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Antigen Presentation:
The Bridge Between Innate
and Adaptive Immunity
Chapter five

Introduction:
If acute inﬂammation is sufﬁcient to stop the invasion of microbes and isolate the
injured area, the debris will need to be cleaned up, and the tissue returned to its normal
function as much as possible. This process is under the control of the resident
phagocytes, and their evaluation of the cause of the damage will cause signaling to
the cells of adaptive immunity, so that if the same injury were to be repeated again,
there would be memory of the previous assault, and a more rapid and speciﬁc
response to it in the future.
The neutrophils which drove acute inﬂammation are phagocytic cells which ingest, kill
with reactive oxygen species and die, with the production of pus and abscess
formation. Antigen presenting cells (APCs) such as macrophages and dendritic cells
are extremely long-lived cells which similarly phagocytize and kill intracellularly with
reactive oxygen species, but afterwards take the peptide-containing debris of their
meal and display it on their cell membrane. The molecules which anchor these foreign
peptides into the membrane of the APC belong to the immunoglobulin superfamily of
genes and are called the major histocompatibility complex (MHC) as a general term,
or the human leukocyte antigens (HLA) in the human.
Class I MHC (HLA)

Figure 15
Peptide
• Two chains:
• long alpha chain encoded in Ig superfamily
• β-2 microglobulin holds alpha chain in correct
shape, to create peptide binding groove
• Expressed on all nucleated cells and platelets
• Gene products are A, B and C
• Expressed codominantly
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Where do the peptides come from?
Class I MHC Loading

Figure 16

• MHC Class I molecules are loaded with peptides
via the endogenous pathway.
• Peptides produced in the cytosol of the cell are
degraded in proteasomes and transported by a
TAP transporter complex to the site of production
of the class I molecule in the ER.
• The combination of MHC 1 and internally produced
peptide is then transported to the cell surface.
• Normal cells wearing normal peptides will be
ignored because of central tolerance induced in
the thymus.
• Cells producing abnormal or microbial peptides
will be targeted for killing with CD8+ T cells (CTLs).
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Class II MHC (HLA)

Figure 17
• Alpha and beta chains of similar length, both
encoded in same genetic region.
• Expressed codominantly on antigen-presenting
cells (macrophages, dendritic cells,
B cells, activated T cells and endothelial cells)
• Gene products are DP, DQ, DR.

Where do the peptides come from?
MHC 2 Loading

Figure 18
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1. Peptides loaded into class II MHC molecules
originate in acidic vesicles after
phagocytosis/endocytosis by the presenting cell
(exogenous pathway).
2. MHC molecule is produced in the endoplasmic
reticulum and has an invariant chain blocking
the peptide binding groove.
3. Release of the MHC molecule into the acidic
vesicle causes digestion of the invariant chain,
and the ingested peptides bind in the now
vacant groove.
4. The combination of MHC II/peptide is transported
to the cell membrane where it is available for
recognition by CD4+ TH cells.
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Summary of MHC/HLA Molecules

Class I molecules
(A, B, C)

Class II molecules
(DP, DQ, DR)

Function

Identiﬁcation of altered self cells (neoplasms
or intracellular microbes)

What cells have
these?

All nucleated cells, platelets

Where did the
peptides come from?

Produced endogenously in infected, altered
cells

Who recognizes this
signal?

CD8+ CTLs

Function

Stimulate TH to “help”

What cells have
these?

Antigen-presenting cells (DC,
macrophages, B lymphocytes, activated T
cells and endothelial cells)

Where did the
peptides come from?

Phagocytized and processed in acidic
vesicles

Who recognizes this
signal?

CD4+ TH cells

Transportation of the Signal to the Secondary Lymphoid Organs
Within hours of the ingestion and digestion of debris by resident, phagocytic
antigen-presenting cells, they will begin to move toward the secondary lymphoid
organs carrying their cargo of MHC II/peptide signals. As you recall, our mature but
naïve T lymphocytes have been recirculating through these organs, and now, the
interaction of these antigen-speciﬁc lymphocytes with the MHC II/peptide complex
complementary to their TCR will begin their stimulation. B lymphocytes residing in the
follicles and germinal centers of these secondary lymphoid organs can bind free
antigen of any chemical composition to their membrane Ig receptors, and can
themselves serve as antigen presenting cells for TH cells.

4

Differentiation of APC Signaling
In the microenvironment of the inﬂammatory focus where the APCs are cleaning up
debris, there are multiple chemical signals which encourage the APCs to differentiate
down one of two pathways. Mast cells, NK cells and other innate lymphoid cells, and
microbial pathogens themselves (PAMPs) are the origin of these signals, and they
deliver important insights about the nature of the invader to the APCs so that this can
be additionally communicated downstream.
Differentiation of APC Signaling
In the presence of large
amounts of IFN-γ and
PAMPs indicating
intracellular invaders (eg.
TLRs 3,7,8,9), the classical
pathway is begun.

