pathogenesis
cytoskeletal functio

Samantha Gruenheid ai
Brett Finlay

Nature 422, 775-781 (17
200)



Ile Cossart and Philippe J. Sansonetti
hanisms used by bacteria to enter cells.

1e zipper mechanism used by Yersinia and Listeria.
e trigger mechanism used by Salmonella and Shigella.

A Zipper mechanism
| Yersinia | | Listeria |

Invasinmediated entry Internalin mediated entry Inl8 maedated entry

N8 (bnctcnnlﬂ
attached or free

Microtubules

B Trigger mechanism (um})-ﬂ@

Salmonella Shigella
‘? Type Il secretion
apparatus
@ Actn

‘ Arp2/3 complex
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based motility of Listeria, . .
ickettsia, and Shigella. The invasion and ce

on micrographs of actin tails migration Of LlSTE -

d with fragment S1 of myosin!




L 4 |

Inducers = Sensors = Mediators = Effectors

Many endogenous inducers activate or are "allarmins”
or
DAMP, danger-associated molecular patterns!

rrently known alarmins include defensins, cathelicidins, eosinophil-deri
urotoxin, lactoferrin, some high-mobility group (HMG) proteins, granulysin,
bably also ATP and histamine, while endogenous mediators that may eventu
ve to be alarmins include some members of the S100 family proteins, heat-shi
teins, and certain degraded products of extracellular matrix (e.g. hyaluronan :

paran sulfate).
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immune cells in response to
ous microbial products (e.g.,
r CpG-DNA) or endogenous
stimuli (TNF, IFN-y, or
en peroxide), and passively
>d by damaged or virus-
ed cells. Extracellular
31 sustains an inflammatory
se by stimulating migration
ate immune cells, facilitating

recognition of bacterial
ts, activating various innate
ne cells, and suppressing

cytosis of apoptotic cells. cell migration

HMGB1 can function as an
n signal to recruit, alert and
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Microbial or host stimuli  VIRAL INFECTION
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Active Passive
Secretion Leakage
HMGB1

@ %

Cell activation

Dendritic cell Macrophage
Monocyte Monocyte
Neutrophil Neutrophil
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inflammatory and the immune respoil
through RECEPTORS!

Our body feels the damage (mainly from
biological, chemical and physical stimuli) through
RECEPTORS!

The MAIN RECEPTORS of the damage (by stimuli
biologicals, chemicals, physicals etc) are:

 MEMBRANE RECEPTORS



DAMAGE RECEPTORS OF NATURAL
IMMUNITY AND INFLAMMATION!
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INFLAMMATIOIN!

SENSE OF TASTE

Known ana sugpestied tanle Quaites
Sweet Urnaensi (srwtanry)
Receptor; ' Receptor

TIRS»TIRD TIRI=TIRD
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ste receptors (T2Rs) are emerging as novel regulators of innate immunity in the respirato
‘e expressed in respiratory ciliated cells and in solitary chemosensory cells (SCCs), wh
the T1R2 and T1R3 subunits comprising the human sweet taste receptor. Activation of t

Rs are expressed in ciliated cells a
mosensory cells of the respiratc
ct: bitter chemicals released

robes during upper respiratory tr
ctions activate T2Rs and indu
thelial secretion of antimicrob
tides, such as pB-defensins 1 and 2'

aependent upon GoO-gust 13K



NFLAMMATION ACTIVATE AND REGULATE:

 THE COMPLEMENT SYSTEM!
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D INFLAMMATION ACTIVATE AND REGULAT

« THE PHAGOCYTOSIS!



D INFLAMMATION ACTIVATE AND REGULAT

 THE 5 CARDINAL SIGNS OF ACUTE
INFLAMMATION (rubor, tumor, calor, dolor and
functio lesa)!




ID INFLAMMATION ACTIVATE AND REGULAT

The acute phase
RESPONSE!




FEVER, ESR and
LEUCOCYTOSIS
ARE
THE MARKERS

N ENLIEER ARNRARAATIONN




APR (Acute Phase
Reactions) are fully
characterized:



a) by neuroendocrine changes, fever,
lethargy and anorexia, increased
secretion of corticotropin-releasing
hormone, cortisol, nitric oxide and
decreased secretion of growth
insuline-like factor;



b) hematopoietic modifications such
as anemia, leukocytosis,
thrombocytosis;



c) metabolic changes such
muscle loss and negative
nitrogen balance, impaired
gluconeogenesis, osteoporosis,
increased hepatic lipogenesis,
increased lipolysis in adipose
tissue, cachexia;



d) plasma modification of some metals
such as calcium, iron and zinc, and
vitamins, but mostly of some proteins
and lipoproteins!



The acute phase proteins
or APP!



> study ot APP was porn with the i1dentitication
- first APP, the C-reactive protein, or CRP, witl
vent resurgence of research activities from the
il today. The discovery of PCR was made by Til
I Francis in 1930 with the publication of a pa
itled "Serological Reactions In Pneumonia Wit
natic Nonprotein Fraction Of Pneumococcus” in:
rnal of Experimental Medicine:

Tillett WS, Francis T: Serological
reactions in pneumonia with a non-
protein somatic fraction of



ar was observed, in addition to the CPR, t
allel increase in concentration of other plasr
teins including the Amyloid Protein A or SAA, t
inogen, the C3 complement component, the o
itrypsin and more proteins!



Change in Plasma Concentration (%)
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[oday we define as acute phase protein (APP
that protein whose plasma concentratior
ncreases (positive APP) or decreases (negative
APP) by at least 25% during the acute phase
reaction!
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Positive acute phase reactants (concentrations increase with acute inflammation)

immune-refated

Complement {C)

Mannase-binding lectin (MBL)

C-reactive protein (CRP)

Orosomucoid (alpha-1 acid glycoprotein)

Antiproteases (anti-enzymes)
Alpha-1 antitrypsin (A1-AT)
Alpha-2 macroglobulin (A2M)

Anti-axidants
Ceruloplasmin

Coaguiation factors
Fibrinogen

Factor VIl

Others

Haptoglobin

Serum amyloid A (SAA)

Plasma fibronectin
Lipopolysaccharide-binding protein (LBP)
Ferritin

Negative acute phase reactants (concentrations decrease with acute inflammation)




positive and negative APP!!!

Positive APP:

short pentraxins;

“ollectins;

>roteins of the complement
system;

.PS binding protein or LBP;
’roteins of the coagulation
system and fibrinolysis;
\ntiproteases;

Negative APP:

Albumin;

Transferrin;
Transthyretin;
Alpha-fetoprotein;
Thyroxin-binding globuli
Factor XiIl.



Negative APP:

bumin;

ansferrin;

ansthyretin;
pha-fetoprotein;
yroxin-binding globulin;
ctor XII.

The negative APP do
diminish just because
hyper-production of po
APP which are limiting a
acid reserve or bec
escaping from the vesse
the inflammatory exudate
also for anorexia

increased energy and pri
catabolism that arise in
course of inflammation.

Among the negative APP



nin is a single polypeptide which consists of 585 amino acids with a mole
t of about 69 kDa. The total pool of albumin is 4-5 g/kg of body weig
' 40-45% is in the intravascular space and the other 60 % is in the inter

iological functions of albumin are impressive:
ns 75-80 % of the plasma colloid osmotic pressure;
s and transports not only free fatty acids, calcium, certain steroid horm
xine, bilirubin, copper and tryptophan, but also drugs, such as penicilli
non-steroidal antiinflammatory drugs (NSAIDs);

important source of sulfhydryl groups, which remove nitrogen and oxyge
Is and other toxins; in this context, the antithrombotic and anticoag
s of albumin may be due to the uptake of the free radical nitric oxide (NO)

oncentration of albumin in the blood (serum albumin) varies between 3.
/dl and its decrease during inflammation can be significant even if it is |
pecific, as the hypoalbuminemia may occur in various physiopathol
ions. such as rheumatoid arthritis. cholecvstitis acute ulcerative c



nsferrin is the major B-globulin that transports iron (siderofill
> transferrin contains 687 amino acids and has a calcula
lecular weight of approximately 79 kDa. The transcription of !
NA for the synthesis of transferrin in the liver is regulated by !
1icentration of iron is that hepatic plasma.

> transferrin levels in the blood are 200-360 mg/dL.

