Adaptive Immunity



Overview

Adaptive Immunity
(Chapter 17)

First line of defense Second line of defense Third line of defense

e Intact skin e Phagocytes, such as e Specialized lymphocytes:
e Mucous membranes neutrophils, eosinophils, T cells and B cells
and their secretions dendritic cells, and e Antibodies
e Normal microbiota macrophages
e Inflammation
* Fever
e Antimicrobial substances
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Characteristics IigM

Disulfide

Jbond
P

\ §/7J chain

Secretory component

Structure

Percentage of Total
Serum Antibody

Location

Molecular Weight
Half-Life in Serum
Complement Fixation
Placental Transfer

Known Functions

Monomer

8000

Blood, lymph,
intestine

150,000
23 days
Yes
Yes

Enhances

Pentamer

5-10%

Blood, lymph,
B cell surface
(as monomer)

970,000
5 days
Yes

No

Especially effective

Dimer (with
secretory
componen []

10-15%*

Secretions
(tears, saliva,

mucus, intestine,

milk), blood,
lymph

405,000
6 days
No'

No

Localized

Monomer

0.200

B cell surface,
blood, lymph

175,000
3 days
No
No

Serum function

Monomer

0.002%

Bound to mast
and basophil
cells throughout
body, blood

190,000
2 days
No

No

Allergic

reactions;
possibly lysis
of parasitic
WOorms

phagocytosis;
neutralizes toxins
and viruses; protects
fetus and newborn

against microorganisms
and agglutinating antigens;
first antibodies produced
in response to initial
infection

protection
on mucosal
surfaces

not known; presence
on B cells functions
in initiation of
immune response

*Percentage in serum only; if mucous membranes and body secretions are included, percentage is much higher.
'May be yes via alternative pathway.
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B-cell activation
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Clonal selection, expansion, differentiation

Fig 17.5



Antibody-binding




Figure 18.5 An agglutination reaction.

Epitopes

Bacterium




B-cells vs T-cells

Stem cells develop
in bone marrow or
in fetal liver

Stem cell
Red bone (diverges into

marrow two cell lines)
of adults

" Thymus

Differentiate to _ |
B cells in adult Differentiate to

red bone marrow T cells in thymus

\ ol j '- / Can also detect
B cel cancer cells:

\‘ Migrate to lymphoid
tissue such as spleen,

but especially lymph
nodes

Fig 17.8


http://www.cancerimmunity.org/peptide/mutations/
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(a) M cell on Peyer’s patch. Note the tips [ sev [
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(b) M cells facilitate contact between antigens passing
through the intestinal tract and cells of the body’s

Iimmune ?ystem. Flg 17.9
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Apoptosis &

Fig 17.13 Cell on left undergoing apoptosis. Normal cell on right.



Two video clips from
Howard Hughes Medical
Institute (HHMI)



Dendritic cell




Activated .
. macrophages :

* Resting (inactive)
- Jmacrophage
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Varieties of Macrophage Activation
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Figure 3. Cytokines produced by immune cells can give rise to macrophages with distinct
physiologies

Mosser & Edwards. 2008. Nat Rev Immunol.



Nature. 1988 Jul 21;334(6179):260-2.

Deactivation of macrophages by transforming growth factor-beta.
Tsunawaki 81, Sporn M, Ding A, Nathan C.

+ Author information

Abstract

Macrophage activation--enhanced capacity to Kill, in a cell that otherwise mostly scavenges--is
essential for host survival from infection and contributes to containment of tumours. Both microbes
and tumour cells, therefore, may be under pressure to inhibit or reverse the activation of
macrophages. This reasoning led to the demonstration of macrophage deactivating factors from both
microbes and tumour cells. In some circumstances the host itself probably requires the ability to
deactivate macrophages. Macrophages are essential to the healing of wounds and repair of tissues
damaged by inflammation. Yet the cytotoxic products of the activated macrophages can damage
endothelium, fibroblasts, smooth muscle and parenchymal cells (reviewed in ref. 6). Thus, after an
inflammatory site has been sterilized, the impact of macrophage activation on the host might shift
from benefit to detriment. These concepts led us to search for macrophage deactivating effects
among polypeptide growth factors that regulate angiogenesis, fibrogenesis and other aspects of
tissue repair. Among 11 such factors, two proteins that are 71% similar proved to be potent
macrophage deactivators: these are transforming growth factor-beta 1 (TGF-beta 1) and TGF-beta
2.



http://www.ncbi.nlm.nih.gov/pubmed/3041283

Antibody-dependent cell-mediated cytotoxicity (ADCC)

KEY
Macrophage . .
@ Cytotoxic cytokines

@ Lytic enzymes
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(a) Organisms, such as many parasites, that are too large for (b) Eosinophils adhering to the larval stage of a
ingestion by phagocytic cells must be attacked externally. parasitic fluke
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Bone marrow
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Multipotential hematopoietic
stem cell
(Hemocytoblast)

Common myeloid
progenitor

J

Megakaryoblast

¢

Promegakaryocyte

Megakaryocyte

Thrombocytes

Thrombopoiesis

Proerythroblast
(Pronormoblast)

Basophilic erythroblast

!

