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● Co-inhibitory receptors, such as PD-1 and LAG-3, 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.

● Immunotherapies directed against co-inhibitory receptors exhibited unprecedented efficacy in several 

cancer indications. However, many patients do not respond to these therapies and some tumor types 

remain largely refractory.

● A key determinant of CAR T-cell failure against solid tumors is T-cell exhaustion induced by 

checkpoint inhibitors on cancer cells.

● The coordinated targeting of different co-inhibitory receptors may help overcoming these hurdles.

● Here we show that the simultaneous downregulation of co-inhibitory receptors PD-1, LAG-3, TIM-3 

and death receptor CD95 improves the functionality of CAR T-cells.
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A microRNA (miRNA)-based short hairpin RNA (shRNA) 

platform was developed, to allow for the tunable modulation 

of multiple target genes simultaneously. The platform was 

equipped with shRNA-derived guide sequences (shGuides) 

targeting PD-1, LAG-3, TIM-3 and CD95, and combined with 

an anti-CD19 CAR. The engineered CAR T-cells were 

challenged with target cancer cells expressing the receptors’ 

ligands. The impact of the simultaneous downregulation of 

the four receptors was assessed in vitro by monitoring T-cell 

activation (via cytokine secretion), killing activity, and 

persistence (via repeated challenges with the target cells).

Thanks to our shGuide screening platform, we could select efficient shGuides for each of the 

four targets.

In the case of the co-inhibitory receptors PD-1, LAG-3 and TIM-3, our shGuides could effectively 

silence the target gene expression upon the receptors’ upregulation following co-culture with 

cancer cells expressing the receptors’ ligands.
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● Immune checkpoint receptors concomitantly contribute at regulating T-cell responses, making it 

difficult to inhibit or knock-out multiple receptors together. With our approach we proved the feasibility 

of the simultaneous knock-down of PD-1, LAG-3, TIM-3 and CD95.

● We show increased cytokine secretion and viability and decreased expression of exhaustion markers 

in the engineered CAR T-cells, suggesting that the simultaneous downregulation of the four co-

inhibitory receptors may improve the antitumor activity of adoptive cell therapy.

● This strategy may empower the CAR T-cells to successfully target tumors reliant on high expression 

of immune checkpoint molecules and therefore often refractory to immunotherapy, such as many solid 

tumors. 

Our breakthrough
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The simultaneous downregulation of PD-1, LAG-3, TIM-3 and CD95 enhanced cytokine 

secretion compared to CAR T-cells not engineered with the miRNA-based shRNA platform, 

when challenged with SK-OV-3 cancer cells.

Likewise, the knock-down of the four surface markers in the CAR T-cells enhanced their killing 

activity against SK-OV-3 cancer cells.
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We screened a panel of 12 cancer cell lines for the expression of PD-1, LAG-3, TIM-3 and CD95  

ligands, with the aim to find a cell line expressing ligands for all four receptors, that could 

therefore be used as a suitable model to assess the impact of our miRNA-based shRNA 4-plex 

on CAR T-cell functionality.

The ovarian adenocarcinoma cell line SK-OV-3 emerged as the best target cell candidate, 

thanks to its ligand expression profile.

The expression of the main ligands for PD-1, LAG-3, TIM-3 and CD95 were screened by flow cytometry. For all 

ligands, expression on the cell surface was assessed, with the exception of galectin-3 and HMGB-1n that were 

stained intracellularly. The figure depicts the screening results for the SK-OV-3 cells line, which resulted the best 

candidate as target cell line due to the simultaneous expression of at least one ligand for each receptor. 
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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.

In the same setting, downregulation of CD95 protected the engineered CAR T-cells from 

apoptosis, enhancing their viability. 

Effective shGuides against each of the targets were selected for each of the targets. For this purpose, 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, TIM-3 or CD95, respectively. The KD efficiency of each shGuide was assessed by 

flow cytometry using PD-1, LAG-3, TIM-3 and CD95 as readouts, respectively. For the analysis of PD-1, LAG-3 and 

TIM-3, the CAR T-cells were incubated for 24h with SK-OV-3 or NALM-6 cancer cells, to induce expression of the 

target genes. 

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.

CAR T-cell activity upon prolonged activation was scored following three rounds of co-culture of 72h each with SK-

0V-3 cancer cells overexpressing CD19. Exhaustion marker expression (top) and T-cell viability (bottom) were 

assessed by flow cytometry.

For further technical information regarding the miRNA-based shRNA platform,

please see our recent publication in Molecular Therapy – Nucleic Acids.

Check also poster #298, where we use our platform to generate allogeneic CAR T-cells.
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