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General Pathology: Adaptive immunity
(For further discussion, see: Immunology, Chapters 5, 6 and 7)
Design of the immune system
-

There are 2 critical reasons that the body needs to tell “self” from “non-self”:
• Infections:
 Of the infecting organisms (i.e. bacteria, virus, fungus, parasite), bacteria have a
proliferation doubling rate of 20-30 minute. The only way that the body can respond in
a time frame this short is to have a preformed response, that is, it is inborn. In
evolutionary terms, this response is present with the earliest multicellular organisms.
The first cell to respond is the neutrophil and the process by which it responds to the
infection is the innate immune system.
Natural Killer lymphocytes are part of the innate immune system
NK cells are part of the family of innate lymphoid cells (ILC) and are often classified with the
innate immune system as they respond within hours, do not identify specific antigens and
have no memory.
• While they derive from the lymphoid progenitor cell, they are not T-cells as they have no
TCR or CD3 nor are they B-cells as they do not have BCR.
• They are identified by CD-16, the IgG-Fc receptor and CD56 (unknown function).
• NK cells activate by a balance of stimulatory and inhibitory signals. The inhibitory signal is
MHC class 1 protein. This is often downregulated by viruses (e.g. CMV, herpes, HIV,
adenovirus) and neoplasms. While losing MHC 1 on the surface makes a cell invisible to CTL,
the cell will now be targeted by the NK cell.
B. Note that NK cells are the only part of the innate system that does not active by PAMPs and
DAMPs
• NK cells kill MHC1 absent cells by the perforin/granzyme system of extrinsic apoptosis.
•

NK cell morphology
The perforin and granzyme protein are stored
in cytoplasmic granules which can be seen in
the peripheral blood smear. An old name for
NK cells is “large granular lymphocytes”.

1

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Detection of the infecting organism identifies highly conserved cell products so that
their loss through mutation would be lethal to the microorganism. In addition, the
antigen must be different from any found in the host. This means that cell wall
elements and unique amino acids like formyl methionyl peptides make up most of the
pathogen associated molecular patterns (PAMPs).
 There are only a few thousand PAMPs that the innate system detects.
Neoplasms:
 With tens of millions of mitoses per hour, mutation is a common occurrence and it is
important for the body to detect and eliminate any abnormal cells. To achieve this,
every cell must express peptides from each of its proteins. These appear on its cell
surface on the MHC 1 molecule. These will be assessed for “foreignness” by the
cytotoxic lymphocyte (CTL), but only after processing by the innate system. This means
that mutated cells will proliferate without immune recognition until cells die or lose
their MHC 1 and get killed by NK lymphocytes, to create DAMPs. An APC must
phagocytose this necrotic debris, express foreign antigens on MHC 2 and present these
to a cognate TH0 lymphocyte before CTLs can kill tumor cells. All adaptive immune
responses must first go through the innate system and an APC before the adaptive
system can be activated.
o The proteins of intracellular pathogens also get
expressed on the MHC 1 molecule. This is important
in viral infections.
14
 There are an estimated 10 antigens. To detect this large number of antigens the
adaptive lymphocytes develop an equal number of receptors by VDJ rearrangement of
the T-cell and B-cell receptors (TCR and BCR).
 The adaptive system protects the body with antibodies (humoral immunity) and
cytotoxic lymphocytes (cytotoxic immunity).
 To achieve high sensitivity, the body commonly has some overlap between non-self
with self-antigens. It is common to find low grade autoimmunity in individuals. As long
as the lost cells can be replaced without loss of organ function, it apparently is a price
worth paying.