Polychromatic erythroblast

Orthochromatic erythroblast
(Normoblast)

Y

Polychromatic erythtocyte [1]
(Reticulocyte)

Erythrocyte [2]

Erythropoiesis

Mast cell

}

Notes

B. promyelocyte

B. myelocyte

B. metamyelocyte

N. metamyelocyte

O~

N. band

B. band

Basophil

‘}

Neutrophil

E. promyelocyte Monoblast
o
E. myelocyte Promonocyte

E. metamyelocyte

+ Approximate scale information: — —f
10 pm

+ The morphological characteristics of the hematopoietic cells
are shown as seen in a Wright's stain, May-Giemsa stain or
May-Griinwald-Giemsa stain. Alternative names of certain cells
are indicated between parentheses.

+ Certain cells may have more than one characteristic
appearance. In these cases, more than one representation of
the same cell has been included.

« Together, the monocyte and the lymphocytes comprise the
agranulocytes, as opposed to the granulocytes (basophil,
neurtophil and eosinophil) that are produced during
granulopoiesis.

- B., N. and E. stand for Basophilic, Neutrophilic and
Eosinophilic, respectively — as in Basophilic promyelocyte.

[1] The polychromatic erythrocyte (reticulocyte) at the right
shows its characteristic appearance when stained with
methylene blue or Azure B.

[2] The erythrocyte at the right is a more accurate
representation of its appearance in reality when viewed through
a microscope.

[3] Other cells that arise from the monocyte: osteoclast,
microglia (central nervous system), Langerhans cell
(epidermis), Kupffer cell (liver)

[4] For clarity, the T and B lymphocyte are split to better indicate
that the plasma cell arises from the B-cell. Note that there is no
difference in the appearance of B- and T-cells unless specific
staining is applied.

Common lymphoid
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Lymphoblast
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o
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Granulopoiesis

[
Monocytopoiesis

s .

Macrophage

Small lymphocyte [4]

B lymphocyte
‘ L

T lymphocyte

Natural killer cell
(Large granular lymphocyte)

Lymphopoiesis

Myeloid dendritic cell [3]

Plasma cell

Lymphoid dendritic cell [3]
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Stem cell
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Immunological memory
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Types of adaptive immunity

Adaptive
immunity

:

Naturally
acquired

Artificially
acquired

Antigens
enter the
body
naturally;
body induces
antibodies
and
specialized
lymphocytes
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Antibodies
pass from
mother to
fetus via

placenta or

to infant
via the
mother's
milk

Antigens are
introduced in
vaccines;
body
produces
antibodies
and
specialized
lymphocytes

Preformed
antibodies
in immune
serum are
introduced
by injection

Fig17.18


http://www.cel-sci.com/passive_immunotherapy.html

Example of passive artificial immunity
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http://www.cel-sci.com/passive_immunotherapy.html
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Research Themes Research Themes
Developmental Projects

New Opportunities Passive Immunotherapeutics
Career Development Chair: Arturo Casadevall (Albert Einstein College of Medicing)

Establish and optimize new technologies for producing high affinity animal and humanized neutralizing monoclonal antibodies for

passive administration. ldentify reguirements for antibody-mediated immunity to establish broad principles applicable to multiple
systems.

Projects:

* Optimization of mAbs to staphylococcal enterotoxin B for treatment: Betfina Fries (Albert Einstein College of Medicine)

* Development of new passive immunization strategies for anthrax: Arfurc Casadevall (Albert Einslein College of Medicine)

‘ la * Development of mAb therapeutics against biothreat and emerging disease agents: Thomas Briese (Columbia University)
’ * Development of mAb immunotherapy for genetically modified plague: James Bliska {Stony Brook University)
‘ Inter-project collaborators
\ + Rafi Ahmed (Emory University)
Y Moonsoo Jin {Comell Universiiy)
L) Matteo Forotto (Cornell University)

s

Jeffrey Raveich (Rockefeller University)
Patrick Wilson (University of Chicago)

http://www.nbc.columbia.edu/research themes.html
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Review

HUMORAL (ANTIBODY-MEDIATED) IMMUNE SYSTEM CELLULAR (CELL-MEDIATED) IMMUNE SYSTEM
Control of freely circulating pathogens Control of intracellular pathogens

: . Exposure to a processed intracellular
) S/ =" /97  antigen: intracellular antigens
v @ : L expressed on the surface of a cell
- infected by a virus, bacterium, or
® i Yaa parasite (also may be expressed on
3 the surface of an APC).

Extracellular antigens

AT cell binds to MHC-antigen
complexes on the surface of the
infected cell, activating the T cell
(with its cytokine receptors).

€) ABcellbinds tothe ;
: ET Cytokines
antigen for which it is activats

specific. A T-dependent T helper ﬁ-.
B cell requires cooperation (Tw) é’e" .y
with a T helper (T, cell. f H 3

? ", Cytokines
s yt

s

.-..-u........"............:I‘_'. J.J @ Activation of

Cytokines from theTycell macrophage
transform B cells into (enha nce_d
antibody-producing plasma phagocytic
cells (see step 2 and activity).
Figure 17.4).

The B cell, often with
stimulation by cytokines from
a Ty cell, differentiates into a X .
plasma cell. Some I# The CD8*T cell
become memory cells. ; & . becomes a cytotoxic
il Cytotoxic s T lymphocyte (CTL)
Memory cell Tlymphocyte ! able to induce
ot apoptosis of the
target cell (see
Figure 17.11).

Plasma cell §

Plasma cells pro- Lysed target cell

liferate and produce
antibodies against
the antigen.

Fig 17.20




Review


https://www.youtube.com/watch?v=GIJK3dwCWCw
https://www.youtube.com/watch?v=2DFN4IBZ3rI
https://www.youtube.com/watch?v=rd2cf5hValM
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