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Avocio / Immunity (dvev vocov): eivau 1 Tpootacio (Guvva) Tov
OPYOVIGLOD EVOVTL BAOTTTIKMV TOPAYOVIOV KUPIMC
UIKPOOPYAVIGLLAV, T OTTOI EXLTVYYAVETUL LECH TOV
0LVOGOTONTIKOV / 0lVOGOAOYIKOD GUGTHUOTOS (QUVVTIKO GUGTNUN,)

Avoclokn amavtien / Immune response : sivai 1 GVALOYIKN Kol
GUVTOVIGUEVT] QTAVINGT) TOV OPYOVIGLOD GTNV EICAYMYT] CEVOV
OLGLMOV TTOV EMITVYYAVETOL LEGO TV KUTTAP®V KOl TOV LOPI®V TOV
VOG1OKOV GLGTHULOTOC
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Fig. 5.1 The principal components and kinetics of response of the innate and adaptive immune systems. NK cells, Natural killer cells.
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Moakpogayo.

* Tomwol ppovpoi oTig THAEG 16000V HiKpoPiov (0épua, Tveduoveg, flevvoyovoi)

* Evepyomotovvtol HETA TNV AvVOyVOPICT LECH ETPAVELLK®DV DTOOOYEMV TOV
@EpovV, 01 omoiotl kahovvtan pattern recognition receptors (vroAoyileton TG
vrtapyovv wepimov 100 dapopetikoi w.y. LPS receptor, mannose receptor, TLRS),
CLOTATIKMV TOV EEMTEPIKOV TOLYMUATOG TOV LKpoPiny, mov kaAovvton pathogen-
associated molecular patterns (vwoloyileton 6t1 VEdpPyoLVY TEPiTOL 1000
otopopeTika .y. LPS, mannose etc).
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@EpovV, 01 omoiotl kahovvtan pattern recognition receptors (vroAoyileton TG
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Macrophages express receptors
for many microbial constituents
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Figare 1-10 Immanobiology,Ted. (¢ Garland Science 2908)
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Fig. 5.2 Cellular receptors for microbes and products of cell injury. Phago-
cytes, dendritic cells, and many types of epithelial cells express different
classes of receptors that sense the presence of microbes and dead cells.
Toll-like receptors (TLRs) located in different cellular compartments, as well
as other cytoplasmic and plasma membrane receptors, recognize products
of different classes of microbes. The major classes of innate immune recep-
tors are TLRs, NOD-like receptors in the cytosol (NLRs), C-type lectin 8
receptors, RIG-like receptors for viral RNA, named after the founding
member RIG-I, and cytosolic DNA sensors.
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2TINV EVEPYOTOMUEVT] LOPPN TOVC KATAGTPEPOLV TOV E16FOAEN LEGM
POYOKLTTAPWOGONG

[Tapdyovv v kvttapoxivy TNF (o TNF kataotpéper nolvouévo kotropo amo
100G KaBM¢ Ko KapKIVIKG, KOTTOPO KOl OOUPOIAEL 0T EVvEPyOoTOINoH GALDV
avoo0A0YIKAY ovVTEAEoTV OTtwe NK kitTopa )

Evepyomolotvtal ko and tnv IFN-y
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Moakpogayo.

Binding of bacteria to phagocytic receptors on macrophages induces
their engulfment and degradation

Binding of bacterial components to signaling receptors on
macrophages induces the synthesis of inflammatory cytokines

receptor for
bactenal surface
constituents ™.,

bacterium ‘ @ bacterial component

JAN
Tﬁ?g inflammatory cytokines

Figure 1.16 Macrophages respond

to pathogens by using different
receptors to stimulate phagocytosis
and cytokine secretion. The left panel
shows receptor-mediated phagocytosis of
bacteria by a macrophage. The bacterium
(red) binds to cell-surface receptors
{blue} on the macrophage, inducing
engulfment of the bacterium into an
internal vesicle called a phagosome
within the macrophage cytoplasm. Fusion
of the phagosome with lysosomes forms
an acidic vesicle called a phagolysosome,
which contains toxic small molecules

and hydrolytic enzymes that kill and
degrade the bacterium. The right panel
shows how a bacterial component
binding to a different type of cell-
surface receptor sends a signal to the
macrophage’s nucleus that initiates the
transcription of genes for inflammatory
cytokines. The cytokines are synthesized
in the cytoplasm and secreted into the
extracellular fluid.
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OvoeTEPOPLLO TOAVHOPPOTVPN VA

* Iowaitepa OPACTIKA POYOKVTTOPO GTNV EVEPYOTOLNUEVT] TOVS LOPPN
(emTeEAEOTEC), LE LUIKPT O1apKeELd (ONG

* Tlapdyovv kot amelevfep®@VovV 16YVPES OPACTIKEC OVGIES
(Avooowuatikd Evioua, pilec ocvyovon) Kol kuttapokiveg ommc TNF

e Avayvopion BAartik®v Tapayoviov pEcm vrodoyémv PRR (pattern
recognition receptors). Xnuavtikotepot ot vwodoyeic tomov Toll (TLR)
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Figure 1 (a) Neutrophils roll on activated endothelial cells, with their attachment being provided by selectins and their ligands (defective in leuko-
cyte adhesion deficiencies (LAD) 11). (b) Neutrophils adhere firmly to endothelial cells and migrate toward tight junctions (defective in LAD | and III).
(c) Neutrophils phagocytize microorganisms, and (blow-up) use NADPH oxidase (defective in chronic granulomatous disease (CGD)) to drive forma-
tion of hypochlorous acid for killing of microbes and fusion of granules that empty their contents of bactericidal peptides % to kill microbes.

(d) neutrophil extracellular traps (NETs), strands of extracellular DNA with antimicrobial proteins attached, which capture and possibly kill microbes.
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Figure 1 (a) Neutrophils roll on activated endothelial cells, with their attachment being provided by selectins and their ligands (defective in leuko-
cyte adhesion deficiencies (LAD) 11). (b) Neutrophils adhere firmly to endothelial cells and migrate toward tight junctions (defective in LAD 1 and I11).
(c) Neutrophils phagocytize microorganisms, and (blow-up) use NADPH oxidase (defective in chronic granulomatous disease (CGD)) to drive forma-
tion of hypochlorous acid for killing of microbes and fusion of granules that empty their contents of bactericidal peptides 7% to kill microbes.

