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INTRODUCTION

DefiniGEN’s CRISPR modeling service 
provides the ability to repair causative 
mutations to patient-derived lines, 
or introduce pathogenic gene 
sequences into a healthy parental 
line. The differentiated disease model 
human cells provide a powerful tool 
to support preclinical research.

The CRISPR-Cas9 system can achieve 
highly specific and precise targeting for 
the genetic manipulation of cells and cell 
lines, transforming the field of genome 
engineering and presenting a wealth of new 
possibilities for Research and Development.

BENEFITS

With our years of experience generating 
mature, primary-like cells from iPSCs and 
our proficiency at using CRISPR for targeted 
genome editing, we can build the cells that 
best reflect the biology you wish to model.

Rapid turnaround time  
Our optimized protocols ensure 
efficient project completion.

High success rates  
Our depth of expertise 
handling challenging 
iPSCS easily translates into 
successful CRISPR editing.

CRISPR  
MODELING

CRISPR Gene-editing stage: visual inspection via 
cell morphology, mRNA expression of pluripotency 
markers: OCT-4, SOX2, NANOG via qPCR. Sanger 
sequencing analysis, sterility of final cell product 
- mycoplasma

Differentiation stage: cell morphology, viability, 
sterility testing, qPCR analysis of key markers for 
end cell type.  Additional add-ons available*

We have a rigorous quality 
control process as part of 
our gene-editing service

  — IPSC differentiation technology robustly delivers 
reproducible and phenotypically  
relevant models

  — Unedited parental lines are differentiated to 
provide perfect isogenic controls

Phenotypically validated 
disease models support 
preclinical research 

QUALITY CONTROL WHY CHOOSE DEFINIGEN



DefiniGEN’s gene-editing service provides 
high-quality edited human iPSC models 
from patient donor or disease specific lines.

WORKFLOW

Design and validation in WT 
iPSC line of 3 single  sgRNAs 
- manufacture of best suitable 

sgRNA for targeting

OptiDIFF platform 
differentiation to differentiate 

iPSC to end cell type

Transfection of DefiniGEN’s 
proprietary WT cell line with 
Cas9/sgRNA RNP complex

Optimization to evaluate the 
best differentiation parameters

Single cell seeding

Screening of clones and 
identification of KI clones

Assessment of level of CRISPR 
activity at pool level

Expansion of modified iPSC line 
to generate start material and 

master cell banking

PROJECT TYPES AVAILABLE

Knockout 
—  Indel for gene disruption 
—  Large deletions 
—  Multiple deletions

Knockin 
—  Point mutations/SNPs 
—  Tag Reporter 
—  Large cassettes integration



MODELLING NON-ALCOHOLIC FATTY LIVER DISEASE 
(NAFLD) CRISPR GENE-EDITED DISEASE MODEL

Non-alcoholic fatty liver disease (NAFLD) is 
characterized by the accumulation of fat within 
the liver that can lead to inflammation, fibrosis, 
and hepatocellular carcinoma. The most 
common disease implicated genetic variant 
is I148M in the gene coding for Patatin-like 
phospholipase domain-containing protein  
3 (PNPLA3).

The aim of this project was to perform CRISPR 
gene-editing on DefiniGEN’s iPSC line to 
generate a disease model. DefiniGEN disease 
modelled NAFLD hepatocytes represent an 
optimized model for drug discovery applications 
and a principal tool for elucidating the underlying 
mechanisms of the disease.

CRISPR  
MODELING

CHARACTERIZATION

Key hepatocyte 
marker analysis
Figure 2. Functional analysis 
of Def-HEP PNPLA3 cells. 
qPCR analysis indicates that 
the PNPLA3 CRISPR-modified 
cells can be successfully 
differentiated into hepatocyte 
cells that express key 
hepatocyte markers at similar 
levels to primary human 
hepatocytes (PHH).

Disease circuit verification
Figure 1. Sanger sequencing of the edited PNPLA3 gene using CRISPR/Cas9 in the reference hiPSC line. (A) PNPLA3 gene in 
the wild-type line. (B) PNPLA3 homozygous knock-in clone with the I148M mutation (Isoleucine to methionine at position 148, 
exon 3). (C) PNPLA3 homozygous knock-out with a 6bp deletion and no frameshift mutation.



CHARACTERIZATION

Heatmap 
Figure 4. Heatmap analysis 
showing the differential 
expression of relevant lipid 
metabolism and accumulation 
genes. PNPLA3 I148M variant 
shows a significantly altered 
gene expression pattern when 
compared to Def-HEP WT.

Fatty acid accumulation
Figure 3. Fatty acid 
accumulation in Def-HEP 
PNPLA3 cells. BODIPY 
staining shows a higher 
accumulation of lipids in Def-
HEP I148M when cultured in 
low-lipid media. When cells 
are treated with 0.25mM 
of Oleic acid for 7 days all 
cell variants demonstrate 
an increase in lipid 
accumulation. A moderate 
increase in lipid accumulation 
can be observed with 
treatment of 0.25mM of 
Palmitic acid for 7 days.



