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Skin surface host defenses:

Current Opinion in Microbiology

Host and pathogen interactions during S. aureus  colonization. (a) The surface of the skin has constitutive properties such as a low temperature and pH,
skin commensals and antimicrobial peptides that resist S. aureus  colonization. The epidermis is composed of layers of keratinocytes, including the
corneal, granular, spinous, and basal layers. There are sweat glands, sebaceous glands, and hair follicles that span these layers. In addition, there are
many resident immune cells in skin that participate in immune responses, including Langerhans cells in the epidermis and dermal dendritic cells,
macrophages, mast cells, T and B cells, plasma cells, and NK cells in the dermis. (b) S. aureus  colonization requires adherence to the surface of the
skin (and nasal mucosa), which is mediated by S. aureus  surface components such as fibronectin-binding protein A (Fnbp A) and Fnbp B, fibrinogen-
binding proteins (ClfA and ClfB), iron regulated surface determinant A (IsdA) and wall teichoic acid (WTA). Immune evasion is also mediated by IsdA,
which evades host antimicrobial responses.
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Host–pathogen interactions between the skin and
Staphylococcus aureus
Sheila Krishna1 and Lloyd S Miller1,2

Staphylococcus  aureus  is responsible for the vast majority of

bacterial skin infections in humans. The propensity for S.

aureus  to infect skin involves a balance between cutaneous

immune defense mechanisms and virulence factors of the

pathogen. The tissue architecture of the skin is different from

other epithelia especially since it possesses a corneal layer,

which is an important barrier that protects against the

pathogenic microorganisms in the environment. The skin

surface, epidermis, and dermis all contribute to host defense

against S. aureus . Conversely, S. aureus  utilizes various

mechanisms to evade these host defenses to promote

colonization and infection of the skin. This review will focus on

host–pathogen interactions at the skin interface during the

pathogenesis of S. aureus  colonization and infection.
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Introduction
Staphylococcus aureus skin infections
S. aureus is a gram positive extracellular bacterium that is
responsible for the vast majority of skin infections, in-
cluding superficial infections such as impetigo and
infected abrasions as well as more invasive infections
such as cellulitis, folliculitis, subcutaneous abscesses,
and infected ulcers and wounds [1,2]. A large epi-
demiological study conducted in the United States found
that S. aureus skin infections result in 11.6 million out-
patient and emergency room visits and nearly 500,000
hospital admissions per year [1]. These S. aureus skin
infections represent a major threat to public health given
the massive numbers of infections as well as the wide-
spread emergence of antibiotic resistant strains such
as methicillin-resistant S. aureus (MRSA), including hos-

pital-acquired and community-acquired MRSA (CA-
MRSA) infections [3–5]. Furthermore, the USA300 iso-
late, which is the most common CA-MRSA strain in the
United States, is highly virulent and frequently associated
with skin infections [3–5]. In this review, we will describe
key interactions between the host and pathogen during S.
aureus colonization of the skin (and mucosa), which is a
risk factor for subsequent infection, and during S. aureus
skin infections that are categorized according to the
anatomic site in the skin that is involved. Colonization
by S. aureus occurs when S. aureus exists as a commensal
organism on the surface of the skin (or mucosa) without
any signs or symptoms of an infection (e.g. warmth,
erythema, edema, pain/tenderness, and drainage of
pus) [6,7]. Impetigo is characterized by honey-colored
crusted sores and erosions (and sometimes vesicles) on
the surface of the skin and is caused by S. aureus infection
of the epidermis. Cellulitis appears as a warm and erythe-
matous enlarging plaque that results from a S. aureus
infection that involves the dermis and subcutaneous
layers of the skin [3–5]. Folliculitis clinically presents
as follicularly based erythematous papules and pustules
and occurs when one or more hair follicles are infected
with S. aureus [3–5]. Subcutaneous abscesses (which are
also called boils) present as erythematous and edematous
nodules that result from a deep S. aureus infection of a hair
follicle and surrounding skin tissue [3–5]. Ulcers and
wounds appear as open sores or craters in the skin. If
they become infected, they are often drain purulent
material and are surrounded by warmth and erythema
as a result of a S. aureus infection that involves the deep
dermis and subcutaneous tissues in and around the ulcer
or wound [3–5].

Architecture of the skin
The skin is an important barrier that protects the body
from pathogenic microorganisms encountered in the
environment (Figure 1a). The outermost layer of the
skin, the corneal layer, is a unique layer that is not present
in other epithelia that are also exposed to the environ-
ment such as the gut and lung [8,9]. The corneal layer is
comprised of terminally differentiated keratinocytes that
are devoid of organelles and contain highly crosslinked
keratin fibrils [8,9]. The corneal layer functions as the
major physical barrier of the skin. Beneath the corneal
layer are the granular, spinous, and basal layers of the
epidermis. The epidermis is continuously being reformed
as keratinocytes migrate from the basal layer to the
corneal layer, where they are eventually shed [8,9]. Below
the epidermis is the dermis, which is essentially a fibrous
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internalization via endocytic (e.g. clathrin- and nonclathrin-
coated pits, macropinocytosis or caveolae-dependent mech-
anisms) or non-endocytic (e.g. direct pH-dependent entry)
routes [6,14,15]. Specifically, high-affinity and often avidity-
driven viral attachment involves large interaction areas and
leads to changes such as receptor clustering, membrane
remodeling and/or changes in membrane–cytoskeleton
interactions. These biophysical changes facilitate either
(i) activation of signaling pathways, (ii) conformational
changes in fusogenic proteins or (iii) endocytic or non-endo-
cytic processes readying the host–pathogen interface for
subsequent delivery of the pathogen genome. These basic
mechanisms are prevalent among all major classes of host–
pathogen interactions such as those illustrated below.

Bacteria
Bacteria employ diverse virulence mechanisms to induce
infections. Major pathways include adhesins, which bind to
host cells and foster colonization, and toxins, which disrupt
signal transduction in eukaryotic cells. Adhesins are
expressed by Gram-negative bacteria and protrude from
the protective lipopolysaccharide coat as appendages con-
structed of protein subunits. They bind to specific receptors
on the cell surface (Figure 1a, ii) such as toll-like and
pattern recognition receptors of the innate immune system
(TLR2/TLR4 and CD14, respectively) [16]. Also common
are cell adhesion and migration molecules such as CD44, a
protein that is ubiquitous in the intestinal epithelium [17].
Some adhesins penetrate the cell membrane directly,
whereas other bacterial strains utilize specific secretion
machines designed to deliver effectors to the intracellular
environment [18]. These bacterial effectors trick host
cells by subverting normal eukaryotic activities, including
modulation of cytoskeleton dynamics and membrane
composition, by altering intracellular vesicle trafficking
[19]. As a consequence, specific signaling pathways are
activated that allow the bacteria to avoid host defense and
produce environmental conditions favorable to its own
proliferation.

In addition to adhesins, secreted toxins produced by
many enteropathogens have also evolved as potent viru-
lence factors. These exotoxins induce metabolic changes in
the intestine and boost the spread of disease to other
individuals (Figure 1a, i). Examples include heat-labile
Shiga enterotoxin from Escherichia coli and cholera toxin
from Vibrio cholerae, both members of the AB5 family of
toxins [20,21]. They consist of a pentameric binding sub-
unit B capable of binding five ganglioside (e.g. GM1) recep-
tors on the plasma membrane of intestinal epithelial cells.

The ensuing receptor reorganization is thought to play a
role in locally disrupting the membrane structure and
facilitating entry of the proteolytically cleaved infectious
A subunit into the cellular cytoplasm [22,23]. The A sub-
unit contains an enzyme that catalyzes a metabolic reac-
tion within the cell, causing massive fluid and electrolyte
efflux from the gut.

Viruses
Viral pathogens, in a manner similar to bacteria, operate
many different systems to gain entry to host cells. Virus
particles (or virions) are divided into two classes, non-
enveloped and lipid-enveloped, and the presence or ab-
sence of the membrane coat determines their mode of

Table 1. Pathogenic microbes and their membrane receptor targets

Species Virulence factor Cell receptora Ref.

Bacteria E. coli Heat-labile enterotoxin, endotoxin Ganglioside [66]

V. cholera Cholera toxin Ganglioside [66]

Streptococcus, Staphylococcus Lipoteichoic acid, hemolysin Phospholipid [67]

Enveloped virus Influenza Hemagglutinin, neuraminidase Ganglioside [68]

HIV GP120 protein Galactosyl ceramide [69]

Paramyxovirus Attachment protein G EphrinB2 protein [70]

Non-enveloped virus Polyomavirus, rhinovirus Capsid coat protein Ganglioside, ceramide,
ICAM-1 and LDLR proteins

[71]

Adenovirus Capsid protein knob domain CAR and LDLR proteins [72]
aAbbreviations: ICAM-1, intercellular adhesion molecule 1; CAR, coxsackie virus and adenovirus receptor; LDLR, low-density lipoprotein receptor.
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Figure 1. (a) Virulence factors and the host cell. Exotoxin released by (i) bacteria;
(ii) pili recognize host receptors; (iii) enveloped virus with membrane-embedded
host-binding proteins; (iv) capsid coat proteins recognize host cells; and (v) capsid
knob domains interact with the cell surface. Bacteria, orange; virus, green; host
receptors, blue; virulence factors, violet; host cell, gray. (b) Three common
strategies for subverting host–pathogen interactions. These include (i) inactivation
of host receptors by competitive inhibitors, (ii) neutralization of the virulence factor
by membrane-embedded receptor analogs, and (iii) binding and neutralization of
virulence factors by soluble receptors.
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Virulent strains of bacteria and viruses recognize host
cells by their plasma membrane receptors and often
exploit the native translocation machinery to invade
the cell. A promising therapeutic concept for early inter-
ruption of pathogen infection is to subvert this pathogen-
ic trickery using exogenously introduced decoys that
present high-affinity mimics of cellular receptors. This
review highlights emerging applications of molecularly
engineered lipid-bilayer-based nanostructures, namely
(i) functionalized liposomes, (ii) supported colloidal
bilayers or protocells and (iii) reconstituted lipoproteins,
which display functional cellular receptors in optimized
conformational and aggregative states. These decoys
outcompete host cell receptors by preferentially binding
to and neutralizing virulence factors of both bacteria and
viruses, thereby promising a new approach to antipatho-
genic therapy.

Introduction
The rapid rise in the number of emerging and re-emerging
bacterial, viral and parasitic pathogens and their drug-
resistant strains poses a major threat to human health
[1,2]. The three major influenza pandemics in the last
century together account for a greater number of deaths
than any other natural or manmade disasters [3]. These
epidemiological data signal a clear urgency and highlight
the importance of developing new early intervention strat-
egies to combat infectious diseases, especially during pan-
demics when traditional antibiotics are ineffective or
vaccines do not yet exist [4]. To be useful, these anti-
infective approaches need to be broadly applicable and
readily adaptable, surpassing the traditional vaccines
and molecule-specific drugs, whose lengthy development
times after disease emergence create costly delays [5].

Mechanisms of pathogenic invasion
Although the modes of pathogenesis and infection differ
widely among different viral, bacterial and parasitic spe-
cies, most pathogens enter host cells via routes that share
a common sequence of essential steps. Pathogen entry
typically begins with attachment to cell-surface receptors

(and in some cases to multiple co-receptors) and concludes
with delivery of the pathogen genome to the host cell [6]. To
facilitate the attachment step, pathogens have evolved
sophisticated virulence factors that engage native cell-
surface receptors, deceiving the host and exploiting the
existing cellular machinery [7,8]. Specifically, they present
surface molecules that mimic and outcompete natural
ligands for cellular receptors to promote their adhesion
to host cells while subverting the normal cellular function.
For instance, pathogens present high-affinity ligands for
many cell-surface carbohydrate receptors (e.g. sialic-acid-
bearing molecules), whose intrinsic binding affinities
toward their natural physiological ligands are low
(1–200 mM range) [9]. Pathogens also recapitulate and
surpass the avidity of natural ligand–receptor interac-
tions, thus achieving stronger irreversible binding (nM
range and beyond) by presenting multiple binding sites
or binding to multiple co-receptors via their lateral diffu-
sion on cellular surfaces [10]. Low-affinity host cell recep-
tors that are attractive targets for pathogens typically
include glycosylated variants of lipids, carbohydrates
and proteins (e.g. proteoglycans, sialic-acid-bearing gang-
liosides and glycoproteins; Table 1) [11,12]. Targeting of
these surface receptors is ideal for the pathogen because
many of these sialic-acid-bearing carbohydrates are
expressed as general components of the cell-surface molec-
ular repertoire [13]; thus, they are present in vastly differ-
ent cell types, allowing pathogens to infect a broad variety
of host cells.

This pathogenic trickery of mimicking natural eukary-
otic recognition also extends beyond the attachment step,
appearing again during preparations by the adherent
pathogen for uptake into the intracellular milieu.
For instance, the ligand–receptor interactions mimicked
by the pathogen often stimulate cooperative membrane
perturbations and other processes that promote their
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Host: any living organism in which a parasite resides and reproduces.
Lipoprotein: lipid nanoparticle supported by an apolipoprotein scaffold that is
capable of incorporating functional proteins and lipids.
Pathogen: microbe that is capable of causing disease in an animal host, such
as a bacterium or virus.
Protocell: artificial cell-like microparticle designed to mimic cellular functions.
Virulence factor: molecule expressed by a pathogen that facilitates invasion of
a host or evasion of host defenses.
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Figure 1. (a) Virulence factors and the host cell. Exotoxin released by (i) bacteria;
(ii) pili recognize host receptors; (iii) enveloped virus with membrane-embedded
host-binding proteins; (iv) capsid coat proteins recognize host cells; and (v) capsid
knob domains interact with the cell surface. Bacteria, orange; virus, green; host
receptors, blue; virulence factors, violet; host cell, gray. (b) Three common
strategies for subverting host–pathogen interactions. These include (i) inactivation
of host receptors by competitive inhibitors, (ii) neutralization of the virulence factor
by membrane-embedded receptor analogs, and (iii) binding and neutralization of
virulence factors by soluble receptors.
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...AND, IN THE CASE OF BACTERIA, EVEN TWO MECHANISMS!

ZIPPER MECHANISM          TRIGGER MECHANISM

The bacteria to enter the cells, move and 
reshape the cytoplasm and modulate the 
functions using proteins that mimic the 
functions of the structural and signaling 
proteins (such as small G proteins Rho, Rac 
and Cdc42) and their effectors (such as Wasp, 
Arf-6 and Arp2) that control the reorganization 
of the cytoskeleton.

