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OBJETIVOS DE APRENDIZAJE

Introduccion a la inmunidad (inmunidad innata y adaptativa)

Sinapsis inmunoldgica, transduccion de senales de activacidn
Sistema inmunitario y cdncer. Estrategias de inmunoterapia
Terapia celular adoptiva, conceptos generales

Tumores sélidos: dindmica del crecimiento tumoral
Microambiente tumoral: efecto sobre el sistema inmunitario

Estrategias de optimizacién de las inmunoterapias



COMPONENTES DE LA INMUNIDAD

Inmunidad innata: grupo de mecanismos de resistencia a la
enfermedad que no son especificos de un antigeno particular

Inmunidad adaptativa. Muestran un alto grado de especificidad y
una capacidad de memoria

" Especificidad antigénica

" Diversidad

" Memoria inmunolégica

" Discriminacién de lo propio y de lo extrano



Respuesta inmunitaria

Microbio
"Inmunidad innata Inmunidad adaptativa
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Especificidad y receptores de la
inmunidad innata e inmunidad adaptativa

(Feature Ilnnate immunity

IAdaptive immunity

| For structures shared by classes
of microbes (pathogen-associated
molecular patterns)

Different
microbes
Identical

Toll-like
receptors

'Specificity

PAMPs

Bustrlbutlon

Number of microbial | About 1000 molecular patterns (estimated)
molecules recognized

Encoded in germline; limited diversity
Hieceplors | (pattern recognition receptors)
[=f=1e] D LA 08 fo1=1
eeediza escdgeececpoe
N-Formyl
Toll-like melhion);l Mannose Scavenger
receptor receptor receptor  receptor
umber an es < ifferent types of invariant receptors
Numb dtyp 100 different f invariant t

of receptors

For structural detail of microbial
molecules (antigens); may recognize
nonmicrobial antigens

Antigens
Different
microbes

Rk

1
B
antigen-specific

>107 antigens

Encoded by genes produced by
somatic recombination of gene
segments; greater diversity

Only 2 types of receptors (lg and
TCR), with millions of variations
of each

Nonclonal: Identical receptors on all celis of

of receptors | the same Iineage

Genes encoding | Germline encoded, in all cells

receptors

Discrimination of self
and nonself

Yes; healthy host cells are not recognized
or they may express molecules that prevent
innate immune reactions

Clonal: clones of lymphocytes with
distinct specificities express
different receptors

Formed by somatic recombination
of gene segments only in B
and T cells

Yes; based on elimination or
inactivation of self-reactive
lymphocytes; may be imperfect
(hence the possibility

of autoimmunity)

Copyright © 2020 by Elsevier Inc. All rights re:

Abbas , Litchman and Pober

served.



Sinapsis inmunologica y rutas de senalizacion

Outer ring (red)
pSMAC

Inner circle (green)
cSMAC

LFA-1:ICAM-1

TCR, CD4, CD28
MHC:peptide
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¢ QUE VEN LOS LINFOCITOS T ANTITUMORALES?

Virus en el Proteina virica
Cltoplasma sintetizada

s

Proteina
ubiquitinada

Proteasoma

Fagosoma r

\ Antigeno proteico
. "

del microbio ingerido
transportado hacia
9 Degradacion
proteolitica

el citosol
de las proteinas

¥y 3%

° Produccion
de proteinas
en el citosol

Peptldos

Q
/c,/’@c

@ Transporte de
péptidos desde
el citosol al RE

La via de presentacion
citosolica.

Vesiculas
exocmcas cDs

Se —

p d Linfocito
TP citolitico
cD8*
i‘, Aparato
Y - B,m de Golgi

Cadena o
del CPH
de clase |

RE

6 Expresion
de superficie
de los complejos
peéptido/clase |

9 Ensamblaje de los
complejos péptido/
clase | en el RE

Adaptado de Abbas et al, Cell and Molec Immunol 6th Ed
Revisado en Leone P et al. JNCI J Natl Cancer Inst 2013;105:1172-1187



¢QUE VEN LOS LINFOCITOS T ANTITUMORALES?

1. Antigenos con alta especificidad tumoral 2. Antigenos con baja especificidad tumoral
Antigenos virales Mutaciones especificas Expresion especifica Expresion especifica Expresion elevada
del tumor en tumor en tumor en tumor
Tumores causados La mayoria de tumores Muchos tumores Melanoma Algunos tumores
por virus
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Espermatogonias
Trofoblastos Otras células ‘ Melanocitos Otras células

Modificado de Coulie et al. Nature Reviews Cancer (2014) 14, 135-146



Antigenos virales:
Datos globales de los canceres atribuibles a infecciones en 2008

=~ 16.1% de los canceres son
atribuibles a agentes infecciosos

v cancer cases
2 2 . 9% en p alses en d esarro | I (0] att.r::::ta.ble to  100%orless 101-200% 201—250% 251—300% 301% ormore NoDa
o infection
7 . 4 % en p alses d esarro | I ad 0S BYREGION, 2008 Mantdevkoed Higons & P Lossteiies Radona

3.3% en Australia
32.7 en Africa sub-Sahariana

Northern America

22.5%

& ' Ot"mriastamﬂsla

'* 18.8%

‘ , Other Oceania
ﬁ \

1.3%
Australia/New Zealand

229% 1.4%
Less-developed More-developed
Regions Regions



Muchos de los canceres mas comunes son atribuibles a infecciones.
% j!e nuevos casos de cancer causados por infeccion

] No atribuibles a infecciones

I Atribuibles a infecciones

2 millones al ano
de nuevos caso

EBV

Kaposisarcoma  Nasopharynx Oropharynx  Lymphomas & Leukemias
100%0f43,000  B6%of84,000  26%.f85,000 20% of 459,000

Vagina Anus Penis Vulva
T0%0of13,000  B88%0of27,000  50%0f22000  43%0f27,000
The cancer atlas




on del repertorio de neoantigenos

Carga mutacional en canceres humanos
imaci

est

Formation of
neoantigens
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Ton N. Schumacher, and Robert D. Schreiber Science 2015;348:69-74

Coulie et al. Nature Reviews Cancer (2014) 14, 135-146

Alexandrov et al, Nature, 2013.



