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Adoptive T cell therapy for cancer: why TCRs?

Garber K Nat Biotec 2018

• TCRs can virtually target every antigen: tumor 
associated antigens and neoantigens with relevant 
roles in oncogenicity

• TCRs have a higher sensitivity compared to CARs 
linked to the proper assembly of the immunological 
synapse and intracellular signaling machinery

• TCR physiological downstream signaling prevents
premature exhaustion and drives survival 
messages

• Reduced risk of CRS and ICANS 



TCR gene EDITING: rational

Tumor antigen

Expansion of 
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lymphocytes

TCR gene transfer TCR gene EDITING
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Cancer Antigen Pilot Prioritization
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NCI developed a priority-ranked list of cancer antigens based on the likelihood for efficacy in cancer therapy



A platform for TCR hunting for adoptive T-cell therapy

Eliana Ruggiero
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A platform for TCR hunting for adoptive T-cell therapy
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TCR hunting for adoptive T-cell therapy

F Manfredi, et al., Frontiers in Immunol. 2021



TAA-specific T cells circulate after allo-HSCT and expand 
in time
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Sampling population: N=39 patients affected by blood malignancies who underwent Allo-HSCT

Hunting TAA-specific TCR from cancer patients

F. Manfredi et al., Science Advances 2023
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Inhibitory ligands

HLA class I

HLA class II

Compatible
HLA molecules 
Incompatible
HLA molecules 

Mechanisms of Post-Transplantation Immune Escape 

Relapse

Lactic Acid

pH

Genomic

HLA haplotype loss

Non-Genomic

Downregulation of HLA Class II molecules

Upregulation of T cell inhibitory ligands

Impairment of T cell metabolic fitness

Diagnosis
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Exploiting T cell exhaustion for TCR hunting

AML blasts
Leukemic-APCs serial in vitro stimulations
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TAA-specific T cells display an exhaustion phentype in 
hematological malignancies

Noviello, Manfredi  et al. Nat Comm 2019

Maddalena Noviello

Francesco Manfredi

Manfredi et al., Sci Adv 2023

Co-culture of TCR-edited
with orphan TCRs with
autologous target blasts
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Conclusion 1

• Pipeline for the isolation of tumor-specific TCRs from healthy donors
and cancer patients’ circulating T cells

• Simultaneous editing of endogenous TCR α and β chain genes using
CRISPR/Cas9 technology (efficiency >90%)

• Transduction of T-cells with lentiviral vectors encoding tumor specific-
specific TCRs (efficiency >95% of CD8+ T cells)

• Targeted TCR KI in TRAC and simultaneous TRBC KO (efficiency 70-
80%)

• TCR edited T-cells specifically and efficiently kill primary Antigen+

leukemic blasts in vitro and in vivo



Spiga, et al., Seminars in Immunopathology, in press

Engineering T cells to hinder T cell immunosuppression at the tumor
microenvironment



To design and develop a panel of CRISPR/Cas9 molecules 
targeting genes encoding inhibitory receptors 
in order to enhance the anti-tumor activity of 

TCR-edited memory stem T cells

TSCM

Endogenous TCR

Tim-3

Tumor specific TCR

LAG-3

PD-1

Adoptive T-cell therapy for cancer: 
Overcoming T cell exhaustion with genome editing

Beatrice Cianciotti,
Zulma Magnani,
Eliana Ruggiero





TCRED-IRKO cells outperform TCRED-IRCOMP T cells in vivo upon tumor rechallenge

Beatrice Cianciotti

Cianciotti et al. Front Immunol 2024
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Decalcomania, Magritte, 1966

Engineering diseases-specific cellular products



Tumor-specific T cells are profoundly exhausted in tumor patients

0

20

40

60

80

100

P
er

ce
nt

ag
e 

of
 tu

m
ou

r 
sp

ec
ifi

c 
ce

lls
 (

%
)