Microbial pathogenesis and 
cytoskeletal function 

Samantha Gruenheid and B. 
Brett Finlay 

Nature 422, 775-781 (17 April 
2003)  



Science 9 April 2004 
Vol. 304. no. 5668, pp. 242 - 248 
Bacterial Invasion: The Paradigms of Enteroinvasive Pathogens 
Pascale Cossart and Philippe J. Sansonetti 
Mechanisms used by bacteria to enter cells.
(A) The zipper mechanism used by Yersinia and Listeria. 
(B) The trigger mechanism used by Salmonella and Shigella.
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Actin-based motility of Listeria, 
Rickettsia, and Shigella. 

Electron micrographs of actin tails 
labeled with fragment S1 of myosin!

Bacteria reshape the cytoplasm of invaded cells, they 
reorganize their actin and migrate in the cells themselves!

The invasion and cell 
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Actin-based motility of Listeria, 
Rickettsia, and Shigella. 

Electron micrographs of actin tails 
labeled with fragment S1 of myosin!

Bacteria reshape the cytoplasm of invaded cells, they 
reorganize their actin and migrate in the cells themselves!

The invasion and cell 
migration of LISTERIA!



In addition to microbial pathogens, more inducers can 
activate the inflammatory and the immune response!



Many endogenous inducers activate or are  
"allarmins" 

or  
DAMP, danger-associated molecular patterns! 

Currently known alarmins include defensins, cathelicidins, 
eosinophil-derived neurotoxin, lactoferrin, some high-mobility 
group (HMG) proteins, granulysin, and probably also ATP and 
histamine, while endogenous mediators that may eventually prove 
to be alarmins include some members of the S100 family proteins, 
heat-shock proteins, and certain degraded products of 
extracellular matrix (e.g. hyaluronan and heparan sulfate). 

In addition to microbial pathogens, more inducers can 
activate the inflammatory and the immune response!
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High-mobility group (HMG) proteins are non-histone nuclear proteins that bind nucleosomes and regulate
chromosome architecture and gene transcription. Over the past decade, numerous studies have established
that some HMG proteins can be released extracellularly and demonstrate distinct extracellular biological
activities. Here, we will give a brief overview of HMG proteins and highlight their participation in innate/
inflammatory and adaptive immune responses. They have the activities of alarmins, which are endogenous
mediators that are rapidly released in response to danger signals initiated by infection and/or tissue damage
and are capable of activating innate and adaptive immunity by promoting the recruitment and activation of
antigen-presenting cells (APCs).

© 2009 Published by Elsevier B.V.

1. HMG superfamily proteins

HMG proteins consist of a superfamily of nucleosome-binding
proteins that were discovered more than 30 years ago [1]. HMG
proteins are classified into HMGA, HMGB, and HMGN families [2,3].
HMGA family consists of four members (HMGA1a, 1b, 1c, and 2), each
containing two to three “AT” hooks in the N-terminal portion of the
molecule which enable HMGA to preferentially bind AT-rich regions
of DNA. HMGB family has three members (HMGB1–3), each contain-
ing two “box” domains (A and B boxes) in the N-terminal portion of
the molecule. The HMGN family contains five members (HMGN1, 2, 3,
4, and NBD-45) and is characterized by a cationic nucleosome-binding
domain in the N-terminal portion of the molecule. Common to and
characteristic of all HMG proteins is a C-terminal tail rich in acidic
amino acid residues.

HMG proteins are ubiquitously present in almost all embryonic
tissues. The expression of most members, such as HMGA1, 2, HMGB2,
3, and HMGN1, 2, is downregulated during ontogenic development
[3-10]. In adults, HMGB1 is expressed at a high level in all cell types,
whereas other HMG proteins are more selectively expressed in highly
proliferative tissues that undergo constant turnover and differentia-
tion, such as lymphoid tissues, testis, stem cells, and epithelial cells
[3,4,8,10,11]. HMGN proteins appear late in evolution and are only
found in vertebrates [3]. Inside the nucleus, HMG proteins exert
diverse functions such as controlling chromatin architecture and
dynamics, modifying the transcription of certain genes, and regulating
DNA repair, cell differentiation, and ontogenic development, which
will be the subjects of other reviews in this series.

Some HMG proteins, such as HMGB1 and members of HMGN
family can be released from either injured necrotic cells or activated
monocytes/macrophages, dendritic cells, and NK cells. HMGB1
release can be initiated by PAMPs, bacteria, ischemia/reperfusion-
induced hypoxia, or proinflammatory cytokines [12-20]. While the
extracellular release of HMGN family members has not been studied
in detail, HMGB1 release by activated monocytes/macrophages
involves a crucial initial acetylation on many of the 43 lysine residues
of HMGB1 in the nucleus, followed by redistribution of HMGB1 from
the nucleus to endolysosomes and finally exocytosis [14,17,21].
Release of HMGB1 by hepatocytes under hypoxic conditions relies
on the generation of reactive oxygen species and calcium/calmodu-
lin-dependent kinases [19]. LPS-induced HMGB1 release by mono-
cytes and macrophages requires phosphorylation of HMGB1 by PKC
and the presence of Ca2+ [22]. Recently, in a model of mouse lung
inflammation caused by Klebsiella pneumonia, the systemic release of
systemic HMGB1 was found to be strictly dependent on NLRP3 and
ASC, two critical components of the NLRP inflammasome inflamma-
tory pathway [20].

HMG proteins in the extracellular milieu, in particular HMGB1,
have also been shown during the last decade to have diverse activities
in mediating cell migration, tumor invasiveness, neuronal innerva-
tion, inflammation, immunity, wound healing and repair [17,23-25].
We will focus on the alarmin functions of extracellular HMG proteins
and their participation in inflammation and immunity.

2. Alarmin concept

During the 1990s, two popular models were developed to explain
how the immune system is activated to mount innate and adaptive
immune responses. The “infectious non-self” model proposed by
Charles Janeway suggested that immune responses are initiated by
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HMGB1 is actively secreted by 
innate immune cells in response to 
exogenous microbial products (e.g., 
LPS or CpG-DNA) or endogenous 
host stimuli (TNF, IFN-γ, or 
hydrogen peroxide), and passively 
released by damaged or virus-
infected ce l l s . Extrace l lu lar 
HMGB1 sustains an inflammatory 
response by stimulating migration 
of innate immune cells, facilitating 
innate recognition of bacterial 
products, activating various innate 
immune cells, and suppressing 
phagocytosis of apoptotic cells. 
Thus, HMGB1 can function as an 
alarmin signal to recruit, alert and 
activate various innate immune 
cells.
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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 

• CYTOPLASMIC RECEPTORS

Pathogenetic inducers 
can activate 

the inflammatory and the immune response 
through RECEPTORS!



SIGNALLING!

THE MAIN CYTOPLASMIC AND 
MEMBRANE DAMAGE RECEPTORS OF 

NATURAL IMMUNITY AND INFLAMMATION!



NEW! BITTER AND SWEET TASTE 
RECEPTORS AS RECEPTORS OF  NATURAL 

IMMUNITY  AND INFLAMMATIOIN! 



Proposed model of T2R bitter receptor– and T1R sweet 
receptor–based  regulation  of  AMP  secretion  in  the 
human nose. 

(A)From  left  to  right,  bitter  chemicals  released  by 
microbes  during  infection  activate  T2Rs  in  the 
sinonasal epithelium, likely including those expressed 
in nonciliated chemosensory epithelial cells, likely the 
SCCs.  This  results  in  a  calcium  response  that 
propagates  to  the  surrounding  epithelial  cells, 
causing  secretion  of  multiple  AMPs,  including  β-
defensins 1 and 2, that are capable of direct bacterial 
killing.  Glucose  in  the  the  airway  surface  liquid 
(ASL) normally governs the T2R-mediated response 
through  T1R2/3  activation.  However,  during  acute 
infections,  bacteria  may  consume  glucose  and 
decrease  the  ASL  glucose  concentration,  which 
relieves the T1R2/3-mediated inhibition of T2Rs and 
allows the activation of the antimicrobial response. 

(B) Proposed mechanism for T2R and T1R signaling in 
sinonasal  chemosensory  cells.  T2R  signaling  is 
dependent  upon  Gα-gustducin  and  IP3R  calcium 
release  channels  that  likely  include  the  IP3R3 
isoform. T1R signaling likely uses  an alternative G 
protein  that  acts  through  cAMP/PKA  and  may 
inhibit IP3R3-mediated calcium signaling.
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als (¾0.5 mM; ¾10-fold less than serum concentration) (46). This 
low level is nonetheless sufficient to partially inhibit T2R-medi-
ated antimicrobial secretion (Figure 4C). We hypothesized that 
the T1R2/3-mediated inhibition of T2Rs may exist to modulate 
the full release of AMPs during times of relative health. However, 
in the setting of an acute bacterial infection, when bacteria may 
consume available glucose, causing a sudden decrease in glucose, 
the T1R2/3 is not activated, removing the inhibition on the T2R 
response, resulting in an appropriate secretion of AMPs (Figure 8).  
Alternatively, since the nasal SCCs are diffusely distributed 
throughout the upper respiratory epithelium (Supplemental 
Figure 5B), they may control localized bacterial overproliferation 
by release of AMPs in discrete and localizing regional domains. 
Thus, the presence of glucose in the ASL acts as a control point in 
activation of this innate immune defensive response, since com-
plete secretion and depletion of AMPs may leave the epithelium 
excessively vulnerable during the refractory period (Figure 5C  
and Figure 6F). That being said, we’ve demonstrated that prim-
ing the system with TLR stimulation upregulates the local pro-
duction of AMPs, such that SCC T2R stimulation does not com-
pletely deplete the defensive reserves, as seen in the absence of 
TLR priming (Supplemental Figure 17). However, certain chronic 
conditions, such as diabetes mellitus, have been shown to result 
in a chronically elevated ASL glucose concentration (46) that 
may overactivate T1R2/3 and chronically inhibit T2R activation, 
resulting in reduced AMP secretion. Our data suggest that glu-
cose concentrations of 1.5 mM and above can completely inhibit 
T2R-mediated AMP secretion, which would likely prevent effi-
cient bacterial killing in an infected airway.

To our knowledge, our data reveal the first demonstrated func-
tional role for T1R sweet receptors in the human airway. While 

the concentrations of glucose in this study are lower than the con-
centrations known to stimulate T1R2/3-dependent sweet taste 
(56) or T1R2/3 activation in heterologous expression systems 
(57), there is evidence that extraoral sweet receptors can respond 
to sugar concentrations below taste thresholds in gut endocrine 
(58) and pancreatic ` cells (59). Further work must be directed at 
examining differences in receptor sensitivity and whether there 
is a role for alternate splicing, posttranslational modifications,  
and/or accessory subunits.

Based on heterologous expression data, the receptors T2R10, 
T2R46, and T2R47 are activated by both denatonium and absin-
thin (16, 60). Two other agonists that activate ̀ -defensin secretion 
are parthenolide, which activates T2R10 and 46, and amarogen-
tin, which activates T2R46 and 47 (60). A role for T2R47 in this 
response is in agreement with its localization to solitary noncil-
iated cells (Figure 2 and Supplemental Figure 7). Future work 
must be aimed at elucidating the role of these receptors by cor-
relating genetic polymorphisms with the antimicrobial response 
as well as screening the responses of these receptors to bacterial 
products. However, we must use caution when comparing the data 
here with pharmacological profiles obtained during heterologous 
expression. While heterologous expression generally correlates 
with taste thresholds, it has been shown that most T2R isoforms 
form hetero-oligomers with other isoforms (61); oligomerization 
of sinonasal T2Rs with other T2Rs or other receptors types may 
change their sensitivities and/or agonist repertoires, as seen with 
sugar sensitivity differences observed between oral and extraoral 
T1R receptors, as described above.

Another important insight provided by our data is that T2R-
mediated epithelial AMP secretion is unique to the human upper 
airway. The T2R-initiated and T1R2/3-regulated calcium signaling 

Figure 8
Proposed model of T2R bitter receptor– and T1R 
sweet receptor–based regulation of AMP secre-
tion in the human nose. (A) From left to right, bitter 
chemicals released by microbes during infection 
activate T2Rs in the sinonasal epithelium (10), 
likely including those expressed in nonciliated che-
mosensory epithelial cells, likely the SCCs previ-
ously described (11–14). This results in a calcium 
response that propagates to the surrounding epi-
thelial cells, causing secretion of multiple AMPs, 
including `-defensins 1 and 2, that are capable 
of direct bacterial killing. Glucose in the ASL nor-
mally governs the T2R-mediated response through 
T1R2/3 activation. However, during acute infec-
tions, bacteria may consume glucose (Supple-
mental Figure 18) and decrease the ASL glucose 
concentration, which relieves the T1R2/3-mediated 
inhibition of T2Rs and allows the activation of the 
antimicrobial response. (B) Proposed mechanism 
for T2R and T1R signaling in sinonasal chemosen-
sory cells. T2R signaling is dependent upon G_-
gustducin and IP3R calcium release channels that 
likely include the IP3R3 isoform. T1R signaling likely 
uses an alternative G protein that acts through 
cAMP/PKA and may inhibit IP3R3-mediated cal-
cium signaling. 
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Bitter taste receptors (T2Rs) are emerging as novel regulators of innate immunity in the respiratory tract. 
T2Rs are expressed in respiratory ciliated cells and in solitary chemosensory cells (SCCs), which also 
express the T1R2 and T1R3 subunits comprising the human sweet taste receptor.  Activation of the T2Rs 
in mouse nasal SCCs stimulates a trigeminal nerve-mediated reduction in respiratory rate.
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examining differences in receptor sensitivity and whether there 
is a role for alternate splicing, posttranslational modifications,  
and/or accessory subunits.

Based on heterologous expression data, the receptors T2R10, 
T2R46, and T2R47 are activated by both denatonium and absin-
thin (16, 60). Two other agonists that activate ̀ -defensin secretion 
are parthenolide, which activates T2R10 and 46, and amarogen-
tin, which activates T2R46 and 47 (60). A role for T2R47 in this 
response is in agreement with its localization to solitary noncil-
iated cells (Figure 2 and Supplemental Figure 7). Future work 
must be aimed at elucidating the role of these receptors by cor-
relating genetic polymorphisms with the antimicrobial response 
as well as screening the responses of these receptors to bacterial 
products. However, we must use caution when comparing the data 
here with pharmacological profiles obtained during heterologous 
expression. While heterologous expression generally correlates 
with taste thresholds, it has been shown that most T2R isoforms 
form hetero-oligomers with other isoforms (61); oligomerization 
of sinonasal T2Rs with other T2Rs or other receptors types may 
change their sensitivities and/or agonist repertoires, as seen with 
sugar sensitivity differences observed between oral and extraoral 
T1R receptors, as described above.