LA COESTIMULACION EN LA ACTIVACION LINFOCITARIA

Apoptosis
Anergy

Alegre, Nature Reviews Immunology 1, 220-228, 2001



Antigen
presentation
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Antigen

5;”.;‘5-?”"" Complejo CD3-TCR:reconocimiento de Ag

Cell
membrane

YE €0
NH, NH, NH, NH,
e o 7 e
| | | |
v e o e
| |
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. Endogenous TCR 5 S
Review Cancer E; g g
= a 5 = =3
: s
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Las cadenas a y B reconocen el Ag en moléculas MHC



Antigen
presentation
by MHC

Cell
membrane

Endogenous TCR

Review Cancer

Complejo CD3-TCR

YE €0
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El complejo CD3 esta constituido por tres moléculas: y,dYy €




Antigen

E;”é‘é”"" | Complejo CD3-TCR

Cell
membrane

YE €0
: 7 2] e e o 7 e
| | | | |
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La cadena £ es un homodimero con unaregion extracelular de 9-aa.



Antigen

yMHC Complejo CD3-TCR

TCR
S in
' N\
Cell p
membrane
YE €0
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e 7 s s
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Las cadenas CD3y { son constantes en todos los LT.



Antigen
presentation
by MHC

Cell
membrane

Endogenous TCR

Review Cancer

Complejo CD3-TCR:asociacion de elementos

YE €0
/_% g N
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Cargas negativas de Asp en CD3 vy { interactuan con

cargas positivas del TCR



Antigen

S Complejo CD3-TCR: transduccion de senales

Cell
membrane

€0
e
NH, NH,
e 72
| |
i s
105 S0
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Review Cancer = g

—~ -~

COOH COOH
—ITAM

30 : 116 130 130 106
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CD3 y ¢ no son responsables del reconocimiento de Ag sino de transduccion de
sefales: motivos ITAM



Vias de senalizacion en la activacion de LT

1. Entrecruzamiento de multiples

receptores. Cambios

€ Balsa lipidica
' conformacionales

CD3

Linfocito

Expresion de genes (citoquinas, moléculas inflamatorias, efectores...)



SENALIZACION DEL RECEPTOR T EN LA SINAPSIS INMUNOLOGICA

a dSMAC

A pPSMAC

e N [ cSMAC
4043 GD45 | pay coa/CD8

47 TCR,
) B

Outer ring (red) Inner circle (green) T
BSMAG cSMAC | coxyll”
] TCR, CD4, CD28 BT | | |
LFA-1:ICAM-1 MHC:peptide

B dSMAC
CDa5
CDa4a

Chen and Flies, Nature Reviews Immunology



MOLECULAS CO-ESTIMULADORAS Y CO-INHIBIDORAS DE LOS LINFOCITOS T

Outer ring (red) Inner circle (green)
pSMAC cSMAC
. TCR, CD4, CD28
LFA-1:ICAM-1 MHC:peptide

Figure 8-30 /e (©

2005)

B

dSMAC
CD45
CD44
CD43

cSMAC
TCR/pMHC
CD28
CTLA4
PDT....

with counter-receptors on APCs

a Co-stimulation of T cells following interaction

APC ‘ /
MHC % é —_— TCR
B7-H2 GlEEl) ——» 1ICOS

B7-1 .—o\

B7-2 .-.-—— cD28
CD70 el «——— O CD27
LIGHT el ) HVEM
HVEM  Cromsmmes LIGHT

CD40 Crmmmmmmn «— CD40oL

4-1BBL &= | —— oyl 4188
OX40L ensmmmfll] < oy OX40

TL1A &= | ——= o PR3 [T
GITRL et} <« cmomet3 GITR
CD30L el < CcD30

Unknown r o -
TIM1 ligand P~
i > e TIM1
TIM4 e
SLAM Y -— ) SLAM
CD48 s— D ~—_
CcD2
CD58 =:==~° —
CD155 —;
- CD226
CD112 —= S— -

T cell i

* Proliferation

* Cytokine
production

* Differentiation

* Cytotoxic
function

* Memory
formation

* Survival

b Co-inhibition of T cells following interaction with

counter-receptors on APCs

pa—

Tree cell =N /./
activation | “; ™ :
MHC @ O , "'Liéﬂm
1
class || 5"~ cooo TG | —
(Do) B7-2 .O\ ‘
0 Do |
B7-1 =)
T~ \f‘Q)B?-m
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> Do=—msmmlp PD1 —
) B7-H1 (:ﬁ‘*"‘/ W\~ [
HB?-
| /)-.CDIGO
; \Marm
* Cell cycle
lgnknown | - inhibition
F D‘I‘H &= g { e PD1H * Inhibition of
E 3 receptor | { effector function
| A Unknown * Tolerance
PD1H ﬂH,,;/l:— ;PD’-H = Exhaustion
: [ receptor * Apoptosis
Collagen | —vi:;';;b LAIR1
> Unknown
TIM1 |- 20— o TIM1
| receptor
{=)Galectin 9 C _______ D) e O 1 TIM3
: 2 Unknown
TIM4 | 0 ——» ¢ TIM4
' receptor
(+)CD48 —=——< HHZB‘
CD155 — r :\ )
CD112 = =) ——> el TIGIT
/

CD1II3 ——===) W\

Chen and Flies, Nature Reviews Immunology




Vias de senalizacion coestimuladoras y coinhibidoras
“downstream” de los receptores de la familia CD28.

TCR
ICOS CD28 fﬂ\'“-\ y h'l BTLA PD1 CTLA4
\ ),
CD3
 YMFM- YMNM-@PYAP ] = :
L L k Unknown
| » inhibitory
l | l | JJL pathways
) L I
PI3K ) §r) @D &R
= R

1 §
» Cell growth u{yporesponsiveness

« Effector function

IL-4 expression

Nucleus

Chen anf Flies, Nat Rev Immunol 2013



Mecanismos de evasion tumoral
El ciclo “inmunidad-cancer”

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) @

Infiltration of T cells
into tumors

(CTLs, endothelial cells)
lymph node

Cancer antigen @
presentation

(dendritic cells/ APCs) SN A7 ®

gy " Dk T AR Ll ’ Recognition of

APOPTOSIS: s . { S A . cancer cells by T cells
CTLs, ]
NECROSIS: ( s, cancer cells)
AUTOPHAGY:
MITOTIC CATASTROPE: @
Release of i .