(d) neutrophil extracellular traps (NETs). strands of extracellular DNA with antimicrobial proteins attached, which capture and possibly kill microbes.
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Fig. 1.10 Infection triggers an
inflammatory response. Macrophages
encountering bacteria or other types of
microorganismes in tissues are triggered to
release cytokines (left panel) that increase
the permeability of blood vessels, allowing
fluid and proteins to pass into the tissues
(center panel). Macrophages also produce
chemokines, which direct the migration

of neutrophils to the site of infection.

The stickiness of the endothelial cells of
the blood vessel wall is also changed,

so that circulating cells of the immune
system adhere to the wall and are able

to crawl through it; first neutrophils and
then monocytes are shown entering the
tissue from a blood vessel (right panel).
The accumulation of fluid and cells at

the site of infection causes the redness,
swelling, heat, and pain known collectively
as inflammation. Neutrophils and
macrophages are the principal inflammatory
cells. Later in an immune response,
activated lymphocytes can also contribute
to inflammation.
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Fig. 2.8 An infection and the response to it can be divided from becoming established. If not, it helps to contain the infection
into a series of stages. These are illustrated here for an infectious and also delivers the infectious agent, carried in lymph and inside
microorganism entering through a wound in the skin. The infectious dendritic cells, to local lymph nodes. This initiates the adaptive
agent must first adhere to the epithelial cells and then cross the immune response and eventual clearance of the infection.
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Fig. 5.1 The principal components and kinetics of response of the innate and adaptive immune systems. NK cells, Natural killer cells.
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ANTIGEN RECOGNITION FUNCTION
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Fig. 5.4 The principal classes of lymphocytes and their functions. B lymphocytes and T lymphocytes are cells of adaptive immunity, and natural killer (NK)
cells are cells of innate immunity. Several more classes of lymphocytes have been identified, including NK-T cells and so-called “innate lymphoid cells” (ILCs);
the functions of these cells are not established.
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The Cellular Determinants of Adaptive Immunity

Ronald M. Germain, M.D., Ph.D.
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A Pre-1960 Model of the Cellular Basis of Adaptive Immunity
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Figure 1. Models of the Immune System.

The early notion of all adaptive immunity deriving from one type of recirculating small lymphocyte and its antigen-activated progeny is
shown in Panel A. The breakthrough findings of Cooper** and Miller,>* along with their colleagues, are shown in Panel B. These findings
revealed the duality of the major adaptive immune-cell populations as T (thymus-derived) and B (bursa-derived or bone marrow-derived)
lymphocytes with separate and conjoint responsibilities for host defense.
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Adaptive memory
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Figure 1-24 Immunobiology, 7ed. (© Garland Science 2008)
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Memory: The property of the adaptive immune system
to respond more rapidly, with greater magnitude, and
more effectively to a repeated exposure to an antigen
compared with the response to the first exposure.
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Antibody isotype IlgM, then lgG Increasing 1gG, IgA, or IgE
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Inducing agent Allimmunogens Protein antigens
Immunization protocol High dose of antigen Low dose of antigen (of-
(often with adjuvant) ten without adjuvant)




E101k1 avoctakt) amdvinon

* To cUOTNUO TPOCOPUOGTIKNG (YVUIKAG KOl KLTTOPIKNG) OVOGTIOGC
ELVOL YEVETIKO TPOGYEOLOOUEVO YO TNV OVOYVOPIGT) KOl 1N
otoyevuévn mpooPoin tov/kabe EEvov PAamTikoD TOpAyovTa

* Antavtdtol HOvo 6To GTTOVOLAMTA (ha

18/02/2022 21



E101k avocioxt| andvinon

18/02/2022

Xvpkn
HUMORAL IMMUNITY

550

Extracellular microbe
(e.g., bacteria)

B lymphocytes

Neutralization

Lysis {complement) 2y i

Phagocytosis
(PMN, macrophage)

ier 2005

Kvtrapun

CELLULAR IMMUNITY

Intracelllar microbe
{e.g., viruses)

Antigen-presenting
; & cell

Processed and
presented antigen

Cytokine
Proliferation — y & 5. J receptor
and activation
of effector cells

(macrophages,
cytotoxic T cells)

‘ (f ‘ Lysis of
infected cell
Cob

Destruction of
phagocytosed microbes

22



E101k avocioxt| andvinon

Xvopn) Kvtrapun

HUMORAL IMMUNITY CELLULAR IMMUNITY

Secreted Processed and
antibody )" y . presented antigen
£ receptor
C_’_'D* Cytokine
Proliferation o , 8L S 82 receptor
and activation ‘ —~ £~ "\
l of effector cells ”
R 250 (macrophages,
Neutralization b cytotoxic T cells)

Lysis (complement) R

Phagocytosis
(PMN, macrophage)

Vo SO

AS &9 Lysis of
;’i s ’ infected cell
‘:Q‘ A

Destruction of
phagocytosed microbes

Elsevier 2005

18/02/2022

23



E101k avocioxt| andvinon

18/02/2022

Xvopn) Kvtrapun

HUMORAL IMMUNITY CELLULAR IMMUNITY

Secreted Processed and
antibody )" y “ . presented antigen
£ receptor
C_’_'D* Cytokine
Proliferation o , 8L S 82 receptor
and activation ‘ —~ £~ "\
l of effector cells ”
R 250 (macrophages,
Neutralization b cytotoxic T cells)

Lysis (complement) R

Phagocytosis
(PMN, macrophage)

Vo SO

AS &9 Lysis of
;’i s ’ infected cell
‘:Q‘ A

Destruction of
phagocytosed microbes

Elsevier 2005

24



Avayvaopion tov avtrydveov and to B kot T Aepgpoxdttapo

Alpha Beta
Chain Chain

T cell receptor, TCR

Mature B Lymphocyte Mature T Lymphocyte

Antigen receptors of mature lymphocytes
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Fig. 4.1 Properties of antibodies and T cell antigen receptors (TCRs). Antibodies (also called immuno-
globulins) may be expressed as membrane receptors or secreted proteins; TCRs only function as membrane
receptors. When immunoglobulin (ig) or TCR molecules recognize antigens, signals are delivered to the Iym-
phocytes by proteins associated with the antigen receptors. The antigen receptors and attached signaling
proteins form the B cell receptor (BCR) and TCH complexes. Note that single antigen receptors are shown
recognizing antigens, but signaling typically requires the binding of two or more receptors to adjacent antigen
molecules. The important characteristics of these antigen-recognizing molecules are summarized. *The total
number of possible receptors with unique binding sites is very large, but only ~107-10? clones with distinct
specificities are present in adults. APCs, Antigen-presenting cells; /g, immunoglobulin; MHC, major histocom:-
patibility complex.
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Immunoglobulin
isotypes

IgG

W
\Y4

J chain/f Y

IgA

All isotypes can exist as monomers. Mature, naive B cells prior to activation express IgM and IgD
on their surfaces. They may differentiate in germinal centers of lymph nodes by isotype switching
(gene rearrangement; induced by cytokines and CD40L) into plasma cells that secrete IgA, IgE,
or IgG.