Another important insight provided by our data is that T2R-
mediated epithelial AMP secretion is unique to the human upper 
airway. The T2R-initiated and T1R2/3-regulated calcium signaling 

Figure 8
Proposed model of T2R bitter receptor– and T1R 
sweet receptor–based regulation of AMP secre-
tion in the human nose. (A) From left to right, bitter 
chemicals released by microbes during infection 
activate T2Rs in the sinonasal epithelium (10), 
likely including those expressed in nonciliated che-
mosensory epithelial cells, likely the SCCs previ-
ously described (11–14). This results in a calcium 
response that propagates to the surrounding epi-
thelial cells, causing secretion of multiple AMPs, 
including `-defensins 1 and 2, that are capable 
of direct bacterial killing. Glucose in the ASL nor-
mally governs the T2R-mediated response through 
T1R2/3 activation. However, during acute infec-
tions, bacteria may consume glucose (Supple-
mental Figure 18) and decrease the ASL glucose 
concentration, which relieves the T1R2/3-mediated 
inhibition of T2Rs and allows the activation of the 
antimicrobial response. (B) Proposed mechanism 
for T2R and T1R signaling in sinonasal chemosen-
sory cells. T2R signaling is dependent upon G_-
gustducin and IP3R calcium release channels that 
likely include the IP3R3 isoform. T1R signaling likely 
uses an alternative G protein that acts through 
cAMP/PKA and may inhibit IP3R3-mediated cal-
cium signaling. 

Downloaded on March  6, 2014.   The Journal of Clinical Investigation.   More information at  www.jci.org/articles/view/72094

Bitter and sweet taste receptors regulate human upper 
respiratory innate immunity!

J Clin Invest. 2014 Mar 3;124(3):1393-405.  
Bitter and sweet taste receptors regulate human upper respiratory innate immunity. 

Lee RJ, Kofonow JM, Rosen PL, Siebert AP, Chen B, Doghramji L, Xiong G, Adappa ND, Palmer JN, 
Kennedy DW, Kreindler JL, Margolskee RF, Cohen NA.

Bitter taste receptors (T2Rs) are emerging as novel regulators of innate immunity in the respiratory tract. 
T2Rs are expressed in respiratory ciliated cells and in solitary chemosensory cells (SCCs), which also 
express the T1R2 and T1R3 subunits comprising the human sweet taste receptor.  Activation of the T2Rs 
in mouse nasal SCCs stimulates a trigeminal nerve-mediated reduction in respiratory rate.T2Rs are expressed in ciliated cells and 
chemosensory cells of the respiratory 
tract: bitter chemicals released by 
microbes during upper respiratory tract 
infections activate T2Rs and induce 
epithelial secretion of antimicrobial 
peptides, such as β-defensins 1 and 2 
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FEVER, ESR and  
LEUCOCYTOSIS

ARE
THE MARKERS 

OF INFLAMMATION!



APR (Acute Phase 
Reactions) are fully 

characterized:



a) by neuroendocrine changes, 
fever, lethargy and anorexia, 
i n c r e a s e d s e c r e t i o n o f 
c o r t i c o t r o p i n - r e l e a s i n g 
hormone, cortisol, nitric oxide 
and decreased secretion of 
growth insuline-like factor;



b ) h e m a t o p o i e t i c 
modifications such as anemia, 
leukocytosis, thrombocytosis;



c) metabolic changes such 
muscle loss and negative 
n i t r o g e n b a l a n c e , 
impaired gluconeogenesis, 
osteoporosis, increased 
h e p a t i c l i p o g e n e s i s , 
increased l ipolysis in 
adipose tissue, cachexia;



d) plasma modification of some 
metals such as calcium, iron and 
zinc, and vitamins, but mostly 
o f s o m e p r o t e i n s a n d 
lipoproteins!



The acute phase proteins 
or APP!



The study of APP was born with the identification of 
the first APP, the C-reactive protein, or CRP, with a 
fervent resurgence of research activities from the 90’ 
until today. The discovery of PCR was made by Tillett 
and Francis in 1930 with the publication of a paper 
entitled "Serological Reactions In Pneumonia With A 
Somatic Nonprotein Fraction Of Pneumococcus" in the 
Journal of Experimental Medicine:

Tillett WS, Francis T:  Serological 
reactions in pneumonia with a non-

protein somatic fraction of 
pneumococcus. 

J Exp Med 1930; 52: 561-71.



Later was observed, in addition to the CPR, 
the parallel increase in concentration of 
other plasma proteins including the 
Amyloid Protein A or SAA, the Fibrinogen, 
the C3 complement component, the α1-
antitrypsin and more proteins!
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Post-translational changes in the glycosylation of plas-
ma proteins during inflammatory states include al-
terations in oligosaccharide branching,
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 increased
sialylation of orosomucoid,
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 and decreased galactos-
ylation of IgG.
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 Changes in oligosaccharide branch-
ing are induced by inflammation-associated cytokines,
independently of their effects on the production of
acute-phase proteins. Finally, the efficiency of secre-
tion of C-reactive protein, a process distinct from its
synthesis, is greatly increased during the acute-phase
response.
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Regulation of Other Acute-Phase Changes 
by Inflammation-Associated Cytokines

 

Fever is representative of the neuroendocrine
changes that characterize the acute-phase response.
Although several cytokines may induce fever, inter-
leukin-6 produced in the brain stem is required for
the final steps leading to fever.
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 However, cytokines
are not the sole inducers of fever; the recent finding
that subdiaphragmatic vagotomy blocks fever after
intraperitoneal (but not intramuscular) injection of
lipopolysaccharide implicates neural transmission in
the febrile response.
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 Other neuroendocrine chang-
es reflect complex interactions among cytokines, the
hypothalamic–pituitary–adrenal axis, and other com-
ponents of the neuroendocrine system.
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 For exam-
ple, inflammation-associated cytokines stimulate the
production of corticotropin-releasing hormone, with
consequent stimulation of corticotropin and cortisol

production, and also directly stimulate the adrenal
gland. Stimulation of the production of arginine
vasopressin by interleukin-6 can explain the hypo-
natremia that occurs during some inflammatory dis-
orders.

The behavioral changes that often accompany in-
flammation, including anorexia, somnolence, and
lethargy, are similarly induced by cytokines. Neural
mechanisms have also been implicated in anorexia;
as with fever, vagal afferents are required for the in-
duction of anorexia after intraperitoneal injection of
interleukin-1

 

b

 

 and lipopolysaccharide. Increased plas-
ma leptin concentrations occur in inflammation,
probably in response to stimulation of adipocytes by
cytokines, and may also contribute to anorexia.
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Inflammation-associated cytokines have been im-
plicated in the pathogenesis of anemia in chronic
disease; examples of their involvement include the
decreased responsiveness of erythrocyte precursors
to erythropoietin, decreased production of erythro-
poietin, and impaired mobilization of iron from mac-
rophages.
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 Hypoferremia results largely from the
sequestration of iron in macrophages by apoferritin
produced in response to the inflammation-associat-
ed cytokines interleukin-4 and interleukin-13.
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The
thrombocytosis of inflammation appears to be caused
by interleukin-6.
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 Finally, cachexia, the loss of body
mass that occurs in severe chronic inflammatory dis-
ease, results from decreases in skeletal muscle, fat tis-
sue, and bone mass. Interleukin-1

 

b

 

, interleukin-6,
tumor necrosis factor 

 

a

 

, and interferon 

 

g

 

 all contrib-
ute to these processes.
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Inflammation-associated cytokines also alter many
intracellular hepatic constituents, including induc-
ible nitric oxide synthase, manganese superoxide dis-
mutase, and microsomal heme oxygenase. Interleu-
kin-6 increases the production of the metal-binding
protein metallothionein, with consequent increased
zinc binding and hypozincemia. Interleukin-1

 

b 

 

and
tumor necrosis factor 

 

a

 

 decrease the expression of
growth-hormone receptors on hepatocytes, with sub-
sequent decreased responsiveness to growth hormone
and low plasma concentrations of insulin-like growth
factor I.
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Transgenic mice that overexpress interleu-
kin-6 have low plasma concentrations of insulin-like
growth factor I and are smaller than normal mice.
This finding suggests that increased production of
inflammation-associated cytokines may explain, at
least in part, impaired growth in children with chron-
ic inflammatory conditions.
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POSTULATED FUNCTION OF THE 
ACUTE-PHASE RESPONSE

 

The assumption that the changes in plasma con-
centrations of acute-phase proteins are beneficial is
based largely on the known functional capabilities of
the proteins and on logical speculation as to how
these might serve useful purposes in inflammation,

 

Figure 1.

 

 Characteristic Patterns of Change in Plasma Concen-
trations of Some Acute-Phase Proteins after a Moderate Inflam-
matory Stimulus.
Modified from Gitlin and Colten

 

5

 

 with the permission of the
publisher.
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The APP!



Today we define as acute phase protein 
(APP) that protein whose plasma 
concentration increases (positive APP) 
or decreases (negative APP) by at least 
25% during the acute phase reaction!



340 CHAPTER 16 Th e Liver and Biliary Tract

including malnutrition and malabsorption (insuffi  cient nutritional substrate for albumin syn-
thesis), acute infl ammation where protein synthesis is redirected from albumin to acute phase 
reactants (e.g., complement proteins, C-reactive protein, mannose-binding lectin, and serum 
amyloid A; Table 16–7), and protein loss from nephrosis or protein-losing enteropathy.

In nutritionally defi cient patients, nutritional replenishment can be assessed by measure-
ment of retinol-binding protein, or, more commonly, transthyretin (thyroxine-binding prealbu-
min). While transthyretin is commonly referred to as “prealbumin,” strictly speaking, prealbu-
min is a region on a serum protein electrophoresis gel that precedes albumin. In contrast to 
albumin, transthyretin and retinol-binding protein are not usually measured as indices of hepatic 
dysfunction.

Assessment of clotting factor proteins through measurement of clotting factor activity tests 
(such as the prothrombin time [PT]) is a useful assessment of liver synthetic function. An in-
crease in the PT, or the international normalized ratio (INR) derived from it, is a sign of serious 
liver dysfunction. Because the half-life of many clotting factors is much shorter than the half-life 
of albumin, in cases of acute liver dysfunction, measurement of the PT can provide a more sensi-
tive index of decreased liver protein synthesis than albumin. Th e PT involves factors VII, X, V, II 
(prothrombin), and I (fi brinogen). Th e half-life of factor VII is the shortest of any clotting factor 
and is only 4 to 5 hours. 

Moderate to serious liver disease can lead to bleeding for many reasons. Vitamin K ma-
labsorption, decreased clotting factor concentrations and activity (the vitamin-K-dependent 
factors are II, VII, IX, and X), and impaired clearance of fibrin-split products can all occur 
with liver dysfunction. Fragments of fibrin can interfere with the formation of a stable and 
firm clot. With cirrhosis, increased portal pressure can produce esophageal varices that are 
easily traumatized, resulting in bleeding. Increased portal pressure can produce spleno-
megaly, leading to platelet sequestration. Thrombocytopenia is not uncommon in severe 
liver disease. Thrombopoietin is produced by the liver.

TABLE 16 –7  Acute Phase Reactants Synthesized in the Liver

Positive acute phase reactants (concentrations increase with acute infl ammation)

Immune-related
Complement (Cʹ)
Mannose-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-oxidants
Ceruloplasmin

Coagulation factors
Fibrinogen
Factor VIII

Others
Haptoglobin
Serum amyloid A (SAA)
Plasma fi bronectin
Lipopolysaccharide-binding protein (LBP)
Ferritin

Negative acute phase reactants (concentrations decrease with acute infl ammation)

Retinol-binding protein (RBP)
Transthyretin (TBPA)
Albumin
Transferrin

An increase in the 
prothrombin time (PT), 
or the international 
normalized ratio (INR) 
derived from it, is a 
sign of serious liver 
dysfunction.
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amino acid reserve or because 
escaping from the vessels in 
the inflammatory exudates but 
a l so for anorexia and 
increased energy and protein 
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of albumin may be due to the uptake of the free radical nitric oxide (NO).

The concentration of albumin in the blood (serum albumin) varies 
between 3.5 and 5.0 g/dl and its decrease during inflammation can be significant 
even if it is highly non-specific, as the hypoalbuminemia may occur in various 
physiopathological situations, such as rheumatoid arthritis, cholecystitis 
acute ulcerative colitis, diabetes, pregnancy, hyperthyroidism, 
leukemia and Hodgkin's disease, SLE, malabsorption, peptic ulcers, 
malnutrition, liver and renal diseases and stress.
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molecular weight of approximately 79 kDa. The transcription of the 
mRNA for the synthesis of transferrin in the liver is regulated by the 
concentration of iron is that hepatic plasma. 

• The transferrin levels in the blood are 200-360 mg/dL. 
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during pregnancy and in cases of insufficient levels of iron and are 
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• Electrophoretic variants of transferrin in serum are found occasionally 
due to changes in its amino acid structure but are not associated with 
functional deficits.
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factors most characterized that regulate the synthesis of APP belong to the family of leucine 
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(nuclear factor associated with IL-6), that affect transcription by binding to a site called 
bZIP1. It is also been shown that the induction of acute phase proteins is 
correlated with a decreased synthesis of C/EBPA and an increase of that of 
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The positive APP!

a) Short pentraxins;
b) Collectins;
c) Proteins of the complement 

system;
d) LPS binding protein or LBP;
e) Proteins of the coagulation 

system and fibrinolysis;
f) Antiproteases;
g) Transport proteins.
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Recently, it has been proposed a new classification of APP positive 
according to the cytokines that induce them from the LIVER!

The APP positive were therefore divided into two classes:

a.APP Type-1 induced by IL-1α and β, TNF-α and β, whose prototype is the 
SAA;

b. APP-type 2, induced by IL-6, but also by IL-11, Leukemia inhibitory factor, 
oncostatin M, cardiotropin, ciliary neurotrophic factor, the prototype of 
which is the CPR.
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the inhibitor of C1q, C4b-binding protein;

d) LPS binding protein or LBP;

e) Proteins of the coagulation system and fibrinolysis, such as 
fibrinogen, plasminogen, tissue plasminogen activator, Protein S, vitronectin;

f) Antiproteases, such as α1-antitrypsin (AAT) and the α1 anti-
chymotrypsin;

g) Transport proteins, such as ceruloplasmin, haptoglobin and hemopexin.

The major positive APP!



THE PENTRAXIN SUPERFAMILY! 
  

• SHORT PENTRAXINS: 

• LONG PENTRAXINS: PTX3-PTX4

CPR SAP



The pentraxin superfamily! 



 CPR  and SAA binds the phosphorylcholine 
of bacteria 

and phosphoethanolamine 
of apoptotic cells 

and activate complement and phagocytosis! 



Role of the long pentraxin PTX3 in antimicrobial resistance! 

Like CPR and SAA,  act PTX3!



