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General pathology: Acute inflammation: PAMPs, DAMPs and PRRs
Overview of acute inflammation
-
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Acute inflammation is the process by which a neutrophil is delivered to the site of
infection where it can phagocytose and kill the infecting organism.
There is a well defined process by which this occurs:
• Alarm signal:
 PAMP (pathogen-associated molecular pattern): a compound from the
organism that identifies a foreign presence. It is usually from the cell wall.
 DAMP (damage-associated molecular pattern): a compound that indicates cell
injury. Most important is HMBG1 (an important nuclear organizing protein),
but also ATP, DNA and uric acid.
• Pattern recognition receptor (PRR): these receptors are found on many cells, most
importantly the resident macrophages, antigen presenting cells (APC) and mast
cells.
• Secondary signal
 Macrophages: cytokines (IL-1, IL-6 & TNFα)
 Mast cells: histamine, bradykinin many others…
• Endothelial cells: trapping of circulating neutrophils
 Vasodilation
 Slow rolling
 Adhesion
• Neutrophil diapedesis: chemokine gradient and anaphylotoxins
 Phagocytosis:
• Exudate and opsonins
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Pathogen associated molecular pattern (PAMP)
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-

PAMPs are products of microorganisms that can be used by the host to identify the
microorganisms in tissues. They come from classes of biochemicals common to a group
of microorganisms rather than species specific proteins that can act as an antigen to
which an antibody can be formed in the adaptive immune system
• All PAMPs must be parts of the organism that are highly conserved, meaning that
any mutation would destroy the microorganism’s viability.
• There are only a few thousand PAMPS compared to the 1014 antigens for adaptive
immunity. This means that there only a limited number of pattern recognition
receptors (PRRs) needed for the innate immune system.
• PAMPS must be found only on the microorganism and not the host (i.e. they are
always antigenically “foreign”). The commonest PAMPs are from the cell wall.

-

Bacteria (for further discussion on cell walls and capsules, see:
Infectious disease, Chapters 3 (bacteria) and 5 (fungi).
• Gram negative bacteria:
 Most Gram (-) bacteria have flagella for motility. The
key fibrillary protein of the flagella is flagellin. This
PAMP is detected by Toll-like receptor (TLR 5).
 The Gram (-) cell envelop is characterized by its
double or outer cell membrane. This allows for a
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large periplasmic space which serves as a repository for antibiotic resisting
proteins.
• There are few peptidoglycans in Gram (-) bacteria and they only compose
10% of the cell wall by weight.
• Permeability of the outer membrane is achieved through porins.
Nomenclature of bacterial outer layers
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Cell membrane: phospholipid bilayer
Cell wall: rigid structural integrity
Envelop: glycocalyx of polymers

cell
envelope

The outer membrane of Gm (-) is composed of large lipopolysaccharide (LPS)
molecules consisting of a polysaccharide (O polysaccharide side chain) and a
lipid (lipid A) joined by an oligosaccharide. LPS has the historic name of
endotoxin. LPS is the major component of the Gm (-) outer membrane.
• LPS is the ligand for TLR 4. CD 14 is a macrophage membrane protein
which participates in the activation sequence of LPS.
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Gram positive bacteria:





The key component of the Gm(+) cell envelop is peptidoglycan, which makes
up 90% of the wall by weight.
Running through the peptidoglycan layer are chains of teichoic acid which are
necessary for stability and
cell division.
Peptidoglycan is composed of
polysaccharide chains (the
“glycan” portion) cross-linked
by peptides through the
action of penicillin-binding
proteins, the target of
penicillin.
Peptidoglycans
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The Gram stain and the peptidoglycan layer of the bacterial cell wall.
Gram (+) bacteria have a thick peptidoglycan layer that retains crystal violet that
is complexed with iodine when decolorized by alcohol. By comparison, the thin
layer of peptidoglycan of Gram (-) bacteria is easily decolorized, leaving them
stained pink by the safranin counterstain.
•

•

•

Fungi (for more information, see: Infectious disease Chapter 5)
o The fungal cell wall is composed of 3 major elements:
mannans (any polysaccharide composed mostly of
mannose), glucans (any polysaccharide composed
mostly of glucose) and chitin, a glucosamine ( it can be
thought in the same way as keratin in animals).
Mannans are the target of mannose binding lectin
(MBL) of the complement system.
o The cell membrane contains ergosterol, which can be
considered an equivalent of cholesterol in animal
membranes. Inhibition of ergosterol synthesis is the
mechanism of action of fluconazole (i.e. the “azoles”).
Viruses:
o The major PAMPs of viruses are nucleic acids: ds DNA,
ss RNA and CpG DNA.
o The PRRs for viral PAMPs are endosomal (i.e. they are in
the cell cytoplasm). This makes sense when one
considers that virus are obligate intracellular organisms.
Parasites:
o Parasites are eukaryotes and so have no cell wall. In addition, protein
synthesis does not start with formyl-methionine. This leaves parasites
with weak PAMP signals.
o The small single-celled parasites (i.e. the protozoa), use cell surface
proteins to gain entry into cells. Leishmania uses Fc and C’ on itself to
encourage phagocytosis. It can enter cells through the mannose receptor.
o Helminths (i.e. trematodes, nematodes and cestodes) are too big for
phagocytosis, Immunity appears to key on eosinophils.

