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the protein, thus counteracting the inhibitory role exerted
by this domain on p53 DNA-binding and transactivation
functions [9]. This ‘allosteric model’ for p53 activation
has been ruled out recently, following the demonstration
of identical structures of latent and active p53 [10]. When
examined in the context of supercoiled DNA, a condition
that mimics the bended conformation of DNA in chro-
matin, the ability of p53 to recognise its target sequences
appears to be increased rather than inhibited by its
carboxy-terminal region [11!]. Moreover, acetylation of
p53 does not affects the affinity for its target sequences in
the physiological chromatin context [12], and DNA
damage does not increase p53 binding to its target pro-
moters in vivo [13!!].

These findings lead to an emerging picture where tran-
scriptionally silent p53 is constitutively bound to DNA
and stress conditions promote its ability to activate tran-
scription. Indeed, interaction of p53with p300 is crucial for
acetylation of histones within the chromatin surrounding
p53 target promoters, and ensues transcription of down-
stream genes [12]. Nevertheless, acetylation and other
modifications in the p53 carboxyl terminus are likely to
have additional consequences, as indicated by the recent
demonstration of Mdm2-mediated recruitment of histone
deacetylase 1 to p53, which promotes p53 de-acetylation,
favouring its ubiquitination and degradation [14].

Localisation within specific subcellular compartments is
an additional route for modulating p53 functions, and
indeed cytoplasmic sequestration of p53 leads to its

functional inactivation in many tumours and virus-
infected cells [15]. Nuclear import and export of p53
are tightly controlled processes that depend on specific
p53 signal sequences and on Mdm2 binding [5]. Further-
more, intracellular trafficking was shown to involve inter-
action of p53 with the molecular motor dynein and with
the microtubule network [16]. The discovery of a
dynamic association and functional modulation of p53
at specific nuclear domains, such as PMLNBs and Rad50/
Rad51 recombination foci is based on new findings and
are currently under intense investigation. Therefore,
some recent data and implications emerging from this
line of research are highlighted below.

The PML body and its functions
PML NBs are speckled macromolecular nuclear domains
present in almost all mammalian cells. They represent
dynamically composed multiprotein complexes [17], and
a subpopulation moves in a metabolic-energy-dependent
manner in living cells [18!!].

Besides multiple viral gene products [19], some 30 cel-
lular proteins (Table 1) were found to permanently or
transiently localise to NBs [20,21]. PML has an essential
role in the assembly of these structures, since in cells from
PML-deficient mice [22] the NB components Sp100,
CBP and Daxx show aberrant localisation, which is rever-
sible upon exogenous expression of PML [23,24]. Simi-
larly, the PML–RARa oncoprotein, a result of the t(15;17)
reciprocal chromosomal translocation between the PML
and the RAR a genes in acute promyelocytic leukaemia

Figure 1
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p53 activation pathways. In normal cells, p53 levels are kept low owing to its binding and degradation by Mdm2. Following exposure to different
stresses, p53 becomes post-translationally modified (by acetyltransferases, kinases, etc.), resulting in detachment of Mdm2, stabilisation,
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• Antibody genes in B cells undergo a complex series of genomic rearrangements during development

V region

C region

NHEJ

Meccanismi alla base delle traslocazioni cromosomiche nei
linfomi delle cellule B



Meccanismi alla base delle traslocazioni cromosomiche nei
linfomi delle cellule B

Chromosomal context, transcriptional enhancers and selection

• Mistakes in these programmed DNA rearrangements predispose B cell lymphomas to chromosomal translocations 

• What other factors are responsible of facilitating these recurrent translocations?
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Mechanistic factors: 
spatial proximity and frequency of DNA breaks

Meccanismi alla base delle traslocazioni cromosomiche nei linfomi
delle cellule B

• What if we take oncogenic selection out of the picture?

• A new method for high-throughput and unbiased translocation cloning



2011-2017: la rivoluzione dell’immunoterapia
• Identification of immune checkpoint mechanisms at the basis of tumor immune escape

Created in BioRender.com



2011-2017: la rivoluzione dell’immunoterapia

Timeline of ICI Approvals

Biotech investments in MA

How to 
“raise the tail”?