> transferrin levels increase during the use of birth control p
ing pregnancy and in cases of insufficient levels of iron and :
reased by acute and chronic inflammatory diseases, |
)ecially for malnutrition, treatment with iron or with steroids, li
ease and nephrotic syndrome.

ctrophoretic variants of transferrin in serum are found occasion:



ort pentraxins;

llectins;

dteins of the complement system;
S binding protein or LBP;

dteins of the coagulation system and

rinolysis;
tiproteases;
ansport proteins.
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Bacteria induce macrophages to produce
IL-6, which acts on hepatocytes to induce
synthesis of acute-phase proteins

IL-6
\ " 4 SP-A

; SP-D
v

A
A

mannose-
e/° binding lectin

@ @ fibrinogen

serum  C-reactive
amyloid protein Protein

liver

J

s

~

ymatory cytokines bind to specific receptors on hepatocytes and induce the acti\
nus family kinases (JAK), the STAT (signal transducers and Activators of transcript
lammatory transcription factors such as NF-kB. Transcription factors most chare
egulate the synthesis of APP belong to the family of leucine zipper, C/EBPA
er of protein binding), C/EBPd and NF-IL6 (nuclear factor associated with IL-6), th
ription by binding to a site called bZIP1. It is also been shown that the induction
 proteins is correlated with a decreased synthesis of C/EBPA and an increase o



| Bacteria induce macrophages to produce |
IL-6, which acts on hepatocytes to induce
synthesis of acute-phase proteins

IL-6
\ 4 SP-A
v

SP-D

A
A

mannose-
0/9 binding lectin

@ @ fibrinogen
C-reactive

serum e
amyloid protein Protein

liver

Recently, it has been proposed a new classification of APP positi\
according to the cytokines that induce them from the LIVER!

APP positive were therefore divided into two classes:

'P Type-1 induced by IL-1a and 3, TNF-a and 3, whose prototype i
\A:

PP-type 2, induced by IL-6, but also by IL-11, Leukemia inhibitory 1



ort pentraxins such as CRP and SAA or amyloid protein A, also indicat
otein serum amyloid or SAP;

llectins, structurally related to C1q, such as mannose-binding lectin o
BL, proteins A and D of the pulmonary surfactant or SPA and SPD and

olins, which include L-, M- and H-ficolins;

bteins of the complement system, such as C3, C4, C9, Factor B, the
vibitor of C1qg, C4b-binding protein;

5 binding protein or LBP;

bteins of the coagulation system and fibrinolysis, such as fibrinogen,
1Isminogen, tissue plasminogen activator, Protein S, vitronectin;

tiproteases, such as al-antitrypsin (AAT) and the al anti-chymotryps



« SHORT PENTRAXINS:
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 LONG PENTRAXINS
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Serum amyloid protein

: PTX3-PTX4
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of bacteria
and phosphoethanolamine
of apoptotic cells

and activate complement and phagocytosis!

. £ - £

N N\
C-reactive protein binds phosphocholine Mannose-binding lectin binds mannose
on bacterial surfaces, acting as an residues on bacterial surfaces, acting as an

opsonin, and also activating complement opsonin, and also activating complement




e of the long pentraxin PTX3 in antimicrobial resistan




activated by
PENTRAXINS:
LASSICAL COMPLEMENT ACTIVATION IN THE NATURAI
IMMUNITY AND INFLAMMATION!

CDas Macrophs
Live

Apoptotic

C1g/MBL
= Y C3b
g e
1

Esa

Neutrophil _
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Crystal structure of phosphocholine
nd CRP (PDB entry 1B09, left) and
structural superposition between CRP
SAP (right).

Structures of FcyRIIA, FceRI (PDB
y 1F2Q), and FcoRI (PDB entry
/1).

Structural complex between human
> (cyan) and FcyRIIA (blue) in two
ogonal views (left and middle panels)
in space filling model (right panel).

Binding mode of IgG-Fc on Fc¢
ptor (left panel) partially overlap with
- of SAP (right panel). The IgG-Fc
rface region is highlighted in white
on the SAP complex structure.
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Cytokine production



ymparison of
ntraxins and
ntibodies in
nplement and
C receptor
activation!
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Pentraxins and Fc receptors

!

3

) ! |

)

)

)

A

)

) |

) |

{

)

)

h

)

)

) .
-
=

1unological Reviews

R Y Y LY .Y Y.L LY Y LAYy, LY Y'Y LYYy .Y,



INFLAMMATION / MICROBIAL SENSING
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)hysiological concentration is less than 1ug/ml
nl at birth, 170 ng/mL In children and from 47
) ng/mL in adults), but increases by 100-1000 ti

ng inflammation.

ugh for a long time CRP levels have been used as a quick test for the presum
osis of bacterial infection (high CPR) distinct from viral infection (low CPR), today a
3se of the PCR can be observed in viral hepatitis, in bacterial acute flu-like syndrom
» TB, gout, in burns, in peritonitis, in rheumatic fever, rheumatoid arthritis, and :
icant increase occurs in scarlet fever and Guillon-Barré syndrome. CPR is often us:
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) F, Chen J, Zheng R, Liu H, Li X, Yanq P, Liu G, Jia Y.

JNDS:

 C-reactive protein (CRP) was found to be associated
rognosis in kinds of solid tumors, however, its role in g
nt gastric cancer (RGC) is unknown. The present

d to explore the prognostic value of serum CRP in

ts.

val Rate
4

 CRP was elevated in 39 patients (H-CRP), whil
s were within the normal range (N-CRP).Thg
RP was associated with Lymph node metastasis g
and tumor size (p = 0.004). The median survival
recurrence was significantly worse in the H-CRP

1 N-CRP group (6.5 months vs. 11.5 months, p =
Itivariate analyses identified that elevated CRP
2.325, p < 0.001), time to recurrence (HR = 0.466, 0
\nd the follow-up treatment (HR = 2.650, p=0.001)
endent prognostic factors.

ONS:

rum CRP level was associated with

ive pathological features, was an

T  THCRP Goenp
wd IN.CRP Cromp

1. P0012
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Serum amyloid protein

Figure 2-47 part 2 of 2 Immunobiology, 6/¢. (© Garland Science 2005)

ithors have reported the existence of various types of SAA that can be classifie
sonstitutive SAA) and ASAA (Acute phase SAA).

atter have:

nological functions, such as promoting the lysis of apoptotic cells; pr
ytosis and adhesion and chemotaxis of leukocytes; inducing ECM-degrading e
nase. stromalisin. MMP2 and 3) and inflammatorv cvtokines (IL-6 . TNF-a):
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'um amyloid A (SAA) is an acute phase first class protein discovered a quarter of
itury ago. Its concentration depends on clinical findings of the patient, illn
ivity and the therapy applied.

A increases moderately to markedly (100-1000 mg/l) in bacterial and fur
actions, invasive malignant diseases, tissue injuries in the acute myocar
arction and autoimmune diseases such as rheumatoid arthritis and vasculitis.

ld elevation (10-100 mg/l) is often seen in viral infections, systemic lu
thematosus and localized inflammation or tissue injuries in cystitis and cerek
arction.

A as sensitive, non-invasive parameter is used in organ transplantation where e:
1 correct diagnosis is needed as well as where prompt therapy is requir
wultaneous determination of C-reactive protein (CRP) and SAA may point to ac
nev allograft rejection.
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Cellular
sources
and
nducers
f the long
entraxin
PTX3!
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TLR agonists

Primary inflammatory cytokines
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IL-1, TNF
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IL-10
Costimulus
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: Endothelium/
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Innate immunity

Complement activation

Opsonization
Neutralization

Resistance to fungi,
bacteria, and viruses

Inflammation

Complement modulation
{Clq, FH)

Clearance of apoptotic cells

EAL %
C317:C318
A )

PTX3
C-terminal dom

e

ECM depositic
angiogene

Interaction
T5G-6, lal, F



The
ntraxins
NG PTX3/
X4, after

their
rahepatic
dduction

C a n b e (A)Schematic representation of the PTX3 protomer subunit showing the N-term
in yellow, followed by the globular pentraxin domain in red. Positions

residues, the N-glycosylation site at Asn220 and the pentraxin signature

0O sy I ate d ! indicated.

(B)Disulfide bond organization of the PTX3 octamer.