It has recently been shown that C1q, the 1st 
component of the classical pathway, as well as by 

antibodies, can be activated by 
PENTRAXINS:

CLASSICAL COMPLEMENT ACTIVATION IN THE 
NATURAL IMMUNITY AND INFLAMMATION!



The pentraxins bind to FC receptors for IgG 
antibodies and activate phagocytosis!!



Immunological Reviews 
Volume 250, Issue 1, pages 230-238, 10 OCT 2012 DOI: 10.1111/j.1600-065X.2012.01162.x 
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-065X.2012.01162.x/full#imr1162-fig-0004 

• (A) Crystal structure of phosphocholine 
bound CRP (PDB entry 1B09, left) and 
the structural superposition between CRP 
and SAP (right).  

• (B) Structures of FcγRIIA, FcεRI (PDB 
entry 1F2Q), and FcαRI (PDB entry 
1QVZ).  

• (C) Structural complex between human 
SAP (cyan) and FcγRIIA (blue) in two 
orthogonal views (left and middle panels) 
and in space filling model (right panel).  

• (D) Binding mode of IgG-Fc on Fc 
receptor (left panel) partially overlap with 
that of SAP (right panel). The IgG-Fc 
interface region is highlighted in white 
line on the SAP complex structure.

Structural recognition between pentraxins and Fc receptors! 
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Comparison of 
pentraxins and 
antibodies in 

complement and 
Fc receptor 
activation!



Pentraxins and Fc receptors 

/Ornithorhynchus

Immunological Reviews 
Volume 250, Issue 1, pages 230-238, 10 OCT 2012 DOI: 10.1111/j.1600-065X.2012.01162.x 
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-065X.2012.01162.x/full#imr1162-fig-0004 

NATURAL IMMUNITY EVOLUTION!

http://it.wikipedia.org/wiki/Ornithorhynchus


 THE SHORT AND LONG PENTRAXINs EXPRESS SIMILAR 
FUNCTIONS BUT DIFFERENT PRODUCTION AND LOCALIZATION!  
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MAJOR POSITIVE APP! 
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ng/ml at birth, 170 ng/mL in children and from 470 to 
1340 ng/mL in adults), but increases by 100-1000 times 
during inflammation. 
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Its physiological concentration is less than 1µg/ml (100 
ng/ml at birth, 170 ng/mL in children and from 470 to 
1340 ng/mL in adults), but increases by 100-1000 times 
during inflammation. 

Although for a long time CRP levels have been used as a quick test for the 
presumptive diagnosis of bacterial infection (high CPR) distinct from viral 
infection (low CPR), today a clear increase of the PCR can be observed in viral 
hepatitis, in bacterial acute flu-like syndromes, in active TB, gout, in burns, in 
peritonitis, in rheumatic fever, rheumatoid arthritis, and a less significant 
increase occurs in scarlet fever and Guillon-Barré syndrome. CPR is often 
used by rheumatologists to follow the progress or remission of autoimmune 
diseases and by cardiologists and clinicians who use it to predict 
cardiovascular complications of atherosclerosis.



Oncotarget. 2016 Aug 23; 7(34): 55765–55770.
Elevated serum C-reactive protein level 
predicts a poor prognosis for recurrent 
gastric cancer. 
Kong F, Gao F, Chen J, Zheng R, Liu H, Li X, Yang P, Liu G, Jia Y. 
BACKGROUNDS: 
High serum C-reactive protein (CRP) was found to be 
associated with poor prognosis in kinds of solid tumors, 
however, its role in the recurrent gastric cancer (RGC) is 
unknown. The present study aimed to explore the prognostic 
value of serum CRP in RGC patients. 
METHODS: 
A total 72 RGC patients who underwent radical surgery from 
January 2005 to May 2008 were enrolled. The clinical, 
pathological and survival information were collected. The 
serum CRP level was measured when the recurrence was 
confirmed, and the association between serum CRP and 
clinicopathological characters was analyzed. The prognostic 
value of serum CRP for RGC was investigated. 
RESULTS: 
The serum CRP was elevated in 39 patients (H-CRP), while 
33 patients were within the normal range (N-CRP).The 
elevated CRP was associated with Lymph node metastasis 
(p = 0.003) and tumor size (p = 0.004). The median survival 
time after recurrence was significantly worse in the H-CRP 
group than N-CRP group (6.5 months vs. 11.5 months, p = 
0.012). Multivariate analyses identified that elevated CRP 
level (HR=2.325, p < 0.001), time to recurrence (HR = 0.466, 
p=0.033), and the follow-up treatment (HR = 2.650, p=0.001) 
were independent prognostic factors. 
CONCLUSIONS: 
High serum CRP level was associated with 
aggressive pathological features, was an 
independent poor prognostic factors for RGC, 
which might be a potential prognostic marker for 
RGC patients. 
KEYWORDS: 
C-reactive protein; prognosis; recurrent gastric cancer

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27303917
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THE SHORT PENTRAXIN SAP or SAA IS ANOTHER 
POSITIVE APP!



Many authors have reported the existence of various types of SAA that can be classified in: 
CSAA (constitutive SAA) and ASAA (Acute phase SAA). 

These latter have: 
• immunological functions, such as promoting the lysis of apoptotic cells; promoting 
phagocytosis and adhesion and chemotaxis of leukocytes; inducing ECM-degrading enzymes 
(collagenase, stromalisin, MMP2 and 3) and inflammatory cytokines (IL-6 , TNF-α); 
• functions associated with lipids, as transport lipids to the cells to increase their metabolism 

during tissue regeneration and their removal in the sites of damage. 

THE SHORT PENTRAXIN SAP or SAA IS ANOTHER 
POSITIVE APP!
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(A)Schematic representation of the PTX3 protomer subunit showing the N-terminal domain 
in  yellow,  followed  by  the  globular  pentraxin  domain  in  red.  Positions  of  the  Cys 
residues,  the  N-glycosylation  site  at  Asn220  and  the  pentraxin  signature  motif  are 
indicated.

(B) Disulfide bond organization of the PTX3 octamer. 

(C)Schematic model of PTX3 based on the two different structural arrangements propeso 
for  the  N-terminal  domain.  The  α-helical  segments  of  the  N-terminal  domain  are 
depicted as yellow rods. The C-terminal pentraxin domains are in red.

(D)Molecular  dynamics  simulations  indicate  that  the  PTX3  oligosaccharides,  here 
represented by a core monofucosylated and desialylated biantennary glycan, can adopt 
different conformations (orange, green, and purple),  where terminal residues of sialic 
acid can contact specific amino acids (ball-and-stick) at the protein surface.Front Immunol. 2012; 3: 407.

The 
pentraxins 

LONG PTX3/
PTX4, after 

their 
extrahepatic 
production 

can be 
glycosylated! 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539679/


Glycosylation as a tuner of PTX3 functions in innate immunity!

Front 
Immunol. 
2012; 3: 407. 7

A number  of  both  somatic  and  immune  cell  types  produce  PTX3  at  sites  of  infection/
inflammation. The glycosylation status of PTX3 (e.g., branching and sialylation) might change 
depending on cellular source and inducing stimuli (a). In addition, the protein oligosaccharides 
might undergo processing by glycosidases, including neuraminidase, which are expressed or 
mobilized on the surface of both pathogens and host cells (e.g., neutrophils) (b). Desialylated 
PTX3 has higher affinity for C1q but loses recognition of ficolin-1 and influenza virus (c).

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539679/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539679/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539679/


The pentraxin PTX3 in stroke, pre-eclampsia and fertility!

PTX3 plays a key role in the organization of the cumulus oophorus extracellular matrix and in in vivo 
fertilization.

Garlanda C. Et al., 2004, Development 131, 1577-1586.



The PTX3 is related to the CPR, whose levels in case of infection rise dramatically in a 
matter of hours. Compared to PCR , PTX3 is the fact of being produced from any tissue 
subject to inflammation. In this way its concentration increases much more quickly, 
enabling an early diagnosis. For example, in the case of infarction was found that when 
the patient arrives in the ER, PTX3 levels are already very high, while those of CPR 
change after a few hours. It can also give important information about prognosis.
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Pattern recognition molecules (PRMs) are components of the humoral arm of innate immunity; they recognize
pathogen-associated molecular patterns (PAMP) and are functional ancestors of antibodies, promoting complement
activation, opsonization, and agglutination. In addition, several PRMs have a regulatory function on inflammation.
Pentraxins are a family of evolutionarily conserved PRMs characterized by a cyclic multimeric structure. On the basis
of structure, pentraxins have been operationally divided into short and long families. C-reactive protein (CRP) and
serum amyloid P component are prototypes of the short pentraxin family, while pentraxin 3 (PTX3) is a prototype
of the long pentraxins. PTX3 is produced by somatic and immune cells in response to proinflammatory stimuli and
Toll-like receptor engagement, and it interacts with several ligands and exerts multifunctional properties. Unlike
CRP, PTX3 gene organization and regulation have been conserved in evolution, thus allowing its pathophysiological
roles to be evaluated in genetically modified animals. Here we will briefly review the general properties of CRP and
PTX3 as prototypes of short and long pentraxins, respectively, emphasizing in particular the functional role of PTX3
as a prototypic PRM with antibody-like properties.
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Introduction

Innate immunity is a first line of resistance against
pathogens, and it plays a key role in the activation
and orientation of adaptive immunity and in the
maintenance of tissue integrity and repair. Similar
to adaptive immunity, the innate immune system
consists of cellular and humoral arms, which are
complementary and synergic in deciphering micro-
bial patterns and regulating the innate response.1,2

Cell-associated pattern recognition molecules
(PRMs) are strategically located in different cellular
compartments (plasma membrane, endosomes, cy-
toplasm) and belong to different molecular classes,
such as the Toll-like receptors (TLRs), the NOD and
RIG-I-like receptors, and the scavenger receptors
(Fig. 1).

Fluid phase PRMs belong to different molecular
families, including collectins,3 ficolins,4 and pen-

traxins.5 The pentraxin C-reactive protein (CRP)
was the first PRM to be identified.6,7 In spite of
molecular diversity, humoral PRMs share a basic,
evolutionarily conserved mode of action (comple-
ment activation; agglutination and neutralization;
opsonization) (for example, see Ref. 8) and are func-
tional ancestors of antibodies. Phagocytes serve as a
source of PRMs, which are produced and released
at sites of innate immune reactions: macrophages
and myeloid dendritic cells (DCs) produce PRMs in
a gene expression–dependent fashion, whereas neu-
trophils are a reservoir of ready-made PRMs that
are rapidly released in minutes upon microbial en-
counter. In addition, epithelial tissues, the liver in
particular, serve as a source of delayed, systemic
mass production. Finally, some PRMs are produced
constitutively to provide a ready-made line of de-
fense in the circulation or in the lung, reminiscent
of the function of natural antibodies.

doi: 10.1111/nyas.12043
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detectable in the plasma of healthy human adults
(≤3 mg/L), but its concentration increases by as
much as 1000-fold in many pathological conditions,
with a sharp rise within 6 h of induction and a max-
imum increase at approximately 48 hours. For this
reason CRP is widely used as a marker of inflam-
mation in several human pathological conditions,
including cardiovascular diseases and infections.7

In contrast, the level of human (but not murine)
SAP does not change in pathological conditions,
even during the early acute-phase response.

CRP and SAP are ancient immune molecules
that share many functional properties with an-
tibodies: they bind several molecules (Table 1),
mostly in a Ca2+-dependent manner, activate com-
plement, opsonize biological particles, and bind to
all three classes of Fc! receptors (Fc!R). In partic-
ular, both molecules participate in activation and
regulation of the three complement pathways (i.e.,
classical, lectin, and alternative) by interacting with
C1q,17 ficolins,18,19 factor H (FH),20–22 and C4 bind-
ing protein (C4BP).23,24 It has been suggested that
complement activation by short pentraxins might
favor removal of apoptotic debris, with potential
implications in preventing the onset of autoimmune
diseases.25

CRP, named after its ability to bind in a calcium-
dependent fashion to the C-polysaccharide of Strep-
tococcus pneumonia,13 recognizes diverse pathogens,
including fungi, yeasts, and bacteria, and pro-
motes their removal by phagocytosis mediated
through interaction with Fc!R,26–29 thus pro-
viding resistance to infection.30 Consistent with
this, CRP transgenic mice are resistant to infec-
tion with S. pneumoniae, displaying longer sur-
vival time and lower mortality rate than wild-
type mice.31 Similarly, SAP binds a number of
bacteria (e.g., S. pyogenes and Neisseria meningi-
tides),32,33 influenza virus,34 and lipopolysaccha-
ride (LPS).33,35 SAP has been shown to function
as a " inhibitor of influenza virus by binding in
a calcium-dependent fashion to mannose-rich gly-
cans on the viral hemagglutinin (HA) and inhibit-
ing both hemagglutination and viral infectivity.34,36

However, the relationship between ligand binding
and function of SAP and CRP is still a matter of
debate.37 For example, while CRP does not rec-
ognize Salmonella typhimurium, it has a protec-
tive role against this pathogen.38 Similarly, SAP
exhibits host defense functions against pathogens

Table 1. Ligand specificity of CRP, SAP, and PTX3

Ligand CRP SAP PTX3

Microorganisms
Bacteria

Pseudomonas aeruginosa NTa NT +
Klebsiella pneumoniae NT NT +
Salmonella typhimurium – + +

Fungi and yeasts
Aspergillus fumigatus + NT +
Saccharomyces cerevisiae

(zymosan)
+ + +

Paracoccidioides brasiliensis NT NT +
Viruses

Influenza virus – + +
Human cytomegalovirus

(HCMV)
NT NT +

Membrane moieties
Phosphocholine (PC) + – –
Phosphoethanolamine (PE) – + –
LPS – + –
Outer membrane protein A

from Klebsiella pneumoniae
(KpOmpA)

NT NT +

Complement components
C1q + + +
Factor H + NT +
C4BP + + +
M-, L-ficolin + – +
MBL – + +

Extracellular matrix proteins
TNF-stimulated gene-6

(TSG-6)
NT NT +

Inter-#-trypsin-inhibitor (I#I) − NT +
Hyaluronan NT NT –
Laminin + + –
Collagen IV NT + –
Fibronectin + + –

Growth factors
FGF2 +/– NT +
FGF1 and FGF4 NT NT –

Adhesion molecules
P-selectin – NT +

aNT: not tested.

that it does not recognize.33 In summary, pentrax-
ins can activate both complement and Fc!R path-
ways, which resembles the functional properties of
antibodies.
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PTX3 Is an Extrinsic Oncosuppressor Regulating Complement-
Dependent Inflammation in Cancer. 