Affinity refers to the individual antibody-antigen interaction, while avidity describes the cumulative
binding strength of all antibody-antigen interactions in a multivalent molecule.

Main antibody in 2° response to an antigen. Most abundant isotype in serum. Fixes complement,
opsonizes bacteria, neutralizes bacterial toxins and viruses. Only isotype that crosses the placenta
(provides infants with passive immunity that starts to wane after birth). “IgC Greets the Growing
fetus.”

Prevents attachment of bacteria and viruses to mucous membranes; does not fix complement.
Monomer (in circulation) or dimer (with ] chain when secreted). Crosses epithelial cells by
transcytosis. Produced in GI tract (eg, by Peyer patches) and protects against gut infections (eg,
Giardia). Most produced antibody overall, but has lower serum concentrations. Released into
secretions (tears, saliva, mucus) and breast milk. Picks up secretory component from epithelial cells,

which protects the Fc portion from luminal proteases.

Produced in the 1° (immediate) response to an antigen. Fixes complement. Antigen receptor on the
surface of B cells. Monomer on B cell, pentamer with ] chain when secreted. Pentamer enables
avid binding to antigen while humoral response evolves.

Unclear function. Found on surface of many B cells and in serum.

Binds mast cells and basophils; cross-links when exposed to allergen, mediating immediate (type 1)
hypersensitivity through release of inflammatory mediators such as histamine. Contributes to

immunity to parasites by activating eosinophils. -
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Immunoglobulin

lgG1 | lgG2 | lgG3 | lgG4 | IgM | IgA1 | IgA2 | IgD IgE
Heavy chain Tl T2 | Ya| va | B | m | ag | 8 g
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Fig. 5.20 The physical and

functional properties of the human
immunoglobulin isotypes. IgM is

so called because of its size: although
monomeric IgM is only 190 kDa, it normally
forms pentamers, known as macroglobulin
(hence the M), of very large molecular
weight (see Fig. 5.23). IgA dimerizes to
give an approximate molecular weight

of around 390 kDa in secretions. Igk
antibody is associated with immediate-
type hypersensitivity. When fixed to tissue
mast cells, Igk has a much longer half-life
than its half-life in plasma shown here. The
relative activities of the various isotypes are
compared for several functions, ranging
from inactive (-) to most active (++++).
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Figure 1-26 Immunobiolory, 7ed. (© Garland Science
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)
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chain
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h bonds
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)

N terminus

Variable
region

disulfide
bonds

Constant
region

C terminus

Figure 3-1c Immunobiology, 7ed. (© Garland Science 2008)
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)
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Figure 3-1c Immunobiology, 7ed. (© Garland Science 2008)
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)
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18/02/2022

38



1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)
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AvTryova,

AvayvmpiCovtal oo Tov 0pYavVIGUO ®C EEva LOPLOL KOl TUPOOOTOVV LU0l [T
E101KT KOl L0, EOTKT] OVOGOAOYIKT] OmdvTnon

a. [TAnpec avtryovo (antigen) / avocoyovo (immunogen)

B. Atelég avtiyovo (omtivn, hapten): youniov popiakov Bapovg pLoplo (Bpoayd
TETTIOLO 1] POPUOKEVTIKY 0DOLO,) TO OTOL0 dpol oV avTyovo (avayvmpiletal
atO TOV VTTOOOYEN, EMLPAVEINC) OALA Y10 VAL OpAcEL Gav avocoyOvo o
npénel vo Tpocdedel o€ Kamolo pakpopudplo (carrier, popéac). Avtod
cvuPaivel yioti Tpokeévou va evepyorombet to B Aepugpokvttapo Oa
npénel moAloi kovivoi BCR va evepyomomBovv tawtdypova (cross-linking)
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Valency of  Avidity of
interaction  interaction

‘Monovalent  Low |

Bivalent High

Polyvalent high

FIGURE 5.14 Valency and avidity of antibody-antigen interactions. Monovalent antigens,
or epitopes spaced far apart on cell surfaces, will interact with a single binding site of one antibody molecule.
Although the affinity of this interaction may be high, the overall avidity may be relatively low. When repeated
determinants on a cell surface are close enough, both the antigen-binding sites of a single IgG molecule can
bind, leading to a higher avidity bivalent interaction. The hinge region of the IgG molecule accommodates
the shape change needed for simultaneous engagement of both binding sites. IgM molecules have 10
identical antigen-binding sites that can theoretically bind simultaneously with 10 repeating determinants on
a cell surface, resulting in a polyvalent, high-avidity interaction.
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Cross-linking of B-cell receptors by antigen

S AvTryova,

Ag

BCR

Figure 9.1 Cross-linking of B-cell receptors by antigens initiates
a cascade of intracellular signals. Top panel: the B-cell receptor
on a mature, naive B cell is composed of monomeric IgM that binds
antigen and associated Iga and IgP chains, which transduce intracellular
signals. The IgM is shown binding repetitive antigens (Ag) on the surface
of a bacterium. Center panel: on cross-linking and clustering of the
receptors, the receptor-associated tyrosine kinases Blk, Fyn, and Lyn
phosphorylate tyrosine residues in the ITAMs of the cytoplasmic tails
of Iga (blue) and Igp (orange). Bottom panel: subsequently, Syk binds
l to the phosphorylated ITAMs of the B-cell receptor IgP chains, which

Syk

are in close proximity within the cluster and activate each other by

it transphosphorylation, thus initiating further signaling. Ultimately, the
; S A signals are relayed to the nucleus of the B cell, where they induce the
B changes in gene expression that initiate B-cell activation.

