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Communication world

>

ACommunication is the problem to
t he anBau&mono

A The immune system is a diffuse
organ with both professional and
non-professional cells involved.
Communication is thus a major
issue.

A Itis accomplished by cell-cell
contacts, by contacts with non-self
factors like pathogen compounds,
and by soluble proteins.

A Overall these factors create a
Amilieuodo in whic
cells operate. We will focus today
on chemokines, which are a
subfamily of the cytokines, and on
cytokines at large.

Recognition of infectious agents

[ |
Pattern-recognition / Antigen receptor

receptor B cell receptor
(or T cell receptor)

[ Adhesion receptor
(Selectin)

Adhesion
CeII. | receptor
positioning | (integrin)

Chemokine
receptor

Cell-cell
commun-
ication

Cytokine receptor

Endocytic receptor
(Fc receptor)
(Complement receptor)
(Scavenger receptor)

Internalisation
of infectious
agents

© MacPherson and Austyn, Exploring Immunology




Naming names

Cytokines are proteins that have
hormone activity in the immune
system, but can also have many other
functions, like growth hormone and
erythropoietin, both close relatives of
the interleukin family. Actually they are
family members, except for not
working in the immune system.

All chemokines are structurally closely
related and CSFs have similar
functions, but Interleukin IL-1 to IL-37
(sic) are a very heterogeneous group.
IL-8 and IL-16 are bona fide
chemokines.

Names are sometimes misleading.
Tumor necrosis factor does not induce
necrosis but apoptosis, for example.

Family Members

Comments

Interleukin (IL) IL-1 to IL-32

Interferon (IFN) IFNo

IFNB

IFNy
Tumour necrosis TNFou
factor (TNF)

TNFB
Colony-stimulating  G-CSF, M-CSF,
factor (CSF) GM-CSF

and others
Chemokine MCP, Eotaxin

and many others
Growth factor TGF, IGF

and many others

Different IL have different functions and are
secreted by different cells.

Leucocyte IFN. Inhibits viral replication.
Fibroblast IFN. Inhibits viral replication.
Secreted by lymphocytes. Many
immunoregulatory functions.

Secreted by monocytes and other cells. Factor
activates macrophages and endothelium.
Secreted by T cells. Similar activity to TNFo.

Originally identified by ability to make bone-
marrow cells differentiate into particular cell
type, e.g. neutrophil. Also have effects on
mature cells of same lineage, e.g. monocytes,
macrophages, neutrophils.

Very important in controlling the migration of
cells between and within tissues. Also
influence function of many cells.

Originally identified because of non-immune-
related function but may have effects on
immune cells.

G-CSF, granulocyte-CSF; M-CSF, macrophage-CSF; GM-CSF, granulocyte/monocyte-CSF;
MCP, macrophage chemotactic protein; TGF, transforming growth factor; IGF, insulin-like

growth factor.
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Acting where?

Cytokines can act on the cell that Endocrine Paracrine Autocrine
synthesized them (autocrine), on cells in the s of hormone

immediate environment (paracrine) and on ~ **"" do
distant cells (endocrine). The latter

conforms with the general definition of a OOO .
hormone. e

. . O
Examples: IL-2 acts first mostly autocrine -
and then paracrine (we will see how the 4

trick is done) and IL-1 has a strong
endocrine effect as a pyrogen (a fever-
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indUCing Substance)_ Q) Site of hormone action
The ability to respond to a cytokine is

limited to cells expressing appropriate © Wood: Understanding Immunology
receptors. Cytokines use several different

types of receptor. Confusingly, there is a

receptor type called fAcytokine receptor o,
not all receptors for cytokines belong to it.



‘ Migration

A

Cells can migrate passively (using
homing receptors) but they can also
move within tissue in a directed way,
following specific chemoattractants.

Chemoattractant signals may be
derived from infection events (like
bacterial compounds or complement
fragments), but largely directed
movement is guided by chemokines.

The cells follow a gradient i usually
several in sequential order i until they
reach the production site. Inflamed
tissue must be able to produce
chemokines: An important job for non-
professional immune cells.

