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.

2

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

Figure 27
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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).

4

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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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

10

#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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