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Current cellular therapies, including chimeric antigen receptor (CAR) T-cells have limited efficacy and persistence in 
solid-tumor indications as well as in the context of allogeneic based technologies.

Improving cell therapy for solid tumors and allogeneic products implies overcoming the tumor microenvironment and 
enhancing cell persistence and efficacy, which requires multiple gene edits.

However, the use of current gene editing approaches, such as CRISPR-based technologies, for multiple gene edits 
poses relevant biological and technical challenges.

Micro-RNAs (miRNAs) are highly efficient regulators of gene expression naturally present in eucaryotic cells and are 
organized in clusters, making them the ideal vector for shRNA-derived guide (shGuide) sequences for multiplex 
applications.

We developed a miRNA-based shRNA platform allowing the tunable modulation of multiple target genes simultaneously.

We combined five highly efficient miRNA scaffolds into a chimeric 5-plex cluster, able to deliver strong and consistent 
knock-down with a single shGuide per target gene.

We could replace the shGuides at will in each miRNA scaffold, maintaining a high knock-down efficiency without 
affecting the other miRNA scaffolds.

This showcases the high stability and the plug & play capability of our miRNA-based shRNA platform.

We expanded the capability of our platform from a 4-plex (Rossi et al. Nucleic Acid Research 2023), to a 5-plex, able 
to modulate up to five target genes simultaneously.
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Thanks to the tunability of gene expression allowed by our non-gene editing platform, HLA class I expression can be 
modulated to levels that are functionally relevant.

Indeed, the downregulation of HLA 
class I in the CAR T-cells was strong 
enough to significantly decrease the 
proliferation of the host T-cells in an 
in vitro mixed lymphocyte reaction 
assay mimicking HvG.

sh�2M efficacy in protecting the CAR T-cells from the
host T-cells was assessed by incubating control CAR T-
cells (no shRNA, in gray) or CAR T-cells carrying the
sh�2M (in orange) with CFSE-loaded non-donor-
matched T-cells, and by scoring the proliferation of T-
cells over a 72h time. Bars represent means ±SD of two
biological replicates. 
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At the same time, the residual 
expression of HLA class I was 
sufficient to allow CAR T-cells to 
escape NK recognition, without the 
need for further interventions (e.g., 
HLA E overexpression).

sh�2M efficacy in protecting the CAR T-cells from the 
host NK was assessed by incubating the CAR T-cells for 
24h with NK cells and assessing NK cell degranulation, 
scored as percentage of NK cells with surface 
expression of the NK activation marker CD107a (left) 
and T-cell viability (right), in comparison with a no 
shRNA control and a full �2M KO. Bars represent 
means ±SD of three biological replicates.
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Avoiding HvG

Reducing the risk of CRS by modulating cytokine secretion
When CAR T-cells are activated by their target following injection in the patient, they release inflammatory cytokines as 
part of their biological function. Occasionally, such cytokines can induce the host immune system to secrete abnormal 
levels of cytokines, triggering a positive feedback loop of pathogenic inflammation.
The resulting condition, termed cytokine release syndrome (CRS), is one of the major adverse events of adoptive cell 
therapy.

Avoiding GvHD

The achieved TCR downregulation functionally behaves as a
KO, as it strongly and durably abrogated TCR-dependent
responses of the CAR T-cells  upon specific TCR stimulation,
suggesting that our engineered CAR T-cells are effectively
protected against the risk of inducing GvHD.

TCR activity was assessed by using an activating antibody against CD3� (OKT3) and 
assessing cytokine secretion (IFN�). CD3� KD prevented TCR-dependent CAR T-cell 
activation over a wide range of OKT3 concentrations.
Bars represent means ±SD of three biological replicates.

Upon prolonged activation of the CAR T-cells through repeated 
stimulation with SK-OV-3 cancer cells, the simultaneous 
downregulation of PD-1, LAG-3 and TIM-3 reduced T-cell 
exhaustion, compared to CAR T-cells not bearing the miRNA-
based shRNA platform.

Exhaustion marker expression on the CAR T-cell surface was assessed by flow cytometry upon 
prolonged activation, following three rounds of co-culture of 72h each with SK-0V-3 cancer cells 
overexpressing CD19.
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The platform can be equipped with shRNA-derived guide sequences (shGuides) targeting the genes of interest and can 
be included in an all-in-one construct with the other CAR T-cell components. 

