Lymphocyte groups.

Genetics of immunoglobulins, organization and
expression of antigen receptor genes.

Central B-cell development.
Central (thymic) T cell development.

Ferenc Boldizsar



Cells of the lymphoid lineage

Innate lymphoid cells (ILC) Lymphocyte
There is no difference
in the morphology!
HAVE NO ANTIGEN-RECOGNITION HAVE ANTIGEN-RECOGNITION
RECEPTORS RECEPTORS
LYMPHOCYTES
NATURAL ADAPTIVE
oo o0 @®
Helper T cell (CD4+)
vo T cell T cell (CD3+) \
® -0 o ¢
Cytotoxic T cell (CD8+)
B1B cell B cell (CD19+) B2 B cell




CD3 CD19

T cell B cell

CD3

i
‘- CD4

Example for immunophenotype:
CD3+/CD4+/CD8- - Helper T cell

CD markers

Certain cells (e.g. lymphocytes) cannot always be
distinguished based on their morphology.

Different cells can be identified and distinguished by the
molecules they express on the cell surface or in the
cytoplasm.

IMMUNOPHENOTYPE: The characteristic molecular pattern
of a cell type determined with the use of antibodies.

Such SURFACE MOLECULES were given a standardized
nomenclature:

CD = Cluster of differentiation, usage: CD+number, e.g.:
CD1, CD2, CD3, CD4, etc...

The structure and function of CD marker varies!



Types of CD markers

Lineage markers: Molecules expressed exclusively on certain cell lineages.
— E.g.:CD3 - found on all T cells CD19 - found on all B cells

Maturation markers: The immunophenotype might differ in the phases of cell
maturation, certain molecules are only expressed on immature cells, others on

mature, fully functioning cells, etc.
— E.g.: CD20 (ltis also a lineage marker of B cells, cannot be found on any other
cells)

CLP Pro-B cell Pre-B cell Immature B cell Mature B cell Plasma cell

."’,%?‘.
90900 0 &
R )

CD20 negative CD20 negative  CD20 positive CD20 positive CD20 positive CD20 negative

Activation markers: Molecules expressed by activated cells, whereas resting cells
either lack them completely or express them at low levels, e.g.:

— CD25 (The alpha chain of the interleukin-2 receptor, IL-2Ra, see later)

— CD80 and CD86 (B7-1 and B7-2, so-called costimulatory molecules expressed
by activated antigen presenting cells, see later)



Innate lymphoid cells (ILC)

They cannot be distinguished from lymphocytes based on their morphology but
unlike adaptive lymphocytes they cannot recognize antigens. - They have no
antigen recognition receptors.

They are classified based on the cytokines they produce and the transcripition
factors that are necessary for their formation. (see in the lectures):

— Group 1 ILCs:

* NKcells

* ILC1 Cytotoxic Non-cytotoxic
— Group 2 ILCs: | A

e ILC2 l

NK cell ILC1 ILC2 ILC3

— Group 3 ILCs: =) \/ )

* ILC3/LTi .- 3

Cytokines - @ © % R D ® ®



Natural killer cells (NK

Blood lymphoid cells %:

Two NK cells kill a cancerous cell.
(Scanning electron microscopy image)

NK cell NK cell

KAR A"] KIR
J MHCI

Normal own cell

Pathological cell

CELL IS LEFT ALIVE CELL IS KILLED

cells)

= 10

Main function:

Killing cells infected
with intracellular
pathogens,
Killing cancer cells

Recognition: KAR - killing the target
KIR - sparing the target
Fc receptor,
Complement receptor
Cytotoxicity: Fas-FasL,
Perforin,
Granzymes
Produced mediators: Cytokines
Fc receptor: FcyR (binds I1gG)
Characteristic marker: CD56

Red: Only possible after the activation of the
adaptive immunity




Lymphocytes

Leukocyte %: 25-40*
Main function: ADAPTIVE IMMUNITY
Recognition Antigen-specific receptors
(TCR, BCR)

* Including NK cells

B cell (CD19+) Cytotoxic T cell (CD8+) Helper T cell (CD4+)

l | l

Antibody Direct killing of Regulation of the

production target cell (infected  jmmune response
or cancerous)

A red blood cell, a platelet and
a lymphocyte (SEM image)

All of the above are done in an ANTIGEN-SPECIFIC manner!