Figure 19
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The cytokine signals from the classically activated APCs, along with the signal from the
MHC class II/peptide binding to the TCR, induce the mature, naïve TH cell to differentiate
down the pathway to become the TH cell controlling the cell-mediated immune
response (TH1). This is because CMI is the most efﬁcient pathway for identiﬁcation of
altered/infected self cells to target them for elimination.
The cytokine signals from the alternatively activated APCs (again along with MHC
II/peptide signaling) induce the mature naïve TH cell to differentiate down the pathway
to become a TH2 cell which will control the development of antibodies from B
lymphocytes (the humoral immune response). This pathway is adapted for the
removal of extracellular microbes via enhancement of phagocytosis (opsonization) or
complement activation).
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Communication between APC and TH cells
The communication between APC and TH cells is the critical engineering checkpoint for
the activation vs. inhibition of the adaptive immune response. It involves a 3-signal
cascade:
• Signal 1
Binding of the TH TCR to the
MHC II/peptide complex
presented by the APC. This is
the only antigen-speciﬁc
signal of the cascade. CD4
leaﬂets stabilize this
interaction, CD3 acts as signal
transduction molecule.

• Signal 3

• Signal 2

Cytokine secretion
• APC makes IL-1 (fever), IL-6
(acute phase reaction), TNF
(fever, cachexia, apoptotic
cell death), IL-12 induces
switch to TH1.
• TH makes IL-2 (autocrine
proliferation signal binds to
CD25), TH1 makes IFN-γ
(stimulates APC activity).

Binding of costimulatory
molecules (from left to right in
diagram).
• CD80/B7 on APC binds to CD28
on TH cell. The binding
of CD80/B7 to CTLA-4 delivers
an inhibitory signal.
• Adhesion molecules (LFA-3 on
APC binds to CD2 on TH cell)
• CD40 on APC binds to CD40L
on TH cell.

Communication between APC and TH Cells

CD80
/B7

Figure 20
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Differentiation of TH cell subsets
All TH cells possess the same cell surface markers with which they are identiﬁed. CD3 is
the signal transduction molecule on all T cells. CD4 is the marker speciﬁc to TH cells.
The two major types of TH cells are the TH1 (controls CMI) and the TH2 (controls humoral
immunity), but discovery of new categories of TH cells is accelerating with the study of
their speciﬁc chemokine receptors, signal transducers and activators of transcription.
Differentiation of TH Subsets

Figure 21

APC

IL-12

Naive
TH

IL-6
STAT4

C
CXCR5
CR
3

STAT3

CC

R5

IL-4

STAT3

+TGFβ
CC

R6

TGFβ

SMADs

STAT6
R3 SMADs

CC

,4

C
4, CR2STAT6
5,6 ,3
,

CC

R4

Tbet

Bcl6

RORγt

Foxp3

TH1

Tfh

TH17

Treg

TH9

TH2

IFN-γ

IL-21

IL-17

IL-10

IL-9

IL-4

IL-21

IL-10

IL-5

IL-22

IL-21

IL-10

IL-2

GATA3

IL-13
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Summary of TH Subsets:
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Cell

Stimulus

Chemokine
Receptors

Signal
receptor

Transcription
Factor

Product

Function

TH1

IL-12

CCR3,5

STAT4

Tbet

IL-2, IFN-γ

Defense vs.
intracellulars

Tfh

IL-6

CCR5

STAT3

Bcl6

IL-21

Defense vs.
autoimmunity

TH17

IL-6 + TGFβ

CCR6

STAT3

RORγt

IL-17,21,22

Defense vs.
extracellulars

Treg

TGFβ

CCR4,8

SMADs

Foxp3

IL-10

Immune regulation &
prevents
autoimmunity

TH9

IL4 + TGFβ

CCR2,3,4,5,6

STAT3, SMADs

?

IL-9,10,21

Anti-tumor &
prevents
autoimmunity

TH2

IL-4

CCR4

STAT6

Gata3

IL-4,5,10,13

Defense vs allergy
& asthma

Summary
Acute Inﬂammation
TLR ligands and IFNγ
from NK cells

Default loop

Phagocytosis and evaluation
of debris by APC

Debris resulted from
death of infected abnormal
cell, IFNγ from NK cells

Debris resulted from toxic
materials outside of cells,
IL-4 and IL-13 from ILCs

Classically activated
APC makes IL-12

Alternatively activated
APC makes IL-10, TGFβ

TH0 responds to signaling
from APCs

TH1 activates and
clones CMI defenses

TH2 activates and
clones humoral defenses

…and all other TH cells which
modulate the response in speciﬁc
conditions…Treg, TH17, TH9, Tfh

