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Avocia / Immunity (&vev vocov): givarn mpootacio (dpvva) Tov
OPYOVIGLOU £VOVTL PAATTIKOV TOPOYOVTOV KUPLMG
UIKPOOPYOUVIGUMOV, 1] OTTOL0L ETITLYYAVETAL LECEH TOV
0LVOGOTOINTIKOV / 0VOGOAOYIKOU GLGTNUATOC (CLUVVTIKO GUGTILO)

Avoolokn amavriner / Immune response : eivot 1 GVALOYIKT Ko
GUVTOVIGUEVT] ATTAVTI|GT] TOV OPYOVIGLOV GTNV E1GAYMYN EEVOV
OLGLAOV TTOV EMTLYYAVETOL LECH TOV KLTTAP®V KOl TOV LOPI®V TOV
LVOGLOKOU GLUGTILUOTOC
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Moakpo@aya

Tomikol povpoi GTIC TOAEC €16000V WKPOPI®V (0épua, mveduoveg,

pAevvoydvor)

Evepyomolotvton HeTd amd avayvaopion LECH ETLPAVELOLK®DYV DTOOOYEMV
(m.x. LPS receptor, mannose receptor, TLRS) cvotatikd tov eEmtepikon

Toryouotoc pukpoBiov (.y. LPS, mannose etc).

2TV EVEPYOTOLNUEVT] TOVG LOPPT] KOTOGTPEPOVV TOV EIGPOAEN LECH

POYOKLTTAPMONG

[Tapdyovv v xvttapokiviy TNF (o TNF xaraotpéper nolvouéva xorrapa
0o 1006 KaOm¢ Kou KopKIVIKG. KOTTOPO Kol OOUPOAAEL aTh evepyoTOinan

dAL@V oavoooioyikwy ovvieleotwv Onwe NK kotrapa. )

Evepyomolovvton kot artd tnv IFN-y

Macrophages express receptors
for many microbial constituents

LPS receptor
(CD14)

mannose
receptor

TLR-2

glucan scavenger
receptor receptor




Moakpo@aya

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

bacterium “ Co——

receptor for
bactenal surface
constituents™.,

bacterium ‘ .'hacterial component

A
D’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.



OvoETEPOPLAO. TOAVUOPPOTVOPT VA

[daitepal OPACTIKA POYOKVTTOPO GTNV EVEPYOTOINUEVT] LOPPN
(exTEAEGTEG) UE LIKpT) OtdpreLla (NG

[Tapdyovv kail amelevfep®@VOVV 1GYVPES OPUCTIKES OVGIEC
(Avooowuotika évivuo, piles ocvyovon) Kon Kuttopokiveg omwg TNF

Avayvopion Pramtikov Tapaydviov pEcm vrodoysmv PRR (pattern
recognition receptors) . Znuavtikotepotl vrodoyeic 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 1 and II1).
(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 1.7 Innate immune
mechanisms establish a state of
inflammation at sites of infection.
lllustrated here are the events following
an abrasion of the skin. Bacteria invade
the underlying connective tissue and
stimulate the innate immune response.
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Adaptive memory
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Figure 1-24 Immunobiology, 7ed. (© Garland Science 2008)

1073 -

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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Innate memory
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Figure 1-10 Immunobiology, 7ed. (© Garland Science 2008)
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Figure 1-24 Immunobiology, 7ed. (© Garland Science 2008)

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.

72
Days



E1dw1 avociakn andvtnon

" To m')csrn Ho €01KNG (youkne ko Kmmpucﬁg) avociag etval
YEVETIKG TTPOGYEOLUGHUEVO Yl0L TNV OVOYVAPLOT KOL T GTOXEVUEVN
npocPoAin Tov/kdbe EEvov PhamTikoD TapdyovTa

" Antavtdtor LOVo 6To GTTOVOLAMTE Lo



E1d1kn| avootokn amdvinon

Xopkn Kvtrapukn

HUMORAL IMMUNITY CELLULAR IMMUNITY
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XYMIKH ANOXIA

1. TYmor (Ta&erg) avricopatov

A secreted IgG Membrane Igh
IgA1 Heavy Antigen- Antigen-
chain binding site binding site
Hinge
459
IgA2m(2) Fc receptor/ [, region

complement -\
binding sites

region

. Plasma
- membrane
of B cells

lg domain

IgE

IgG1

IgD
140,
354 496 371 394
297 ) ] 218017
=]
"
Fc i [
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XYMIKH ANOXIA

