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Maximum number of | Number of cases in
Disease cases (year) 2004 Percent change

Diphtheria 206,939 (1921) 0 -99.99

Measles 894,134 (1941) 37 -99.99

Mumps 152,209 (1968) 236 -99,90

Pertussis 265,269 (1934) 18,957 -96.84

Polio (paralytic) 21,269 (1952) 0 -100.0

Rubella 57,686 (1969) 12 -99.98

Tetanus 1,560 (1923) 26 -98.33

Haemophilus ~20,000 (1984) 16 -99.92
influenzae type B -

Hepatitis B 26,611 (1985) 6,632 -754Q8s i
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Inflammation causes blood cells to move from
blood stream to site of injury

into tissue, releasing
inflammatory mediators

that cause pain
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Adaptive

Characteristics

Specificity For molecules shared by groups of related microbes  For microbial and nonmicrobial antigens
and molecules produced by damaged host cells

Diversity Limited; recognition molecules encoded by inherited Very large; receptor genes are formed by somatic
(germline) genes recombination of gene segments in lymphocytes

Memory None or limited Yes
Nonreactivity to self Yes Yes
Components

Cellular and chemical ~ Skin, mucosal epithelia; antimicrobial molecules Lymphocytes in epithelia; antibodies secreted at
barriers epithelial surfaces

Blood proteins Complement, various lectins and agglutinins Antibodies

Cells Phagocytes (macrophages, neutrophils), dendritic Lymphocytes
cells, natural killer cells, mast cells, innate
lymphoid cells

g oo e SSelgigen] Gl oo w5l (solidd (sla 3L @Bly ;0 09h go 03l wlSs Julge & faly 5025 (o0 )50

adenoid
tonsil
left subclavian vein
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lymph node £ heart
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appendix small intestine

4 ‘; @ \’lirgv intestine
e Olgsiinl jia / f
i bone marrow
7 1
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h “;‘. -
“ L,

5 A - all can . e Alaet
‘st GLQ‘Q‘J Plasma cells
— Antigen X >
ntigen X + Antigen Y

Memory
B cells / % cell
/Primary
; anti-Y N

Serum antibody titer
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Microbe * *

o Intracelular

Extracellular Phagocytosed microbes
microbes microbes in (e.g:. w‘rusesl)
macrophage I replicating within

! infected cell
Responding $¢ )d ﬁ
lymphocytes
ymp b4 Heiper Cytotoxic
B lymphocyte T lymphocyte

T lymphocyte

Secreted
antibody

Cells
(T lymphocytes)

Serum
Transterred by (antibodies) (T lymphocytes)

Block Activate
infections and macrophages
Functions eliminate to kill
extracellular phagocytosed
vmigrobes i §1;\11 microbes

Kill infected
cells and
eliminate
reservoirs
of infection
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~ Specific signal and co-stimulator

Naive CD4 T cell APC
(uncommitted)
= =
N
Proliferating T cell
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MHC
class

antigen

Immature effector
T cell (T 0)
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T, 1 cell Tu2 cell 1
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. N . Tcell
Activates macrophages; Activates B cells to = —

induces B cells to make neutralizing v
produce opsonizing antibody; has various - ate .
antibody, . . ...l leffects on macrophages “ﬁﬁy!ﬂm,‘?,:ﬁrﬂ cell

T-cell
receptor
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Stem cells Committed precursors Late precursors
and mature forms
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Mean Number
(per mm?3) Normal Range

White blood cells 7400 4500-11,000/mm3
(leukocytes)

Neutrophils 4400 40%—60%
Eosinophils 200 1%—4%
Basophils 40 <1%
Lymphocytes 2500 20%—40%

Monocytes 300 2%—8%
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"'-';\ Neutrophil
l Function:
Cytoxicity
Phenotypic plasticity
Vascular remodelling
Microvesicles:
Anti-bacterial

Ectosomes:

F-actin MMPs
TGF (B Elastase
Myeloperoxidase
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Eosinophil

Function:

A Allergy

. Cytotoxicity
Granules: [FNy
MEBEM TNFa
EPO LAMP2
Interleukins LAMP2
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" Eosinophil Cationic protein
" Major Basic Protein
¥ Toll Like Receptor (s 0 s0ls eedgs yigls)
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Cell type

Molecule in granule

Examples

Function

Neutrophil

Eosinophil

Basophil/mast cell

Proteases
Antimicrobial proteins
Protease inhibitors
Histamine

Cationic proteins

Ribonucleases
Cytokines
Chemokines
Cytokines

Lipid mediators

Histamine

Elastase, collagenase
Defensins, lysozyme

ay-antitrypsin

EPO

MBP

ECP, EDN

IL-4, IL-10, IL-13, TNF-a
RANTES, MIP-1a
1L-4,1L-13

Leukotrienes

Tissue remodeling

Direct harm to pathogens
Regulation of proteases
Vasodilation, inflammation
Induces formation of ROS

ion, basophil d

Antiviral activity

ion of adaptive immune r

V dds — (g 135 ol ol 895>

" Mast cell

Attract leukocytes
Modulation of adaptive immune
Regulation of inflammation

Vasodilation, smooth muscle activation

Function:

Allergy

Inflammation
Antigen presentation
Immunomadulation

Exosomes:

MHC class Il FceRs
c-Kit LFAT
esRNA ICAM
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Macrophage

Function;
Phagocytosis
Inflammation
Phenotypic plasticity
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® Natural Killer cell NKC)
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NK cell

Function:
Cytoxicity

Exosomes:
CD56
Perforin

® . FASL

NKC o Jobo o Slae Y- IS
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* cytotoxicity
¥ Graft VS Host Disease
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Neutrophils Macrophages

HSCs in bone marrow Blood monocytes: derived from HSCs in bone marrow (in
inflammatory reactions)
Many tissue-resident macrophages: derived from stem cells in
yolk sac or fetal liver (early in development)

Life span in tissues  1-2 days Inflammatory macrophages: days or weeks
Tissue-resident macrophages: years

Responses to Rapid, short-lived, activation of preformed More prolonged, slower, often dependent on new gene
activating stimuli enzymes transcription

Phagocytosis Rapid ingestion of microbes Prolonged ability to ingest microbes, apoptotic cells, tissue debris,
foreign material

Reactive oxygen Rapidly induced by assembly of phagocyte Less prominent
species oxidase (respiratory burst)

Nitric oxide Low levels or none Induced after transcriptional activation of INOS

Degranulation Major response; induced by cytoskeletal ~ Not prominent
rearrangement

Cytokine production  Low levels per cell Major functional activity, large amounts per cell, requires
transcriptional activation of cytokine genes

NET formation Rapidly induced, by extrusion of nuclear No
contents

Pyroptosis No Prominent: caspase-1 activation
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Atypical APCs

| Professional APCs |
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DCs and macrophages B cells Mast cells  Basophils Eosinophils  ILC3s

Key features

e Phagocytic

* Express receptors for apoptotic
cells, DAMPs and PAMPs

e Localize to tissues

® Localize to T cell zone of lymph
nodes following activation (DCs)

= Constitutively express high levels
of MHC class Il molecules and
antigen processing machinery

* Express co-stimulatory molecules
following activation

Key features

e Internalize antigens via
BCRs

e Constitutively express
MHC class Il molecules
and antigen processing
machinery

e Express co-stimulatory
molecules following
activation

Key features

* Inducible expression of MHC class Il molecules

» Antigen-presenting functions limited to
specific immune environments (especially
type 2 immune settings)