SENESCENCE cancer cell antigens i Killing of cancer cells

Immunogenic ceII death

Chen and Mellman. Immunity. 2013



1. Liberacion de antigenos por la célula tumoral:
Muerte celular inmunogénica (ICD)

1 cens 1o wmors
-~ (CTLs,
@ « )

Requisitos moleculares para inducir una muerte inmunogénica:

Secrecion de ATP (‘“find me” signal)
Exposicion de calreticulina en la membrana (“eat me” signal) e
Secrecion de HMGB1

Necroptosis

Caspase-cieaved
tumor antigenic fragment

Tumor cells

Anthracycline
(or Mitoxantrone)

Apoptotic
tumeor cell

Bortezomib,

@ Late apoptotic Doxorubicina,

@g :. epirubicina,
® »® mitoxantrone,

Early apoptotic

\ ATP Calreticulin, { !
tumour cells (Find me signail) PtdSer OXdIlpdhnO- °°
’ (Eat signal)

Caspases
(Digest signal) z \
Fragmented

antigens

(Danger signal) Zitvogel et al 2013



Induccion de muerte celular inmunogénica
Irreversible electroporation (IRE). s

Priming and activation
(APCs & T colls) /3y
©)

IRE: campos eléctricos ultracortos pero fuertes
para crear nanoporos permanentes y letales en la
membrana celular.

/&) Infiltration of T cells
® "™

into tumors
(CTLs, endothelial cells|

i i - ey @\ P
Muerte inducida por apoptosis ¥ p—
Pree 1 (CTLs, cancer cells)
r 1
A Control B IRE 2000v I LS
v : — [ mmmm | i

BN

__________

l IRE + Poly ICLC

ﬁ/ —~ Tumor
. 10
C3H follow up
Hepa.129
Poly ICLC: P
dsRNA 100
o -
@ g 801 *
G 40- 2
g S 0] —— Control
< » —— Poly-ICLC
T 20- § 40- - IRE
© 5 —— |RE+Poly-ICLC
[ o 20'
QJQQ QQQ QJQQ 0 T T T 1
MY 0 20 40 60 80
Volts Time after tumour challenge

Vivas et al, JVIR, 2019



Tumor
implantation
Day 0

PB12

IRE+Poly-ICLC
Day 43 Day 70 Day 100

3rdCT 4thcT

100+

Control
= “ IRE
S 80 ey
S oly ICLC
% 60- —— |RE+Poly ICLC
£ a0l |
1 'k
8
Untreated & 20-
tumor

0 1 T T 1
0 100 200 300
Days after tumor implantation

Untreated
tumor

\-

In situ vaccination .
Vivas et al, 2019,



Estrategias de escape a la presentacion antigénica
CD47: “a don’t eat me signal”

e
P ot -~ -~

- .
__...-)Q-- (8) g Phagocytosis S
(A) - ke f’ \
" No phagocytosis S - *

g \*

oA Activating Activating Myosin 1A - Activating A?}lvat;ng
' ' ‘§ receptor ligand N receptor igan

. SHE/Z™ SIRPat D47 . SIRPat CD47

Macrophage Tumor cell

Macrophage Tumor cell
Trends in immunology

Veillette and Chen, Trends Immunol 2018



Fosfatidilserina: inhibidor de la respuesta inflamatoria
Tras la muerte celular

Normal Plasma Membrane
Asymmetry

Floppase I

il

—0

I
(L

Flippase l

{Inactivated by Ca2+
release into the cytosol)

_Aminophospholipid

(PS or PE)

= Cholinephospholipid

(PC or Sphingomyelin)

* Fosfolipido cara interna membrana celular
*  Apoptosis 2 Monocapa celular exterior
* Seiial “eat me” para fagocitos

*  Funcién inmunosupresora

AnnexinV

a
D e o’

ﬁ:ostatidilserina (PS): \ v

Plasma b Phospholipid Flipping o o] &5 (=P
. e g o % o=
Apoptosis & ©
oo°°°°°°°°°°o°°°°°oo " e
o° <
Normal Cell Apoptotic Cell

Cytoplasm Externalization of Cytoplasm

\ Phosphatidylserine /
o

Metastasis

6, ) ’ : ) :‘ ,-‘:" (T\—j\ o .
TGF-8 ® ° \( \q

Receptores TAM:

* Tyro3, Axl, and Mer

*  Macréfagos, DCs, MDSCs (Células mieloides supresoras),
NK, plaquetas, mastocitos y fibroblastos asociados a
cancer ( CAFs).

* Ligandos: Proteina S, Gasé

*  Funcion:

Inhibir la respuesta inflamatoria innata

Apoptotic cell

PtdSer
Gas6

|

Immune subversion
e A

9.0 IL10

Wt Mer TK Macrophage
Birge et al, 2016

Immune escape response



PS se expone en lineas celulares tumorales y se une a la anexina V

A

splenocytes
FC1242
PM12500
PM299L
LLCOVA

F9
B160VA

MM8273

MM5080

Expresion PS

en lineas celulares tumorales murinos

Untreated Silac medium Irradiation 60 Gy
196 364 / 544 / .
. o sy
.,.w' "‘w\_‘ __aai it \ /.,J \l\\_
3956 . e |[7648 o | |5077
I'M\ o {'"'P\""H
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2684 3133/ 3334
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.
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AnnexinV

Expresion PS

Ben tejidos tumorales murinos

n
T

T
T

(%]
T

)
T

—
?