1870212622
‘ Changes in gene expression in nucleus ‘




AvTryova,

AvayvmpiCovtal oo Tov 0pYavVIGUO ®C EEva LOPLOL KOl TUPOOOTOVV LU0l [T
E101KT KOl L0, EOTKT] OVOGOAOYIKT] OmdvTnon

a. [TAnpec avtryovo (antigen) / avocoyovo (immunogen)

B. Atelég avtiyovo (omtivn, hapten): youniov popiakov Bapovg pLoplo (Bpoayd
TETTIOLO 1] POPUOKEVTIKY 0DOLO,) TO OTOL0 dpol oV avTyovo (avayvmpiletal
atO TOV VTTOOOYEN, EMLPAVEINC) OALA Y10 VAL OpAcEL Gav avocoyOvo o
npénel vo Tpocdedel o€ Kamolo pakpopudplo (carrier, popéac). Avtod
cvuPaivel yioti Tpokeévou va evepyorombet to B Aepugpokvttapo Oa
npénel moAloi kovivoi BCR va evepyomomBovv tawtdypova (cross-linking)

v. Entitomoc (epitope) 1 avtryovikog kabopiotg (determinant): mepioyn oto
aVTLYOVO TTOL GUVOEETAL LLE TO OvTio®UA (TOAD Uikpn mteploym, S-7
AUVOEEQ)
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)

AvTryovikol gmitomou

‘Conformational " Linear . Neoantigenic determinant
determinant determinant (created by proteolysis)
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determinant
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N Slte of limited
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N§‘ : Ig binds to Ig binds to : N fik
, , I determinant in determinant in 1,
CELLULAR AN MOLECULAR Determinant lost : denatured both native and : Determinant near
by denaturation rotein onl denatured protein site of proteolysis
IMMUNOLOGY Y ! P y . P o P ysis

FIGURE 5.12 The nature of antigenic determinants. Antigenic determinants (shown in orange,
red, and blus) may depend on protein folding (conformation) as well as on primary structure. Some dstsr-
minants are accessible in native proteins and are lost on denaturation (A), whereas others are exposed only
Abul K. Abbas + Andrew H. Lichtman + Shiv Pillai on protein unfolding (B). Meodsterminants anse from postsynthetic modifications such as peptide bond
S cleavage (C).
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Differentiation of T cells

Bone marrow Thymus
"Y
CDE+
T cell
"Y 5 /'
T cell CD4+CD8+
precursor T call

D4+
T cell
\ll T-cell receptor Cortex Medulla
(binds MHCI (& (=
or MHC Il) selection) selection)

Positive selection
survive.,

Negative selection

KYTTAPIKH ANOXIA

Lymph node
Y9
.\ Y &) IMN-y, IL-12 Thi
=) L4, IL-1
Cytotoxic © .
T cell
Y9
-2 -4
- Th
Y9 / S Ny
Helper
T cell
X9
\3}3 TGF-B, IL-L IL-6
O INyI-4 | T
Y9
# TGF-B,IL-2 Treg

= IL6

Peripheral blood
Secretes Function
IFN-y, IL-2 Activate macrophages

IL-4, IL-5, IL-6

IL-10, IL-13

IL-17, IL-21, IL-22

v

TGF-B, IL-10, IL-35

and cytotoxic T cells

Activate eosinophils,
TIgE

Induce neutrophilic
inflammation

Prevent autoimmunity
(maintain tolerance)

Thymic cortex. T cells expressing TCRs capable of binding self-MHC on cortical epithelial cells

Thymic medulla. T cells expressing TCRs with high affinity for self antigens undergo apoptosis or

become regulatory T cells. Tissue-restricted self-antigens are expressed in the thymus due to the
action of autoimmune regulator (AIRE); deficiency leads to autoimmune polyendocrine syndrome-1
(Chronic mucocutaneous candidiasis, Hypoparathyroidism, Adrenal insufficiency, Recurrent

Candida infections). “Without AIRE, your body will CHAR”.
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Fig. 1.2 Naive CD4* T cells, after antigen presentation,
depending on the cytokine milieu, differentiate to distinct
types of T helper (Th) cells. Each of these subsets of Th
cells has different functions implicated in adaptive
immune responses. On the other hand, regulatory T (T,)

proliferation, and cytokine production of T cells thereby
promoting homeostasis and self-tolerance, essential for
preventing autoimmunity (Figure created by Evangelia
Zampeli, MD)
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* BonOntwka (T helper, Th)
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Figure 8.14 Five functional classes
of effector CD4 T cell are produced
by activation and differentiation in
different cytokine environments.
Summarized here are the cytokines

that induce the different pathways of
differentiation, the transcription factors
uniquely associated with each pathway,
the cytokines made by each type of
effector CDA T cell, and the roles of these
cells in the immune response.
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Figure 8.14 Five functional classes
of effector CD4 T cell are produced
by activation and differentiation in
different cytokine environments.

Characteristic IL-12 [L-17 [L-4 TGF- i i
- IL-H Summarized here are the cytokines
cytokines IFh-y L6 L5 IL-10 that induce the different pathways of
- - differentiation, the transcription factors
Activate Enhance Antr;ate érellular ﬁ;ﬁtﬁa cellfs Suppress uniquely associated with each pathway,
Function macropha neutrophil E'r anmt;ugy an;huct;n 91 other effector the cytokines made by each type of
phiages response E;:Zpr?asites respurrs!; Tcells effector CD4 T cell, and the roles of these

cells in the immune response.
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1. Yroooyéag B Aeppoxkvttapov (BCR, avricopa emoeaveiog)

Avayvopilel eEokvTTdpra aviyova

Ei

Figure 1-16 Immunobiology, 7ed. (© Garland Science 2008)
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2. Ynodoyéag T Aeppoxkvrrapmv (TCR)

Avayvopilel EVOOKVTTAPLE OVTLYOVO LE TNV HOPPT] CTUCUEVOV HIKPOV TETTIOLOV
TO, 0TTOL0 TAPOVGLALOVTUL GTI|V EMLPAVELN TOV KVTTAP®V NE TNV fon0cia TV aviiyovov
etocvupatotnrag (MHC popra)

=
2%

Figure 1-16 Immunobiology, 7ed. (© Garland Science 2008)
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2. Ynodoyéag T Aeppoxkvrrapmv (TCR)
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Figure 3-12 Immunobiology, 7ed. (© Garland Science 2008)
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2oykpron B ko T kuttapikov vrodoysa