* Lack of compelling evidence that they can
activate naive CD4' T cells in an antigen-
specific manner
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Hydrophobic groups interact
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Hydraphabic forces tend lo pack together to

prephabi exclude water molecules.
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between a cation and an
electron cloud of a nearby
aromatic group
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Types of Adjuvant

Inorganic compounds: alum, aluminum hydroxide,

Bacterial products: killed bacteria Bordetella pertussis,
Mycobacterium bovis,

> Nonbacterial organics: squalene
- Plant products: saponins from Quillaja
> Cytokines: IL-1, IL-2, IL-12

Combination: Freund's complete adjuvant, Freund's incomplete
adjuvant
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* Makes vaccine mare cost effective (fewer
doses required)

Vaccine
adjuvant
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Features of Biologic Antigens

- Polyvalent antigens can induce clustering
of the B cell receptor and thus initiate the
process of B cell activation
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Initiation of complement activation Early steps Late steps

Microbe @ @
Alternative ___ %s @ . Membrane Attack Complex

N

pathway/. T 5

binding to lectin
4\ Effector C3a: C3b: : Lysis of

Lectin < functions  inflammation Opsonization and Inflammation microbe
REhwey phagocytosis
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Receptor

Structure

Ligands

Cell Distribution

Function

Type 1 complement
receptor (CR1, CD35)

Type 2 complement
receptor (CR2, CD21)

Type 3 complement
receptor (CR3,
Mac-1, CD11bCD18)

Type 4 complement
receptor (CR4,
p150,95, CD11cCD18)

160-250 kD; multiple
CCPRs

145 kD; multiple
CCPRs

Integrin, with 165-kD
o chain and 95-kD
B2 chain

Integrin, with 150-kD
o chain and 95-kD
B2 chain

C3b > C4b >iC3b

C3d, C3dg > iC3b

iC3b, ICAM-1;
also binds
microbes

iC3b

Mononuclear phagocytes,
neutrophils, B and T

cells, erythrocytes,
eosinophils, FDCs

B lymphocytes, FDCs,
nasopharyngeal
epithelium

Mononuclear phagocytes,
neutraphils, NK cells

Mononuclear phagocytes,
neutrophils, NK cells

Phagocytosis

Clearance of immune complexes

Promotes dissociation of C3
convertases by acting as
cofactor for cleavage of
C3b, Cab

Coreceptor for B cell activation

Trapping of antigens in germinal
centers

Receptor for EBV

Phagocytosis
Leukocyte adhesion to
endothelium (via ICAM-1)

Phagocytosis, cell adhesion?
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Comments
105-kD protein
550-kD protein

Function

Binds to C1rand C1s and dissociates the C1 complex
Cofactor for factor I; cleavage of C4b

Cleaves C3b and C4b

Defines activator surface

Inhibits the insertion of the membrane attack
complex into the cell membrane

Dissociates both C3 and C5 convertases

Protein Localization
C1 inhibitor

C4 binding protein
Factor |

Factor H

S-protein

Serum
Serurn
Serum
Serum

Serum Also known as vitronectin

GPl-anchored
CD55

D46

Decay accelerating
factor (DAF)

Membrane cofactor
protein (MCP)

(8 binding protein

(D59

Ubiquitous/cell membrane

Hematopoietic cells except
erythracytes
Most hematopoietic cells

Hematopoietic cells, endothelial cells,
epithelial cells, glomerular cells

Cofactor for G3b cleavage by factor |

(Pl-anchored

GPl-anchored
Also known as HRF20

Binds ta C8 and prevents interaction with C9
[nhibits the membrane attack complex
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Soluble factors reguiating complement

Name

Ligand/
binding factor

Action

Pathology if defective

C1 inhiitor
{C1INH)

C1r, C1s (C1q);
MASP-2
(MBL}

Displaces Clr/s and
MASP-2, inhibiting
activation of C1g and MBL

Hereditary angiodema

Cd-binding peotein
(C4BP)

Cdb

Displaces C2a; cofactor
for C4b deavage
by factor |

CPNY
(Carboxypeptidase N)

C3a, Coa

Inactivates C3a and C5a

Factor H

G3b

Displaces Bb, cofactor
for factor |

Age-retated macular
degenaration, atypical
hemolytic uremic syndrome

Membrane-bound factors regulating complement

Name

Ligand/
binding factor

Action

Pathology if defective

CRig

C3b, iC3b,
C3c

Inhibits activation of
alternative pathway

Increased susceptibiity to
blood-bomne infections

Complement
receptor 1
(CR1, CD35)

C3b, C4b

Cofactor for factor I;
displaces Bb from C3b,
and C2a from Cdb

Decay-accelerating
factor
(DAF, CD55)

C3 convertase

Displaces Bb and C2a
from C3b and C4b,
respectively

Paroxysmal nocturnal
hemoglobinuria

ofactor

Factor |

Sering protease,
cleaves C3b and C4b

Low C3 levels, hemolytic
uramic syndrome

Protein 5

Inhibits MAC formation

protein
(MCP, CD46)

Cofactor for factor |

Atypical hemolytic
anemia

Protectin (CD59)

Inhibits MAC formation

Paroxysmal nocturnal

hemoglobinuria
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19 Diseases associated with complement deficiency
20 Diseases associated with complement dysfunction
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Deficiency Clinical Features; Diagnostic Sirategy

C1q SLE, infections; CH50 near zero
C1r/s SLE, infections; CH50 near zero
Ca SLE, infections; CH50 near zero
Cz SLE, infections, some asymptomatic; CH50 near zero

C3 Infections frequent and severe, glomerulonephritis;
CH50 near zero

Factor D Neisseria; AH50 near zero
Factor B Neisseria; AH50 near zero
Properdin Neisseria; AH50 diminished

MBL Maost asymptomatic infections, SLE; CH50 normal,
MBL assay required

C5 Neisseria; CHB0 near zero
Ce Neisseria; CHb0 near zero
G7 Neisseria; CHb0 near zero
Cc8 Neisseria; CH50 near zero
C9 Neisseria; CHs0 diminished

Factor | Neisseria, HUS; C3 may be diminished, many require
mutation analysis

Factor H Neisseria, HUS; C3 may be diminished, many require
mutation analysis

MCP HUS; mutation analysis reguired
C1 inhibitor Angioedema; C1 antigen and functional levels

CR3/CR4 Leukocyte adhesion deficiency, very severe systemic
infections, lack of pus; flow cytometry

CD53 Paroxysmal nocturnal hemoglobinuria; flow cytometry
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C1q, C1r, C1s, C4, C2 Inability to activate the classical pathway Systemic lupus erythematosus
Serum carboxypeptidase N Failure to control C3a, Cba, bradykinin Recurrent angioedema, urticuria

C1INH Loss of regulation of C1 and Recurrent angioedema
kallikrein

Factor H, factor |, CD46 Lack of regulation of membrane C3 Atypical hemolytic-uremic syndrome, macular
convertases degeneration

