
CRISPR/Cas9 as integrative tools in neurological disease 
models and drug screening platforms

During the past few years CRISPR-based genome-editing tools extend their

application beyond conventional NHEJ and HDR; they found applications such

as in gene-expression control, RNA editing, live-cell imaging and became

important tool in target gene identification and pathway deconvolution by

genetic perturbation screening, accelerating drug discovery. Here we present

how this tool can be used for generating appropriate in vitro cellular models for

neuro-related disorders that could provide integrative platforms for HT drug

screening campaigns and find application in orthogonal assay development.

1 - RNAi-based pathological model

siRNA-mediated gene knockdown and depletion in neuroblastoma cells.
Left: Experimental protocol workflow in miniaturized 384w plate format (upper panel) and
expression analysis by Triplex RT-qPCR using cell lysates (lower panel): siRNA-based silencing
of disease-related splice factor and modulation of two dependent splice variants, normal and
aberrant, are shown as fold changes over Non-Targeting Control siRNA transfected cells. Data
of each well are normalized by GAPDH HouseKeeping gene expression.
Right: Restoration in splice factor-depleted cells: Overexpression of wt and mutant splice
factor in siRNA treated cells showed specific reversion of splice variant modulation back to
healthy phenotype (plasmids contain optimized coding sequence insensitive to siRNA-
mediated degradation).

3 - Inducible shRNA-based depletion assay and screen

HTS-suitable depletion assay and Pilot Screen in HiBiT tagged neuroblastoma cell line.
Left: Doxycycline dose-dependent reduction of normal variant-HiBiT protein levels (HiBiT assay) in line
with dose-dependent gene silencing (RT-qPCR) and depletion.
Center: D/R curves after 96 hrs Doxycycline incubation using a reference compound (cpd) for reverting
normal variant expression. Max Signal (at maximum tested Doxycycline dose) over Baseline (only
vehicle DMSO) as Ratio S/B (upper). Nano-Glo® HiBiT Blotting System adding LgBiT and NanoGlo
substrate (lower). >50% splice factor depletion upon Doxycycline treatment, normal variant protein
rescue by reference cpd (Doxy+cpd), data confirmed by Western Blot normalized by anti-GAPDH.
Right: Pilot Screen testing 3,200 compounds (2,200 cpds from SMSM plus 1,000 cpds from CNS library)
at 20 mM with triplicate data points, n=3 on Target Assay (TO-shSplice factor/HiBiT) and Mock Assay
(TO-shControl/HiBiT) at two separate days, confirmed assay robustness (RZ’ > 0.5) and cpd
pharmacology (hit from TaqMan screen) with about 60% activity. Hit rate: ~1.3%.

4 - Biomarker and lineage-specific engineered iPSC reporter lines
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Introduction 2 - HiBiT marker in neuroblastoma cells 

Identification of splice modulating small molecules in siRNA-depleted cells.
Primary Screening of 2,200 compounds by Triplex TaqMan assay for quantification of normal
(TG1), aberrant (TG2) and GAPDH (HK) expression at 20 mM final concentration in single point
and technical duplicate to identify modifiers that can revert normal variant splicing. Quality
criteria achieved (left), raw signals distribution (middle), compound distribution and hit
selection (right) by Genedata Screener® software analysis.

HiBiT marker insertion in neuroblastoma cell line.
Above: Scheme and workflow for HiBiT marker insertion on
relative genomic sites for tagged protein expression of
normal and aberrant isoforms.
Right upper: CPA on siRNA-treated cells at Hamamatsu (FDSS
7000EX) luminescence reader using Nano-Glo® HiBiT Lytic
Detection System. Clones with tagged normal variant were
selected based on basal expression HiBiT signal (siControl)
and on stimulus-derived (siRNA-mediated splice factor
knock down) HiBiT signal modulation.
Right lower: Clones restest on siRNA treated cells showing
fold HiBiT signal reduction (upper panel) and genomic clone
characterization (lower panel): End-point PCR and ICE tool
(Synthego) analysis on amplicon-derived Sanger sequences.

The data reported here have been generated using HiBiT, a technology by
PROMEGA.
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Inducible shRNA-mediated gene knock-down and depletion in HiBiT tagged neuroblastoma cell line.
Left: Cell model in which pathological conditions (LOF) can be reversibly and dose-dependently induced
in order to identify SM compounds that might revert disease phenotype.
Right: Lentiviral transduction for inducible shRNA against a disease-related splice factor, analysis on
stable pools after 96 hrs Doxycycline incubation by two readouts: RT-qPCR showed silencing of disease-
related gene and dependent modulation of normal (reduction) and aberrant (increase) splice variant
transcript. Nano-Glo® HiBiT Lytic Detection System showed reduction of tagged normal variant protein.

Biomarker and lineage-specific engineered iPSC reporter lines.
Left: Experimental protocol workflow.
Right: Generation of a biosensor reporter iPS cell line: integration of a pluripotent expression
cassette for the calcium-sensitive indicator GCaMP6f into the AAVS1 Safe-Harbour site by a
gene trap approach (selection marker expressed only upon site-specific integration).
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