CELL TYPES AVAILABLE

Hepatocyte 
Wild-type, A1ATD, Wilson’s, 
GSD1a, NAFLD, FH

Intestinal 
Wild-type organoids and 
monolayer

Pancreatic 
Wild-type, MODY3 Diabetes, 
Neonatal Diabetes

IPSC  
PATIENT DERIVED MODEL
INTRODUCTION

It is known that genetic variability in donors 
can influence the capacity of donor material 
to generate truly pluripotent lines that can 
effectively differentiate in to ‘end’ cell types. 

DefiniGEN’s patient-derived iPSC custom cell model 
development service utilizes our proprietary OptiDIFF 
platform to generate highly functional terminally 
differentiated cells to fit client specifications. 

All projects are structured to ensure the client 
receives their desired custom patient-derived iPSC 
disease model by using multiple donors and clonal 
lines with the lines being assessed and ranked at 
each stage to ensure that the best line is used in 
large scale custom cell model production.

BENEFITS

—  Patient sample sourcing 
—  IPSC generation 
—  IPSC differentiation 
—  Cryopreservation and banking 
—  Product validation and delivery

Unique rare and metabolic 
disease samples 
Our established relationships 
with well-regarded cell banks 
can streamline patient sample 
sourcing for your project.

Collaborative project 
management 
We conduct every project 
with complete transparency 
and in close collaboration 
with client teams..



QUALITY CONTROL

Hepatocyte: cell morphology, viability, sterility 
testing, qPCR analysis of hepatocyte markers: 
Albumin, A1AT, HNF4a

Pancreatic: cell morphology, viability, sterility 
testing, qPCR analysis of pancreatic markers insulin 
and glucagon, GSIS assay - low glucose and high 
glucose

Intestinal: cell morphology, viability, sterility testing, 
qPCR analysis of intestinal markers: VILLIN, CHGA, 
SLCO2B1, ABCB1, CYP2J2, PXR, VDR, UGT2B7, 
CYP2D6 and CYP3A4.

We have a rigorous quality 
control process as part of our 
patient derived modeling service

WHY CHOOSE DEFINIGEN

DefiniGEN can source a disease patient 
sample for iPSC line generation or use an 
existing iPSC line from a range of cell banks

Recapitulate patient disease phenotype 
through our iPSC disease modeling platform. 

Unique access to samples, 
phenotypically relevant and 
robust differentiation. 

WORKFLOW

Customer-defined Donors

Patient specific 
skin fibroblasts 
or blood cells

Reprogramming

Differentiation

Hepatocytes Pancreatic 
beta cells

Intestinal 
Organoids

Genetic Engineering
Induced Pluripotent 

Stem (iPS) Cells



MODELLING ALPHA-1 ANTITRYPSIN DEFICIENCY - 
CRISPR GENE-EDITED DISEASE MODEL

DefiniGEN provide disease modelled alpha-1 
antitrypsin deficiency hepatocytes which are 
highly functional CRISPR gene-edited human 
hepatocytes. Alpha-1 antitrypsin deficiency is 
an inherited condition and the most common 
form of A1AT-deficiency is associated with the 
PiZ variant of the alpha-1 antitrypsin which is 

caused by a (G>A) point mutation at codon 342 
(Glu342Lys) in exon 5 of the SERPINA1 gene.

PHENOTYPIC  
SCREENING

CHARACTERIZATION

Key hepatocyte 
marker analysis
Figure 2. Characterization 
of Def-HEP CRISPR 
A1ATD disease modelled 
hepatocytes. Gene expression 
of key hepatic markers: 
ALB (Albumin), A1AT (a1-
Antitrypsin) and HNF4a 
(Hepatocyte Nuclear Factor 4 
alpha).

Disease circuit verification
Figure 1. Sanger sequencing of the edited A1ATD line showing a homozygous single nucleotide change (GAG>AAG) leading to 
a lysine to glutamate substitution at residue 342 (E342K).



VALIDATION

Intracellular 
accumulation of 
polymeric A1AT
Figure 3.  A) Immunostaining 
with polymeric-specific 
A1AT antibody (2C1) shows 
increased intracellular A1ATD 
polymers. B) Quantification of 
the polymeric A1AT staining 
expressed as the mean 
fluorescence intensity (MFI) 
per cell and normalized to WT, 
set to 1. C) Number of globular 
inclusions of A1AT polymer 
per cell normalized to WT, set 
to 1. *** p<0.001.residue 342 
(E342K).