Yoneda et al 2018

n engl j med   nejm.org 4
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121Bio: una piattaforma tecnologica in cerca di 
applicazioni
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“Raise the tail”: nuovi e piu’ efficaci biomarkers

NSCLC; Saher and Gandhi, JAMA 2016



CD8 nanobodies per visualizzare le cellule T nel
tumore

Imaging of tumor T 
cell infiltrate

• Whole body and longitudinal imaging of  T cell infiltration in tumors upon PD-1 treatment

Imaging of CD8+ tumors

Control CD8 Nb



”Raise the tail”: colpire cellule immunosuppressive nel
microabmbiente tumorale

Verma et al, 2022

TAM

Stroma

T cell

Treg

IO 
responsive

Less IO
responsive

Targets for less IO
responsive tumors:



L’equilibrio Treg/Teff e’ alterato nel cancro e nelle malattie
autoimmuni

Santegoets, JITC, 2019 

HNSCC

Ino, Br J Ca, 2013

Pancreatic cancer

Liu, J Transl Med, 2019

Gastric cancer

Tumor Autoimmunity
Tregs Teff

Kim, Nat Immunol, 2007



CCR8: un marker altamente specifico delle cellule Treg nei
tumori

by flow cytometry and found preferential expression of CCR8 on 
tumor Tregs as compared to both peripheral Tregs and tumor 
and peripheral non-Treg CD4+ cells (referred to as 
T conventional cells, Tconv) (Figure 1d). We then expanded 
this analysis by comparing matched tumor and normal adjacent 

tissue samples from multiple indications, confirming highest 
CCR8 expression in tumor Tregs. Importantly, precise quanti-
tative flow cytometry analysis showed that tumor CCR8+ Tregs 
express a significantly higher number of CCR8 molecules on 
a per-cell basis than any other T cell subsets, including CD8 

Figure 1. CCR8 expression is highly restricted to tumor-infiltrating T regulatory cells in human tumors of different lineage. 
a) Schematic of the Treg bioinformatic screen used to identify putative targets for Treg depletion. b) t-SNE plots displaying single cell RNAseq gene expression profiles 
from 43 patients (HCC n=9, HNSCC n=18, melanoma n=19) including tumors, blood, LN and normal tissue that were combined and characterized by cell marker genes, 
as indicated. c) Gene expression analysis on bulk RNA-seq (TCGA) from primary tumor samples (red bars) and adjacent normal tissues (gray bars). The degree of 
statistical significance between tumor and adjacent normal samples is indicated below each pair of boxplots with tumor types (***: p<0.0001; **: p<0.01; *: p<0.05 from 
unpaired, one-tailed Mann-Whitney U tests).  d) Flow cytometry analysis of peripheral blood mononuclear cells (PBMC) from healthy donors and indicated freshly 
dissociated human tumor samples. FoxP3 staining was used to identify T cell populations within CD45/CD3/CD4+ cells, and CCR8 expression was evaluated in Treg 
(FoxP3+, red histograms) and non-Treg (Tconv, FoxP3-, blue histograms) cells. Isotype control histograms are shown in black for total CD3+ T cells. Healthy PBMC data is 
representative of 3 independent donors. e) Percentage of CCR8+ cells (left) and median density of CCR8 molecules per cell (right) in Tconv (blue), Treg (red) and CD8 T 
cells (black) in freshly dissociated human tumor samples (Tumor) or normal adjacent tissue (NAT). Indications include breast, head and neck, lung, ovarian, colon, and 
bladder cancer. T cell populations were identified as in (d). Each data point represents a single sample. Error bars represent standard deviation from the average. The 
degree of statistical significance between populations indicated on top of the graphs (****: p<0.0001; **: p<0.01; *: p<0.05; ns: no significant difference).

ONCOIMMUNOLOGY e2141007-7

CCR8 expression on T cells



GS-1811: un anticorpo ingegnierizzato per ridurre le 
Tregs nei tumori

• GS-1811 e’ attualmente in sperimentazione clinica (Ph2) con Gilead Sciences (NCT05007782)

restricted to FoxP3+ tumor-infiltrating Tregs, consistent with 
previous reports.40,41 Expression of CCR8 on tumor Tregs is 
more selective than other well-known Treg markers, including 
CD25, CTLA-4, GITR, TIGIT, and CCR4. CCR8 expression is 
higher in primary tumors than in normal adjacent tissues and 
significantly higher than in peripheral Tregs and both tumor 
and peripheral CD4 + T conventional cells. We also show that, 
on a per-cell basis, tumor Tregs have the highest number of 
CCR8 molecules compared to any other T cell subsets. CCR8 
+ Tregs are also known to be highly immunosuppressive.12,42 

Thus, taken together, these data establish CCR8 as a definitive 
and highly restricted immunosuppressive marker for tumor 
Tregs. Importantly, this suggests CCR8 may be a good ther-
apeutic target for selective depletion of these cells.

