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Immunology

The Design of the Immune
System
Chapter one

The goal of the human immune system is to identify microbial invasion and/or cell
injury and implement a sequence of steps to remove invaders and injured cells in
order to repair current and prevent future tissue injury.
Although the system is designed to work as a uniﬁed whole, it is often easiest to divide
into two broad categories; innate and acquired.
The innate portion of the immune system can be thought of as a series of natural
barriers; chemicals, cells and structures, which are designed to prevent the penetration
of the outside world into the tissues of the human host. These barriers exist with no
previous stimulation, do not become stronger with exposure, and have a limited scope
of injurious stimuli to which they can respond.

Acquired

Innate

The acquired (adaptive) portion of the immune response becomes activated after
there has been a breach of one of the innate barriers, and is designed to make a
speciﬁc and concerted response against the particular injury, and prepare to prevent
any subsequent attack. The cells responsible for acquired immunity have the
individual attributes of very speciﬁc recognition of a wide spectrum of foreign
molecular structures, ampliﬁcation of responses to prevent future repetitions of the
invasion, and intricate intercellular communication to amplify and dampen the speed
and intensity of the response.
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Overview of the Immune Response

Figure 1
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When an injury breaks through one of the body’s anatomical barriers, the acute
inﬂammatory response brings white blood cells and proteins into the area within
seconds to minutes.
If intracellular agents are introduced, the
death of host cells results in their
phagocytosis by resident
antigen-presenting cells and signaling to
activate TH1 cells which activate and
clone the cells of cell-mediated
immunity, which return to the infection
site to kill any remaining infected cells.
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If extracellular microbes are introduced,
signals call in neutrophils and abscesses
result within days. The debris of neutrophil
activity is cleared by resident
antigen-presenting cells which then signal
activation of TH2 cells which induce B cells
to produce antibodies (humoral
immunity) against the original microbe,
and in the future will increase
phagocytosis if reintroduced.

Before you leave, can you…
1. Name the cellular and anatomical components of the innate and adaptive arms of
the immune response?
2. Explain the general functions of innate and adaptive arms of the immune
response?
3. Explain the ﬂow of signals from acute inﬂammation through the development of
speciﬁc adaptive immune responses?
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Immunology

The Ontogeny of
Immune Cells
Chapter two

Hematopoiesis

The cells of the immune response originate in the bone marrow from a pluripotent
stem cell, and depending on the chemical signals in the area, will differentiate down
one of two pathways. In the presence of a predominance of IL-3, the myeloid pathway
will be stimulated, with ultimate production of erythrocytes, platelets, granulocytes and
monocytes. In the presence of a preponderance of IL-7, the lymphoid pathway will be
stimulated, with the production of innate and adaptive lymphocytes.
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Recombinant drugs available for therapy:
For GM-CSF – Sargramostim or Molgramostim
For G-CSF – Filgrastim or Lenograstim
For IL-11 – Oprelvekin
Cells of Myeloid Origin in the Blood
Multilobed nucleus with
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Phagocytosis and killing

small pink cytoplasmic
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*PMN – Polymorphonuclear leukocyte, MBP – major basic protein
CD4 – costimulatory molecule for MHC2/TCR interaction
CD14 – endotoxin (bacterial lipopolysaccharide) receptor
CD16 – Fc receptor (tail of antibody molecule)

12

precursor of tissue
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CD4 – costimulatory molecule for MHC2/TCR interaction
CD14 – endotoxin (bacterial lipopolysaccharide) receptor
CD16 – Fc receptor (tail of antibody molecule)
Cells of Lymphoid Origin In the Blood
1000-4000/µL (20-40%)

B cells (CD 19-21+) – 10%; synthesize antibody
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CTLs (CD8+) – 25%; kill altered cells
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The Development of Adaptive Lymphocyte Antigen Receptors

B and T lymphocytes have receptors on their surfaces for the 3-dimensional shape of
speciﬁc foreign molecules (antigens). Their production is encoded in the very large
“immunoglobulin superfamily of genes” which encode cell surface or soluble proteins
involved in immunologic signaling, binding and adhesion. The receptors of B
lymphocytes; B cell receptor (BCR) and T lymphocytes; T cell receptor (TCR) are similar
in that they are “Y” shaped structures which have a cytoplasmic tail extending the
COOH-terminus of the protein chain through the cell membrane to assist in signal
transduction. When an appropriate shaped molecule binds to the N-terminus of the
cell receptor (the idiotype or antigen binding site), a cascade of phosphorylation
events will culminate in cellular cloning and activation.
Antigen receptors

Figure 3
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The heavy chains of the BCR are called:
Mu – two µ heavy chains make up IgM
Delta – two δ heavy chains make up IgD
Gamma – two γ heavy chains make up IgG (and there are 4 subisotypes of gamma
chains)
Alpha – two α heavy chains make up IgA (and there are 2 subisotypes of alpha chains)
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Comparison of the BCR and the TCR
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#MMC (Make Me Care!)
1. How do you suppose we count the different subpopulations of lymphocytes in
clinical medicine?
2. Epstein-Barr virus infects cells which possess CD21 on their surface (B cells and
oropharyngeal epithelial cells). What types of malignancies do you anticipate as a
sequela of this infection?
3. Patients with multiple myeloma and Waldenstrom’s macroglobulinemia have
neoplastic plasma cells. What do you suppose is found in excess in their urine?
4. Can you predict why the immune response to materials that contain protein is
different from that produced against materials without protein?
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The Development of Lymphocyte Antigen Receptor Diversity

There is a small amount of DNA that encodes the production of the BCR and TCR…too
little for it to be possible for a separate gene to exist to produce each unique receptor.
Therefore, the millions of unique antigen binding molecules are created by a process of
gene segment rearrangement which occurs in the primary lymphoid organs (bone
marrow and thymus) in cells developing within the lymphoid lineage.
The gene segments are referred to as V (variable), D (diversity) and J (joining) and when
they are randomly recombined by the action of the RAG (recombination activating)
genes, they are spliced together to create the RNA coding for the N-terminal amino
acids in the variable domains of the BCR or TCR.
An enzyme known as terminal deoxyribonucleotidyl transferase (Tdt) is active during
this process and generates a further level of diversity by randomly inserting non-coded
nucleotides (N-nucleotide addition) each time a V is joined to a D, or a D is joined to a J.

Rearrangement of Heavy (or Beta) chain genes:
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Figure 4
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Allelic Exclusion
If the result of these complex, random rearrangements is an abnormal-shaped or
truncated protein, the cell will be induced to undergo apoptosis. Since each diploid cell
has two copies of each chromosome (one maternal and one paternal), there are two
chances for each rearrangement to be successful. Whichever chromosome is
randomly rearranged ﬁrst, if successful in producing a functional chain, the
homologous chromosome of that set will be inactivated in a process referred to as
allelic exclusion. If unsuccessful, the failed rearranged chromosome will be
inactivated, and the other one of that pair will be used to attempt a successful
rearrangement. (Thus, only one allele of a given chromosome will ever be expressed at
one time). Since the heavy chain genes are all on one chromosome, and the light chain
genes are on two separate chromosomes, the cells have two chances to rearrange
the heavy chain genes and 4 chances to rearrange the light chain genes.
Constant Domain Addition
Once VDJ rearrangement has created the coding for the N-terminal 110 amino acids
(approximately), the downstream DNA contains the coding for all of the constant
domain isotypes in sequence. First is the coding for addition of mu constant domains,
so the ﬁrst isotype of immunoglobulin produced is IgM. By alternative RNA splicing, IgD is
made immediately thereafter, and mature naïve B lymphocytes are allowed to leave
the bone marrow wearing those two isotypes of receptors, each with identical
idiotypes.

5’

V D J
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#MMC (Make Me Care!)
1. Can you predict the clinical presentation of a patient with a genetic inability to
produce RAG gene products?
2. A neonatal screening test for severe combined immunodeﬁciency (SCID) uses
detection of T cell receptor excision circles (TRECs) to identify T lymphocyte
development. Can you explain what process this assay is measuring and predict
whether high or low numbers would associate with normal or abnormal phenotype?
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Selection of Receptors for Central Tolerance
Since the gene segment rearrangements we have been discussing happen in the
primary lymphoid organs in the absence of any foreign antigenic stimulus, and since
Tdt randomly adds bases at the junctures between V and D and J, it should stand to
reason that the process is fraught with potential ﬂaws. We have already discussed the
fact that the accidental formation of aberrant or truncated peptide chains will cause
cells to undergo apoptosis, but a second mechanism of cell selection is critical in the
generative lymphoid organs. If a cell makes a functional receptor, but one that
identiﬁes and binds to components of self antigens, it would be dangerous to the host
to allow that cell to enter the general circulation. In the B cell lineage, central tolerance
is achieved by induction of apoptosis in immature B cells which bind too strongly to
(have too strong afﬁnity for) bone marrow stromal cells.
The process of induction of central tolerance is even more rigorous in T lymphocyte
precursors. As these cells leave the bone marrow and travel to the thymus, they are
allowed to continue their development only if they FAIL to respond to self antigens. Any
self-reactive cell will be induced to undergo apoptosis in the thymus, and only between
1 and 5% of all T cell precursors will emerge from the process alive. The T cell receptor is
designed to be complementary to molecules of the major histocompatibility complex
(MHC) or the human leukocyte antigens (HLA). These membrane receptors are
encoded in the immunoglobulin superfamily of genes, and bind peptides to be
presented to the TCR. This is the most polymorphic genetic system in the human.
Antigen presentation by MHC

Figure 6

APC
MHC 1

CD8

MHC 2
TCR

CD4

APC – antigen presenting cell, MHC – major histocompatibility
complex, TCR – T cell receptor
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Class I MHC

Class II MHC

Gene products A, B, C

Gene products DP, DQ, DR

Found on all nucleated cells

Found on antigen presenting cells

Expressed codominantly

Expressed codominantly

Long alpha chain plus β-2 microglobulin

Alpha and beta chains of similar length

Co-receptor is CD8

Co-receptor is CD4

The thymus is a bi-lobed organ in the thoracic cavity, and in the years between birth
and adolescence, begins as the largest organ in the chest. It is larger than the heart
and lung combined in the neonate, but by the time of adolescence, it has been
converted to a ﬁbrous scar which can be faintly seen radiographically in the superior
mediastinum. As T cell progenitors leave the bone marrow, they arrive in the thymus
through high endothelial venules and move immediately to the cortex as
double-negative (DN) cells; they do not express either CD4 or CD8 on their surface. As
they complete the formation of their TCR by VDJ recombination, they become
double-positive (DP) cells which interact with the cortical thymic epithelial cells
(cTEC) which express both MHC1 and MHC2 molecules. If the DP thymocytes are not
signaled by MHC of either type, they will die in the cortex from lack of cytokine support,
but if they receive a stronger signal, they will clone themselves (positive selection). As
the cloning cells are pushed toward the inner thymic cortex, they become single
positive (SP) thymocytes which have appropriate binding to either MHC1 (retaining
CD8) or MHC2 (retaining CD4). As these cells move to the thymic medulla, medullary
thymic epithelial cells (mTEC) will evaluate the strength of MHC/TCR binding and
deliver the appropriate cytokine signals to induce apoptosis in those cells with too
strong afﬁnity for self-antigens, and induce regulatory or effector populations of CD4
and CD8 bearing cells to leave the thymus as mature, naïve T lymphocytes. The
promiscuous expression of tissue-restricted antigens in the thymic medulla is controlled
by the transcriptional regulator AIRE and transcription factor Fezf2, and is necessary
for the strong development of central immune tolerance.
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Thymic Selection

Figure 7
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Summary of Adaptive Lymphocyte Development
Summary of Adaptive Lymphocyte Development

Figure 8
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#MMC (Make Me Care!)
1. If a patient presents with circulating lymphocytes with RAG and Tdt expression, what
can you infer?
2. In cases where malignant transformation occurs in a lymphoid cell lineage,
immunophenotyping is performed to determine the developmental stage of the
involved cells. How would this information be useful to the clinical management
team?
3. The thymus is one of 5 immunoprivileged sites in the body (brain, retina, testis, and
placenta are the others). Why is a specialized barrier between the organ and the
blood necessary for normal thymic function?
4. Rare genetic defects involving AIRE and Fezf2 have been described. How would you
anticipate that these patients would present?
5. A key component of the amyloid which damages the tissues of patients on
long-term dialysis is β-2 microglobulin. Can you explain why this is so?
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Case History

Leaky SCID, Omenn Syndrome

A 2-month old male infant is brought to the pediatrician for continued care of a skin
condition. The child was delivered vaginally without complications, at term, weighing 6
lbs 2 oz (2.78 kg). The child has been breastfed since delivery, and has been seen
previously for skin lesions that were diagnosed as pediatric atopic dermatitis. The
mother is now concerned about patches of red and peeling skin appearing all over the
infant’s body, and the fact that his diapers continue to be soiled with loose stool. On
examination, the child weighs 6 lbs (2.72 kg), and has a generalized skin rash resembling
eczema. The reddened skin is thickened with irregular ﬁssures, and there is diffuse
alopecia. There is generalized lymphadenopathy and hepatosplenomegaly. Other
systems appear within normal limits. The decision is made to delay the administration
of the ﬁrst rotavirus vaccination, and immediately refer the infant to an immunologic
specialist.