DAF, CD59 Failure to regulate complement Paroxysmal nocturnal hemoglobinuria
activation on autologous cells
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21 C1 inhibitor (C1 INH)
22 Paroxysmal nocturnal hemoglobinuria
23 Qystemic lupus erythematosus
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' C1qbinds to antigen- C1 INH
complexed antibodies, prevents C1rzs;
resulting in activation from becoming

of C1rzsz proteolytically active C3 convertases

C1INH
Cigqg Y
Antioogy Jll /17252 Cirzsz

a Dissociation of
}l' ..... : "y C3 convertases

DD FERIBRNAIIIN

C3 5,50l lgn #-YV IS

Activators
Spantaneous activation
Polysaccharides
Endotoxin

Nephritic factors
Medical instrumentation
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Classical pathway Lectin pathway Alternative pathway
Cig MBL, ficolins, collectin-11 Properdin, C2{(H20) e
- 1 Activation of
/Y an | late components  [Gsp 2
S A Factor 8 of complements
: -.3-.?»’;,5-3 - —
o — Factor D
c2,c4 l
+
Capp " Factor H
Ry B [Faa] [Crmn b— (B — cu
DAF FT \clan' DAF
' s =/ 3 CD59 inhibits
B o o - N poly-C9
actor H, MCP, A
DAF, CR1, Factor | assembly .| Inhibition
1| ofMAC
1 P | formation
L= o =2
C3b @ g_ﬁ%._cah / 59
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S protein inhibits
membrane
insertion of

Csb-C7

MAC LS5 lge #-Y) IS

Covalent
attachment of C3b
(or C4b) to cells

MCP (and CR1) act as cofactors for
Factor |-mediated proteolytic cleavage
of C3b, producing iC3b

/

Proteolysis
of C3b E:ﬂ
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IL-1 IL-2 IL-3 IL-4
IL-5 IL-6 IL-7 IL-8
IL-9 IL-10 IL-11 IL-12
IL-13 IL-15 IL-16 IL-17
IL-18 IL-19 IL-20 IL-21
IL-22 iL-22

IFN-at IFN-B IFN-y
TNF-a TNF-B
TGF-p1

M-CSF

5l a5 ,le a5 05,10 0939 o p S glle jl vpe (5,5l 0olgls > v
Hematopoietin Family (IL-2, IL-4)
Interferon Family (IFN-ct, B. y)
Chemokine Family

Tumor necrosis family
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Chapter 13: Cytokines

Definition: secreted, low-molecular-weight proteins that
regulate the nature, intensity and duration of the immune
response by exerting a variety of effects on lymphccytes and/or
other cells.

- Cytokines bind to specific receptors on target cells.

- Originally were called lymphokines because they were initially
thought to be produced only by lymphocytes. Then monokines
because they were secreted by monocytes and macrophages.
Then interleukin because they are produced by some
leukocytes and affect other leukocytes. The term “cytokine” is
now used more widely and covers all of the above.

- Don’t forget chemokines, they are also considered cytokines.

(a) Inducing .
stimulus - Cytokines act only on cells

bearing specific receptors.
\ - Expression of cytokines and
Cytokine-producing cell — their receptors is highly
/ regulated.

- E.g. IL-2 receptor

Cytokine

Receptor
! e |
| TERE L Target cell
N /

Biological
effects

Cytokines can act in an:
-Autocrine (same cell),
-Paracrine (close proximity)
- Endocrine (long distance)

Autocrine action

@

Paracrine action Nearby cell

..
e e
SO (e eeve) e Q
[ ]
. Circulation k

Endocrine action Distant cell

1. Cytokines are pleiotropic ... one cytokine can have
different effects on different cells.

(a) Target Cell Effect
ﬁ( \Tf_ Activation
= ©  Proliferation
>\ - ){t Differentiation
PLEIOTROPY 7 Bear
/‘?_9\:\ -
‘f/f \}ﬂ )
@
\k_/,q//

Activated Ty cells

2 IL-4 { ) Proliferation
" Thy it_mylc

Proliferation

2. Cytokines can be redundant ... different cytokines can
have the same effects.

(a) Target Cell

REDUNDANCY g

Ilizq 5 }F/C)\{ Proliferation
' s
\E—_/]c/ : ;?\__/%._

Activated Ty cells B cell

Kuby Fig 12-2a

3. Cytokines can synergize with each other.

(@) Target Cell Effect
SYNERGY
"o_,_,,\‘\ .
.".// \\%Jce ) _"fi ~—y ©\| Induces class switch to IgE
| ®/ L5
Nt g WA,

Activated TH cells B cell
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4. Cytokines can antagonize each other.

(a) Target Cell Effect

ANTAGONISM
19G1

”

. =

f’f//_‘\%jce ) N P A—— }{/Q\é-' Bl:jckﬁ'“j“]ﬁi‘ﬁ]i“glt'h to IgE
Y o, induced by IL-

e

Activated Ty cells  TFN-Y B cell 1gG2a

or
19G3

Cascade
5. Cascade effect, cytokines

can stimulate the production
of other cytokines.

RECEPTOR

MACROPHAGE

Figure 10.5a

6. Cytokines can influence the expression of cytokine
receptors.

b Receptor transmodulation

Up regulation Down regulation

Positive Negative
IL-2 RECEPTOR IL-2 RECEPTOR

Figure 10.5b

7. Cytokines play key roles in regulating hematopoiesis,
innate immunity and acquired immunity.

Hematopoiesis in bone marow

STROMAL CELL

STEM CELL

FIBROBLAST OR ENDOTHELIAL CELL

Figure 10.4c

SO...cytokines can have many effects,
depending on:

- the target cell

- the state of differentiation/activation of the
target cell

- the presence or absence of other cytokines

Sandwich ELISA

@)

Cytokine bound
1 antibody coated L’—j\

onto well & d N } ‘;u\

Add enzyme- Add substrate
conjugated and measure
secondary antibody color

" Cytokine levels in serum

orin tissue culture
supernatants can be
measured with a
Sandwich ELISA assay.

Optical density

0.01
0.1 1 10 100

Concentration of IL-2 {(pg/mly




Four Structural Families

There are many cytokines, including...

:t; :::é :t: Hematopoietin Family (IL-2, 1L-4)
IL-9 IL-10 Interferon Family (IFNe, 8, y)
IL-13
IL-18 Chemokine Family

IL-22 . .
Tumor necrosis family
IFN-a

TNF-a
TGF-B1

M-CSF

and
e Based on structural homology, there are six
TNF - - -
e major cytokine receptor families:
1L-6
chemokines (many)

Best Way tO |earn Antiinflammatory cytokines - |g superfamily receptors

IL-10
about Ll

TGF-
cytokines.... is :;F.:u_u?u_o; of virus replication - Interferon receptors
by their action !!! Macrophag u

g':;;flummm e - TNF receptor superfamily

1L-4
o - Chemokine receptors
-21

T cell-activating cytokines R
-2 - TGF receptor family
-4
-1z
IFN- e - Hematopoietin receptors (Cytokine receptor
-3 superfamily)
-4
IL-13
-5

RECEPTOR FAMILY LIGANDS
maass I cytokine receptors

(hematopoietin) LIGANDS
1.2 1I-13
IL-1 1.3 IL-15
M-CSF Conserved L4 GM-CSF
C-Kit > IL-5 G-CSF

cysteines
1L-6 OsSM
WSXWS L7 LIF
1L-9 CNTF
111 Growth hormone
112 Prolactin

(&) Immunoglobulin superfamily
receptors

Kuby Fig 12-6b

Kuby Fig 12-6a
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(2) Class 1I cytokine receptors
(interferon)

LIGANDS
IFN-0¢

IFN-B
IFN-y
110

Kuby Fig 12-6¢

TNF receptors LIGANDS

TNF-00

TNF-B

CD40

Nerve growth factor (NGF)
FAS

Fig 12-6d

(e) Chemokine receptors LIGANDS

IL-8
RANTES

MIP-1
PF4
MCAF
& NAP-2
P

G-protein

Three subfamilies of the class |
cytokine receptor family
(hematopoietin)

