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T sejt fejlodes a timuszban
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kornyezeti faktorok szerepe
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Figure 5.1

A periférias T sejt
készlet kialakulasa

Teljes repertoire:
TCR a, B: 101
i TCR vy, 5: 1016

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, sajat-MHC restrikcio
CD4 or CDS8 positive T cells

Sajattal tolerans T sejtek



T sejt elkotelezodeés

Earlypro-B Latepro-B

In: Transdifferentiation and regenerative medicine (Dr. Péter Balogh, Dr. Péter
Engelmann (2011); University of Pécs)



A timusz szerkezet
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A timusz lebenyke szerkezet
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The thymic stoma creates the microenvironment that is essential for T-cell development

TEC: thymus epithelial cells



T sejt szarmazas: timusz és egyebek

Timusz az elsddleges T sejt képzo hely

Timusz hiany — nude egér (FoXN1)

Ectodermal (skin) and endodermal developmental
abnormalities. Profoundly reduced T-cell pool.

DiGeorge’ s syndrome: Complex cardiac, facial, endocrine
and immune defects

Timuszon kivuli Tesjt érés: intestinalis ,,cryptopatch”
(Lamina Propria 1000-5000 c-kit*, CD44*, IL7R*, CD25
phenotype cells), érés a mezenterialis nyiokcsomo és Peyer
Plakk teruletén (RAG-expresszio).

Masodlagos timusz



Timocita érés stadiumai

Figure 5.14
Timocitak:
region Immature 03'4'8'
DN: 2-5 % double-negatwathy cottical
Cortex wlm!ates
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CD8 SP: 5-8% - ) varuie 2@ macrophage
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During selection 98 % of thymocytes die by apoptosis

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



Timocita sejtcsoportok a sejtfelszini
markerekkel elkulonitve
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Timusz mikrokornyezet és a T sejt fejlodés

1. Migracio:
Kemokinek

2. Proliferacio:
IL-7

3. Differenciacio:
*TcR-
génatrendezodés
‘Fenotipus

4. Szelekcio:
Apoptosis

Outer cortex

Inner cortex

Medulla
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Cortico—medullary
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T sejt receptor komplex az erett T sejteken
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A preTCR szerkezete es szerepe

Pre—T cell receptor

@TCR

CD3 CD3 CD3

. € T 1o
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* Inhibition of [} chain gene
recombination

* Proliferation of pre-T cells

e Stimulation of « chain
recombination

* Expression of CD4 and CD8




TCR feheérje lancok eés CDR regiok
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TCR B, a, 6 Y lokuszok

Human TCR B chain locus (620 kb; chromosome 7)
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@ TCR j chain
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V-D-J kombinatorikus és junkcionalis
diverzitas a TCR repertoar kialakitasaban

« p
Number of V Gene Segments 45 50
Number of diversity (D)) gene segments 0 2
Number of joining (J) gene segments ~50) 12
Combinational Diversity Number of Vn D242 C
Possible V-(D)-J] Combinations s 1 =
TCR: ~3x 108

Junctional Diversity "oDr e

Total potential repertoire with
junctional diversity
Addition of

Nucleotides
TCR: ~1016




TCR diverzitas
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* Estimated mathematical diversity = ~10" different TCRs
* Thymic positive and negative selection results in ~2 x 10°
TCRs in mice and ~2 X 107 TCRs in humans
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vo €s afT sejt érés
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Tripodo, C. et al. (2009) Gamma-delta T-cell ymphomas
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2009.169

CLINICAL <

REVIEWS ONCOLOGY

100
¥ Thymocytes //
75~ of Thymocytes
xR
)
S 50 -
+
o0
aQ
®)
2 /\
|
0 | | | | ,//I
14 15 16 17 18 19 Birth Adult
Days of gestation

\

¢



Double-negative
simultaneously rearrange their
v, & and B TCR genes

T cells

M= u}
{7 Y
Signals through the v:5 TCR shut Signals through the pre-TCR shut
off the B-chain gene and commit off the y- and 3-chain and
cell to the v:3 lineage commit cell to the lineage
+:8 TCR pre-TCR