Chief Complaint(s):
Erythroderma and diarrhea

Differential Diagnoses:
• Histiocytosis
• Hyperimmunoglobulinemia E (Job)
Syndrome
• Pediatric atopic dermatitis
• Pediatric Graft-vs.-Host disease (GVHD)
• Severe combined immunodeﬁciency (SCID)
• T cell disorders

Clinical Approach:
The cutaneous ﬁndings with diffuse alopecia and diarrhea are suggestive of a SCID
(severe combined immunodeﬁciency). At the age of 2 months, the infant is still
signiﬁcantly protected by transplacentally-delivered maternal IgG (hence the normal
levels of IgG detected in this infant), and a breast-fed child is also receiving passive
protection of mucosal surfaces in the form of IgA contained in the breast milk and
colostrum. Once those maternal protections dissipate (6-9 months after birth in the
case of maternal IgG, and for as long as breast feeding occurs in the case of IgA) the
presentation will progress to the ﬁnding of recurrent and potentially serious infections
with all manners of microbial pathogens. Chronic diarrhea contributes to the child’s
failure to thrive (his weight is less at 2 months than it was at birth). The ultimate
treatment for virtually all SCIDs is bone marrow transplantation or cord blood stem cell
transplantation, but determination of the underlying cause can be useful in
management of the patient while awaiting a suitable donor, and in genetic counseling
for the parents to discuss the likelihood of sibling recurrence.
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Immunologic Workup:
CBC and Differential:
• unremarkable except for elevated eosinophils
• T cell numbers normal, (CD3+CD4+ GATA3+)
• B cells undetectable (CD 19-21)
• NK cells present (CD16, CD56)
- Total IgA and IgM markedly low, IgG normal, total IgE elevated
- Lymphocyte stimulation with T cell mitogens profoundly reduced
- Interleukins 4 and 5 elevated
- Skin biopsy negative for Langerhans cell inﬁltrate
- T cells in the child are of autologous (not maternal) origin by HLA analysis
Diagnosis: Atypical or Leaky SCID; Omenn Syndrome (OS)
The virtual absence of B cells, presence of T cells with impaired function (failure to
respond to T cell mitogens), and NK cells (T+B-NK+) with hypereosinophilia deﬁnes the
immunophenotype of “leaky” or atypical SCID. Erythroderma, diarrhea and failure to
thrive are common ﬁndings in all infantile SCIDs, but lymphadenopathy,
hepatosplenomegaly and pachydermia distinguish OS from other variants of SCID. The
condition is distinct from complete RAG1/2 deﬁciency in which both T and B cell counts
would be undetectable. OS is genetically heterogeneous, but most cases result from
hypomorphic missense mutations of RAG1/RAG2 genes, mapping to chromosome band
11p13. In such cases OS exhibits autosomal recessive inheritance and is therefore often
associated with consanguineous parents. It is the prototype syndrome of immune
dysregulation and other hypomorphic defects have been implicated such as IL7R, IL2R
and autoimmune regulator (AIRE). The clinical appearance may mimic histiocytosis, or
when engraftment of allogeneic maternal T cells causes graft-vs.-host disease (GVHD).
In this case, histiocytosis and GVHD were ruled out by skin biopsy and HLA typing of
infant and mother, respectively. A characteristic ﬁnding in OS is the presence of
markers of activation or memory, such as HLA-DR, CD25, CD30, CD45RO and CD95, and
underexpression of bcl-2 (an anti-apoptotic factor). These cells can be demonstrated
to be oligoclonal, autoreactive TH2 cells by their expression of GATA3 transcription
factor and their secretion of IL-4 and 5. Impaired VDJ recombination leads to the
generation of a few autoreactive T cell clones which populate the skin and gut,
resulting in the erythroderma and colitis. Protein loss from skin and gut contribute to a
generalized edema. The eosinophilia results from IL-5 production by the TH2 cells, and
IgE production results from the production of IL-4.
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Management:
Isolation, hygienic care, empirical broad spectrum antibiotics and parenteral nutrition
while awaiting stem cell reconstitution. Gene therapy is a hope for the future.
Interferon-γ to reduce the Th2 cell activity
Steroids and cyclosporin A to treat the skin reaction
Intravenous immunoglobulin replacement.
Prognosis:
Omenn syndrome is fatal in the ﬁrst two to six months of life if untreated. Although
life-threatening viral, bacterial and fungal infections can be observed in any SCID,
patients with OS commonly develop Staphylococcus aureus sepsis, secondary to the
generalized dermatitis. Vaccination with live viral vaccines can prove fatal. Chronic
diarrhea and protein loss via skin and gut may cause malnutrition which also
contributes to death. Mortality even following BMT has been reported to be between 18
and 47%. Diagnosis at birth might prevent infection and improve transplantation
outcomes, but neonatal screening speciﬁc to OS is not currently available.
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Immunology

Lymphocyte Trafficking
Chapter three

The adaptive lymphocytes which have ﬁnished their development in the primary
lymphoid organs (bone marrow and thymus) have not yet “seen” the foreign molecule
(antigen) that will bind to their BCR or TCR and are said to be “naïve” or “virgin”. The
anatomical locations in which these cells can now be exposed to their cognate antigen
and “trained in battle” are the secondary lymphoid organs; the lymph nodes, spleen
and mucosal associated lymphoid tissues (MALT). These organs have evolved to
sample the ﬂuids at key points of entry for microbial pathogens. The lymph nodes ﬁlter
lymph and therefore sample entry from any cutaneous or mucosal surface. The spleen
ﬁlters the blood and therefore catches pathogens that have become blood borne. The
MALT (speciﬁcally the Peyer’s patches) sample the intestinal contents to evaluate the
difference between potentially harmful invaders and harmless commensals and useful
calories.
The trafﬁcking or recirculation of lymphocytes is controlled by chemokines and adhesion
molecules. Different categories of lymphocytes have receptors for different
chemokines, which attract them, along a chemical gradient toward speciﬁc regions of
the secondary lymphoid organs. The lymph nodes and Peyer’s patches contain high
endothelial venules (HEV) which allow the L-selectins on the lymphocytes to bind to
their complementary addressin molecules (Sialyl Lewis-X) on HEVs, and “home” to
particular locations in those organs. The spleen does not contain HEVs, but instead
lymphocytes leave the blood sinusoids which make up the red pulp and travel by a
process of diapedesis (discussed with inﬂammation in the next chapter) to establish
residence in the white pulp. All of the secondary lymphoid organs are designed to be
locations where lymphocytes can be exposed to their cognate antigen and collaborate
with one another to make the most effective immune response possible. The rate of
recirculation of mature, naïve lymphocytes through these areas is quite dramatic: it is
estimated that on average, a given lymphocyte will check in to each lymph node in the
body once a day, and the spleen every other day.
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The Architecture of the Lymph Node

Figure 9
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Lymph and foreign antigen enter the lymph node through afferent lymphatics and the
subcapsular sinus. The subcapsular sinus is lined with macrophages. Lymphocytes
arrive through high endothelial venules and move to their respective regions; B
lymphocytes to the cortex where they form follicles and germinal centers, and T
lymphocytes to the paracortex. As antigen percolates over the layers of cells, it
would ﬁrst have the opportunity to be captured by macrophages, then B lymphocytes
and follicular dendritic cells in the cortex. If it is not bound by any of these cells, the
medullary cords are also lined with macrophages for a ﬁnal chance at capture. If
lymphocytes are activated, they will clone themselves and the node will swell in size.
Immunologic products of their activation (antibodies, effector cells, memory cells) will
leave through the hilum, and circulate in lymphatic vessels until they are combined
into the thoracic duct which drains into the systemic circulation through the left
subclavian vein.
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The Architecture of the Lymph Node

Follicle

Figure 10
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The spleen is the body’s largest secondary lymphoid organ. The spleen red pulp
serves the function of ﬁltering the blood through sinusoids which are lined with
macrophages. Aged red blood cells are removed here, and any foreign material that
has gotten into the blood will also be phagocytized. The blood supply to the spleen is
by the single splenic artery, and the arterioles which branch off become surrounded
by periarteriolar lymphoid sheaths which are T cell rich areas. B lymphocytes create
follicles outside of the T cell area. The lymphocyte rich areas comprise the white
pulp.
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Mucosal Associated Lymphoid Tissue
The Peyer’s patches which form in the submucosa of the small intestine begin to
develop before birth. They do not have incoming lymphatics, but instead sample
antigen from the lumen of the small intestine through M cells to the tissues beneath.
M cells are not covered with mucus, but instead trap antigens with ability to bind to the
surface of the cell (an obvious determinant of pathogenicity).
These are endocytosed in vesicles and then released for recognition by the
lymphocytes beneath. Over a lifetime, these areas become populated with memory B
cells dedicated to the production of IgA and memory T cells necessary to provide help
for them. The chemokine receptor and adhesion molecule patterns of naïve and
memory adaptive lymphocytes are tailored to the location in which they ﬁrst met their
cognate antigen, so over a lifetime, this concentrates the “troops” where they are most
likely to be quickly effective.
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#MMC (Make Me Care!)
1. Virchow’s node is a supraclavicular lymph node found near the junction of the
thoracic duct and the left subclavian vein. Palpation of its enlargement is called
Troisier’s sign. Can you explain why this ﬁnding would be suggestive of an advanced
malignancy?
2. Patients who have been surgically or naturally splenectomized (sickle cell anemia)
require special vaccination protocols to protect them from encapsulated microbes
which can invade the blood. Can you explain why this would be so?
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Before you leave, can you….
1. Explain the structure and function of the secondary lymphoid organs.
2. Describe the locations in each of these organs where T cells, B cells and
macrophages would be found.
3. Explain the role of chemokines and adhesion molecules in lymphocyte trafﬁcking.
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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

Chemoattractant

Clotting cascade

Fibrinopeptides

Bacteria

F-met peptides

Complement cascades

C5a

Resident and entering leukocytes

Interleukin-8

Arachidonic acid cascade

Leukotriene B4
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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

Figure 11

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

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

1

2

4

3

5

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 …

*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.
42

4. the phagolysosome in which
intracellular digestion occurs.
5. Digested debris is exocytosed

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

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

#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.
50

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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Antigen Presentation:
The Bridge Between Innate
and Adaptive Immunity
Chapter five

Introduction:
If acute inﬂammation is sufﬁcient to stop the invasion of microbes and isolate the
injured area, the debris will need to be cleaned up, and the tissue returned to its normal
function as much as possible. This process is under the control of the resident
phagocytes, and their evaluation of the cause of the damage will cause signaling to
the cells of adaptive immunity, so that if the same injury were to be repeated again,
there would be memory of the previous assault, and a more rapid and speciﬁc
response to it in the future.
The neutrophils which drove acute inﬂammation are phagocytic cells which ingest, kill
with reactive oxygen species and die, with the production of pus and abscess
formation. Antigen presenting cells (APCs) such as macrophages and dendritic cells
are extremely long-lived cells which similarly phagocytize and kill intracellularly with
reactive oxygen species, but afterwards take the peptide-containing debris of their
meal and display it on their cell membrane. The molecules which anchor these foreign
peptides into the membrane of the APC belong to the immunoglobulin superfamily of
genes and are called the major histocompatibility complex (MHC) as a general term,
or the human leukocyte antigens (HLA) in the human.
Class I MHC (HLA)

Figure 15
Peptide
• Two chains:
• long alpha chain encoded in Ig superfamily
• β-2 microglobulin holds alpha chain in correct
shape, to create peptide binding groove
• Expressed on all nucleated cells and platelets
• Gene products are A, B and C
• Expressed codominantly

57

Where do the peptides come from?
Class I MHC Loading

Figure 16

• MHC Class I molecules are loaded with peptides
via the endogenous pathway.
• Peptides produced in the cytosol of the cell are
degraded in proteasomes and transported by a
TAP transporter complex to the site of production
of the class I molecule in the ER.
• The combination of MHC 1 and internally produced
peptide is then transported to the cell surface.
• Normal cells wearing normal peptides will be
ignored because of central tolerance induced in
the thymus.
• Cells producing abnormal or microbial peptides
will be targeted for killing with CD8+ T cells (CTLs).

Cytosolic
protein

TAP

Class II MHC (HLA)

Figure 17
• Alpha and beta chains of similar length, both
encoded in same genetic region.
• Expressed codominantly on antigen-presenting
cells (macrophages, dendritic cells,
B cells, activated T cells and endothelial cells)
• Gene products are DP, DQ, DR.

Where do the peptides come from?
MHC 2 Loading

Figure 18

1

4
3
2
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1. Peptides loaded into class II MHC molecules
originate in acidic vesicles after
phagocytosis/endocytosis by the presenting cell
(exogenous pathway).
2. MHC molecule is produced in the endoplasmic
reticulum and has an invariant chain blocking
the peptide binding groove.
3. Release of the MHC molecule into the acidic
vesicle causes digestion of the invariant chain,
and the ingested peptides bind in the now
vacant groove.
4. The combination of MHC II/peptide is transported
to the cell membrane where it is available for
recognition by CD4+ TH cells.

Summary of MHC/HLA Molecules

Class I molecules
(A, B, C)

Class II molecules
(DP, DQ, DR)

Function

Identiﬁcation of altered self cells (neoplasms
or intracellular microbes)

What cells have
these?

All nucleated cells, platelets

Where did the
peptides come from?

Produced endogenously in infected, altered
cells

Who recognizes this
signal?

CD8+ CTLs

Function

Stimulate TH to “help”

What cells have
these?

Antigen-presenting cells (DC,
macrophages, B lymphocytes, activated T
cells and endothelial cells)

Where did the
peptides come from?

Phagocytized and processed in acidic
vesicles

Who recognizes this
signal?

CD4+ TH cells

Transportation of the Signal to the Secondary Lymphoid Organs
Within hours of the ingestion and digestion of debris by resident, phagocytic
antigen-presenting cells, they will begin to move toward the secondary lymphoid
organs carrying their cargo of MHC II/peptide signals. As you recall, our mature but
naïve T lymphocytes have been recirculating through these organs, and now, the
interaction of these antigen-speciﬁc lymphocytes with the MHC II/peptide complex
complementary to their TCR will begin their stimulation. B lymphocytes residing in the
follicles and germinal centers of these secondary lymphoid organs can bind free
antigen of any chemical composition to their membrane Ig receptors, and can
themselves serve as antigen presenting cells for TH cells.
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Differentiation of APC Signaling
In the microenvironment of the inﬂammatory focus where the APCs are cleaning up
debris, there are multiple chemical signals which encourage the APCs to differentiate
down one of two pathways. Mast cells, NK cells and other innate lymphoid cells, and
microbial pathogens themselves (PAMPs) are the origin of these signals, and they
deliver important insights about the nature of the invader to the APCs so that this can
be additionally communicated downstream.
Differentiation of APC Signaling
In the presence of large
amounts of IFN-γ and
PAMPs indicating
intracellular invaders (eg.
TLRs 3,7,8,9), the classical
pathway is begun.

Figure 19
IFNγ

The alternative/default
Alternative pathway is initiated in
(default)
the absence of speciﬁc
signals of intracellular
invaders, or in the
presence of IL-4 or IL-13
IL-10
production from ILCs. The
TGFβ
pathways are mutually
inhibitory to some (but
not complete) extent.
IL4

Classical

IL-1
IL-12
IL-23
Chemokines
TH
12

Stimulates
Stimulates
CMI
HI
Homeostasis
Growth
Restored
factors
Continued
Wound repair
Memory
inflammation
fibrosis

The cytokine signals from the classically activated APCs, along with the signal from the
MHC class II/peptide binding to the TCR, induce the mature, naïve TH cell to differentiate
down the pathway to become the TH cell controlling the cell-mediated immune
response (TH1). This is because CMI is the most efﬁcient pathway for identiﬁcation of
altered/infected self cells to target them for elimination.
The cytokine signals from the alternatively activated APCs (again along with MHC
II/peptide signaling) induce the mature naïve TH cell to differentiate down the pathway
to become a TH2 cell which will control the development of antibodies from B
lymphocytes (the humoral immune response). This pathway is adapted for the
removal of extracellular microbes via enhancement of phagocytosis (opsonization) or
complement activation).
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Communication between APC and TH cells
The communication between APC and TH cells is the critical engineering checkpoint for
the activation vs. inhibition of the adaptive immune response. It involves a 3-signal
cascade:
• Signal 1
Binding of the TH TCR to the
MHC II/peptide complex
presented by the APC. This is
the only antigen-speciﬁc
signal of the cascade. CD4
leaﬂets stabilize this
interaction, CD3 acts as signal
transduction molecule.

• Signal 3

• Signal 2

Cytokine secretion
• APC makes IL-1 (fever), IL-6
(acute phase reaction), TNF
(fever, cachexia, apoptotic
cell death), IL-12 induces
switch to TH1.
• TH makes IL-2 (autocrine
proliferation signal binds to
CD25), TH1 makes IFN-γ
(stimulates APC activity).

Binding of costimulatory
molecules (from left to right in
diagram).
• CD80/B7 on APC binds to CD28
on TH cell. The binding
of CD80/B7 to CTLA-4 delivers
an inhibitory signal.
• Adhesion molecules (LFA-3 on
APC binds to CD2 on TH cell)
• CD40 on APC binds to CD40L
on TH cell.