(C)Schematic model of PTX3 based on the two different structural arrangeme
for the N-terminal domain. The a-helical segments of the N-terminal
depicted as yellow rods. The C-terminal pentraxin domains are in red.
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nber of both somatic and immune cell types produce PTX3 at sites of inf
mation. The glycosylation status of PTX3 (e.g., branching and sialylation) might
ling on cellular source and inducing stimuli (a). In addition, the protein oligosacch



TX3 is related to the CPR, whose levels in case of infection rise dramatically i
r of hours. Compared to PCR , PTX3 is the fact of being produced from any tis:
ct to inflammation. In this way its concentration increases much more quicl
ing an early diagnosis. For example, in the case of infarction was found that wt
atient arrives in the ER, PTX3 levels are already very high, while those of C
je after a few hours. It can also give important information about prognosis.

dition in which the evaluation of the levels of PTX3 could be very useful, i
lampsia. This is a very serious complication that may occur during pregnancy, w
rease of blood pressure. In these cases the raising of PTX3 concentration occ!
while the clinical manifestations due to altered vascularization of the placenta
much later. Even in this case PTX3 could become important for an early diagnos

bsence of PTX3 corresponds to a condition of infertility, since this protein is a |
onent of the structure of cells (the cumulus oophorus) surrounding the ooc
ovulation occurs. Without it, the egg cell remains virtually ' naked ' , deprived
1al elements that have the function of guiding the sperm in the right direction a
fertilization can not occur.



OF THE NEW YORK ACADEMY OF SCIENCES
r N immunoiogy

1g pentraxin PTX3: a paradigm for humoral pattern
ition molecules

ntovani,’* Sonia Valentino,’ Stefania Gentile,' Antonio Inforzato,’
ttazzi,' and Cecilia Garlanda’

nical and Research Center, Rozzano, Mian, Italy. ?Department of Medical Bioctechnology and Translatonal
ersty of Mian, Mian, Italy

rréspondence: Alberto Maniovani, MD, Scentific Direcdr, Istituto Clinco Humanitas, Via Marzoni 113, 20089
0, Italy. alberio. mantovani@humanilasresearch. e

nition molecules (PRMs) are components of the humoral arm of innate immunity;
»ciated molecular patterns (PAMP) and are functional ancestors of antibodies, promagi
sonization, and agglutination. In addition, several PRMs have a regulatory
e & family of evolutionarily conserved PRMs characterized by a cydic multimeric
sentraxing have been operationally divided into short and long families. C-
d P component are prototypes of the short pentraxin family, while pentraxin 3 (PTX3) is
ntraxins. PTX3 is produced by somatic and immune cells in response to proinflammatory stimuli and
ptor engagement, and it interacts with several ligands and exerts multifunctional properties. Unlike
ne organization and regulation have been conserved in evolution, thus allowing its pathophysiological
aluated in genetically modified animals. Here we will briefly review the general properties of CRP and
stypes of short and long pentraxins, respectively, emphasizing in particular the functional role of PTX3
c PRM with antibody-like properties.

nate immunity; pentraxins; PTX3; pattern recognition molecules

Bacteria

Psevidomonas aeruginosa NT*
Klebsiella preummoniae NT
Salmonella typhimurium -
Fungi and yeasts
Aspergillus fumigatus +
Saccharomyces cerevisiae +
(zymosan)
Paracoccidioides brasiliensis NT
Viruses
Influenza virus -
Human cytomegalovirus NT
(HCMV)
Membrane moicties
Phosphocholine (PC) +
Phosphoethanolamine (PE) -
LPS -
Outer membrane protein A NT
from Klebsiella preumoniae

+
Factor H +
CABP +
b( *» L'm +

TNE-stimulated gene-6 NT
(TSG-6)
Inter-a-trypsin-inhibétor (lal) -
Hyaluronan NT
Laminin +
Collagen IV NT
Fibrosectin +
Growth factors

o e—.
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Dependent Inflammation in Cancer.
a E, Gentile S, Rubino M, Maina V, Papait R, Kunderfranco P, Greco C, Fer

» M, Laface |, Tartari S, Doni A, Pasqualini F, Barbati E, Basso G, Galdie
i M, Roncalli M, Colombo P, Laghi L, Lambris JD, Jaillon S, Garlanda C, Mantovar

"

s an essential component of the humoral arm of innate immunity, pla
undant role in resistance against selected microbes and in the regula
nation. PTX3 activates and regulates the Complement cascade by interactil
d with Factor H. PTX3 deficiency was associated with increased susceptil
chymal and epithelial carcinogenesis. Increased susceptibility of Ptx3(-/-) mi
aited with enhanced macrophage infiltration, cytokine production, angiogenes
nutations. Correlative evidence, gene-targeted mice, and pharmacological b
nents indicated that PTX3 deficiency resulted in amplification of Comg
ion, CCL2 production, and tumor-promoting macrophage recruitment.
sion was epigenetically regulated in selected human tumors (e.g., leiomyosal
lorectal cancer) by methylation of the promoter region and of a putative enl

TX3, an effector molecule belonging to the humoral arm of innate immunity,
rinsic oncos<siinnre<s<eor aene in moiice and man bv reaillatina Combl



perimental data support the idea that complement is activated by tumol

rer, some studies also suggest that malignant cells evade the harmful e

nplement and make use of some complement effector molecules to pro

er growth,. Unfortunately, the exact mechanisms and.consequences of
duatlity are notaery well knewn!

Acute inflammation

Chronic inflammation

mmunostimulation
Tumor- Tumor- Immunosuppressi
control | promoting

Lysis ctiviti tiviti
activities  activities Angiogenesis

Opsonization
Cancer cell-signaling
Chemotaxis

COMPLEMENT ACTIVATION



proauction, angiogenesis, protection f1rom antgre
Is and apoptosis, cellular invasion and migration thrc
tracellular matrix, and suppression of antitumor immur




PTX3 gene |
silenced by
hypermethylat
in selected
human tumo
including
colorectal can
(CRC) and th
event occur
early in
progressiol
already at th
level of
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PTX3 regulates the injury-induced thrombotic response and promotes \
g by favoring timely fibrinolysis. Therefore, PTX3 interacts with anc
ns conserved in innate immunity, hemostasis and extracellular matrix and
ons related to both antimicrobial resistance and tissue repair.

PAMPs DAMPs  Inflammatory cytokines  IL-10/GCs  Thrombin

IL- 38 TNF-ca
&« &
Neutrophils Macrophages DCs
| & !
PTX3
1] | 3
= el
t OL Somaen
Collectins Ficolins FG COoL
(MBL) (Ficolin-1/-2/-M)
Defense F (;s and COLs ECM and‘hemostas:s

Artivation and amolification of Readaulatnn of thrombotic resnonse



r to the nucleocapsid protein, one of the most abundant proteins of SARS-
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SARS-CoV-2 proteins
{pmol par well)

ction between pentraxins and SARS-CoV-2 proteins, a-¢, Recombinant His tag SARS-CoV-2 proteins (spike active trimer (S), S1, 52,1
lope (E); the legend refers to a-¢) were immobilized on 96-well nickel-coated plates at different concentrations. Fixed concentrations
TX3 (c) were incubated over the captured viral proteins. Bound pentraxins were detected by enzyme-linked immunosorbent assay (E
ary antibodies. d, Full-length PTX3 or the N- or C-terminal domains were captured on 96-well plates. Biotinylated SARS-CoV-2 nucleo
cubated at different concentrations. Bound nucleocapsid was detected by ELISA using horseradish peroxidase (HRP)-conjugated stre
resented as mean +5.6m, n=3 independent experiments performed in duplicate; OD ,, optical density at 450 nm.
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ary antibodies. d, Full-length PTX3 or the N- or C-terminal domains were captured on 96-well plates. Biotinylated SARS-CoV-2 nucleo
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« MBL
* SPA
* SPD
* FICOLINs

s structurally related to the C1q and is part of the far
otein collectins, together with proteins A and D of
onary surfactant.

1s recently discovered that a second group of prote
1 ficolins, which includes the L-ficolin, the M-and
n, possesses lectin activity.



caroonyarate-olnulng =SILTOS TiIaVe a
fixed orientation

o~helical collagen helix

coiled coil

carbohydrate-recognition domains

annose-binding lectin (MBL), or mannose-binding protein, recognizes different carbohy
t on the surface of many microorganisms, including bacteria, viruses, protozoa and fung
as an oligomeric structure (400-700 kDa), formed by subunits in their turn consist of
al peptide chains, each of 32 kDa and containing from two to six clusters "of carboh
ition sites" that can bind mannose, maltose, N-acetylglucosamine, N-acetylgalactos:
and glucose.

)een shown that the mere presence of these sugar residues is not sufficient for the binc
)L, but their orientation is critical, as they are related only the residues that have a c
arrangement. The bond has a low affinity (Kd 10-3) and, in order to be effective, it is es:
re "carbohydrate recognition sites" bind simultaneously.