(a) GM-CSF receptor subfamily (common  subunit)
GM-CSF

GM-CSFRa

(b) IL-6 Receptor subfamily (common gp130 subunit)
CNTF LIF/OSM

apl130 gpl130 gpl30
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SHARED CYTOKINE RECEPTORS SUBUNITS
() IL-2 receptor subfamily (common y subunit)

IL-15 IL-7 IL-9 IL-4 Shared Cytokine-Recepior Subunits

Shared receptor chain  Cytokines recognized
Ye IE=2.: =47, <9 =18,~31
IL-2RB IL-2; IL-15

IL-4Rce IL-4,-13

IL-13Ra1 1L-4, -13

Be IL-3, -5, GM-CSF

Y gp130 IL-B, -11, -27, -31, LIF,

0OSM, CNTF, CT-1, CLC

IL-7R IL-9R IL-12Rp1 IL-12,-23

IL-10R2 IL-10, -22

|L-20R2 1L-20, -19, -24

IL-22R IL-22, -24, -20

@ 1999-2007 New Science Press

Cytokine receptors Y s
Low-affinity <

. Cytokine binds to

. . . eptors Exterior alpha subunit.
+ Sharing of signal transducing molecules recepron B P

explains theedundancyndantagonism |
exhibited by some cytokines ¢

. Association with
beta subunit.

Interior

[ subunit

j /
‘

o

3. Signal transduction

Highaffinity through the beta
coors \ Y subunit

o

p

receptors

Competition of IL-2 Receptor
ligand-binding
chains of : Composed of 3 subunitg; B, and ychains
different | . . .
receptors for a IL-2 receptor is present in 3 forms: low,

common subunit. medium, and high affinity

The low affinity (monomericlL-2Ra),

This can : , medium affinity (dimeric)L-2Rap), and
results in

antagonistic high affinity (trimeric,IL-2Rafy)

effects Binding componentachains
between

cytokines Transducing component8and ychains
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Intermediate High affinity ~ Low affinity
affinity IL-2R IL-2R IL-2R

o 9y o

Only in activated
T cells

o

Subunit
composition:  IL-2RP IL-2Rae IL-2Rax
IL-2Ry IL-2Rj}
IL-2Ry
Affinity
constant (K 10°M 10''m 108m

Dissociation
constant (Kg):  1079M 10-1m 10-8m

Cells e E——
expressed by: | NKcells Activated CD4+ and CD8+ T cells
Resting T cells Activated B cells

(low numbers) (low numbers)

A number of cytokine receptors
signal via the JAK/STAT pathway.

These include the receptors for IL-
2,IL-3, IL-4, IL-6, IL-10, IL-12 and
IFN-y.

Cytokine receptor subunits are
associated with JAK kinases.

1.- Binding of cytokine causes
dimerization of receptors and
activation of JAK kinases.

2.- Activated JAK kinases
phosphorylate receptor sites and
create docking sites for STAT
molecules.

JAK = Janus Kinase - OR - Just
Another Kinase

STAT = Signal Transducers and
Activators of Transcription

Cytokine
B
Dimerization
of receptor

Activation of JAK
family tyrosine kinases,
_« phosphorylation of receptor

® [
i~ Tyrosine phosphorylation of
) 6B sty by JAK kinase
N7

] of STAT

Specific gene transcription

3. After binding to the
receptor (achain), STATs
are phosphorylated.

Binding and tyrosine 4. They then dissociate
phosphorylation
of Statl fr_om t_he receptor,
. dimerize and translocate
Tyl Dimerization of STAT to the nucleus, where
they mediate
Full activation of Statl dimer transcription of target

by phosphorylation at serine genes.
residues

e
g0 I

DNA 360000000000

Specific gene transcription

o T4 B

v Dimerization of
1L-4 receptor

Activation of JAK
family tyrosine Kinases,
phosphorylation of receptor

2w

Similar JAK/ISTAT
signaling in the IL-4
receptor.

STAT. EJT\ oD Tyrosine phosphorylation of
. -4 1/

STAT by JAK kinase

{P] Dimerization
of STAT

Specific gene transcription

Kuby Fig 12-10b

Different receptors associate with different
JAK/STAT combinations

STAT AND JAK
INTERACTION WITH SELECTED
CYTOKINE RECEPTORS DURING
SIGNAL TRANSDUCTION

Cytokine receptor JAK STAT

TFMN-y JAKT and JAK2Z Statl*
IPN-ee/Pp JAKT and Tyk-2 Star2
-2 JAKT and JAK3 Stat5
1L-3 JAK2 Stat>
1L-4 JAKT and JAK3 Stat6*
IL-6 JAKT {and sometimes others) Stat3
1L-10 JAKT and Tyk-2* Star3
1L-12 JAK2 and Tyk-2* Statd*

*Drespite its name, Tyk-2 is also a Janus kinase,
SOURCE: Adapted from Bach, Aguet, and Schreiber, 1997, Annu. Rev.
Tremuin, 15:563,

Cylokine (@)
Cytaking receptor
subundts

STAT  STAT

PI-3 kinase

P70 56 kinose

Other pathways may also
be involved in cytokine
signaling.
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CD4+ helper T cell

CTL response . B cell response
Viral infections Extracellular bacteria

DTH 3 - Eosinophilia
Intracellular bacteria - Helninthic parasites

CYTOKINE SECRETION

AND PRINCIPAL FUNCTIONS OF MOUSE L.
T,1 AND T,,2 SUBSETS Helper T cells can be divided

into two main types - T,1 and
T,2 - with distinct patterns of
cytokine secretion.

Cytokine/function Tyl

Cytokine secretion

-2 +
IFN-y 4+
TNF-B ++
GM-CSF ++
-3 e+
-4 -
IL-5 -
1L-10 -
IL-13 -

Functions

Help for total antibody
production
Help for IgE production
Help for [gG2a production
Eosinophil and mast-cell
production
Macrophage activation ++
Delayed-type hypersensitivity ++
T-cell activation ++

£ Adapted from I Powrie and RL Coffinan, 1993, kol
4270,

Ty1 cells produce cytokines (IFN-yand IL-2) that
promote immune responses against intracellular
pathogens (DTH, cytotoxic T cell responses,
opsonizing Abs).

T2 cells produce cytokines (IL-4, IL-5, IL-6, IL-13)
that promote immune responses against
extracellular pathogens (antibody responses,
eosinophilic responses, allergic reactions).

Some cytokines are produced by both T;1 and T,;2
cells. These cytokines - GM-CSF and IL-3 - act on
the bone marrow to increase production of
leukocytes - so they are needed no matter what
type of pathogen is present.

T,1/T,2 differentiation is influenced by the levels of key
cytokines.