Of note, previous reports have detailed CCR8 expression 
outside of the tumor and, most notably, in skin.18,19,43 Here we 
demonstrate that, while both CCR8 and CCR4 are expressed 
on all skin T cell subsets, the absolute number of Tregs and 
CD8 T cells in the skin is very low (<1%). Therefore, we would 
not expect significant systemic effects upon treatment with 
a CCR8-depleting Ab above the relatively mild and reversible 
effects reported with CCR4-depleting Ab mogamulizumab in 
clinical settings.44 This conclusion is also supported by the lack 
of treatment-related toxicities observed in our mouse studies.

In this study, we sought to evaluate the therapeutic impact 
of depletion of CCR8+ tumor Tregs in cancer using syngeneic 
mouse tumor models, where genetic deletion of FoxP3- 
expressing cells has been shown to inhibit tumor growth.45 

Figure 6. GS-1811 specifically mediates depletion of cells expressing CCR8 at densities comparable to tumor-infiltrating Tregs. 
a) In vitro ADCC assay with a fixed concentration (1μg/mL) of afucosylated or fucosylated (Fuc) versions of GS-1811 mAb against CHO cell lines expressing increasing 
densities of human CCR8 in presence of freshly isolated NK cells from healthy human donors (NK : target cell ratio, 5 : 1). Data is from one representative NK donor; error 
bars represent SD from technical triplicates. The dotted vertical lines represent average CCR8 densities in normal peripheral and tumor Tregs.  b) ADCC activity measured 
against target cells expressing 2,500 CCR8 molecules/cell, with increasing concentrations of afucosylated or fucosylated (Fuc) chimeric version of GS-1811. One 
representative NK donor is shown in the graph. EC50 values (in μg/mL) from 10 independent donors are reported in the table on the bottom. c) GS-1811 ADCC activity 
on Hut78 cells endogenously expressing human CCR8. The curve is from one representative NK donor; error bars represent SD from technical triplicates. d) GS-1811 
ADCC activity on TILs from primary human tumor samples in the presence of added NK cells from healthy donors. Tregs were identified as CD4+FoxP3+ out of live CD45 
+CD3+ cells. Data from one representative NK cell donor; error bars represent SD from technical duplicates.

Table 2. EC50 and maximum killing for GS-1811-mediated ADCC on CHO cells expressing increasing number of CCR8 molecules per cell.

CHO cell lines

Parental hCCR8-600 hCCR8-1.5k hCCR8-2.5k hCCR8- 5k hCCR8-10k

EC50 (ng/ml) NA NA 19 ± 0.24 6.9 ± 5.5 1.7 ± 1.6 3.0 ± 2.4
Max killing (%) NA NA 12 ± 6.22 17.63 ± 7.67 36.2 ± 13.06 27.7 ± 7.21

Average ± SD from two independent NK cell donors.

ONCOIMMUNOLOGY e2141007-13

T cells (Figure 1e). On the contrary, we found CCR4 to be 
broadly expressed on tumor and peripheral T cell subsets 
(Supplementary Figure 1b). As CCR8 has been identified as 
a marker of tissue-resident T cells in the skin,16,31 we assessed 
its expression in skin samples, and compared it to CCR4 expres-
sion. Both CCR8 and CCR4 were expressed on all skin T cell 
subsets, at relatively high levels as compared to peripheral blood 
and other normal tissues (Supplementary Figure 2a). However, 
absolute numbers of T cells in the skin were low, with Tregs and 
CD8 T cells accounting for only 0.4% and 0.6% of total cells 
respectively, as determined by IHC analysis (Supplementary 
Figure 2b). The relatively restricted expression pattern of 
CCR8 and its higher level of expression on tumor-infiltrating 
Tregs suggests it may be a good target for selective depletion of 
these cells.