1. TYmor (Ta&erg) avricopatov
TABLE 5.2 Human Antibody Isotypes

Plasma
Isotype of Subtypes Concentration Half-Life
Antibody  (H chain)  (mg/mL} {days) Secreted Form Functions
lgA lgAl,2 (1 35 6 Mainly dimer; o Mucosal immunity
or ¢e2) also (]
Monomer,
trimer RO o
OCLNUU \ Ca3
J chain
gD None (&) Trace 3 Monomer B cell antigen receptor
IgE None (g} 0.05 2 Monomer Defense against
helminthic parasites,
immediate
hypersensitivity
lgG lgG1-4{y1, 135 23 Monomer Vi Opsonization, complement
¥2, v3, Cyl activation, antibody-
or ) VL dependent cell-
L oy mediated cytotoxicity,
ca neonatal immunity,
feedback inhibition of
B cells
lgM Mone (p) 15 5 Pentamer Naive B cell antigen : :
Lol CELLULAR Avo MOLECULAR
Abul K. Abbas « Andrew H. Lichtman « Shiv Pibai
J chain iz




XYMIKH ANOXIA

1. TYmor (Ta&erg) avricopatov
TABLE 13.2 Functions of Antibody |sotypes

Antibody
Isotype Isotype-Specific Effector Functions

lgG Opsonization of antigens for phagocytosis by

macrophages and neutrophils

Activation of the classical pathway of
complement

Antibody-dependent cell-mediated cytotoxicity
mediated by natural killer cells

Meonatal immunity: transfer of maternal
antibody across the placenta and gut

Feedback inhibition of B cell activation

Neutralization of microbes and toxins

lgM Activation of the classical pathway of
complement
IgA Mucosal immunity: secretion of lgh into the

lumens of the gastrointestinal and
respiratory tracts
Neutralization of microbes and toxins in lumens

of mucosal organs CELLULAR Ao MOLECULAR

IMMU
IgE Mast cell degranulation (immediate 5 W
hypersensitivity reactions)
Eosinophil-mediated defense against helminths Sseenonl s

SEVIER

&




2. Apaon avTICOUATOV

XYMIKH ANOZXIA
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Figure 1-26 Immunobiolory, 7ed.(© Garland Science 2008)
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XoumTaAnpono

To cOotnuo TOL GLUIANPOUATOC OPO HE UEYAAN TOYVTNTO,

O wpwteiveg TOL CLOTNUOTOC PPICKOVTOL GE VYNAEC TUKVOTNTEG OTO
Olll0 KOl 6TOVG 16TOVG

IIpoofarier ewcPoleic pe mepiooiec opddeg OH 1 auvov oty
EMLPAVELQL TOVC

Kd&0e un mpootatevuévn enpavelo amoTeAel 6GTOYO

AlapopeTikeG (= 4) 000l gvepyomoinong



XoumTaAnpono

IHowkirec Asrttovpyleg

*  KvuTtopoivTiki] opact UEC®H TOL GULUTAEYUATOC TPOGPOANG ueuPpdvng
(membrane attack complex, MAC) (cdurieyuo C5p, C6,C7 C8,C9, o omoio
ONULODPYEL OTLES OTNV KUTTOPIKY UEULPAVY KOl TTPOKOLEL OGUMTIKY AVON
/vopoLvon)

* Oymvomoinon (01ekoADVEL T QOYOKDTTAPWOY ETIKOADTTOVIOS THV
ETIPOVEIQ TOV ELOPOAEQ KOL TCOVOEOUEVO IUE ELOIKOVS DTOOOYEIS OTHV
emipavelo. v uoxpopaywv/1C3b receptors)

*  Xnuewtoktikyy opdon (C3a, C5a)



XYMIKH ANOXIA

3. Xopmpopa

EXTRINSIC PROTEASE

Markiewski MM et al. Am J Pathol (2007)
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3. Xopmpopa

EXTRINSIC PROTEASE

Markiewski MM et al. Am J Pathol (2007)



3. Zoumpopa

Small complement-cleavage products
act on blood vessels to increase vascular
permeability and cell-adhesion molecules

3.1. ®lreypovn)

Increased permeability allows increased
fluid leakage from blood vessels and
extravasation of immunoglobulin and

complement molecules

Migration of macrophages,
polymorphonuclear leukocytes
(PMNs), and lymphocytes is increased.
Microbicidal activity of macrophages
and PMNs is also increased