A Postcapillary venule

Infected or
injured tissue

Lymph High endothelial
node venule (HEV)

Postcapillary venule

wﬁi@

Infected or
injured tissue

Neutrophils and
monocytes migrate to
sites of infection and

tissue injury:
inflammation

Naive T and B cells
migrate into secondary
lymphoid tissues

Effector and memory
T cells migrate into
sites of infection
and tissue injury:
cell-mediated immunity
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Diapedesis: From blood into tissue

Leukocytes (shown: a neutrophil) (D Polingan (@ Fim attctment (®) Tansexucation @mmwh
migrate into tissue in four steps 5

. T )
1. Rolling on endothelium via 4
constitutively expressed adhesion
molecules with low affinity. S e o
2. Attachment via induced, - 9
strongly binding adhesion | , 117
molecules and via R Se— J
chemokine/receptor interactions. =~ " WAL
The leukocyte gets activated. @
3. Transmigration between or S0 S = S

through endothelial cells.

4. Directed migration within
tissue, largely following
chemokine gradients.
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Chemokine families

Chemokines are small 8-12 kD proteins with two internal disulfide brides and a
conserved structure.

They are divided into four families, based on the spacing of two cysteines.

The CC chemokines have 28 members (CCL1-28), the CXC chemokines have 17
members (CXCL1-17) . The L designates #fAligando.

There are also two C chemokines (XCL1-2) and one CX;C chemokine (CX;CL).

CCL chemokines bind to members of the CCR receptor family, CXCL to those of the
CXCR family. However, there is substantial redundancy and promiscuity within both
families.

As a rough guideline with many exceptions, CCL act more on T-cells and
macrophages, CXCL more on neutrophils.

Chemokines are active as homodimers. The monomers are always similar but the C-
C spacing affects the dimer structure.

| did not feel like putting in a full list of all members, so look it up for yourself. You find
them in Abbas, 7t edition, table 3-2, or on wikipedia.com.

Note: Wikipedia is nice, but it is not a valid scientific reference, containing many errors (as do
book encyclopedias). You can use them only if you feel competent to spot relevant errors.



CXCL8, formerly I8

CXCLS8 used to be IL-8 and that name is
still often used, e.g. by me. If you write a
paper on it you should give both names, but
the first one is official.

The ligand binds several receptors, mainly
CXCR1 und CXCR2.

|t i s an fdalarm chem
early and upon a wide range of stimuli. It is
thus rather unspecific in its effects, but
signals that something is going on that
should be looked at.

Attention: If you find this and similar
markers induced, it does not prove that
something is dangerous. It may just reflect
the i mmune system doing itds job, which I
fir§t of all to rggain homeos.ta_si_s.. Only if that g(‘)"r’ék;ﬁegaéi';?hiﬁ{:t‘;;“;‘;fi‘%g?ggf(“l%g%)'L'8'

fails a defensive response in initiated.




‘ Receptors
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A All chemokine receptors are 7-a-helix receptors, resembling 3-adrenergic
receptors and rhodopsin. They signal via G-proteins bound to the intracellular
surface and the receptor family is also known as G-protein-coupled receptors.

A Chemokine receptors seems to be packed a bit more loosely, but otherwise the

family resemblance is clear. Figure: Audet and Bouvier, Cell 151:14-23 (2012)

S1P, is the Sphingosine-1 phosphate type 1 receptor.




‘ Chemattractaiyt@ines

Note again that
regulation is feasible
on two levels:
Expression of ligand
and of receptor.

Since chemokine
ligands are
expressed with high
selectivity, they are
good markers for
cells and also good
targets for drugs.

Many inverse
agonists, agonists
and antagonists are
known. It is a hot
area in medicine.
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Deja vu

Yes, this is hematopoiesis again. Focus

on the cytokines: To our knowledge

chemokines are not involved here, but

many of the indicated cytokines have
important effects in the periphery.

Sometimes it is logical: IL-5 induces
differentiation of eosinophils and
activates them, too. In other cases it
may be just parsimony: There is no
obvious reason why the pyrogen IL-1
should also be active in myeloid stem
cell formation.

It was possible early on to develop
colonies of cells with specific
morphology, hence the names Colony
Forming Unit (CFU) or Blast Forming
Unit (BFU).
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Cytokines: Type | cytokines

These cytokines are mostly part of adaptive
immunity. They bind to members of the
cytokine receptor family.

One subfamily are the short-chain 4-helix
bundles. Examples include IL-2, IL-4, IL-7,
IL-9, IL-13, IL-15 and IL-21.

Long chain 4-helix cytokines use the same
receptor types. They include IL-6, LIF, CNTF,
IL-10 and IL-31.

Other proteins with 4-helix bundles exist but
only cytokines have an up-up-down-down
connectivity. They are modestly big proteins
with a compact globular structure. IL-4, shown
left, has 124 amino acids. (Well, this is a figure
taken from Paul. He co-discovered it with
Maureen Howard and Ellen Vitetta in 1982. All
professors have their own histories).
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