Immunology

Acute Inflammation
Chapter four

The immediate response to injury
Acute inﬂammation is the body’s stereotyped response to any injury. Its cardinal signs;
rubor (redness), tumor (swelling), calor (heat), dolor (pain), and functio laesa (loss of
function) have been recognized since the dawn of medicine. It depends on the
interplay between chemicals released during injury, activities of resident sentinel cells
and hemodynamic changes, all of which are designed to stop further invasion or injury
and call in the immune ﬁrst responders.
Hemodynamic changes
In the ﬁrst few seconds after any injury, there is a transient neurogenic
vasoconstrictive reﬂex. After this, vasodilation and leakage result from release of
chemical mediators from resident cells in the area:
Source

Mediator

Macrophages and dendritic cells

IL-1 and TNF cause mast cell histamine release

Endothelial cells

NO and PGI2

Damaged tissue

Bradykinin

Mast cells

Histamine

Chemoattractants
A variety of small chemicals produced in the area of injury serve to attract leukocytes
into the area of increased blood ﬂow. White blood cells have receptors for these
chemicals (chemokine receptors) and they move up the chemical gradient toward the
source.
Source

2

Chemoattractant

Clotting cascade

Fibrinopeptides

Bacteria

F-met peptides

Complement cascades

C5a

Resident and entering leukocytes

Interleukin-8

Arachidonic acid cascade

Leukotriene B4

Local signals of injury and/or invasion
The signals that injury or invasion has occurred in an area are recognized by receptors
on the membranes of resident and entering innate immune cells. These receptors have
evolved to recognize patterns of substances which do not occur in healthy normal
tissue.
- DAMPs (damage-associated molecular patterns)

Nucleotide-binding Oligomerization Domain-like receptors (NLRs) are found in the
cytosol of cells and recognize uric acid, free ATP, loss of potassium and some
microbial products.
A multiprotein complex called the inﬂammasome signals to activate caspase-1 to
cleave precursor IL-1 into the active form.
- PAMPs (pathogen-associated molecular patterns)

Pattern recognition receptors (PRRs) have evolved to bind the unique lipids,
carbohydrates and peptides of microbial invaders. There are about a thousand of
these evolutionarily conserved moieties recognized by 100 PRRs. Compare this to the
millions of unique shapes which can be recognized by the receptors of lymphocytes
(BCR and TCR).
Recognition by PRRs
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1. TLRs (Toll-like Receptors)

Endosome

TLR3

TLR7
TLR8
TLR9

TLR1

triacyl lipoproteins, mycobacteria

TLR2

lipoproteins, peptidoglycan

TLR1

TLR3

dsRNA

TLR2

TLR4

lipopolysaccharide

TLR4
TLR5
TLR6

TLR5

ﬂagellin

TLR6

diacyl lipoproteins, mycoplasma

TLR7

ssRNA

TLR8

ssRNA

TLR9

CpG DNA, hemozoin

TLR11

proﬁlin-like protein, uropathogenic
bacteria

TLR11
Cell membrane
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2. CLRs (C-type Lectin Receptors)

and Mannose receptors recognize fungal glycans and are found on the plasma
membrane of dendritic cells and macrophages.
3. RLRs (Retinoic Acid-Inducible Gene Like Receptors)

are found in the cytosol and detect the nucleic acids of viruses that replicate in the
cytoplasm.
Once these receptors are engaged, transcription factors such as NFκB or IRF7 direct the
production of proinﬂammatory cytokines or type 1 interferons, respectively.
Diapedesis

Figure 12

Blood

Tissue

Selectin Phase – Rolling
Loose binding between E-selectin on
activated endothelium and
sialyl-Lewis-X on leukocytes causes
cells to roll along the surface of the
endothelium

Addressin
Selectin
Chemokines
LFA-1

Chemokine Phase – Activation
Chemoattractants act as gradient to
attract WBC and change
conformation of integrin molecules
on WBC.

ICAM-1
Integrin Phase – Adhesion
Integrins bind tightly to ICAMs and
stop WBC movement.

PECAM
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Extravasation Phase - Trans- or
Para-endothelial migration
Pseudopodia are extended through
the endothelium

Summary of Adhesion molecules
Molecule

Tissue

Selectins (loose binding
to carbohydrates)

Integrins (tight binding to
extracellular matrix and
cell adhesion molecules
(CAMs)

Phagocytosis

E-selectin

Activated endothelium

L-selectin

Leukocytes exiting
circulation through HEVs

P-selectin

Platelets and activated
endothelium

LFA-1

Dendritic cells,
macrophages, PMNs, T cells

MAC-1

Dendritic cells and
monocytes

VLA-4

Monocytes, T cells

Ligand

Addressins
(sialyl-Lewis X)

ICAMs 1 and 2
on activated
endothelium

VCAM-1

Figure 13

Many of the ﬁrst cellular responders (either resident or newly arriving) have in common
that they are phagocytic: they ingest and digest the debris of injured cells and invading
microbes.
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*If C3b or speciﬁc IgG are present, the speed of
engulfment can be increased up to 4000 times
(opsonization), because phagocytes have
receptors for these molecules.