18/02/2022

antigen-binding
site

antibody

antigen-binding

site
-
\'}
B T-cell
CB receptor
T cell

Figure 3-11 Immunobiology, 7ed. (© Garland Science 2008)
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AVTIyOVIKT TO.POVGiacT) 6TOV T KUTTUPIKO VIT0d0YEQ
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Figure 5-20 Immunobiology, 7ed. (© Garland Science 2008)
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AVTIyOVIKT TO.POVGiacT) 6TOV T KUTTUPIKO VIT0d0YEQ
HEGM TV poPieV T0V ueilovog cuUTALYRATOS 1I6TOGVUPATOTNTOS
(zavtiyovae weticoppatotnroc)
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Figure 5-20 Immunobiology, 7ed. (© Garland Science 2008)

18/02/2022

54



Mopuw Iotoocvufatotnrog

AvVocopLOMIGTIKA OVTLYOVE KUTTOPLKNS EMLPAVELNG

2ovavouo
Avtiydva peilovog coumiéypatoc totoovuBatotroag (MHC)
AvBpomiva Aevkvttapikd aviryova (HLA)
AVTLYOVO LETOUOGYEVGEMV
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Mopuw Iotoocvufatotnrog

Boo1Kol 6VVTEAEGTES TNG E0IKIS KUTTUPLKIS OVOGO-UVTIOPUGNS LECH
NG TOPOVGLUGTNS CVTLYOVIKOV TEATOIOV O¢ cvumieypo oto T
AEPLQPOKVTTOPO

Iowitepo mOAVROPPIKO GVOTNNRE AOY® UEYAAOVL aplOUOD EVOALOKTIKMOV
YOVIOLOK®V OAANAM®OV, 0 GUVOVOGUOC TOV 0oiwV Kabopilel TV 16TIKN
TOVTOTNTO KAOE OTOULOV

Iowitepa avoosoyova, vievbovva Yoo TNV ATOPPIYT AALOULOGYEVUATOV
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Tolwvopunon tov popiov HLA

HLA Taéng I : vmapyovv o€ 0ho to KOTTOpO. [Iapovcialovv EEvec mpog TOV
0PYOVIGUO TPMOTEIVEG EVOO-KLTTAPLOG TPOEAEVONG (Taboloyikes TpwTEIVES, LIKES
TPOTEIVES KL TPWTEIVES KAPKIVIKWOV KUTTAPDV)

HLA Taéng II : vaapyovv KuplmS 6TO OVILYOVOTOPOVCLUCTIKG KOTTAP
(antigen presenting cells) oni. oto pokpo@dya, oto kvrTepe Langerhans tov
OEPUUTOS, OTO OLUTAEKOUEVO KOL OEVOPLTIKG KUTTUPO TOV AEUPLKOV LGTOV
kol oto B Agpgoxvrrapa. Ilopovsidlovv kKhdcuota mentdiov (mpoidvia
QUYOKVTTAP®ONG EEMYEVOV TPOTEIVAOV T.Y. faxtnpiakmy)

HLA Taéng III . cvotatikd cvuninpouotoc, kvttopokivec (TNFa kot ),
TpmTEIveG 0&elag pAoC.
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Tolwvopunon tov popiov HLA

(Feature | Significance )
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18/02/2022 Fig. 3.9 Properties of major histocompatibility complex (MHC) molecules and genes. Some of the

important features of MHC molecules and their significance for immune responses. CTLs, Cytotoxic T lym-
phocytes.



Tolwvopnon tov popiov HLA

Class | MHC Class Il MHC
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Fig. 3.8 Structure of class | and class |l major histocom-
patibility complex (MHC) molecules. Schematic diagrams
(at left) and models of the crystal structures (at right) of class
| MHC and class Il MHC molecules illustrate the domains of
the molecules and the fundamental similarities between them.
Both types of MHC molecules contain peptide-binding clefts
and invariant portions that bind CD8 (the a3 domain of class )
or CD4 (the a2 and p2 domains of class Il). /g, Immunoglobulin;
18/02/2022 BZ2m, Bo-microglobulin. {Crystal structures courtesy Dr. P. Bjork- 59
man, California Institute of Technology, Pasadena, CA.)




Tolwvopnon tov popiov HLA
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Tolwvopnon tov popiov HLA

Class Il
MHC
molecule

Class |
MHC
molecule
Evéoyevn avt
CD8+ kuttapo
T AepdokiT
18/02/2022

T cell contact
residue of

peptide T cell receptor

Paolymorphic . ol Peptide
residue
of MHC

Anchor
residue
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FIGURE 6.1 A model for T cell recognition of a peptide-
major histocompatibility complex. This schematic illustration
shows an MHC molecule binding and displaying a peptide and a T cell
receptor recognizing the complex of peptide and MHC molecule. As
discussed later in the text, MHC-associated peptides contain some resi-
dues that anchor them into pockets in the cleft of the MHC molecule
and other residues that are recognized by T cell antigen receptors. MHC
residues that may vary among individuals (polymonphic residues) are also
recognized by the T cell receptor. Thus, T cells see both peptide antigens
and MHC molecules.
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[Fealure ISigniﬁcance
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Fig. 3.11 Features of paptide binding to MHC molecules. Some of the important features of peptide binding
to MHC molacules, with their significance for immune responses. ER, Endoplasmic reticulurm; |, imvariant chain.
*Some small chemicals and heavy metal ions may directly alter MHC maolecules and are recognized by T cells.
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Fig.3.17 Role of MHC-associated antigen presentation in recognition of microbial antigens by CD8* and
CD4* effector T cells. A, Proteinantigens of microbes thatliveinthe cytoplasm ofinfected cells enterthe class|
MHC pathway of antigen processing. As a result, these proteins are recognized by CD8* cytotoxic T lympho-
cytes, whose function is to kill infected cells. B, Protein antigens of microbes that are endocytosed from the
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Figure 1. Two-Signal Models of Costimulatory and Inhibitory Pathways.

Initiation of a productive T-cell response involves integration of a primary signal delivered through the T-cell recep-
tor (TCR) and major histocompatibility complex (MHC)—peptide, followed by a second signal delivered through the
CD28-CD80 or CD28-CD86 pathway (Panel A). After initiation of T-cell activation, other inhibitory checkpoint inter-
actions can shut down T-cell activity (Panel B). Pathways that may be affected as a consequence of both positive and
negative second signals are listed at the bottom of the figure. CTLA-4 denotes cytotoxic T-lymphocyte—associated

protein 4.
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Figure 2. Additional Costimulatory and Checkpoint Pathways.

