
MAIN RESULTS
● In order to build a multiplexed scaffold, we first tested tandem

repeats of a single clinically validated miRNA scaffold.
However, this configuration led to a decrease in KD efficiency,
thus calling for a different design (Fig 1A).

● Hence, we evaluated natural miRNA clusters. Several miRNA
scaffolds within them showed good KD efficiency, proving
suitable as building blocks for a chimeric cluster (Fig 1B).

● We combined the four best miRNA scaffolds into a chimeric 4-
plex cluster, able to deliver strong and consistent KD with a
single shGuide per target gene (Fig 2). We could replace the
shGuides at will, maintaining a high KD efficiency for all the
examined targets (Fig 2). This showcases the plug & play
property of our shRNA-based miRNA platform.

● With this platform we could achieve KD levels that are
functionally equivalent to a KO. As an example, upon TCRa/b
downregulation, stimulation with a TCR-activating antibody did
not elicit any T-cell activity, scored as IFN cytokine secretion
(Fig 3A).

● Alternatively, by selecting an appropriate shGuide, we could
modulate the KD level to meet the needs of the target biology.
As an example, we could fine-tune the downregulation of
HLA-I to avoid NK recognition of the CAR T-cells and NK
degranulation, thus protecting CAR T-cells from NK-mediated
lysis (Fig 3B). In the same context, a full KO fails to do so,
leading to NK activation and to a decrease in CAR T-cell
viability (Fig 3B).
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METHODS
Construction of miRNA-containing lentiviral and retroviral vectors

All sequences containing the miRNA-based scaffold were purchased as custom

synthesized gBlocks from Integrated DNA Technologies, cloned into the recipient

backbones using the In-Fusion® Snap Assembly Master Mix (TaKaRa), and

verified by Sanger sequencing. For lentiviral expression, a third generation pCCL

backbone was used. For retroviral expression, a pSFG backbone-based plasmid

expressing a second generation anti-human CD19-41BB or anti-human BCMA-

41BB CAR and a truncated CD34 (tCD34) selection TAG was used. The

following shRNA-based sequences were used for target gene KD:

CD3ζ (5’-AACAGACTCAACAACTCAGG-3’)

TRAC(5’-GAAAGTTTAGGTTCGTATC-3’)

β2M (5’-TTCATCCAATCCAAATGCGG-3’)

CD52 (5’-TGAGAGTCCAGTTTGTATC-3’)

CD28 (5’-AATGATCTTGATATTTGGTC-3’)

CD95 (5’-ACAGACGTAAGAACCAGAGG-3’)

CIITA (5’-TATTGTACAAGCTTAGCCTG-3’)

CD27 (5’-ACAGCTTTCCCTGAGCCCAG-3’)

LAG-3 (5’-TATTTGGACTGGGCTGCTGA-3’)

CAR T-cell production

Peripheral blood mononuclear cells (PBMC) were isolated from apheretic

material followed by red blood cell lysis. The PBMCs were subsequently washed

three times with DPBS, harvested and activated in XVivo 15 medium (Lonza)

supplemented with 10% of Human Male AB Plasma-Derived Serum (Access

Biologicals), 1x GlutaMAX (ThermoFisher) and 100 IU/ml IL-2 (Miltenyi Biotec).

After isolation the cells were activated at a density of 2×106 cells/mL for 48 h in

complete XVivo medium and TransAct (Miltenyi Biotec) at 1/100 dilution, in an

incubator at 37C with 5% CO2/air. Cells were subsequently harvested and

transduced at 1×106 cells/well coated with 8 ug/ml retronectin (TaKaRa) with the

appropriate viral vector in the presence of 100 IU/ml IL-2 (Miltenyi Biotec) and 1

uM Akti-1/2 (Bio-Techne) and incubated for 2 days. On day 4 post activation,

transduced cells were expanded in flasks in complete XVivo 15 medium

supplemented with 100 IU/ml IL-2 for 48 h. On day 6 post activation, cells were

collected and washed with HBSS containing 1% human serum albumin (HSA)

(Octapharma) prior to positive selection with the CD34 MicroBead Kit (Miltenyi

Biotec). Cells were further expanded in complete XVivo 15 medium with 100

IU/ml IL-2 and harvested between day 10 and day 12 post activation.
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BACKGROUND
● Current cellular therapies have limited efficacy and

persistence in solid-tumor indications as well as in the
context of allogeneic based technologies.

● Enhancing cell therapy for solid tumors requires multiple
gene edits to overcome the tumor microenvironment
and enhance cell persistence and efficacy.

● However, the use of current gene editing technologies
for multiple gene edits poses relevant biological and
technical challenges.

● Short hairpin RNA (shRNA)-based cell engineering
bypasses these criticalities and represents a valid
alternative to classical gene editing technologies like
CRISPR or TALEN.

● miRNAs are organized in clusters, making them the
ideal vector for shRNA-derived guide (shGuide)
sequence in multiplex applications.

● Here we describe our work on a miRNA-based delivery
system for shRNAs that ensures high knock-down (KD)
efficiency of multiple targets simultaneously in a single
vector.
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Figure 1: Designing a miRNA multiplexed scaffold

Figure 3: A tunable system that

delivers functionally relevant

outcomes. The functional relevance

of the platform is shown for two

candidates: CD3ζ (A) and B2M (B).

For each target, the most suited

shGuide was selected (orange bar)

and assessed in a functional assay.

A) CD3ζ activity was assessed by

utilizing an activating antibody

against CD3ε and assessing

cytokine secretion (IFN). C) B2M

activity was assessed by incubation

of the CAR T-cells with NK cells and

assessing NK cell degranulation on

the one hand and T-cell viability on

the other, in comparison with a full
KO. Bars represent means ±SD of

three biological replicates.

Figure 1: Designing a miRNA

multiplexed scaffold. A) . KD

efficiency in CAR T-cells of four

different shGuide sequences

(expressed as mean fluorescence

intensity, MFI) was compared in a

single miR196a-2 scaffold (1-plex)

and in the context of a 4-plex made

of repeats of the miR196a-2 scaffold

(4-plex). B) Schematic

representation of the four miRNA

clusters most highly expressed in T-

cells with an average scaffold size

below 250 bases. KD efficiency of

the scaffolds within these clusters

was measured by flow cytometry as

mean fluorescence intensity (MFI)

relative to a control without shRNA,

using validated shRNA-derived
sequences. Bars represent mean ±
standard deviation (SD) for three

independent biological replicates.

Each symbol superimposed to the

bars represents a different PBMC

donor.
Figure 2: A highly effective and versatile plug & play miRNA-based shRNA 4-plex

Figure 2: A highly effective and

versatile plug & play miRNA-based

shRNA 4-plex. To test the plug-and-

play capability of the 4-plex and its

stability irrespective of the target, a

fifth shGuide sequence was

substituted in each position in the

scaffold cluster carrying validated

shGuide sequences, in the context of

an anti-CD19 CAR. The plug-and-play

capability of the system was assessed

by flow cytometry by monitoring the

MFI of all targets.
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Figure 3: A tunable system that delivers functionally relevant outcomes

CONCLUSIONS

We optimized a miRNA-based shRNA platform that allows an

easy, efficient, and tunable modulation of multiple target genes

simultaneously, with prompt clinical applicability.
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