1. Pseudopodia extend around
the microbial particle using
PRR/PAMP adherence or
opsonins/receptors*
2. Microbe is encased in a
phagosome
3. Lysosomes are fused with
phagosome to create …
4. the phagolysosome in which
intracellular digestion occurs.
5. Digested debris is exocytosed
5

Intracellular digestion

Figure 14

There are both oxygen-dependent and oxygen-independent mechanisms of microbial
killing that are activated after phagocytic engulfment. The oxygen-dependent
mechanisms are started when a “respiratory burst” of oxygen consumption activates a
membrane-bound oxidase, NADPH oxidase. This causes the production of the reactive
oxygen species:
• Superoxide anion
• Hydroxyl radical
• Hydrogen peroxide

O2

NADPH
oxidase

O2
OHOxygen
independent

H2O2

MPO Cl-

HOCI
Oxygen
dependent
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The addition of the lysosomal
contents containing hydrolytic
enzymes, lysozyme, lactoferrin
and myeloperoxidase
Myeloperoxidase acts on
hydrogen peroxide in the
presence of chloride ions to
produce HOCl (bleach)

Summary
Inﬂammation
(Hemodynamic changes)
Diapedesis of leukocytes and
Activation of resident cells
Phagocytosis of debris and
invading microbes
Activation of adaptive immunity

Tissue repair and remodeling
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#MMC (Make Me Care!)
1. Microbial pathogens have evolved mechanisms to evade acute inﬂammation. Can
you predict the outcomes of production of:
• Streptococcus pyogenes IL-8 protease
• Pseudomonas aeruginosa C3a and C5a protease
• Streptococcus pyogenes C3b protease
• Staphylococcus aureus protein A which binds IgG
2. Imiquimod is a biologic therapeutic which acts by stimulating Langerhans cells
through TLR-7. Given what you know about this TLR, what must be true of the targeted
agent and the cytokines which would result?
3. With your understanding of the signaling and cellular communication involved in the
phases of the acute inﬂammatory process, can you predict how long it should take
for the arrival/occurrence of:
• Proteins
• Cells
• Tissue remodeling
4. If a patient had a genetic inability to produce integrin molecules, what would you
predict would be the presentation?
5. If a patient had a genetic inability to produce NADPH oxidase in phagocytic cells, what
would be the predicted outcome?
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Before you leave, can you….
1. List the sequence of steps involved in acute inﬂammation.
2. Describe the types and sources of molecules involved in vasodilation.
3. Describe the types and sources of molecules involved in chemotaxis.
4. Explain the signals for injury and invasion and their cellular receptors.
5. Explain the mechanisms of phagocytosis and intracellular killing.
6. Identify the molecular basis and role of opsonization.
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Case History
CGD
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A 3-month-old male child is referred to a specialist because of severe, recurrent skin
infections. The child was born at term by uneventful vaginal delivery, but since the age
of two weeks, has been seen 3 times by his pediatrician for recurrent skin abscesses in
the diaper area and on the scalp. Cultures of the lesions grew Staphylococcus aureus
from the scalp and gram negative enterics from the diaper region. The infections
responded to antimicrobials but recurred within days of discontinuation of therapy. A
pseudomonal respiratory infection one month ago was treated aggressively with
antibiotics and has not recurred.
On examination, the child is alert and responsive. Height and weight determinations are
at the 75th and 60th percentiles, respectively. There are numerous pustular lesions on
the skin of the diaper area, the axillae and the scalp. All other systems are within normal
limits.

Chief Complaint(s):
pyoderma

Differential Diagnoses:
• Chronic granulomatous disease (CGD)
• Cystic ﬁbrosis
• Glucose 6-phosphate dehydrogenase
(G6PD) deﬁciency
• Glutathione synthetase (GS) deﬁciency
• Hyperimmunoglobulin E (Job) syndrome