Avoiding GvHD and HvG in allogeneic CAR T-cells
The elimination of TCR, HLA class I and HLA class II from the cell surface is a prerequisite for the generation of safe and 
persistant CAR T-cells.
We selected potent shGuides against CD3�, �2M and CIITA that were able to specifically target TCR, HLA class I and 
HLA class II, respectively, and to reduce their surface expression to the desired levels.

Primary T-cells were transduced with a construct carrying a
CD19 CAR and the miRNA-based shRNA platform with the
shGuides against CD3ζ, �2M or CIITA. The KD efficiency of
each shGuide was assessed by flow cytometry using TCR,
HLA class I and HLA class II as readouts, respectively.
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Enabling CAR T-cells to withstand the immunosuppressive TME
Co-inhibitory receptors have a crucial role in regulating T-cell activity, as their expression on the cell surface upon 
chronic T-cell activation is associated with T-cell exhaustion.
The coordinated targeting of different co-inhibitory receptors may help overcoming these hurdles.

We selected shGuides against co-inhibitory receptors PD-1, LAG-3 and TIM-3 that could effectively silence the target 
gene expression upon upregulation following co-culture with cancer cells expressing the receptors’ ligands.

Primary T-cells were transduced 
with constructs carrying a CD19 
CAR and the miRNA-based 
shRNA platform with the 
shGuides against PD-1, LAG-3 
or TIM-3. KD efficiencies were 
assessed by flow cytometry with 
PD-1, LAG-3 and TIM-3 as 
readouts, respectively. The CAR 
T-cells were incubated for 24h 
with SK-OV-3 or NALM-6 cancer 
cells, to induce expression of the 
target genes.
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Short hairpin RNA (shRNA)-based cell engineering bypasses these criticalities, while allowing the fine-tuned modulation 
of the target genes, and thus represents a valid alternative to gene editing technologies.

Our miRNA-based shRNA technology is clinically validated (NCT04613557 and NCT04167696) and allows for an easy, 
efficient, and tunable modulation of gene expression, all in a single vector and with prompt clinical applicability.

Our technology is highly versatile, and can be used to engineer CAR T-cells to meet different demands (e.g., 
allogeneicity, resistance to the immunosuppressive tumor microenvironment, limit toxicity linked to cytokine release).

Simultaneous knock-down of five target genes
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To test the plug-and-play capability of the 5-plex and its stability irrespective of the target, a sixth shGuide sequence was substituted in each miRNA scaffold within the cluster, in the 
context of an anti-CD19 CAR. The knock-down efficiency for each target was assessed by monitoring the target expression by flow cytometry. Histograms in orange correspond to 
the original targets, already downregulated in the reference 5-plex construct (second from top). Substitutions with a sixth shGuide were preformed at each position. Histograms in 
purple correspond to the shGuides that were swapped.
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The expression of a mismatched HLA class I on the surface of allogeneic CAR T-cells leads to their recognition by the 
host immune system and, consequently, to their elimination.
In order to increase the persistance of allogeneic CAR T-cells, the expression of HLA class I must therefore be 
abrogated. However, complete loss of HLA class I leads to the activation of the host NK cells, which can in turn eliminate 
the CAR T-cells.
For this reason, when HLA class I expression is knocked-out using gene editing strategies, additional engineering 
intervetions (e.g. overexpression of surrogate HLAs) are required to avoid elimination by the host NK.  

CAR T-cell activity was scored following co-culture for 24h with SK-0V-3 cancer cells overexpressing CD19, by assessing 
cytokine secretion (IFNg) by ELISA (left) and by monitoring killing activity via Incucyte live imaging (right). 
Bars represent means SD of three biological replicates.

The simultaneous downregulation of PD-1, LAG-3 and TIM-3 enhanced cytokine 
secretion compared to CAR T-cells not engineered with the miRNA-based shRNA 
platform, when challenged with SK-OV-3 cancer cells.

We selected shGuides against IFN�, TNF� and GM-CSF, among the main CAR T-cell-secreted cytokines responsible for 
the onset of CRS. We achieved potent inhibition of their secretion, opening to the deign of safer CAR T-cells for 
autoimmunity and inflammatory diseases.
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Primary T-cells were transduced with 
constructs carrying a CD19 CAR and the 
miRNA-based shRNA platform with the 
shGuides against IFN�, TNF� or GM-CSF. 
The CAR T-cells were incubated for 24h 
with Raji cancer cells, to induce secretion 
of the target cytokines. Cytokine secretion 
was assessed by ELISA on the co-culture 
supernatants at harvest. Bars represent 
means SD of three biological replicates.