Bonavita E, Gentile S, Rubino M, Maina V, Papait R, Kunderfranco P, Greco C, Feruglio F, 
Molgora M, Laface I, Tartari S, Doni A, Pasqualini F, Barbati E, Basso G, Galdiero MR, Nebuloni 
M, Roncalli M, Colombo P, Laghi L, Lambris JD, Jaillon S, Garlanda C, Mantovani A. 

Abstract 
PTX3 is an essential component of the humoral arm of innate immunity, playing a 
nonredundant role in resistance against selected microbes and in the regulation of 
inflammation. PTX3 activates and regulates the Complement cascade by interacting with 
C1q and with Factor H. PTX3 deficiency was associated with increased susceptibility to 
mesenchymal and epithelial carcinogenesis. Increased susceptibility of Ptx3(-/-) mice was 
associated with enhanced macrophage infiltration, cytokine production, angiogenesis, and 
Trp53 mutations. Correlative evidence, gene-targeted mice, and pharmacological blocking 
experiments indicated that PTX3 deficiency resulted in amplification of Complement 
activation, CCL2 production, and tumor-promoting macrophage recruitment. PTX3 
expression was epigenetically regulated in selected human tumors (e.g., leiomyosarcomas 
and colorectal cancer) by methylation of the promoter region and of a putative enhancer. 
Thus, PTX3, an effector molecule belonging to the humoral arm of innate immunity, acts as 
an extrinsic oncosuppressor gene in mouse and man by regulating Complement-
dependent, macrophage-sustained, tumor-promoting inflammation. 

Copyright © 2015 Elsevier Inc. All rights reserved.
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THE COMPLEMENT SYSTEM HAS A DUAL ACTION IN CANCER!  

Experimental data support the idea that complement is activated by tumors. 
However, some studies also suggest that malignant cells evade the harmful effects 
of complement and make use of some complement effector molecules to promote 

cancer growth. Unfortunately, the exact mechanisms and consequences of this 
duality are not very well known!
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PTX3 deficiency 
unleashes 

Complement-
dependent tumor-

promoting 
inflammation! 

Tumors developed in a 
PTX3-deficient context 
have higher frequency 

of mutated Trp53! 

Complement is an 
essential component of 

tumor-promoting 
inflammation!

PTX3 gene is 
silenced by 

hypermethylation 
in selected 

human tumors 
including 

colorectal cancer 
(CRC) and this 
event occurs 

early in 
progression 

already at the 
level of 

adenomas!



Recently has been demonstrated that PTX3 by interacting with defense collagens and 
fibrinogens amplifies other effector functions of the innate immune system. At wound 
sites, PTX3 regulates the injury-induced thrombotic response and promotes wound 
healing by favoring timely fibrinolysis. Therefore, PTX3 interacts with ancestral 
domains conserved in innate immunity, hemostasis and extracellular matrix and exerts 
functions related to both antimicrobial resistance and tissue repair.

Semin Immunol. 2016 Dec; 28(6): 570–577.

NEW PTX3 FUNCTIONS!
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• MBL
• SPA
• SPD
• FICOLINs

MBL is structurally related to the C1q and is part of the family 
of protein collectins, together with proteins A and D of the 
pulmonary surfactant. 
It was recently discovered that a second group of proteins 
called ficolins, which includes the L-ficolin, the M-and H-
ficolin, possesses lectin activity.
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• The mannose-binding lectin (MBL), or mannose-binding protein, recognizes different carbohydrates 
present on the surface of many microorganisms, including bacteria, viruses, protozoa and fungi.

• MBL has an oligomeric structure (400-700 kDa), formed by subunits in their turn consist of three 
identical peptide chains, each of 32 kDa and containing from two to six clusters "of carbohydrate 
recognition sites" that can bind mannose, maltose, N-acetylglucosamine, N-acetylgalactosamine, 
fucose and glucose.

• It has been shown that the mere presence of these sugar residues is not sufficient for the binding of 
the MBL, but their orientation is critical, as they are related only the residues that have a correct 
spatial arrangement. The bond has a low affinity (Kd 10-3) and, in order to be effective, it is essential 
that more "carbohydrate recognition sites" bind simultaneously.



The lectin-binding pathway of complement activation!

MBL (Mannan Binding Lectin) is homologous to C1q!
!  One of the plasma proteins upregulated during the acute phase 
response!
!  It binds mannose and fucose groups on bacterial surfaces!
!  It interacts with MASP1 and MASP2 (Mannan Associated Serine !       
!Protease)!

!
 !
C4 and C2 activation ! !C3 convertase of the classical pathway!

The humoral collectins activate the COMPLEMENT SYSTEM! 

MBL 
SPA 
SPD 

FICOLINs
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The humoral collectins activate 
phagocytosis!! 
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 X-ray from the 
e m e r g e n c y 
d e p a r t m e n t 
demonstrating a 
r i g h t m i d d l e 
lobe pneumonia.

Clin Med Insights Pediatr. 
2012; 6: 89–94.

Mannose Binding Lectin 
Deficiency: More than Meets 

the Eye
Michelle Halbrich, Moshe Ben-

Shoshan, and Christine 
McCusker

This case report describes a 5-year-old 
boy who presented to the emergency 
department with clinical symptoms and 
chest X-ray findings suggestive of 
pneumonia. Further history revealed 
multiple other infections, and workup for 
immunodeficiency revealed a deficiency of 
mannose-binding lectin (MBL), a pattern 
recogn i t ion rece ptor invo lved in 
activation of the complement system. 
Innate immunodeficiency may be more 
common than currently appreciated, with 
mutations of MBL affecting up to 50% of 
individuals in some populations. While 
pneumonia is a common presentation in 
the Pediatric Emergency Department, 
clinical presentations of children with 
defects of innate immunity can be 
unpredictable. Children may initially 
appear well with sudden deterioration. 
These cases pose particular challenges to 
physicians, and the level of suspicion for 
innate defects must remain high. It is 
crucial to identify patients with such 
impairments to better manage and 
prevent future complications.
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average of 15 μγ/ml.

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

• Only recently has been described a mutation of the gene FCN3, coding 
for the H - ficolin and cause defects of complement activation, and gene 
polymorphisms FCNI which encodes the M-ficolin have been associated 
with susceptibility to develop arthritis rheumatoid arthritis.
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Figure 2-20Proteins of the complement system!
               



The COMPLEMENT is the oldest defense system!

Immunol Rev. 2016 Nov;274(1):33-58. 

Complement component C3 - The "Swiss Army Knife" of innate immunity and host defense. 
Ricklin D, Reis ES, Mastellos DC2, Gros P, Lambris JD.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricklin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27782325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reis%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=27782325
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IMMUNITÀ UMORALE14

Per convenzione il frammento più grande è deno-
minato frammento “b” mentre quello più piccolo, 
che usualmente diff onde nel mezzo, è denominato 
frammento “a”. In questo fa eccezione la proteina 
C2, dove la nomenclatura dei frammenti “b” e “a” 
è invertita. 

La sequenza di attivazione complementare può 
essere considerata una reazione a catena in cui ogni 
componente è scisso ed attivato dal componente 
precedente. 

Il secondo gruppo di proteine complementari è 
costituito da proteine regolatorie presenti nel siero o 
sulle cellule dell’organismo. Esse proteggono queste 
cellule da danni eventuali ed accidentali ed inibisco-
no fasi della sequenza di attivazione complementare. 

Il terzo gruppo di proteine complementari 
comprende i recettori che legano i prodotti derivati 
dall’attivazione complementare e le cellule dell’or-
ganismo, partecipando alle risposte infi ammatorie 
ed immunitarie. 

Le proteine complementari presenti nel siero 
ammontano a più di 3 g per litro e costituiscono 
circa il 15% della frazione delle globuline. Sono 
molto dissimili fra loro per quanto riguarda le pro-
prietà delle singole molecole, il loro peso varia da 79 
a 400 kDa e la loro concentrazione individuale varia 
notevolmente. 

La sintesi costitutiva delle proteine del C è un 
processo attivo anche in normali condizioni di sa-
lute dell’organismo, probabilmente perché molte 
proteine del C sono intrinsicamente instabili, con-
dizione questa che porta alla loro continua, basale e 
spontanea attivazione seguita da inattivazione. 

La gran parte della sintesi costitutiva avviene 
nel fegato, con un minimo contributo da parte dei 
monociti, dei macrofagi e di alcuni tipi di cellule 
epiteliali. La produzione continua delle proteine 
del C è dipendente da un costante livello basale di 
trascrizione di molteplici geni che codifi cano per le 
proteine del C. 

Tabella 27.2
Concentrazione sieriche dei componenti del sistema del complemento

Nome del 
componente

Peso molecolare 
(kDa) 

Concentrazione 
sierica (mg/dl) 

Frammenti di 
clivaggio

Via classica C1q
C1r
C1s

410
 83
 85

0,7-3
0,34-1
0,3-0,8

C4 204 15-53 C4a, C4b, C4c, C4d

C2 102 0,15-0,3 C2a, C2b

C3 190 55-120 C3a, C3b, C3c, C3d, 
C3f, C3g, C3dg, iC3b

Complesso di attacco alla 
membrana o MAC

C5
C6
C7
C8
C9

196
125
120
150
 66

0,70-0,85
0,6-0,7
0,55-0,7
0,55-0,8
0,5-1,6

C5a, C5b

Via alternativa Fattore B
P
Fattore D

100
224
 24

1,4-2,4
0,2-0,3

0,01-0,02

Ba, Bb

Via della lectina o della MBL MBL 540 0,01

MASP-1  94 0,005

MASP-2  76 0,005

Regolazione della via classica C1IH
C4BP

105
550

1,8-2,75
2,5

Regolazione della via 
alternativa

Fattore H
Fattore I

150
100

3-5, 6
0,34-0,55

Regolazione del MAC CD59
DAF
Clusterina
Proteina S
Vitronectina 

 20
200
 80
 65

0,005
0,005
0,03
0,02

An to n _2 7 .in dd   1 4 1 9 /0 3 /2 0 1 2    1 5 .0 8 .3 8

Name         MW         mg/dl          fragments

PLASMA COMPLEMENT PROTEIN CONCENTRATIONS!



Attivazione dei linfociti B Solubilizzazione degli immunocomplessi

THE THREE  MECHANISMS OF COMPLEMENT ACTIVATION!

ALL THREE MECHANISM HAVE C3 
AS CENTRAL PROTEIN 

  AND CONVERGE 
IN THE ACTIVATION OF C5!!!

pentraxins
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It has recently been shown that C1q, the 1st 
component of the classical pathway, as well as 
by antibodies, can be activated by pentraxins !
CLASSICAL COMPLEMENT ACTIVATION IN 

THE NATURAL IMMUNITY AND 
INFLAMMATION!

In addition to recognizing the Fc portion of antibodies, C1q binds to pentraxins (CRP, SAP, 
PTX3) through its gC1q domain. gC1q also binds directly to many gram-negative bacteria 
through Omp, LPS, or lipid A and to viruses (e.g., gp41 of HIV-1 or gp21 of HTLV-1). C1q 
also interacts with misfolded proteins, such as amyloid Aβ peptide and prion proteins found 
in neurodegenerative diseases and with several ECM proteins (such as fibromodulin, 
osteoadherin, fibronectin, and laminin). Finally, C1q binds via the globular head domain to 
surface blebs on apoptotic cells and to necrotic cells directly or through pentraxins!!!!



ALL THREE MECHANISMS LEAD TO 
LITHIC COMPLEX IN CELL MEMBRANE 

or MAC, WHICH DESTROYS 
PATHOGENS .......
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……….AND ALL THREE LEAD TO THE PRODUCTION OF 
ANAPHYLATOXINS (WHICH ACTIVATE INFLAMMATION)  

AND  
OF THE PHAGOCYTOSIS OSPONINS!

ANAPHYLATOXINS (C5a-C3a)

OSPONINS (C4b-C3b)-PHAGOCYTOSIS



Receptors for  
C1q humoral 
complement 

factor !

To date, investigators have described four types of C1q-binding proteins/receptors expressed 
on the cell surface. These include cC1q-R/calreticulin (CRT), a 60-kDa protein ; gC1q-R/p33, a 
33-kDa homotrimeric protein; C1q-Rp (CD93), a 120-kDa O-sialoglycoprotein; and CR1 
(CD35), the receptor for C3b. In addition to C1q, CRT reportedly serves as a receptor for 
collectins, such as the MBL, SP-A, SP-D, CL-43, and conglutinin, and, in association with 
CD91, initiates macropinocytosis and phagocytosis of apoptotic cells

C1q binds to a wide range of cell types (PMN, monocytes, lymphocytes, DCs, ECs, and 
platelets), resulting in the induction of cell-specific biological responses, which include 
phagocytosis, chemotaxis, the generation of procoagulant activity, activation of ECs, 
and enhancement of FcγR- and CR1-mediated phagocytosis and superoxide production.

C1q is also an opsonin and active phagocytosis!



Complement activation is tightly regulated!!

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!



Self tissues are protected from accidental complement attack by
proteins present in plasma and on cell membranes. These proteins
are fH (AP-specific), C4b-binding protein (C4 bp; CP-specific), mem-
brane cofactor protein (MCP, CD46), decay accelerating factor (DAF,

CD55) and CR1 (CD35). These proteins restrict complement activation
on self cells by either catalyzing proteolytic inactivation of C3b/C4b by
fI (MCP, CR1, fH, C4 bp) or accelerating convertase dissociation (DAF,
CR1, fH, C4 bp) [8].
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Carboxypeptidase

Clusterin, S protein

CD59

TRENDS in Immunology 

Figure  I. Central role of AP convertase in complement activation. Complement tickover occurs through hydrolysis of the C3 thioester, or cleavage of C3 to C3b by
plasma proteases. Fluid phase production of either molecule results in formation of the AP C3 convertase, C3bBb, and production of further C3b which either binds a
surface or remains fluid phase. Each newly produced C3b can in turn form a convertase, which cleaves C3, resulting in exponential production of C3b. This self-
propagation, referred to as the ‘amplification loop’ and indicated here in red, is responsible for amplifying a small trigger to yield large responses. C3b formed through
any activation pathway feeds into the amplification loop. Binding of C3b to C3 convertase creates C5 convertase; cleavage of C5 and generation of C5b marks the start of
the terminal pathway. C6 and C7 bind C5b to form C5b67, which is released from convertase, binds membrane and incorporates C8 and multiple C9 molecules to form
the MAC. Self tissues are protected from accidental complement damage by regulatory proteins present in plasma and on membranes, indicated by maroon boxes.
Note the abundance of regulators which control the amplification loop and C3 convertases.
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Complement tickover occurs through 
hydrolysis of the C3 thioester, or cleavage 
of C3 to C3b by plasma proteases. Fluid 
phase production of either molecule results 
in formation of the AP C3 convertase, 
C3bBb, and production of further C3b 
which either binds a surface or remains 
fluid phase. Each newly produced C3b can 
in turn form a convertase, which cleaves 
C3, resulting in exponential production of 
C3b. This self- propagation, referred to as 
the ‘amplification loop’ and indicated here 
in red, is responsible for amplifying a small 
trigger to yield large responses. C3b 
formed through any activation pathway 
feeds into the amplification loop. Binding of 
C3b to C3 conver tase creates C5 
convertase; cleavage of C5 and generation 
of C5b marks the start of the terminal 
pathway. C6 and C7 bind C5b to form 
C5b67, which is released from convertase, 
binds membrane and incorporates C8 and 
multiple C9 molecules to form the MAC. 
Self tissues are protected from accidental 
complement damage by regulatory proteins 
present in plasma and on membranes, 
indicated by maroon boxes. Note the 
abundance of regulators which control the 
amplification loop and C3 convertases.