"’G-&@u@k
¢

SO
S o A igM
complement

components

Figure 2-39 Immunobiology, 7ed. (© Garland Science 2008)




3. Lopmpopa

3.2. AYon fakTnproiov

v S| @
C5b67

CSb‘ 'l'> complex
lipid bilayer
[T

Pathogen

I.7

Figure 2-41 Immunobiology, 7ed. (© Garland Science 2008)




KYTTAPIKH ANOXIA

T Aepgoxkvtropa
* BonOnrtwa (T helper, Th) Antibodies Jo 1 ¥
* Kvtrapoto&ika (T cytotoxic) )
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KYTTAPIKH ANOXIA

T Aepgoxkvtropa
* BonOntwa (T helper, Th)

T regulatory
Tyl cells T 17 cells Ty cells Tpy cells cells (T,,.)
Effector e
COAT cell L
Cytokines that ) ) IL-16
induce e =8 L4 TGF-p Tar-p
differentiation i IL-23
Defining
transcription T-bet RORyT GATA3 Bclg FoxP3
factor
Characteristic IL-12 IL-17 IL-4 IL-21 TGF-
cytokines IFN-y IL-6 IL-5 IL-10
| | | o
Function ha neutrophil " fibod other effector
macrophiages response response antibocy Tcells
parasites response

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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1. YroooyiagB lepgpoxvrtdpov (BCR, avricopa em@aveiog)
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Figure 3-2 Immunobiology, 7ed. (© Garland Science 2008)
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Figure 3-1c Immunobiology, 7ed. (© Garland Science 2008)
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1. YroooyiagB depgpoxvrtapov (BCR, avricopa emeaveiog)

>
=

= 100
.g |
.g 80_.
> 60-
40
20 4
0

0 20 40 60 80 100 120

Residue

FR1 FR2 FR3 FR4
HV1 HV2 HV3

Variability

Light-chain V region
50
40
30
20
10
o I I I I I
0 20 40 60 80 100 120
Residue
| H N W]
FR1 FR2 FR3 FR4
HV1  HV2 HvV3

Figure 3-6 Immunobiology, 7ed. (© Garland Science 2008)
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AvTiryovo,

Avayvopilovtol amd Tov opyaviGHO @G EEvaL LOPLO, KO TUPOOOTOVV LILOL LN
EL0TKT] KOL L0 ELOIKT) VOGOAOYIKT| OITAVINON

a. ITAnpeg avtiyovo (antigen) / avocoyovo (immunogen)

B. Atedéc avtryovo (amtivr, hapten): youniov popiakod Bapovg udpro (Bpayd
TETTION0 1] POPUOKEVTIKI 0DOLA,) TO 0TO10 dpa. GOV avtiyovo (avaryvopiletat
atO TOV LITOJOYEN EMPAVELNG) OAAA Y10l VO, OpAcEL GV avocoyovo Ha
npénel vo tpocdedel o Kamolo pakpouodpto (carrier, popéac). Avtod
cuuPaiverl ylati mpokeuévon va evepyomoinbei to B Aeppokittapo Oa
npénel moAlol koviivoi BCR va evepyomoin0otvv tavtdypova (cross-linking)



AvTryova

Valency of Avidity of
interaction interaction

‘Monovalent ~ Low
Bivalent High
—_— Very
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.



Cross-linking of B-cell receptors by antigen
bacterial cell

Ag

BCR

Blk, Fyn, or Lyn

= =

v
Syk binds to doubly phosphorylated
ITAMs and is activated on binding

S

| Changes in gene expression in nucleus ‘

Avtryova

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 lgo 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
to the phosphorylated ITAMs of the B-cell receptor Igp chains, which
are in close proximity within the cluster and activate each other by
transphosphorylation, thus initiating further signaling. Ultimately, the
signals are relayed to the nucleus of the B cell, where they induce the
changes in gene expression that initiate B-cell activation.




