Tumor-infiltrating lymphocytes
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Memory CD8* T cell differentiation

Cell number
(antigen-specific T cells)

2° effector
Effector

Memory

Time post infection/vaccination

Hale and Ahmed, Front. Immunol. 2015



A “simplified” view of memory differentiation
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Heterogeneity of the CD8* T cell compartment

Memory subsets
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Superior anti-tumor function of Tg¢y, upon ACT

* T cells subsets redirected with a mesothelin-specific CAR
« Adoptive transfer in xenogeneic NSG model of mesothelioma
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Then, exhaustion...



Chronic TCR stimulation induces T cell dysfunction
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Chronic TCR stimulation induces T cell dysfunction
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Can stem-like memory cells be identified
In tumors and have a role Iin response?

What is the hierarchy of the CD8+
response In tumors (if present)?



Application to human CD8+ TILs
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Single cell analysis of the human immune system

Integration with scRNA-seq, high-dimensional population sorting and bulk RNA-seq, ATAC-
seq AND FUNCTIONAL ASSAYS

TILS in brain cancer and mets
Wischnewski, Nat Cancer, 2023

Stem-like CD8+ in lung cancer AT CD39+ Trm in breast cancer
Brummelman, Mazza -y Losurdo, Scirgolea, Commun Biol,
J Exp Med, 2018 Nyl 2021
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Treg heterogeneity in tumors 3/ o161 MAIT i melanora

_Alvisi, Puccio ~—— De Biasi, Nat Commun, 2021
J Clin Invest, 2020

\ CMV-specific T cell dynamics in
haplo-HSCT

Van Beek, Haematologica, 2021

Progenitors of exhausted
Galletti, De Simone, Mazza
Nat Immunol, 2020

Type 1 regulatory CD4+ in tumors Treg activation
Bonnal, Nat Immunol, 2021 in cholangiocarcinoma
Alvisi, J Hepatol, 2022



How do progenitor exhausted CD8+ T cells (Tpex) compare
to long-lived memory cells?

What is the origin and lineage relationships of dysfunctional
CD8+ T cells?

: :lv\.\!'_\\/:’/ﬁf
Giovanni Galletti Gabriele De Simone Emilia Mazza

Galletti, De Simone, Mazza et al., Nat Immunol, 2020



Redefining memory CD8* T cell differentiation
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PD-1*TIGIT * Tpgy are transcriptionally distinct

* T cell subset sorting by FACS from 5 healthy donors
* Exvivo RNA-seq
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Galletti, De Simone, Mazza et al., Nat Immunol, 2020



PD-1*TIGIT * Tpg are functionally inefficient*

* T cell subset sorting by FACS
* In vitro cytokine production in response to anti-CD3/28
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Teey are “hard-wired” to their transcriptional and epigenetic state

* T cell subset sorting by FACS, stimulation with aCD3/28+IL2 and IL-12
+ ATAC-seqg/RNA-seq
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Trajectories of memory T cell differentiation

Chronic  Acute
(dysfunctional) (functional)

Response to checkpoint blockade

. Stem-like Hard-wired to dysfunction
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Trajectories of memory T cell differentiation

Chronic  Acute
(dysfunctional) (functional)

Exhaustion “resistant”

- Stem-like Improved functionality upon ACT

' Terminal




To be or notto be STEM?

That Is the question



Superior clinical response with adoptive transfer
of stem-like CAR T cells
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Infiltration of PD-1high T cells and response to anti-PD1 in
non-small cell lung cancer
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PD-1high cells:

« express several inhibitory receptors (PD-1,
TIM3) and are largely dysfunctional

* Areinduced by TGF-[3, an
Immunosuppressive cytokine

« Have tissue-resident memory characteristics
(CD103, CD69), generally correlating with
favorable prognosis

« Tumor-specific T cells mainly reside in the
PD-1hig" fraction and are CD39+

Thommen, Nat Med, 2018; Duhen, Nat Comms, 2018:; Savas, Nat Med, 2018: Simoni, Nature, 2019; Li,
Cell, 2019; Zhang, Cancer Cell, 2021, Liu, Nat Cancer, 2022; Wischnewski, Nat Cancer, 2023



Brain metastatic lesions harbor PD-1"dgh CD39* T cells

+ Brain metastases (BrM) are partially responsive to checkpoint inhibition while primary gliomas are not
+ What are the differences in CD8+ T cell qualities in their microenvironment?
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Hierarchy of differentiation in PD-1* CD8* T cells
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What about the surrounding tumor
microenvironment?

Giorgia Alvisi Jolanda Brummelman Simone Puccio



Stem-like CD8* TlLs are lost with NSCLC progression

Cluster 17 (CXCR5+ CD8%)
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Landscape of T cell phenotypes and disease progression

PC 2 (17%of variance)

Integrated landscape of CD4+ and CD8+ T cell phenotypes (high-dimensional single cell clusters)

SUVmax: indicator of tumor glycolysis as
obtained by PET scan before surgery
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CDA4+ regulatory T cells (Tregs) in cancer

Maintain immune homeostasis by suppressing inflammation
and are controlled by the transcription factor FOXP3

Are preferentially recruited in tumors, where they become highly
activated

Are detrimental in cancer because limiting anti-tumor immune
responses by several mechanisms

Their abundance correlates with worse prognosis in virtually all
cancers

Treg depletion results in potent anti-tumor immunity but also
iInduces autoimmunity



CD4+ Tregs are abundant in the TME and are highly
Immunosuppressive
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CD4* Tregs are abundant in tumors and suppress
Immunity by several mechanisms
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Enhanced suppressive nature of IRF4* Tregs
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IRF4* Tregs dampen anti-tumor T cell responses
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TF landscape of cholangiocarcinoma-infiltrating T cells

SCENIC computational algorithm predicts TF activity from analysis of promoters of expressed genes
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Mesenchyme homeobox-1 (MEOX1, MOX1, KFS2)

« Mesodermal transcription factor

* Regulates somitogenesis; sclerotome development

* Cell cycle arrest and endothelial cell senescence

* Mitotic transition and proliferation in cardiac fibroblasts

MEOX-1 mutations cause Klippel-Feil
Syndrome
congenital fusion of cervical vertebrae

failure of normal segmentation of cervical
somites

Co-twin - fatientL '

Function in the Immune system is unknown

Toyoshima et al., Ped Neurol, 2006



Mechanistic evaluation of MEOX-1 function
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MEOX1 OE favors accessibility to AP-1, BATF and IRF4
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MEOX1 gene program and ICCA prognosis

Proteogenomic characterization identifies clinically
relevant subgroups of intrahepatic
cholangiocarcinoma
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Immune landscape and tumor progression
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