Main groups of lymphocytes

Plasma cell ’x M
@

Native antigen Antlbodles

Neutralization
of pathogens,
increased
phagocytosis

Activation of
macrophages
Inflammation I

Regulation of the
proliferation and
differentiation of T
and B cells

Eliminating
infected cells

B cell

Cytokines

Helper
T cell

Antigen presentation
by APC

Cytotoxic
T cell




Clonality

B cell precursor

Mature,

1. Each newly produced lymphocyte
expresses a unique antigen-
binding receptor.

2. Only those Ilymphocytes will
become activated which recognize

an antigen. These selected cells l

will proliferate and produce clones
of themselves with each sister cell
having the same  antigen-
recognition receptor.

,A” antigen

CLONAL
EXPANSION

3. These clones will differentiate into
effector cells which will participate

in the immune response. (e.g.

@ Anti-, A”
effector plasma cells produce m

antibody
antibodies) "\'




T cells

Main function: Antigen-specific killing of target cell (CD8+),
Regulation of the immune response
through cytokines (CD4+)
Recognition: Through MHC, antigen-specific TCR
Possible type of TCR: off and yé
Produced mediators: Cytokines
Main types of afp T cells: CD4+ Helper
CD8+ Cytotoxic
Site of production: Bone marrow, thymus
Characteristic marker: CD3 (Makes a complex with the TCR)

TCR
TCR - CDh4oL
CD8 CD4




Cytotoxic T cells (Tc or CTL)

Blood T cells: 1/3
Main function: Effector cell of the cellular
immunity

Recognition:

Through MHC |, antigen-
specific TCR

Target cells to kill:

Infected with IC pathogens,
Cancerous,
Foreign (transplantations!)

Recognized antigens:

Endogenous (from the
cytoplasm of the target cell)

Cytotoxicity: Fas-FasL,
Perforin,
Granzyme

Immunophenotype: CD3+/CD8+/CDA4-

A cytotoxic T cell kills a
cancer cell. (SEM image)



Helper T cells (Th)

Blood T cells: 1/3
Main function: Regulation of immune
response
Recognition: Through MHC Il, antigen-
specific TCR
Recognized antigens: Exogenous (degraded in
phagolysosomes)
T ‘{‘? ' Immunophenotype: CD3+/CD4+/CD8-
: " Role in diseases: Autoimmunity,
Dendritic cell HIV infection

Two helper T cells attached to a
dendritic cell. (Scanning electron

microscopy image)

S purple: HIV virions
' (SEM image)



Main subtypes of Th cells

Cytokines
3 0.0 (.:ellular immune response
IFNy (intracellular pathogens)

o 6 Humoral immune
—_ P response (extracellular

IL-4, IL-13 pathogens)

0. @ Extracellular pathogens,
—> Q' fungi
IL-17, IL-21

0. ©® Antigen-specific
suppression (see later)

IL-10, TGFPB

* Th17 cells play an important role in inflammatory disorders. (see later)
* Regulatory T cells (Treg): They can inhibit other immune cells (suppression, see later), their
immunophenotype is: CD4+/CD25+/Foxp3+



vO T cells

They express TCRs that consist of y and 6 chains.
They are innate-like lymphocytes, they are not as well-characterized as o T cells.[17

They are mainly found in the skin and the mucosa; usually as intraepithelial lymphocytes
(IELs). They can be detected in the peripheral blood in low numbers.

They participate in the early phases of the immune response against invasive pathogens.
Their antigen-recognition is MHC-independent.
They mainly recognize lipid antigens.