9

#MMC
1. In the engineering design of the immune system, acute inﬂammation can be thought
of as a nearly instantaneous ﬁrst response to prevent the attack of something that
can kill you right now. The adaptive response then ensues as a more focused
subsequent response which is tailored to be maximally effective against the injury,
and minimally damaging to host tissues. What two attributes of TH cells make them a
critical target for medical therapies which either increase or decrease immune
activation?
2. Abscesses and granulomas can be considered the two end pathologic lesions of
acute vs. adaptive immune responses. If abscesses are made of neutrophils and
granulomas are made of TH1 cells and macrophages, what does this tell you about
the different stimuli which caused their development?
3. Ipilimumab is a new monoclonal antibody which blocks CTLA-4. Based on this
information, can you project the clinical situations in which this therapy would be
beneﬁcial, and those when it would be immunologically contraindicated?
4. If you were going to design a therapy to increase or decrease adaptive immunity in
the most efﬁcient way possible, would you design it to be functional at the APC, the
TH or the effector cell level, and why?
5. Many cancer cells exhibit complex abilities to evade immune recognition and
destruction. Can you explain why a cytokine proﬁle including decreased IL-2 and
IFN-γ and increased TGF-β and IL-10 would be “tumor permissive”?
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Before you leave can you…
1. Explain the distinction between a phagocyte and an antigen presenting cell and give
examples of each?
2. Enumerate the complex signals between the innate immune response and the
bridge to adaptive immune response?
3. Describe the structure, loading, and function of the Class I and II HLA molecules?
4. Explain the complex signaling from the initial injury/infection site which results in the
activation of the classical and alternative pathways of APC activation?
5. Explain the signals delivered downstream from APCs which cause the stimulation of
the main TH populations (TH1 and TH2) and lesser TH cells (Treg, TH17, TH9, Tfh)?
6. Explain the outcome of the stimulation of different TH populations on the outcome of
immune stimulation at the organismal level?
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Case Discussion

Frontiers in Cancer Immunotherapy
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As this diagram of the signaling between APC and TH cells illustrates, the critical
engineering “choke” point for the immune engine has the capacity to turn up (activate)
or turn down (inhibit) responses downstream. One of the challenges in management of
neoplasia is that neoplastic cells have evolved complex mechanisms to skew the
response in the direction that they prefer…the dampening down of any potentially
threatening immune response. Each of these of neoplastic techniques of immune
evasion has become a focus of intense interest in the immunotherapy of cancer.
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Cancer Avoidance Techniques vs. Immunotherapies
Signal 1: MHC and TCR recognition
• Many neoplastic cells will down-regulate expression of both MHC II and I molecules.
This will stop the production of “help” from TH cells…the major source of ampliﬁcation of
immune signals, and inhibit the ability of effector cells of CMI (CTLs) to recognize the
neoplastic cells.
• Type 1 interferons (IFN-α and IFN-β) are anti-viral interferons which increase the
expression of MHC I and II molecules. They have also been shown to decrease cellular
protein synthesis through inhibition of eIF2 (inhibiting tumor growth), increase
apoptosis through stimulation of p53, and decrease angiogenesis and proliferation of
endothelial cells which is required for tumor mass growth.
Signal 2: Costimulatory vs Coinhibitory Molecule Signaling
• The CD28/CTLA-4 family of receptors on T cells binds to the B7/CD80 family of
molecules on APC. Binding of CD80 to CD28 gives an activating signal to the TH cell,
and binding to CTLA-4 is inhibitory.
• Inhibitors of CTLA-4 like ipilimumab and tremelimumab act to inhibit the immune
suppressive activity of tumors.
• PD-1 (programmed cell death protein-1) is a member of the CD28/CTLA-4 family.
Expression of its ligands (PDL-1 and PDL-2) on tumor cells is believed to cause the
T-cell exhaustion found in many cancers and chronic infections.
• Inhibitors of PD-1 – pembrolizumab and nivolumab
• Inhibitors of PDL-1 – durvalumab, atezolizumab
Signal 3: Production of a cytokine environment which favors tumorigenesis
• The cytokines produced in the microenvironment of the APC/TH interaction can favor
immune suppression.
• Tregs and alternatively activated APC favor an environment of immune escape and
neovascularization.
• Therapies which favor the TH1/classical APC axis of immunity and inhibit the
TH2/alternative APC axis are under development.
OTHER ASPECTS OF IMMUNE CHECKPOINT CONTROL IN MEDICINE
Natural immunosuppression: pregnancy, self-tolerance, tolerance to microbiome.
Natural immunoactivation: control of infectious agents.
Pathologic activation: hypersensitivity and autoimmunity.
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