% of PS™/ Zombie-NIR CD45
=]
1

T T T
NT TBI NT TBI NT TBI NT TBI NT TBI

Spleen F9 FC1242 LLCOVA PM299L



2 Y 3. PRESENTACION ANTIGENICA Y ACTIVACION DE LA RESPUESTA INMUNE

’---_---‘ 1 cens 1 wmors
i i i i inhibiti - . . . 7y (€TLs)
a Co-stimulation of T cells following interaction b Co-inhibition of T cells following interaction with S @
with counter-receptors on APCs counter-receptors on APCs II Pfig;g:r;d;g;:;b;a (
APC T cell [Temgcell | D !/
activation | < fl (5) "itration of T cels ,
MHC L AR __— (CTLs, endothelial cells)
class Il ) l
4 = h i
B7-H2 | cancerantigen
CIDC ) Em—) biaglle)
Q QI B7-2 - \ l(dendprir:ge oe‘l‘las‘;l{‘PCs)

= % B - : (6) Recognition of
Sl —— i R — I.______ - @ * s et iy,

Release of (D

cancer cell antigens Killing of cancer cells
(Immune and cancer cells)

CD70 —1*—- — > B7-DC S

b (cancer cell death)
1 ' =
LIGHE 1 - - B7-H1 C::f3<

HVEM O

4-1BBL © =® "« Proliferation « Cell cvel
I * Cytokine ell cycle
4 it Unknown e L inhibition
OX40L : production PD1H T Ny | « Inhibiti
: ¥ i 7 L A " nhibition of
* Differentiation € receptor : effector function

* Cytotoxic

function PD1H ﬂo—o

* Tolerance
* Exhaustion

GITRL q - sy NG > ?Am“?r.y * Apoptosis
& \ aormation —_ ke
D30k * Survival Collagen - —’:}i
Unknown . . ? SRR
2 » ) TIMI 0 ———s O
TIM1 ligand ot \ . TP Outer ring (red) Inner circle (green)
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Figure 8-30 Immunobiology, 6/e. (© Garland Science 2005)

Chen and Flies, Nature Reviews Immunology



Vacunacion

““{dendritic cells/ APCs)

Mecanismos de evasion tumoral
El ciclo “inmunidad-cancer”

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) @

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

/

Cancer antigen
presentation @

Sons,. @ Recognition of

e L @ O A4 cancer cells by T cells
: : N/ * (CTLs, cancer cells)

Release of @ @

cancer cell antigens Killing of cancer cells

Chen and Mellman. Immunity. 2013



Estrategias para dirigir la respuesta inmune frente
al repertorio NeoAgs especifico del paciente

A ﬁi B ﬁ‘: Identify potential c ﬁi Identify potential
< \\\ - %\ neoantigens € \ neoantigens
\ tumor cell
destruction
-/ Create -/ Induce or expand
synthetic vaccine neoantigen
(RNA, DNA, peptide) specific T cells
\ / ] N

\ Provide in combination

with adjuvant and
checkpoint blockade

\Provide in combination

checkpoint blockade

Provide
checkpoint blockade

Radioterapia
Virus oncoliticos

Ton N. Schumacher and Robert D. Schreiber. Science, 2015



Vacunas personalizadas basadas en neoantigenos :
un nuevo enfoque para la inmunoterapia contra el cancer

A SN o

TTCAAGTCAGGTTCAG -.:":::
GAGGCCGTCATCTTTG W,
ATCGTATCCAGACAAG . o]
= TGACATTGCTGACAAC VWA
. b W
CTGCATCTCGACAGCT BryArig
e
N =S -
Cancer Patient Sequencing Bioinformatics
Mutation Calling Epitope Library Epitope Selection &

Peptide Design

Improvements to

Epitope Selection
Assessment of Induced
Immune Response

Correlation with

Therapeutic Effect
Manufacturing Vaccine Immune
Multichannel Pooling & Administration Monitoring
Peptide Synthesis Fill/Finish

Bioorg Med Chem. 2017 Oct 19. pii: S0968-0896(17)31220-8.



Personalized #CancerVaccine
personal RNA “Mutanome” to prime PolySpecific Immunity
UgurSahin #BioNTech
@nature http://buff.ly/2sMOdYm
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https://twitter.com/nature
https://t.co/zvIABgcRI4

4Y5. EL ENDOTELIO: UNA BARRERA FISICA PARA EL TRAFICO DE CELULAS T
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inflammation T cell microenvironment
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6. PRESENTACION ANTIGENICA:
RECONOCIMIENTO DEL AG EN EL TUMOR.

Problemas que aparecen en la maquinaria de presentacion de antigenos
en el cancer

Virus en el Proteina virica
citoplasma sintetizada Vesiculas
\ TAP exociticas
f@%.% S Péptidos <o
e e — >
/ 4
/c’

Proteina

otein Linfocito
ubiquitinada C,(gg citolitico
Proteasoma Aparato e
Fagosoma de Golgi
_ ® 7)) Antigeno proteico Cadena o
@' @ = —_ ~/ del microbio ingerido del CPH
@ transportado hacia de clase |
el citosol
0 Produccion @ Degradacion @ Transporte de @ Ensamblaje de los @ Expresion
de proteinas proteolitica péptidos desde complejos péptido/ de superficie
en el citosol de las proteinas el citosol al RE clase | en el RE de los complejos

péptido/clase |

*Carcinoma colorectal, vejiga, ovario meduloblastoma, leucemia mieloide aguda carcinoma de cabezay cuello, eséfago, estdmago, cervix,
astrocitoma, préstata, melanoma...

Revisado en Leone P et al. JNCI J Natl Cancer Inst 2013;105:1172-1187




Cancer Type

Melanoma

Non-small cell lung cancer
Nasopharyngeal
Glioblastoma/mixed glioma
Colon adenocarcinoma
Hepatocellular carcinoma
Urothelial

Multiple myeloma

Qvarian

Gastric carcinoma
Esophageal

Pancreatic

Renal cell carcinoma
Breast

Lymphomas

Leukemias

93

42

LA SINAPSIS INMUNOLOGICA CITOTOXICA
INMUNOLOGIA TUMORAL Y LA VIA PD-L1/PD-1. e

Priming and activation
(APCs & T cells)

Infiltration of T cells
® into tumors.
(CTLs, endothelial cells
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45.93 activation of
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16-24 ) , ¢ modulation of T cells
G Stromal PD-L 1
17-94* modulation of T cells PD-L 2-mediated
11-42 inhibition of T,.,Z T cells

Can you generate Can the T cells Can the T celis Can the T cells Can the T celis

tumor-killing T celis? get to the tumor? kill the tumor? be turned off? be turned off?
&5 & £ @& @ >
Antigen printing T-cell trafficking Papride-MIC Inhibitory cytokines PD-L1 aspiration
aspiration on tumor cells

Sznol M, Chen L. Clin Cancer Res. 2013;