AB L binds with high affinity to mannose Mannose and fucose residues that have
Nnd fucose residues with correct spacing different spacing are not bound by MBL




The lectin-binding pathway of complement activation
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MBL

SPA

SPD
FICOLINs

» It interacts with MASP1 and MASP2 (Mannan Associated Serine

Protease)
iml
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MBL SP-A SP-D

Ficolin

CigRp CD91/ SIRPa  CR1 CcD9ov/
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The humoral collectins activate



The clinical MBL.!

)lasma concentration of MBL immediately after birth from 1000
) a maximum of 2500 ng/mL within a few weeks, after which it f
1ally up to 1700 ng/mL in adults where it can increase up to 20 tir
g infections and inflammatory processes.

anges in the plasma concentration reveal the physiological importance of the MBL tk
t at every age during the early stages of contact with the pathogens prior to the incr

concentration of IgM but it is crucial in the period following childbirth, when
tration of antibodies decreases maternal and starts the production of those of
rn.



im concentrations of MBL are genetically controlled polymorphisms and/or mutati
noter and coding region of the MBL2 gene and MBL deficiency, the incidence of
to approximately 20-25% of the world population, are associated with inci
bility to infections such as ear infections, pneumonia, gastroenteritis, meningit
elitis.

dren, a heterozygous mutation of the MBL gene doubles the risk of hospitalization
ous diseases than children with normal MBL levels; in case of a homozygous mutat
ne, the risk of infection is also increased and the disease is worse.

ts with cystic fibrosis with a mutation in the MBL gene are more susceptible to infect
ymonas aeruginosa and have a lower life expectancy than patients with cystic fi
it this mutation.

- patients undergoing chemotherapy and consequently to that, develop neutropen
usceptible to long periods of fever if they have a low concentration of MBL.

dren under one year suffering from Kawasaki disease, whether MBL deficiency is
for coronary aneurysms.

positive patients the progression of AIDS is faster in case of deficiency of MBL.
leficiency is associated with the occurrence of recurrent spontaneous abortion:
)ly, to intrauterine infections.

IBL deficiency is also associated with autoimmune diseases such as systemic

mamdkmacire ICICY amrd vlhAartrmeandaild avklhmisie I DAY



1 Insights Pediatr. 201Z; 6: 69—
94.

se Binding Lectin Deficiency:

ore than Meets the Eye

\elle Halbrich, Moshe Ben- - Sig——— PAZIENTE ...__.

(Cognome ¢ Nome )

an, and Christine McCusker . Pretievo el

Roma,

Proversenza .. DAl Pediatna
eport describes a 5-year-old boy who 2

to the emergency department with

mptoms and chest X-ray findings s——

of pneumonia. Further history revealed S ———
other infections, and workup for
ficiency revealed a deficiency of
binding lectin (MBL), a pattern
receptor involved in activation of the
1t system. Innate immunodeficiency may
ymmon than currently appreciated, with
bf MBL affecting up to 50% of individuals

.
=0

DOSAGGIO LECTINA LEGANTE IL MANNOSIO (MBL) PER DEFIC

MBL 1470 (>100 ng'ml V.N))

pOpu|ati0nS. While pneumonia iS a 1 sevt ¢ ¥indo cscpeio modiasie MBL Oligomser ELISA it (BePoro Diagaosins)
resentation in the Pediatric Emergency

t, clinical presentations of children with Il Respoasabile

innate immunity can be unpredictable. Fl LI | Aot

1ay initially appear well with sudden X-ray from the
ion. These cases pose particular

to physicians, and the level of suspicion emergency
jefects must remain high. Itis crucialto department
tients with such impairments to better demonstrating a



| specifically to the spike protein of SARS-CoV-2!

o
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SARS-CoV-2 spike protein (nM) SARS-CoV-2 spike peolein (nM)

iction of Clg, MBL, ficolins and surfactant proteins with SARS-CoV-2 proteins. a-¢, Recombinant His tag SARS-CoV-2 proteins (¢
. 52, nucleocapsid (N) and envelope (E)) were immobllized on 96-well nickel-coated plates at different concentrations. Fixed cong
MBL (b) were incubated over the captured viral proteins, Recombinant SARS-CoV-2 spike proteins tested were expressed in differ
. MBL (2 pg ml; 6.7 nM) was incubated over the captured viral proteins. In a-¢, bound proteins were detected by ELISA with speci
odies, Data in a and b are presented as mean = s.e.m. n= 3 independent experiments performed in duplicate. Data in ¢ are preser
. n= 2 independent experiments, one performed in duplicate and one in triplicate. d.e, MBL-, CL-L1, CL-K1, CL-P1-, SP-D- and SP-A
ficolin-1-, ficolin-2- and ficolin-3-coated plates (@) were incubated with various concentrations of biotinylated SARS-CoV-2 spike |
protein was detected by ELISA with HRP-conjugated streptavidin (mean + s.e.m.; n= 3 independent experiments in duplicate). £, S
combinant full spike protein trimer to immobilized MBL (dissociation constant (K,) =34 nM, left). No binding was detected in the

- RU, resonance units.
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The SPA and SPD!

Proteins A and D of the pulmonary surfactant or SPA and SPD are
also defined as pulmonary collectins found mainly in bronchial
fluids where they are synthesized by alveolar macrophages and

Clara cells.

Their serum concentrations are around 100 ng/ml but may
change in relation to the lung pathology in progress.

Their concentration may increase in pulmonary disorders such as
pulmonary alveolar proteinosis (PAP) and decrease in pulmonary
fibrosis and acute respiratory distress syndrome (ARDS).



uimdns nadve pecn lacenturied tnree ncolins:. tne A-rncoln (ricolin-2), 4150 KNOwn as i
ata antigen, the L-ficolin/P35 (Ficolin-3) both serum proteins, and a third ficolin call N
in/P35-related (Ficolin-1), not present in the serum.

st recently these ficolins has been associated with a new membrane protein calls
D1, which binds groups of acetylated sugar residues expressed by pathogens ar
1aged cells.

ilar to the MBL, the three human ficolins bind carbohydrates on the surface
10gens and activates the lectin pathway of complement through the MASPs.

e H-Ficolin is synthesized in both the liver in the lung and
xsent in serum at a concentration average of 15 py/ml.

H-ficolin may be absent in patients with SLE, probably due to the presence
yantibodies anti-H-Ficolins, and in liver diseases where the serum levels decrease wi
easing severity of cirrhosis.

y recently has been described a mutation of the gene FCN3, coding for the H - ficol
cause defects of complement activation, and gene polymorphisms FCNI whi
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Name MW

0,7-3

fragments

83 0,34-1
85 0,3-0,8 |
204 15-53 C4a, C4b, CAc, C4
102 0,15-0.3  [cC2a, C2b .
190 55-120 C3a, C3b, C3c, C3
| €3¢, C3g, C3dg, K
196 0,70-0,85 | CSa, CSb
125 0,6-0,7
120 0,55-0,7
150 0,55-0,8
66 0,5-1,6
100 1,4-2,4 Ba, Bb
224 0,2-0,3
24 0,01-0,02
540 0,01
54 0,005
76 0,005
105 1,8-2,75
550 2,5
150 3-5, 6
100 0,34-0,55
20 0,005



CLASSICAL
PATHWAY

Antigen:antibody Lectin binding to athogen surfaces
complexes pathogen surfaees I B
pentraxins )

‘ Complement activation ‘

[ G B

ALL THREE MECHANISM HAVE C3
AS CENTRAL PROTEIN
AND CONVERGE
IN THE ACTIVATION OF C5!!!



OF COMPLEMENT ACTIVATION!

TERNATIVE PATHWAY CLASSIC PATHWA
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activated by pentraxins !
SSICAL COMPLEMENT ACTIVATION IN THE NATUR
IMMUNITY AND INFLAMMATION!

ddition to recognizing the Fc portion of antibodies, C1q binds to pentraxins (CRP, S
(3) through its gC1qg domain. gC1q also binds directly to many gram-negative bact
ugh Omp, LPS, or lipid A and to viruses (e.g., gp41 of HIV-1 or gp21 of HTLV-1). |
) interacts with misfolded proteins, such as amyloid A3 peptide and prion proteins fo
1eurodegenerative diseases and with several ECM proteins (such as fibromodi
20adherin, fibronectin, and laminin). Finally, C1q binds via the globular head domai

ace blebs on apoptotic cells and to necrotic cells directly or through pentraxins!

CcCD4as % Macrophage
63 . ¢
Live

Apoptotic

C1g/MBL

A

L. C3b

——




ATHIC COMPLEX IN CELL MEMBRANE
or MAC, WHICH DESTROYS
PATHOGENS .......