- IL-4 promotes T,;2 differentiation.
- IFNyand IL-12 promotes T,1 differentiation.
IL-12R = B1,82

Response fo I1-12

Dendrific cell
IL-12RB1p2

© 2001 Blackwell Publishing Ltd, Roitt's Essential Inmunology

Figure 10.7

Cytokine cross-regulation

IFNy(Th-1) inhibits proliferation of Th-2
IL-4 and IL-10 (Th-2) inhibits proliferation
of Th-1 by decreasing IL-12 production

INF¢(Th-1) promotes IgG2aproduction
and decreasdgE by B cells

IL-4 (Th-2) promotes production ¢§E and
IgG1 by B cells and decreaskgG2a

Cytokine & Diseases

* Bacterial Septic Shock

— Due to several Gram (-) bacteria

— Stimulation of Macrophages by LPS 1TNF-a, IL-18

— Drop in blood pressure, fever, diarrhea, systédiaod clotting in

various organs

* Bacterial Toxic Shock

— Caused by superantigens (wide variety of toxins)

— Activation of T cells fcytokines from T cells and activated M@
* Infectious Diseases

— Leprosy, Chagas Disease.
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Relative predominance of T,1 vs T2 helper T cells can influence the

course of infectious disease (Mycobacterium leprae)

Tyl activity Ty2 activity

Tuberculoid | Lepromatous Tuberculoid | Lepromatous

IL-2 “ . 4

INY -gge

et §oeo

™ i) © oo IL-10 ee oo

Tuberculoid -1CMI (granulomas)
- No RIP -RIP

Lepromatous -1HI (dissemination)

Neuroendocrine
regulation

IL-1, IL-6 and TNF-acan
induce production of
glucocorticoids by acting
on the hypothalamic-
pituitary-adrenal (HPA)
axis.

COMTICOSTERGNE (g 100 sarum)

Figure 11.19

Hygotmolamus Artemar pituitary

immune responses.

ublishing Ltd, Rol

Glucocorticoid hormones
can influence ongoing
immune responses -
particularly suppressing
inflammatory responses.

Sex hormones also influence
immune responses - e.g.
females tend to be more
prone to autoimmune
disorders than males.

Stress may suppress Th1

Figure 11.20

The End, but interesting
material next!!

Macrophage activation by Th1 Cells: Tt cell

: .

cremaldnes {9 L

attracting

coLz IL-6  TNFIL-1p

9 monocyta

TipDC mac-m!}haq.e

neutrophil
neutrophil, monocyte. macraphage

TipDC recruitment recruitmant
and activation

IL-18, IL-12

neutrophil

neutrophil
recruitment
and activation

Macrophage activation by Th2 Cells:

CCR3
~P CATH2

IL-4, IL-13

mannase

receplor ¢ dectia

Y raceptor
c © (

7 macrophage
R g

Tw2, eosinophil, proteases IL-10, IL-1Ra
basophll-attracting  growth factors TGFp, chitinases
chemoattractants

release of chemokines
from extracellular matrix




EFFECTOR ROLE OF
Th1 CELLS:

1) Cytotoxicity

2) tPhagocytosis

3) fopzonizing & ey

complement
fixing Abs

/

Increased

cytotoxicity

T el

o e e

\nﬂu:lmn of apsonizing
and complsment g

B cell

et @:
paptide-MKC display

“ MAC.class ||

[ macrophage

increasad
survival

CD8Tcell

)

\FN Iy

EFFECTOR ROLE
OF Th2 CELLS:

1) IgE production

2) IgA production

3) Eosinophil recruitment

4) Basophil & Mast cell
recruitment

IL-4AL-13

IL-5

IL-3/1L-8

acﬂvullon ot
mE pmuur.unn
calls,
]
apithatial catis
and smocth
scle celis

macrophage

s sTs[s)

epithelium

smooth muscle cell

and survival
o
eosinapniis,

production
fram 8 cells

mosinophil

and survival
of. 5

an
basophiis

basophil

mast cell
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Antimicrobial factors
in saliva (lysozyme,
peroxidase, lactoferrin)

Lysozyme in tears
and other secretions
and in phagocytes

(" scHen \
& i -—\7 Normal flora
Removal of inhaled ; P 9

3 e —— il
particles 1 e Mucus, cilia

Skin—physical
barrier, fatty
acids, sweat,
normal flora

Acid in stomach
(low pH)

Rapid pH change
from stomach to
upper intestine

MNormal flara

Flushing of
urinary tract

pH and
normal flora
of vagina
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Eyes/nose/

Gyt Hungs oral cavity

Epithelial cells joined by tight junctions
Mechanical f

Longitudinal flow of air or Movement of Tears
fluid mucus by cilia Nasal cilia

Pulmonary 2
Low pH EEACtanE Enzymes in tears

Fatty acids and saliva
Chemical 5 (lysozyme)
Enzymes (pepsin)

B-defensins a-defensins
Lamellar (cryptdins) a-defensins Histatins

bodies Reglll (lecticidins) |[| Cathelicidin B-defensins

Cathelicidin Cathelicidin

Microbiological Normal microbiota
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Pathogen-Associated Molecular Patterns Microbe Type

Nucleic acids ssHNA Virus
dsRNA Virus
CpG Virus, bacteria

Proteins Pilin Bacteria
Flagellin Bacteria

Cell wall lipids LPS Gram-negative bacteria
Lipoteichoic acid Gram-paositive bacteria

Carbohydrates Mannan Fungi, bacteria
Dectin glucans

Damage-Associated Molecular Patterns

Stress-induced HSPs
proteins

Crystals Monasodium urate

Nuclear proteins HMGB1

CpG, cytidine-guaning dinucleotide; dsRNA, double-stranded BRNA; HMGB1,
high-mobility group box 1; HSPs, heat shock proteins; LPS.
lipopolysaccharide; ssHNA, single-stranded ANA

DAMPs ; PAMPS ;| _la i A-) o
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Bacterial cell — @) TLR Innate immune recognition by
wall lipid é\\“"!J,_' . Toll-like receptors

Toll-like receptor Ligand

TLR-1:TLR-2 P_eptidoglycan
heterodimer L!POPI'O‘E?IHS

Lip (mycobacteria)
TLR-2:TLR-6 GPI(T. cruzi)
heterodimer Zymosan (yeast)

Plasma
membrane

TLR-3 dsRNA

Cytosolic ‘ = ce—— Gy TLR-4 dimer LPS (Gram-negative

(plus MD-2 bacteria)

X & -9 and CD14) Lipoteichoic acids
Viral DNA, 2 ¢ (Gram-positive bacteria)
Viral RNA & +

Flagellin

Bacterial cell = ‘
LR wall lipid b 3 ) ssRNA

CD;Viral RNA P08000000008 L\ Endosomal G-rich oligonucleotides

membrane

Unmethylated
CpG DNA
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Steps of the
Inflammatory Response
The inflammatory response is a body's
second line of defense against invasion
by pathogens. Why is it important that
clotting factors from the circulatory sys-
tem have access to the injured area?

EJ Phagocvtes engulf
bacteria, dead cells,
and cellular debris.

