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Antigenos & epitopos
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Reconhecimento nos Linfocitos T

Linfocitos T

iTCR reconhece
- indiretamente

Peptideos no MHC

- Epitopo linear

CD4+ (helper) TCR reconhece peptideos

derivados de Ag processados em celulas

apresentadoras de Ag (APC) e apresentados no
contexto do MHC-II (12-16 AA)

CD8+ (citotoxicos) TCR reconhece peptideos

derivados de Ag processados nas celulas e
apresentados no contexto do MHC-I (8-10 AA)

Antigen recognition T cell respaonse
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Reconhecimento nos Linfocitos T

O TCR é um heterodimero: 2 cadeias polipeptidicas

antigen-binding
silte

a chain B chain

high

variable

region (C)

region (V)

constant

a:f Tcell

low

lvariability variabilit;

antigen-binding
silte

v chain & chain

v:8 T cell

2% TCRy6

Epithelium
Mucosas

Figure 5.7 The Immune System, 3ed. (¢ Garland Sclence 2009)



TCRus (receptor da cell T tipo af})

Heterodimero de superficie: 2 cadeias polipeptidicas (a e B)

Porcao Variavel (V) das 2 cadeias = Interacao com MHC/Ag

carbohydrate
« chai chain
v Regiao variavel =Sitio de ligacao de MHC/Ag
_ (Unico)
“,’fg"if,?,"(’v-, v Elevada variabilidade (aminoacidica) do sitio de
] ligacdo com MHC/Ag (1018 diferentes Ag!!) =
elevada especificidade de reconhecimento
-constant v Cada linfocito T possui apenas um TCR com uma
region (€) especificidade de reconhecimento MHC/Ag
Lhinge (H)
@ :reaqsmembrane
gion
J

cytoplasmic tail

disulfide bond

Figure 3-12 Immunobiolegy, 6/e. (© Garland Science 2005)



Complexo TCRas
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https://en.wikipedia.org/wiki/CD3_receptor

Origem da especificidade do TCRas

De onde vem a elevada especificidade de reconhecimento
do TCRaR (~1018 diferentes Ag!!)?

~ 2 X 104 genes que codificam para proteinas humanas

" genoma humano nao contem numero de genes

g suficiente...

RECOMBINACAO SOMATICA
DOS SEGMENTOS DE DNA
CODIFICADORES PARA AS

CADEIA a (cr.14) e B (cr.7)




Organizacao dos loci a e 3 do TCR

A regiao amino terminal variavel (V) das cadeia a e B € codificada em uma regiao do gene TCRA ou TCRB
formada por varios segmentos genicos V, (D), J

Os segmentos genicos sofrem rearranjo (aleatorio) durante o desenvolvimento do linfécito T para formar a

sequencia codificadora da regiao V. Cada linfécito T maturo contem os genes TCRA e TCRB rearranjados
para poder expressar apenas 1 tipo de regiao V.

TCRA (cromossomo14) —> (Cadeia o
Vo Jo

"LV, x70-80 J, x61

AHHARHHAHFARRHHRRRR

Figure 4-9 Immunobiology, Ted. (€ Garland Science 2008)

TCRB (cromossomo 7) —> Cadeia B3



Recombinacao somatica do TCRus

Van
germline DNA | « :-:

cadeia [0 ¢ recombination

recombinacao VJ rearranged
DNA

transcription
splicing
translation

protein
(T-cell receptor)

translation
splicing I
transcription

rearranged DNA

cadeia B recombination
B e~

germline DNA

recombinacao VDJ

Figure 4-12 Immunchiology, 6/e. (€ Garland Science 2005)



Recombinacao somatica

o 2 L

IOO Binding of RAG1/2, 5 . J
HMG protcins 3 ‘
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DNA excisso Cleavage and proccssiog . %)
(TREC) - s s
nucleotideps .
TdT A
NHE] proteins

= =
N
Sl
exon L1 V¢4 J Generation of functional - @
| I iable regio 3
].: § var plon gene Coding joint

Signal joint

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



Recombinacao somatica

RAG protein complexes bind to 12 and 0 iy
23 bp spaced recombination signal b 4
sequences (RSSs) Other proteins (Ku 70:Ku 80, and

DNA-dependent protein kinases) bind to
the hairpins and the cleaved RSS ends

RAG 1/2

mﬂ ﬂ
A g

The protein complexes bind to each T =
other, bringing together the segments N
to be joined The DNA hairpins are cleaved at random.

