Immunology - Lecture 2
Adaptive Immune System 1
Book chapters:
Molecules of the Adaptive Immunity – 6
Adaptive Cells and Organs – 7
Generation of Immune Diversity Lymphocyte Antigen Receptors - 8
CD markers (clusters of differentiation)
Based on groups (clusters) of monoclonal antibodies which recognize a particular surface cell marker
Surface protein isolated from leukocytes Þ immunized mice Þ tested antibody
Different antibodies recognized same differentiation antigens= antibodies grouped into clusters of
differentiation (CD)
Surface molecules were called “differentiation antigens”
ICAM-1 = CD54
Siglec-1 = CD169
integrin beta chain b 2 = CD19
Now, CD number indicates the surface marker molecule recognized by each group.
>300 CD Designations; Expanded to non-leukocyte surface molecules
Way to standardize nomenclature for the same protein recognized by different antibodies
Way to have uniformity in description of immune cells (CD3+ CD4+ = T helper cell)
Not just markers, but functional molecules (CD3 is a signaling component of TCR)

Flow Cytometry:
Important technology that is used in the
clinic and research to assess the incidence
of immune cells as well as their level of
responses.

http://biology.berkeley.edu/crl/flow_cytometry_basic.html

Automated instruments that assess the
properties of single cells, one cell at a time
-Size, granularity, DNA content, expression
of intracellular and surface molecules
-Often relies on fluorescent probes (usually
flourochrome-conjugated antibodies) to
enable assessment

http://flowcytometry.med.ualberta.ca

Lymphocytes
All originate from HSC in bone marrow that are directed down the lymphoid lineage pathway
Named after the place they mature or undergo “education” before circulating in the blood
Non-activated cells are small with little cytoplasm but upon activation their cytoplasm and size is
increased
Adaptive Lymphocytes :
Thymus-derived cells = T cells (CD3+ TCR+)
• CD4+ T cells
• CD8+ T cells
Bone-marrow-derived cells = B cells (BCR+ CD20+)
• B cells – BCR+ cells
• Plasma cells – terminally differentiated B
cells secreting antibodies or immunoglobulin
(Ig) and no longer displaying it on surface
Innate Lymphocytes:
Natural Killer Cells (CD3- BCR- CD56+)
•
•

Granular appearance due to perforin and
granzyme in cytolytic granules
Develop in BM – no education (Innate)

•

Express receptors for:
1. Stress molecules (KARs)
2. MHC class I molecules (KIRS)

NK T cells
•

Express low levels of TCRs with limited
repertoires

Perforin - A major component of structures called cytolytic granules within T cells
and NK cells. One of the main ways in which T cells and NK cells destroy other cells is
to transport and secrete these cytolytic granules, which contain cell-killing proteins,
onto the membranes of the target cells. Perforin helps create a channel through the
membrane, allowing cytolytic proteins to enter the cell and trigger it to self-destruct.
Granzyme - a family of serine proteases stored within lysosomal-granules.
Granzymes cleave intracellular substrates, triggering many apoptotic pathways to
ensure target cells die. Granzymes play a significant role in the immune defense
against viruses, tumors and intracellular bacteria.
Cryo-electron microscopy reconstruction of a perforin pore
Law et al. Nature 2010. 447–451

T cell Receptor (TCR)
Each T cell expresses a unique, epitope
specific cell surface receptor
Heterodimers of two polypeptide chains
Lack the capacity to initiate signaling to
the nucleus capacity and rely on CD3 to
transmit signals
Unlike antibodies made by B cells the TCR
can not bind soluble antigens. Only sees
peptides in context of MHC
Major Histocompatibility Complex (MHC)
Tightly linked cluster of genes in all mammals
Called Human Leukocyte Antigen (HLA)
complex; on Chromosome 6
•

Gene products (3 classes (I, II, III) play
a role with important roles in the
discrimination between self, non-self,
and “bad” self.