Clinical Approach:
The presentation of this patient with recurrent infections in early infancy points towards
a primary immunodeﬁciency. Because the skin and mucosal barriers are normally
protected by resident and mobilizing phagocytic cells, recurrent infections in this age
group and anatomical locale are suggestive of problems with innate defenses of these
barrier systems. It is of note that the infectious agents in this case (Staphylococcus
aureus, most gram negative enterics and Pseudomonas) have in common that they are
catalase positive. The child is slightly behind on measures of height and weight, but not
enough to suggest a severe combined immunodeﬁciency.
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Immunologic Workup:
Culture and sensitivity of exudate from multiple skin lesions grows Staphylococcus
aureus (MSSA) and Candida albicans.
CBC and Differential: Total WBC count 10,500/µL, 35% neutrophils, 51% lymphocytes, with
normal proportions of B and T lymphocytes. Microcytic, hypochromic anemia.
Erythrocyte sedimentation rate and C-reactive protein levels normal.
Levels of IgM, IgG are slightly elevated, with IgA and IgE values within age reference
range.
Nitroblue tetrazolium (NBT) slide test showed failure to produce formazan inside
neutrophils
Flow cytometric measurement of neutrophil respiratory burst activity using
dihydrorhodamine showed a 90% decrease in intensity of ﬂuorescence from control
values.
Diagnosis: Chronic Granulomatous Disease
The diagnosis of CGD is conﬁrmed by the NBT dye reduction test and the respiratory
burst activity test. Both of these tests measure the failure of CGD neutrophils to reduce
an oxidized dye. The NBT test is the standard diagnostic screening test for gene
carriers and has also been used for prenatal diagnosis. Because of its increased
sensitivity, the ﬂow cytometric test can also detect the X-linked carrier state.
The phagocytes of CGD patients are able to engulf particles but are unable to
generate reactive oxygen species (ROS) which are necessary for microbial killing. The
microbes cultured from the cutaneous lesions and earlier respiratory infection in this
case are all catalase positive. This allows microbes to incapacitate the second
oxygen-dependent intracellular killing mechanism that utilizes myeloperoxidase (MPO)
in the presence of chloride ions to convert hydrogen peroxide into bleach. Since
aerobic organisms produce hydrogen peroxide as a biproduct of their metabolism,
catalase negative organisms can be killed by their own hydrogen peroxide (with MPO).
There is no oxygen-dependent mechanism for killing in a CGD patient infected with a
catalase-positive organism, and the remaining lysosome-dependent mechanisms are
insufﬁcient to prevent chronic recurrent infections.
This patient’s peripheral blood leukocytosis (>8.5 X 103/µL) is an additional ﬁnding that
reﬂects increased numbers of circulating neutrophils, and a microcytic, hypochromic
anemia is consistent with chronic disease.
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The ﬁnding of normal IgE levels rules out hyper IgE syndrome, and although G6PD and
GS deﬁciencies may associate with similar phagocytic defects, they are much more
commonly identiﬁed by their association with hemolytic anemia, which is absent here.
CGD is a genetically heterogeneous primary immunodeﬁciency disorder which can
result from defects in any of the 5 subunits of NADPH oxidase in phagocytic cells. The
NADPH oxidase complex is responsible for the respiratory burst which generates ROS to
kill ingested microbes. Because of the locus heterogeneity of the causal gene defects,
the patterns of presentation differ from patient to patient within the syndrome.
Commonly lung, skin, liver and bone are the affected sites. Patients with CGD are at
increased risk of life-threatening infections with catalase-positive bacteria and fungi
and inﬂammatory complications such as CGD colitis.
The most common form of CGD inheritance is X-linked recessive. 80% of all cases
involve males with hemizygous mutations of the gene coding for gp91phox which has
been mapped to the p21.1 region of the X chromosome. Subtypes of the disease which
are autosomal recessive in inheritance are generally associated with milder disease.
The degree of superoxide anion production is determined by the involved mutation, so
molecular diagnosis may be useful for deciding prognosis and therapy.
Management:
Early diagnosis and treatment with antibiotics to manage infections and prednisone to
manage inﬂammatory and autoimmune complications are the mainstays of CGD
therapy. Aggressive anti-infection prophylaxis using trimethoprim-sulfamethoxazole
and antimycotics such as itraconazole are combined with interferon-gamma therapy
to increase the production of superoxides in cases where the genetic variant is one of
reduced but not totally absent ROS production.
Prognosis:
With prompt and aggressive antimicrobial and immunomodulatory therapy, the
average life span for patients with CGD is now 40 years. It tends to be somewhat longer
for females (autosomal recessive inheritance) than for males (X-linked recessive
inheritance). Early gene therapy trials have not shown prolonged beneﬁt, and stem cell
transplant remains the only curative therapy.
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Case History
LAD-1
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A 2-month old female infant with perirectal cellulitis of one-week duration is referred
for immunological workup. The infant was born uneventfully at term to a single mother
who has declined to identify the biological father. There was no obvious dysmorphism
nor neonatal complications. Her umbilical cord detached late, one month after birth
and she has been returned to her pediatrician three times since then to treat
Staphylococcus aureus omphalitis. In each case, the infections resolved with oxacillin,
but returned within days. At the present time, the umbilical area is still edematous,
oozes a serosanguineous ﬂuid and is and surrounded by faint bluish scars.
On presentation the infant ranks within the 70th percentile for height and weight.
Temperature is 38.4 C (101.1 F), respirations 36/min, heart rate 80 beats/min. Other
physical exam parameters are within normal limits.