Additional bases may be added by
terminal deoxynucleotidyl transferase
(TdT) or subtracted by exonuclease to

generate imprecise ends

< 2 a

The DNA is cleav\g('i’ to create hairpin
structures at the ends of the
immunoglobulin gene segments — T —

.4
DNA ligase 1V, along with XRCC4, joins
the ends of the gene segmentis to form
:-D 3 the coding joint and the RSS ends to
— p \m

| signal
XS —E — U

coding joint

Figura 4-7 lmmunobioloav. 68/e (© Garland Scienca 2005)



Origem da especificidade do TCRas

De onde vem a elevada especificidade de reconhecimento
do TCRaR (~1018 diferentes Ag!!)?

RECOMBINACAO SOMATICA
DOS SEGMENTOS DE DNA
CODIFICADORES PARA AS

CADEIA a(cr.14) e B (cr.7)

e Recombinacao V(D)J

—
‘ g e Juncoes com nucleotideos
4
ﬁh



Variabilidade do TCRaB

lmmunoglobulm' a3 T-cell receptors
Element :
H K+A I B (34
Variable segments (V) 40 70 : 52 ~70
]
Diversity segments (D) 25 0 I 2 0
|
=
D segments read in three frames rarely - often -
]
Joining segments (J) 6 5(k) 4()\} 13 61
]
Joints with N- and P-nucleotides 2 50% of |0|:n 2 1
]
Number of V gene pairs 1.9 x 108 | 5.8 x 108
!
|
Junctional diversity ~3 x 107 : ~2 x 10
I
Total diversity ~5x 1013 \\ ~1018
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Desenvolvimento dos linfocitos T

Test do TCR
- ligar ao MHC proprio SIM sinal de sobrevida S ~
i elecao
Ilggrﬁozomplexos MHCIAG dependendo do MHC : pPOSItiva
Prop igado a DP vira SP
SIM

Inducao de apoptose

Selecao

negativa Sele ao cTEC (Cortex)
posifiva

Selecao
negativa




Desenvolvimento dos linfocitos T

== - CD8 — @ @l‘, =l

TCR S SP
0P (O cou

high affinity 0-36%
mteracton S no ieracton

low/int-affinity
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Dendnac cell

- Mature CD4$* or CDB* T lymphocytes
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Repertorio TCRaus

A I e Recombinacao genica estocastica

_ |,"' == MHC “seleciona” o repertorio TCR
e

CDR10. l CDR30.
1cDR2ax d

N H] Re TCRa | TCRB

S4TRBV 2TRBD 14 TRB] 2TRBC
genes genes genes genes

RS-

v ol c
s |
CDR1B CDR3pB

Gl
L] | s

TCRa. | TCRB

La Gruta et al. Nat Rev Immunol 2018



Repertorio TCRap

Sinal de ativacao & capacidade de resposta

pZm o3

MHC classl{ CD8

molecule

Peptide —
TCR ||

D+ 2D

ZAPT0 g
Strong TCR Poor TCR
signalling signalling

La Gruta et al. Nat Rev Immunol 2018



Repertorio TCRaus

all subjects
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DeWitt et al. eLife 2018;7:€38358. DOI: https://doi.org/10.7554/eLife.38358



Repertorio TCRaus

Allelic polymorphism in the T cell receptor
and its impact on immune responses

Stephanic Gras,! Zhenjun Chen,? John J. Miles,* Yo Chih Liu,!
Melissa J. Bell,* Lucy C. Sullivan,? Lars Kjer-Nielsen,”

Recbekah M. Brennan, *? Jacqueline M. Burrows,* Michcelle A. Neller,*
Raujiv Khunna,* Anthony W. Purcell,? Andrew G. Brooks,”

James MeCluskey,? Jamic Rossjohn,! and Scott R. Burrows?

HLA-B*3501
TRBV9*01+ public TCR (TK3).

C 2509 —@- TK3"T d

g 200 TK3GIn55His 12
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é . TK3GIn55Ala 8 4

e 50
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< 0 0
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HLA-B*3501-HPVG (ng/ml) HLA-B*3501-HPVG (ng/ml)



Repertorio TCRap

Deciphering the TCR Repertoire to Solve the
COVID-19 Mystery

Lucas Gutierraz,” John Beckford,! and Houca Alachkar @'~ ——
mfectien || || SARS.-CoV-2
w—p . { replicaticn

-.::.

