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The complex interactions between leukemic cells, microenvironment and immune system in CLL

Griggio V et al. Frontiers in Immunology (2020)



Vitale et al. Hemasphere (2023)

The clinical correlates related to immune
dysfunction in CLL
• infections
• autoimmune phenomena
• second primary malignancies
• poor response to vaccines
• suboptimal efficacy of immunotherapy

T-cell compartment, in particular, is characterized
by multiple phenotypical and functional
alterations



While CD19 CAR T-cell therapy has revolutionized the treatment of B-cell malignancies, its efficacy in CLL remains
suboptimal:

Clinical trial involving limited number of
partecipants with CLL

Less deep and durable responses
compared with other B-cell
malignancies

Vitale C et al., Haemasphere (2023)



Borogovac A et al., Cancer Drug Resist (2023)

One of the major determinants of CAR T-cell therapy limited efficiency is T-cell exhaustion and a tumor-
supportive TME

Therefore, a deeper understanding of these mechanisms is essential to improve CAR T-cell manufacturing and 
therapeutic outcomes



One of our laboratory’s main research interest is the study of the immunomodulatory properties of targeted
therapies. Besides their direct anti-tumor activity, targeted agents such as ibrutinib or venetoclax have shown
positive immune changes

• Immunophenotype

• Functional assays

• Correlation with prognostic factors, disease and 
response variables

Immune changes are possibly linked to off-tumor and off-target effects and could also be associated to the
reduction of tumor burden



The GIMEMA CLL2020 study aims to evaluate, in CLL patients, the impact of treatment with targeted agents

(i.e. ibrutinib or venetoclax) on T cells and on patient-derived anti-CD19 CAR T cells in terms of:

• manufacturing efficiency

• immunophenotypical profile

• functional properties

The functionality and persistence of infused CAR T cells are strictly connected to the composition and the fitness 
of both the starting T-cell source and the final CAR T-cell product

Samples were collected before
the start of treatment and after
6 and 12 months of therapy
with ibrutinib (n=7) or
venetoclax (n=8)



CD19 CAR T-cell generation workflow

Starting material – day 0

PBMC usually contain a large
number of leukemic B cells

B-CELL DEPLETION (positive selection of leukemic cells)

T-CELL ENRICHMENT (negative selection of T cells)



CD19 CAR T-cell generation workflow

T-cell activation – day 0

Delayed activation or fail to
activate when working with
thawed PBMC

T CELLS ARE ACTIVATED USING A COLLOIDAL MATRIX CONTAINING 
αCD3 and αCD28 agonists
Early T-cell activation is evaluated by the appearance of characteristic cellular clusters under
light microscopy. When sufficient material is available, activation status is further
characterized by flow cytometry through the expression of CD69 and CD25



CD19 CAR T-cell generation workflow

T-cell lentiviral transduction – day 1-3

Target antigen: CD19

Second generation CAR T cells

CD19.CAR.4-1BB.CD3zeta
FMC63 clone

Borogovac A et al., Cancer Drug Resist (2023)

Anti-idiotype antibodies specifically
recognize the variable scFv region of a CAR

CAR expression



Our CD19 CAR T-cell generation workflow

CAR T-cell expansion – approx 9 days

IL-7/IL-15-driven expansion depends on:
• T-cell differentiation status
• T-cell exhaustion
• metabolic fitness

CAR T CELLS ARE CULTURED IN THE PRESENCE OF IL-7 AND IL-15

T-cell proliferative ability can vary substantially
among CLL patients depending on disease-related
immune dysfunction and baseline T-cell composition
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CD19 CAR T-cell immunophenotypical characterization

Immune determinants of response to CAR T-cell
therapy
Favourable
• Memory-like T-cell phenotype
• High ex vivo proliferative potential
• IL-6/STAT3 pathway activity

Unfavourable
• Higher PD-1, TIM-3 and LAG-3 expression
• Terminal differentiation

Fraietta JA et al., Nature Medicine (2018)

Lineage composition
CD3, CD4, CD8

T-cell differentiation subsets
CCR7, CD45RA, CD95

Activation markers
CD25, CD69, HLA-DR

Immune checkpoint
PD-1, TIM-3, CTLA-4, 

TIGIT, BTLA

T helper subsets
CCR6, CXCR3

Migration markers
CD62L,  CXCR3
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Generation process efficiency: expansion ability, viability and CAR transduction efficacy

Unpublished data, international workshop on CLL (iwCLL) Congress 2025 (poster #1902)



Targeted therapy induces changes in the subpopulation frequency of CAR T cells

↓ More differentiated T-cell subsets
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 Less differentiated T-cell subsets
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Unpublished data, international workshop on CLL (iwCLL) Congress 2025 (poster #1902)
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Treatment with venetoclax modulates the expression of immune checkpoint molecules

Unpublished data, international workshop on CLL (iwCLL) Congress 2025 (poster #1902)



Prolonged ex vivo culture can alter T-cell fitness through progressive acquisition of
exhaustion-associated phenotypes

TIM-3 expression increases during ex vivo CAR T-cell expansion
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Unpublished data, international workshop on CLL (iwCLL) Congress 2025 (poster #1902)



CD19 CAR T-cell functional assessments

Target cell killing

Proliferation ability

Cytokine production
(i.e. IFNγ, TNFα)

Degranulation assay

Autologous CLL cells are
not always available for
functional assays

CAR T cells efficiently eliminate CD19+ target cells
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Conventional 2D coculture assays
do not fully recapitulate the CLL
tumor microenvironment

Unpublished data, international workshop on CLL (iwCLL) Congress 2025 (poster #1902)



Future applications and optimization

• An in-house small-scale manufacturing platform was successfully established for the
generation and characterization of CLL patient-derived CD19 CAR T cells

• The workflow can be further optimized, particularly by reducing manufacturing time
and implementing more physiologically relevant functional models

• This platform provides a versatile tool to investigate the impact of patient-, disease-
and treatment-related variables on CAR T-cell manufacturing and fitness, enabling
direct comparisons between starting T cells and final CAR T-cell products

• The platform may also serve as a preclinical system to evaluate immunomodulatory
agents and manufacturing strategies aimed at improving CAR T-cell quality in CLL
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