Communication between APC and TH Cells

CD80
/B7

Figure 20

APC
1

2

2

2

3
IL-1,6,12
TNFα

–

Inhibits

IFNγ

Activates

+

IL-2

CD28
CTLA-4

TH
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Differentiation of TH cell subsets
All TH cells possess the same cell surface markers with which they are identiﬁed. CD3 is
the signal transduction molecule on all T cells. CD4 is the marker speciﬁc to TH cells.
The two major types of TH cells are the TH1 (controls CMI) and the TH2 (controls humoral
immunity), but discovery of new categories of TH cells is accelerating with the study of
their speciﬁc chemokine receptors, signal transducers and activators of transcription.
Differentiation of TH Subsets

Figure 21
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Proinﬂammatory cytokines are in red, anti-inﬂammatory in blue.
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CC

R4

Summary of TH Subsets:
Cell

Stimulus

Chemokine
Receptors

Signal
receptor

Transcription
Factor

Product

Function

TH1

IL-12

CCR3,5

STAT4

Tbet

IL-2, IFN-γ

Defense vs.
intracellulars

Tfh

IL-6

CCR5

STAT3

Bcl6

IL-21

Defense vs.
autoimmunity

TH17

IL-6 + TGFβ

CCR6

STAT3

RORγt

IL-17,21,22

Defense vs.
extracellulars

Treg

TGFβ

CCR4,8

SMADs

Foxp3

IL-10

Immune regulation &
prevents
autoimmunity

TH9

IL4 + TGFβ

CCR2,3,4,5,6

STAT3, SMADs

?

IL-9,10,21

Anti-tumor &
prevents
autoimmunity

TH2

IL-4

CCR4

STAT6

Gata3

IL-4,5,10,13

Defense vs allergy
& asthma
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Summary
Acute Inﬂammation
TLR ligands and IFNγ
from NK cells

Default loop

Phagocytosis and evaluation
of debris by APC

Debris resulted from
death of infected abnormal
cell, IFNγ from NK cells

Debris resulted from toxic
materials outside of cells,
IL-4 and IL-13 from ILCs

Classically activated
APC makes IL-12

Alternatively activated
APC makes IL-10, TGFβ

TH0 responds to signaling
from APCs

TH1 activates and
clones CMI defenses

TH2 activates and
clones humoral defenses

…and all other TH cells which
modulate the response in speciﬁc
conditions…Treg, TH17, TH9, Tfh
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#MMC
1. In the engineering design of the immune system, acute inﬂammation can be thought
of as a nearly instantaneous ﬁrst response to prevent the attack of something that
can kill you right now. The adaptive response then ensues as a more focused
subsequent response which is tailored to be maximally effective against the injury,
and minimally damaging to host tissues. What two attributes of TH cells make them a
critical target for medical therapies which either increase or decrease immune
activation?
2. Abscesses and granulomas can be considered the two end pathologic lesions of
acute vs. adaptive immune responses. If abscesses are made of neutrophils and
granulomas are made of TH1 cells and macrophages, what does this tell you about
the different stimuli which caused their development?
3. Ipilimumab is a new monoclonal antibody which blocks CTLA-4. Based on this
information, can you project the clinical situations in which this therapy would be
beneﬁcial, and those when it would be immunologically contraindicated?
4. If you were going to design a therapy to increase or decrease adaptive immunity in
the most efﬁcient way possible, would you design it to be functional at the APC, the
TH or the effector cell level, and why?
5. Many cancer cells exhibit complex abilities to evade immune recognition and
destruction. Can you explain why a cytokine proﬁle including decreased IL-2 and
IFN-γ and increased TGF-β and IL-10 would be “tumor permissive”?
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Before you leave can you…
1. Explain the distinction between a phagocyte and an antigen presenting cell and give
examples of each?
2. Enumerate the complex signals between the innate immune response and the
bridge to adaptive immune response?
3. Describe the structure, loading, and function of the Class I and II HLA molecules?
4. Explain the complex signaling from the initial injury/infection site which results in the
activation of the classical and alternative pathways of APC activation?
5. Explain the signals delivered downstream from APCs which cause the stimulation of
the main TH populations (TH1 and TH2) and lesser TH cells (Treg, TH17, TH9, Tfh)?
6. Explain the outcome of the stimulation of different TH populations on the outcome of
immune stimulation at the organismal level?
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Case Discussion

Frontiers in Cancer Immunotherapy

As this diagram of the signaling between APC and TH cells illustrates, the critical
engineering “choke” point for the immune engine has the capacity to turn up (activate)
or turn down (inhibit) responses downstream. One of the challenges in management of
neoplasia is that neoplastic cells have evolved complex mechanisms to skew the
response in the direction that they prefer…the dampening down of any potentially
threatening immune response. Each of these of neoplastic techniques of immune
evasion has become a focus of intense interest in the immunotherapy of cancer.
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Cancer Avoidance Techniques vs. Immunotherapies
Signal 1: MHC and TCR recognition
• Many neoplastic cells will down-regulate expression of both MHC II and I molecules.
This will stop the production of “help” from TH cells…the major source of ampliﬁcation of
immune signals, and inhibit the ability of effector cells of CMI (CTLs) to recognize the
neoplastic cells.
• Type 1 interferons (IFN-α and IFN-β) are anti-viral interferons which increase the
expression of MHC I and II molecules. They have also been shown to decrease cellular
protein synthesis through inhibition of eIF2 (inhibiting tumor growth), increase
apoptosis through stimulation of p53, and decrease angiogenesis and proliferation of
endothelial cells which is required for tumor mass growth.
Signal 2: Costimulatory vs Coinhibitory Molecule Signaling
• The CD28/CTLA-4 family of receptors on T cells binds to the B7/CD80 family of
molecules on APC. Binding of CD80 to CD28 gives an activating signal to the TH cell,
and binding to CTLA-4 is inhibitory.
• Inhibitors of CTLA-4 like ipilimumab and tremelimumab act to inhibit the immune
suppressive activity of tumors.
• PD-1 (programmed cell death protein-1) is a member of the CD28/CTLA-4 family.
Expression of its ligands (PDL-1 and PDL-2) on tumor cells is believed to cause the
T-cell exhaustion found in many cancers and chronic infections.
• Inhibitors of PD-1 – pembrolizumab and nivolumab
• Inhibitors of PDL-1 – durvalumab, atezolizumab
Signal 3: Production of a cytokine environment which favors tumorigenesis
• The cytokines produced in the microenvironment of the APC/TH interaction can favor
immune suppression.
• Tregs and alternatively activated APC favor an environment of immune escape and
neovascularization.
• Therapies which favor the TH1/classical APC axis of immunity and inhibit the
TH2/alternative APC axis are under development.
OTHER ASPECTS OF IMMUNE CHECKPOINT CONTROL IN MEDICINE
Natural immunosuppression: pregnancy, self-tolerance, tolerance to microbiome.
Natural immunoactivation: control of infectious agents.
Pathologic activation: hypersensitivity and autoimmunity.
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Immunology

Cell-Mediated Immunity:
The Response to
Altered/Infected Self
Chapter six

Introduction:
As we have discussed before, acute inﬂammation is designed to combat microbes with
rapid reproductive rates that must be stopped quickly before they enter critical tissue
spaces. The cell-mediated immune response, on the other hand, is designed to
manage much more insidious invaders…those that invade host cells and hide inside
them, hijacking the cell’s own synthetic machinery and spreading from cell to cell to
cause the disease as a result of loss of normal cell or tissue function. The eradication of
invaders hiding intracellularly requires precise mechanisms of identiﬁcation of the
difference between normal and altered host cells. The evolutionary struggle between
the microbes that carry out their lifecycles inside our cells, and the immune effector
cells that must control them, has caused the development of a variety of mechanisms
to control a variety of pathogens.
Overview of immunity

Figure 22

APC plus
recognition of
TLRs 3, 7, 8, 9 plus
IFN-gamma
from NK cells

IL-1, IL-12, IL-23,
chemokines
Persistence of
signaling on this
side of Nirvana
causes
continued
microbicidal
killing and type 4
hypersensitivity
diseases

APC plus IL-4,
IL-13 from
ILCs

APC1

APC2

IL-10, TGF-beta

Th0

Th1

CMI

Th2

HI

Persistence of this
side of Nirvana
results in wound
healing and repair

73

Early Signaling for CMI
Microbes which invade host cells as soon as they are transmitted to man do not set off
the complex signals which we associate with acute inﬂammation. However, innate
lymphoid cells exist in virtually all barrier tissues (skin and mucosa) and these cells
recognize signals indicating cellular injury and altered function (DAMPs) and synthesize
cytokines which induce APCs to differentiate down the classical pathway of activation.
In the presence of IFN-γ (from resident NK cells) and TLR ligands which indicate unusual
intracellular processes (double-stranded RNA, CpG DNA etc.), macrophages and
dendritic cells will phagocytize cellular debris and process and present it to mature
naïve TH cells in the context of MHC class II. This, along with the cytokine signal of IL-12,
will induce the activation and differentiation of TH1 cells which will control all of the
effector mechanisms downstream.
Effectors of CMI

Figure 23
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NK

ADCC

Effectors of Cell-Mediated Immunity
1. Macrophages

In the special case where the infected host cell is actually an APC in the mononuclear
phagocytic system, the TH1 delivers IFN-γ to cause the increased efﬁcacy of intracellular
killing mechanisms.
• The best membrane marker to identify macrophages is CD14 (the endotoxin
receptor).
• This is the preferred mechanism of control of facultative intracellular microbes
such as mycobacteria, Listeria, Francisella, Brucella, Legionella, Yersinia pestis,
Salmonella typhi, Nocardia and Histoplasma capsulatum.
• This is the one case within the CMI system where the APC and the effector cell are
the same cell.
• The end pathologic lesion of all such infections is the granuloma: a spherical
accumulation of TH1 cells and activated, highly secretory macrophages
(epithelioid cells).
2. Cytotoxic T Lymphocytes (CTLs)

The CTL is the most efﬁcient effector cell for most obligate intracellular microbes
(viruses, Chlamydia, Rickettsia, sporozoan protozoa and Leishmania). They are also a
critical defense against neoplastic change.
CTLs are attracted to the location of infection or malignant transformation by TH1
production of IFN-γ and chemokines. IL-2 produced by TH1 cells induces their
proliferation.
Remember that all nucleated cells make MHC 1 molecules and load them with peptides
made inside the cell. If the cell has neoplastic change or if there is an intracellular
pathogen infecting it, then the abnormal peptides can serve as a signal to the CTL that
the cell needs to be removed.
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CTLs kill extracellularly if their TCR binds to an altered cell wearing abnormal peptides in
the groove of an MHC 1 molecule.
• Cytoskeletal rearrangement leads to exocytosis of granules against the target cell.
• Perforin and granzymes activate the extrinsic cascade of apoptosis through
caspase 8.
Mechanism of Tc killing

Figure 24

Tc
TCR
MHC1

Infected cell
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Apoptosis

3. Natural Killer (NK) Cells
NK cells are a category of innate lymphoid cell that targets cells that do NOT express
MHC 1. This is important because many viruses (herpesviruses and HIV) as well as
cancers have “learned” to avoid CTL killing by downregulating expression of MHC.
Although they are never as effective as a CTL in removal of infected or malignant cells
because they exhibit no memory, they are important when other mechanisms do not
work.
• NK cells are identiﬁed by their CD markers – CD16 (the Fc receptor) and CD56
(unknown function)
• Target cell identiﬁcation is with a 2-signal system of killer Ig-like receptors (KIRs).
• An activating signal is received from binding to a DAMP.
• An inhibitory signal is received from binding to MHC 1.
• Killing is extracellular through perforin and granzymes.
NK cell killing

Figure 25
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4. Antibody-dependent Cell-Mediated Cytotoxicity (ADCC)
The ﬁnal effector mechanism controlled by the TH1 cell is ADCC.
• This mechanism of target cell killing can be exercised by any cell with an Fc
receptor (CD16; monocytes, macrophages, NK cells, neutrophils and even
eosinophils).
• The targeting is done by the binding of speciﬁc antibody, and once identiﬁed, the
target cell is induced to undergo apoptosis in response to the release of perforin,
lytic enzymes and tumor necrosis factor (TNF) from the ADCC cell.
• The antibody is IgG with exception of that used by eosinophils to target helminth
parasites; in that case it is IgE.
ADCC

Figure 26
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Summary: The CMI side of Nirvana
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#MMC
1. Cytomegalovirus (CMV) is a herpesvirus that causes the cells that it infects to
produce a fake MHC 1 molecule. What would you predict about the pathway for
infected cell killing by the immune response?
2. Inﬂiximab is an inhibitor of TNF-α which is used in the therapy of rheumatoid arthritis,
Crohn disease and other chronic inﬂammatory conditions. Can you predict what
category of infectious agents would be a risk in patients treated with this
monoclonal antibody, and explain why?
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Before you leave, can you…
1. Explain the molecular signaling necessary to stimulate the APC1-TH1 pathway and
name the infectious or pathological situations in which it would be important.
2. Name the 4 effector mechanisms within CMI and give examples of when each would
be important.
3. List the identifying markers for each of the effector cells and describe the
mechanisms by which they kill.

81

Immunology

Antibodies and
Humoral Immunity
Chapter Seven

Introduction:
Macromolecules such as antibodies, complement proteins and antimicrobial peptides
which circulate in the blood and lymph constitute the humoral immune response. In
any case where an antigen has enough size and complexity to be recognized as being
foreign (an immunogen), the immune response can respond by creating an antibody
which binds to it. Thus, the humoral immune response is the response to the
introduction of any immunogen, regardless of whether it originated as an intracellular
or extracellular invader.
As the result of successful CMI, in our previous chapter, the products of apoptosis will
be processed by APC to generate antibodies. The debris from a successful innate
inﬂammatory response will generate antibodies as well. Antibodies, as the secreted
product of the B lymphocyte lineage, can be thought of as “tags” to identify foreign
invaders in any subsequent invasion, but their efﬁcacy in destruction of the material
depends on their activation of the processes of phagocytosis or complement system
activation. Antibodies can only function outside of cells, so their role in the
management of intracellular microbes is only during the stages when the microbe
moves from host cell to host cell.
Direct B Cell Activation
When we left B lymphocytes last, they were emerging from the bone marrow as
mature, but naïve cells, and they recirculated to the secondary lymphoid organs to
create germinal centers. When a foreign epitope complementary to the idiotype of
the BCR arrives in the lymph node through afferent lymphatics draining the site of
inﬂammation, or via the blood in the case of the spleen, the antigen-stimulated
centroblasts undergo a burst of proliferation (blastogenesis). Mutational changes can
occur in the idiotype-encoding regions, and this creates variations in populations with
slightly different shapes to their BCR (somatic hypermutation). This can be seen in the
dark zone of the germinal center where proliferation is at its peak. The cells with
receptors which have the best strength of binding (afﬁnity) will then be selected by
natural selection because their receptors will be occupied more than those with weak
afﬁnity. In the competition for binding to the antigen, the cells with the best ﬁt will
receive continued stimulation to multiply (afﬁnity maturation). Some of these cells will
differentiate into plasma cells which will migrate to the medullary cords where they will
secrete antibody of IgM or IgD isotype, at the rate of thousands of molecules per
second, for a period of about two weeks, and then they will die.