AND
OF THE PHAGOCYTOSIS OSPONINS!

\PHYLATOXINS (C52-C3a)

T. neutrophil 2. neutrophil
activation adhesion

3. neutrophil enigration
and chemotax s

oth muscle
ntraction
 increased
rascular
meability

mast cell

4. mMmonocyte
anulation

activation

ONINS (C4b-C3b)-PHAGOCYTOSIS

>nization binding phagocytosis




)inds to a wide range of cell types (PMN, monocytes, lymphocytes, DCs, ECs
ets), resulting in the induction of cell-specific biological responses, which in
ycytosis, chemotaxis, the generation of procoagulant activity, activation of
nhancement of FcyR- and CR1-mediated phagocytosis and superoxide produc

&

<1<
ceptors for
g humoral -_—
ymplement
factor ! Y ?
gCig-R/, Ci1igRp CDOoO1S R
P33 (CDo93) CRT (CD=25)

ate, investigators have described four types of C1g-binding proteins/receptors exp
e cell surface. These include cC1qg-R/calreticulin (CRT), a 60-kDa protein ; gC19-R
Da homotrimeric protein; C1g-Rp (CD93), a 120-kDa O-sialoglycoprotein; an
5Y the recentor for CRbh In addition to C1a CRT renortedlv cervee as 3 recer



AULE 1 LOompilement mieracuions witn patnogens ana seu

Activation profiles Outcomes Examples
Pathogen Robust and Inflammation Bacteria and viruses
nrestricte and immunity
Altered self =~ Limited and targeted = Mild Apoptotic and injured
inflammationand cells and tissues; lipid and
no immunity proteinaceous debris

Normal self /~ Baseline (through No inflammation  Healthy cells and tissues
tickover) and no immunity

Complement activation on apoptotic cells
depends on recognition by C1q and C3b/iC3b;
the binding of Factor H and C4BP allows
phagocytosis, without substantial activation
of the terminal complement pathway and
inflammation




lysis of the C3 thioester, or cleavage
to C3b by plasma proteases. Fluid
' production of either molecule results
rmation of the AP C3 convertase,
b, and production of further C3b
~ either binds a surface or remains
ohase. Each newly produced C3b can
n form a convertase, which cleaves
sulting in exponential production of

This self- propagation, referred to as @ @

mplification loop’ and indicated here
, IS responsible for amplifying a small
:r to yield large responses. C3b
d through any activation pathway
into the ampilification loop. Binding of
to C3 convertase creates C5
rtase; cleavage of C5 and generation
b marks the start of the terminal
ay. C6 and C7 bind C5b to form
’, which is released from convertase,
membrane and incorporates C8 and
e C9 molecules to form the MAC.
issues are protected from accidental
lement damage by regulatory proteins
nt in plasma and on membranes,

(only CI3LBLCIDL Nustrated)
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complement cascade!
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ALS, amyotrophi
lateral sclerosis; AL
acute lung injur)
ARDS, adul
respiratory distres
syndrome; MPGN
membranoproliferativ
glomerulonephritis
SLE, systemic lupu
erythematosus; aHU:!
atypical hemolyti
uremic syndrome
MODS, multiple orga
dysfunctio
syndrome.



Clin Immunol. 2015 Sep 1;161(
225-240.
Applying complement therapeuti
rare diseases.
Reis ES, Mastellos DC, Yancopo
D, Risitano AM, Ricklin D, Lambri

® Putfed recomtnant C1INH
® ArsC1s (TNTOO9)
R A-MASO-2 (OMS721)

A FD shbioes (Lampaleumab, ACHCFDIS)
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® so0C85a (Calr2e)
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detrimental to the host and possibly lead to pathology

a Protection of b Non-inflammatory ¢ Complement activation
host cells removal of modified and removal of infectious
host cells microorganisms

'
1

No regulators

d Inappropriate action @ Inefficient removal f Pathogens acquire host
of regulators leads to of modified host cells regulators and avoid

host cell damage can lead to pathology complement attack



Hemolytic assay or CH50 (or AHS50)!

CHS50: defining the amount of complement
required to induce 50% lysis of sensitized erythrocytes.

Is expressed as the reciprocal of the dilution
serum that provides 50% lysis.

Serum sample

=

Sheep erythrocytes pre-sensitized
with specific antibodies.

ectrophotometric measurement of the hemoglobin releas

Correlation between hemoalobin released.



,H50 reduction correlated with the reduction of the levels

)bserved reduction of complement by:
nsumption of C for the formation of immune-comple
creased synthesis of C;

reased catabolism of C.



ion CHS50 ca G Factor B
Decreased Decreased Decreased No change

tive Decreased No change Decreased Decreased

)l and Decreased Decreased Decreased Decreased

bwe

hase Decreased Decreased No change No change

on—

)

hase Significantly Significantly Significantly Significantly
u increased Increased increased increase

angioedema;
malarial infecti
vivax)

Acute and chne
infammation;
pregnancy

nic lupus erythematosus; S8, Sjogren syndrome; RA, rheumatond arthetis; MPGN, membeancpeoiferative



ne LPS binding protein or LBP was identified in 1990 ar
present in serum at a concentration of less than 0.5 p
| but which reaches 50 py/ml at 24 hours during an AP

is a 60 kDa protein synthesized by hepatocytes, h.
nding sites for the lipid A of LPS, which binds with hig
finity to CD14 and transports of phagocytes to ti
iIbsequent binding with TLR4 and activation of tl
roduction of inflammatory cytokines.

lthough deficits have not been found in humans, ti
nportance of LBP is underscored by the fact that knocko
ice (KO) to LPB are much more suscentible to Salmonel



Bacterial cell (€. coli) Cell wall organization

TLR4 LPS

Figure J-9
Kty MMUNOLOGY, Sith Edition
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roteins of the coagulation system an
fibrinolysis:

fibrinogen, plasminogen, tissue plasminogen
activator, Protein S.



zen is the most abundant plasma contains from 100 to 400 mg/dl. With an
lar weight of 340 kDa, fibrinogen is a dimer composed of three pairs of peptide
and gamma-B) linked by disulfide bridges, multiple proximate to the N-terminal.

1ins extend outside in two other identical domains (D) at the C-terminal in w
hains are intertwined. Thrombin detaches the fibrinopeptides of A and B from
3l ends, forming a fibrin monomer, which polymerizes into fibrils, ai
dinally, which in turn form the clot macroscopic.

Fibrinogen levels become elevated in acute phase!

ogen levels increase during pregnancy and the use of contraceptives.

evels generally indicate an extensive activation of coagulation with consumg
pgen.

are several variants of hereditary fibrinogen pathologies, some with relative alt

vl adimam armadA WRlaadimeas AilatklhhAacice AblhAave varidklh A trncrvramncanad FAamdamears A Flhavamalaael



Erythrocyte Sedimentation Rate

R measures the rate at which erythrocytes fall or settle in the plasma of a randomly «
gulated blood specimen over a specified period of time (usually 60 minutes) in millin

hour; however, newer methods involving centrifugation can generate resul
mately 5 minutes. This phenomenon was first observed by Edmund Faustyn Biernacki
hat the rate at which blood settled varied among individuals and that red blood cells (
more quickly in the presence of increased levels of fibrinogen.

, Dr Robert Fahraeus noted that ESR differed in pregnant versus nonpregnant wome
 test as a possible indicator of pregnancy. In 1921, Dr Alf Vilhelm Albertsson Westergrer

a laboratory indicator of the prognosis of patients with pulmonary tuberculos
gren defined the measurement standards for the ESR test that still are used widely t
1g utilization of sodium citrate as an anticoagulant.

R can be confounded by many factors, leaving this widely used test vulnerak
rpretation in clinical practice. Aggregation of erythrocytes promotes falling and increast
ywever, RBCs are negatively charged and tend to repelone another. Thus, the preser
ly charged, large, asymmetric acute phase proteins such as fibrinogen and immunoglo
es the ESR. The rate of erythrocyte settlement can be influenced by a wide variety of im
nimmune factors, including alterations of the quality and quantity of the RBCs, as w
s in the normal patterns and amounts of various plasma proteins.



rinogen levels become
ted in acute phase up to
s of occasional over 1.0
In this case also becomes
kedly elevated the
wrocyte sedimentation
(ESR): it is believed that
) % of the increase of ESR
ue to the fibrinogen
alizing effect on the sialic
esidues of red blood cells
are known to inhibit the
rocvte aggregation!