AvTiryovo,

Avayvopilovtol amd Tov opyaviGHO @G EEvaL LOPLO, KO TUPOOOTOVV LILOL LN
EL0TKT] KOL L0 ELOIKT) VOGOAOYIKT| OITAVINON

a. ITAnpeg avtiyovo (antigen) / avocoyovo (immunogen)

B. Atedéc avtryovo (amtivr, hapten): youniov popiakod Bapovg udpro (Bpayd
TETTION0 1] POPUOKEVTIKI 0DOLA,) TO 0TO10 dpa. GOV avtiyovo (avaryvopiletat
atO TOV LITOJOYEN EMPAVELNG) OAAA Y10l VO, OpAcEL GV avocoyovo Ha
npénel vo tpocdedel o Kamolo pakpouodpto (carrier, popéac). Avtod
cuuPaiverl ylati mpokeuévon va evepyomoinbei to B Aeppokittapo Oa
npénel moAlol koviivoi BCR va evepyomoin0otvv tavtdypova (cross-linking)

v. Enitomoc (epitope) 1 avtiyovikoc kaboprotig (determinant): meproyn oto

AVTLYOVO TTOV GLVOEETOL IE TO avTicmuo (TTOAD wkpn weptoyn, S-7
aptvo&Ea)



1. YroooyiagB lepgpoxvrtdpov (BCR, avricopa em@aveiog)
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FIGURE 5.13 The nature of antigenic determinants. Antigenic determinants {shown in orange,
red, and blue) may depend on proten folding (conformation) as well as on primary structure. Some deter-
minants are accessible in native proteins and are lost on denaturation (A), whereas others are exposed anby
Abul K. Abbas + Andrew H. Lichtman « Shiv Piliai on protein unfolding (B). Neodsterminants arnise from postsynthetic modifications such as peptide bond
e cleavage (C).




1. YroooyiagB lepgpoxvrtdpov (BCR, avricopa em@aveiog)
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Figure 1-16 Immunobiology, 7ed. (© Garland Science 2008)




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



2. Yrnoooyéag T Aepgpoxvrtapov (TCR)
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AVTIYOVIKT Tapovcioon 6Ttov T KuTTUPIKO vVITodoYEn
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AVTIYOVIKT Tapovcioon 6Ttov T KuTTUPIKO vVITodoYEn
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Moprwa Ietoovupatotntog

AvocopLOUIGTIKG GVTIYOVO KUTTUPLKNS ETLPAVELUS

2VvVOvVLRd
" Avtiydva peilovog coumAgypatoc totoovuPatoémrog (MHC)
" AvOpomivo Aevkvttopikd ovtrydova (HLA)
" AVTlyOvOo HETAUOGYEVGEWMV



Moprwa Ietoovupatotntog

Baowkol ovvTteAeoTES TG EOIKNG KUTTUPLKNGS OVOGO-OVTIOPUGNS LECH
NG TOPOVOLUGNS OVTLYOVIKOV TEMTIOIMV OF ocvumieyno oto T
AERQPOKVTTUPW,

Iowitepa moAOUOPPIKO GVSTNUE AOY®D UEYAAOVL aplOUOD EVOALAKTIK®V
YOVIOLUK®OV OAANAL®OV, 0 GLVOVOGUOC TV 0TToimV KaBopilel TNV 1GTIKN
TOVTOTNTO KAOE OTOUOV

Iowitepa avoosoyova, vrevOuva yioo TNV amOPPLYT CAAOUOGYEVUATOV



Towvounon tov popiov HLA

HLA Taéng I : vrdpyovv o€ 0ho 1o kvttapo. [lapovcidlovv EEveg mpog ToOV
0PYOVICUO TPMTEIVEC EVOO-KLTTAPLOG TPOEAEVONG (TaHOAOYIKES TPWTEIVES, 1IKES
TPWTEIVES KO TPWTEIVES KOPKIVIKMDV KUTTAPMDV)

HLA Taéng Il : vwapyovv Kuplog 6T OVTIYOVOTAPOVGLUGTIKA KOTTUPW
(antigen presenting cells) oni. ota pokpoeayo, oto kvtTopa Langerhans tov
0£PUATOS, GTO OLUTAEKOUEVO KOL OEVOPLTIKG KUTTUPA TOV AEUPLKOV LGTOV
kol oto B Agpgoxvrrapa. Iopovcialovv kAdouata mentidiov (mpoidovro,
QOYOKVTTAPMONG EEMYEVAV TPMTEIVAOV T.Y. SOKTHPIOKDV)

HLA Taéng 111 : cvotatikd cvunAnpouotoc, xvttopokives (TNFa ko B),
TPOTEIVEG 0Egiag pdonG.



AYo OO avTIYOVOV 1I6TOGVUPOaTOTNTOC!

