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.
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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
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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 after the age of 20.
9