In addition to the two-signal models of costimulatory and checkpoint path-
ways, additional stimulatory and inhibitory pathways (indicated by plus and
minus signs, respectively) influence the immune response, including mole-
cules of the tumor necrosis factor (TNF)—related family, other members of
the CD28 family, adhesion molecules, and T-cell immunoglobulin and mu-
cin (TIM) molecules. The various stimulatory and inhibitory pathways can
influence and be influenced by cytokines. Pep denotes peptide, and TGF-8
transforming growth factor .
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Figure 2. Additional Costimulatory and Checkpoint Pathways.

In addition to the two-signal models of costimulatory and checkpoint path-
ways, additional stimulatory and inhibitory pathways (indicated by plus and
minus signs, respectively) influence the immune response, including mole-
cules of the tumor necrosis factor (TNF)—related family, other members of
the CD28 family, adhesion molecules, and T-cell immunoglobulin and mu-
cin (TIM) molecules. The various stimulatory and inhibitory pathways can
influence and be influenced by cytokines. Pep denotes peptide, and TGF-8
transforming growth factor .
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Fundamental Mechanisms of Immune Checkpoint Blockade Therapy
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Figure 1. Molecular mechanisms of CTLA4 and PD-1 attenuation of
T-cell activation. Schematic of the molecular interactions and downstream
signaling induced by ligation of CTLA4 and PD-1 by their respective ligands.
The possibility of additional downstream cell-intrinsic signaling mecha-
nisms is highlighted for both CTLA4 and PD-1.
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Antibody Production by Single Cells

Faereus! and others®?® have shown that certain
tissues from pre-sensitized animals can form antibody
¢n vitro. This communication describes a technique
whereby antibody production by single cells isolated
in microdroplets can be detected. The technique is
based on specific immobilization of Salmonella sero-
types by anti-flagellar antibody. It was observed
that single cells from a rat, simultaneously stimulated
with two antigens, formed detectable amounts of
one or the other antibody.

Two monophagic Salmonellae were used: 8.
adelaide, flagellar antigen H J0, and §. typhi, H 2.
They were maintained at maximum motility by fre-
quent passages through a semi-solid nutrient gelatin
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agar medium*. A formalinized broth culture con-
taining about 10? organisms per ml. was used as the
antigen. Adult Wistar rats were injected with
0-25 ml. of a mixture of equal parts of both antigens
into both hind foot-pads. Usually the animals were
given three pairs of injections at three weekly inter-
vals. Three days after the tertiary injections, they
were killed by exsanguinstion under anmsthesia.
Both popliteal lymph nodes were removed, pooled,
and processed® to give dispersed cell suspensions in
Earle’s saline buffered to pH 7-0 with #ris, and
supplemented with 20 per cent normal rat serum.
The cells were sedimented by gentle centrifugation,
and washed three times to remove free soluble
antibody. Single cells were then isolated in micro-
droplets by & simple modification®® of de Fonbrune’s
o0il chamber method’. This consisted essentially of
depositing tiny droplets (volume 10-7-10-% ml.) on
the surface of a coverslip and immersing them in
paraffin oil. The coverslip was then inverted over a
chamber filled with oil. The easiest method for
preparing droplets containing one cell was to dispense
a large number of droplets by free-hand manipulation
from & suspension containing 1 : 400 by volume of
Iymph node cells, These droplets contained from
nought to six cells ; each droplet was later recorded
for its eell content. Larger droplets containing up to
100 cells could also be prepared. Alternatively,
droplets containing exactly one cell each ecould be
prepared by micromanipulation, but this was more
tedious, due to the adhesion of the cells to the miero-
pipette. The oil chamber was then incubated at
37° C. for 4 hr. At the end of this time, the chember
was placed on a microscops and the droplets surveyed
at one hundred-fold magnification, dark ground.
With & micropipette controlled by de Fonbrune
micromanipulator, about ten bacteria were intro-
duced into each droplet. Half the droplets were
inoculated with S. adelaide, and the other half with
S. typhi. After twenty minutes at Toom temperature,
the droplets were observed for motility of the organ-
isms. Total loss of motility of all the organisms was
recorded as ‘inhibition’. If even one organism in the
droplet remained motile, this was recorded &s ‘no
inhibition’. For control purposes, the suspending
medium, the final supernatant from the washings,
and the whole cell suspension prior to incubation were
all shown to be free of inhibitory activity. Droplets
prepared from the final cell suspension but containing
no cells were also scored and found to lack inhibitory
activity., Cells from several untreated rats were
tested and these failed to elaborate a factor inhibiting
the motility of the bacteria. Antisera against cach
serotype showed negligible cross-reaction with the
other.

A proportion of the cells from immunized animals
developed a factor immobilizing the test bacteria,
and this was presumed to be antibody. All droplets
containing single cells which were seen to immo-
bilize the first serotype were then inoculated with
about ten o i from the second. After a
further twenty minutes at room temperature, they
were again observed for motility. The results of a
typical experiment are recorded in Table 1. They
indieate that none of the single cells was able to
immobilize the organisms of both strains. To date
456 single cells have been tested for antibody produc-
tion, 228 against each of the two organiems. Out of
these, 33 were active against S. adelgide and 29
against S. typhi, but none of the 62 immobhilized both
strains.

1420 NAT

Table 1. ANTIBODY PRODUCTION BY ISOLATED CELLS

No. of cellain drop No. of drops No. of drops
inhibitory tested
First tested versus S. adeloide
1 i* a9
2 5 25
3 7 24
4 6 21
B & 10
6-10 . 17 33
First tested versus S. typhi
1 3 18
2 6 26
3 ] 14
4 3 14
5 1 B
6-10 22 42

L,ﬁ;ai?h node cells from rats msitized to S, adelaide plus S. lyphi
were in micro droplets and incubated for 4 hr. They were
then_tesf by the Introduction of motile bacteria.

* These droplets were also teated for activity againat the alternative
serotype and were negative.

These results imply that when an animal is stim-
ulated with two contrasting antigens, individusl cells
tend to form one species of antibody. We cannot
exelude & residual produetion of other antibodies at
lower rates. The experiments were provoked by
current hypotheses on the role of clonal individuation
in antibody formation®®, with which they are con-
sistent so far as they go. However, further studies
will be needed to determine whether the assortment
of antibody-forming phenotypes reflects a genotypic
restrietion or whether it is more akin to such pheno-
typic effects as interference between related viruses,
or disuxie and competition in enzyme formation.