{Wlnt {w=HaH}
%-—_Tif-’ A
=~ = > =
The ¥:3 T cell matures and Rearrangement of the TCRa locus
migrates to periphery deletes entire 3 locus and creates
mature a:f TCR
v:8 TCR v:3 TCR a:f TCR a:f TCR

Figure 7-22 Immunobiology, 7ed. (® Garland Science 2008)
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Elkotelezodési |épések a timocita érés soran

© non-T lineages: B, NK, DC
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AIRE: autoimmun regulator

* AIRE egy transzkripcios faktor amely a timusz medullaban
expresszalddik és felel6s a sajattal szembeni tolerancia
Kialakulasaert.

« Az AIRE hatasara a timuszban szamos masik szerv antigénjei is
expresszalodnak. Azok a T sejtek amelyek a sajat antigeneket nagy
affinitassal kotik elpusztulnak a negativ szelekcioban.

Az AIRE gén mutacioja egy ritka autoimmun betegseg az
autoimmun Polyendocrinopatia Syndrome type 1 ( ),
masnéven Autoimmune Polyendocrinopathy-Candidiasis-
Ectodermal Dystrophy ( ) okozza.


https://en.wikipedia.org/wiki/APECED
https://en.wikipedia.org/wiki/APECED
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Negative
selection

Thymic antigen-
presenting cell
CD
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4 thymocyte

Apoptotic
CD8 - cell death
Class Il
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High-avidity recognition
of peptide-MHC complexes on
thymic antigen-presenting cell
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A mTEC szerepe a negativ szelekcidéban

Apoptosis
pop °.,
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MTEC = medullaris timusz epitélsejt
AIRE = autoimmun regulator transzkripcios faktor
TRA = tavoli szoveti antigenek



A T sejt szelekcio affinitas modellje

Negative
selection

Treq cell

Death Naive T cell

by neglect ‘

T
Stochastic overlap

Nature Reviews | Immunology

The affinity model of thymocyte selection centres on the strength of the interaction of the T cell

receptor (TCR) with self-peptide—MHC complexes as a crucial determinant of cell fate. Weak

interactions are required to protect thymocytes from death by neglect and to promote the positive
selection of naive T cells. Strong interactions cause negative selection by apoptosis NS



A regulatorikus T sejtek (Treg) eredete
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A regulatorikus T sejtek kialakulasa

Thymus Periphery

g =ilreg

Természetes Treg = nTreg



A regulatorikus T sejtek gatlo
mechanizmusai

CTLA4
LAG-3

CD80/CD86 \¢

A Treg gatolja a
dendritikus sejt
es T sejt
Treg sejt: funkciot

Periférias tolerancia fenntartasa
Autoimmunitas gatlasa

Kronikus gyulladasos betegsegek gatlasa

Effektor T sejt:

Daganatok ellenei vedelem
Fert6zések elleni vecelein

Autoimmun betegseégek.



Timocita érés stadiumai
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Figure 7-20 Immunobiology, 7ed. (© Garland Science 2008)



Malignus limfoid leukemia tipusok

Characteristic
Disease Cell cell-surface | Location
markers
I R
Stem cell CD34 Bone
marrow
v A = Z R Z
Common acute v N \/ \/
lymphoblastic Lymphoid CD10
leukemia progenitor CD19
(C-ALL or B-ALL) CD20
|L ] | | ||
Thymoma Thypic stromal chi Cytokeratins ||| Thymus
or epithelial cell
> o N .
Acute
lymphoblastic Thymocyte CD1
leukemia (T-ALL)
S X . Y-
Sézary syndrome i N w
Adult T-cell
leukemia
Mycosis fungoides CD3/TCR Perioh
Chronic lymphocytic L CD4 or CD8 criphery
leukemia (CLL)
T prolymphocytic
leukemia (TPLL)

Figure 7-43 Immunobiclogy, 7ed. (¥ Garland Science 2008)




A T sejt erés fazisai

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

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