£3 Platelets move out of
. the capillary to seal the
wounded area.
F3 Histamines eanse capil-
laries 1o leak, releasing
phagocyres and clotting
factors into the wound.:
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Rolling Integrin activation Stable Migration through

by chemokines adhesion endothelium

Leukocyte |Integrin
{ (low-affinity state)
Blood flow \>
Selectin ligand 1~
| Integrin (high-
affinity state)

Chemokine

Selectin
M 9\ e W
ri
Integrin ®

Froteo- 4 ligand

glycan

° ,
Cytokirtes Chemokines g@@@ 2 ﬂ S
57 Macrophage stimulated Fibrin and fibronectin— &
by microbes (extracellular matrix)
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Name Tissue distribution Ligand

P-selectin Activated endothelium PSGL-1, sialyl-Lewis*

Selectins

Bind carbohydrates.
Initiate leukocyte-

P-selectin

3

(PADGEM, CD62P)

and platelets

E-selectin
(ELAM-1, CD62E)

endothelial

interaction

Activated endothelium

Sialyl-Lewis*

Integrins

Bind to
cell-adhesion
molecules and

o:By
(LFA-1, €D11a:CD18)

Monocytes, T cells,
macrophages,
neutrophils,
dendritic cells,
NK cells

o6, (CR3,
Mac-1, CD11b:CD18)

Neutrophils,
monocytes,
macrophages,
NK cells

ICAM-1, iC3b,
fibrinogen

extracellular matrix. |-

Strong adhesion

ay:B, (CR4,

p150.95, CD11c:CD18)

Dendritic cells,
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Expression of

Class Il Major
Cell Type Histocompatibility Complex  Costimulators Principal Function

Dendritic cells Constitutive; increases with Constitutive; expression Antigen presentation to naive T cellsin
maturation; increased by is increased with TLR initiation of T cell responses to protein
IFN-y and T cells (CD40L-CD40 signals, IFN-y, CD40- antigens (priming)
interactions) CD40L interactions

Macrophages Low or negative; increased by Expressionisincreased by  Antigen presentation to effector CD4*
IFN-y and T cells (CD40L-CD40 TLR signals, IFN-y, CD40- T cells in effector phase of cell-
interactions) CD40L interactions mediated immune responses (T cell-

enhanced killing of phagocytosed
microbes)

B lymphocytes Constitutive; increased by IL-4, Expression is increased Antigen presentation to CD4* helper T
antigen receptor cross-linking, by T cells {CD40-CD40L cells in humoral immune responses
and T cells (CD40L-CD40 interactions), antigen (helper T cell-B cell interactions)
interactions) receptor cross-linking

Vascular endothelial Inducible by IFN-y; constitutive in  Low; may be inducible May promote activation of antigen-
cells some human blood vessels specific T cells at site of antigen
exposure and in organ grafts

Thymic epithelial cells Constitutive Probably none Positive and negative selection of
developing CD4* T cells

Various epithelial and Inducible by IFN-y Probably none No known physiologic function; possible
mesenchymal cells role in inflammatory diseases

I1FN=y, Interferon-y; IL-4, interleukin-4; LPS, lipopolysaccharide; MHC, major histocompatibility complex.
5As mentioned in the text, class | MHC molecules are expressed on all nucleated cells and display peptides to CD8* T lymphocytes.

%6 Naive T cells
7 positive and negative selection
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32 Cross presentation

33 Proteasomal cap

34 Transporter Associated with Antigen Processing
% Peptide loading complex

36 Endoplasmic reticulum aminopeptidase
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Feature

Class | MHC Pathway

Class Il MHC Pathway

Composition of stable peptide-MHC
complex

Types of APCs

Responsive T cells
Site of antigen degradation

Source of protein antigens

Enzymes responsible for protein
degradation

Site of peptide loading of MHC

and loading of MHC molecules

peptide

"" Polymorphic « chain,
o LY p2-microglobulin,
oy B

2-microglobulin peptide

All nucleated cells

CD8 T cells
Proteasome

Mainly cytosolic proteins {usually
synthesized in the cell; may enter cytosol
from phagosomes); also nuclear and
membrane proteins

pB1, B2, and B5 subunits of proteasomes

Endoplasmic reticulum

Molecules involved in transport of peptides TAP, tapasin

peptide

I%'%J Polymorphic o and f chains,
(s
a

peptide

Dendritic cells, mononuclear phagocytes,
B lymphocytes, endothelial cells, thymic
epithelium

CD4* T cells
Late endosomes and lysosomes

Endosomal and lysosomal proteins
(mostly internalized from extracellular
environment)

Endosomal and lysosomal proteases (e.g.,
cathepsins)

Late endosomes/lysosomes

Invariant chain, DM
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TABLE 11-2 Properties of Thymus-Dependent and Thymus-Independent Antigens

Thymus-Dependent Antigen Thymus-Independent Antigen

Chemical nature Proteins Polymeric antigens, especially polysaccharides; also
glycolipids, nucleic acids

Features of Antibody Response

Isotype switching Yes; IgG, IgE, and IgA Little or no; may be some IgG and IgA

Affinity maturation Yes No

Secondary response (memory B cells) Yes Only seen with some antigens (e.g., polysacchandes)
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Mucosal tissues;
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(e.g., TGF-pB, APRIL,

|  BAFF, others}

e%f o o oi‘

gM IgG subclasses
_(1gG1, 1gG3)

Isotype
Swﬂchlng

iPrincipal | Comp:ement F-:: receptor- Immunity Muccsal
| effector activation dependent against immunity
EfUﬂCtiOI’IS : phagocyte helminths (transport of
responses:; IgA through
complement Mast cell epithelia)
activation; degranulation
neconatal immunity (immediate
(piacenta! transfer) hypersensitivity)

_P.bbas et al: Ceflular and Malecular ]:mnl'-umﬂoc:jg.I Te.
Copyright € 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.

Cri;*uorz))wbjﬁl 9.’.: AR —VJ.iw




r

\i" ) \Fo) yg0 (sung) 0952 895

Sy 508 (£9 ¢ b Jld slam B cell jo 0,5 0 &jgo o (515505 S5 4 o T cell cos 4 o B cell w5 >
Bcell oS, > cxgo ot g0 13l T cell jpa> Joe ;0 CCRT 4 bgspo (p5 905 il oo iul;3 CCRT 5L o
CXCRS s, ol sl @ ganils 03 mhaw 511, CCR7 55 T cell pomman 050 0 T cell o 4 J5SI g8 5l Lo

Sei oo b B eell cunw 4 la T cell w8 > Cxge 55 CXCRS sas oo )18 095 mhaw (o 1,

Antigen binding to
and cross-linking
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Activation of Changes in
B lymphocytes B cells

* I[Increased survival
* Proliferation

Naive B
lymphocyte =

Increased expression
of B7-1/B7-2

) e oY Increased expression
Antigen of cytokine receptors
(e.g., IL-4 receptors,

BAFF-R)

Increased expression
of CCR7 and
migration from
follicle to T cell areas

Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Lale! imprint of Ef Inc.
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C{égr’zﬁg nag? B t.;er:{isgg;etsc? 2 processing, B cell activation;

activated  activated helper CCR7% and migration of

activated B cells
¥ cgifI?;ﬁ)iggge Tieska to edge of follicle

,«2(%%

Vs
Helper
T cell

) | : £k N 1 g Antigen
5 O

Dendritic B cell zone

cell T cell zone (primary follicle)
Abbas et al: Cellular and Molecular Inmunclogy, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 19921 by Saunders, an imprint of Elsevier Inc.
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Abbas et al: Cellular and Molecular Immunology, Te.
Copyright € 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an lmprint of Elsevier Inc.
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.“.;:E— a?mibody

Killing of
ingested
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Opsonization
of microbe
by IgG

'-.-,..' "_:.;;*’f
Phagocyte

Abbas et al: Cellular and Molecular Immunology, 7e.

Copyright & 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.