83

If there are no TH cells encountered by a proliferating B lymphocyte during this process,
only IgM and IgD can be produced, and there is no memory of the response, thus the
advances in receptor shape which occur during somatic hypermutation are lost with
the short lifespan of the mature B lymphocyte. This type of T cell independent B cell
activation occurs when the antigen contains no peptides. Fortunately, this type of
response is not the norm, since proteins are a necessary building block of living cells. It
is only when individual constituents of living cells are the antigen that the T cell
independent response is observed (individual lipids, polysaccharides, nucleic acids).
Remember that mature, naïve B cells leaving the bone marrow are wearing membrane
receptors in equal numbers of molecules of IgM and IgD monomers. The secreted form
of IgM is a pentamer, held together by a joining or J chain.
IgM Pentamer
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Figure 27

The function of IgD is not known and it has a very short half-life free in the serum, but
IgM is uniquely suited to enhance the innate inﬂammatory response. Indeed, since
there is no IgM memory, it can be argued to be a component of innate immunity.
• IgM (the macroglobulin) is too large to escape from the vasculature, so its major
effects occur intravascularly.
• It has more identical idiotypes (a valence of 10) than any other molecule of
immunoglobulin. It therefore has the highest avidity of any Ig; a measure of the
number of combining sites that can be engaged at one time. Think of it acting in
an early response as a sort of immunological sponge, soaking up available antigen
and holding it so that other cells can respond.
• It is the strongest activator of complement of any immunoglobulin, and the
complement cascade attracts neutrophils and enhances inﬂammation. The
binding site for the C1q component of complement is immediately behind the hinge
region of each monomer, so the pentamer effectively has 5 times the complement
activating activity of any monomer.
• Since it has no free tail (Fc) outside of its sterically hindered center, it cannot act as
an opsonin, since opsonization requires the availability of an Fc tail to ﬁt into the Fc
receptor (CD16).
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The acquisition of T cell help
As the proliferating B cells are pushed outwards from the center of the clone of
dividing cells, they must receive signals from follicular dendritic cells and TH cells in the
paracortex to survive. As with the interaction between TH0 and APCs, there is a
3-signal system for the activation of B cells and the differentiation of TH0 to TH2 cells.
In the humoral immune response, it is most common for the B lymphocyte to serve as
the APC, after processing antigen bound to its BCR in acidic vesicles, and presentation
in the context of MHC class II molecules.
B cell_TH2 collaboration

Figure 28
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1

CD80
2

CD28

CD40
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3

IL-4
IL-5
IL-13

CD40L

TH2
Signal 1: B cell binds epitope of antigen to its BCR, endocytoses, processes in acidic

vesicle, and presents peptide component in the groove of MHC class II molecule. This
binds to the TCR of an appropriate TH cell and serves as the only antigen-speciﬁc
signal between the two cells.
Signal 2: Binding of costimulatory molecules. CD28 binds to CD80 and CD40L binds to

CD40. The engagement of CD40 and CD40L have been shown to be necessary for
cytokine secretion and isotype switching.

Signal 3: Cytokines produced by TH2 cell bind to cytokine receptors on B cell and

induce cloning, isotype switching, differentiation to plasma cells B cell memory.
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Isotype Switching
When CD40L and CD40 are bound on the surface of TH2 cell and B cell respectively, the
expression of activation-induced cytosine deaminase is induced. This enzyme is
essential to allow the modiﬁcation of the germ-line B cell DNA so that isotype switching
can occur. Depending on the cytokine signal from the TH2 cell, which is in turn
dependent on the signaling of tissue location and category of antigen (chemical
nature, bacterial, viral, parasitic or fungal origin), the switch region for a new set of
constant domains is activated, and the idiotype coding is spliced to a new isotype.
Because the function of the antibody molecule resides in the characteristics of the
constant domains, the speciﬁcity of the resulting molecule is left the same (or
improved by afﬁnity maturation) but the functional capacity of the molecule is
changed.
Since the excised DNA is destroyed and run through nucleotide salvage pathways, the
cell cannot return to synthesizing a constant domain that was upstream. The
cytokines involved in switching are complex, pleiotropic and situational, so the only two
that can be easily tested are:
• IL-5 causes isotype switch to IgA in the mucosa
• IL-4 causes isotype switch to IgE
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Functions of the T cell-dependent Isotypes
IgG

Figure 29

IgA

Figure 30

• Gamma heavy chains
• 4 subisotypes with slightly different
functions
• Most common isotype made after IgM
• Largest number of effector functions
• Complement activation
• Opsonization
• ADCC
• Active transport across the placenta
• Distributes inside and outside of
vasculature

Alpha heavy chains
Two subisotypes
Dimeric in secretions
Major immunological component of
breast milk and colostrum
• Prevents binding of microbes to
mucosal surfaces
• Does not activate complement or
opsonize
•
•
•
•

The majority of IgA is produced in the submucosa and is transported into the lumen of
the organ by binding to a poly-IgA receptor on the internal surface. After transport, the
receptor is retained as secretory component, protecting the molecule against the
possibility of proteolytic cleavage in the intestine, urogenital and respiratory systems.
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IgE

Figure 31
• Epsilon heavy chains
• There is only one switch region
associated with IgE synthesis and it is
located at the end of the germ-line
DNA
• It is secreted as a monomer
• It has afﬁnity for Fcξ receptors on mast
cells and basophils
• It is the protective antibody against
helminth parasites
• When misdirected it causes type 1
hypersensitivities

The Complement Cascades
Complement proteins are produced in the liver and can be considered acute phase
reactants. They are a set of zymogenic enzymes which cleave one another in a
sequential pattern and liberate split products which have roles in increasing acute
inﬂammation.
The two more evolutionarily primitive cascades are the lectin cascade and the
alternative cascade. The lectin cascade is begun by recognition of mannose binding
lectin on the surface of various microbial pathogens, and the alternative cascade is
believed to recognize surface charge differences between microbial cells and host
cells. The only cascade which requires antibodies to activate it is the classical
cascade and it can be begun by a single pentamer of IgM or two monomers of IgG.
The sequence of the cascade follows the order 1,4,2,3,5-9, and the cascades start at
different points:
• The classical cascade begins with C1
• The lectin cascade begins with C4
• The alternative cascade begins with C3
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Complement Cascades

Figure 32
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Biological functions of Complement Split Products
• C3a, C4a, C5a – the anaphylatoxins. Attract cells into the area.
• C3b – the opsonin, enhances phagocytosis.
• C5-9 – the membrane attack complex, causes lysis of cell membranes.
Regulation of Complement
“Brakes” on the complement cascade exist at the C1, C3 and C5 levels.
• C1 inhibitor
• C3 inhibitor (DAF, decay-accelerating factor, CD55)
• C5 inhibitor (MIRL, membrane inhibitor of reactive lysis, CD59)
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Summary of the Humoral Immune Response
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#MMC
1. It has been established that the presence of protein in a vaccine improves its
efﬁcacy and the duration of its protective response. Can you explain this based on
what you know of the development of the humoral immune response?
2. The genetic absence of CD40L on the surface of TH2 cells is a condition which
generally proves lethal by the age of 25. How would you expect a patient with such
a deﬁciency to present?
3. Opsonization of antigen-antibody immune complexes with C3b is a critical step in
their removal from the blood by the spleen. Can you explain:
• Why patients with genetic deﬁciencies of C3b develop immune complex disease?
• Why patients with immune complex disease develop small-to-medium sized
blood vessel vasculitis and have depressed complement levels in the blood?
4. Glycosylphosphatidylinositol (GPI) is a common membrane anchor on the surface
of erythrocytes for DAF (CD55) and MIRL (CD59). Can you anticipate the result of a
genetic absence of this molecule?
5. Mycobacterium leprae is an obligate intracellular organism (cannot be grown
outside of eukaryotic cells) that lives inside human cells of the mononuclear
phagocytic system. There are two polar forms of the disease, with the more serious,
lepromatous form resulting when the alternative APC/TH2 axis of the immune
response is activated. Can you explain why this is so?
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Before you leave, can you…
1. Explain the difference between T cell-dependent and -independent humoral
responses.
2. Explain the signaling that causes B cell activation, isotype switching and TH2
differentiation.
3. Explain somatic hypermutation and afﬁnity maturation.
4. Describe the structure, function, and anatomical location of the 5 major isotypes of
immunoglobulin.
5. Describe the 3 pathways by which complement can be activated.
6. Name the biological functions of the split products of the complement cascade.
7. Name the points at which the complement cascade can be arrested.
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Case History
XHIGM
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A 2-year-old male is referred for immunological workup because of failure to thrive and
recurrent infections including otitis media, diarrhea, sinusitis and pneumonia. The
recurrent infections began at about 6 months of age, and have included
Staphylococcus aureus, Pneumocystis jirovecii and Cryptosporidium parvum. He is up
to date on all recommended vaccinations.
On presentation, the child ranks in the 65th percentile for height and weight. His
temperature is 38.4 C (101.1 F), respirations 30/min, heart rate 80 beats/min. There is mild
anterior cervical and auricular lymphadenopathy. Several ulcerations are found on the
oral mucosa, but the remaining physical ﬁndings are within normal limits.

Chief Complaint(s):
Recurrent infections and
failure to thrive

Differential Diagnoses:
• Agammaglobulinemia
• Bruton agammaglobulinemia
• Common variable immunodeﬁciency
• Severe combined immunodeﬁciency
• Transient hypogammaglobulinemia of
infancy

Clinical Approach:
The ﬁnding of growth delay and recurrent/chronic infections with opportunists in this
age group is suggestive of the possibility of primary immunodeﬁciency. The presence
of recurrent infections of mucosal surfaces with normal ﬂora and opportunistic
pathogens suggests that there may be a problem with mucosal immunity such as IgA
synthesis.
Immunological Workup:
CBC and differential: neutropenia
Immunoglobulin levels normal for IgM, low for IgG, IgA and IgE
Elevated C-reactive protein
Serology for CMV, HIV and Toxoplasma gondii negative
Speciﬁc IgG antibodies against tetanus and hepatitis B surface antigen negative
Isohemagglutinins against allo-ABO blood groups normal
Normal numbers of CD3, CD4, CD8, CD19 and CD56 lymphocytes by ﬂow cytometry,
CD40L missing from TH cells
Stool examination for Cryptosporidium oocysts positive
Molecular genetic testing
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Diagnosis: X-linked Hyper IgM Syndrome (XHIGM)
Hyper IgM syndrome is a group of rare primary immunodeﬁciencies which impede the
ability of the B lymphocytes to undergo isotype switching. Affected individuals may
have normal to high levels of IgM, but are unable to make IgG, IgA or IgE, and are thus
susceptible to a broad range of pyogenic and opportunistic infections. The most
common form (70%) of hyper IgM syndrome is inherited in an X-linked recessive fashion
because the CD40LG gene is located on the long arm of the X chromosome (Xq26).
Production of an abnormal variant of CD40L or an inability to produce enough of the
molecule, causes the inability to start the cytokine activation required for isotype
switching. X-linked hyper IgM syndrome is believed to occur in about 2 in a million
births of male children.
Other forms of hyper IgM syndrome are inherited in an autosomal recessive fashion
and reﬂect problems with activation-induced cytidine deaminase (AID) deﬁciency,
uracil nucleoside glycosylase (UNG) deﬁciency, or CD40 deﬁciency. AID and UNG are
enzymes important in somatic hypermutation, so in some cases of hyper IgM
syndrome, this process is also affected.
Some patients with XHIGM have neutropenia with maturation arrest of the myeloid
lineage at the promyelocyte-myelocyte stage. They may also display autoimmune
disorders, neurologic complications from central nervous system infections, liver
disease, and gastrointestinal tumors and increased risk of lymphoma.
Management:
Patients with all forms of HIGM are treated with immunoglobulin replacement therapy
to prevent infection and reduce the likelihood of development of lymphoid
hyperplasia. Anti-microbial therapy should be prompt and pathogen-speciﬁc (not
empirical). Prophylactic therapy to prevent infection with Pneumocystis
(trimethoprim-sulfamethoxazole) and Cryptosporidium (nitazoxanide and
azithromycin) should be used. Treatment with granulocyte colony stimulating factor
(G-CSF) may be of beneﬁt in patients with neutropenia.
Stable patients should be monitored every 2-3 months. Water that is boiled or treated
by reverse osmosis to avoid Cryptosporidium infection is advised. Daycare
environments, farm animals, puppies and kittens should be avoided. Liver function
tests should be performed yearly because subclinical hepatitis is not uncommon, and
antigen testing for viral hepatitis is necessary since patients are unable to produce
antibodies.
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Prognosis:
The overall prognosis for patients with XHIGM is guarded, with 20% survival to 25 years
postdiagnosis. The severity of disease varies widely, but without treatment, the
condition can result in death during childhood or adolescence. Stem cell
transplantation has been used to successfully cure XHIGM, and gene therapy is being
studied as another approach. Recombinant CD40L has been shown to restore missing
TH1 cytokines but has shown no effect on differentiation of B cells and isotype switching.
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Immunology

The Development of
Immune Memory
Chapter eight

Introduction:
If you notice, we have now traveled through all the steps of both the innate and
adaptive immune responses, so in our last section of immune theory, we need to
discuss how the adaptive immune response “remembers” what it has done and
improves on it with each exposure. The steps we have already discussed have
required about 10 days to 2 weeks to be complete.
After an immune response has been successful at
removing an invader or healing an injury, it is
important to return the system toward a baseline
homeostatic level. This avoids wasting biological
energy ﬁghting an invader that has been
vanquished and allows the system to “reset” to pay
attention to new challenges.
Humoral Immune Memory
On the humoral side of the immune response, the
very short lifespan of the plasma cell effector (2
weeks) causes antibody production to return
toward normal when the cells die. Unless the
antigen persists in the system, there is no
additional stimulation of the dividing B lymphocyte
pool to cause them to make more plasma cells.
Since the system is totally antigen driven, if there is
no antigen to occupy the idiotype of the BCR, the
cell receives no stimulation to clone, and becomes
quiescent. The B lymphocytes which remain in
lymphoid follicles after the primary immune
response are memory cells with about a 10-year
life span. Because they have undergone a round
of activation, somatic hypermutation and isotype
switching, they have improved afﬁnity for the
antigen, and their BCR is made of molecules with a
new isotype.

