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FIGURE 42.1

In this compound light micrograph purple-stained neutrophil (upper left) and
eosinophil (lower right) are white blood cells that float among red blood cells in this
blood smear. Neutrophils provide an early, rapid, and nonspecific defense against
invading pathogens. Eosinophils play a variety of roles in the immune response. Red
blood cells are about 7—8 um in diameter, and a neutrophil is about 10-12um.

(credit: modification of work by Dr. David Csaba)
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FIGURE 42.2

Cell type Characteristics Location Image

Mast cell Dilates blood vessels and induces Connective tissues,
inflammation through release of mucous membranes
histamines and heparin. Recruits
macrophages and neutrophils.

Involved in wound healing and
defense against pathogens but can
also be responsible for allergic
reactions.

Macrophage | Phagocytic cell that consumes Migrates from blood
foreign pathogens and cancer cells. | vessels into tissues.
Stimulates response of other
immune cells.

Natural Kills tumor cells and virus-infected Circulates in blood and

killer cell cells. migrates into tissues.

Dendritic cell [ Presents antigens on its surface, Present in epithelial
thereby triggering adaptive immunity. | tissue, including skin,

lung and tissues of the
digestive tract.
Migrates to lymph
nodes upon activation.

Monocyte Differentiates into macrophages and | Stored in spleen,
dendritic cells in response to moves through blood
inflammation. vessels ta infected

tissues.

Neutrophil First responders at the site of Migrates from blood
infection or trauma, this abundant vessels into tissues.
phagocytic cell represents 50-60 )\
percent of all leukocytes,

Releases toxins that kill or inhibit
bacteria and fungi and recruits other
immune cells to the site of infection.

Basophil Responsible for defense against Circulates in blood and
parasites. migrates to tissues.
Releases histamines that cause
inflammation and may be
responsible for allergic reactions.

Eosinophil Releases toxins that kill bacteria and | Circulates in blood and
parasites but also causes tissue migrates to tissues.
damage.
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The characteristics and location of cells
involved in the innate immune system are
described.

(credit: modification of work by NIH)
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FIGURE 42.3

Cells of the blood include (1)
monocytes, (2) lymphocytes, (3)
neutrophils, (4) red blood cells, and
(5) platelets. Note the very similar
morphologies of the leukocytes (1,
2, 3).

(credit: modification of work by Bruce Wetzel,

Harry Schaefer, NCI; scale-bar data from Matt
Russell)
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FIGURE 42.4

Interferon w{//ij '.\

Signals neighboring
uninfected cells to
destroy RNA and
reduce protein
synthesis.

Signals neighboring

infected to cells to

undergo apoptosis.

Activates
immune cells.
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Interferons are cytokines that are released by a cell infected with a virus.
Response of neighboring cells to interferon helps stem the infection.
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FIGURE 42.5

In response to a cut, mast
cells secrete histamines
that cause nearby
capillaries to dilate.
Neutrophils and
monocytes leave the
capillaries. Monocytes
mature into macrophages.
Neutrophils, dendritic cells
and macrophages release
chemicals to stimulate the
inflammatory response.
Neutrophils and
macrophages also
consume invading
bacteria by phagocytosis.
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FIGURE 42.6

Lymphocytes, such as NK cells, are characterized
by their large nuclei that actively absorb Wright
stain and therefore appear dark colored under a
microscope.
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FIGURE 42.7

Invading pathogen

Classic Pathway

C1 binds to an
antigen-antibody complex
on an invading pathogen,
causing complement
components C2 and C4 to

CZ'./ ‘ split in two.

| GD C4

: Fragments from C2 and C4 combine to
AIREIAEE Fatiiay C3 convertase @D forn% an enzyme called C3 convertase

C3 convertase splits C3 in two. One of
c: @D the fragments from C3 joins C3
¢ \ convertase to form C5 convertase.

®

Antigen
Antibody

/

Host cell cscb CS convertase splits C5 in two.

Endogenous

- o proteins protect / \
¢ \f;,l host cells from lysis.
| a 0

A fragment from C5 joins C6, C7, C8, and C9
to form a complex that makes a hole in the
plasma membrane of the invading cell. The cell
swells and bursts.

..'. - Invading pathogen
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The classic pathway for the
complement cascade involves the
attachment of several initial
complement proteins to an antibody-
bound pathogen followed by rapid
activation and binding of many more
complement proteins and the
creation of destructive pores in the
microbial cell envelope and cell wall.
The alternate pathway does not
involve antibody activation. Rather,
C3 convertase spontaneously
breaks down C3. Endogenous
regulatory proteins prevent the
complement complex from binding to
host cells. Pathogens lacking these
regulatory proteins are lysed.