Structure of the T cells receptor
Antigen-binding site Antigen-binding site
l_!—l l_%
a chain B chain y chain & chain
i, 1 [
Variable
region (V)
psd
Constant
regian (C)
 —
= ' ~
|____Transmembrane
o rggio/n i =~
Cytoplasmic region
I




B cell receptor (BCR)
vl B cells
, Heavy
& B .
} " ' Blood lymphoid cells %: 10-15
Antigen\ A Main functions: Antibody production,
binding site Light chain Antigen presentation
Recognition: Native antigens with antigen-
specific BCR
co79 | “ Main types: Bl and B2
\ " Site of production: Bone marrow
Characteristic marker: CD19 (makes a complex with
Signal transduction in the BCR)
case of antigen binding

BCR = surface immunoglobulin

> [ & @:%./f %I)‘\\ Antibody against the same

y antigen recognized by the BCR
B cell Plasma cell (secreted immunoglobulin)




B2 B cells

Found in:

Follicles in secondary Imyphoid organs, blood

Main functions:

Antibody production,
Antigen presentation

Recognition: Native antigens with antigen-specific BCR
Site of primary maturation: Bone marrow
Site of antigen-dependent maturation: Germinal center

Produced antibodies:

Monospecific, high-affinity,
with varying isotype

Germinal center, /<

Naive B ceII + antlgen ‘

Plasma ceII

373

—©

Memory B cell

I

+ The same antigen

;ﬁ > Q)L

r Plasmacell
=( IgM




B1 B cells

* Only few can be found in the peripheral blood.

* They are innate-like lymphocytes, most of them reside on serous membranes. (e.g.
peritoneum, pleura, pericardium)

* They are first produced in the fetus and later undergo self-renewal in the periphery, not
in the bone marrow, as B2 cells do.

e They produce natural autoantibodies that can bind that can bind evolutionarily
conserved self-antigens.

 They were first described as CD5+ B cells in mice.

* The immunophenotype of the human B1 cells is still controversial.

Spontaneous antibody Significant Minimal
production
Isotype of produced IgM IgM/IgG/IgA/IgE
antibodies
Affinity and specificity of Polyspecific with low Monospecific with high
antibodies affinity affinity

Affinity maturation, memory No Yes



Antibody — B-cell-Repertoire: 10!

,}\J‘ﬁf’
Y

Tonegawa (Nobel prize:1987)

During B cell differentiation Immunoglobulin genes are rearranged and somatic
Hypermutations take place.

Compared to the large repertoire relatively few Ig V genes are inherited.



Aim of lymphocyte differentiation

- Expression of Antigenreceptors with different specificitites

- Production of B- and T cell repertoire = Number of antigen
recognition molecules: 10°-10" BcR, 107°-10"% TcR;

~,Lymphocyte production = Glove factory” — Jan Klein.

The immune system produces antigen receptors for all potential
antigens and is therefore ready to recognize those structures.

The genetic background of B- and T cell receptor production is
the gene rearrangement of Ig- and TcR genes in the
progenitor cells.



Recirculation in the periphery

Stage of Stem Pro- Pre- Immature Mature Duﬁ:f;gg:gted
i lymphocyte lymphocyte lymphocyte
maturation cell lymphocyte lymp ymphocyt YpIOCy lymphocyte
Major Early maturation Antigen Selection of repgrtoire; | Performance |
t I| and growth factor- |l receptor [ acquisition pf ] =] of effector |
events mediated expansion expression functional comgetence functions
Anatomic Generative organ Peripheral lymphoid| -
site (bone marrow or thymus) organ or tissue |-
Antigen No 1 Self antigen | Foreign antigen|
dependence ) 2 Sl
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B/T/NK commitment — default E2A (B) path
overruled by Notch (T) and/or 1d2 (NK) signals