MHC class | MHC class lI

Urpeptide@

& J @ 4

cell membrane
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AYo OO avTIYOVOV 1I6TOGVUPOaTOTNTOC!
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Avtiryoviki) Tapoveioon Emyevov aviryovav ota CD4+ T Aeppokvttapa
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Avtiryoviki) Tapoveioon Emyevov aviryovav ota CD4+ T Aeppokvttapa

Tu1 cell recognizes complex of

and activates macrophage

bacterial peptide with MHC class lI

Helper T cell recognizes complex
of antigenic peptide with
MHC class Il and activates B cell

activates

Helper
T cell

activates

Figure 1-33 Immunobiology, 7ed. (© Garland Science 2008)




I'e v evepyomoinon TV T AEpPOKVTTAPOV EIVOL ATEPAITITO GUVOLEYEPTIKG G LOTO
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Figure 2-23 Immunobiology. 7ed.(© Gartand Science 2008)



CTLA-4 binds B7 more avidly than
does CD28 and delivers inhibitory
signals to activated T cells
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activated T cell
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Figure 8-22 Immunobiology, 7ed. (© Garland Science 2008)



CTLA-4 binds B7 more avidly than
does CD28 and delivers inhibitory

1o evepyomomuéva T AeupokdTropo.

EKQPPALOVY OTNV ETIPAVELD, TOVG THV Signa's to activated T cells
rpwteivy CTLA-4, n omolo. dcouéven
to. uopio. B7. 1, 2 mov exppdlovrol otny antigen-presenting cell
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Figure 8-22 Immunobiology, 7ed. (© Garland Science 2008)



Fundamental Mechanisms of Immune

Checkpoint Blockade Therapy ™ 2

Spencer C. Weil, Colm R. Duffyl, and James P. Allison!-2

Fundamental Mechanisms of Immune Checkpoint Blockade Therapy

APC
B7-1 PD-L1
B7-2 PD-L2
Competitive A pMHC
inhibition I
CTLA4 CD28 TCR PD-1
Call infrinsic signaling? Other signaling?
PI3K and AKT
T cell signaling Ca?* and MAPK signaling

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

Fagreus! 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, flagollar antigen H J9, and S. typhi, H 2.
They were maintained at maximum motility by fre-
quent passages through a semi-solid nutrient gelatin

URE 1419

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 exsanguination 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 centrifugasion,
and washed three times to remove free soluble
antibody. Single cells were then isolated in miero-
droplets by a simple modification®® of de Fonbrune's
oil 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 a suspension containing 1: 400 by volume of
lymph node cells. These droplets contained from
nought to six cells ; each droplet was later recorded
for its cell content. Larger droplets containing up to
100 cells eould also be prepared. Alternatively,
droplets containing exactly one cell each could 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 chamber
was placed on a microscope and the droplets surveyed
at one hundred-fold magnification, dark ground.
With a micropipette controlled by de Fonbrune
mieromanipulator, about ten bacteria were intro-
duced into each droplet. Half the droplets were
inoculated with §. adelaide, and the other half with
S. typhi. After twenty minutes at room 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 as ‘no
inhibition’. For eontrol 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 each
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 organisms 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
indicate 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. adelaide and 29
against S. typhi, but none of the 62 immobilized both
strains.

1420 NAT

Table 1. ANTIBODY PRODUCTION BY IS0LATED CELLS

No. of cells in drop No. of drops No. of drops
inhibitory tested
First tested versus S. adelaide
1 e 39
2 5 25
3 7 24
4 6 21
B ] 10
First ed e 8. typhi 1 33
Tt tested versus S.
1 3 18
2 6 26
3 ] 14
4 3 14
5 1 8
6-10 22 42

Ly%?h node cells from rats naitized to S, adelaide plus S. fyphi
were in micro droplets and incubated for 4 hr. They were
then tes by the Introduction of motile bacteria.

* These droplets were also tested for activity against the alternative
serotype and were negative.

These results imply that when an animal is stim-
ulated with two contrasting antigens, individual cells
tend to form one species of antibody. We cannot
exelude & residual production 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
restriction 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 Researeh Council, Canberra, Australia. It
was done as part fulfilment of the requirements for
the degree of doctor of philosophy in the University
of Melbourne (G. J. V. N.).

G. J. V. Nossar

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

* Fulbright Visiti essor  of Bae , Universi
la-[ellmtm]l.lg:I from Dwgﬁt of Mudlml‘eggég cs, ?Jnl‘;‘;';lgr 2.5
Wisconsin, Madison.

