Immunology – Lecture 4
The Well Patient: How innate and adaptive immune responses maintain health - 13, pg 169-181, 191-195.
Immune Deficiency - 15
Autoimmunity - 16
Transplantation - 17, pg 260-270
Tumor Immunity - 19
Clinical Relevance of the Immune System
The Well Patient: How Innate and Adaptive Immune Responses Maintain Health - 13
Most material has been discussed in previous lectures - recommend reading chapter to bolster understanding of:
1. Adhesion molecules in innate and adaptive immune responses
2. Responses to intracellular and extracellular infectious agents
3. Process of inflammation
4. Vaccines
Immune responses to non-self:
Pathogens or vaccines derived from them
contain PAMPS
-

Activate APC and other cells to
produce cytokines that shape the
immune system

APC will also present pathogen-derived
peptides on MHCI to CD8+ and MHC II to CD4+
T cells
MHC-Pathogen Peptide Specific CD4+ T cells
are directed by local cytokines to differentiate
into appropriate immune response
B cells recognize soluble antigens, divide, and
produce antibodies
Antibody generation are shaped by local
cytokines

Desmet and Ishii. Nature Reviews Immunology 12, 479-491 (July 2012)

A subset of Ag-specific T and B cells
differentiate into memory cells that last
decades
Effective responses to intracellular pathogens
involve Th1 responses and CTL activation.
Responses to allergens and parasite are
dominated by Th2 responses, IgE, and Mast
cells.

Montaner et al. Front. Immunol. 2014

Immune Deficiencies - 15
Primary: Caused by congenital or genetic defects
Over 100 identified - impacted gene is often
known
Can often be treated now with BMT; attempts at
gene therapy
Secondary: Environmental causes
Infection: HIV, Bacteria (TB, Strep), EBV
Therapeutic treatments: Chemotherapy,
Immunosuppression, Irradiation
Cancer
Malnutrition
Total Lymphoid Lineage Deficiencies
Severe combine immune deficiency (SCID) - group of
diseases that will result in death due to uncontrolled
infections
Ex. Loss of RAG1 and/or RAG2
T cell defects:
Examples:
MHCI deficiency
“Bare lymphocyte syndrome”
CD3 Deficiency
JAK3 Deficiency (required for TCR signaling)
Decreased cell mediated immune responses and humoral
l deficiencies
B cell defects:
Examples:
X-linked agammaglobulinemia from a failure in early
differentiation of B cells
T cell functions OK
Increased overall susceptibility to infection
Treat with exogenous Ab

Monocytic defects:
Examples:
Chronic granulomatous disease (CGD)
Myeloid cells can’t kill ingested microbes
Difficulty with Staph infections, fungi
Skin abscesses and pneumonia

Autoimmunity - Chapter 16
Self tolerance:
The ability of the immune system to effectively distinguish self from non-self and to refrain from attacking self
Mostly results from the deliberate inactivation or destruction of lymphocytes bearing TCRs or BCRs that
recognize and bind self-epitopes
Innate cells are genetically wired to see non-self; ignore self
Inactivation or destruction may occur during early development (central tolerance) or may be imposed on
lymphocytes in the periphery (peripheral tolerance)
Central Tolerance
Occurs during the differentiation of B cells in the bone marrow and T cells in the thymus
Most B cells and T cells that bind self-reactive epitopes at the later stages of development die by apoptosis
(negative selection), and thus central tolerance results in the elimination of a large numbers of self-reactive cells
before they enter the circulation.