P

/ Id2

@ -‘ T
PU1 vDelleﬂ

1
Notch\hl_unatic Fringe

Current Opinien in Immunology




Role of BM stroma

1.Adhesion: — CD44, VCAM-1

2. Growth factors: IL-7, IL-3, SCF.

3. Response modifiers: Wnt factors, ECM
components.

4. Chemokine-production: SDF-1/CXCR4 ligand.




Elements of B:stromal interactions

IL-7 receptor

A it

SCF

bone marrow
stromal cell

Lo " e e W e : £

Figure 7-4 Immunobiology, 6/e. (© Garland Science 2005)




The antigen binding parts of the Immunoglobulins contain hypervariable
(CDR) regions

LY 2
HdH C=Fc

Light-chain V region
£ 100 g
S 80- £
§ 60: §
4-
© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Inmunology 5e www.studentconsult.com 20 i
0 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Residue Residue
I . [ W W |
FR1  FR2 FR3 FR4 FR1 FR2  FR3 FR4
HV1 HV2 HV3 HV1 HV2 HV3

Fig 3.6 © 2001 Garland Science



Domains of the immunglobulin heavy- and light

chains
V= variable | | D= diversity | | J= joining
\ /
\ VReg\on / C Region
@ Ig \ \ / | Other H chain |
e Vi Dudi  Cu ci2 ¥ C3 Cud  TMCYT
monan v EERTHD CEEED D GEED G @0 -+
(membrane form) F iiiiaiay SO W § G Gr§  Grn§
S
S
Ig light chain N (@ T D@D cooH
v T CL

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

- The variable (V) and constant (C ) domains (units) of the heavy- and light
polypeptide chains are encoded by different gene segments.

- The genes of the Ig heavy- and light polypeptide chains are located in different
chromosomes.




Gene organisation of the immunglobulin

V-Region:

D = Diversity

C-Region:
C = Constant
Gensegmente

heavy- and light chain loci

H chain locus (1250 kb;chromosome 14) _“..'II}

(n = ~45) \ ///////
LVyl LVuyn Dy (n=23) JH Cu Cs C3 Cq

K chain locus (1820 kb; chromosome 2)

(n = ~35)
LVl L Vgn Jye Cy«
s A -

enh enh

A chain locus (1050 kb; chromosome 22)

(n=~30)
LV, LVun b1 CG1 42 G2 4h3 CG3 4h7 GC7

B s Bessis min i min s

enh

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

The germline-DNA -> the basic, not-recombined form of the
immunoglobulin genes




The germline Ilg DNA: number of V-D-J-gene
segments

H chain locus (1250 kb;chromosome 14)

(n = ~45)
LVyl LVun Dy (n=23)

I

JH

K chain locus (1820 kb; chromosome 2)

(n = ~35)
LVl L Ven Ji Cx
A A

enh enh

A chain locus (1050 kb; chromosome 22)

(n=~30)
LV,1 LVun b1 C1 52 G2 h3 C3 47 GC7

s {1 .2

enh

(© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

In lymphocyte precursors the germline DNA will be rearranged by somatic
recombination. = Rearrangement




Steps of the
gene
rearrangement

@ u Heavy chain
LV1 LVn D 1-23 J1-6

@ K Light chain

LViLvV2 LVn J1-5

-IDlD*/‘ID-//-I]ﬂﬂﬂD-- 3

Somatic recombination
(DNA rearrangement):
V-J joining

LV2J1

Cy

@Transcription

i Cx
5'—I|'\__EI-EI-D-D—-— 3'
JLE Spleilken

LV2J1Cy
I TE— AAA

Translation

LVvC
Cammp

Processing,
glycosylation
of protein

vY ¢

g s - |—[mnu[m“s
DNA A~
Somatic recombination
(DNA rearrangement):
D-J joining
D2
LV1i LVn D1\J1 C, GCs
5 —ID#H} 3
Rearranged || = teececemaean-
DNA Somatic recombination
(DNA rearrangement): V-D-J joining
D2
LV1/)Ji1 Cu GCs
5' 3
JLTranscription
D2
z J1 C. GCs
Primary RNA 5 L R
transcript ;
@( SpleilRen
LVD12J1C
Messenger I:“—AAA
RNA (mRNA)
\LTranslation
L X @
Nascent e« 1IN
polypeptide Processing,
glycosylation
_ of protein
Mature CDP
polypeptide
Assembled Ig
molecule