! ok sl el Anti body dependent cell mediated cytotoxicity «sob sl sla S5y opyiete ! (o
s oo Jio Jsbo o b s a5 Jolor sile Sl 5 a0 il 51 ey wilyzy a5l IZG g 51,51 48 5 fo ] 08
305 5 )b opl g asS plolis ) o JWNK FC a6 5,k 5] 5l am g oads Jate boyj 25T (ol & Fab s b )
59 4 038l 5 (5505 (glaJole B 50 S 51 Jol 53 JuNK 5jls )13 NK sl Jshos mlas o «(s0b ST FC
FC 5 oas ollid Joho ool g 5o sl il sy 5T i a0 oS85 1y s ol oo 5ol stl Jl o
J..»NK d.g‘).'o)‘ T 6LEJ51..A Aj).c u.cl.: "\"‘9"(5" c).’ol.‘> R & .)5..‘:‘5@ ‘_‘LMJ“NKC_‘Q»:)Q FC f:..\.a)..f [m)d.auT

2O g
! slcddled g2 55 ol a5 ol (SeadlS o) ylodieS™ (gl Jlad oo Ol g el by FC @ 55 6,500 culles

9 IgM Sy90 4O OW‘HH‘ Ml.a asls LS)LAJGA.A} ML?- \.\.\.:‘5464@ M sIgE 9 IgD }‘ ,:.& a“ s‘s)kasu.} Syg0 4O
Dyl o 8l amsS mlaw ,0 18055 1,5 0 0929 IA 4 IgG




r

\i" 30 \Fo) yg0 (sung) 0952 895

PR dul> wBlgw digos

Sans oo &, (class switching) byl jases B Jolu JolS5 Jol e 51 Ssplus™ jo -
Pre-B— Immature B¢\

Immature B— mature By

O3Sl 055 5 5l g B sk ot JLeb (¥

35T b 855 3l 5 B Jsho s b (F

$0,10 § Fdir yp 25 5 5 0y 3 Saplas” 0 IEM (gl il -¥

Sl a5 Hoemliigmn] O

o yobe 51 el JUasl (Y

ObeleeS 3k b (7

Ol s Sy 25 (F

3,18 bl 25 b gl T (Affinity maturation) saisy Jae £ob aislyd 10 JoUs0 puunsdlo plus Y
Ogemlige et ()

RNA jlsp (¥

odipdy (alng (F

(Recombination) !,T;L (f

Sl guzo Jhgegn 419l Gewly (ogas )8 (S plas ¥

Lol 15 00l adgi ol Tl ()

el p3Y TS y25 sl 4y 551 oS jlade (Y

el Gy S¥smy Joo I oud oy ol T (T

el oS 5ol 5T a5 0,50 Jsb (F

fewd oo B slociuwgad 0)9050 ) sl 438 5l Saplas' -0

Siles Joe 58] oS as e Jok diie 4 sitea 06 oyl ()

ol (S5 T glacomsgi ainjls ool T o odlS plos s gl by T cudlss (¥
ol S50 sl gk gy o5 6T as e dieils ddaen 0L BT b 5 sl gyl ol (Y
ol o2 jlws U1 maw ;o MHC I sla JsSge Lo (F

53 5n alsh (50l sl oS bitas COMLLE (55T sl JyusS ale gl 5 -
IgAQ

IgE (v

IgG (v

IgM (f




Vo dud> — (g 3185 (sl (Sioyl 39)9

Saiyls uas class switching b gzl Jos )0 T 9 B sl Jolus mbaws 10 515 sloJoSge 5| SoplaS 2uSan s -V
CD28-B7 (\

MHC II-TCR (v

CD40L-CD40 (v

CTLA4-B7 (f

s garme B locmgidd JolSS 559050 4358 plas-A

a5 oo 5l [y B Jsbo e T Jslos (5, » CDA0-L 4B sl (55, » CDA0 Jlasl (4
a0 Vgoan WS (cod 0l 9 i 1) [ 00255 o5 (ala ok (¥

Silas 1 K oz y ailgs o a5 sl JolSS >0 B Jokoo ool Immature B cell (v

Sgdae 5o NAIVE B Jolo 2 (64, » S § (oK 0,05 51 I G s (allelic exclusion) U1 sas (F
TALS g0 e f odes 1 o0l T S ol Bum (53T L 05520 BT (glacpusgic -
IgA O

IgG (v

IgE (¢

IgM (f

15 e Loigily rpelisigma] 18 plalyaS s sloJsJp0 5l Syplas -1 -

C3a ()

C4a (v

C5b (v

C3b (f

Sl da yo (50b Hl JsSUgo prite 4l by 5 Slogas | Syplas’ -1

G pdySlas! cosls ()

(Lrdl) cd 2)e 5l e (F

OlekeeS” (g5l Jlad (¥

g Jeo £l (F

Ol g (g slogs il Jlie j ead adys slassl T 5l rs plaS )0 gmilige e 5l (LAL Sl yeis VY
fad aalys o3 (oS 5 oo

FC

Fab (v

Hinge (¢

CH3 (f




r

i3 30 \Fo) yg0 (sung) 0952 895

a9 o0 il Bl (slaJsbus zmhaws ;o glulids asls ylgie 45 15 slo s sl 5 Soplas -1 Y
CDI ¢

CD5 (v

CD23 (¢

CD56 (f

Saiylo 1) (shol (25 B glacumgidd ol Jd e pgo ply JUSl )0 5 s JsSge 5| Sphas’ 095, -V ¥
O3l gla Ig O

ICAM-1;LFA-1 (v

CDA40L ; CD40 (v

MHC- 11 ; CD4 (f

Sl yuil Cighe D929 odimd Hlits 8)lge el j0 15 slasol T gl 5l Syplas” (YL 5 10
olas!l IgM ()

Js IgG (¥

sobas IgE (¥

Jbgs IgA (f

) lg
V Jls
¥ Jm
¥ Jlge
D Jgms







5 g Sapid
f.)otgo o‘o'IA

Agl RQ

G5y 35 25wl
CPALNRCRNZ 109)2 Jghumo
)922wgl [ (g 3w buyb (glaly Loy soxo HO|LRVENELY
o Uw )30 (g 3umw Luyb sode cuwlyg
(G0 a0l H2dl g




W dwds - (g )55 (sawlivds sioul 895>

©AR5U Al - auS> UL oL

5 Bglus (ol

Principal effector
functions

Antigen Lymphocyte
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CcD4+ B cells,
T ell other cells;

Effector J :
- ) \ CD4* T cell | inflammation
; *—J 2 }Memory

. A &
“.¢_=— Cytokines CD4+ T cell
" (e.g.. IL-2)

Killing of
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Effector
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CD8* T cell
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—
—
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Decreased number of Pro- and Pre-B cells Potential Therapies
Bone marrow transplani

Diminished HAG expression as result of defective bone marrow rnicroenvironment

Reduced activity of transcription factors (E.g. E2A, Pax-5) Gene Therapy

NK Cells

Age-Associated Changes:

‘ Increased numbers
Age-Associated Changes: .Impa\red cylotoxicity
Decline in function CMP
Reduced ability to repopulate (Q . Age-Associated Changes:
ty pop - 2~y Prainflammatory 9 g

““' VI Cytokines H:gher levels in the Aged 1h9ught to contribute
& o to inflammatory pathogenesis

Potential Therapies:

Bone marrow transplant

Reduced ROS production
Potaential Therapies:
Treatment with DHEAS

MNaive CD4* T Cells Memory CD4* T cells

Thymus . - ’.