Peripheral Tolerance
Mechanisms that control or eliminate autoreactive B cells
and T cells after they exit the bone marrow and thymus
– Anergy
– Suppression
Why do we have loss of self-tolerance
•
•
•

•
•
•

Molecular mimicry: Infections and autoimmunity
(Example: Rheumatic fever)
Inflammation
Epitope spreading: Damage resulting from an
infection releases self Ag that are recognized by
autoreactive cells in the context of inflammation
Loss of suppression
Release of sequestered antigens: Damage to eye
Neoantigens: Self Ag modified by an extrinsic
factor (chemical haptens)

Lost Immune regulation:
Treg can prevent autoreactive responses by other
lymphocytes, including autoreactive ones.
Limitations:
1. Suppress good immunity
2. Limited by local inflammation
• TLR and local cytokines can block Treg
functions
Inflammation driving autoimmunity: In inflammatory sites
local cytokines may be sufficient to drive effector
responses of autoreactive T cells
Molecular Mimicry: After a response to a microbe, effector
molecules cross react with epitopes on host molecules
“Heterologous Immunity”
Cardiac damage during rheumatic fever
Infection Group A Strep expressing M protein results in the
body generating IgG that recognize Ag being presented in
the heart similar to M protein
Arises a few weeks after Strep infection and needs
treatment with steroids.

Normal pancreatic islet

Cell Mediated Autoimmune diseases:
Example is Type 1 diabetes
Main driver is CD8 T cell responses to insulin peptides
presented on beta cells, which make insulin.

Nature Reviews Immunology 10, 145-152 (February
2010)

Type 1 or Diabetes
Mellitus – infiltration of
lymphocytes into the islet

Transplantation - Chapter 17
Globally >100K solid organ transplants performed annually
Since 1950’s we have continued to evolve generalized
immunosuppressants and enabled the limitation of the immune
destruction of transplanted organs. This process is initiated when
adaptive immune cells recognize genetically dissimilar components
of the graft.
The dominant Tx antigens recognized by immune system are the
Major Histocompatibility Complex (MHC) proteins in mice or
Human Leukocyte Antigen (HLA) proteins in humans. Differences
here can are recognized directly by lymphocytes as non-self.
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However, given that these are human tissues – they are viewed as
self by the innate immune system. Thus therapies in Tx tend to
target the adaptive immune response.
Parts of unique donor proteins, including the MHC or H-Y antigen
(male antigen in female recipients), can be presented on recipient
MHC. This are minor histocompatibility antigens and this is called
are indirect recognition.
Law of Tx: A recipient will mount an immune response against
major and minor histocompatibility Ag not encoded in its own cells
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Histocompatibility differences among donor-recipient
combinations results in rejection
In clinical AlloTx MHC is the genetic locus that dominates
the determination of acceptance or rejection of tissue
grafts
Xenografts are limited by multiple factors
Types of Tx rejection:
Three main types of rejection defined by timing of
rejection
Hyperacute–minutes
Acute rejection – 6-12 months
Chronic rejection – Years

Tumor Immunology - 19
Immune Surveillance: The concept that the immune system actively
patrols and recognizes cancer or pre-cancerous cells
Innate – first line of immune defense against tumors. These nonspecific
mechanisms prevent the spread of malignant disease.
NK Cells - Macrophage - associated cytokines
Adaptive – specific antigen–dependent immune responses against
antigens on tumor cells.
Antibodies
CTLs
CD4+ mediated DTH responses
Tumor-specific: Ag unique to malignant cell
Mutation of genes
Rare
Typically poorly Ag
Tumor-associated: not unique to tumor, but expressed in altered
fashion
HER2/neu – overexpressed in 20-30% of breast cancer
MAGE-3 – oncofetal Ag expressed on fetal tissue and wide
variety of tumors

Adaptive immune responses against tumor
antigens:
Humoral
Cell-mediated
Immune Escape: Tumor cells often escape
the immune system and go on to produce
tumors and diseases that are often fatal.
Several mechanisms facilitate evasion
against immune response by tumor cells.
•
•
•
•

Antibody enhancement of tumor growth
Antibody modulation of tumor antigens
Modulation of MHC class I expression
Harnessing repair and suppression
pathways

•
Cancer immunotherapy is based on
enhancement of the natural immune
responses that the body mounts against
malignant cells.
Biologicals:
– Cytokine therapy
– Monoclonal antibodies
Cell Therapies:
– Cancer vaccines, including TA
presenting DC
– Modified T cells; CAR T cells