Penetration of Barrier

Inﬂammation

Evaluation by Sentinel cells

Communication with TH cells

Activation of Effector cells

Destruction of invader

Memory
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Cell-Mediated Immune Memory
T lymphocytes exert most of their activity through the production of cytokines, and
once activated in a primary immune response are said to be memory cells with the
ability to “last a lifetime”. That may have been true when the lifetime of the average
homo sapiens was about 40 years, but now, with increased life expectancy, memory T
cells of both TH and CTL categories need to be refreshed with new stimulation as we
age. Because continued cytokine production after the removal of an infectious
process would be energy intensive and potentially harmful, some proportion of T cells
that have become activated are induced to undergo a process of activation-induced
cell death (AICD). This is accomplished through the trimerization of Fas and FasL
molecules which are coexpressed on the surface of activated T cells after they have
been stimulated with IL-2. This triggers the activation of the extrinsic cascade of
apoptosis and returns the number of memory T cells toward, but always above, the
original baseline. Memory TH cells and CTLs are quiescent, generally non-dividing, and
will recirculate through the body to areas of inﬂammation.
Tissue Signals in Dissemination
Although the primary immune response occurred either at the location of the
injury/infection or at the site of a draining secondary lymphoid organ, during the
memory induction phase of the response, the cells tend to generalize the protection
throughout the body. Tissue speciﬁc expression of adhesion molecules and
chemokines attract memory cells to the anatomical areas similar to the site of the
primary response. This serves to focus the cellular memory in the locations where the
battle occurred before, so that the “troops” are waiting there for a further invasion.
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Anamnestic (Memory) Responses
As a generality, each administration of an antigen increases the speed, precision and
amplitude of an adaptive immune response of any kind. Remember that each
response depends on speciﬁc clones of lymphocytes whose receptors are
complementary to the shape of a foreign antigen, so each response is independent of
all others. This is because each administration of the immunogen causes cloning of
speciﬁc responding cells, and therefore the pool of responding cells rises with each
exposure. This is a way of building your immunological “muscles” and although it may
seem counterintuitive in the ﬁeld of medicine, the best way to develop a strong
immune response is to allow it to “experience” its environment completely!
Primary and secondary immune responses

Figure 33
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#MMC
1. An extremely rare genetic mutation in the FAS gene has been shown to cause
Canale-Smith Syndrome. Can you anticipate the clinical picture of a patient with
such a deﬁciency?
2. Given what you know about the lifespans of memory B and T lymphocytes, can you
predict the intervals at which booster vaccinations will need to be administered for
protective immunity if the necessary response is:
a. Humoral
b. Cell-mediated
3. Can you explain why the route of vaccine administration (oral, intramuscular, etc.)
would have a role in its efﬁcacy?
4. Can you explain to a recalcitrant anti-vaxxer parent why the administration of 3
immunogens in one vaccine (like the MMR) does not overwhelm the child’s immune
response?
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Before you leave, can you…
1. Explain what induces activated lymphocytes to become memory cells.
2. Predict the lifespan of memory B, TH and CTLs.
3. Explain the mechanism and purpose of AICD.
4. Explain the purpose of tissue specialization of the immune response.
5. Explain how primary, secondary and subsequent immune responses differ from one
another.
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Case History
ALPS
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A 10-year-old male is referred for immunologic workup because his parents are
concerned about enlarging, disﬁguring lumps on his neck. His history is remarkable for
a surgical splenectomy performed three years ago, following a minor playground
accident that resulted in splenic rupture. Since that time, the child has been
hospitalized for episodes of pneumococcal sepsis, vasculitis and bleeding disorders.
The parents deny family history of relatives with immunodeﬁciency, thrombocytopenia
or lymphoid malignancy. On examination, the child is afebrile and within low/normal
standards for height and weight. The cervical, axillary, femoral and inguinal lymph
nodes are dramatically enlarged. There is conjunctival and mucosal pallor, and
bruising is evident on the trunk and extremities.

Chief Complaint(s):
Chronic lymphadenopathy

Differential Diagnoses:
• Hyper IgM (HIGM) syndrome
• Interleukin (IL)–2 receptor alpha-chain
deﬁciency
• Lymphoma (Hodgkin and non-Hodgkin)
• Mycobacterial disease
• X-linked lymphoproliferative syndrome (XLP)

Clinical Approach:
The age of the patient and persistent lymphadenopathy, apparent cytopenias and
infections are suggestive of a genetic defect in the immune system. Lymph node
biopsy should be ordered to rule out infectious (EBV) and neoplastic (lymphoma)
causes of lymphadenopathy.
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Immunologic Workup:
• CBC and differential - Neutropenia, reticulocytosis, anemia, thrombocytopenia and
lymphocytosis.
• Hypergammaglobulinemia with IgG and IgA, low levels of IgM.
• Flow cytometry - elevation of double-negative T lymphocytes.
• Monospot and EBV VCA IgM negative.
• Positive direct Coombs test and antiplatelet antibodies.
• Elevated plasma level of soluble Fas ligand (FasL).
• Molecular genetic testing for TNFRSF6 (FAS receptor gene), TNFSF6 (FasL gene) or
CASP-10 (caspase 10 gene) – TNFRSF6 negative.
Diagnosis: Autoimmune Lymphoproliferative Syndrome (Canale-Smith Syndrome)
Autoimmune lymphoproliferative syndrome (ALPS) is a rare genetic disorder of
programmed cell death and lymphocyte homeostasis. In 75% of cases, it results from
mutations in the FAS gene, which is responsible for the ability of the adaptive immune
response to return towards a homeostatic baseline after stimulation. It results in
chronic (more than 6 months duration) uncontrolled, but non-malignant proliferation
of lymphocytes and can be associated with the development of autoimmunity and
lymphomas. The discovery of an autosomal dominant mutation in the FAS gene in 1995
was followed by the discovery of other associated genetic defects in the apoptotic
pathway, which cause ALPS-like syndromes. Patients may present with familial history
of lymphoproliferative disorder, but as in many autosomal dominant defects, ALPS may
arise from new mutation.
Management:
Patients with ALPS are treated with immunoglobulins and immunosuppressive drugs
such as mycophenolate mofetil. Preservation of the spleen is paramount whenever
possible since splenomegaly in the treatment of severe cytopenias increases risk of
sepsis, is often ineffective and rarely leads to permanent remission. Stem cell
transplantation remains the only curative treatment but is considered only in severe
cases without response to immunosuppressive medications.
Prognosis:
With proper surveillance and education, the prognosis for patients with ALPS is good.
Most are expected to live a normal lifespan, although signiﬁcant interventions such as
hospitalization, immunosuppression, splenectomy and antibiotic therapy may be
required. Childhood onset cytopenias are often chronic and refractory. There is wide
variability in the mortality and morbidity of ALPS, depending on the severity of
autoimmune disease, as well as development of sepsis, hypersplenism and lymphoma.
The lymphoproliferative aspects of the disease tend to wax and wane randomly before
resolution
106 after the age of 20.
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Active and Passive
Immunotherapy
Chapter nine

Introduction:
One of the most important interfaces between immunological theory and medical
practice has been the development of vaccination and immunotherapy. Other than
improvements in sanitation, vaccination can be asserted to be the single greatest
advancement in human health and wellbeing in the 19th and 20th centuries.
Immunization can be either active or passive, natural or artiﬁcial, and we use each of
these in medicine today:
• Active, natural – recovery from disease confers memory and resistance to
subsequent infection.
• Active, artiﬁcial – vaccination. Introduction of an altered immunogen to create
memory and resistance in the absence of disease and recovery.
• Passive, natural – in utero and during breast feeding, the child receives immune
products passively from the mother.
• Passive, artiﬁcial – in cases where post-exposure prophylaxis is needed, individuals
are given pre-formed immune products from other individuals.
Vaccination
The Centers for Disease Control and Prevention (CDC) publish the national standards
for vaccine protocols yearly (below). These standards consider:
• The immunological capacity of the age group to be treated.
• The epidemiology of exposure to a given pathogen.
• The mechanism of pathogenesis of a particular microbe and the best immune
response to prevent it.
Remember that the development of an active immune response requires 10 days to 2
weeks to reach protective levels. Therefore, vaccination must be begun at least two
weeks in advance of the potential exposure.
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Childhood vaccination recommendations:
Vaccine

Birth

Hepatitis B (HepB)

1st dose

1 mo

2 mos

4 mos

6 mos

9 mos

2nd dose

12 mos

15 mos

18 mos

19-23
mos

2-3 yrs

4-6 yrs

7-10 yrs

1st dose

2nd dose See Notes

Diphtheria, tetanus, &acellular
pertussis(DTaP:<7yrs)

1st dose

2nd dose 3rd dose

Haemophilus inﬂuenzae type b
(Hib)

1st dose

2nd dose See Notes

3rd or 4th dose
See notes

Pneumococcal conjugate
(PCV13)

1st dose

2nd dose 3rd dose

4th dose

Inactivated poliovirus
(IPV:<18 yrs)

1st dose

2nd dose

4th dose

Annual vaccination 1 dose only
Annual vaccination
1 or 2 doses

Inﬂuenza (LAIV)
See Notes

Vericella (VAR)
See Notes

1st dose

2nd dose

1st dose

2nd dose

or
Annual vaccination 1 dose only

2-dose series, See Notes
See Notes

1st dose

Tetanus, diphtheria, &acellular
pertussis (Tdap: ≥7 yrs)

Tdap

Human papillomavirus (HPV)

See
Notes

cdc.gov/vaccines/schedules 2020
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2nd dose

See Notes

Meningococcal B
Pneumococcal polysaccharide
(PPSV23)

17-18 yrs

5th dose

Annual vaccination 1 or 2 doses

Or

Meningococcal (MenACWY-D
≥9mos; MenACWY-CRM≥2 mos)

16 yrs

4th dose

3rd dose

Inﬂuenza (IIV)

Hepatitis A (HepA)

13-15 yrs

3rd dose

Rotavirus (RV) RV1 (2-dose
series); RV5 (3-dose series)

Measles, mumps, rubella (MMR)

11-12 yrs

See Notes

The Development of the Pediatric Immune Response

Figure 34

T cell independent
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Complement
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Birth
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T cells

• In utero and in early months, the child’s immune response is tilted toward tolerance.
• Innate immune responses are at adult levels by 1 year.
• T cells are fully functional, but naïve at birth.
• T cell independent antibody responses require 2 years for development
• Adult levels of all antibody isotypes are not present until 5 years.
• Transfer of transplacental IgG begins at 28 weeks and peaks before birth.
• Transplacental IgG protects the child for the ﬁrst 6 months after birth but is
undetectable by 1 year.
• IgA in colostrum and breast milk passively protects oral mucosa, upper respiratory
and gastrointestinal tracts and inner openings of eustachian tubes.
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Pediatric Bacterial Vaccines
Epidemiology

Respiratory or
traumatic

Vaccine

DTaP

Contents*

Response

Toxoid of C. diphtheriae

Antitoxin, IgG

Toxoid of C. tetani

Antitoxin, IgG

Toxoid plus ﬁlamentous
hemagglutinin of
B. pertussis

Antitoxin, IgG

Anti-capsular
antibodies, IgG

Respiratory

HiB

Capsule type B
(polysaccharide) of
H. inﬂuenzae plus
diphtheria toxoid
(protein)

Respiratory

PCV

13 capsular serotypes of
S. pneumoniae plus
diphtheria toxoid

Anti-capsular
antibodies, IgG

Respiratory

MCV4

4 capsular serotypes of
N. meningitidis (YWCA)
plus diphtheria toxoid

Anti-capsular
antibodies, IgG

*All pediatric vaccines must be T-cell dependent antigens (contain protein) or isotype
switching will not happen. The protein acts as the carrier (recognized in the MHC
groove by the TCR) and the capsular polysaccharide acts as the hapten (bound to the
BCR).
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Pediatric Viral Vaccines
Live, attenuated – best immunogenicity but potential for danger in
immunocompromised. Measles, mumps, rubella, rotavirus, varicella zoster, Sabin Polio,
intranasal inﬂuenza.
Killed – safe in all patients, elicits only humoral response. Salk polio, rabies, injectable
inﬂuenza, hepatitis A. Mnemonic: Rest In Peace Always
Recombinant DNA – safe in all patients, elicits only humoral response. Hepatitis B,
human papilloma virus
Epidemiology

Vaccine
MMR

Route
Injection

Contents*

Response

Live, atten

CMI and HI

killed

HI

Live, atten

CMI and HI

Varicella
Respiratory

Inﬂuenza
Inﬂuenza

Intranasal

mucosal
Polio Salk

Injection

killed

HI

Polio Sabin

oral

Live, atten

CMI and HI

GI

mucosal
Rotavirus

oral

Live, atten

CMI and HI
mucosal

Sexual

Hepatitis A

Injection

killed

HI

Hepatitis B

Injection

Recombinant

HI

HPV

Injection

Recombinant

HI

*Adjuvants are added to vaccines to increase the speed and amplitude of the
immune response. They do not change the nature of the response but are believed to
increase non-speciﬁc inﬂammation. The only adjuvants cleared for use in the US are
the mineral salts alum and calcium phosphate. Adjuvants cannot be used in live,
attenuated vaccines because they would inactivate the virus.
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Vaccines in Special Patient Populations
INDICATION
HIV infection CD4+count1

VACCINE

Pregnancy

Immunocompromised status
(excluding HIV
infection)

<15% and
total CD4
cell count of
<200/mm3

≥15% and
total CD4
cell count of
≥200/mm3

Kidney failure,
end-stage renal
disease, on
hemodialysis

Heart disease, chronic
lung disease

Asplenia and
persistent
complement
component
deﬁciencies

CSF leaks/
cochlear
implants

Chronic
liver
disease

Diabetes

Hepatitis B
Rotavirus

SCID2

Diphtheria, tetanus, &
accellular pertussis(DTaP)
Haemophilus inﬂuenzae
type b
Pneumococcal conjugate
Inactivated poliovirus
Inﬂuenza (IIV)
or
Inﬂuenza (LAIV)

Asthma, wheezing: 2-4yrs3

Measles, mumps, rubella
Vericella
Hepatitis A
Meningococcal ACWY
Tetanus, diphtheria, &
acellular pertussis(Tdap)
Human papillomavirus
Meningococcal B
Pneumococcal
polysaccharide
Vaccination
according to the
routine schedule
recommended

Recommended for
persons with an
additional risk factor
for which the vaccine
would be indicated

Vaccination is recommended,
and additional doses may be
necessary based on medical
condition. See Notes.