El ciclo “inmunidad-cancer ”. Estrategias terapéuticas
|

Terapia celular Trafficking of
. . T cells to tumors
Linfocitos T

Priming and activation

Modificar endotelio
tumoral (VEGF...)

blood

T Infiltration of T cells
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Recognition of
cancer cells by T cells

ol s CARs
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\
\ 4
o ] ) Killyyg'gf cancer cells MDSC
Quimioterapia . (D Anti-PD-L1
. . Release Df~~ 5 ___—’ Anti-PD-1
Radiotera pia cancer cell antigeTs = mm = == === -— IDO inhibitors

Microambiente tumoral

TOXi C | d d d es... Chen and Mellman. Immunity. 2013



Analisis inmunohistoquimico de los linfocitos T CD8+
antes y durante el tratamiento con anti-PD-1

a Response (N = 22) ) (+ Tumour Invasive margin
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PC Tumeh et al. Nature 515, 568-571 (2014) doi:10.1038/nature13954



Nonimmunogenic tumor

microenvironment
|

l

Combination therapies
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cD8 S iz granzyme B immunogenic tumor
T cell microenvironment and

immune checkpoint therapy
Tcell Tcell
Tumor CD8 with CD45R0O
cell Tcell expression
with PD-L1 with PD-L1
expression  expression
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{

Immune checkpoint therapy
and durable clinical benefit

Durable clinical benefit

Sharma, Allison, Science, 2015:

21 L

Altered: intermediate Immunoscore
Excluded

Absent
Low Immunoscore

Cold
Non-inflamed

Altered

Intermediate Immunoscore

Excluded
CT-Lo, Hi-IM

Absent: low Immunoscore (non-inflamed, cold)

Altered: intermediate Immunoscore
Immunosuppressed

Optimal

Immunosuppressed Hot
Inflamed

Response to T cell checkpoint inhibition

High Immunoscore

1 CeNs 10 WMors
(CTLs|
) [{ )

Priming and activation
(APCs & T cells)

= Infiltration of T cells
S into tumors.
B (CTLs, endothelial cells

Cancer antigen /7
presentation
(dendritic cells/ APCs) X /6
)/ \9/ Recognition of
cancer cells by T cells
(CTLs, cancer cells)
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Galon and Bruni,Nat Rev Drug Discov. 2019



Terapia celular adoptiva

Naturally-ocurring
tumor-specific
T cells
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(tumor-infiltrating lymphos)
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Nature (2013); 504:S13



TIL THERAPY
First clinical trial

Use of Tumor-Infiltrating Lymphocytes and Interleukin-2 in
the Immunotherapy of Patients with Metastatic Melanoma

Steven A. Rosenberg, M.D., Ph.D., Beverly 5. Packard, Ph.D., Paul M. Aeberscld, Ph.D., Diane Solemen, M.D.,
Suzanne L. Topalian, M.0., Stephen T. Toy, Ph.D., Paul Simon, Ph.D., Michael T. Lotze, M.D., James C. Yang, M.D.,
Claudia A. Seipp, R.M., Colleen Simpson, R.N., Charles Carter, Steven Bock, M.D., Douglas Schwartzentruber, M.D.,
John P Wei M.D., and Donald E. White, M.5.

M EnglJ Med 1988; 319:1576-1680 | December 22, 1988 | DOI: 10.1056/NEJM198812223192527

TIL'spropagated melanoma Teell +1L2
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tumor fragments infusion Precon d | t | on | n g
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= 2088
. isolation /' cultivation expansion
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©
®

TiU's

10-22-87

Abstract

Lymphocytes extracted from freshly resected melanomas can be
expanded in vitro and can often mediate specific lysis of autologous
tumor cells but not allogeneic tumor or autologous normal cells. We
treated with metastatic melanoma by means of adoptive
transfer of these tumor-infiltrating lymphocytes and interleukin-2, after
the patients had received a single intravenous dose of

cyclophosphamide.(Objective regression of the cancer was observed

in 9 of 15 patients (60 percent) who had not previously been treated
with interleukin-2 and in 2 of 5 patients (40 percent) in whom previous

therapy with interleukin-2 had failed) Regression of cancer occurred in

the lungs, liver, bone, skin, and sub ites and lasted from

2 to more than 13 months. Qoxic effects of interleukin-2occurred,

although the treatment course was short (five days); these side
effects were reversible,

It appears that in patients with metastatic melanoma, this
experimental treatment regimen can produce higher response rates
than those achieved with interleukin-2 administered alone or with
lymphokine-activated killer cells. It is too early to determine whether
this new form of immunatherapy can improve survival, but further
trials seem warranted.



Factores asociados a la respuesta a la terapia con TIL

HD IL-2

High persistence of TlLs at 1 month
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Rosenberg, SA. Clin Cancer Res. 2011



Estado de diferenciacion de los TIL y eficacia terapéutica

TN: naive

TSCM: stem cell memory
TCM: central memory T cell
TEM: effector memory T cell
TEFF: effector T cell