Virus endocylosis
and
e Mlanmatony antigen presentation
< <«

+ 1 coll priming Dendrtic cell

HLA-B*46:01 low chance binding
HLA-B*15:03 high chance binding
TRAV8-6-TRAJ45:
TRAV7-8-TRBJ2-1
enhanced expansion

iNn recovered patients




HLA allomorph (effect = Autoimmune
on disease) disease

Alternate docking

HLA-DR15 (risk) Multiple sclerosis

Low-affinity-mediated thymic escape
HLA-A*02:01 (risk) TiD

TCR stabilization of weak peptide-HLA complexes

HLA-DR4 (risk) Multiple sclerosis

Altered register

HLA-DQ2 and HLA-DQS8
(risk)

TiD

HLA-DR15 (risk)

HLA-DR1 (dominant
protection)

Goodpasture disease

‘Hotspot’ molecular mimicry

HLA-DR15 (risk) Multiple sclerosis

Molecular mechanism of action

= Alternate docking of a TCR may allow MBP peptide-specific T cells to escape thymic
selection

* In the periphery. such cells may be cross-reactive with microbial peptides

» Low affinity of a TCR for preproinsulin signal peptide-HLA may allow autoreactive
T cells to escape thymic selection

» This mechanism may depend on the thymic expression level of the autoantigen

* In the periphery. these cells may bind microbial peptides with a high affinity

» Weak MBP peptide-HLA-DR4 interaction is stabilized by binding of a
patient-derived TCR

» Low autoantigen density in the thymus may enable escape of autoreactive T cells
from negative selection

» Higher autoantigen density in the periphery could trigger an autoreactive response

* Insulin B-chain peptide binds HLA-DQ2 and HLA-DQ8 with a low-affinity peptide
register

» Low affinity may allow autoreactive T cells to escape thymic selection

* In the periphery. autoreactive T cells may be cross-reactive with microbial peptides
via molecular mimicry

» HLA-DR15 and HLA-DR1 both bind an a3-chain of type IV collagen peptide
(a3, ) but with a different binding register

* When HLA-DR1 is present, this promotes the generation of autoantigen-specific
regulatory T cells as opposed to effectors

» The probability of aberrant, off-target TCR reactivity induced by pathogen-derived
peptides is increased for autoreactive TCRs with a highly focused footprint that

predominantly binds only a small area of peptide
» Patient TCRs have been identified that cross-react with HLA-DR15-restricted MBP

and Escherichia coli or EBV-derived peptides



Organizacao dos lociy e 6 do TCR

TCRG (cromossomo 7) —> Cadeia vy

(recombinacao VJ)
L Y12 JXx3 JXx2

 H— H H i H —

C'y1 C'y2

TCRD (cromossomo 14) —> Cadeia 6
(recombinacao DJ)

T

e Menor numero de segmentos genicos (menor variabilidade
de reconhecimento)

e Recombinacao VJ ou DJ

e Juncoes com nucleotideos




TCRyO Ligands

Sadhak Sengupta Glioma 2019 10.4103/glioma.glioma_48_18



TCRs & T cells

‘ Nonclassical class I molecules ‘ T cel subsets

CDla af T cells

CDI1b vo T cells

CDlc INKT cells
Human

CDld Type II NKT cells

CDle MAIT cells

MR1

MR1
lipid metabolite

Castro Immunol Review_2015



TCRs & T cells

® &
TCR-ind2pendant activation L N TNF:.; h
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Downey et al. FEBS Letters 2019



TCR & BCR/AC

antigen-binding
site

antibody

antigen-binding
site
I'_'I—l
Prnte,

V8 T-cell
Cs receptor

s O

s L

T cell

Figure 3-11 Immuncbioclogy, 6/e. (© Garland Science 2005)



Reconhecimento nos Linfocitos B

lg Ligadas a membrana na superficie dos linfocitos
B = receptor da celula B (BCR)

Linfocitos B

lg Secretadas pelos linfocitos B (anticorpos) e

residentes na circulacao, nos

tecidos e nas mucosas

onde neutralizam toxinas, impedem a entrada e a

disseminagao de patogenos e eliminam micro-

orgamismos = receptores de

Ag + acao efetora

____________________________________________________________________________________________________________________________________

EAC/BCR reconhecem

- proteinas, polissacarideos, acidos nucleicos

Epitopo linear ou conformacional
- Tamanho: 4-8 AA

___________________________________________________________________________________________________________________________________

N terminus Variable

region

disulfide

. bonds

Constant
region

C terminus

e e W 0t Pl el il al et A A . cmaman




Anticorpos e BCR (linfocitos B)

Todos os AC compartilham uma estrutura comum de 4 cadeias polipeptidicas
2 cadeias leves (L) identicas

2 cadeias pesadas (H) identicas

Forma a Y com 2 sitios de ligagao de Ag (formada por dominios N -erminal das L e H) e 1 regiao que nio esta envolvida

na ligacao de Ag mas na funcgao efetora do AC ou na ligacao a membrana no caso do BCR (formada por dominios C-
terminais L e H)

Interacao com Ag atraves das cDR

Regioes de 10 AA que
determinam a

Variable region (V)

100-110 AA complementariedade
Hinge | High variable! a0 Ag
/ \ Antigen # in cada AC

binding

Light chain

K Or A activity

Costant region (C)
FC Limited variation
L: Kor A

COO- COO- H:a, Y, 0, €, U

Heavy chain

M, Y, O O, Ore
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Organizacao dos loci H e L (A, k) do BCR/AC