(credit: modification of work by NIH)
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FIGURE 42.8

(1) A bacterium f
engulfed by a ﬁ -

macrophage is
encased in a

vacuole. (2) Lysosomes fuse

with the vacuole
and digest the

Antigen ?'::o bacterium.
- \
\ Macrophage
MHC Il

@ Antigens from digested
bacterium are presented with
MHC Il on the cell surface.

An APC, such as a macrophage, engulfs and digests a foreign bacterium. An
antigen from the bacterium is presented on the cell surface in conjunction with an
MHC Il molecule Lymphocytes of the adaptive immune response interact with
antigen-embedded MHC Il molecules to mature into functional immune cells.
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FIGURE 42.9

This scanning electron micrograph shows a T lymphocyte, which is responsible for
the cell-mediated immune response. T cells are able to recognize antigens.

(credit: modification of work by NCI; scale-bar data from Matt Russell)
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FIGURE 42.10

Epitope s

— Antigen

An antigen is a macromolecule that reacts with components of the immune system. A
given antigen may contain several motifs that are recognized by immune cells. Each
motif is an epitope. In this figure, the entire structure is an antigen, and the orange,
salmon and green components projecting from it represent potential epitopes.

This OpenStax ancillary resource is © Rice University under a CC-BY 4.0 International license; it may be reproduced or modified but must be attributed to OpenStax,
Rice University and any changes must be noted. Any images credited to other sources are similarly available for reproduction, but must be attributed to their sources.




FIGURE 42.11

CD4+ T cells

Antigen CD4

Antigen-presenting
immune cell

1. When a CD4+ helper T cell
binds MCH ll-antigen complex
on an antigen-presenting cell,
both the antigen-presenting cell
and the T cell release cytokines.

Activated

~Cytokines

helper T cell

B cell clones
itself

CD8* cell
becomes
cytotoxic
2. Inresponseto 3. The cloned T cells
cytokines the produce different
T cells clones cytokines that activate
itself. B cells and CD8+ cells.

CD8* T cells

1. When a cytotoxic
T cell interacts with the
MHC l-epitope complex
on an infected cell it
produces granzymes
and perforins.

ytotoxic

4 Tcel a

2. The perforins form
pores in the plasma
membrane. Granzymes
enter the cell and break
down proteins, lysing
the cell.

Naive CD4* T cells
engage MHC Il
molecules on antigen-
presenting cells
(APCs) and become
activated. Clones of
the activated helper T
cell, in turn, activate B
cellsand CD8* T
cells, which become
cytotoxic T cells.
Cytotoxic T cells Kill
infected cells.
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FIGURE 42.12

Variable
region

Constant
region

Transmembrane
region

Intracellular
domain
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Antigen binding site AT cell receptor

.

spans the membrane
and projects variable
binding regions into
the extracellular
space to bind
processed antigens
via MHC molecules
on APCs.

Disulfide bridge

T cell plasma
membrane
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FIGURE 42.13

Antigen binding site

Variable —
region
Disulfide
— bridge
Light chain
Constant —
HEge Heavy chain
B cell plasma
membrane

lg B I_l_l g o

Signal transduction region
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B cell receptors are
embedded in the membranes
of B cells and bind a variety
of antigens through their
variable regions. The signal
transduction region transfers
the signal into the cell.
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FIGURE 42.14 =

A natural killer (NK) cell recognizes MHC | .
on a healthy cell and does not kill it. MHC | Natural kllle'_' (NK)
cells recognize the

MHC | receptor on
healthy cells. If

MHC | is absent,
the cell is lysed.

NK cell Healthy cell

An infected cell that does not
present MHC | is killed.

NK cell Infected cell

This OpenStax ancillary resource is © Rice University under a CC-BY 4.0 International license; it may be reproduced or modified but must be attributed to OpenStax,
Rice University and any changes must be noted. Any images credited to other sources are similarly available for reproduction, but must be attributed to their sources.

openstax”




openstax-

FIGURE 42.15

Mucous
M cell

Epithilial cell

: Organized
lymphoid
follicles

Dendritic cell

The topology and function of intestinal MALT is shown.
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FIGURE 42.16

B cell receptor
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Antigen on
bacterium
B cell
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Plasma cells
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Memory B cells

After initially binding an
antigen to the B cell
receptor (BCR), a B cell
internalizes the antigen
and presents it on MHC II.
A helper T cell recognizes
the MHC ll—-antigen
complex and activates the
B cell. As a result, memory
B cells and plasma cells
are made.
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FIGURE 42.17

Initial
exposure

Concentration of antibody

Secondary immune response
(high affinity antibodies)

Secondary
exposure

Primary immune
response (low
affinity antibodies)

Time
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In the primary response to infection, antibodies are secreted first from plasma cells.
Upon re-exposure to the same pathogen, memory cells differentiate into antibody-
secreting plasma cells that output a greater amount of antibody for a longer period

of time.
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FIGURE 42.18

Vaccines are often delivered by injection into the arm.
(credit: U.S. Navy Photographer's Mate Airman Apprentice Christopher D. Blachly)
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FIGURE 42.19 —

The polio vaccine can be
administered orally.