Anti-CD3/CD28
microbead

U CLINICAL
RESPONSE

1 Effector functions
U self-renewal capacity

Tscm 5 Tem ; Tem
CD45RA* CD45RA- CD45RA-
cD62L* ! cbe2L* : cD62L-
CCR7* i

CD95*

IL-7 +IL-15

Therapeutic efficacy
Self renewal

Survival Senescence
GVHD

Differentiation
Effector function

1 CLINICAL
RESPONSE

U Effector functions
1 Self-renewal capacity

Nat Rev Cancer 2012



Terapia adoptiva de células T basada en TCR transgénicos

Antigen
presentation

Tumour antigen
presented Surface

antigen

Cell
membrane
Ligand
binding
domain

domains
CD3tT
€D27
CD28
ICOS
4-1BB
OX40

Endogenous TCR

Transgenic TCR CAR

Nature Reviews | Cancer

/| Signalling|

Bulk T cell
repertoire

Identification of potentially
therapeutic dominant-active

a-chains TCR

Bioinformatics

TCR-Seq

data analysis

TiLs
_ _

T =

Blood

Patient’s T cells
expressing individual
dominant-active

Gene modification of a-chains TCR In vitro antigenic

patient’s T cells stimulation

) —————

Production of
therapeutic T cell
product and adoptive
cell transfer

Infusion into a patient of autologous

gene-modified T cells expressing
therapeutic dominant-active TCRa

Identification of therapeutic
dominant-active variant(s) of
a-chain TCR

Kalanina et al, Int. J. Mol. Sci. 2023



Ensayos clinicos de Terapia adoptiva de células T basada en TCR transgénicos

HLA-A02:06+

Target-antigen Cancer type Clinical-trial (ORR) Clinical
(%) response
MART-1= HLA-A*0201= Melanoma= n.s- 217-(12)= 2:PRu=
MART-1= HLA-A*02:01= Melanoma= NCT00509288 6/20-(30)= 6PRx
MART-1= HLA-A*02:01z Melanoma= NCT00910650x= 0/13-(0)= Ox
MART-1= HLA-A*02:01u Melanomax NCT02654821x 2112:(16.7)2 | 2PRx
 gp100= HLA-A*02:01 Melanoma= NCT00509496x 3/16-(16)= 1CR,-2PR=o
CEA« HLA-A*02:01o Colorectal-cancer- NCT00923806x 1/3-(33)= 1PR= |
NY-ESO-1z HLA-A*02:01= Melanoma; synovial sarcoma« NCT00670748~ 5/11-(45) 2CR, 3PR;4PR= |
4/6-(67)=
NY-ESO-1u HLA-A*02:012 Melanoma;-syngvial-sarcomax NCT00670748x 11/20-(55);- | 4CR,-7PR;1CR,- |
11/18:(61)= | 10PRu
NY-ESO-1z HLA-A*02:01= Melanoma; synovial-sarcoma;- NCT02070406; 2/10-(20)= 2PRu
liposarcoma; osteosarcoma; NCT01697527
MPNSTH
NY-ESO-1u HLA-AI02:01|7 Synovial sarcomas NCT01343403x 6/12:(50)= 1CR,-5PR=o
;-HLA -302 :06=
NY-ESO-1u HLA-Alp2:01) Synovial-sarcomas NCT01343403x 9/30-(30)= 9PR=o
HLA-A02:06-
NY-ESO-1u HLA-A|02:01 J Synovial sarcomax JMA-11A003464 1/3:(33)= 1CRu
HLA-A02:06-
NY-ESO-1- HLA-A*02:01= Metastatic-sarcoma;-Myeloma~ NCT03399448« 0/3:(0)= (0]
(CRISPR/Cas9)=
NY-ESO-1u HLA-A*02:01o Myelomax NCT01352286 11/25-(44)= | 1SCR,-1CR;-
8VGPR, 1PRu
MAGE-A3« HLA-A*02:01= Melanoma; synovial'sarcoma;- NCT01273181= 5/9-(56)= 1CR,-4PR=o
esophageal cancer-
MAGE-A3: HLA-A*01= Melanomar NCT01350401x 0/1-(0)= Oz
MAGE-A3: HLA-DPB1*04012 | Metastatic solid tumors™ NCT02111850= 4/17-(23.5)= | 1CR,-3PR=
MAGE-A4u HLA-A*24:020 Esophageal cancer- UMNII0000023954 0o /o
MAGE-A4~ HLA-A*02= Relapsed/refractory metastatic-solid- | NCT03123922= 9/38-(24)~ 9PR=
tumors:(9-types) =
MAGE-10= HLA-AIp2:01-OR- | Nsclct NCT02592577x 1/11-(9)x 1PRu




PRESENTACION ANTIGENICA:
RECONOCIMIENTO DEL AG EN EL TUMOR.

Problemas que aparecen en la maquinaria de presentacion en el cancer

Virus en el Protelna virica
citoplasma Vesiculas
\ exociticas
Q%.A o Peptldos o 5
Prqte[qa | Linfocito
ubiquitinada citolitico
Proteasoma Aparato ane
Fagosoma M de Golgi
@ @ \ Antigeno proteico Cadena o, w
@‘ . Iy \ del microbio ingerido del CPH Ag tumoral
@ : transportado hacia de clase | .\v ‘ b C A R = T
el citosol RE \
0 Produccion @ Degradacion 9 Transporte de 9 Ensamblaje de los @Expresién
de proteinas proteolitica péptidos desde complejos péptido/ de superficie
en el citosol de las proteinas el citosol al RE clase | en el RE de los complejos
péptido/clase |

Carcinoma colorectal, vejiga, ovario meduloblastoma, leucemia mieloide aguda carcinoma
de cabezay cuello, es6fago, estbmago, cervix, astrocitoma, préstata, melanoma...

Revisado en Leone P et al. INCI J Natl Cancer Inst 2013;105:1172-1187



Linfocitos T redirigidos:
CAR: Chimeric antigen receptors

Endogenous

(AR A
I activation

domain

| |
First-generation
CAR

Brudno and Kochenderfer. Nat Rev Clin Oncol 2017



CAR T CELLS: MECANISMO DE ACCION
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Resultados clinicos de la terapia CAR-T

CD19 CAR-T cells
O KYMRIAH'

Dispersion

(tlsagenleC|euce|) for IV infusion

= YESCARTA

(axicabtagene ciloleucel) i nson

VTECARTUS'

Suspension

(brexucabtagene autoleucel) o

-

shy

Breyanzi’

) SUSPENSION
FOR IV INFUSION

\ (lisocabtagene maraleuce

ﬁ BCMA CAR-T cells
7Abecma"

(idecabtagene vicleucel) .

S CARVYKTI

/
~

\ (ciltacabtagene autoleucel)i . /

TABLE 2. Commercial and Advanced CAR T-Cell Outcomes

Name

Reference

Patients

Responses

Survival

Pediatric and Young Adult (< 25 years) Patients With R/R Acute Lymphoblastic Leukemia

Tisagenlecleucel

Pivotal ELIANA®

92 enrolled, 75 treated

Per protocol: CR/CRi, 81% Per protocol: EFS, 50%; OS,

at 3 months

76% (12 months)

Tisagenlecleucel

Real world?®

255 treated

CR, 86%

EFS, 52%; 0S, 77% (12
months)

R/R Large B-Cell Lymphoma

Axicabtagene

Pivotal ZUMA-13

111 enrolled, 101 treated

ORR, 82%; CR, 58%

PFS, 44% (12 months); OS,

ciloleucel 52% (18 months)
Axicabtagene Real world* 275 treated ORR, 82%:; CR, 64% PFS, 45%; OS, 64% (12

ciloleucel months)
Axicabtagene Real world® 122 ORR, 70%; CR 50% 0S, 57% (12 months)

ciloleucel

Tisagenlecleucel

Pivotal JULIET®

165 enrolled, 93 treated

ORR, 52%; CR, 40%

RFS, 65%:; OS, 49% (12
months)

Tisagenlecleucel

Real world?