* Fagreus, A.. J. Immunol., 58, 1 (1948).
? Thorbecke, G. J., and Keuning, F. J., J. Immunol., 70, 129 (1953}
* Wesslen, T., deta Dermato-Venerol,, 32, 285 (1952).
* Lederberg, J., Genetics, 41, 845 (1856).
* Lederberg, J., J. Bacteriol., 68, 268 (16054},
s H‘Engéls)" Harris, T. N., and Farber, M. B., J. Immunol., 72, 148
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Figure 13 Sir E 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

From: Historical Atlas of Immunology



Clonal selection theory, Burnet FM.,1959

1. KaBe Aeppoxdttopo @EPEL 6TV ETLPAVELL TOV TOALAPLOUA avTiypapa,
EVOC LOVOOLKOD VTLOOOYEN E101KO Y10l KATO10 EEVO AVTLIYOVO

2. Avayvopion HEGH TOV EMPAVELNKOD DITOO0YEN KOl EVOOKVLTTAPLO
LETAPOPA TOV CTUOTOG ATOTEAEL TO EVAPKTNPLO YEYOVOS TNG OVOGOAOYIKTG
ATAVINGNG

3. Ta AeppokOTTOPO TV OTOLMV 0 EMPAVELNKOC VTTOOOYEAC avaYVmPILlel
1010 (self) avtiyova eEareipovral mpmdiua ot {on

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



Clonal selection theory, Burnet FM.,1959
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Proc. Nail. Acad. Sci. USA
Vol. 73, No. 10, pp. 3628-3632, October 1976
Genetics

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 herst CH-4058 Basel, Switzerland

Communicated by N. K. Jerne, July 2, 1976

2
- ¥ Germ line DNA
AT KAAH YAOTH A HRH HHHHFOH configuration

Rearrangement
Figure 58 Susumu Tonegawa

B cell DNA

From: Historical Atlas of Immunology
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Figure 59  Immunoglobulin gene rearrangement



To perepTOPLO TOV AVTICOUATOV
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Figure 4-2 Immunobiology, 7ed. (© Garland Science 2008)




To perepTOpLO TOV AVTICORATOV KOLTOV T KUTTOPIKOV VTO00YEMV

Van Vaz va1 Ja Ca
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translation

protein
(T-cell receptor) D TCR
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Figure 4-10 Immunobiology, 7ed. (© Garland Science 2008)



To perepTOpLO TOV AVTICORATOV KOLTOV T KUTTOPIKOV VTO00YEMV

Immunoglobulin a:p T-cell receptors

Element

H K+A B a
Variable segments (V) 40 70 52 ~70
Diversity segments (D) 25 0 2 0
D segments read in three
p rarely - often -

rames

Joining segments (J) 6 5(k) 4(\) 13 61
Joihts w't.h Nsging 2 50% of joints 2 1
P-nucleotides
Number of V gene pairs 1.9x 106 5.8 x 106
Junctional diversity ~3 x 107 ~2x 10"
Total diversity ~5x10"3 ~1018

Figure 4-12 Immunobiology, 7ed. (© Garland Science 2008)
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Dendritic cells take up bacterial antigens in
the skin and then move to enter a draining
lymphatic vessel

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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Antigen Antigen capture Inflammatory Loss of DC 3 e Subcapsular sinus
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Metadopad avtlyovwv

capture by dendritic cells (DC) cytokines adhesiveness.
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Figure 8.1 Dendritic cells take up

GTO U q AE u¢a6 E Eq 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

morphelogically by their Birbeck granules
(not shown), which are part of the system
of endosomal vesicles.
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Circulating antigen-specific B cells (blue) thatare asrareas1in 10" to 1 in 10°
enter and survey an antigen-draining lymph node (LN). AB cell encounters an |
opsonized (complement coated) antigen displayed on a follicular dendritic cell
(FDC) process and receives B cell receptor (BCR) and complement receptor-2
(CR2) signals. Activation involves upregulation of surface molecules, antigen
intemalization processing and (in the case of protein-containing antigens)

presentation as MHG class |l peptide (MHCllpep) complexes, and entry into &y

G1 of cell cycle. If the antigen engages multiple BCRs and/or coreceptors on &
the B cell, a T-independent (TI) proliferative response ensues. Lower valency