PD-1 TIM-3 KLRG1 2B4 LAG-3

*

**** * **

*

CMV

CR

REL

CMV CR REL CMV CR REL CMV CR REL CMV CR REL CMV CR REL

Noviello, Manfredi et al.,  Nat. Comm. 2019

A
M
L

C
R
C

EO
C

Potenza, Balestrieri et al. GUT 2023

%
 o

f C
D

3+ C
D

8+

0

20

40

60

80

100

TIM-3PD-1

Tassi, Bergamini et al., Front Imm 2024

%
 o

f C
D

3+ C
D

4+

CD13
7+

HLA
-D

R+
PD-1+

CTLA
-4+

TIG
IT+

TIM
-3+

LA
G-3+ 2B

4+
GITR+

KLR
G1+

CD39
+

CD16
0+

0

20

40

60

80

100

Alessia Potenza Chiara Balestrieri

Alice Bergamini.    Elena Tassi Chiara Maffia

0

1

2

3

4

CMV CR REL
0

50

100

P
er

ce
nt

ag
e 

(%
)

Co-expression colored

0

1

2

3

4

N° of co-expressed IRs

CMV CR REL
0

50

100

P
er

ce
nt

ag
e 

(%
)

Co-expression colored

0

1

2

3

4

N° of co-expressed IRs

CMV CR REL
0

50

100

P
er

ce
nt

ag
e 

(%
)

Co-expression

0

1

2

3

4

N° of co-expressed IRs

0

1

2

3

4

CMV CR REL
0

50

100

P
er

ce
nt

ag
e 

(%
)

Co-expression colored

0

1

2

3

4

N° of co-expressed IRs

CMV CR REL
0

50

100

P
er

ce
nt

ag
e 

(%
)

Co-expression

0

1

2

3

4

N° of co-expressed IRs

Maddalena Noviello
Francesco Manfredi



AIRC5x1000 Cross-Fertilization Meeting
January 20th, 2023

Advanced immune gene and cell therapies 
for CRC and PDAC liver metastases

Chiara Bonini



The Unmet Clinical Need

Liver MTS are unfavorable prognostic factors in both CRC and PDAC 

No MTS

Lung MTS

Liver MTS

Lung + Liver MTS

CRC Patients Median OS  
(months)

OS 
(5 years)

Liver MTS- resected 65.3 55%

Unresected 26.7 19,5%
HR 0.35

Cancers 2020, 12, 783 7 of 14

Figure 2. Kaplan–Meier survival estimates according to each group. Res: resectable; LA: locally
advanced; Met: metastatic. Log-rank test: p < 0.001.

According to the BACAP score, the median survival rate for the patients with a BACAP score 
0.5 was 12.3 months (95% CI: 10.7; 14.2), while it was 16.3 months (95% CI: 14.0; 18.9) for the patients
with a BACAP score > 0.5 (Figure 3). The one-year survival rate for the patients with a BACAP score 
0.5 was 51.4% (95% CI: 44.6; 57.7), while it was 69.8% (95% CI: 60.1; 77.6) for the patients with a BACAP
score >0.5.

Resectable

Locally advanced

Metastatic

Maulat et al. 2020

genesis and progression of pancreatic cancer, including gene
expression changes, copy number aberrations, chromosomal
rearrangements, and epigenetic alterations (Fig. 1a). Pancreatic
cancer typically starts as a precancerous lesion, i.e., a pancreatic
intraepithelial neoplasia (PanIN), which accumulates gene muta-
tions over time, ultimately progressing to a more dysplastic
state.16–18 Approximately 90% of pancreatic cancers of all grades
have activating oncogenic Kirsten rat sarcoma viral oncogene
homolog (KRAS) mutations. Among the oncogenic KRAS mutations
associated with pancreatic cancer in humans, the GAT (aspartic
acid; G12D), GTT (valine; G12V), and TGT (cysteine; G12C)
mutations are the most common, while the CGT (arginine (Arg);
G12R) and GCT (alanine; G12A) mutations as well as other point
mutations at codons 11, 13, 61, or 146 appear to be less
common.17,18 As the most common activating mutations in
pancreatic cancer, KRAS mutations (which have also been
investigated in depth in various other cancers, including meta-
static colorectal cancer and non-small cell lung cancer) impair the
intrinsic GTPase activity of KRAS and prevent GTPase-activating
proteins (GAPs) from converting the active GTP-bound form to the