Central to T cell immune responses as they
present Ag on structures enabling T cells to
“see” – Ag presenting structures
An individual’s set of MHC molecules
influences the repertoire of Ag to which
individual T cells can respond
May have a role in susceptibility to disease and
in development of immunity
MHC I –one HC chain with 3 Ig domains – also b2
microglobulin (soluble IgG) – covalently associated
to support MHCI stability
MHC I on all nucleated cells – what CD8+ T cells
and NK cells are looking for – help in virus and
cancer removal.
3 loci – in human A, B, C,
MHCI fold to form a cleft between the a1 and a2
domains and non-convalently bind 8-9 AA peptides
MHC II - are heterodimers of a and beta chains
Humans have 3 loci with an a and b region in each
a and b chain – non-covalently associate and
Peptide grove formed – can accommodate 18-20
AA
Lots of alleles in each loci - HLA-B2, B127, A2, etc

http://nfs.unipv.it/nfs/minf/dispense/immunology/index.html

T cells respond to recognized peptide Ag presented via MHC with
activation of signaling pathways and transcription factors regulating T
cell functions

Brownlie and Zamoyska. Nature Reviews Immunology 13, 257-269 (April 2013)

+

CD8 T cells
•
•
•
•
•
•
•

Comprise one third of all T cells
Recognize antigen in complex with Class I MHC molecules
CD8 – locks in on MHC I
Potent cytotoxic functions
“Cytotoxic T cells” - due to their ability to lyse cells.
Use of Granzyme and Perforin
Critical for removal of cells that are infected with intracellular
bacteria, virus, cancer
+

CD4 T cells
•
•
•

•
•

Comprise two thirds of all T cells
Recognize antigen in complex
with Class II MHC molecules
Provide helper function to
adaptive and innate immune
cells
Poor direct cytotoxicity
Ample production of
modulatory cytokines

http://www.tcells.org/scientific/abTCR/
http://nfs.unipv.it/nfs/minf/dispense/immunology/index.html

Generation of TCR Diversity
1. Gene recombination in LC and HC chain generation and
junctional diversity
2. A developing T cell randomly produces a unique lightheavy chain combination with unique specificity
The theoretical number of possible combinations produced
within the body may be estimated to be the product of
several possible light chains and several possible heavy chains
Estimated that 1 to 5 million epitope-binding combinations
are possible for TCRs
Primary Lymphoid organs
Place where T and B cells learn to see self from non-self
Thymus: Bi-lobed organ where“pro-thymocytes” from bone
marrow turn into T cells
T cells acquire CD4, CD8, TCR
Self reactive cells removed

Presentation of Intracellular and extracellular antigens antigens

B cells
Arise and mature in the bone marrow
Express membrane bound Immunoglobulin (Ig) or antibody (Ab) on
surface (B cell receptor; BCR)
Antibody is an immunoglobulin molecule with specificity for an
epitope of an antigen
Ab is synthesized and secreted by plasma cells – terminally
differentiated B cells
When Ab on the surface of a B cell binds antigen for the first time,
the B cell begins to divide rapidly to become a Plasma cell – secretes
antibody; Small amount of membrane Ab; life span of a few day
Antibodies facilitate cells and molecules in the immune system to
identify and interact with antigens.
Soluble antibodies are components of humoral (soluble) immune
responses
Can bind free Ag – Ag is not MHC restricted

Antibodies:
Basic structure:
-4 polypeptide chains
•
2 Heavy Chains
•
2 Light Chains
Called Immunoglobulin Monomer

Contains multiple Ig domains - The immunoglobulin domain is a
type of protein domain that consists of a 2-layer sandwich of
between 7 and 9 antiparallel β-strands arranged in two β-sheets
with a Greek key topology, consisting of about 80 amino acids. The
backbone switches repeatedly between the two β-sheets.

Variable domains on HC and LC form epitope binding domain
Epitope = part of Ag
Fc Region = Fragment, crystallizable after protease cleavage
Contain 2 identical light chains and two identical heavy chains
Binding site for each monomer is identical
Diversity generated by gene recombination and different pairings
of heavy and light chains
If early IgM on surface recognizes “self” they undergo apoptotic
death

http://www.blopig.com/blog/2013/07/highresolution-antibody-modelling/

Properties and Biological Activities of Immunoglobulin Isotypes

IgM

IgD
IgG
IgA

IgE

Lymphoid Tissues and Organs
Primary Lymphoid Organs: Are Places of immune
education and selection
1. Thymus - T cells
2. Bone marrow - B cells
Secondary Lymphoid Organs:
Places for actions/responses
1. Spleen
Largest lymphoid organ
• Clears particulate from blood
• Concentration of Ag and microbes
• Lots of T cells and B cells (making antibody)
• Lots of Macrophages – dead cell removal
2. Lymph nodes
Places of leukocyte accumulation and lymph filtration
Lymph = watery clear fluid that contains leukocytes and
cell debris
Support tissues/systems:
Cardiovascular system is
responsible for circulating the
soluble and cellular components of
the immune system
Collection/filtration in the spleen
Lymphatics: Extensive capillary
network that drains the tissues
and collects lymph
Drainage system to remove
cellular debris and microbes from
the body’s tissues to the lymph
nodes