(credit: modification of work by UNICEF Sverige)
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FIGURE 42.20

Afferent lymphatic
\]\“‘““/T/ vessel

Lymph
nodes
Lymph
vessels
Efferent lymphatic
f\ vessel
(a) (b)

(a) Lymphatic vessels carry a clear fluid called lymph throughout the body. The
liquid enters (b) lymph nodes through afferent vessels. Lymph nodes are filled with
lymphocytes that purge infecting cells. The lymph then exits through efferent
vessels.

(credit: modification of work by NIH, NCI)
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FIGURE 42.21

Vein

Artery

Red pu

White pulp

Capsule

Ip

Spleen

The spleen is similar to a
lymph node but is much
larger and filters blood
instead of lymph. Blood
enters the spleen through
arteries and exits through
veins. The spleen contains
two types of tissue: red pulp
and white pulp. Red pulp
consists of cavities that store
blood. Within the red pulp,
damaged red blood cells are
removed and replaced by
new ones. White pulp is rich
in lymphocytes that remove
antigen-coated bacteria from
the blood.

(credit: modification of work by NCI)
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FIGURE 42.22
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(a) As a germ-line B cell
matures, an enzyme
called DNA recombinase
randomly excises V and
J segments from the light
chain gene. Splicing at
the mRNA level results in
further gene
rearrangement. As a
result, (b) each antibody
has a unique variable
region capable of binding
a different antigen.
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FIGURE 42.23
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Name Properties Structure

IgA Found in mucous, saliva, tears, and breast milk. Protects against

pathogens.
IgD Part of the B cell receptor. Activates basophils and mast cells. \_#
IgE Protects against parasitic worms. Responsible for allergic reactions. \ | ”
1aG Secreted by plasma cells in the blood. Able to cross the placenta into
9 the fetus.

May be attached to the surface of a B cell or secreted into the blood.
IgM Responsible for early stages of immunity.

Immunoglobulins have different functions, but all are composed of light and heavy
chains that form a Y-shaped structure.
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FIGURE 42.24

(a) Neutralization Antibodies prevent a virus or toxic protein

from binding their target.

)

Virus /_-
X

Antibody

)

o

7

Diptheria toxin
(b) Opsonization A pathogen tagged by antibodies is consumed

by a macrophage or neutrophil.
/ Macrophage

)
Pathogen .

(c) Complement activation Antibodies attached to the surface
of a pathogen cell activate the complement system.

- Pores formed
by complement
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Antibodies may inhibit infection by (a)
preventing the antigen from binding its
target, (b) tagging a pathogen for
destruction by macrophages or
neutrophils, or (c) activating the
complement cascade.
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FIGURE 42.25

(a) Affinity versus avidity

Affinity refers to the strength Avidity refers to the strength

of a single antibody—antigen of all interactions combined.

interaction. Each IgG antigen IgM typically has low affinity

binding site typically has high antigen binding sites, but

affinity for its target. there are ten of them, so
avidity is high.

(b) Cross reactivity

An antibody may react with two different epitopes.
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(a) Affinity refers to the strength of
single interaction between antigen and
antibody, while avidity refers to the
strength of all interactions combined.
(b) An antibody may cross react with
different epitopes.
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FIGURE 42.26

Ragweed
%, pollen

B cell
® Chemicals
Upon initial exposure to the antigen, IgE Upon a second exposure, binding of the
antibody is produced and attached to antigen to the IgE-primed mast cells
mast cells. causes the release of chemical mediators

that elicit an allergic reaction.

On first exposure to an allergen, an IgE antibody is synthesized by plasma cells in
response to a harmless antigen. The IgE molecules bind to mast cells, and on
secondary exposure, the mast cells release histamines and other modulators that
affect the symptoms of allergy.

(credit: modification of work by NIH)
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FIGURE 42.27

Face rash

Ulcers of the mouth
and nose

Muscle aches

Inflammation of
the pericardium

Poor circulation
in the fingers
and toes
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Systemic lupus
erythematosus is
characterized by
autoimmunity to the
individual’s own DNA
and/or proteins, which
leads to varied dysfunction
of the organs.

(credit: modification of work by
Mikael Haggstrom)
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