Erythrocyte sedimentation rate

Expense: Low Manual or semi-auto

Goal of the test is to measure the height of
sedimented RBC after an incubation, often 1 hour

Whole blood placed
in a cylindrical vessel
with markings to
assess column height

RBC allowed to sediment
undisturbed within
cylindrical vessel

Distance
sedimented
Plasma layer »=| | inmmris
E || erythrocyte
f , secimentation 1

RBC Layer -| '



Antiproteases:

-antitrypsin (AAT) and the al-anti-chymotryps



a 1-antitrypsin is also referred to as alpha-1 proteinase inhi
) because it inhibits a wide variety of proteases.

) reference range in blood of 1.5 - 3.5 gram/liter.

)ugh AAT is a powerful APP, its increase in inflammatory proc
clinical specificity.

lly there are no appreciable amounts of trypsin in the circul
1, it and other similar proteases, such as collagenases, are prod
ominantly by leukocytes in response to inflammatory stimt
tive or damaged cells. The AAT is able to neutralize these prote
h may cause tissue damage, and from this derives its physiolc
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function is very important and it was revealed by the discovery that the seru
yme young adults with pulmonary emphysema and cirrhosis of the children w
ient AAT.

majority of individuals are homozygous for M, the functional allele of the AA
has the MM phenotype. About |10% of the Caucasian population is heterozygo
A and other alleles of ATT, as the PiZ. More than 2% are carriers of the allele P
has the MZ phenotype. Although these individuals are asymptomatic, the
endants ZZ are susceptible to lung disease or liver disease.

serum protein electrophoresis can be used for screening for AAT deficiency, b
necessary to perform confirmatory testing complex, such as trypsin inhibito
city (TIC), so the phenotype seeking to cross electrophoresis or isoelect
sing in order to exclude the presence of some other allele as PiS or PiF th
ates differently. The ZZ phenotype ICT has a very low which corresponds to ve
concentrations of AAT. It is essential that such persons should avoid cigaret

lea ac Fhic activatac alvvenlar macronhacec +n releace nrateacac



ol-anti-chymotrypsin!

“is not only highly specific for chymotrypsin, a protease
ks the peptide bonds at the carboxyl site of tyrosine
nylalanine, but it is the only APP.

, Which has a molecular weight of 68 kDa with approxima
, of the carbohydrate content and a normal se
entration from 40 to 60 mg/dL, can rapidly increase up to
s during and for the duration of inflammation.



Transport proteins:

ceruloplasmin, haptoglobin and hemopexin.



oplasmin consists of a single polypeptide chain, can bind six atoms of coj
1 give a blue color to the protein and " in vitro " activity manifests oxi
yugh at birth is lower, its serum level ranges from 20 to 40 mg/dL in y
s, increasing to twice in the treatment of contraception and pregnancy
ute-phase reactive.

loplasmin is a glycoprotein essential for the body to transport the coppel
he removal of iron from the tissues through the activity of the en:
xidase.

aceruloplasminemia is a genetic disease with an autosomal recessive
>d by a mutation of a gene located on chromosome 3. Unlike Wilson's dis
mitted in an autosomal recessive and caused by mutations in the ATP7B
g for ATPase that controls the transport of copper into the bile an
poration in the enzyme ferroxidase, there are no apparent defects ir



Hemopexin!

‘he hemopexin binds heme released after haemoglobu
legradation. In this way the small molecule porphyrin, with
ron atom, is protected in respect of excretion, preserving t
yrganic deposit of iron.

'he normal serum concentration is from 50 to 120 mg/dl.
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cular weight and joined by disulfide bridges, determine three haptc
otypes: (1-1), (2-1) and (2-2).

mean serum HTG concentration is (2.5 +/- 1.2 g/L).

1ds hemoglobin released by lysis of erythrocytes in order to preserve tl
protein reserves. The hemoglobin - haptoglobin complexes are remo
ophages in the liver and spleen of the reticuloendothelial system to enst
sery of the heme-iron. Therefore, the physiological function of haptogl
ly to allow the recovery of iron when red blood cells, at the end of theii
irculation are destroyed (hemolysis saline).

rmal conditions the concentration of haptoglobin in the circulation is the
e balance between its synthesis in the liver and its elimination.

concentration of haptoglobin is therefore inversely proportional to the
molysis. The serum haptoglobin also increases in response to stress, inf



ew APP that can be used as a marker of

systemic or localized inflammation:
otl-acid glycoprotein, soluble CD14 or CD14S,
socyte-specific S100 calcium-binding proteins an
procalcitonin!



> -1 acid glycoprotein (AGP) or Orosomucoid (ORNV
yrotein with a molecular weight of 41-43 kDa .
cosylated (45%).

P serum concentrations are between 0.6-1.2 mgy
I increase considerably in the case of acute ph
ammatory response.

s known as the primary carrier of basic drugs (wher
umin carries acidic drugs), steroids, and prote
ibitors.



verview of
effects of
AGP on

mphocytes,

platelets,
ononuclear
cells and
eutrophils.

lymphocytes:
inhibition of proliferation

/A.
h

blastogenesis
E-rosette formation

mixed lymphocyte reaction
mtogemcrespomo b M

ndtmonotmhocy\opmifmhon(bwconc 975 v

nwcbonolll. lRa TNF,
IL-18, IL-6, IL-1
sTNFR

nhbmon of platobt .-

TF-expression

inhbition ol chemotaxis
superoxide generation



The soluble CD14 (sCD14) is the soluble form of CD14, a prote
of the membrane of monocytes-macrophages, anchored by
slycosyl bond-fosfatidilico-inositol and that functions as
coreceptor for the LPS.

'ts serum levels are low (around 100 ng/ml) but increase as
consequence of the activation LPS-mediated monocyt
macrophages that release large amounts of sCD14.

If it was initially postulated that the sCD14 was released
desensitize monocytes-macrophages and to limit the
production of inflammatory cytokines. Recently, it has be:
detected its presence in breast milk, where it seems th
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SIN as a potential marker 1or pacterial Intection relapse In Critical care pa

A preliminary study.
ini V, Ceccarelli G, D'Alessandro M, Collepardo D, Morelli A, D'Egidio A, Mariotti S, Nicole
Evangelista B, D'Ettorre G, Angeloni A, Venditti M, Bachetoni A.

bacterial infection carries a high risk of mortality in critical care patients. Improve
c procedures are required for effective management of sepsis. Recently, the soluble CD14
)sin, has been suggested as a reliable marker of sepsis, and we set out to compare its ¢
nce with that of procalcitonin (PCT). We focused on a cohort of septic patients who, du
ation, relapsed after a period of clinical relief from symptomes.

- In total 21 adult patients were studied during their hospitalization in the Critical Car
> Umberto | hospital; 74 plasma samples were collected at multiple time points, and |
re measured using a PATHFAST® analyzer.

Presepsin and PCT were significantly lower in healthy controls than in sepsis or seve
, both enabled a significant difference to be detected between systemic inflammatory
> (SIRS) and severe sepsis (p<0.05). The area under the curve (AUC) calculated from the
 characteristic (ROC) curve analysis was 0.888 for presepsin and 0.910 for PCT. In those p
clinical recurrence of sepsis was observed, while PCT levels normalized during the

1 phase, presepsin levels (>1000 pg/mL) remained high.

ns: This study confirms the importance of monitoring a combination of several biomarker
a reliable diagnosis. Maximal presepsin levels could alert clinicians not to suspend
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LITIE PIrEoSCpPsSIl (DOIUNIC LU LS SUDLYPNCE) ddS d ITidIRET OF 105U ISS5pPOoIrisc 1 paticriw

vere sepsis or septic shock: data from the multicenter, randomized ALBIOS tria
n S1, Caironi P, Fanizza C, Thomae R, Bernasconi R, Noto A, Oggioni R, Pasetti GS, Romero M, Tognoni G, Latini R, Gattin

s a soluble fragment of the cluster-of-differentiation marker protein 14 (CD14) involved in pathogen recog
wunity. We evaluated the relation between its circulating concentration, host response, appropriateness of
\d mortality in patients with severe sepsis.

sepsin was measured 1, 2, and 7 days after enrollment of 997 patients with severe sepsis or septic sha
r Albumin Italian Outcome Sepsis (ALBIOS) trial. They were randomized to albumin or crystalloids. We te
and adjusted models the association of single measurements of presepsin or changes over time with clinic:
inctions, appropriateness of antibiotic therapy, and ICU or 90-day mortality.

concentration at baseline (946 [492-1,887] ng/L) increased with the SOFA score, the number of prevale
1s or failures, and the incidence of new failures of the respiratory, coagulation, liver, and kidney syst
ion decreased in ICU over 7 days in patients with negative blood cultures, and in those with positive blooc
priate antibiotic therapy; it increased with inappropriate antibiotic therapy (p = 0.0009). Baseline prese
ntly associated with, and correctly reclassified, the risk of ICU and 90-day mortality. Increasing concentr
rom day 1 to day 2 predicted higher ICU and 90-day mortality (adjusted p < 0.0001 and 0.01, respectively).
ct on presepsin concentration.