Chief Complaint(s):
cellulitis, omphalitis

Differential Diagnoses:
• Chronic granulomatous disease (CGD)
• Hyper IgE syndrome (formerly Job
Syndrome)
• Interleukin 1 receptor-associated kinase-4
(IRAK-4) deﬁciency
• Leukocyte adhesion deﬁciency (LAD)
• Myeloperoxidase (MPO) deﬁciency
• Sepsis

Clinical Approach:
In an infant with mild growth delay and recurrent cutaneous infections, the possibility
of primary immunodeﬁciency disease must be considered. Since the primary
protection of the skin is via myeloid-origin phagocytic cells, a complete work-up
should include evaluation of defects in number, mobilization and phagocytic function.
Because one of the earliest roles of neutrophils and wound healing is in the
management of the umbilical stump, delays in this process are extremely suggestive
of problems in the ability of neutrophils to perform diapedesis into areas of injury.
Healthy infants with delayed umbilical cord loss are not uncommon, but such ﬁndings
in the setting of extreme leukocytosis would not be expected. Epinephrine and
corticosteroids are known for their ability to demarginate leukocytes and impede
adherence but there is no indication of their use in this patient.
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Immunologic Workup:
CBC and differential: Leukocytosis (1.4 x 105/µL) with neutrophil predominance (70%)
Elevated C-reactive protein.
Serological tests for CMV, Toxoplasma and HIV negative.
Flow cytometry: normal populations of CD3, CD4, CD8, CD19 and CD56 lymphocytes,
CD18 absent from populations of monocytes and neutrophils.
Neutrophil oxidative index normal.
Karyotype normal but genetic analysis suggestive of consanguinity.
Diagnosis:
LAD-1 is a rare genetic condition which presents clinically with localized bacterial
infections in the setting of extreme leukocytosis. The infections tend to be those of
gram positive normal ﬂora and gram negative coliforms, as would be anticipated in
patients with neutropenia. The condition results from failure to express CD18 which is
the common β2 subunit of LFA1 family integrins (β2 integrins). The gene defect maps to
chromosome 21q22.3 and may involve point mutations (50%) or missense, nonsense
and splice mutations (all others). It is inherited in an autosomal recessive fashion and is
therefore often associated with cases of parental consanguinity. Cases occur
worldwide, displaying a lack of ethnic predisposition.
The LFA1 family integrins play important roles in lymphocyte trafﬁcking, antigen
presentation, cytotoxic killing and leukocyte adhesion to endothelial cells in acute
inﬂammation. The ligands for the β2 integrins are Ig-CAMs (molecules in the
immunoglobulin superfamily of genes) which are important in the tight binding of
leukocytes to the extracellular matrix or activated endothelium to perform diapedesis
or wound healing. Integrin/Ig-CAM interactions are also essential for the efﬁcient
opsonization and phagocytosis by neutrophils, monocytes and macrophages.
LAD-1 is distinguished from hyperimmunoglobulin E syndrome or CGD/MPO deﬁciency
by its extreme neutrophilia. Patients with CGD or MPO deﬁciency would have changes
in the neutrophil oxidative index. It is distinguished from IRAK-4 deﬁciency because
those patients cannot develop fever. The neutrophils are mature, containing vacuoles
and granules in the presence of infection, in distinction to the cells of myeloid
leukemias.
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LAD-2 is an extremely rare, autosomal recessive defect described in infants of Middle
Eastern or Brazilian descent. It results in the lack of fucosylation of the ligands for
selectin molecules, and causes complete failure of expression of sialyl-Lewis X
necessary for the ﬁrst, reversible step of leukocyte diapedesis. It is associated with
severe growth and mental retardation. These patients manifest the Bombay type blood
group phenotype since they are also unable to fucosylate the H blood group
polysaccharide. They also cannot fucosylate IgM and IgG, but have normal levels of
these antibodies detected in the blood.
Management:
Control of bacterial infections with antibiotics until an appropriate donor for stem cell
transplantation can be achieved. Transplantation has unusually high success even if a
non haplo-identical donor is used, presumably because integrins are important in
lymphocyte costimulation to produce rejection. Prophylactic antibiotics,
interferon-gamma therapy or leukocyte transfusions have not shown signiﬁcant
beneﬁt. Gene therapy to insert the CD18 subunit is currently under investigation.
Prognosis:
LAD-1 is typically fatal within the ﬁrst two years of life unless stem cell transplantation
can be performed. LAD-2 is less likely to be a fatal condition, but patients display
mental retardation and neurologic impairment.
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