•

MHC 1 : differentiating self from non-self:
-

-
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The innate immune system differentiates non-self by pathogen recognition receptors (PRRs)
that identify molecules never found in human cells. The adaptive immune system identifies
peptides and other products that should not be found in the host. In the thymus, the
adaptive immune system must “train” T-cell lymphocytes to differentiate “foreign” from
“self” proteins.
Major histocompatibility complex class 1 (MHC 1) corresponds to the human leukocyte
antigen (HLA) family of proteins HLA A, B and C.
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MHC class 2 corresponds to HLA D (DP, DQ and DR). As MHC 2 is the surface protein
of antigen presenting cells (APC), familial autoimmunity invariably is associated
with HLA D inheritance patterns.
Every protein in the cell is eventually broken into peptides in the ubiquitin-proteasome
system. A sampling of these peptides is expressed on the cell surface on MHC 1. Cytotoxic
lymphocytes scan the surfaces of cells to make sure that no foreign peptides are present.
• All somatic cells have MHC 1 except RBCs.
The steps of MHC 1 expression:
•

-

-

1. Proteins are broken into peptides.
2. Peptides are channeled into the
endoplasmic reticulum by TAP (transporter
associated with antigen processing).
3. Peptide loading: In the ER, peptides bind to
MHC 1
4. The MHC 1 /peptide complex traffics
through the Golgi apparatus to form a
secretory vesicle.
5. MHC1 and the peptide are expressed on
the cell membrane.

Activation of the adaptive immune system: Antigen presentation:
-
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There are several different types of adaptive immune responses known at present, with
more to come. These are regulated by T-cell lymphocytes. The 4 most important are:
• TH2 lymphocytes: stimulate B lymphocyte antibody production. Antibodies give
protection in multiple ways:
o Bacteria coated in IgG can be phagocytized more efficiently (opsonization)
o Viruses bound by IgG cannot bind to a cell and infect it (prophylaxis;
neutralization).
o IgA prevents microorganism from adhering to a mucosa.
o IgE activates mast cells and eosinophils. Eosinophils release MBP which
destroys helminth cuticles
• TH1 lymphocytes: stimulate CTL for enhanced killing of intracellular organisms like
viruses and activate macrophages with IFN-ϒ for enhanced killing and granuloma
formation.
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TH17 lymphocytes: IL-17 has multiple immune effects, especially production and
release of neutrophils (i.e. it enhances the innate immune response)
• TREG lymphocytes: these have multiple effects that inhibit the inflammatory response
and promote repair.
Each of these T helper lymphocyte effectors develops from an inactive naïve T lymphocyte,
the TH0. The phenotype that they differentiate into is determined by the antigen presenting
cell (APC) that comes to the lymph node from the site of infection. The APC activates and
determines the TH lymphocyte phenotype in a series of 3 signals.
• APC cells can be dendritic cells (e.g. Langerhans cell of skin), macrophages or B
lymphocytes. Dendritic cells are the most powerful effectors of antigen presentation.
• The phenotype of the T helper lymphocyte depends on cytokines secreted by the APC,
sometimes referred to as signal 3. It is becoming better understood that APCs respond
to complex injury and tissue-specific signals, and pass that message downstream.
The APC phagocytizes debris from the cell death that occurs at the site of infection. It
processes this for peptide presentation on the MHC class 2 surface protein. At present,
there are 2 phenotypes of macrophages known for signaling to TH0 lymphocytes:
M1 macrophages (aka the “classical pathway”):
• When the PAMPs and phagocytosed products at the site of
Cognate defn: having a similar
infection indicate an intracellular pathogen (e.g. TLRs 3, 7, 8
nature or common ancestor. In
and 9 for viruses) in an environment with IFN-ϒ, when the
immunology, the idiotype of the
APCs get to the lymph node and bind to the cognate TH0,
antibody or receptor matches to
they will secrete IL-12 to get TH1 phenotype lymphocytes.
that of the antigen.
M2 macrophages (aka the “alternative pathway”):
• When macrophages phagocytose PAMPs at the site of infection that indicate
extracellular pathogens in an environment of IL-4 and IL-13, when they get to the
lymph node and bind to a TH0 lymphocyte, they will secrete cytokines like IL-4 to
induce a TH2 phenotype. These macrophages can also secrete growth factors to initiate
repair.
•

•

-

•

•
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•

The MHC 2 pathway (see image)