We are indebted to Sir Macfarlane Burnet for his
interest, encouragement and hospitality. This work
was aided by a grant from the National Health and
Medical Respareh Council, Canberra, Australia. It
was done as part fulfilment of the requirements for
the degree of doetor of philosophy in the University
of Melbourne (G. J, V. N.).

G. J. V. Nossar

JosaUA LEDERBERG*
Walter and Eliza Hall Institute
of Medical Research,
Melbourne .
March 25.

* Fulbright Visitl essor  of Bae , Universi
Molmlll.?? from Dwgnt of Madlonl“ggl}:%zz. %m‘%ﬁ'&‘% gg
Wigeonsin, Madison.

' Fagreus, A.. J. Immunol., 58, 1 (1948).

* Thorbecke, . J., and Keuning, F. J., J. Immunol., 70, 129 (1953)

* Wesslen, T., Acta Dermalo-Venerol., 82, 265 (1052).
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Figure 13 Sir £ Macfarlane Burnet, Nobel Laureate in
Medicine, who described the clonal selection theory of
acquired immunity

Figure 14  Dr Burnet’s famous book describing clonal selec-
tion, for which he was awarded the Nobel Prize in Medicine
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Clonal selection theory, Burnet F.M.,1959
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Clonal selection theory, Burnet F.M.,1959
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Evidence for somatic rearrangement of immunoglobulin genes
coding for variable and constant regions
(x-chain mRNA /restriction enzymes/RNA-DNA hybridization)

NOBUMICHI HOZUMI AND SUSUMU TONEGAWA
Basel Institute for I logy, 487, Gr h CH-4058 Basel, Switzerland

Communicated by N. K. Jerne, July 2, 1976
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Fig. 4.11 Germline organization of antigen receptor gene loci. In the germline, inherited antigen receptor gene
loci contain coding segrments (exons, shown as colored blocks of various sizes) that are separated by segments that
are not expressed (introns, shown as gray sections). Each immunoglobulin {ig) heavy-chain constant (C) region and
T cell receptor (TCAJ C region consists of multiple exons, which are not shown, that encode the domains of the C
regions; the organization of the Cp exons in the g heavy-chain locus is shown as an example. The diagrams illustrate
the antigen receptor gene loci in humans; the basic organization is the same in all species, although the pracise order
and number of gene segments may vary. The numbers of V, D, and J gene segments are estimates of functional
gene segments (those that can code for proteins). The sizes of the segments and the distances between them are
not drawn to scale. D Diversity; J, joining; L, leader sequence (a small stretch of nucleotides that encodes a peptide
that guides proteins through the endoplasmic reticulum and is cleaved from the mature proteins); V varable.
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Fig. 4.12 Recombination and expression of immunoglobulin {lg) genes. The expression of an lg heavy
chain involves two gene recombination events (D-J joining, followed by joining of a V' region to the DJ com-
plex, with deletion of intervening gene segments). The recombined gene is transcribed, and the VD complex
Is spliced onto the C region exons of the first heavy-chain RMA {(which is pl, to give rise 1o the p messenger
EMA {(mRMNAJ. The mRANA is translated to produce the p heavy-chain protein. The recombination of other
antigen receptor genes—that is, the Ig light chain and the T cell receptor (TCR)  and B chains—Tfollows

18/02/2022 essantially the same sequence, except that in loci lacking D segments (g light chains and TCR a), 3 V gene
recombines directly with a J gene segment.
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Fig. 4.13 Mechanisms of diversity in antigen receptors. Diversity in immunoglobuling and T cell receptors
is produced by random combinations of V, D, and J gene segments, which is limited by the numbers of these
segments and by removal and addition of nucleotides at the V-J or V-D-J junctions, which is almost unlimited.
The numbers of gene segments refer to the average numbers of functional genes (which are known to be
expressed as ANA or protein) in humans. Junctional diversity maximizes the variations in the CDR3 regions
of the antigen receptor proteins, because CDR3 includes the junctions at the site of V-J and V-0-J recombi-
nation. The diversity is further enhanced by the juxtaposition of the V regions of the two types of chains in g
or TCRs to form the complete antigen binding sites, and thus the total diversity is theoretically the product
of the total diversity of each of the juxtaposed V regions. The estimated contributions of these mechanisms
to the total possible numbers of distinct B and T cell antigen receptors are shown. Although the upper limit on
the number of immunoglobulin {/g) and TCR proteins that may be expressed is extremely large, each individ-
ual contains on the order of only 10°-10° clones of B cells and T cells with distinct specificities and receptors;
in other words, only a fraction of the potential repertoire may actually be expressed. (Modified from Davis
MM, Bjorkman PJ: T-cell antigen receptor genes and T-cell recognition, Nature 334:395-402, 1988.)
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Fig. 4.14 Steps in the maturation and selection of B lymphocytes. The maturation of B lymphocytas
proceeds through sequential steps, each of which is characterized by particular changes in immunaglobulin
fig) gene expression and in the patterns of Ig protein expression. Pro-B cells begin to rearrange Ig heavy-chain
genes and large pre-B cells are selected to survive and proliferate if they successfully rearrange an Ig heavy-
chain gene and assemble a pre-BCR. The pre-BCR consists of a membrane-associated |g p protein attached to
twio other proteins called surrogate light chains because they take the place of the light chain in a complete Ig
molecule. Small pre-B cells initiate 1g light-chain gane rearrangemeant, immature B cells assemble a complete
membrane IgM receptor, and mature B cells coexpress IgD, with the same V regions and specificity as in the
first Ig produced. BCR, B cell receptor; HSC, hematopoietic stem cell; mANA, messenger RMA.
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Fig. 4.14 Steps in the maturation and selection of B lymphocytes. The maturation of B lymphocytas
proceeds through sequential steps, each of which is characterized by particular changes in immunaglobulin
fig) gene expression and in the patterns of Ig protein expression. Pro-B cells begin to rearrange Ig heavy-chain
genes and large pre-B cells are selected to survive and proliferate if they successfully rearrange an Ig heavy-
chain gene and assemble a pre-BCR. The pre-BCR consists of a membrane-associated |g p protein attached to
twio other proteins called surrogate light chains because they take the place of the light chain in a complete Ig
molecule. Small pre-B cells initiate 1g light-chain gane rearrangemeant, immature B cells assemble a complete
membrane IgM receptor, and mature B cells coexpress IgD, with the same V regions and specificity as in the
first Ig produced. BCR, B cell receptor; HSC, hematopoietic stem cell; mANA, messenger RMA.
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Fig. 4.14 Steps in the maturation and selection of B lymphocytes. The maturation of B lymphocytas
proceeds through sequential steps, each of which is characterized by particular changes in immunaglobulin
fig) gene expression and in the patterns of Ig protein expression. Pro-B cells begin to rearrange Ig heavy-chain
genes and large pre-B cells are selected to survive and proliferate if they successfully rearrange an Ig heavy-
chain gene and assemble a pre-BCR. The pre-BCR consists of a membrane-associated |g p protein attached to
twio other proteins called surrogate light chains because they take the place of the light chain in a complete Ig
molecule. Small pre-B cells initiate 1g light-chain gane rearrangemeant, immature B cells assemble a complete
membrane IgM receptor, and mature B cells coexpress IgD, with the same V regions and specificity as in the
first Ig produced. BCR, B cell receptor; HSC, hematopoietic stem cell; mANA, messenger RMA.
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Dendritic cells take up bacterial antigens in
the skin and then move to enter a draining
lymphatic vessel