SIONS:
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Review Article

’resepsin as a novel sepsis biomarker

i Zou, Wei Wen, Xin-chao Zhang
mergency Medicine Department, Beijing Hospital, Beijing 100730, China
prresponding Author: Xin-chao Zhang, Email: xinchaox(@163.com

BACKGROUND: In 2004, a new biomarker sCD14-subtypes (presepsin) was found and its value
was shown in the diagnosis and evaluation of sepsis. This article is a brief overview of the new biomarker.

DATA SOURCES: A literature search using multiple databases was performed for articles,
especially meta-analyses, systematic reviews, and randomized controlied trials.

RESULTS: Compared with other markers, presepsin seems 10 have a better sensitivity and
specificity in the diagnosis of sepsis. Presepsin as a biom1arker is not only suitable for the early
diagnosis of sepsis, but also for the assessment of its severity and prognosis.

CONCLUSIONS: Presepsin has a higher sensitivity and specificity in the diagnosis of sepsis as
a new biomarker, and is a predictor for the prognosis of sepsis. More importantly, preseptin seems
to play a crucial role as a supplemental method in the early diagnosis of sepsis. Since there is no
multicenter study on the relationship between presepsin and sepsis, further studies on the clinical
values of presepsin are needed.

KEY WORDS: Presepsin, Sepsis; Diagnosis
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yrocalcitonin, or PCT, a precursor of calcitonin identified in 1975, is prodi
e C cells of the thyroid gland and released into the circulation in no
1a levels of about 5-50pg/ml.

e course of inflammation is produced by the liver and PMNs and is a u:
ostic marker of severe bacterial infections, but not viral infections an
urement may be useful to discriminate infectious SIRS from non-infect
because PCT levels increase in meningitis patients with bacterial infecti
ire around 2.4 ng/ml in patients with pneumonia without sepsis and 31
patients with pneumonia and sepsis.

appears to be a good indicator of early onset and |
ot sepsis.

an also be used to distinguish between septic ARDS and ARDS not se
use of these characteristics, the PCT is currentlv used in intensive care ir
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BIOSINTESIS OF ADRENOMODULIN
Pre-proADM  [istssid PAMP  MR-proADM R[0Tt

: f"\\.
§

Adrenotensina

ProADM PAMP MR-proADM R.G[CLGEnEUIGEY  Adrenotensina

Peptidi PAMP MR-proADM Adrenotensina

1 LEVELS OF ADM ARE PRESENT IN SEPSIS, BUT TF
ARE UNDERESTIMATED BECAUSE BIND VARIOUS
RECEPTORS OR ARE DEGRADED BY PROTEASE.

RNATIVE, A FRAGMENT OF 48 aa, MR-proADM, F
“FN IDENTIFIFD AND IS RFI FASFD RY FOILIINMOI AR
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Procalcitonina

Presepsina
MR-proADM
Proteina C reattiva
Emocoltura

Esame
emocromocitometrico

Bilirubina
Aminotransferasi
Creatinina

Glicemia

Test di coagulazione

Troponine cardiache

Diagnosi di sepsi e guida alla terapia

antibiotica

Diagnosi di sepsi
Indicatore prognostico
Diagnosi di sepsi

Diagnosi eziologica di sepsi

Diagnosi di anemia e piastrinopenia

Compromissione epatica
Compromissione epatica
Compromissione renale
Scompenso metabolico

Diagnosi precoce di CID (coagulazione

intravascolare disseminata)
Compromissione cardiaca



Clin Chim Acta. 2004 Jun;344(1-2):37-51.
'te-specific calcium-binding $100 proteins as clinical laboratory markers of inflan
Foell D1, Frosch M, Sorg C, Roth J.

rst member of the S100 family of proteins, which are part of the larger gr
n-binding proteins, was isolated in 1965.

100 proteins comprise the group of calgranulins, are pro-inflammatory mol
sed and secreted by phagocytes. The three members of this group, S100A8, S
00A12 are over -expressed at the site of inflammation.

terodimer of S1I00A8 and S100A9, known as " leukocyte protein L1”, is now still
tectin by some research groups.

the complex S100A8/S100A9 that S100A12 are useful diagnostic facte
mation especially in the case of arthritis, chronic inflammation of the lung
nal diseases.
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=, van Assche G.
troenterol Belg. 2013 Sep;76(3):322-8.

ics and prognostics of inflammatory bowel disease with fecal neutrophil-derived biomarkers
tin and lactoferrin.
 T. Dig Dis. 2013;31(3-4):336-44.

cal calprotectin in gastrointestinal disorders.
M, Gallo A, Santoro L, D'Onofrio F, Landolfi R, Gasbarrini A.
led Pharmacol Sci. 2013 Jun;17(12):1569-82.

nostic Accuracy of Fecal Calprotectin During the Investigation of Suspected Pediatric Inflamn

sease: A Systematic Review and Meta-Analysis.
)n P, Anderson NH, Wilson DC.
stroenterol. 2013 May 14.

lisease: small bowel motility impairment correlates with inflammatory-related markers C-reaci
nd calprotectin.

Ipt S, Pazahr S, Chuck N, Blume |, Froehlich JM, Cattin R, Raible S, Bouquet H, Bill U, Rogler |
\, Patak MA.

stroenterol Motil. 2013 Jun;25(6):467-73.

tility of calprotectin and lactoferrin in patients with inflammatory bowel disease: is there som
the literature?

R, D'Inca R, Pathak S, Sturniolo GC.

v Clin Immunol. 2012 Aug;8(6):579-85.




Eur Rev Med Pharmacol Sci. 2013 Jun;17(12):1569-82.
Role of fecal calprotectin in gastrointestinal disorders.
Montalto M1, Gallo A, Santoro L, D'Onofrio F, Landolfi R, Gasbarrini A.

zal calprotectin (FC) has been proposed as a useful and n

invasive marker of acute intestinal inflammation.

ymarize recent evidences on FC, providing practical perspectives on its diagnc
tic role in different gastrointestinal conditions.

Y

relevant data derived from studies on inflammatory bowel disease (IBD). FC concel
howed a good diagnostic precision for separating organic and functional intestinal
| correlated with IBD activity. FCCs were higher in subjects with NSAID enteropathy
orrelation between FC and endoscopy is under investigation.

SIONS:

)een widely proposed as a filter to avoid unnecessary endoscopies. Nevertheless,
onsidered as a marker of organic intestinal disease at all; rather it represents a n
philic intestinal inflammation". In IBD, more and larger studies are needed to con
"to correlate with IBD extent, to predict response to therapy and relapse, and the |
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S100P expression is described in many different cancers,
and its expression is associated with drug resistance,.
metastasis, and poor clinical outcome. S100P is member of
the S100 family of small calcium-binding proteins that have
been reported to have either intracellular or extracellular
functions, or both. Extracellular S100P can bind with the
receptor for advanced glycation end products (RAGE) and
activate cellular signaling. Through RAGE, S100P has been
shown to mediate tumor growth, drug resistance, and
metastasis. S100P is specifically expressed in cancer cells in
the adult. Therefore, S100P is a useful marker for
differentiating cancer cells from normal cells, and can aid in
the diagnosis of cancer by cytological examination. The
expression of S100P in cancer cells has been related to
hypomethylation of the gene. Multiple studies have
confirmed the beneficial effects of blocking S100P/RAGE in
cancer cells, and different blockers are being developed
Inmcludine small molecules and antasonist nentides.



cated in multiple stages of
rigenesis and progression.
1g the S100 genes, 22 are
ared at chromosome locus
, a region frequently
anged in cancers. S100
in possesses a wide range
racellular and extracellular
ions such as regulation of
um homeostasis, cell
‘feration, apoptosis, cell
sion and motility,
skeleton interactions,
ein phosphorylation,
ation of transcriptional
ors, autoimmunity,
otaxis, inflammation and
potency. Many lines of
nce suggest that altered
ssion of S100 proteins
associated with tumor
ression and prognosis.
fore, S100 proteins might
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ctrophoresis is the diagnostic tool for the detection of APP

y can also be detected by ELISA, nephelometry,
nunoturbidimetry radioimmunoassay and molecular biolo

hnical problems with the testing of APP include change
concentrations of APP observed with the use of diffe
icoagulants and in the presence of hemolysis and lipemia.