155 treated

ORR, 62%; CR, 40%

PFS, 39%; OS, 71% (6 months)

Lisocabtagene
maraleuecel

Pivotal TRANSCEND
NHLOO01°!

344 apheresed, 269 treated, 256
evaluable for efficacy

ORR, 73%; CR, 53%

PFS, 44%; OS, 58% (12
months)

Mantle Cell Lymphoma

Brexucabtagene
autoleucel

Pivotal ZUMA-27°

74 enrolled, 68 treated

ORR, 93%; CR, 67%

PFS, 61%; 0S, 83% (12
months)

R/R Follicular Lymphoma

Axicabtagene
ciloleucel

Pivotal ZUMA-5%°

123 treated (follicular lymphoma
only)

ORR, 94%; CR, 80%

PFS, 74%; 0OS, 93% (12
months)

Multiple Myeloma (BCMA)

Idecabtagene
vicleucel

Pivotal KarMMa'®

140 enrolled, 128 treated (dose
escalation)

ORR, 73%; CR, 33%:;
MRD-ve, 26%

Median PFS, 8.8 months; OS
78% (12 months)

Abbreviations: CR, complete response; CRi, CR with incomplete hematologic recovery; EFS, event-free survival; MRD-ve, minimal residual disease negative;
ORR, overall response rate; OS, overall survival; PFS, progression-free survival; RFS, relapse-free survival; R/R, relapsed/refractory.

Gill, S., and Brudno, J.N. (2021). Am. Soc. Clin. Oncol. Educ. B., e246—e265.
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Terapia CAR-T en tumores solidos

Severos efectos on-target, off-tumor
Falta de un antigeno unico para generar CAR-T altamente especificos

Blood cancer |

Expresion heterogénea del antigeno diana

. Cancer cell

.. . = CARTecell
Barreras fisicas, matriz extracelular e

o Targets on tumor cell

Resistencia a la presion inmunoldgica adaptativa
1. PDL-1,IDO

Ineficiente homing de los linfocitos al tumor
1. Falta de expresion de guemoquinas en el tumor que atraigan a los
linfocitos
2. Eltumor expresa factor angiogénicos (VEGF, FGFs, ET-1..)

Immediate CAR T- Well-known targets
target cell contact on tumor cells

... Collagen

High cancer kill

Existencia de un microambiente hostil para la accion de los linfocitos
A. Treg, MDMS, M2, citoquinas inmunosupresoras(TGF-$, IL-10,
ADO)
B. Cambios metabdlicos

Jessica Hartmann et al.
EMBO Mol Med. 2017;emmm.201607485

Solid tumor

O 7 — Q0
Cell packing density Physical barriers
Tumor Many unknown ®
microenvironment l targets on tumor cellsJ
Low cancer Kkill




Efecto del microambiente tumoral sobre el Sistema
inmunitario y las terapias celulares

g CAF ‘ e
‘ T lymphocyte — 1 PO TIL6

M am & Neutrophil | gcw: collagen, HA, 1 GM-CSF
fibronectin, laminins,
Treg ® | MDSC fibulin, tenascin
Tolerogenic DC @ Tumor cell
[ LrA @ IL6/IL10
)
[ VEGFR Y CCR4
j PDL1 ® CCL17/CCL22
[ pD1 Y ccra/ccrs
I FasL ® CCL2
| Fas T CXCR1/CXCR2
@ VEGF/ET-1 @ CXCL8 TIDO

T Adenosine

Downregulation Inhibitory FasL expression by

ICAM/VCAM molecules  endothelial cells T Accumulation

of ECM

Angiogenic factors Martin-Otal C, et al. Int Rev Cell Mol Biol. 2022



Dinamica del microambiente tumoral.
Dificultades de las terapias celulares adotivas en tumores soélidos

;LA ECM
o~
Vo= ” Blood vessels
g. Myeloid cells
‘ Dendritic cell Lot s
/ Dificultades \
Q (Tumorcell)
X hypoxic core
@ oo * Falta de antigenos especificos?
. Regulatory T
cell
el * Barreras fisicas que impiden en
Exhausted ), . . .
.ﬂ,,' bimghocytes trafico linfocitoario en el tfumor
' Apoptotic cell
L J Stromal cell
Acidificacién . Vasculatura aberrante

: .. *  Ambiente inmunosupresor
Alteraciones metabdlicas




Elementos del microambiente tumoral que afectan la eficacia de las terapias de células T adoptivas

EL MICROAMBIENTE TUMORAL ACIDICO (TME) INHIBE LA FUNCIONALIDAD DE LOS LINFOCITOS

Dificultad

pH acidico del microambiente tumoral

Proliferation

Cytokine product\i;n/’
Activation

Que podemos hacer para que los linfocitos
T resistan el pH acidico del tumor?