18/02/2022

Figure 8.1 Dendritic cells take up
antigens at a site of wounding and
infection in the skin and carry them
to the draining lymph node for
presentation to naive T cells. Dendritic
cells in the skin are immature and
specialized in the uptake of pathogens
and their antigens (red dots). On
migration to the lymph node, they settle
in the T-cell areas and differentiate into
mature dendritic cells that are specialized
in activating naive T cells. The immature
dendritic cells in the skin, also known

as Langerhans cells, are distinguished
morphologically by their Birbeck granules
{not shown), which are part of the system
of endosomal vesicles.
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the B cell, a T-independent (TI) proliferative response ensues. Lower valency
protein-containing antigens drive T-dependent (TD) responses, where the ;.
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Upon receiving appropriate activation signals, B cells undergo a DNA rearrangement of their Ig He gene leading to class switch recombination (CSR, also known %

as isotype switching). In this process, DNA encoding the constant region of the antibody is replaced with a downstream gene sequence to encode a different | &

isotype. Naive B cells express IgD and/or IgM, and CSR leadsto the expression ofIgG, IgE, or IgA isotypes. CSR may occur directly (e.g., from IlgM and IgD to IgE),

or sequentially (e.g.. from IgM and IgD to lgGto IgE). Memory B cells may also undergo CSR upon re-activation (e.g., from IgG to IgE). Once cells differentiate into [

PCs, GSR is extinguished. There are thus multiple paths giving rise to PCs expressing particular antibody isotypes. As well as secreting antibody, IgM, IgA, and

IgE PCs retain membrane forms of the antibody.
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Functional significance:
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secreted form function to
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CELLULAR A MOLECULAR FIGURE 5.16 Changes in antibody structure during humoral immune responses. Th
IMMUNOLOGY ' "y of

illustration depicts the changes in the structure of antibodies that may be produced by the progeny of

— W0 activated B cells (one clone) and the related changes in function. During affinity maturation, mutations in the
/'3 , V region (indicated by yellow dots) lead to changes in fine specificity without changes in C region—-dependent
— - effector functions. Activated B cells may shift production from largely membrane-bound antibodies containing
Abul K. Abbas + Andrew H. Lichtman + Shiy Pillai transmembrane and cytoplasmic regions to secreted antibodies. Secreted antibodies may or may not show

FISEVIER V gene mutations (i.e., secretion of antibodies occurs before and after affinity maturation). In isotype
switching, the C regions change (indicated by color change from purple to green, yellow, or pink) without
changes in the antigen-binding V region. Isotype switching is seen in membrane-bound and secreted antibod-
18/02/2022 ies. We will discuss the molecular basis for these changes in Chapter 12. 100
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Figure 1. Increased immune activation in HIV- Ugandans. Prevaccination plasma samples demonstrated
elevated levels of TGF-P (A) and IL-6 (B) in a group from Uganda compared with a group from the U.S. LN
sections stained for Ki67 also demonstrated increased immune activation when compared with LN tissues
obtained from people in the U.S. (C). Representative sections of LN stained with Ki67 antibodies from an HIV
18/02/2022 negative person in Minnesota (D) and an HIV negative Ugandan (E) are shown. Scale bars indicate 100 um and 103
maghnification is x10.
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Figure 2. Increased T cell zone fibrosis in
people from Uganda. A representative section
of LNs stained with trichrome from a person
from the U.S. (A) was compared with one from a
person from Uganda (B). There was an increase
in the amount of collagen (blue fibers) in the
Ugandan sample. LN tissues from the Ugandan
participants in Group 1 have a similar amount
of collagen as LN tissues from HIV- people from
the U.S. in Group 2 (C). We see the expected
inverse relationship between TZ collagen and
the size of the resident CD4* T cell population
in the HIV- Ugandans (D). Scale bar indicates 50
pum and magnification is x20.
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Figure 3. The fibroblastic reticular cell network (FRCn) is depleted in Ugandans. We used QIA
to identify TZ desmin in HIV- people in the U.S. (Group 2, A) and people from Uganda (Group
1, B and C) and then used quantitative image analysis to compare the amount of desmin in
18/02/2022 the section to the size of the CD4* T cell population in the LN (D), showing the significant and 105
direct relationship. Scale bar indicates 100 um and magnification is x20.
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Figure 6. Yellow fever antibody titers. Titers of neutralizing antibody titers from the Ugandan and U.S. groups are compared using a plaque reduction
neutralization assay with a starting dilution of 1:20 (A), demonstrating that by week 2 all of the U.S. participants had detectable antibodies but only 5 of
20 people from Uganda did. In (B) we show the peak titer of the Ugandan participants at day 21 (week 3) and the decline through month 14. In (C) we show
that measures of desmin in LNs correlate to peak antibody titer.
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Figure 1. Factors driving lower vaccine respon-
siveness around the globe. The cartoon bar
graph depicts the observed differences in vaccine
responsiveness around the globe, and highlights
factors that have been associated with vaccine
immunogenicity. Factors listed in black have been
previously published. Factors listed in red repre-
sent the findings in the manuscript by Kityo et al.,
which evaluated differences in vaccine response
in subjects from the U.S. (Minnesota and Georgia,
blue) and subjects from Uganda (red).
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