Age-Associated Changes: Age-Associated Changes:

= DN DP SP CD4* Reduced responsiveness & Memaory CD4* T cells developed in
O proliferation linked to decline in IL-2 the young respond well into old age,
. production but memory cells derived from cider

Neutrophils
Age-Associated Changes:
) ‘ Reduced phagocytic ability

Alterad signalling pathway naive CD4* T cells respond poorly
SP CD8* Related to age of cell rather than Potential Thearapies:

Age-Associated Changes; age of individual Vaccinate early in life e.g. for CMV
Aeduced number of ETP & decline in their ability to generate DP thymocytes Naive CD8* T cells Memory CD8* T cells

Thymus regresses with age accompanied by decline in thymic output

Could be the result of changes in soluble factors, hormones and alterations in thymic microenvironment Age-Associated Changes: Age-Associated Changes:

Fathutin Fikempnen: Reduced proliferation Accurnulation of CD28-CD8" T cells
GH replacement, sex steroid ablation, IL-7 treatment Defects in IFN-y secretion Oligoclonal expansion particularly of cells
Thymic tissue transplantation specific to persistent latent infections

Results in reduced TCR diversity
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Excess of CD8" CD27  CD28 T-Cells

Low T-cell proliferation response in vitro

The low IL 2 secretion are predictors of mortality
These together with increased IL-6 levels
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Macrophage
TLR priming
Inflammasome acﬂivallcn1

Pro-inflammatory
'h. Anti-inflammatory

y Macrophage

'

Y Inflammatory response.l,
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== TLR4 response |
activation 4
CD4 T cell
Th1 reactivity |,

T cell activation
T cell proliferation+
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Period of Resolulion

Combat-Related
Imjury

ion

SIRS

CARS

ppression Hyperinflammat

Immune Su

Days to Weeks " Weeks to Months
(Early MODS) (Late MQDS)

Fig. 1 Tempors| atsadation of immuna dysunction smdmomes After an initial combat-related inury, thers i the development of a hyperinflammatory
rspnnse, tamed the sstemic inflammatony respon e syndrome (SIRS), and an immune suppresing responss Brmed the compergatony anti-
inflammatory response syndome [CARS), These two rsponses happen within minutes to days, accuming nearly simultaneously, and it 5 durng these
initial inflammatory phases that death from eardy multi-organ dysfunction syndrome (MODS) may oceur, As bath the pro-inflam matary and anti-
inflammatory esponses resahe, thers & a period of rsolution, typically within days to weeks, that allows for the retum to homeostasis and sunvival after
the injury. However, In a pereentage of injured patients, the prodnfiammatony and/or antinflammatony resporses never resclve, leading to a period of
chrenic aitical lliness termed persistent inflammatony-immunesuppressive and caiabolic syndreme (PICS. This occurs in patients who have been critically
ill for lenger than 14 days with significart lymphopenia and chronic inflammation. PICS may persist for months and lead to the risk of developing later
MODS and secondary infections with subseguert morbidity and late mortality
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Cytokines—p Endothelial cell activation

Inflammataory cell recruitment and adhesion, increased vascular permeabdlity, and tissue oedema
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Table 7.1 Impairment of host defences (innate and adaptive) following laparctomy and
major abdominal surgery

Monocyte-macrophage Neutrophil dysfunction Lymphocyte changes
suppression

Impaired phagocytosis Decreased reactive Q, species Impaired delayed type
production hypersensitivity

Increased éy‘tokéhe R " Decreased production of elastase  Shift of ThiT 5uppréssor
production and collagenase ratio

Decx;'e'ése'd”HLA—”DR B ' "Dim'\'hirshed chemotaxis Down—regt;ilat'\on cf Thi tybé'
expression cell function

Reproduced by kind permission from Novitsky YW, Litwin DE, Callery MP. The net immunologic advantage
of laparoscopic surgery. Surg Endosc 2004;18:1411-19 [13].
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Table 7.2 Anticancer immune activation induced by chemotherapeutic agents

Agent Immune activation

Cyclophosphamide (low dose), Reduction in circulating Tregs
gemcitabine, taxanes

Vincristing, vinblastine, paciitaxel,  Activation of DCs (CD40, CD8O, CD83)
me!hotrexafe

C|spiatm 5 ﬂuoroumml 5 aza- 2 Up-regulation of FasL and HLAs in tumours
deoxycmdme

Gemcitabine, antn.astuiar ﬂauonmds Increased fumour homlng b\r Iymphocﬂes

Gemcatabme Generaﬂon of T ccH hﬂrp (cross pmsemauon;

AlkyEauna aaems amimetahshtes Mamtarnencn of tumour 'wc T cell cionotypes

Gemcitabine Enhancement of CD14* DC precursor prohferatlon'
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Radiotherapy Immune system activations  Distant organs

IL6, IL8, TNFa

Cancer cells
Normal cells

@ Lymphocytes
Radiation-damaged or dead
Series of events initiated by cells release antigens and
ionizing radiation (ROS, RNS, 1 activator/cytokines; the Beneficial abscopal
NO, TGF, IL8, IL8, cell death,, concomitant use of immune effect (metastases
apoptosis, necrosis, , modulators enhances the regression)
senescence . effect

Radiotherapy & abscopal (out of field) effect :\o-# Js
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Impairment of respiratory burst and bacterial killing -\

Impairment of T-cell proliferation -v

Impairment of production of th1-cytokines -

5 Plasmodia ale> 3| uil,35 o Joko J3Is 1) 053 S5 3 2 5l cide &5 SlbewsslE)l 5l Jol> slacisac

Db 340 21 b wilgs o Mycobacteria
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Syl 25 (Th2 cos 4 ks o900 9 T-cell & Sloe

L-arginine .o pgo (Gl pivw o Slos sl L-arginine 5 L-glutamina deowlgisl oo 5o dadumwlgimel
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Table 6.2 Effects of 1-glutamine and L-arginine on the immune system

Effects on the
immune system

L-Glutamine

L-Arginine

Neutrophil function Increased phagocytosis and bactericidal

T cells

B cell function

NK cell actlviﬁ

f\)léc.r;)p.hég.é“
cytotoxicity

Cytokine release

activity

Increased proliferation, decreased

apoptosis

Increased antibody production, increased
IgA secretion by GALT

Increased numbers and activities of NK
and LAK cells

Increased phagocytosis and increased cell

surface receptors for phagocytosis,
increased production of HSPs

TIL1,1L-6,1-8, IFN=y, and TNF-or

Not established

Essential for normal cellular
development, increased
numbers and proliferation
Increased cell numbers and
antibody production
Increased numbers and
activities of NK and LAK
cells

Increased phagocytic
activity, increased cytokine
release, increased
superoxide production

‘Not established

VO-Y Jgu>




) go \Fol jo0 (oamngs 89> 095

“\"9'“"6" oolaiul ul.e‘d.n é_é) Lg‘)-.’ Agt ey J...A < Lgst..\.:.w‘ HTP 4 ksl.bd*w‘
co -3 FA LPS
-ve +ve

TLR 4

Saturated FA Oxidative stress
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NF-xB
Gene activation

Inflammation regulation
Cytokines

Eicosanoids

Adhesion molecules
Heat shock proteins
Sepsis
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0aé cildp s by o slo >1,> b g Intra-abdominal >l > cos el )13 45 Il Nutritional support
slgis (V0 5l Apache II score l5e) oo Sepsis sl)ls ollew g ARDS o e b 05,050 )18 Sl e

Box 6.2 Patient groups in whom immunonutritional

support is recommended

+ Patients about to undergo major intra-abdominal surgery and surgical resection
of cancers

< Patients with ARDS
« Patients with mild sepsis (defined as an Apache Il score <15)
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