protein-containing antigens drive T-dependent (TD) responses, where the %

E cell depends on signals from helper T cells to undergo proliferation. The },5\

proliferative phase is followed by differentiation into short-lived plasma cells
(SLPCs). germinal center (GC) B cells, and/or memory B cells (Bmem). The £
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integration of signals received by the B cell including via the BCR, co- -

receptors, and T cell help. GC B cells take on a dendritic morphology that may o
facilitate antigen encounter and affinity discrimination. GCs give rise to more ©
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opsonized (complement coated) antigen displayed on a follicular dendritic cell
(FDC) process and receives B cell receptor (BCR) and complement receptor-2
|(CR2) signals. Activation involves upregulation of surface molecules, antigen
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presentation as MHC class |l peptide (MHClIpep) complexes, and entry into
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protein-containing antigens drive T-dependent (TD) responses, where the -
'B cell depends on signals from helper T cells to undergo proliferation. The ;\
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relative differentiation to these distinct states varies and depends on the
integration of signals received by the B cell including via the BCR, co- %

receptors, and T cell help. GC B cells take on a dendritic morphology that may o
facilitate antigen encounter and affinity discrimination. GCs give rise to more *

:
S



RN U AR N N e A W TGRS L T Y ey Ko b A ol ey "\ B
’3 .“ \NR W N\"{.‘\ “~. X » 4 Lot . Sapu 6‘ *",’ ‘| Subcapsular sinus ————_

bt T - k l““ . ’ ¥ - 4 ,o\&’
BN N~ N \ 2 <y L \ 2 : + P 4 34 .1,'} N SN ol
1 ,?_:L L - R R » w v v e LR AR < Mk ‘Ag-trapping’cells
- m“v‘« el - e o) ' ~t St 3 . a1 ey , v ud -,
- ie A2 \ oy Qe : [ . . \ o G - _ Agenters node
2% iy s S g Y A ol SR . : Y SRR iw : .| NoAg engagement; B cell _inafferent
SVaNE TN e oot N Sl wile £ URS TS, T o S R Wi - AR IR ‘ TN leaves node in lymph h lymph
o 2 “\ ”i' TR ot & 4 v N -2 5 "> DL e RO 42 2 % e
~ % e At | ‘ N M | T LS My Sliniia Jon Jpie KR 5504 O v Y Engages Ag via FcR + CR2 . I
R A X é—ﬂ_‘(,' X h"k s 4 3 ‘ ¢ J TR e Al X O RN AR ' ol and transports it to FDC
N1 il A D s e B R T A : R Sy ¥ L " 5 IR LU Engages Ag via BCR, inducing
AR Pl S S ‘.' _aar” o Yl TR e - N 37 Ao > % S interaction with primed T cells
i A T oo | g i R ST AYEA S e . 4 A :
.'"';“.\“ Ry et TG PO TR : o SNy A e
R e TN N T, 2 e o, : A ‘ g W F
N - 3 7 ' “LAR o Ky
3 (e « R e A
¥y i . Yy ’ .
» : ¥ IR et i UL, , p
v X ~ a [ oS “ > .
AR = ¢ o 3 ' : :
: ’:_’da ¥ ,\ - ) & > n,.:;l:.’.ce“s :i""q, 3 ‘. 3 A & Lo
\ O T e Vs el e, o s 5 G doys ~ A
ey & e .05 Activation N el Nl R R . - e " ) LR
o ORI e 4 CCR7 LPATIRE A v R o e SRR 7S SR s O LR
,'_' . ARSI ( MHCllpep o 41- -‘\‘*'f "';,'.'v"' . AR a nY : . B (EEIIS =@
e patal 5T cD86 S SN RCI el 4 o s S et Y ' PR
PO DA ¢ o R 4 “”  ICAM1 : ) : po? KA - e Mo o
« AN - - Dy / Sl P PR ‘e,
' RiF oy . . e : KRN, L7
. 2% < ; 5 A 3 i b g 0 O R B I £
L . . T-independent . T-dependent R ek R N WA G R S e
- o ey . . TeAs T J/ON AT W -5 X - ) < e e
32 o responses .’ i [Suponaax 5 Taearey P Highendothehal venales: -
o . 5 - ~ M £ { . . M " A aSvei - P
- - L y y . , ¥ ) X % R
- y 30 2 = J . : " 4 L
e i Proliferation j ;».', o P R A R Y X Ny )
% : ‘.}‘ : : ) — .‘: : v Sy \,\ y
’_ v ‘5 f' y ’ r," v ‘\"f".('; ‘b.‘ — ‘. ~. 5 A :
pol +% G1-5-G2-M | P 7 > :
- s ”0 » "' >
Pt 7 O !
; . TR ‘ .
2 9. & o2 ol 4" v - “"-"". : . O L
L Circulating antigen-specific B cells (blue) thatare asrareas1in10%to1in 10% [§
=t !
Al enter and survey an antigen-draining lymph node (LM). A B cell encounters an
s