A, k (cromossomo 2 e 22) —> Cadeia L

A light-chain locus
L1 Wil L2

(.

k light-chain locus
L1 Vil L2 V2

V.2

L V~30 .

h Ci1

L3 W3

=

Heavy-chain locus
L1 V4 L2 Vy2

L3 Va3

- I H—

h2

2

L Vg ~40 :43{}[H}{

- -

Cx

——

L, V~40 D,1-25
HHE - S

), 1-6

BCRH (cromossomo14) —> Gadeia H

A regiao amino terminal variavel (V) das cadeia H e L é codificada em uma regiao genica
formada por varios segmentos genicos V, (D), J
Os segmentos genicos sofrem rearranjo (aleatorio) durante o desenvolvimento do linfocito B
para formar a sequencia codificadora da regiao V. Cada linfocito B maturo contem os genes para
cadeia H e L rearranjados para poder expressar apenas 1 tipo de regiao V.



Recombinacao somatica do BCR/AC

Cadeia L Cadeia H

recombinacao VJ recombinacao VDJ

) C L v D J c

|| e | i

R ——— — ,l J J J ! : l / . / : /
Somatic / .
recombination {/ . C

Jreuranged - =[=-i-%~

recombination | , ,
viovoiesd || Sy -fﬁw}:-i“
rearranged DNA " =- : '

Transcription

DNA

Primary
transcript RNA

Splcing
L mRNA

Translation

RNA

Polypeptide chain

Protein

Figure 4.1 Inmuncbiology, 7ed. (C Garland Sclence 2008)



Anticorpos e BCR (linfocitos B)

Splicing alternativo do transcrito da cadeia pesada
origina forma secretada ou de membrana do receptor

Primary transcript

H T T | W

Alternati
Vo G

Processed t_ranscrlpts

H S A Ll

l

Hydrophilic
segment

Membrane-bound segments



Isotopos dos anticorpos

CADEIAS PESADAS e REGIAO CONSTANTE DO AC

Existem 5 diferentes estruturas (sequencias AA) das regioes C da cadeia pesada (C,,)
- Cadeiauy > IgM —_
- Cadeiad -2 1IgD
- Cadeiay > I9G(v1-4> 19gG14) = |sotipos—> classe do AC
- Cadeiae - IgE
- Cadeiaa -2 IgA (a1=IgA1 e a2=IgA2)—

IgG




CDRs e hipervariabilidade

Segmentos hipervariaveis (= 10 AA) ou Regioes Determinantes de
Complementariedade (CDRs) dos dominios V das cadeias pesada (V) e leve (V)

geram o sitio de ligacao ao Ag

HV1

(CDR2)

antigen-
binding
site




CDRs e hipervariabilidade

Os CDR sao as regioes mais variaveis
(diferentes AA) dentre de V,, e V|

Os CDR3 sao os mais variaveis entre os CDR

Light-chain V region
— = 5()
=100 =
B o S 40
£ 60 < 30
40 20
20 10
] L "MPM‘FML Mﬁ
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Residue Residue
[T [ W W N 1
FR1 FR2 FR3 FR4 FR1 FHR2 FR3 FR4
HV1 HV2 HV3 HV1 HV2 HV3

Figure 3-6 Immunabiclogy, 6/e. (T Garland Science 2005)



Hipermutacao somatica

E’ possivel aumentar ainda a variabilidade da V introduzindo mutacoes aleatorias nas
CDR
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Varlablhdade do BCR/AC

;. Immunoglobulin ‘;B T-cell receptors
Element | |
: H I K+A T (14
i — T
Variable segments (V) | 40 70 : 52 ~70
|
: ]
Diversity segments (D | 25 0 I 2 0
y seg (D) ! |,
I =T
D segments read in three frames rarely ~ | often -
y i
. : l
Joining segments (J) : 6 5(xc) 4(A) 13 61
I —]
Joints with N- and P-nucleotilles 2 50% of joints : 2 1
[
I
|
Number of V gene pairs | 1.9 x 108 | 5.8 x 106
: ]
[
Junctional diversity : ~3 x 107 I ~2 x 10'
I —
Total diversity \ ~5x 101° /' ~1018
S —

Figure 4-13 Immunobiology, 6/e. (@ Garland Science 2005)




Origem da especificidade do BCR/AC

De onde vem a elevada especificidade de reconhecimento
do BCR/AC (~1013 diferentes Ag!!)?

RECOMBINACAO SOMATICA
DOS SEGMENTOS DE DNA
CODIFICADORES PARA AS

CADEIA H (cr.14) e L (cr.2, 22)

: Recorflbinaqéo V(D)J, :[desenvolvimento
e Juncoes com nucleotideos
)