Damage-Associated Molecular Pattern (DAMPs)
-
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These compounds are also called “Danger-Associated Molecular Pattern”, “danger
signals” and “alarmins”. They are intracellular substances that leak into the interstitium
after cell injury and elicit the innate immune response.
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Note that apoptosis is a type of regulated cell death that does not release DAMPS
and initiate acute inflammation.
DAMPs are classified into:
• Protein: intracellular proteins that denature when put into the oxidative
environment of the ECM.
 HMGB-1 (high-mobility group box-1): a nuclear regulatory protein.
 HSP (heat shock proteins): chaperone functions and stabilization of proteins
 Others.
• Non-proteins:
 ATP /adenine
 Uric acid: this activates the inflammasome. It has further clinical importance
in gout.
 DNA
 Others.
•

-

Pattern-Recognition Receptors (PRRs)
-

This refers to any receptor that is stimulated by a PAMP or DAMP, which includes the
complement system.
A. Secreted PRRs
• This is an awkward nomenclature because these can be thought of as proteins that
react with PAMPs and DAMPs and then activate the innate immune response. A
clearer term might be, “Pattern-Recognition Protein”.
• The Complement system (for further discussion, see Immunology Chapter 7,
antibodies and humoral immunity).
 A good way to think about the complement system is to start with its key
functions:
• Initiation of acute inflammation (PRR function): C3a and C5a (the
anaphylatoxins), MBL
• Bacterial death: C3b opsonization and C5-9 (MAC) lysis
• Clearance of immune complexes and dead cells: C3b
 Steps of the classic complement pathway:
• Activation of C1:
o C1 is a complex of proteins. The central protein is C1q, which attaches
to IgM, activating the complex.
o Other activators of C1 include a complex of IgG (references differ on
the number needed), CRP, DNA, dead cell surfaces, component of
bacterial walls
o C1q deficiency is associated with systemic lupus erythematosus (SLE),
which is thought to give impaired clearance of DNA and dead cells.
These then become autoantigens.
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•

•

•
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o Activated C1 then splits C4 into 2 fragments:
 C4a: anaphylatoxin activity
 C4b: binds to the C1 complex, splits C2 and binds to C2b. The
C4b2b complex (aka C3 convertase) has enzymatic activity
C3 convertase:
o Very high amplification of splitting C3 into:
 C3a: anaphylatoxin
 C3b: opsonin (↑phagocytosis signal 1000-fold) and enzymatic
activity
C3b (aka C5 convertase)
o C3b can complex to C4b2b, which splits C5 into:
 C5a: anaphylatoxin
 C5b: combines with C 6/7/8/9 to form the membrane attack
complex MAC)
Membrane attack complex (MAC)
o This forms a transmembrane channel that allow rapid influx of ions
into the cell. The rapid increase in osmotic pressure leads to cell
rupture.

The Alternative complement pathway:
o This pathway provides complement activation independent of antibodies and
so has importance in early phase of an infection before there is a large
number of antibodies.
o Steps of the alternate pathway:
 Activation of C3b:
• There is spontaneous hydrolysis of C3 in the serum which
creates C3b. When this C3b contacts bacterial cell wall
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products (e.g. LPS, teichoic acid) it binds to Factor B, a serum
protein.
 Formation of C3 convertase:
• The C3bB complex is activated Factor D, a serum protein by
splitting Factor B
• The C3bBb has C3 convertase activity, which not only activates
more C3 but also activates C5.
 MAC formation
Lectin pathway:
o Mannan-binding lectin (MBL) binds to the mannose sugar of cell surfaces.
o Attachment leads to a conformational change in MBL giving it protease
enzymatic activity
o Activation of C1q starts the complement cascade.