 Complement activation and regulation! Trends in 
Immunology 2012, 

Vol. 33, No. 10



Scheme of the membrane bound and soluble complement 
regulators acting on different stages of the complement 

cascade!

Mol Med. 2011 Mar-Apr;17(3-4):317-29.
New insights of an old defense system: structure, function, and clinical relevance of the complement system.

Ehrnthaller C, Ignatius A, Gebhard F, Huber-Lang M.



Scheme of diseases in which complement has a major 
impact!

Mol Med. 2011 Mar-Apr;17(3-4):317-29.
New insights of an old defense system: structure, function, and clinical relevance of the complement system.

Ehrnthaller C, Ignatius A, Gebhard F, Huber-Lang M.

ALS , amyot roph ic 
lateral sclerosis; ALI, 
acute lung injury; 
A R D S , a d u l t 
respiratory distress 
syndrome; MPGN, 
membranoproliferative 
glomerulonephritis; 
SLE, systemic lupus 
erythematosus; aHUS, 
atypical hemolyt ic 
uremic syndrome; 
MODS, multiple organ 
d y s f u n c t i o n 
syndrome.



Therapeutic regulators of C!

Clin Immunol. 2015 Sep 1;161(2):
225-240. 

Applying complement therapeutics to 
rare diseases.

Reis ES, Mastellos DC, Yancopoulou 
D, Risitano AM, Ricklin D, Lambris JD.
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The benefits and risks of complement!
Complement activation has multiple effects, which can either benefit OR be 

detrimental to the host and possibly lead to pathology!



Hemolytic assay or CH50 (or AH50)! 
CH50: 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. 

Spectrophotometric measurement of the hemoglobin release. 

Correlation between hemoglobin released, 
percentage of hemolysis, and quantity of Complement.

Laboratory evaluation of Complement! 
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The CH50 reduction correlated with the reduction of the levels of C3!

It is observed reduction of complement by:

1. Consumption of C for the formation of immune-complexes;

2. Decreased synthesis of C;

3. Increased catabolism of C.



64 CHAPTER 3 Autoimmune Disorders Involving the Connective Tissue and Immunodefi ciency Diseases 

plasminogen pathways. Th is results in generation of bradykinin that causes angioedema. Lack 
of C1 inhibitor causes C4 consumption even in the basal state so that C4 is always low. In HAE 
patients with angioedema, C2 is also decreased. C3 is normal as this activation occurs in the fl uid 
phase. Factor I defi ciency is associated with recurrent infections, and factor H defi ciency with 
hemolytic uremic syndrome and age-related macular degeneration. Defi ciency of membrane in-
hibitors such as decay accelerating factor (DAF or CD55) and homologous restriction factor 
(HRF or CD 59) causes paroxysmal nocturnal hemoglobinuria.

Diagnosis
Th e traditional method to measure the functional integrity of the complement cascade was to 
measure the ability of this system to hemolyze antibody-coated sheep red cells in a hemolytic 
assay. In this test, the result is reported as titer or the concentration of serum that supports 50% 
hemolysis in the S-shaped titration curve. Serum depleted of complement due to consumption 
by immune complexes and serum that is congenitally defi cient in complement proteins yield low 

TABLE 3–14 Patterns of Complement Activation

Pattern of 
Activation CH50 C4 C3 Factor B

Conditions with 
Activation Pattern

Classic Decreased Decreased Decreased No change SLE, SS, RA, and 
cryoglobulinemia

Alternative Decreased  No change Decreased Decreased Endotoxemia; type 
II MPGN

Classical and 
alternative

Decreased Decreased Decreased Decreased SLE, shock, and 
immune complex 
diseases

Fluid phase 
activation—
classical

Decreased Decreased No change No change Hereditary 
angioedema; 
malarial infection (P. 
vivax)

Acute phase 
pattern

Signifi cantly 
increased

Signifi cantly 
increased

Signifi cantly 
increased

Signifi cantly 
increase

Acute and chronic 
infl ammation; 
pregnancy

SLE, systemic lupus erythematosus; SS, Sjogren syndrome; RA, rheumatoid arthritis; MPGN, membranoproliferative 
glomerularnephritis.

FIGURE 3–3 Classifi cation of severe combined immunodefi ciency (SCID).
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The CH50 modulation correlated with the levels of C3!
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• The LPS binding protein or LBP was identified in 1990 and 
is present in serum at a concentration of less 
than 0.5 μγ/ml but which reaches 50 μγ/ml at 
24 hours during an APR. 

• It is a 60 kDa protein synthesized by hepatocytes, has 
binding sites for the lipid A of LPS, which binds with high 
affinity to CD14 and transports of phagocytes to the 
subsequent binding with TLR4 and activation of the 
production of inflammatory cytokines. 

• Although deficits have not been found in humans, the 
importance of LBP is underscored by the fact that 
knockout mice (KO) to LPB are much more susceptible to 
Salmonella infections.

The LPS binding protein or LBP
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TLR 3

TRIF MyD88

TRAF6
TAK1-TAB1/2

TBK1

IKKε RIP1

IKKα/β/γ

MKK

IKKα/β/γ

TRAF6
TAK1-TAB1/2

MAPK
ERK, JNK, p38

IRF-3
NF-κB

THE LBP IS INVOLVED IN TRL-INITIATED 
SIGNAL TRANSDUCTION PATHWAYS!

NF-κB

cytokine and chemokine production
costimulatory molecule expression

TRAM

Mal
Mal

TLR 4 TLR2



The major positive APP, their producers and their 
ligands!!!



Proteins of the coagulation system 
and fibrinolysis:

fibrinogen, plasminogen, tissue plasminogen 
activator, Protein S.
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 Fibrinogen levels become elevated in acute phase!



Fibrinogen is the most abundant plasma contains from 100 to 400 mg/dl. With 
an overall molecular weight of 340 kDa, fibrinogen is a dimer composed of 
three pairs of peptide chains (A-α, β  and gamma-B) linked by disulfide 
bridges, multiple proximate to the N-terminal. 
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• Fibrinogen levels increase during pregnancy and the use of contraceptives. 

• Low levels generally indicate an extensive activation of coagulation with 
consumption of fibrinogen. 
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relative alteration of coagulation and bleeding diathesis, others with an 
increased tendency to thrombosis.

Fibrinogen!

 Fibrinogen levels become elevated in acute phase!
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Erythrocyte Sedimentation Rate
• The ESR measures the rate at which erythrocytes fall or settle in the plasma of a 

randomly drawn anticoagulated blood specimen over a specified period of time 
(usually 60 minutes) in millimeters (mm)/ hour; however, newer methods 
involving centrifugation can generate results in approximately 5 minutes. This 
phenomenon was first observed by Edmund Faustyn Biernacki, who found that the 
rate at which blood settled varied among individuals and that red blood cells 
(RBCs) settled more quickly in the presence of increased levels of fibrinogen. 
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promotes falling and increases the ESR; however, RBCs are negatively charged and 
tend to repelone another. Thus, the presence of positively charged, large, 
asymmetric acute phase proteins such as fibrinogen and immunoglobulins 
increases the ESR. The rate of erythrocyte settlement can be influenced by a wide 
variety of immune and nonimmune factors, including alterations of the quality and 
quantity of the RBCs, as well as changes in the normal patterns and amounts of 
various plasma proteins. 
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Erythrocyte sedimentation rate

Expense: Low Manual or semi-automated

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

Plasma layer

Distance
sedimented
in mm/hr is
erythrocyte
sedimentation rate

RBC Layer

Whole blood placed
in a cylindrical vessel

with markings to
assess column height

RBC allowed to sediment
undisturbed within
cylindrical vessel

FIGURE 2–16
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 F i b r i n o g e n l e v e l s 
become e levated in 
acute phase up to values 
of occasional over 1.0 g/
dL. In this case also 
b e c o m e s m a r k e d l y 
elevated the erythrocyte 
s e d i m e n t a t i o n r a t e 
(ESR): it is believed that 
60-70 % of the increase 
of ESR is due to the 
fibrinogen neutralizing 
effect on the sialic acid 
residues of red blood 
cells that are known to 
inhibit the erythrocyte 
aggregation!

Fibrinogen and erythrocyte sedimentation rate (ESR) or VES!



Antiproteases:

 α1-antitrypsin (AAT) and the α1-anti-
chymotrypsin.
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collagenases, are produced predominantly by leukocytes in 
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cells. The AAT is able to neutralize these proteases, which 
may cause tissue damage, and from this derives its 
physiological function of homeostatic control of 
endogenous proteolysis in the body.
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• ATT function is very important and it was revealed by the discovery 
that the serum of some young adults with pulmonary emphysema 
and cirrhosis of the children was deficient AAT. 

• The majority of individuals are homozygous for M, the functional 
allele of the AAT, and has the MM phenotype. About l0% of the 
Caucasian population is heterozygous for M and other alleles of ATT, 
as the PiZ. More than 2% are carriers of the allele PiZ and has the 
MZ phenotype.  Although these individuals are asymptomatic, their 
descendants ZZ are susceptible to lung disease or liver disease. 

• The serum protein electrophoresis can be used for screening for 
AAT deficiency, but it is necessary to perform confirmatory testing 
complex, such as trypsin inhibitory capacity (TIC), so the phenotype 
seeking to cross electrophoresis or isoelectric focusing in order to 
exclude the presence of some other allele as PiS or PiF that migrates 
differently. The ZZ phenotype ICT has a very low which corresponds 
to very low concentrations of AAT. It is essential that such persons 
should avoid cigarette smoke, as this activates alveolar macrophages 
to release proteases.

α1-antitrypsin (AAT) deficits!
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APP.  



α1-anti-chymotrypsin!

AAC is not only highly specific for chymotrypsin, a 
protease that breaks the peptide bonds at the carboxyl 
site of tyrosine and phenylalanine, but it is the only 
APP.  



α1-anti-chymotrypsin!

AAC is not only highly specific for chymotrypsin, a 
protease that breaks the peptide bonds at the carboxyl 
site of tyrosine and phenylalanine, but it is the only 
APP.  



α1-anti-chymotrypsin!

AAC is not only highly specific for chymotrypsin, a 
protease that breaks the peptide bonds at the carboxyl 
site of tyrosine and phenylalanine, but it is the only 
APP.  

AAC, which has a molecular weight of 68 kDa with 
approximately 25% of the carbohydrate content and a 
normal serum concentration from 40 to 60 mg/dL, can 
rapidly increase up to five times during and for the 
duration of inflammation.



Transport proteins:

ceruloplasmin, haptoglobin and hemopexin.
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• Ceruloplasmin consists of a single polypeptide chain, can bind six atoms of copper, 

which give a blue color to the protein and " in vitro " activity manifests oxidase. 
Although at birth is lower, its serum level ranges from 20 to 40 
mg/dL in young adults, increasing to twice in the treatment of 
contraception and pregnancy or as an acute-phase reactive. 
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which give a blue color to the protein and " in vitro " activity manifests oxidase. 
Although at birth is lower, its serum level ranges from 20 to 40 
mg/dL in young adults, increasing to twice in the treatment of 
contraception and pregnancy or as an acute-phase reactive. 

• Ceruloplasmin is a glycoprotein essential for the body to transport 
the copper and for the removal of iron from the tissues through 
the activity of the enzyme ferroxidase. 

• The aceruloplasminemia is a genetic disease with an autosomal recessive trait 
caused by a mutation of a gene located on chromosome 3. Unlike Wilson's disease, 
transmitted in an autosomal recessive and caused by mutations in the ATP7B gene 
coding for ATPase that controls the transport of copper into the bile and its 
incorporation in the enzyme ferroxidase, there are no apparent defects in the 
metabolism of copper but, due to the excessive accumulation of iron in the tissues, 
the damage is localized mainly at the level of the pancreas, liver and nervous tissue.



Hemopexin!

The hemopexin binds heme released after haemoglobulin 
degradation. In this way the small molecule porphyrin, with its 
iron atom, is protected in respect of excretion, preserving the 
organic deposit of iron. 
The normal serum concentration is from 50 to 
120 mg/dl.
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and protein reserves. The hemoglobin - haptoglobin complexes are removed by 
macrophages in the liver and spleen of the reticuloendothelial system to ensure the 
recovery of the heme-iron. Therefore, the physiological function of haptoglobin is 
mainly to allow the recovery of iron when red blood cells, at the end of their life in 
the circulation are destroyed (hemolysis saline). 
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• The mean serum HTG concentration is (2.5 +/- 1.2 g/L).

• It binds hemoglobin released by lysis of erythrocytes in order to preserve the iron 
and protein reserves. The hemoglobin - haptoglobin complexes are removed by 
macrophages in the liver and spleen of the reticuloendothelial system to ensure the 
recovery of the heme-iron. Therefore, the physiological function of haptoglobin is 
mainly to allow the recovery of iron when red blood cells, at the end of their life in 
the circulation are destroyed (hemolysis saline). 

• In normal conditions the concentration of haptoglobin in the circulation is the result 
of the balance between its synthesis in the liver and its elimination.

• The concentration of haptoglobin is therefore inversely 
proportional to the extent of hemolysis. The serum haptoglobin also 
increases in response to stress, infection, acute inflammation, tissue necrosis. In 
simultaneous presence of inflammation and hemolysis, the concentration of 
haptoglobin is more difficult to interpret.



New APP that can be used as a 
marker of systemic or localized 

inflammation:
α1-acid glycoprotein, soluble CD14 or 
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binding proteins and procalcitonin!
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α1-acid glycoprotein!
The α-1 acid glycoprotein (AGP) or Orosomucoid 
(ORM) is a protein with a molecular weight of 41-43 
kDa and glycosylated (45%).

AGP serum concentrations are between 
0.6-1.2 mg/mL and increase considerably in 
the case of acute phase inflammatory 
response.

it is known as the primary carrier of basic drugs (whereas 
albumin carries acidic drugs), steroids, and protease 
inhibitors.

Its biological role is not clear in vivo, but appears to have 
several effects in inflammation.