opsonized (complement coated) antigen displayed on a follicular dendritic cell ~
(FDC) process and receives B cell receptor (BCR) and complement receptor-2
|(CR2) signals. Activation involves upregulation of surface molecules, antigen
intemalization processing and (in the case of protein-containing antigens)
presentation as MHC class Il peptide (MHClIpep) complexes, and entry into
G1 of cell cycle. If the antigen engages multiple BCRs and/or coreceptors on &
the B cell, a T-independent (TI) proliferative response ensues. Lower valency 3'
protein-containing antigens drive T-dependent (TD) responses, where the

-

'B cell depends on signals from helper T cells to undergo proliferation. The },3

' proliferative phase is followed by differentiation into short-lived plasma cells }

(SLPCs). germinal center (GC) B cells, and/or memory B cells (Bmem). The £
relative differentiation to these distinct states varies and depends on the ';
Proliferation, integration of signals received by the B cell including via the BCR, co- ¢

mutation,

antigen acquisition, M’[)S)\,()g TOV OGT({)V

selection

receptors, and T cell help. GC B cells take on a dendritic morphology that may ,;
facilitate antigen encounter and affinity discrimination. GCs give rise to more
SLPCs, to Bmems, and to long-lived plasma cells (LLPCs). q



Sregion DA

Diearninatad DNA

B — ¥ -
¥ G— — &
Ennr-prme o a
Polymerase lb‘fﬂggﬁrﬁd CsR
¥ —

0 —

F;ﬂ:ﬂ?cmgln " . Erd processing
g aitic MNudlezase Filkin
(s a————

Be)\twoon TNGXNMLKAG OUYYEVELAGTNG
avoooodalpivnmpog To avilyovo

Subcapsular sinus \A\\\

‘Ag-trapping’ cells

No Ag engagement; B cell
leaves node in lymph
Engages Ag via FcR + CR2
and fransports it to FDC /
Engages Ag via BCR, inducing
interaction with primed T cells

B cell migrates
ar mantle

Ag enters node

in afferent
lymph

-




Subcapsular sinus ﬁ:\’\\ .

‘Ag-trapping’ cells

No Ag engagement; B cell
leaves node in lymph
Engages Ag via FcR + CR2 .
and fransports it to FDC /
Engages Ag via BCR, inducing

interaction with primed T cells

A Ag enters node
in afferent
lymph

Recirculating B cell migrates
U e

DAt -

Evepyomnoinon B Aepdokuttapwv

ot
w! 9

a Somatic hypermutation t:ICIass-switch recombinationl
M § ——C——G——

Naive B W Activated B j
IgD IgM
W Ve
Ab:
&
* -
. Memory B
3

%]

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 leads to the expression of IgG, IgE, or lgA isotypes. CSR may occur directly (e.g., from Igh and IgD to IgE), |
or sequentially (e.g., from IgM and IgD to IgG to IgE). Memory B cells may also undergo GSR upon re-activation (e.g., from IgG to IgE). Once cells differentiate into

PCs, CSR is extinguished. There are thus multiple paths giving rise to PCs expressing particular antibody isotypes. As well as secreting antibody, IgM, 1gA, and
IgE PCs retain membrane forms of the antibody.
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FIGURE 5.16 Changes in antibody structure during humoral immune responses. The
illustration depicts the changes in the structure of antibodies that may be produced by the progeny of
activated B cells (one clone) and the related changes in function. During affinity maturation, mutations in the
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
transmembrane and cytoplasmic regions to secreted antibodies. Secreted antibodies may or may not show
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-
ies. We will discuss the molecular basis for these changes in Chapter 12.
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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
negative person in Minnesota (D) and an HIV negative Ugandan (E) are shown. Scale bars indicate 100 pm and
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 1have 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
D in the HIV- Ugandans (D). Scale bar indicates 50

o 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
the section to the size of the CD4" T cell population in the LN (D), showing the significant and
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.



Vaccine responsiveness

Lymph node fibrosis: a structural barrier to unleashing
effective vaccine immunity
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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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