GPC3 CAR

- El alto ritmo glicolitico de las células tumorales resulta en la acidificacion del pH

» El pH acidico inhibe la activacion de las células T,
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Navarro et al. Oncoimmunology, 2022



LA SOBREEXPRESION DE HVCN1 MEJORA LA INMUNOTERAPIA DE CELULAS T
CON CAR EN MODELO DE MIELOMA MULTIPLE

Hepatocarcinoma model Multiple myeloma model
Anti-BCMA
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1*10¢/mouse (sc) MM 5080 CD3-z
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W H% 3 growth 0 survival
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2000 - ==+ Hvenl' T cells
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10001
E 400 V3.
: |
2001 H :
e
]
0 1 1 1 T 1 0 T T ] II T 1
10 20 30 40 50 0ACT 20 40 60 80
Days after tumor challenge Time

Navarro et al. Oncoimmunology, 2022 Unpublished,



Elementos del microambiente tumoral que afectan la eficacia de las terapias de células T adoptivas

LA PRIVACIO[ —db e A .
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Dinamica del microambiente tumoral.
Dificultades de las terapias celulares adotivas en tumores soélidos

ECM

Blood vessels

. / Dificultades \

Tumor cell
(hypoxic core)
o8 Tce * Falta de antigenos especificos?
Regulatory T
cell

Nkl * Barreras fisicas que impiden en
Exhausted

henghocitss trafico linfocitoario en el tfumor
Apoptotic cell

Stromal cell

Acidificacién . Vasculatura aberrante

: .. *  Ambiente inmunosupresor
Alteraciones metabdlicas




La heterogeneidad intratumoral impulsa la evolucion tumoral y
la respuesta a los inhibidores de puntos de control inmunitario

B Immune surveillance &  Optimal Window: Increased heterogeneity &
Elimination & reduced Immunevasion poor outcome
heterogeneity

Subclonal Frequency

Evolutionary Time!

-~

—3 Trinn and Polyak. Cancer Cell. 2019

Tumor burden



Terapias CAR-T en tumores sdlidos : Antigenos diana

NEW CASES IN US 2019 - PER ORGAN CLASS

Other & Hematological 6 %

unspecified malignancies
Endocrine system
Brain and other
nervous systems
Eye and orbit

Oral cavity and larynx
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system

Urinary system
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Soft tissues

CAR T TRIALS - PER ORGAN CLASS
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Microambiente tumoral: La Matriz extracelular como antigeno diana

ECM en tejido normal
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EDA CART para el tratamiento de tumores solidos
Human biopsies
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Papel de la exposicion de PS en la homeostasis tisular

Tumor
cell

Apoptotic
cell PS

&

Normal Plasma Membrane
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Lemke, G., et al. Nat RevImmunol (2008) Immunosuppresswn



PS se expone en lineas celulares tumorales y se une a la anexina V

Expresion PS Expresion PS
A en lineas celulares tumorales murinos Ben tejidos tumorales murinos
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Martin-Otal et al , JITC 2025



Busqueda de antigenos: El estress de la célula tumoral como fuente de
antigenos para inmunoterapia: La fosfatidilserina

g Modelo de hepatocarcinoma
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(PM299L)
escape tumoral
Tucrgl(ljr Anxa-CAR /-—! @l T SI T 7} ? 1I1 1|3 1|5 » Follow up
T
Anxa-CAR CAR-T T
1*107/mouse
p soooumis2  THHE
@=
7 W
S}ij 200-
J
3 Q
e, k = 1501
m \ 5 -4 Untreated
Macrophage = - ANXA CAR
(M2 phenotype) = 1004
© @) ®©
@ ® 3 o
© @ 3 T o
0 .
0] 10 20 30
+ MHC-11

. Days after tumor challenge
Immunosuppression
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Reconocimiento y lisis de la célula tumoral

Factores que afectan al reconocimiento vy lisis de la célula tumoral

Proteinas inhibidoras (checkpoints) PD-1/PD-L1, LAG-3, BTLA, VISTA
B7-H4, TIM-3, MICA /MICB

Moléculas inmunosupresoras:
IDO

Arginasa

TGF-f3



IDO y tolerancia inducida por los tumores

IDO-expressing IDO-nonexpressing
A Peptid p e tide ‘ﬂDC
Tryptophan TCR MHC =~ | L r
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- Q =

c =-CH _ o .

= somnin - @
HC ==0OH A 0»
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effector T cell or B7-2 \ effector T cell
U - CTLA4 interaction
with B7-1 or B7-2 activates

activates |IDO

Neuroprotective branch

IFN-y activates
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IDO inhibits

effector function - .
IDO-expressing < Activated tumor-reactive IDO-activated Treg
tumor cell effector T cell

Neurotoxic branch

Mellor, Trends in Molecular Medicine 2004



Control de la respuesta celular T por el metabolismo
de la L-arginina

mRNA stability

Bronte, Nat Rev Immunol, 2005



Metabolismo del ATP: generacion de adenosina

' ‘vf:,.f ADO Receptors
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Linfocitos T reguladores (Treg) en los tumores

a Trafficking

2 CCR4
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Inmunosupresion inducida por las células Treg

Células Treg

Citokines

Células dendriticas
APC



El ciclo “inmunidad-cancer ”. Estrategias terapéuticas
|

Terapia celular Trafficking of
. . T cells to tumors
Linfocitos T

Priming and activation

Modificar endotelio
tumoral (VEGF...)

blood

T Infiltration of T cells
vessel @

into tumors
Anti-VEGF

Anti-Chkpnt

Cancer antigen

presentation @

Recognition of
cancer cells by T cells

ol s CARs
Vacunas j\ y Cels. Treg
\
\ 4
o ] ) Killyyg'gf cancer cells MDSC
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. . Release Df~~ 5 ___—’ Anti-PD-1
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Microambiente tumoral
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El ciclo “inmunidad-cancer ", Estrategias terapéuticas

Factores estimuladores e inhibidores

Priming and
activation

CcD28/B7.1
CD137/CD137L
OX40/0X40L
CD27/CD70
HVEM

GITR

IL-2

IL-12

CTLA4/B7 .1
PD-L1/PD-1
PD-L1/B7.1
prostaglandins

Cancer antigen
presentation

TNF-o (2:)

IL-1

IFN-o
CD40L/CD40
CDN

ATP

HMGB1

TLR:

IL-10
IL-4
IL-13

B Stimulatory factors

H Inhibitors

Release of
cancer cell antigens

Immunogenic cell death
Tolergenic cell death

Trafficking of CX3CLA1

T cells to tumors CXCL9
CXECL10

CCL5

Infiltration of T cells
O ) into tumors
LFA1/ICAM1
Selectins
VEGF
Endothelin B receptor
Recognition of
cancer cells by T cells
T cell receptor
Reduced pMHC on cancer cells

Killing of cancer cells

IFN-y
T cell granule content

PD-L1/PD-1 LAG-3
PD-L1/B7.1 Arginase

blood
vessel

IDO MICA/MICB

TGF-B B7-H4

BTLA TIM-3/phospholipids
VISTA

Chen and Mellman. Immunity. 2013