The Immune Response in Adults

Contraindicated oruse not
recommended-vaccine
should not be administered
because of risk for serious
adverse reaction

Precation-vaccine
might be indicated if
beneﬁr of protection
outweighs risk of
adverse reaction

Delay vaccination
until after pregnancy
if vaccine indicated

Figure 35
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Th1
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Treg
Age
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90

Vaccines for the Elderly
1. Varicella zoster – live attenuated (1 dose) or recombinant DNA (2 doses) to prevent
shingles, 60 years of age.
2. Pneumococcal – one dose of PCV13 followed by yearly doses of PPV23 (no protein
conjugation in PPV) starting at 65
3. Inﬂuenza – intramuscular, killed, yearly
4. Tetanus/diphtheria (Td) – 10 year boosters
Passive Immunotherapy
When there is insufﬁcient time for a protective response to be made after exposure to
a pathogen, or when the patient is incapable of making a response because of
immunodeﬁciency, preformed antibodies can be administered. It is important to
remember that administration of immunoglobulins from other humans is always more
dangerous than vaccination, because the antibodies themselves can be regarded as
foreign proteins. Minor differences in amino acid sequences within the constant
domains of heavy and light chains (allotypes) are inherited from one’s parents and
may be recognized as foreign by others. When the result of such immune recognition
is the production of an antibody against the therapy, immune complex disease can
result (type III hypersensitivities), and when the antibody made is of IgE isotype, fatal
anaphylaxis can result (type 1 hypersensitivity).
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#MMC
1. Patients with selective IgA deﬁciency are at high risk for development of
anaphylactic responses against minute amounts of IgA contained in matched
whole blood transfusions. Can you imagine why this is so?
2. Why are live viral vaccines not given before 6 months of age?
3. A child is born with positive speciﬁc serology, IgG isotype, against HIV. Is this
diagnostic? Explain.
4. Can you predict when children will ﬁrst present with primary immunodeﬁciencies
involving antibody synthesis?
5. Premature infants delivered before 28 weeks gestation are at high risk for
respiratory and systemic pathogens. Based on what you understand about the
development of the gestational and pediatric immune response, should the
vaccination schedule for preemies be age-adjusted? In other words, should
vaccines be delayed to correct for the gestational age of the early delivery?
6. The adenovirus vaccine developed by the military uses live virulent respiratory
strains of the virus administered orally in enteric coated capsules. Can you explain
the strategy?
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Before you leave, can you….
1. Describe the types of immunotherapies which are used in medicine.
2. Explain how the development of the pediatric immune response affects our
strategies for vaccination.
3. Know the contents of the bacterial and viral vaccines, and the strategies for their
use.
4. Describe the pros and cons of the 3 categories of viral vaccines as pertains to their
safety and immunogenicity.
5. Be able to list the common pediatric vaccines and explain how they work at the
molecular level.
6. Explain the role of the hapten/carrier effect in the HiB, PCV and MCV4 vaccines.
7. Know the contraindications for the major vaccines.
8. Predict the vaccination protocol for special risk and elderly patients and explain
why they are used.
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Primary Immunodeficiency
Diseases
Chapter ten

Mutations that result in the malfunctioning of the immune response are referred to as
primary immunodeﬁciencies. Depending on their severity, they normally manifest
early in life, in the period after maternal passive protection has waned.
Defects of Phagocytic and Antigen Presenting Cells
Child with repeated infections with extracellular microbes

Chronic

Leukocyte

Chediak-Higashi

Hyper IgE

Disease

Deﬁciency

in LYST or CHS1

in STAT3, affects

Granulomatous
(deﬁciency of
NADPH oxidase)

Catalase positive
organisms,

Adhesion

(absence of CD18

from β2

integrins)

Syndrome (defect
gene, affects

synthesis and

Syndrome (defect
production of IL-17,
21, 22)

storage of
granules in

Eosinophilia,

Nitroblue

Failure of

phagocytes and

eczema, increased

tetrazolium dye

diapedesis, no

NK cells)

IgE, cold

reduction test

abscesses or pus,

negative,

defects of wound

Chemotactic and

retained primary

Neutrophil

healing, omphalitis

degranulation

teeth, recurrent

defects, partial

skin and

oxidative index <
73, Rx IFN-γ
G6PD deﬁciency

abscesses,

oculocutaneous

albinism, absent

pulmonary
infections

NK activity

affects the same
pathway
upstream, but will
present with
anemic crisis*

*Myeloperoxidase deﬁciency – usually clinically silent. Catalase
positive organisms: Staph N Enterobacteriaceae Are Listed

Catalase Positive (Staphylococcus, Nocardia, Enterobacteriaceae,
Aspergillus, Listeria, Candida, Pseudomonas)
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Defects of the Humoral Immune System

Child with repeated infections
Infections with all categories of microbes

Normal T and B cell numbers

No circulating B cells,

no Ig. Bone marrow
development stopped
at pre-B level
Bruton X-linked

Agammaglobulinemia
Lack of tyrosine kinase
involved in B cell
maturation

Infections skin and mucosal surfaces

Normal to elevated

Decreased Ig levels,

Decreased IgA

Hyper IgM Syndrome

Diagnosis of exclusion

Selective IgA

Deﬁciency of CD40L
on TH cells

Common Variable
Immunodeﬁciency

IgM levels, low IgG, IgA,
IgE

Rx Antibiotics and immunoglobulins

increased
autoimmunity

Rx Antibiotics

synthesis. Increased
atopic allergy

Deﬁciency

Rx - No immunoglobulins

Complement Deﬁciencies
Child with repeated extracellular (particularly encapsulated) microbial infections
Increased immune complex disease

All pathways
C5-9 (MAC)
Repeated neisserial
bacteremias

C3 (opsonin)

Classical
Cascade Only

C1,4,2

Rx: Fresh frozen, nano-ﬁltered plasma to replace components

120

Deﬁciencies of Complement Regulation
All pathways

Classical Cascade Only

Pt with morning hemoglobinuria,

Pt with overt, noninﬂammatory swelling of skin

Paroxysmal Nocturnal Hemoglobinuria

Hereditary Angioedema

Absence of CD55 (DAF) and CD59 (MIRL)

Absence of C1-Inh

stem cells due to absence of
glycosylphosphatidylinositol (GPI)

Rx: ecallantide, lanadelumab to decrease
plasma kallikrein.

Rx: stem cell transplant,
Eculizumab (blocks MAC)

Ruconest – recombinant C1Inh

thrombocytopenia, leukocytopenia.

(inhibitors of C3 and C5 convertases) on myeloid

and mucous membranes.

Combined Partial Lymphocyte Defects
• Male child (X-linked) in ﬁrst year.
• Microthrombocytopenia, eczema and recurrent

• Ataxia with onset in infancy.
• Telangiectasias of the conjunctiva (3-6 years).

Wiskott-Aldrich Syndrome.

Ataxia Telangiectasia.

infections.
• Profound bleeding after circumcision.
• IgM low, IgG normal, IgA and IgE elevated.

Genetic defect of WASp involved in cytoskeletal
signaling of non-erythroid hematopoietic cells.
Rx – stem cell transplantation

• Thymic aplasia, sinopulmonary infections.
• Dysgammaglobulinemia (IgA)
• Low T cell counts and mitogenesis.

Genetic defect of ATM protein kinase (key
regulator of repair of ds breaks in DNA.
Chromosome 11, autosomal recessive.
Rx - antibiotics
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Defects of T lymphocytes
Decreased T cell numbers,
all categories

Decreased CD8 T cell numbers,
increased NK and γδT cells

• Conotruncal cardiac abnormalities
• Neonatal hypocalcemia

• Child < 6 years old

• Recurrent bacterial infections of URT
• Necrotizing granulomatous skin lesions
• Severe viral infections absent

• Cleft palate
• Thymic aplasia
• 22q11.2DS (DiGeorge Syndrome)

• TAP deﬁciency

Failure of formation of 3rd and 4th pharyngeal

Bare Lymphocyte Syndrome Type 1

pouches

Dx – FACS for HLA class I

Dx - Low TREC detected by PCR

Rx – antibiotics and chest physiotherapy

Rx – thymic transplant, calcium supplementation

Severe Combined Immunodeﬁciencies (SCIDs)
6 month and beyond infant onset, chronic, recurrent infections of all microbial origins including
opportunists and normal ﬂora, lymphocytopenia.

Failures of the Ruebush Rule of 2’s
MHC II IL-2 (or 4) divide in 2

Bare Lymphocyte

Syndrome type 2, TH
cells, no GVH,
T-dependent Abs
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IL-2R deﬁciency –
common γ chain of IL-2,
4, 7, 9 and 15.
Inability of cell
proliferation

Failure of BCR/TCR
rearrangement

Toxicity of purine
product in bone marrow

RAG1 or RAG2 gene

Adenosine

nonsense mutations

deaminase deﬁciency

Summary of the Origins of Immunodeﬁciency Diseases
1

9

2
6
3

4

8

5

7
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Before you leave, can you…
Diagnose the primary immunodeﬁciencies of phagocytes, B and T lymphocytes and
severe combined immunodeﬁciencies and explain their patient presentation and
therapy down to the molecular basis.
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Acquired
Immunodeficiency: HIV
Chapter eleven

The virus
Human Immunodeﬁciency Virus (HIV) is a positive sense RNA virus in the retrovirus
family. It carries two copies of its genome (it is diploid) and encoded reverse
transcriptase, integrase and protease enzymes. It is said to be a lymphotropic virus
because it infects lymphocytes by binding to the CD4 molecule. It uses chemokine
coreceptors to target macrophages early (CCR5 chemokine receptor ; M-tropic) and
switches over to targeting T cells later (CXCR4 chemokine receptor ; T-tropic).
The HIV Virion

Figure 36

gp120
RT

Int
PRO

• gp120 – tropism

• gp41 – fusion protein

p7p9
p24
Capsid

RT

Env gene products:

Gag gene products: (Group speciﬁc

gp41

antigens)

• p17 – matrix

• p24 – capsid

p17

• p7p9 – nucleocapsid
Pol gene products:

• reverse transcriptase (RT)
• integrase (int)

• protease (pro)

Epidemiology
• Sexual, blood and products, intrapartum, perinatal, breast milk
• Current US epidemiology - most new cases in females or i.v. drug users
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The Lifecycle (there is a nice animation on YouTube @HIV Replikation)
• Binding to CD4 and chemokine receptor using gp120 (establishes tropism of the virus,
frequent mutations cause genetic drift)
• Fusion protein (gp41) causes fusion of viral envelope with cell membrane (enfuvirtide
counteracts)
• Virus enters cell, and viral genome is reverse transcribed to create double-stranded
DNA (NRTIs and NNRTIs work here). RT is extremely error prone, responsible for genetic
drift. Vif gene product inactivates APOBEC3G and stops proteasomal degradation
pathway.
• Integrase enzyme clips off long terminal repeats and transports the DNA genome
(provirus) into the nucleus, integrating it into the chromosomes (Raltegravir inhibits
this stage). Vpr gene product facilitates nuclear entry and arrests cell division.
• Proviral DNA is transcribed into messenger RNA using cellular transcriptases. Tat gene
product activates this step.
• Unspliced viral mRNA molecules are transported to the cytoplasm. Controlled by viral
rev gene product.
• Spliced viral mRNAs are translated on cellular ribosomes and cleaved by viral protease
enzyme. Unspliced mRNAs are destined to be genomic copies during assembly.
• Virions are assembled (under control of viral vpu gene product) and released by
budding off the cellular membrane.
Course of Untreated Infection

Figure 37
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Acute infection (ﬁrst 2 to 6 weeks)
• Asymptomatic to mono-like symptoms
• CD4 count normal (800 to 1200/µL)
• Reservoir established in macrophages, and virus spread throughout the body
• Strong CMI and HI response against the virus keeps viremia low.
Clinical latency (time variable)
• Lasts until CD4 count falls below 600/µL
• Antibodies against p24 capsid and envelope glycoproteins keep viremia low.
Early Symptomatic
• Shift of viral chemokine co-receptor preference toward CXCR4 (found primarily on TH
cells) increases infection rate of TH cells.
• Signs of immunological dysfunction as TH cells are killed by viral lysis, syncytia
formation, CTL killing, complement-mediated lysis and apoptosis.
• TH1 cells are lost in a skewed fashion, leading to immunological deviation toward the
TH2 response.
• Constitutional symptoms begin (fever, diarrhea, fatigue and weight loss)
• As CD4 count falls to 400/µL, isotype switching becomes impossible. P24 antibodies
(IgG isotype) fall, viremia begins to rise.
• Mild opportunistic diseases increase in incidence (oral and vaginal candidiasis,
bacillary angiomatosis, listeriosis)
Acquired Immunodeﬁciency Syndrome (AIDS)
• At a count of 200 CD4 cells/µL, the immune response collapses
• AIDS-deﬁning conditions (candidiasis of bronchi, trachea, lungs, esophagus, invasive
cervical cancer, HSV chronic ulcers, Burkitt lymphoma, Pneumocystis pneumonia,
Kaposi sarcoma, etc.)
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Immunopathology of HIV

Figure 38
APC plus
recognition of
TLRs 3, 7, 8, 9 plus
IFN-gamma
from NK cells

IL-1, IL-12, IL-23,
chemokines

APC plus IL-4,
IL-13 from
ILCs

APC1

APC2

IL-10, TGF-beta

Th0

Th2

Th1

CMI

HI

Direct Mechanisms

Indirect Mechanisms

Virus budding causes loss of membrane integrity

Abnormal intracellular signaling

Accumulation of unintegrated viral DNA

Innocent bystander killing of cells coated with virus

Impaired cellular RNA processing

Apoptosis

Syncytia formation

Inhibition of lymphopoiesis

Cell activation increases viral load

AICD
Immune responses eliminate infected Th cells
Nef gene product downregulates cellular
expression of CD4 and MHC 1 (essential for
progression to AIDS)
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So what does the advent of opportunists tell us about the immune system status?
CD4*

Opportunistic Disease

Comment

200

Herpes simplex virus

Failed TH1 and CMI

175

Herpes zoster

100

Cryptosporidiosis

100

Kaposi sarcoma

75

Candida esophagitis

75

Pneumocystis pneumonia

50

Cryptococcal meningitis

50

Non-Hodgkin lymphoma

50

AIDS dementia complex

40

Progressive multifocal leukoencephalopathy

35

Wasting syndrome

TNF

30

Toxoplasma encephalitis**

Systemic collapse

30

Cytomegalovirus

30

Secondary Pneumocystis pneumonia

25

Mycobacterium avium complex

Failure of barriers

CNS

*(cells/µL3) **Toxoplasma encephalitis is the number one diagnosis at autopsy in AIDS
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Diagnosis
Purpose

Test

Initial screening

HIV-1/2 Ag/Ab immunoassay

Conﬁrmation

HIV 1 + 2 Ab differentiation immunoassay and NAT

Detect virus in blood (viral load)

RT-PCR

Detect infection in newborn (provirus)

PCR

Early marker of infection

p24 antigen

Progression of disease

CD4:CD8 ratio

Management
• Monitor CD4+ cell count (directly or as a percentage determined by ﬂow cytometry of
the total lymphocyte count)
• Serum level of HIV RNA determined by RT-PCR or branched DNA (bDNA) should be
monitored every 3-6 months. Extremely sensitive, but false positives.
• Anti-retroviral therapy for life (2 NRTIs or NNRTIs plus one protease inhibitor). Change
“cocktail” if viral load begins to rise.
Mechanism of Action of Anti-Retrovirals
• Macrophage co-receptor antagonist – maraviroc (CCR5 antagonist)
• Anti-fusion protein - enfuvirtide
• Anti-integrase enzyme - raltegravir
• “anivir/enavir/inivir/onivir”drugs – protease inhibitors
• Nucleoside reverse transcriptase inhibitors (NRTIs)
◊ Abacavir (ABC)
◊ Didanosine (ddI)
◊ Emtricitabine (FTC)
◊ Lamivudine (3TC)
◊ Staudine (d4T)
◊ Tenofovir (nucleotide prophylactic)
◊ Zalcitabine (ddC)
• Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
◊ Delaviridine
◊ Efavirenz
◊ Nevirapine
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Recommendations for Prophylaxis against Opportunists in AIDS
Disease Agent

Begin Prophylaxis

Therapy

Pneumocystis jirovecii

< 200 CD4

Trimethoprim-sulfamethoxazole

Histoplasma capsulatum

<100 CD4 (endemic area)