C reactive protein (CRP)
o Structure is that of a pentraxin (i.e. there are 5 monomers is a ring)
o It is an acute phase reactant
o It can activate C1q (i.e. the classic complement pathway)
o It binds to many things, including lipoteichoic acids, LPS, fungi and dead
cells)
B. Membrane receptors
• Toll-like receptors (TLRs). For further discussion, see Immunology, Chapter 4, Acute
inflammation.
 Transmembrane PRRs that are found on many cells including neutrophils,
macrophages/monocytes and epithelial cells
•
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They recognize many PAMPs and DAMPs and activation triggers a multitude
of transcription factors, especially the pro-inflammatory cytokines. The 2 most
important pathways are:
• NFκB  IL-1, IL-6 and TNFα
• IRF  interferons
 There are 10 known TLRs
• TLR 4 is specific for LPS
• TLR 5 is specific for flagellin
C. Intracellular receptors:
• TLR 3,7,8 and 9
 These reside in endolysosomes from fused phagosomes (some authors
include these with membrane receptors).
 Activated by ds DNA. Ss RNA and CpG DNA of viruses.
 Stimulate late production of interferons
• NOD-like receptors
 Detects multiple PAMPs and DAMPs
 Helps to form the inflammasome, a protein complex that activates caspase-1
which generates IL-1 and IL-18 (synergistic with IL-12)
 Associated with the regulated cell type of pyroptosis
 NOD polymorphism are significant in Crohn disease.
• RIG-1 receptors
 Cytoplasmic receptor to viral RNA
 Activation generates interferon production.


Mediating cells of Innate inflammation
-

-
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Many local cells have PRRs and secrete cytokines and chemokines.
• Key cytokines: IL-1, IL-6 and TNFα
• Key chemokine: IL-8
Key cell secretions include:
• Epithelial cells: antimicrobial peptides (e.g. defensins), chemokines like IL-8
• Phagocytes (macrophages, antigen presenting cells, neutrophils): cytokines, ROS
• Endothelial cells: PGI2, NO
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Mast cells: histamine, bradykinin, dozens of other products
Natural Killer lymphocytes: innate lymphoid cells

NK lymphocytes do not have antigen specific receptors like other lymphocytes of the
adaptive immune system. They do have TLRs that respond to PAMPS and DAMPs like other
innate immune cells, especially TLRs 3, 7, 8 and 9 for viral nucleic acids.
NK lymphocytes also have receptors for MHC1, which triggers an inhibitory signal. This
means that NK lymphocytes have a key role in the immediate immune response to viral
infections like herpes and CMV in which MHC1 is down regulated. MHC1 expression is also
decreased in cancers so that NK lymphocytes also have a key role in tumor suppression.
NK cells force cells into apoptosis through perforin/granzyme activation of the extrinsic
apoptosis pathway.
In addition to TLRs, NK cells are considered part of the innate immune system as they do not
develop memory.

The innate immune system regulates the adaptive immune system.
-
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It is important to realize that the innate and adaptive immune systems are not separate.
(For further discussion, see Immunology, Chapters 5 & 6).
• Activation of the adaptive system by the innate system:
 Signal 1: the antigen presenting cell (APC) presents the antigen to the T-cell
receptor (TCR) of the cognate naïve T-cell (TH0).
 Signal 2: the presence of an acute inflammatory environment upregulates B7
on the APC. This binds to CD28 on the TH0 as a necessary costimulatory signal.
• Regulation of the adaptive system by the innate system:
 Phenotype differentiation: T-cell differentiation is determined by cytokines
secreted by the APC cell. The cytokines reflect the nature of the threat at the
site of infection. Exogenous proteins such as those found with bacteria direct
the TH0 cell down the TH2 pathway and antibody production. This pathway is
associated with IL-4. Intracellular proteins, such as those found with viruses,
result in IL-12 release from the APC. IL-12 causes a TH1 phenotype
differentiation and CTL production.
• Other types of TH cells include:
o IL-6 and TGF-β  TH17
o TGF-β  Treg
• Failure of rejuvenation of antibody production:
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High antibody production by the adaptive system requires an ongoing signal
from APCs from the site of acute inflammation to replace TH lymphocytes, as
they only live a few weeks. TH lymphocytes are necessary for isotype
switching of B lymphocytes. B lymphocytes mature to form the antibodyproducing plasma cells which mostly reside in the medulla of the lymph node.
Plasma cells are short-lived, typically living <3 weeks. New replacement TH2
cells are necessary to stimulate the B cells.
• TH2 lymphocytes undergo apoptosis because they produce CTLA-4, a
checkpoint inhibitor that competes with B7 for the CD 28 co-stimulatory
site of Signal 2. Without ongoing APC signaling from the site of
inflammation and the formation of new TH2 lymphocytes, antibody
production drops off over weeks until only memory B cells are left.
• Other checkpoint inhibitors include PD-1 and PD-1 ligand.
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General pathology: Acute inflammation: PAMPs, DAMPs and PRRs
Do You Know It?
1. What are the commonest PAMPs?
• Draw the cell envelop of a Gram (-) bacteria, Gram (+) bacteria and fungus. Label
the PAMPs
• Explain the Gram stain

2. Give an example of a protein and non-protein DAMP.

3. Draw the complement pathways: classic, alternative and lectin pathways
• Why might SLE be associated with C1q deficiency?

4. What molecular pathways do the membrane TLRs activate?

5. What is the inflammasome?

6. How the innate immune system regulate the adaptive immune system through:
• Activation
• Phenotype differentiation
• Failure to rejuvenate antibody production
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