\AQ‘Q\; M%-
@{{—
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Molecular mechanism of the gene
rearrangement

1. DNA loop formation
2. DNA cutting - Deletion
3. Ligation of the free DNA ends

Enzymes:
- VDJ-Recombinase: RAG1 and -2

- Heteromeric Proteincomplex: DNA-Ligase, DNA-PK, Artemis-
Protein

- Terminale Deoxynukleotidyl-Transferase (TdT): =2
N-Nukleotide-addition — random addition of nucleotides



The 12/23-base-pair rule during the recombination
of Ig gene segments:

@ Orientation of V(D)J gene segments and recombination signal sequences

Vi
K| % 12 bp 1GTTTT6G ce A 3

heptamer nonamer nonamer heptamer

Recombination signal sequences ~ Palindrome Nukleotide

Vi Spacer Ji
A| 5 B <%
‘D 23 l/ \I

D
Vi H JH
H| 5 B @ M 3
23 l/ R N 12 12 23

© Elsevier 2005. Abbas { RSS= Rekombinations Signal Sequenz www.studentconsult.com

Recombination-Signal-Sequence (RSS):
Contains a conserved heptamer and nonamer sequences which are divided by a
non-conserved spacer sequence of either 12 or 23 basepairs.




Heavy chain gene rearrangement in three pro-B-
cells

VNG Vi L
! DI#D*IH
Somatic recombination (V-D-J jommg), addition of

N and P nucleotides, transcription and RNA processing
in three B cell clones

g I WV

Expressed D1 J1 DS JS D2 J2
mRBNA in
three 5' 3 &
lymphocyte
clones N/P nucleotides N/P nucleotides N/P nucleotides

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

Random gene rearrangement » Diversity




T-cell-receptor (TcR)

TCR
recognition
T-cell-types:
1. o TcR+
2. y8 TcR+

signéling

Figure 6-9 Immunobiology, 6/e. (© Garland Science 2005)
-




TcR a-p chains

B TCR Vg  Dgdp Cs TMCYT

TCRBchain  NH2(_}

rl==-
l- -
.l..--
1
1
i
=
@)
)
@)
I

ST- ........... S S SS
TCR achain  NH,(C | &

Ve A Ce TMCYT
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V,J,D and C genes Human TCR B chain locus (620 kb; chromosome 7)
B locus: (n = ~50) \ /
50 -100 V. 1D L Vpl L Vgn  Dgl Jp1 Cs1 /Dp2  Jp2 _ Cp2
nes s—HE - HE-HHHHHH—HHHH - —
6J, 1Cgenes —+ : 3 9nh
Human TCR a, 6 chain locus (1000 kb; chromosome 14)
a locus:
(n = ~45)
45V, 55 J genes L Vg1 L Van Jo (n = ~55) Cau
: i n :
inserted: d locus: LV < Ds2 - _"‘"“E—-—-L-_\./____ *e
r - -1 . N = o 1
V,D,J and C genes I = i 5 M. Bl S M
denh
ylocus: V,Jand C
Human TCR 7y chain locus (200 kb; chromosome 7)
(n = ~5)
L Vo L Vi dyl Cyl Hy2 Cy2
s oo
yenh
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@ TCR B chain