α1-Acid glycoprotein: an acute phase protein with inflammatory and immunomodulating properties!

 Overview of 
effects of 
AGP on 

lymphocytes, 
platelets, 

mononuclear 
cells and 

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

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

• If it was initially postulated that the sCD14 was released to 
desensitize monocytes-macrophages and to limit their 
production of inflammatory cytokines. Recently, it has been 
detected its presence in breast milk, where it seems that 
enhances the differentiation of B lymphocytes. Plasma levels of 
sCD14 are predictive of mortality in patients with HIV infection.



Soluble CD14 or CD14S HELP ENDOTHELIUM TO PRODUCE 
INFLAMMATORY CYTOKINES AND CHEMOKINES!

MONOCYTES ENDOTHELIUM



Clin Chem Lab Med. 2014 May 15. 
Presepsin as a potential marker for bacterial infection relapse 

in critical care patients. A preliminary study.
Sargentini V, Ceccarelli G, D'Alessandro M, Collepardo D, Morelli A, D'Egidio 
A, Mariotti S, Nicoletti AM, Evangelista B, D'Ettorre G, Angeloni A, Venditti 

M, Bachetoni A.

Systemic bacterial infection carries a high risk of mortality in critical care patients. 
Improvements in diagnostic procedures are required for effective management of sepsis. 
Recently, the soluble CD14 subtype, or presepsin, has been suggested as a 
reliable marker of sepsis, and we set out to compare its diagnostic performance with 
that of procalcitonin (PCT). We focused on a cohort of septic patients who, during their 
hospitalization, relapsed after a period of clinical relief from symptoms. 
Methods: In total 21 adult patients were studied during their hospitalization in the Critical Care 
Unit of Policlinico Umberto I hospital; 74 plasma samples were collected at multiple time 
points, and presepsin levels were measured using a PATHFAST® analyzer. 
Results: Presepsin and PCT were significantly lower in healthy controls than in sepsis or severe 
sepsis (p<0.001), both enabled a significant difference to be detected between systemic 
inflammatory response syndrome (SIRS) and severe sepsis (p<0.05). The area under the curve 
(AUC) calculated from the receiver operating characteristic (ROC) curve analysis was 0.888 
for presepsin and 0.910 for PCT. In those patients in whom a clinical recurrence of 
sepsis was observed, while PCT levels normalized during the transient 
remission phase, presepsin levels (>1000 pg/mL) remained high. 
Conclusions: This study confirms the importance of monitoring a combination of several 
biomarkers in order to obtain a reliable diagnosis. Maximal presepsin levels could alert 
clinicians not to suspend antibiotic treatments and to carefully monitor 
septic patients' state of health, even after clinical symptoms have 
disappeared and PCT levels returned to normal.



Intensive Care Med. 2014 Oct 16. 
Circulating presepsin (soluble CD14 subtype) as a marker of host response 
in patients with severe sepsis or septic shock: data from the multicenter, 

randomized ALBIOS trial.
Masson S1, Caironi P, Fanizza C, Thomae R, Bernasconi R, Noto A, Oggioni R, Pasetti GS, Romero M, Tognoni G, 

Latini R, Gattinoni L.

PURPOSE:
Presepsin is a soluble fragment of the cluster-of-differentiation marker protein 14 (CD14) involved in pathogen recognition by 
innate immunity. We evaluated the relation between its circulating concentration, host response, appropriateness of antibiotic 
therapy, and mortality in patients with severe sepsis.

METHODS:
Plasma presepsin was measured 1, 2, and 7 days after enrollment of 997 patients with severe sepsis or septic shock in the 
multicenter Albumin Italian Outcome Sepsis (ALBIOS) trial. They were randomized to albumin or crystalloids. We tested with 
univariate and adjusted models the association of single measurements of presepsin or changes over time with clinical events, 
organ dysfunctions, appropriateness of antibiotic therapy, and ICU or 90-day mortality.

RESULTS:
Presepsin concentration at baseline (946 [492-1,887] ng/L) increased with the SOFA score, the number of prevalent organ 
dysfunctions or failures, and the incidence of new failures of the respiratory, coagulation, liver, and kidney systems. The 
concentration decreased in ICU over 7 days in patients with negative blood cultures, and in those with positive blood cultures 
and appropriate antibiotic therapy; it increased with inappropriate antibiotic therapy (p = 0.0009). Baseline presepsin was 
independently associated with, and correctly reclassified, the risk of ICU and 90-day mortality. Increasing concentrations of 
presepsin from day 1 to day 2 predicted higher ICU and 90-day mortality (adjusted p < 0.0001 and 0.01, respectively). Albumin 
had no effect on presepsin concentration.

CONCLUSIONS:
Presepsin is an early predictor of host response and mortality in septic 
patients. Changes in concentrations over time seem to reflect the 
appropriateness of antibiotic therapy.
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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 controlled trials.

RESULTS: Compared with other markers, presepsin seems to 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 specifi city 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.
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  INTRODUCTION 
Sepsis is a potentially fatal whole-body infl ammation 

(a systemic inflammatory response syndrome or SIRS) 
caused by severe infection.[1] Its clinical manifestations 
vary with a rapid progression. As a costly disease, sepsis 
not only lowers patient’s living quality, but also increases 
the mortality signifi cantly. 

Sepsis causes millions of deaths globally each year.[2]

In the United States, sepsis affects approximately 3 per 
1 000 people,[3] and severe sepsis contributes to more 
than 200 000 deaths each year.[4] Sepsis occurs in 1%–2% 
of all hospitalized patients and accounts for as much as 
25% of ICU cases. Consensus on the treatment of sepsis 
indicates that early anti-infection treatment should be 
given before comprehensive treatment. However, due 
to the existence of non-infectious SIRS in many critical 
patients, how to differentiate sepsis from SIRS at the early 
stage has become a hot topic for many years. There are 
many reported biological markers such as procalcitonin 
(PCT), interleukins, pro-vasopressin, C-reactive protein 
(CRP) and myeloid cells expressing triggering receptor-1 

(TREM-1).[5–8] The studies of these biomarkers on 
sepsis concerning the diagnosis, assessment, antibiotic 
treatment, and prognosis have attracted extensive 
attention from researchers. Except PCT, however, the 
clinical values of the other biomarkers are still uncertain 
or controversial. In 2004, a new biomarker sCD14-
subtypes (presepsin) was found[9] and its value was shown 
in the diagnosis and evaluation of sepsis. This article will 
give a brief overview of this new biomarker.

 

BIOLOGICAL CHARACTERISTICS 
OF PRESEPSIN 

CD14 is the receptor of lipopolysaccharide-lipopoly-
saccharide binding protein (LPS-LBP) complexes. With 
the help of thinositol lipid structure, the carboxyl terminus 
of the molecule anchors in cell membrane and transducts 
the endotoxin signal through the Toll-like receptor-4.[10] 
A series of downstream tyrosine protein kinases and 
mitogen-activated protein kinase are gradually activated 
including the nuclear transcription factor NF-κB, thus 
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• The first member of the S100 family of proteins, which are part of the larger group of 
calcium-binding proteins, was isolated in 1965.

• The S100 proteins comprise the group of calgranulins, are pro-inflammatory molecules 
expressed and secreted by phagocytes. The three members of this group, S100A8, S100A9 
and S100A12 are over -expressed at the site of inflammation.

• The heterodimer of S100A8 and S100A9, known as " leukocyte protein L1”, is now still 
called calprotectin by some research groups. 

• Both the complex S100A8/S100A9 that S100A12 are useful diagnostic factors of 
inflammation especially in the case of arthritis, chronic inflammation of the lungs and 
intestinal diseases. 

• They are index of activation of phagocytes more than any other parameter of inflammation. 
These proteins are able to detect minimal residual levels of inflammation and can be 
predictive for the prognosis of the patient.
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Phagocyte-specific calcium-binding S100 proteins as clinical laboratory markers of inflammation. 
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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.

Fecal calprotectin (FC) has been proposed as a useful 
and non-invasive marker of acute intestinal 

inflammation.
AIM:
We summarize recent evidences on FC, providing practical perspectives on its 
diagnostic and prognostic role in different gastrointestinal conditions.

RESULTS:
Most of relevant data derived from studies on inflammatory bowel disease 
(IBD). FC concentrations (FCCs) showed a good diagnostic precision for 
separating organic and functional intestinal diseases and well correlated with 
IBD activity. FCCs were higher in subjects with NSAID enteropathy, but the 
actual correlation between FC and endoscopy is under investigation.

CONCLUSIONS:
FC has been widely proposed as a filter to avoid unnecessary endoscopies. 
Nevertheless, it should not be considered as a marker of organic intestinal 
disease at all; rather it represents a marker of "neutrophilic intestinal 
inflammation". In IBD, more and larger studies are needed to confirm FC's 
capacity to correlate with IBD extent, to predict response to therapy and 
relapse, and the presence of a subclinical intestinal inflammation in 
asymptomatic first-degree relatives of patients.
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Calprest
CHE COS'E' CALPREST
Calprest è il test immunoenzimatico di
Eurospital che consente di verificare, in
modo accurato e non invasivo, la presenza
di uno stato infiammatorio a carico del
tratto intestinale.
Calprest permette di effettuare una
diagnosi differenziale fra patologie di tipo 
organico (Malattie Infiammatorie
Croniche Intestinali - MICI, note anche
come Inflammatory Bowel Disease - IBD) e
di tipo funzionale (Sindrome dell'Intestino
Irritabile - SII, Irritable Bowel Syndrome -
IBS). Se Calprest fornisce un risultato
negativo, si può, con quasi assoluta
certezza, escludere un'infiammazione a
carico della mucosa intestinale.

UN TEST SEMPLICE E ACCURATO
Fino ad oggi, per valutare lo stato infiammatorio della mucosa intestinale era necessario ricorrere ad
esami invasivi (colonscopia e conseguente esame istologico). Di recente, però, ha trovato sempre più
credito l'uso di marcatori non invasivi: tra questi, uno dei più attendibili e sicuri è rappresentato dalla
determinazione della concentrazione fecale della calprotectina, una proteina antimicrobica presente
nei neutrofili che, in presenza di processi infiammatori a carico dell'intestino, viene rilasciata nel lume
intestinale e pertanto può essere rilevata nelle feci.
Il principio diagnostico di Calprest si basa sulla determinazione quantitativa nelle feci della
calprotectina: nei pazienti affetti da Malattie Infiammatorie Croniche Intestinali il livello di
calprotectina è infatti generalmente molto elevato. Nei soggetti con Sindrome dell'Intestino
Irritabile (IBS) il livello di calprotectina è invece decisamente inferiore a quello riscontrato nei
pazienti con malattia attiva, talvolta superiore al limite di riferimento ma in ogni caso sempre
superiore rispetto a quello rilevabile nei soggetti sani.
Calprest permette di utilizzare questo marcatore per selezionare i pazienti con infiammazione da
avviare a ulteriori esami e risulta in tal senso maggiormente accurato rispetto ai normali test
biochimici (VES, PCR).

SENSIBILITA' E SPECIFICITA'
La determinazione della calprotectina fecale viene impiegata per la diagnosi differenziale tra IBD ed
IBS grazie al suo elevato valore predittivo negativo che permette di escludere un'eventuale patologia
organica.

INTERPRETAZIONE DEI RISULTATI
I campioni con una concentrazione di calprotectina superiore a 50 mg calprotectina/kg devono
essere considerati positivi al test. Nei soggetti adulti sani il valore medio della calprotectina è di 25
mg calprotectina/kg.
Un risultato positivo di Calprest è indice di infiammazione intestinale e permette di selezionare con
sicurezza i pazienti da avviare a ulteriori indagini diagnostiche.
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Among S100 proteins,  the S100P is a novel 
marker and therapeutic target for cancer!

Amino Acids
October 2011, Volume 41, Issue 4, pp 893–899 

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 
including small molecules and antagonist peptides. 

https://link.springer.com/journal/726
https://link.springer.com/journal/726/41/4/page/1


Am J Cancer Res. 2014 Mar 1;4(2):89-115

S100 protein family in human cancer! 
Chen H, Xu C, Jin Q, Liu Z. S100 protein family has been 

implicated in multiple stages of 
tumorigenesis and progression. 
Among the S100 genes, 22 are 
clustered at chromosome locus 
1 q 2 1 , a r e g i o n f r e q u e n t l y 
rearranged in cancers. S100 
protein possesses a wide range of 
intracellular and extracellular 
functions such as regulation of 
c a l c i u m h o m e o s t a s i s , c e l l 
proliferation, apoptosis, cell 
invasion and motility, cytoskeleton 
i n t e r a c t i o n s , p r o t e i n 
phosphorylation, regulation of 
t r a n s c r i p t i o n a l f a c t o r s , 
a u t o i m m u n i t y, c h e m o t a x i s , 
inflammation and pluripotency. 
Many lines of evidence suggest 
that altered expression of S100 
proteins was associated with 
tumor progression and prognosis. 
Therefore, S100 proteins might 
also represent potential tumor 
b iomarkers and therapeut ic 
targets.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24660101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24660101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24660101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24660101
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Procalcitonin!

• The procalcitonin, or PCT, a precursor of calcitonin identified in 
1975, is produced by the C cells of the thyroid gland and released 
into the circulation in normal plasma levels of about 5-50pg/ml. 

• In the course of inflammation is produced by the liver and PMNs 
and is a useful diagnostic marker of severe bacterial infections, but 
not viral infections and its measurement may be useful to 
discriminate infectious SIRS from non-infectious SIRS, because 
PCT levels increase in meningitis patients with bacterial infections, 
and are around 2.4 ng/ml in patients with pneumonia without 
sepsis and 31 ng/ml in patients with pneumonia and sepsis. 

• In sick infants, PCT appears to be a good indicator of early onset 
and late onset sepsis.

• PCT can also be used to distinguish between septic ARDS and 
ARDS not septic. Because of these characteristics, the PCT is 
currently used in intensive care in the early diagnosis and 
monitoring of sepsis.
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• Electrophoresis is the diagnostic tool for the 
detection of APP. 

• They can also be detected by ELISA, nephelometry, 
and immunoturbidimetry radioimmunoassay and 
molecular biology. 

• Technical problems with the testing of APP include 
changes in the concentrations of APP observed with 
the use of different anticoagulants and in the 
presence of hemolysis and lipemia. 

• Although APP are considered to be stable at -20 °C, 
the long term storage at -70 °C is recommended.