Treatment with an anti-mouse CCR8 antibody results in 
robust antitumor e!cacy in mouse models and synergizes 
with PD-1 blockade

CCR8 is conserved in mouse and its expression is restricted to 
mouse tumor-infiltrating Tregs (Supplementary Figure 3). We 
therefore sought to investigate the therapeutic effect of treat-
ment with an anti-mouse CCR8 antibody (Ab) in a series of 

syngeneic mouse tumor models. In the MC38 model, admin-
istration of anti-mouse CCR8 Ab (murine IgG2a, mIgG2a) 
resulted in significant tumor growth inhibition with about 
30–50% of mice showing complete tumor regression 
(Figure 2a and Figure 3a). Robust efficacy was also observed 
in the Pan02 tumor model (Figure 2b), which is reported to be 
poorly responsive to immuno-oncology therapeutics23 and in 
the CT26 tumor model, where efficacy was maintained even 
when treatment was started following establishment of large 
tumors (Figure 2c). Lastly, we assessed the impact of anti- 
CCR8 mIgG2a treatment in combination with anti-PD-1 in 
the PD-1-resistant model MBT-2. Anti-mouse CCR8 mIgG2a 
monotherapy inhibited tumor growth compared to isotype 
control, while anti-PD-1 monotherapy did not. The combina-
tion of anti-mouse CCR8 mIgG2a and anti-PD-1 resulted in 
increased efficacy compared to anti-mouse CCR8 mIgG2a 
monotherapy with complete tumor regression observed in 
half of the animals receiving combination therapy compared 
to no complete responses in animals receiving either mono-
therapy or isotype control (Figure 2d). Of note, no signs of 
treatment-related toxicities or body weight loss were observed 
in any of these studies, even when anti-mouse CCR8 Ab was 
administered for an extended period of time, such as in the 
Pan02 study (Supplementary Figure 4).

Figure 2. Anti-mouse CCR8 antibody treatment results in robust antitumor efficacy in mouse tumor models and synergizes with PD-1 blockade. 
Tumor growth analysis of cohorts of mice bearing MC38 (a), Pan02 (b), CT26 (c) or MBT-2 (d) tumors and treated with the indicated antibodies. Mice were randomized 
into treatment groups when average tumor volume was approximately 100mm3, except in (b) where average tumor volume at randomization was either 100mm3 or 
250 mm3. Day0 indicates day of first dose. Tumor growth curves show average +/- SEM; CR corresponds to the number of complete responses in each group.

e2141007-8 J. D. WEAVER ET AL.

Pan02 tumor growth
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IL-2 muteine Treg-specifiche: ri-bilanciare
l’equilibrio

Santegoets, JITC, 2019 

HNSCC

Ino, Br J Ca, 2013

Pancreatic cancer

Liu, J Transl Med, 2019

Gastric cancer

Tumor Autoimmunity
Tregs Teff

Kim, Nat Immunol, 2007



IL-2 muteine Treg-specifiche: ri-bilanciare
l’equilibrio
Regulatory T cells

Ø Express high affinity a/b/g IL-2 receptor

Ø Depend on IL-2 for function and survival
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Ø Express intermediate affinity b/g IL-2 receptor

IMMUNO-ONCOLOGY: Treg “starver”

AUTOIMMUNITY: Treg “engager”

• Blocks IL-2 signaling in Tregs
• Does not affect effector T cells

Treg-selective IL-2 antagonist

à Treg inhibition and death

• Activates IL-2 signaling in Tregs
• Reduced affinity for effector T cells
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à Treg expansion
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EGL-001: CTLA-4 targeted Treg starver for I/O

1

2

CTLA-4 Blockade

IL-2 antagonismEGL-001
IL2Rb/g

CD28
MHC/
TCR CTLA-4

CD80/86

IL2Ra/b/g

IL2

Available IL2

GROWING 
TUMOR CELLS

TUMOR CELL 
KILLING

• EGL-001 entrera’ in sperimentazione clinica nelle prossime settimane! (NCT06622486)



Per 
concludere…

L’impegno paga! Assieme ad entusiasmo, curiosita’ e capacita’ 
di crescere (anche in situazioni non ideali) 

Le opportunita’ migliori a volte si presentano per caso e 
bisogna avere il coraggio di coglierle

Science is science. Nuove nozioni e tecniche sono facili da 
apprendere, ma sviluppare un solido senso critico e metodo 
scientifico e’ fondamentale

Scegliete bene i vostri mentori!

Work is life, but there’s more to life than work!