Itraconazole

Toxoplasma gondii

<100 CD4

Trimethoprim-sulfamethoxazole

Cytomegalovirus

<50 CD4

Gancyclovir, valgancyclovir

Mycobacterium a-i

<50 CD4

Azithromycin, clarithromycin

Cryptococcus

<50 CD4

Fluconazole

Cryptosporidium

<50 CD4

Nitazoxanide, hygiene

Prevention
• Pre-exposure prophylaxis (PrEP) cuts down infection 99% in sexually-transmitted cases,
and 74% in iv drug users
◊ TruvadaR contains tenofovir (inhibits the activity of HIV-1 reverse transcriptase by
competing with substrate, deoxyadenosine 5'-triphosphate) and emtricitabine
(cytidine analog)
• Blood and organ donor screening
• Safe sex
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Before you leave, can you…
1. Relate the progression of disease during HIV infection to CD4 count.
2. Explain the lifecycle of the virus and its effects on the immune system.
3. Explain the goals of the categories of anti-retroviral drugs.
4. Explain the standard protocols for anti-microbial prophylaxis depending on CD4
count and relate them to the decline in the immune response.
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Immunology

Hypersensitivity Diseases
Chapter twelve

Hypersensitivity Diseases
Just as we have seen previously that immunodeﬁciency diseases occur when there is
insufﬁcient immune response to protect the host, too much immune response can
also be damaging. Taken together, the diseases of hypersensitivity discussed in this
chapter can be manifested against foreign or self antigens. In cases where the
injurious stimulus causing hypersensitivity is a foreign immunogen, protection of the
host from exposure can stop the tissue damage. Failures of self-tolerance are called
autoimmune diseases. In cases where the excessive immune response is directed
against one’s own tissues or cells, the only thing that will stop the activation and
damage is the suppression of the immune response.
The hypersensitivity diseases are classiﬁed into 4 types, based on the mechanism of
immune response on which they depend. In each case, they require an initial
“sensitizing” exposure which is usually asymptomatic, and symptoms ensue with
re-exposures.
Type I hypersensitivity is also known as immediate hypersensitivity or atopic allergy.
It depends on IgE antibodies and the degranulation of mast cells and basophils. This
is the physiologic response to helminth parasites, so when this response is misplaced,
against things that are not helminthic, the damage to host tissues ensues.
Type II hypersensitivity is mediated by IgM or IgG autoantibodies against one’s own
cells or tissues, and the subsequent complement activation, opsonization,
phagocytosis, immune lysis and inﬂammation against those cells and tissues in a
localized fashion.
Type III hypersensitivity is caused by immune complexes of antibody and protein
antigen (not whole cells). When the production of these circulating complexes
overwhelms the ability of the spleen to remove them (using C3b opsonization), then
complement-mediated opsonization, phagocytosis and inﬂammation occurs
throughout the small-to-medium sized vasculature of the body. Thus, the damage is
systemic, and not tissue- or organ-speciﬁc.
**Notice that type II and III hypersensitivities have a common mechanism of damage
through complement-mediated inﬂammation. The difference between them is the
nature of the eliciting antigen.
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Type IV hypersensitivity is also known as delayed-type hypersensitivity. It is a
manifestation of the over activation of the TH1 arm of the immune response, and the
activation of the effector cells of CMI. It requires 48-72 hours to observe peak activity
because of the complex cell-to-cell communication required for CMI. The effectors of
damage can be either macrophages or CTLs and their cytokines. Many type IV
hypersensitivities culminate in becoming “mixed” meaning that autoantibodies are
eventually made once tissue damage begins, and those autoantibodies can
exacerbate the damage via immune complex mechanisms. Nevertheless,
hypersensitivities are deﬁned by their initial inciting response, so hopefully it is not
surprising to you at this point that once a TH1 response begins, antibodies can also be
produced.
Type I Hypersensitivity
Examples: allergic rhinitis (hay fever), systemic anaphylaxis to drugs, insect stings,
asthma
First exposure to allergen
APC2 stimulates TH2, IL-4 and IL-13 stimulate isotype switch to IgE

IgE binds to mast cell and basophil FcRε
Omalizumab binds free IgE

Second exposure to same or related allergen, cross-linking
of IgE on cells causes degranulation and release of mediators

Granule contents
Histamine
Heparin
Tryptase
Serotonin
Lysosomal enzymes
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Synthesized at Site
Eicosanoids (LTC4, PAF,
PGD2, thromboxane)
IL-4
IL-5
ECF
TNF-α
Major basic protein
(from eosinophil
inﬁltration)

Mediator

Action

Histamine

Vasodilation, intestinal

Tryptase

Tissue damage,

hypermotility

Therapy
Release inhibitors: Cromolyn,
Nedocromil

complement activation
PGD2

Bronchoconstriction

β2 agonists: salmeterol, formoterol,
albuterol

binds M3 muscarinic receptors
(antagonizes acetylcholine)
Tiotropium

methylxanthine – theophylline
(relaxes smooth muscle)
LTC4

Mucus secretion, increased
endothelial cell adhesion

Lipoxygenase inhibitor:
Zileuton

CysLT1 receptor antagonists:
zaﬁrlukast, montelukast

Corticosteroids inhibit: ﬂuticasone,
budesonide, mometasone,
beclomethasone
PAF, ECF

Leukocyte migration

Steroids

IL-4

Isotype switch to IgE,

Steroids

IL-5

IL-5 recruits eosinophils and

Steroids

lymphocyte activation

causes switch to IgA in
submucosa

TNF-α
Major basic protein
(eosinophils)

vascular permeability
Lysis helminth cuticle

Benralizumab (anti IL-5R)

Steroids
Corticosteroids can cause

eosinopenia and reduce MBP toxicity
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Type II Hypersensitivity
Type II hypersensitivities are all caused by autoantibodies directed against cells or
tissues. Some autoantibodies (cytotoxic) cause cell death by complement activation,
opsonization and inﬂammation, some (non-cytotoxic) cause alteration of the function
of cells by binding to cells without causing lysis. In some cases, the antibodies can be
visualized, binding linearly to tissues, via immunoﬂuorescence or electron microscopy.
Cytotoxic Type II Hypersensitivities:
HDNB*

RF

Goodpasture
Syndrome

Transfusion
Rxn**

ITP

IgG antibodies

Antibodies against

Ab against type IV

IgM antibodies

Abs against platelet

Rh negative mother

Strep pyogenes cell

collagen in

against ABO

membrane proteins

against Rh positive

wall antigen –

basement

glycoproteins

fetus

x-react with

membranes

myocardium
Hemolysis, anemia,

Myocarditis, arthritis Pneumonitis,

hydrops fetalis
Dx: IgG anti-Rh

Rx: RhoGAM

Hemolysis

epithelia, mucosa

nephritis
Dx: ASO titer > 200

Dx: anti-BM

Anti-inﬂammatories Cyclophosphamide,

Bleeding into

IgM

Dx: anti- platelet

isohemagglutinins

memb

Stop transfusion

Steroids

corticosteroids

*Hemolytic disease of the newborn, rheumatic fever, immune thrombocytopenia
**Because of cross-reactive glycolipids on the surface of GI normal ﬂora, all humans
are sensitized against ABO glycoproteins unlike their own. Therefore, transfusion
reactions can occur without evidence of previous mismatched transfusions.
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Non-cytotoxic Type II Hypersensitivities
Graves Disease

Myasthenia gravis

Type II Diabetes

Ab against TSH receptor

Ab against acetylcholine

Ab against insulin receptor

stimulates secretion of T3, T4

receptor, blocks release of

blocks binding of insulin

acetylcholine
Dx: anti-TSH receptor

Dx: anti-AchR, edrophonium test

Dx: glycated hemoglobin (A1C)

Image: exclude thymoma

test above 6.5%

Rx: radioiodine therapy,

Rx: pyridostigmine

Rx: behavior modiﬁcation,

methimazole

(acetylcholinesterase inhibitor),

metformin, meglitinides and

chronic immunosuppression,

sulfonylureas, DPP-4 inhibitors,

plasma exchange plus IVIG and

thiazolidinediones,

thymectomy

α-glucosidase inhibitors, SGLT2
inhibitors, bile acid
sequestrants and dopamine
receptor agonists.
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Type III Hypersensitivities
Type III hypersensitivities are caused by the circulation of antigen-antibody
complexes. These are normally removed by the spleen after opsonization with C3b, but
when the ability of the spleen is overcome (if there are complement deﬁciencies or
simply too many) the binding of the complexes in small-to-medium sized blood vessels
can activate complement and cause inﬂammation in those sites. The antibodies
involved can be autoantibodies or antibodies against foreign antigens, but notice, by
deﬁnition, the type III hypersensitivities are not mounted against intact cells (but
perhaps components of those cells). Because the inﬂammation can occur in any blood
vessel of the appropriate size, the type III hypersensitivities are system-wide
vasculitides associated with ﬁbrinoid necrosis.
Type III Hypersensitivities
SLE*

PSGN*

Arthus
Rxn

Serum
Sickness

HBV-PAN*

Nephritis, arthritis,
vasculitis, malar
rash

Nephritis, granular
deposits on IF or EM,
10 days after GAS
pharyngitis or 3
weeks after GAS
impetigo

Local pain and
edema 4-12 hours
after vaccination

Arthritis, vasculitis,
nephritis 12 hrs to 3
wks after
administration of
foreign protein or
serum

Fever, malaise,
fatigue, anorexia,
myalgia, arthralgia
(large joints)

Abs against dsDNA,
Sm, other
nucleoproteins

Abs against
streptococcal cell
wall Ags

Abs against any
injected protein

Abs against various
proteins

Abs against HBV or
HCV, other cases
idiopathic

Dx: ANA titer > 1:40, 4
ACR* criteria

Dx: Hematuria,
proteinuria, positive
streptozyme

History

History

Dx: immune
complexes to HBV
or HCV, low CH50

Rx: Symptomatic

Rx: Withdrawal of
offending stimulus

Rx: Treat underlying
infection

Rx:
Rx: Symptomatic
hydroxychloroquine, depending on
NSAIDs,
severity
corticosteroids

*Systemic lupus erythematosus, poststreptococcal glomerulonephritis, polyarteritis
nodosa, American College of Rheumatology

142

Type IV Hypersensitivities
Type IV hypersensitivities are cell-mediated responses involving TH1 cells and/or TH17
cells directing killing by macrophages, CTLs or neutrophils. Because of the level of
cell-to-cell communication involved, these responses require 48-72 hours to reach their
peak. Once the tissue damage and destruction begin, antibodies can also be
produced which may be used in diagnosis (eg rheumatoid arthritis and pernicious
anemia) and may also contribute to type III hypersensitivity symptoms. In such cases,
the response is said to be mixed, but still categorized by the mechanism of its
origination.
TB test*

Contact
dermatitis

Ag – tuberculin and

Hapten/carrier

mycolic acid

response to Ni, plant

RA*

Hashimoto
Thyroiditis

Ag in synovium

Ag in thyroid

IgM Abs against IgG Fc,

Abs against

anti-CCP

microsomes,

catechols
No Ab

No Ab

thyroglobulin
“Granuloma” at

Itching vesicular lesions

injection site

Destruction articular

CTL killing in thyroid

cartilage and bone

leads to
hypothyroidism

Dx: Size of induration

Dx: determine exposure

Dx: ESR, CRP, anti-CCP

Dx: thyroid hormone,
TSH, Abs against TPO
(thyroid peroxidase)

Remove stimulus,

Rx: NSAIDs, steroids,

Rx: levothyroxine

topical corticosteroids

disease-modifying

sodium for life

for symptomatic relief

anti-rheumatic drugs
(DMARDs), Biologic
agents

*tuberculin, rheumatoid arthritis

143

…continued
PA*

MS*

Type 1 Diabetes

Ag – parietal cells

Ag – myelin basic protein

Ag – islet cells

Abs against intrinsic factor

Abs against myelin

Abs against insulin, glutamic
acid decarboxylase

Decreased vitamin B12
absorption, megaloblastic
anemia

Progressive demyelination,
paralysis

Polydipsia, polyphagia, polyuria.

Dx: indirect bilirubin, LDH, serum
cobalamin, folic acid,
methylmalonic acid and
homocysteine assays

Dx: MRI of brain and spinal cord,
CSF exam. Duration of deﬁcit
days to weeks

Dx: Random, non-fasting
plasma glucose of 200 mg/dL
or fasting level of 126 mg/dL

Rx: hydroxycobalamin

Rx: mitoxantrone, teriﬂunomide,
immunomodulatory therapy

Rx: injected insulin

*pernicious anemia, multiple sclerosis
Other type IV hypersensitivities include:
• Guillain-Barré syndrome – response to peripheral nerve gangliosides or myelin.
Ascending paralysis.
• Crohn disease – unknown antigen. Chronic intestinal inﬂammation.
• Celiac disease – gliadin, CTLs against MHC class 1-like molecule. Anti-gliadin,
transglutaminase and endomysial antibodies. Gluten-sensitive enteropathy.
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Why does Autoimmunity Happen?
The short answer is that we don’t know. At its root, it is a failure of self tolerance. There
are triggers that are hormonal, environmental, genetic and infectious. Many microbes
make molecules similar to those of humans, and molecular mimicry can start a
patient responding against the microbe, and then generalizing to attack his or her own
tissues.
HLA molecules have a strong association with autoimmune disease, perhaps because
the shape of individual molecules predispose to presentation of antigens for
recognition:
• HLA B27 – a constellation of diseases such as ankylosing spondylitis, inﬂammatory
bowel disease, reactive arthritis, juvenile idiopathic arthritis and anterior uveitis. The
identiﬁcation of this haplotype is important in diagnosis.
• HLA DR 2 – Multiple sclerosis, Goodpasture syndrome, narcolepsy.
• HLA DR 3 – celiac disease, Graves disease, systemic lupus erythematosus and type 1
diabetes.
• HLA DR 4 – rheumatoid arthritis.
Therapies of Hypersensitivities and Autoimmune Disease
Most therapies target the modiﬁcation of T cell function:
• Proliferation inhibition – cyclosporine
• Cytokine synthesis inhibition – corticosteroids
• T cell killing – cyclophosphamide
New monoclonals have revolutionized the therapy of chronic autoimmune diseases
and are now altered to minimize the possibility that the patient will make an immune
response to the therapy over time. The standardized nomenclature will help you
anticipate the reaction:
• If the name contains “o” it is made in mice (high immunogenicity)
• If the name contains “u” it is a human antibody (less immunogenicity)
• If the name contains “xi” it is chimeric: the variable domains are the only part of
non-human origin
• If the name contains “zu” it is humanized: only the hypervariable regions are of
non-human origin
• If the name contains “xizu” it is chimeric and humanized
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Summary of Hypersensitivities

Figure 39

APC plus
recognition of
TLRs 3, 7, 8, 9 plus
IFN-gamma
from NK cells

IL-1, IL-12, IL-23,
chemokines

APC plus IL-4,
IL-13 from
ILCs

APC1

APC2
Th0

Type IV Hypersensitivities
TH17 cells help
recruit neutrophils
and monocytes
with IL-17 and IL-23

Th1

CMI
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Th2

HI

IL-10, TGF-beta

Type I, II, III
Hypersensitivities

Before you leave, can you…
1. Explain the molecular basis of pathogenesis of the 4 types of hypersensitivity diseases.
2. Identify the cell, tissue or molecule targeted by the major autoimmune diseases.
3. Understand the broad strategies for diagnosis and management of each of these
diseases.
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Immunology
Transplantation
Chapter thirteen

The difﬁculty of surgically moving tissues/organs from one human to another is that the
entire immune response is designed to identify self vs. non-self. This is the very
foundation of protection from invading microbes and malignantly transformed cells,
and the immune system has no mechanism to recognize the “good intentions” of the
goal. The HLA is the most polymorphic genetic system in our species so by deﬁnition
even transplants between closely related individuals will eventually be recognized and
destroyed.
Deﬁnitions:
Transfusion
Transplantation of blood cells. Because erythrocytes have no HLA on their cell
membranes, there is no danger of immune rejection, although pre-formed
alloantibodies against ABO glycoproteins can cause hemolytic destruction.
Autograft
A transplant from one location to another on the same patient. This is used for skin
grafting following burns, and coronary artery bypass surgery. Since it is the patient’s
own tissue, there is no danger of rejection. The immune system recognizes foreignness,
not location.
Isograft
A transplant between monozygotic twins. Since mutational changes can occur during
gestation and development, even monozygotic twins are not genetically identical, and
therefore isografts will also require immunosuppression for success.
Allograft
A transplant between non-identical humans.
Xenograft
A transplant from an animal to human. Pig heart valves can be used in humans
because it is an avascularized tissue which does not perfuse with destructive immune
cells.
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Mechanisms of Host vs Graft Rejection

Figure 40

The recipient’s APCs ingest debris of
graft cells and present those peptides
to TH cells. It is also possible for the
donor’s APCs to directly stimulate TH
cells in the recipient simply because
the HLA molecules themselves are
recognized as foreign.