Laboratory evaluation of APP!
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PEP and NEPHELOMETRY in the 
Laboratory evaluation of APP!14 CHAPTER 2 Methods

Protein electrophoresis (PEP)

Expense: Moderate Semi-automated

Area of gel:

During electrophoresis,
proteins migrate within
gel to different locations

Sample placed
onto agarose gel

+–

Beta 1

Beta 2 Alpha 2

Alpha 1

Bands of proteins are generated by
electrophoresis and made visible

by staining the gel

Gamma Albumin

Broad band of IgG
immunoglobulins

Prominent
albumin
band

Other proteins

Normal
serum

Serum
from patient

Monoclonal
protein

Sample can be:
Serum for SPEP analysis
Urine for UPEP analysis
Cerebrospinal fluid (CSF)

Urine and CSF are usually
concentrated prior to
testing to increase the
concentration of proteins
in sample

A sample with an additional monoclonal
protein, which can appear in multiple
myeloma, for example, shows a dense
band of protein not present in a sample
from a healthy individual

FIGURE 2–2
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PEP and NEPHELOMETRY in the 
Laboratory evaluation of APP! 17  CHAPTER 2 Methods

Nephelometry for quantitation of selected
proteins and other compounds

Expense: Moderate Semi-automated

Antibody to the
compound is the
reagent added to
the sample

Antigen is compound
being measured

Sample of any body fluid is
incubated with an antibody
to the compound being
measured 

When the compound is
present, antigen–antibody
complexes form

The amount of scattered
light is proportional to the
amount of compound being
measured

Antigen–antibody complexes
scatter light from a beam
of light shown through the
sample

FIGURE 2–5
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SIGNALLING!

THE SOLUBLE, CYTOPLASMIC AND MEMBRANE DAMAGE 
RECEPTORS OF NATURAL IMMUNITY AND INFLAMMATION!



THE APP POSITIVE AS THE SOLUBLE 
DAMAGE RECEPTORS  

CAN COOPERATE WITH THE 
CYTOPLASMIC AND MEMBRANE 

RECEPTORS  
TO ACTIVATE  

THE TRANSCRIPTIONAL 
PROGRAM  OF NATURAL IMMUNITY 

AND INFLAMMATION!



THE TRANSCRIPTIONAL PROGRAM   
OF NATURAL IMMUNITY AND INFLAMMATION  

INVOLVE  
NFKB AND MAPK ACTIVATION!
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THE TRANSCRIPTIONAL 
PROGRAM  OF NATURAL IMMUNITY AND 

INFLAMMATION  
CONTROLS 

EXPRESSION AND PRODUCTION OF 
MOLECULES INVOLVED IN MULTIPLE 

FUNCTIONS SUCH AS: 

F 



…THE BIOLOGY OF INFLAMMATORY AND IMMUNE CELLS   
WHICH DEGRANULATE..... 

Monocytes/
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SENSING
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.....or phagoptosis.... 
 RECENTLY IT HAS BEEN DEMOMSTRATED THAT A TYPE OF 

PHAGOCYTOSIS, CALLED PHAGOPTOSIS, ELIMINATES ALSO CELLS 
ALIVE! 

This term is created by combining phago-, which is derived from the ancient Greek ‘phagein’ 
meaning to devour, and -ptosis, which is from the ancient Greek ‘ptosis’ meaning to fall; used here 
with the connotation of dying; therefore, phagoptosis would connote ‘devouring-induced death’ or 
‘death caused by being devoured’. 

‘Eat-me’ signalling! Don’t eat-me’ signalling!



competent in binding PS and phagocytosing such cells. For
example, galectins induce PS exposure on the surface of
activated neutrophils, which is fully reversible if the galec-
tin is removed and does not lead to autonomous cell death
[13]. However, if competent macrophages are present at
the time of PS exposure then the neutrophil is phagocy-
tised and killed [8,9,14,15].

Blood cells such as neutrophils, platelets, monocytes
and lymphocytes are activated by pathogens, damage or
antigens. This activation is accompanied by PS exposure
on the surface of the activated but viable cells [8,10,11]. PS
is also exposed during differentiation of reticulocytes,
monocytes, B cells and skeletal muscle [8,30]. PS exposure
on viable cells has been proposed to regulate diverse
processes including cellular trafficking, fusion and adhe-
sion [10,11]. However, because PS exposure promotes the
phagocytosis of these cells, it might also function to limit
the lifetime of the activated state. This might be particu-
larly important in the blood because PS exposure is throm-
bogenic, catalysing blood clotting, and thus such cells need
to be cleared as rapidly as possible.

PS recognition by macrophages depends on a range of
different receptors, which vary with activation state
(Figure 2). For example, resting macrophages express
the PS receptors Tim4 (T-cell immunoglobulin- and mu-
cin-domain-containing molecule), stabilin-1, stabilin-2 and

BAI1 (Brain-specific angiogenesis inhibitor 1) [21,31,32].
By contrast, activated macrophages upregulate the key
PS-binding protein MFG-E8 (milk fat globule EGF-like
factor-8, also known as lactadherin, SED1) and its receptor
(the vitronectin receptor, an avb3/5 integrin), and the Mer
receptor tyrosine kinase (MerTK), which recognises PS or
other eat-me signals through the bridging molecules Gas-6
(Growth arrest-specific 6), protein S, galectin-3, tubby and
Tulp1 (Tubby-related protein 1) [1]. The PS-binding pro-
tein annexin (Anx)A1 is released by activated neutrophils
and macrophages, and mediates phagocytosis of activated
neutrophils by binding both PS on their surface and formyl
peptide receptors on bone marrow-derived macrophages
[14,33].

Whether exposure of PS by itself is sufficient for rec-
ognition and removal depends on the cell type and con-
ditions. Addition of purified PS to three different cell lines
results in a transient elevation of PS on the surface of
viable cells, which promotes their phagocytosis, but once
the PS has been internalised, there is no further phago-
cytosis and the cells remain viable [3]. However, consti-
tutive PS-exposure on lymphoma cells (induced by
overexpression of the scramblase TMEM16F) is insuffi-
cient for phagocytosis [22]. Surface exposure of PS can be
insufficient for phagocytosis either because the cells dis-
play ‘don’t-eat-me’ signals, or because some cells require

Box 1. What are the major physiological forms of cell death?

Three main types of cell death have been distinguished: apoptotic,
autophagic and necrotic [67]. Apoptosis is mediated by caspases and/
or Bcl-2 homologous proteins such as Bax and Bak; autophagy is
mediated by autophagic vesicles delivered into lysosomes; and
necrosis is mediated by rupture of the plasma membrane. However,
apoptosis, autophagy and necrosis can occur before, during or after
death commitment without being the cause of death. Thus, it is useful
to distinguish between autophagy and autophagic cell death, the
latter being cell death caused by autophagy; and between primary
necrosis and secondary necrosis, the former being cell death caused
by necrosis and the latter being necrosis caused by some other form
of cell death. Similarly, primary phagocytosis (i.e. phagoptosis) is cell
death caused by phagocytosis, whereas secondary phagocytosis is
phagocytosis caused by some other form of cell death. Apoptotic
processes, including activation of caspases and proapoptotic Bcl-2
homologous proteins, can occur in the absence of cell death, or
secondarily to some other form of cell death [54]. Thus, it is important
to define apoptotic cell death as cell death that is preventable by
inhibition of caspases, knockout of Bax and Bak and/or overexpres-
sion of anti-apoptotic Bcl-2 homologous proteins. However, in C.
elegans, developmentally programmed death of certain cells can be
prevented by inhibiting either apoptosis or phagocytosis [34,35].
Thus, in certain conditions, a low level of apoptosis might be
insufficient to cause cell death by itself, but cause sufficient exposure
of ‘eat-me’ signals to cause phagoptosis [62]. Increasing levels of
cellular stress might cause: adaptation, phagoptosis, apoptosis and
necrosis, respectively (Figure 4).

The relative amounts of different forms of cell death are hard to
quantify. However, mice lacking key components of apoptosis can
develop almost normally and have normal cell turnover and organ
functions [50,68], with a couple of exceptions: there is an expansion in
the T and B cell populations, particularly memory cells, and
expansion of a subset of periventricular neurons derived from neural
stem/progenitor cells, but only in the Bax/Bak double knockout mice
[50]. These cell populations expand with age, indicating that
apoptosis contributes to their turnover (but not that of any other
cells). T cell and B cell turnover in humans is about 1000 and 500 cells
per second, respectively, and turnover is faster in memory cells than

in naı̈ve cells [69,70]. Turnover of neural progenitors in the adult brain
is likely to be lower than this (as total estimated neurogenesis is less
than 1 cell per second), so the overall contribution of apoptosis to
physiological turnover is estimated to be about 103 cells per day.

The rate of cornification of keratinocytes is about 40 000 per second
in humans [71,72]. Cornification is a unique mechanism of cell death,
unrelated to any other, and is mediated in part by transglutaminases
and nonapoptotic caspase-14 [67,68,72]. The intestinal epithelium is
shed by a variety of mechanisms at a rate of about 80 000 cells per
second in humans [68]. Much of this death probably occurs after
shedding from the epithelial layer into the gut, but part of the death
occurs prior to shedding, and part of this appears to be necrotic. This
is the highest known contribution of necrosis to physiological cell
death/turnover, therefore, we can estimate this contribution as in the
order of 104 cells per second. There is no known contribution of
autophagic cell death to physiological turnover of cells. The highest
known rates of cell death/turnover in the body are for erythrocytes
and neutrophils: 2!106 and 0.5!106–2!106 cells per second respec-
tively in humans [2,44]. This turnover appears to be due to
phagoptosis, therefore, this is apparently by far the most prevalent
physiological form of cell death in the adult human body (Table I).
However, cell death by necrosis, apoptosis and autophagy can
increase during infection and pathology.

Table I. Rough estimates of the physiological rates of cell
turnover by different forms of cell death in humans

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

Phagoptosis Erythrocytes
Neutrophils

2000
500–1000

Shedding Enterocytes 80

Cornification Keratinocytes 40

Necrosis Enterocytes 10

Apoptosis T cells and B cells 1

Autophagy None known

Review Trends in Biochemical Sciences August 2012, Vol. 37, No. 8
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Phagoptosis mediates turnover of erythrocytes, 
neutrophils and other cells, and thus is quantitatively 

one of the main forms of cell death in the body!
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….or NETosis…

Neutrophil Extracellular Traps: an additional 
antibacterial weapon!

DNA



….with particular biochemical pathways leading 
to Neutrophil Extracellular Traps (NET) formation!

After stimulation of receptors (A), neutrophils adhere to the substrate (B) and mobilize 
granule components, namely NE and MPO (C). Granules are depicted as red circles. 
Histones in the nucleus get processed, and the intracellular membranes disintegrate. 
Finally, the cell membrane ruptures, and the mixture of cytoplasm and nucleoplasm gets 
expelled to form NETs (D). 
It has been reported that peptidylarginine deiminase 4 (PAD4), an enzyme that converts 
Arg or monomethyl-Arg to citrulline in histones, is essential for NET formation. The areas 
of extensive chromatin decondensation along the NETs were rich in histone citrullination. 

Front Immunol. 2012;3:307. 
PAD4 mediated histone hypercitrullination induces heterochromatin decondensation and 

chromatin unfolding to form neutrophil extracellular trap-like structures.
Leshner M, Wang S, Lewis C, Zheng H, Chen XA, Santy L, Wang Y.

Department of Biochemistry and Molecular Biology, Center for Eukaryotic Gene 
Regulation, Pennsylvania State University, University Park PA, USA.

http://www.ncbi.nlm.nih.gov/pubmed/23060885#
http://www.ncbi.nlm.nih.gov/pubmed?term=Leshner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
http://www.ncbi.nlm.nih.gov/pubmed?term=Lewis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
http://www.ncbi.nlm.nih.gov/pubmed?term=Zheng%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20XA%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
http://www.ncbi.nlm.nih.gov/pubmed?term=Santy%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23060885
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Neutrophil extracellular traps and their role in the 
development of chronic inflammation and autoimmunity!



The pathogenesis of many autoimmune 
diseases is initially based on a redundant or 
prolonged activation of the innate immune 
system. It was suggested that an excessive 
activation of the innate immunity is often the 
result of a chronic inflammatory process in the 
organism. This inflammation can be induced by 
exogenous and endogenous alarm factors, or 
alarmins. We believe that the recently 
discovered neutrophil extracellular traps, or 
NETs, completely meet the criteria of alarmins. 
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THE LEUCOCYTE MIGRATION IN VIVO!

…….AND MIGRATION……



…AND PRODUCE INFLAMMATION MEDIATORS…. 
Tissue damage leads to the release of inflammatory mediators by activated nociceptors or nonneural cells 
including mast cells, basophils, platelets,macrophages, neutrophils, endothelial cells, keratinocytes, and 
fibroblasts. This “inflammatory soup” of signaling molecules includes histamine, ATP, adenosine, substance 
P, calcitonin-gene related peptide (CGRP), bradykinin, extracellular prostaglandins, thromboxanes, 
leukotrienes, nerve growth factor (NGF), tumor necrosis factor a (TNF-a), interleukin-1β (IL-1β) etc. These 
factors act directly by binding to one or more cell surface receptors, including G protein-coupled receptors 
(GPCR), TRP channels, acid-sensitive ion channels (ASIC), two-pore potassium channels (K2P), and receptor 
tyrosine kinases (RTK).  

Plasma



…SUCH AS  CYTOKINES AND CHEMOKINES.. 



…WHICH CAN HAVE VARIOUS EFFECT… 



…LOCALLY AND SYSTEMICALLY!!!!!! 
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…LOCALLY AND SYSTEMICALLY!!!!!! 



Pathological consequences of 
Systemic Inflammatory response 

(SIRS)
are: 

• Septic shock;

• ARDS;

• Multiple organ dysfunction (MOD) 
and Multiple organ failure (MOF)!



THE SEPTIC SHOCK: endototossic ed esotossic!

• endototossic

• esotossic



THE TOXIC SYSTEMIC EFFECTS of TNFα and IL1β: 
THE SEPTIC SHOCK !

vasodilation 

low cardiac output 

formation of 
thrombi 

intravascular 
coagulation



SEVERE SEPSYS CAN ACTIVATE ALSO ACUTE 
RESPIRATORY DISTRESS SYNDROME (ARDS)!



Dysfunction of the vascular endothelium in severe 
sepsis leads to Multiple organ dysfunction (MOD) and 

Multiple organ failure (MOF)!
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 Humoral and Cellular sensors share fundamental mechanisms 
of effector function: complement activation and regulation, 

opsonization, agglutination, virus neutralization, and regulation 
of inflammation!!!! 

SEQUENCE OF RECRUITMENT OF DAMAGE SOLUBLE 
MEMBRANE AND CYTOPLASMIC RECEPTORS……



 ...........OF NATURAL IMMUNITY AND INFLAMMATION 
UNDER NORMAL CONDITIONS AND SEPSIS!



The humoral and cellular arms of 
innate immunity form an integrated 

system with synergism in 
deciphering pathological patterns 

and regulating the innate and 
inflammatory response!