The MHC 2 pathway
1. Infection most commonly occurs across an epithelium and cell death, either
directly by the pathogen or through cell-mediated immunity, creates necrotic
debris. Resident macrophages or other APC phagocytose this debris.
2. The phagosome fuses with the lysosome to form a phagolysosome. The acidic
proteases of the lysosome fragment the phagosome contents into peptides.
3. The ER synthesizes MHC 2 protein complexes with an invariant chain (Ii). This
blocks binding of peptides introduced into the ER by the TAP from binding to
the MHC 2 (as they can with MHC 1 complexes in the ER).
4. The phagolysosome fuses with the MHC 2-containing vesicle. The Ii dissolves,
leaving the MHC 2 complex free to bind with peptides in the vesicle.
5. The vesicle traffics to the cell surface and the MHC 2 complex presents the
peptide antigen.

-
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Activation of naïve T-cell lymphocytes (TH0) and their phenotypic differentiation (see
image):
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1. PAMPs and DAMPs at the site of infection bind to a pattern recognition receptor (PRR) and
activate the antigen presenting cell (usually a resident macrophage or dendritic cell). This
triggers the innate immune response. The inflammatory environment upregulates B7.1/B7.2
(aka CD 80/86) on the APC surface membrane.
2. The APC phagocytoses debris with its antigens and peptides are processed onto the cell surface
on MHC 2 molecule. The APC differentiates intracellular from extracellular infection. The APC
migrates to the draining regional lymph node (LN).
3. Signal 1:
A. The APC MHC 2 antigen matches to its cognate T-cell receptor (TCR) on a naïve T
helper lymphocyte (TH0).
B. The CD4 protein ensures that the presenting antigen is on an MHC 2 protein (i.e. this
is MHC 2-restricted activation).
C. The CD3 protein starts signal transduction in the cytoplasm.
4. Signal 2: Co-stimulation
o B7 (A) on the APC binds to CD 28 (B) on the TH0 lymphocyte. There is no immune
response in its absence, called anergy.
 This is a key regulatory step and over days, the TH lymphocyte produces
CTLA 4 to inhibit this interaction. This is the mechanism of action of one of
the check point inhibitors used in cancer therapy.
 When an activated B lymphocyte acts as an APC, it produces the
costimulatory protein CD40 to interact with CD 40L on the TH2 lymphocyte.
The TH2 lymphocyte then secretes IL-4,5 and 13 which induce B lymphocyte
proliferation and isotype switching.
5. Signal 3: Phenotypic differentiation of the TH0 lymphocyte
o The APC secretes cytokines based on the environment of the site of infection. This is
a poorly understood internal process that is broadly called M1 (aka classical
pathway) if pro-inflammatory and M2 (aka alternative pathway) if anti-inflammatory
and pro-repair. There are multiple different types of T helper lymphocytes, so the
process is complex.
o Important phenotypes of TH lymphocytes induced () by APC cytokines:
 IL4  TH2 (IL-4, IL-5, IL-10, IL-13): this is the default pathway and leads to
antibody production (discussed next)
 IL-12  TH1 (IFN-ϒ, IL-2): CTL production, granulomatous inflammation
 TGF-β & IL-6  TH17 (IL-17, IL-21, IL-22): pro-inflammatory, especially acute
inflammation and neutrophils
 TGF-β  TREG (IL-10): anti-inflammatory
-
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Activation of B cells and antibody production.
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In the lymph node, the naïve B-cell often acts as an APC,
stimulating its cognate T helper lymphocyte to TH2
differentiation. The TH2 lymphocyte produces the IL-4, IL-5
and IL-13 that allows the B lymphocyte proliferation, isotype
switching and plasma cell maturation and development of
memory.
One can actually see where this is happening in the
germinal center of a reactive lymph node. The “dark” zone
has proliferation and hypermutation. The “light” zone has
isotype switching and affinity maturation.