1ough APP are considered to be stable at -20 °C, the long t
rage at -70 °C is recommended.



Lapboratory evaluation or APP!

Protein electrophoresis (PEP)
se: Moderate Semi-automated
e can be: " = c
n for SPEP analysis
for UPEP analysis # - Q
yrospinal fluid (CSF) ) '
‘and CSF are usually
antrated prior 10 Sample placed During electrophoresis,
g to increase the onto agarose gel  proteins migrate within
antration of proteins gel to different locations
nple

in, which can appear in multiple

Nephelometry for quantitation of selected
proteins and other compounds

Expense: Moderate Semi-automated

)
Sample of any body fluid is | When the compound
incubated with an antibody | # present, antigen—anti
to the compound being ‘ complexes form

yna, for example, shows a dense Area of gel:
of protein not present in a sample
a healthy individual Beta2 Alpha2
Beta 1 Alpha 1
Gamma ,*, ' , ' ,*, Abumin
Other proteins

B Ty Prominent
soesrssio g (Il Il I

Bands of proteins are generated by
electrophoresis and made visible

e
serum

F 2B O B B Canmnm
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~ APP POSITIVE IS TO ACTIVATE THE
COMPLEMENT AND THE PHAGOCYTOSIS,

THEY CAN BE NAMED:

HE SOLUBLE DAMAGE RECEPTORS
OF NATURAL IMMUNITY AND
INFLAMMATION!



- g Ficolins

3 Collectins ’ Shmm ',::,'mg
=P G136, S7-D) ﬂ (CRP, SAP, PTX3)
Lipopeptides,
OmpA, LPS, PGN ~

&) LRR

TIR TIR

TLR1,2.456
CpG DNA,
ndosome/ viral ”RNA

\agosome

SIGNALLING!

TLR3 7/89

AlM2

] (inflammasome)



HE APP POSITIVE AS THE SOLUBLE
DAMAGE RECEPTORS
CAN COOPERATE WITH THE
CYTOPLASMIC AND MEMBRANE
RECEPTORS

THE TRANSCRIPTIONAL
PROGRAM OF NATURAL IMMUNITY
AND INFLAMMATION!



NFxB-binding motif

INVOLVE
NFKB AND MAPK ACTIVATION:!

?

The freed NFxB translocates from the

¢ytoplasm lpto mo. ngclotp. \y.bc(o It' |

?

The MAPK cascade results in translocation

of a transcriptional activator from the







THE TRANSCRIPTIONAL
OGRAM OF NATURAL IMMUNITY AN
INFLAMMATION
CONTROLS
EXPRESSION AND PRODUCTION OF
IOLECULES INVOLVED IN MULTIPLE
FUNCTIONS SUCH AS:



Monocytes/
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PHAGOOIASTS

To defend the body against

boctgw ,&t . &ophils

(white blood cells) ingest
invading pathogens like




RECENTLY IT HAS BEEN DEMOMSTRATED THAT A TYPE Ol

GOCYTOSIS, CALLED PHAGOPTOSIS, ELIMINATES ALSO CE
ALIVE!

m is created by combining phago-, which is derived from the ancient Greek |
| to devour, and -ptosis, which is from the ancient Greek ‘ptosis’ meaning to fall; us
connotation of dying; therefore, phagoptosis would connote ‘devouring-induced ¢

aused by being devoured’.

Eat-me’ signalling!

Don’t eat-me’ signalli

T 1
‘Eat-me’
Target cell l

Ciqg

i

‘Don’'t-eat-me’

Targel cell

°°i -
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one of the main forms of cell death in the body!

[able |. Rough estimates of the physiological rates of cell
urnover by different forms of cell death in humans

ype of cell death Cells Rate (thousands of
cells/second)

"hagoplosis Erythrocytes 2000
Neutrophils 5001000
hedding Enterocytes 80
ornification Keratinocytes &0
NOCros's Enterocytes 10
\POPLosis T cells and B celis 1

witophagy None known



Neutrophil Extracellular Traps: an additional
antibacterial weapon!
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stimulation of receptors (A), neutrophils adhere to the substrate (B) and mo
le components, namely NE and MPO (C). Granules are depicted as red ci
nes in the nucleus get processed, and the intracellular membranes disinte¢
y, the cell membrane ruptures, and the mixture of cytoplasm and nucleoplasm
led to form NETs (D).

> been reported that peptidylarginine deiminase 4 (PAD4), an enzyme that con
r monomethyl-Arg to citrulline in histones, is essential for NET formation. The
lensive chromatin decondensation along the NETs were rich in histone citrullina
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\D4 mediated histone hypercitrullination induces heterochromatin decondensation and
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athogenesis of many autoimmune
s is Initially based on a redundant or
Jed activation of the innate immune
It was suggested that an excessive
on of the innate immunity is often the
)f a chronic inflammatory process in the
m. This inflammation can be induced by
ous and endogenous alarm factors, or
ns. We believe that the recently
red neutrophil extracellular traps, or
ompletely meet the criteria of alarmins.

aview summarizes current knowledge
ning the general characteristics of NETSs,
itimicrobial properties, and their role in
velopment of chronic inflammatory
ses that underlie the pathogenesis of
is and atherosclerosis.
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damage leads to the release of inflammatory mediators by activated nociceptors or nonneur:
ng mast cells, basophils, platelets,macrophages, neutrophils, endothelial cells, keratinocyte
asts. This “inflammatory soup” of signaling molecules includes histamine, ATP, adenosine, sub
citonin-gene related peptide (CGRP), bradykinin, extracellular prostaglandins, thrombo
ienes, nerve growth factor (NGF), tumor necrosis factor a (TNF-a), interleukin-13 (IL-1B) etc.
- act directly by binding to one or more cell surface receptors, including G protein-coupled rec
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e kinases (RTK). Tissue damage
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Cytokine |Main producer | Acts upon Effect
" Macrophages | Lymphocytes ||| Enhances responses .
Keratinocytes | Liver ||| Induces acute-phase protein secretior
v Macrophages ||| Lymphocytes ||| Enhances responses :
Dendritic cells | Liver ||| Induces acute-phase protein secretior
CXCL8 Macrophages I
1L Dendritic cells ||| Phagocytes Chemoattractant for neutrophils
) Macrophages Diverts immune response to type 1,
2 Dendritic cells i o proinflammatory, cytokine secretion
Induces changes in vascular
endothelium (expression of cell-
TNF-a A VEsCINar adhesion molecules (E- and P-
Dendritic cells ||| endothelium selectin), changes in cell-cell
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te-phase Neutrophil Increased Protein and TNF-ax stimi
oteins mobilization body energy migration to
reactive temperature mobilization nodes ar
rotein, to allow maturatic
nnose- increased

ng lectin) body temperature

J

vationof . Decreased viral and bacterial replication Initiation
plement Phagocytosis Increased antigen processing adaptive imt
onization Increased specificimmune response respons
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Systemlc Inflammatory response
(SIRS)
are:

Septic shock;

ARDS;

Multlple organ dysfunctlon (MOD)



Pathological
consequences of
inflammatory response to
systemic LPS: the septic
shock

« endotot«

Septic shock is classically triggered by

Gram- bacteria (TLR-4/LPS); Gram+ e esoto:
bacteria too can induce a svstemic
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’ESPIRATORY DISTRESS SYNDROME (ARDS)

Timing

Hypoxemia

Origin of
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ARDS

Acute onset whin 1 week of 2 known dhnical n
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Multiple organ failure (MOF)!
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Synergism
Cellular - Humoral

innate immunity - e innate immunity

umoral and Cellular sensors share fundamental mechani:
of effector function: complement activation and regulatio




UNDER NORMAL CONDITIONS AND SEPSIS!

Adaptive immunity
Pathogen recognition and

capture, eradication, protection:
scavenger receptors and

( C-type lectins

Recognition network:
TLRs, NLRs, RIG-I, Mda5

Dendiritic

, cell
Danger signals:
uric acid, ATP,
cytochrome ¢
k—) Innate immunity / ‘

Inflammation Lvmphocvte
Mucrobe and tissue destruction PR

Regulatuon
Ampllhcatlon loop:
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The humoral and cellular arms of
nnate immunity form an integrated
system with synergism in
deciphering pathological patterns
and regulating the innate and
inflammatory response!