(B) TCR « chain

: LVgl LVpn Dgl Jpt Cp1Dp2 Js2 Cp2 LVl LVgn Ju(~53) Ca
S sﬂﬂd—ﬂﬂﬂﬂﬂ&l&ﬂwﬂ&u—-&s s-Hi-HE- S - -
ey penh | % __________ B enh
Somatic recombination
(DNA rearrangement): D-J joining
Somatic recombination
LVl LVpn Os] Jp (DNA rearrangement):
A4 V-Jloining
Rearranged Somatic recombination
DNA (DNA rearrangement): V-D-J joining
Dp1
LVp1 P Cp Cp2 LV 1J(,
s SH_ITHHH] HHHHH 3 CTHHE- [I—-+
Transcription Transcription
Ds Vel
- LVg1] JB Cp1 Cp2 Vely
Primary RNA 5'—lé%-ﬂ-ﬂ—&-l—ﬂ-ﬂ-ﬂ-ﬂ-ﬂﬂ—&—3' -
transcript ; ,
RNA processing RNA processing
(splicing) (splicing)
LVl C LeseC
Messenger . AAA T AAA
RNA (mRNA)
l Translation ‘ Translation
LV C Ve Ju C
Nascent e «— Dam
polypeptide )
Processing and
l glycosyl at%n lProcessmg
. Vs Cp Vg Cq
TCR chain
Assembled g D, TP
TCR molecule f

l
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The genes encoding the TcR a/p and ¥/ chains have similar structure
(multiple V, D, J and C segments) than that of the Ig genes and the steps of
the gene rearrangement is also the same (role of RAG1 and RAG2)

The large number of V, D and J segments and their free recombination

The effect of TdT (terminal deoxynucleotidyl transferase) during
recombination = CDR3 variability is higher

Random combination of TcR a/f and /6 chains (like Ig H/L chains)



A single progenitor cell gives rise to
a large number of lymphocytes, each
with a different specificity

O
W — 7 e~ T

RRYLORP

Removal of potentlally self-reactive
immature lymphocytes by clonal deletion

9990999

self antigens self antigens

Proliferation

Ig- or TcR-Gene rearrangeme
- Antigenreceptor-Expressid

Primary |

Selection

Nt
n

ymph organs

4
Pool of mature naive lymphocytes

Q09

foreign antigen

A

Proliferation and di%ntiation of activated
specific lymphocytes to form a clone
of effector cells

P999%

Eﬁector ceIIs ellmmate antlgen

Antigen-Recognition

Peripheral

Proliferation

lymph organs

Figure 1-14 Immunobiology, 6/e. (© Garland Science 2005)



Bone marrow

pluripotent hematopoietic stem cell

Figure 1-3 Immunobiology, 6/e. (© Garland Science 2005)
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General characteristics of lymphocyte
differentiation

Proliferation

Receptor-Gene rearrangement
Migration

Selection

Ok~ ODbdD-~

Apoptosis



Stages of Lymphocyte differentiation

@-©@-

O~

0—10-@

ﬁf’

Stage of
maturation

Major
events

Anatomic
site

Antigen
dependence

Stem Pro-

cell lymphocyte lymphocyte

Early maturation
and growth factor-
mediated expansion

Pre- Immature Mature D'“:#gg:';‘rted
lymphocyte lymphocyte
e ympnocy lymphocyte
Antigen Selection of repgrtoire; Performance
receptor | acquisition pf ] | of effector [T
expression functional comgetence functions

Generative organ
(bone marrow or thymus)

No

| Self antigen |1

Peripheral lymphoid
organ or tissue

Foreign antigen|
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B-cell development I: HSC > “Large pre-B”

Stem cell Early pro-B cell Late pro-B cell Large pre-B cell
pre-B receptor
[N
H-chain Germl D-J V-DJ vDJ
genes el rearranging rearranging rearranged
;;:\I;zln Germline Germline Germline Germline
L chain transiently
at surface as part of
Surface Ig Absent Absent Absent pre-B-cell receptor.
D34 ekt (CD34), CD19, CD9, CD19 Mainly intracellular

Fig 7.5 part 1 of 2 © 2001 Garland Science

CDA45RA, IL-7R

CDA45RA, IL-7R




B-cell development Il “Small pre-B” > “mature B”