GDP-bound inactive form. Clinical studies have also shown that
KRAS mutations could be considered as a marker for the poor
prognosis of pancreatic cancer.17 However, it has been reported
that various KRAS mutations affect diverse signaling pathways,
leading to distinct functional consequences. Pancreatic cancer
patients with KRAS at codon 61 mutations exhibit lower
extracellular signal-regulated kinase (ERK) activation compared
with patients with other KRAS alleles, and the former harbor
significantly better prognosis.19–21 It is evident that KRAS mutation
seems to be necessary but not sufficient for pancreatic cancer
development. Other genes, including tumor protein p53 (TP53),
cyclin-dependent kinase inhibitor 2A (CDKN2A), and SMAD family
member 4 (SMAD4), are also frequently involved in pancreatic
cancer tumorigenesis and metastasis.22 Approximately 50–74% of
pancreatic cancers have inactivating mutations in the tumor
suppressor gene TP53.16,23 TP53 inactivation impairs DNA damage
recognition and blocks cell cycle arrest, allowing cells to bypass
cell cycle checkpoints and evade apoptotic signals.16,23 Mutations
in CDKN2A, which can lead to loss of regulation of the cyclin-
dependent kinase (CDK) 4 and CDK6 cell cycle checkpoints and,

Fig. 1 The characteristics of pancreatic adenocarcinoma. Pancreatic cancer is a common cause of cancer mortality characterized by high
heterogeneity, a dense stromal tumor microenvironment (TME), highly metastatic propensity, metabolic reprogramming, and limited benefits
from current conventional therapies. a Genetic and epigenetic changes in pancreatic cancer. KRAS (~90%), TP53 (50–74%), CDKN2A (46–60%),
and SMAD4 (31–38%) are the most frequently mutated genes known to modulate the initiation and progression of pancreatic cancer.
Epigenetic regulatory genes, including MLL2/3, KDM6A, and multiple HDACs encoding genes, regulate histone modification. SMARCA2/4 and
ARID2modulate chromatin remodeling. b Therapeutic limitations in pancreatic cancer. Surgical resection is the only potentially curative choice
for pancreatic cancer patients. Adjuvant chemotherapy can only partially improve the overall survival of pancreatic cancer patients c
Pancreatic cancer is an extremely aggressive tumor with high metastatic propensity. The immunosuppressive TME plays an important role in
modulating the metastasis of pancreatic cancer cells to the liver, lungs, peritoneum, and bone. d Metabolic reprogramming of pancreatic
cancer. Pancreatic cancer cells can survive and proliferate in stressful microenvironments by reprogramming energy metabolism to increase
glucose and glutamine uptake, macropinocytosis, and autophagy

The molecular biology of pancreatic adenocarcinoma: translational. . .
Wang et al.

2

Signal Transduction and Targeted Therapy ����������(2021)�6:249�

Modified from Wang et al. 2021
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The Research Plan

Multidimensional investigation of metastatic TME by WES, RNA-Seq, 
scRNA-Seq, HD Flowcytometry, tissue IF and spatial-resolved omics

Identification of druggable immuno-suppressive  
pathways active in the metastatic TMEIdentification of new CAR and TCR tumor targets

Combinatorial therapy (ACT + 
targeted cytokine delivery)Program 2 Program 3

Direct cytokine gene therapy
(LV injection)

Adoptive cell therapy with
tumor-retargeted T cells (TCRs; CARs)

Program 4

Program1(LiMeT Protocol)

Toward clinical testing of 
innovative ATMPs



CDH17 CAR-T cells are potent and safe

Innovative Immunotherapies Unit, OSR

Greco B*, El Khoury R* et al, Science Transl Med, In press; PCT/EP2023/081532

Rational workflow for CAR selection
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Gene engineering Tregs to tame 
autoimmunity

Team and Collaborators: A. Ugolini, C. Bercher, P. Carulli,  R. Greco, M. Casucci, A. 
Manfredi, S. Gregori, G. Fousteri, L. Dagna, P. Monti, L. Piemonti, F. Sanvito, F. Ciceri

CAR-T cell immunotherapy for
Systemic Lupus Erythematosus

Matteo Doglio
Experimental Hematology Lab.

06-Apr.-2022

Matteo Doglio Raffaella Greco



Absence of granulomas in CAR-T regs
treated mice

M. Doglio et al, Nat Comm 2024



T-cell genome editing for cancer immunotherapy

Bonini, Chapuis, Hudecek, Guedan, Magnani, Qasim. Human Gene Therapy 2023
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