Light zone
Dark zone

Lymph node: germinal center

Activation of the naïve B-lymphocyte (see image):
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1. Antigens drain into the regional lymph node from the site of infection and bind to
the lymphocyte BCR. The BCR-antigen complex undergo endocytosis.
2. B lymphocyte can act as an APC and presents the antigen on MHC 2 to its cognate
TCR on a TH2 lymphocyte.
3. Signal 1: activation of the TH2 lymphocyte
A. TCR: this is the only antigen-specific interaction between the B-cell and T-cell.
B. CD4: MHC 2 restriction
C. CD3: signal transduction.
4. Signal 2: co-stimulation
o The most important co-stimulatory signal for the B-cell is CD40 (A) to the
CD40L (B) of the TH2 lymphocyte
o There are other co-stimulations such as B7 (A) to CD28 (B).
5. Signal 3: T-cell dependent B-cell activation:
o The presence of cytokines produced by the TH2 lymphocyte causes isotype
switching in antibody production. The best known of the these is:
 IL-4  IgE
 IL-5  IgA
o B-cells can be activated without cytokines, which require peptides, by
substances such as bacterial capsules (carbohydrates) and the
lipopolysaccharide of Gram (-) bacteria. This T-cell independent pathway
only permits production of IgM.
 This allows for a rapid antibody response.
 IgM is a larger pentamer and does not leave the vascular space
Th
i
d
Blood Banking and the naturally-occurring antibodies anti-A and anti-B
The naturally occurring anti-A and anti-B antibodies that cause immediate hemolytic transfusion
reactions are IgM. They appear 3-6 months after birth after exposure to environmental
carbohydrates found on bacteria and plants. It is presumed that these cross-react with the
branched ABH carbohydrate antigens on the RBC surface. There are a number of immunologic
principles to consider:
-

-
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Because the environmental antigens are not peptides, they cannot be expressed on MHC
2. This means that antibody production is T-cell independent and only IgM can be
produced.
IgM can fix complement which results in the immediate RBC hemolysis through the MAC
pore.
Delayed hemolytic transfusion reactions occur after 1-2 weeks post-exposure. They are
caused by foreign surface membrane proteins on the transfused RBCs and produce IgG and
have long term memory
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Cell-mediated killing:
A. Cytotoxic T-cell lymphocyte (CTL): see image

Cytotoxic T-cell killing
1. The peptide expressed on the MHC 1 complex matches its cognate T-cell receptor.
2. Co-stimulatory proteins include:
a. CD 8 protein binds to the MHC 1 complex, called MHC 1 restriction
b. CD 3 protein transmits the signal into the CTL
3. The major pathway of cell death is the release of granzyme into the intercellular
space. It gains access to the infected cell through perforin, which creates a pore in
the cell membrane. Granzyme activates caspase 8 and the caspase cascade of
extrinsic apoptosis.
4. Other pathways of cell death include the FAS ligand to the FAS receptor and TNF-α
ligand to the TNF-αreceptor.
5. Both granzyme and FAS-L activate caspase 8 and the caspase cascade. This results in
extrinsic apoptosis cell death.
B. Antibody-dependent cell-mediated cytotoxicity (ADCC)
o Antibodies bind to their cognate antigen on the abnormal cell, exposing the Fc
portion to the outside.
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o Any immune cell with an Fc receptor can bind to this antibody and be
activated.
 The Fc receptor is identified immunologically as CD16.
o Immune cells with Fc receptors: neutrophils, macrophages, NK lymphocytes
and eosinophils
 Eosinophils bind to the Fc portion of IgE, important with parasites.
 The other cells bind to the Fc portion of IgG
o Mechanisms of cell killing have some cell specificity:
 Neutrophils and macrophages: lytic enzymes, cytokines (e.g. TNF-α triggers
its death domain receptor for extrinsic apoptosis)
 CTL: extrinsic apoptosis by perforin/granzyme, FASL and TNF-α
 NK cell: perforin/granzyme
 Eosinophil: major basic protein (MBP)
C. Natural killer cells (NK): considered to be part of the innate immune system (see
above)
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General Pathology: Adaptive immunity
Do You Know It?

1. How does MHC 1 allow for the differentiation of self from non-self?

2. Describe 3 types of cell-mediated killing.

3. Describe the MHC 2 pathway

4. Describe T-cell activation

5. Describe B-cell activation and the difference between T-cell dependent and T-cell
independent pathways.

6. Why are the naturally occurring serum anti-A and anti-B antibodies IgM in type?
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