Fig 7.5 part 2 of 2 © 2001 Garland Science

Small pre-B cell Immature B cell Mature B cell
IgM IgD IgM
.0
v
N
H-chain vDJ vDJ vDJ
genes rearranged rearranged rearranged
L-chain V-J
genes rearranging VJ rearranged VJ rearranged
IgM IgD and IgM made
Surface | intracellular expressed on rom alternatively
] K chain cell surface splflgendql\-lr;gpcam
CD19, MHC-Il, |\ cp19/24, MHC-II,
CDA45RA

CDA45RA




Ontogenic differences between
B-cell subsets

* B-1 B cell subsets: fetal origin, self-renewal, low-affinity autoantibody
production, dominance in neonates and CLL, located in body cavities.
(CD5+, CD43+, IgM++/I1gD+)

 Marginal zone B cells: Ig phenotype similar to B-1 B cells, adult BM
origin, distinct developmental regulation to Fo B cells, relatively
sessile.

(IgM++/IgD+, CD21++, CD23+/-)

* Conventional follicular B cells. (IgM+/IgD++, CD21+, CD23++,
recirculating).



T-cell development in the thymus.



FAgure 5.1

Total repertoire:
TCR o, B: 101
TCR vy, 6: 1010

T cell precursors are produced in the bone marrow from the common
haemopoietic stem cell

They migrate through the blood circulation to the thymus

In the thymus: T cell maturation, educational steps
,,double recognition” (MHC and peptide)

Periphery: mature, TCR expressing, Self-MHC restricted
CD4 or CDS positive T cells .

Self-tolerant T cells




Two different T cell lines with different
receptor types (TcR)

T-lymphocytes with a3 TcR T-lymphocytes with yo TcR
D4 .
DA+ TCR CD8+ - CD4-CD8-  cytotoxic T-cells
helper cytotoxic
T cells T-cells . . .
- Intraepithelial — with lower TcR

diversity
MHCI
CD45

Lymphoid tissues — highly
diverse receptors
Regulatory cytokine production

LFA-1 LFA-1




CD3" cells, %

100

75

¥ Thymocytes : /
B oy Thymocytes
| l | l ////
14 15 16 17 18 19 Birth Adult

Days of gestation

Full repertoir:
TCR a, B: 10%°
TCRy, 0: 1016



Ry o5 ‘
..
e

s

LN i -M“uua-

The thymic stoma creates the microenvironment that is essential for T-cell development



Thymus epithelium:
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Fgure 5.14

Thymocytes: |
o IL-7
# Sot
. I~ I m re
DN: 2-5 % o double-negative thymocytes cortical
w4 W ithalial
Cortex 5 00 oot coll mediates
DP: 70-80% ' Immature CD34+8° BARLER
it i dandritc
madullary @ 0@ cell mediates
Junction ()] ; :
CD4 SP: 10-15% N 4 e
. adull
CDS SP: 5-8% o o Jmocylss epiheil ol
Medulla o0 3@
macrophage

Young mouse: 5x107 T-cells dayly
During selection 98 % of thymocytes die by apoptosis

