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Structure of the talk

Inducible over-expression and forward programming
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Stem cells In medical research
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Inducible gene expression and

forward programming

hROSA26 locus
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AAVS1 locus
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Expression from Genomic Safe Harbours
(GSHSs)
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Expression from GSHs iIs stable in all cell
lineages tested

Oligodendrocytes
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OCT4

Choice of Promoter

EGFP (short)

EGFP (long)
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ROSAZ26 promoter test

% of Max

10" 10° 10°
FL 1 Log: FITC (EGFP)
Sample %EGFP+ EGFP MFI
H9 (CTR) 00177 247
EMDO-EGFFP 997 168
EF1a-EGFF 319 .22
CAG-EGFP 100 1835




Directed differentiation vs

Forward programming

Directed differentiation
(weeks-months)

Forward programming
(days)
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Inducible over-expression (10X)
and forward programming
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IOX design

ROSA26: activator

\ CRISPR/Cas9 e
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Proof of principle - inducible EGFP

Dose Response
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Forward programming of neurons using
INGN2

i-Neurons
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Induced Neurons

DAPI/TUBB3/VGLUT Pluripotency Genes
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Forward programming of skeletal muscle
using IMYOD1

MYOG/MHC
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Induced skeletal Muscle — RA

MYOG/MHC
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Induced skeletal Muscle — functionality

Myocyte Genes
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Forward programming of Oligodendrocytes

using IOLIG2/SOX10
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Induced Oligodendrocytes

Myelin Genes
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Conclusions IOX forward programming

* This inducible system can robustly achieve very high levels
of overexpression.

» Overexpression of lineage determining transcription factors
can be used for forward programming.

« This strategy enables the rapid, reproducible and scalable
generation of mature cell types from a renewable source.
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Inducible gene knock-down and knock-out

iIKD
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Inducible knock-down system (iIKD)

EGFP inducible knockdown
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IKD of EGFP

EGFP

96% iKD
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TetRepressor optimization and dose response

tetR expression .
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Kinetics of KD and recovery
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IKD also works in differentiated cells

Neuroectoderm Lateral plate mesoderm Definitive endoderm Neurons
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Single vector and multiple shRNAs

Single vector design

shRNA
AAVS1
__.ii CAG il
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Multiple sShRNAs
sh 1 sh2 sh3 sh n
AAVS1
Exon1 SAT2A pA TO TO TO TO

7@ UNIVERSITY OF

“%> CAMBRIDGE



OCT4 IKD

SOX17
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T(Bachyury) IKD
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Expression relative to hESCs
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T(Bachyury) IKD

Chondrocytes
Presomitic mesoderm Chondrocytes
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Stage specific IKD

DPY30
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Inducible Knock-Out (IKO)
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Inducible Knock-Out (IKO)

AAVST allele 1:i-gRNA
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EGFPd2 IKO
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EGFPd2 IKO
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IKO during differentiation

Neuroectoderm
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Improving IKO - More of the same guides?

AAVST allele 1Xi-gRNA
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Improving iIKO — Different guides?

EGFPd2 HOM iKO
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Some gRNAs show problems with leakiness

EGFPd2 HOM IKO EGFPd2 HOM IKO
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Counteracting leakiness of strong gRNAS
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Counteracting leakiness of strong gRNAS
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OCT4 KO shows expected phenotype

DAPI OCT4 SOX17
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Conclusions IKD and IKO

* Inducible expression of sShRNAs can achieve efficient and
reproducible KD in pluripotency and differentiation

« Stage specific KD allows stage specific studies
* CRISPR/CAS9 and inducible gRNAs allow efficient IKO

« Useful especially for genes essential for pluripotency and
early stages

« IKD and IKO are dependent on the quality of ShRNAs/gRNAs
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Thank you for your attention!
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