Acute rejection
(days to weeks after

Hyperacute rejection

transplant).

(minutes to hours).

Sensitized TH cells

Th0

activate the cells of

Pre-formed antibodies
cause complement

CMI and HI against
the graft. Damage
due to endothelialitis,

Th1

interstitial
inﬂammation and
parenchymal cell
damage.

Chronic rejection – (months
to years). Causes
multifactorial, but type IV
hypersensitivity with intimal
vessel wall damage, smooth
muscle proliferation and
vessel occlusion.
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Th2

activation, endothelial
damage, inﬂammation
and thrombosis.

Graft vs Host Disease
In the special case where the tissue transplanted is bone marrow (or to a lesser extent
liver), it is possible for immunocompetent cells in the transplant to react against the
recipient who has received them. This is the reverse of the direction of recognition of
foreignness in most transplants, with the graft cells recognizing the recipient as foreign.
It depends on the ability of the TH cells to proliferate to a level at which they can
become life-threatening to the recipient. Any rapidly proliferating cell population is at
risk of cytotoxic killing, and the result is rash, jaundice, diarrhea and gastrointestinal
hemorrhage.
Matching Donor and Recipient
In cases where a patient is critically ill and there is insufﬁcient time to do tissue
compatibility testing, surgery will proceed with only the requirement of ABO blood
grouping and cross-matching. This is essential because all humans have preformed
antibodies blood group antigens other than their own. Matching the donor and
recipient for ABO blood group avoids the possibility of hyperacute graft rejection from
these preformed antibodies. Cross-matching involves mixing the cells of the donor
with serum from the recipient. If there are any, as yet unidentiﬁed pre-formed
antibodies which react with the donor cells, this too would cause hyperacute rejection.
ABO blood testing is done by mixing erythrocytes with known sera. Agglutination
(clumping) of the red blood cells indicates that antibodies have recognized their
antigen and caused the erythrocytes to clump. Lack of agglutination indicates a failure
of the antibody to recognize its antigen. Humans are sensitized to cross-reactive
glycolipids found on the surfaces of their intestinal normal ﬂora. Self-tolerance protects
them from making antibodies against their own blood group antigens, but they will
produce IgM isohemagglutinins against the blood groups that are different from their
own.

•Persons with type O blood have neither A nor B antigens, and therefore produce anti-A
and anti-B isohemagglutinins. These persons are therefore considered the “universal
donor” for blood transfusions.
• Persons with A blood have A antigens and make anti-B antibodies.
• Persons with B blood have B antigens and make anti-A antibodies.
• Persons with AB blood have A and B antigens and make no isohemagglutinins. These
patients are safe to receive any blood type and are called “universal recipients” for
blood transfusions.
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HLA Matching of Donor and Recipient
In cases of potential living donor transplantation (kidney, partial liver, partial lung, bone
marrow), efforts are made to match the donor and recipient at as many loci as
possible. Remembering that this is the most polymorphic gene system in the human,
and that allele products are codominantly expressed, a “perfect” match would mean 12
identical alleles (6 class 1 and 6 class II), and this is rarely possible. For practicality, the
alleles tested are A, B and DR since these have been shown empirically to have the
most value in matching.
Because all of the signaling for proliferation is delivered at the MHC class II level (TH cells
receiving stimulation from APCs), it is best to try to match the class II alleles ﬁrst. This
may seem counterintuitive, since the signal for killing is delivered at the class I
recognition level, but remember that a lone CTL is not likely to cause much damage
unless it is stimulated to activate and proliferate by the cytokines of a TH1 cell.
The Mixed Lymphocyte Reaction (Class II testing)
The Ruebush Rule of Two’s states that MHC II stimulation leads to the production of
IL-2, which causes cells to divide in two, so this assay measures cell proliferation in
mixed cultures.
• Cells from donor are irradiated so that they cannot proliferate.
• Cells from recipient are added in culture.
• Culture is provided with a source of radiolabeled nucleotide precursor so that any
newly formed DNA will cause radioactivity of culture to rise.
• The “best” result would be NO increase in radioactivity over background: this would
signify that the recipient did not recognize the donor class II antigens as foreign.
Class I testing (Microcytotoxicity or Flow cytometry)
The discussion of ﬂow cytometry will follow in our ﬁnal chapter, but the microcytotoxicity
assay for class I antigens will be discussed here.
• Sequentially treat the cells of donor and recipient with antisera against the known
class I antigens. This requires a very large stockpile of speciﬁc antisera since there are
so many alleles, but some focus can be achieved by understanding the most
common haplotypes in particular ethnic groups.
• Add complement to each of the cultures. If the antibody added bound to the cells, it
will activate complement and cause the cell membrane to become leaky.
• Add a colored dye so that cells with leaky membranes (those identiﬁed by speciﬁc
antisera) will take up color and be visualized.
• Repeat this process until you have identiﬁed 2 A and 2 B alleles on the cells of donor
and recipient.
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Anti-Rejection Drug Strategies
With the advent of strong and effective immunosuppressive therapies the quality and
length of life after transplantation has been dramatically improved. Remember that all
grafts except autografts will need to be followed by life-long immunosuppression.
There are usually 4 categories of immunosuppressant maintenance drugs:
• Calcineurin inhibitors – cyclosporine and tacrolimus
• Anti-proliferative drugs – mycophenolate mofetil and azathioprine
• mTOR inhibitor – sirolimus
• Steroids – prednisone
Additionally, two monoclonal antibody therapies are now in use for the prevention of
acute rejection. Basiliximab and dacliximab bind the alpha chain of CD25, the high
afﬁnity receptor for IL-2 on the surface of activated T cells.
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Before you leave, can you…
1. Deﬁne the types of transplantation practiced in the United States today.
2. Explain the immunological mechanisms of graft rejection at the molecular level and
predict the timing under which they will be observed.
3. Explain how tissue compatibility testing is done.
4. Describe the pharmacotherapy of rejection avoidance.
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Immunology

Immunological
Techniques for Diagnosis
Chapter fourteen

Introduction
More than a decade ago, the USMLE announced that they would no longer test on
techniques of laboratory procedure. The purpose of this chapter, therefore, is not to
focus on how these tests are done, but on their uses in clinical diagnosis and how a
physician should interpret their results.
Principles of Agglutination and Precipitation
The immunological interactions that we have been discussing up until this point have
been happening at the molecular level, invisible to the naked eye. Early immunologists
discovered that when antibodies were combined with their complementary antigen,
they would make visible deposits that would settle out of a liquid. This is the basis of
tests which visualize the results of agglutination and precipitation. The only difference
between these two things is that agglutination involves the settling out of particles
from a suspension (RBC, latex beads) and precipitation involves the settling out of
proteins from a solution when bound to their speciﬁc antibodies. In each case, the
complex of antigen and antibody has too much density to remain in suspension or
solution, and a visible deposit forms in the bottom of a test tube or microtiter well. In
each case, it is the valence of the antibody and its ability to cross-link between
molecules of antigen that gives the complex its size and density. Therefore, if
antibodies are partially digested to separate their antigen-bearing arms, precipitation
and agglutination will no longer occur.
Pepsin vs Papain Immunoglobulin Cleavage

Figure 41

• Digesting antibodies with pepsin cuts them behind
the hinge, so the combining arms are still
connected.
• Digesting antibodies with papain cuts them in
front of the hinge, so individual binding arms are
separated and these will not cause either
agglutination or precipitation.
• A single idiotype-bearing arm is called an FAb
(fragment, antigen-binding). This will bind antigen
but cannot agglutinate or precipitate it.
• Two held together (after pepsin cleavage) are
called an F(Ab)’2. These can agglutinate or
precipitate speciﬁc antigen.
•The tail (left after papain cleavage) is called the Fc.
Cells with Fc receptors bind to this tail and can
remove immune complexes from the circulation.

pepsin

papain
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Development of Immune Complexes during Infection
As a patient is ﬁrst exposed to a pathogen and that microbe carries out its lifecycle,
rapid proliferation of the microbe will precede the body’s ability to make antibodies.
After a lag of 10 days to 2 weeks, speciﬁc antibodies will rise and will bind to the
microbial antigens. These complexes will be removed from the blood by the spleen,
and the complexes will be of maximal size during the equivalence zone when every
idiotype of every antibody molecule is binding to every epitope of antigen. This is also
the period of maximum precipitation or agglutination in a laboratory assay. In the
patient, the equivalence zone is normally identiﬁed when the free antigen (which has
previously been in excess) disappears from the serum. As the immune response stops
the lifecycle of the microbe, the patient enters a period when the amount of antibody
being produced exceeds the amount of antigen, so a rising titer of antibody is
measured during convalescence.
Precipitation Curve

Figure 42
Excess free Ag
in serum
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Antiglobulin (Coombs) test
The antiglobulin, or Coombs test is an agglutination test used to detect IgG antibodies
against red blood cells. Because IgG is not large enough to bridge between
erythrocytes, once it binds to red blood cells in an autoimmune condition
(autoimmune hemolytic anemia or hemolytic disease of the newborn, HDNB) the cells
will not agglutinate until a developing serum (Coomb’s serum; anti-human IgG) is
added. The assay comes in two forms, direct and indirect.

Direct – identiﬁes red blood cells
already coated with autoimmune
antibodies.

Indirect – identiﬁes the presence
of antibodies free in the serum (for
antenatal testing of women at risk
to cause HDNB or prior to
transfusion)

Sample of blood from patient

Sample of serum from patient

Add Rh+ or ABO incompatible
erythrocytes

Add Coombs serum (anti-human IgG)
Agglutination is a positive result.
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Enzyme Immunoassay
The enzyme-linked immunoassay (EIA or ELISA) and the radioimmunoassay (RIA) are
extremely common diagnostic techniques which differ only in the means of visualizing
the result. With EIA, a change in color caused by enzymatic cleavage of a substrate is
observed, and in RIA, increased radioactivity is used as the measure of binding. Both
assays are extremely sensitive, capable of detecting 10-9 g of material, but as such, they
can produce false positive results. These tests can be used to detect antigen or
antibody. The radioallergosorbent test (RAST) is an RIA to detect IgE antibodies in atopic
patients.
If we consider the process of initial HIV testing with EIA:
• The ﬁrst step is to coat the wells of a microtiter plate with a viral antigen, usually the p24
capsid.
• Next a sample of serum from the patients to be tested is placed in column 1 of each row,
A – H being the different patients that can be simultaneously tested.
• A serial dilution is made from column 1 to column 10, and columns 11 and 12 are retained
as positive and negative controls (known positive serum in column 11 and no serum in
column 12).
• After washing with saline, an enzyme-linked anti-human gamma globulin is now added
to each well.
• After washing again with saline, the substrate for the enzyme is added, and change in
color in the wells is noted.
• The titer is determined as the reciprocal of the dilution in the last positive well.
Dilution of serum
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+ Controls

Immunoﬂuorescent Assays
Immunoﬂuorescent antibody tests use ﬂuorescence microscopy to identify the binding
of labeled antibodies to antigens. There are direct and indirect versions.

Direct Fluorescent Antibody Test
Identiﬁes antigen

Indirect Fluorescent Antibody Test
Identiﬁes autoantibodies

Tissue biopsy from patient

Serum sample from patient
Added to sample of normal tissue

Add ﬂuorescent-labeled antibodies
against the antigen

Add ﬂuorescent-labeled antibodies
against the human
immunoglobulin

Tissue ﬂuorescence is a positive result
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Fluorescence-Activated Cell Sorter
The ﬂuorescence-activated cell sorter (FACS) is a computerized apparatus designed to
separate cells out of a complex mixture, based on ﬂuorescent dyes with which they
have been labeled. The working of the FACS is beyond the scope here, but the
interpretation of the data produced is highly testable.
Starting with a population of peripheral blood cells, if the physician wanted to
determine the proportion of T cells and B cells, the cells would ﬁrst be mixed with
ﬂuorescence-labeled antibodies against important cell surface markers and then run
through the sorter. For example, one might use a blue-labeled antibody against CD3
and a yellow-labeled antibody against CD19. The apparatus will run the cells in the
sample through an electromagnetic aperture in single ﬁle and evaluate the color and
intensity of ﬂuorescence for each. What is generated is a graphic showing color and
intensity for the populations, plotted against one another.
Figure 43

Increasing intensity of blue fluorescence

Fluorescence Activated Cell Sorter

Increasing intensity of yellow fluorescence
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Every black dot on the graph
represents a cell with the
characteristics plotted. The dotted
horizontal and vertical lines show
the background levels of
ﬂuorescence, so the cells in the
lower left quadrant have no
signiﬁcant staining with either dye.
The cells in the upper left quadrant
are the CD3+ cells and the cells in
the lower right quadrant are CD19+.
If there had been cells with both
markers, they would have been in
the upper right quadrant.

#MMC
Hepatitis B virus has three major antigens C (main core), E (second core) and S
(surface). Patients make antibodies against all three antigens at some point in their
infection (unless they develop a chronic case of infection). A prognostic indicator of
recovery is the disappearance of the S antigen before 6 months post-infection. Can
you explain why this would be so in the context of what you know about the
development of immune complexes?
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Before you leave, can you….
1. Understand the general procedures and uses for the most common immunological
diagnostic tests.
2. Be able to interpret data provided from a laboratory to diagnose disease.
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Medical immunology is the study of how the human body responds to disease.
As such, it is a foundational science for pathology and clinical practice. It is also
arguably the most poorly taught of subjects in medical school, and it is not a
subject that can be conquered through memorization. This book reflects the
experience of 30 years teaching in the field, converting the molecular
complexities of the immune system into a memorable, logical engineering design.
Initially, the development of immune cells is followed from their origin in the
bone marrow, through their training in primary lymphoid organs, and their
recirculation and homing into the lymph nodes and spleen. From there, the
sequence of innate inflammation is followed through the potential development
of cell-mediated and humoral adaptive immune responses. Once the design of
the system is explained, the clinical applications of the immune response in
vaccination, diagnosis and management of immunodeficiency and
hypersensitivity diseases, HIV infection, transplantation and neoplasia. The
delivery of this material in a logical and memorable design which emphasizes
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