Dayly 1-2 x 10° mature T-cell migrate to the periphery



Single-positive Double-positive
CD4+ cells CD4+CD8+* cells

+ [-12% S ~80%

CD4

~5%

Double-negative Single-positive
CD4-CD8- CD8+ cells

- | cD8 >+
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0-0-0-0-0

-@

Stage of . g Double  Single positive Naive
maturation Stem cell inlf Pre-T positive (immature T cell) mature T cell
Proliferation |
RAG expression [
TdT expression
: : Recombined Recombined B, Recombined B, Recombined j,
TCR DNA,  Unrecombined Unrecombined g chain gene c chain genes c chain genes o chain genes
RNA (germline) (germline) [V(DMJ-C];  [V(D)J-C]; Bpand [V(D)J-C]; Band [V(D)J-C]; B and
DNA D B chain mRNA o chain mRNA o chain mRNA o chain mRNA
TCR e None Pre-T receptor ~ Membrane Membrane Membrane
expression (Bchain/pre-Ta) o TCR af TCR af TCR
c-kit * c-Kit * c-kit * . CD4+CD8" or CD4+CD8" or
Surface CD44+ CD44* CD44+ e oS, CD4GDer CD4-CD8*
markers CD25° CD25+ CD25+ TCR/CD3h TCR/CD3hi
:i':eatomic Bone marrow Thymus Periphery
Positive and : Activation
Response None None None negative rs“';gca:.';ﬁ (proliferation and
to antigen selection ! differentiation)
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Thymocyte from / \
f

bone marrow | .'
< _/I

b e Positive selection:
il ';:)5'
'/-- Z —"T-cell receptor
e {O) ~ i Epithelial cell - thymocyte interaction in
- the thymus cortex
Positive sadecoion of / I‘.‘ Death by apaprosis
cells whose receptor [\ of cells that do not interact

binds MHC molecules [/ A with MHC molecules

Survival of DP cells whose TcR
— L N - o , is appropriate for self MHC recognition

Negative selection:

V4 Neganve selection ;l.ml death of
Wl s APC (macropahge or DC) — thymocyte
= Interaction in thymus medulla

W\

: Death of DP cells with high affinity TcR
for self MHC + self peptide recognition

L=
o U

ll { I
> 'é Macropluge

MaturS D4 or
CDS I'lymphocytes

Differentiation into SP stage




A) Thymic + t
O epu){hehal cell ff,%o%?g tD4 ggf*r(e:DB'

thymocyte

Positive
selection

Rescue from
4= cD8 N programmed
cell death;

conversion to
single positive

Low-affinity/avidity recognition
of peptide-MHC complex on
thymic epithelial cell
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@ Thymic

CD4+CD8*
thymocyte

epithelial cell

Lack of
positive
selection

Apoptotic
E— cell death

Failure to recognize peptide-MHC
complex on thymic epithelial cell
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Q Thymic antigen-  ~pa+cpg-

presenting cell g mocyte

Negative
selection

Apoptotic
CD8 il cell death

ngh-awdl x recognition

peptide-MHC complexes on
thymlc antigen-presenting cell
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non-T lineages: B, NK, DC

‘helper T-cell™
TCRp,y,6 gene
rearrangement
apoptosis
apoptosis
~10% (CDA4)
~1-2% ~85-90% ~5% (CD8)

DN-cells DP-cells SP-cells




1. Initiation of either TCR 3 or y/6 chain gene rearrangement.

. Formation of pTa/TCRB/CD3 (pTCR), allelic exclusion, IL-7-dependent
proliferation - p-selection.

. Initiation of TCRa gene rearrangement.

4. Completion of TCR a/p gene rearrangement, co-expression of

CD4/CD8 molecules.

. Recognition of MHC/peptide complexes displayed by thymic cortical
epithelium — positive selection.

. Binding to MHC/peptide complex displayed by thymic APC/medullary
epithelial cells — negative selection.

. Influence of stronger/more persistent signal: commitment towards CD4
or Treg (CD4/CD25+) subset.



,Checkpoints”

In central B/T-lymphocyte

development

Failure to
express
pre-lymphocyte
receptor;

cell death

Pre-B/T antigen Antigen Positive and
Proliferation receptor Proliferation receptor negative
expression expression selection
Weak Mature
antigen T/B cell
recognition
) g e Y ad
N7
Immature .
B/T cell: oo
Pre-B/T cell: expresses
expresses complete /J 3. [Positive
one chain of antigen [ 7 selection
antigen receptor receptor /
Pro- ,x":‘/
BIT cell N/
% Strong
antigen

recognition

\.ﬂﬁ,@

._'-\."
2 . Failure to N

express
antigen
receptor; Qﬁd\
cell death S
4. Negative
selection

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com