B)

C)

A)



MODELLING ALPHA-1 ANTITRYPSIN DEFICIENCY 
- PATIENT DERIVED DISEASE MODEL

DefiniGEN provide disease modelled alpha-1 
antitrypsin deficiency hepatocytes which 
are highly functional patient-derived human 
hepatocytes. The cells are generated using the 
dermal fibroblasts from an alpha-1 antitrypsin 
(A1ATD) disorder patient carrying the ‘Z’ (E342K) 
point mutation in the A1ATD gene SERPINA1. 
This mutation leads to the formation of mutant 

A1ATD polymers that ultimately cause liver and 
lung damage. DefiniGEN’s A1ATD patient derived 
hepatocytes represent an optimized disease 
model for drug discovery applications and are 
an effective tool for elucidating the underlying 
mechanisms of the disease.

PHENOTYPIC  
SCREENING

CHARACTERIZATION

Key hepatocyte 
marker analysis
Figure 2. Def-HEP A1ATD 
cells display the functional 
characteristics of primary 
human hepatocytes (PHH) 
including albumin and 
A1ATD production (Figure 2). 
Accordingly, they should be 
handled in a similar fashion to 
primary human hepatocytes.

Disease circuit verification
Figure 1. Sanger sequencing showing most common A1AT mutation (GAG>AAG) at codon 342 in exon 5 of the SERPINA1 
gene.



VALIDATION

Detection of disease 
markers via ELISA
Figure 3. Detection of disease 
specific markers in Def-HEP 
A1ATD cells. Quantification 
of intracellular A1ATD 
polymers and intercellular 
total A1ATD secretion in Def-
HEP A1ATD cells. Primary 
human hepatocytes (PHH) 
and hepatocellular liver 
carcinoma cells (Hep G2) are 
used as internal controls.

Detection of disease markers via 
ELISA
Figure 4. Accumulation of a1-antitrypsin 
polymers in Def-HEP A1ATD cells. 
Immunostaining analyses for expression of 
misfolded polymeric a1-antitrypsin using 
the polymer-specific 2C1 antibody (green) 
or an antibody that detects all forms of a1-
antitrpysin (red) in Def-HEP A1ATD disease 
modelled cells and control Def-HEP WT. 
Merged images are shown at right.



MODELLING  WILSON’S DISEASE  - CRISPR 
GENE-EDITED DISEASE MODEL

DefiniGEN provide disease modelled Wilson’s 
disease hepatocytes which are highly 
functional CRISPR gene-edited human 
hepatocytes. Mutations in ATP7B gene result 
in altered capacity to clear copper, resulting in 
accumulation and hepatocellular damage. 

Using CRISPR, DefiniGEN have generated a 
series of variants in Wilson’s disease reflecting 
the breadth of genotypes present in the clinical 
population. Our optimised suite of bioassays 
for viability, copper accumulation and cell death 
can help triage lead stage compounds or gene 
therapies for onward development

PHENOTYPIC  
SCREENING

CHARACTERIZATION

Quantification of perturbed copper clearance
Figure 1. Identifying the correct endpoint for each model is essential. CellROX does not provide an endpoint specific to 
copper accumulation.
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VALIDATION

Accumulation of Copper 
in Wilson’s Disease
Figure 2. Detectable 
accumulation of copper in 
Wilsons Disease hepatocytes 
using Coppergreen Biotracker 
Increase in cellular ROS also 
detectable as a surrogate 
marker of perturbed copper 
clearance. 



MODELLING  GLYCOGEN STORAGE DISEASE TYPE 
1A - PATIENT-DERIVED DISEASE MODEL

DefiniGEN provide disease modelled glycogen 
storage disease type 1a hepatocytes which 
are highly functional patient-derived human 
hepatocytes. This genetic disease results from 
a deficiency in the glucose-6-phosphatase (G6P) 
enzyme which impairs the ability of the liver to 
produce free glucose from glycogen and from 
gluconeogenesis. 

Phenotypic end points are PAS/Diastase staining 
for excessive glycogen storage. We screen for 
attenuation of diseased phenotype by treatment 
with our client’s compound or siRNA sets.

PHENOTYPIC  
SCREENING

CHARACTERIZATION

Disease circuit verification - GSD1a G6PC
Figure 1. DNA sequencing chromatogram illustrating the two heterozygous mutations found in Def-HEP GSD1a.

Accumulation of 
glycogen in GSD1a cells 
Figure 2. PAS/Diastase 
staining of cryopreserved 
Def-HEP GSD1a. A) PAS/
Diastase staining showing 
breakdown of accumulated 
glycogen in the cells. B) 
PAS staining showing the 
accumulation of glycogen 
in the cells. Magnification 
level: x400.



Disease circuit verification - GSD1a R83C
Figure 3. Sanger sequencing showing homozygous R83C mutation in GSD1a gene.

Accumulation of glycogen in 
GSD1a cells Figure 4. PAS/Diastase 
staining of cryopreserved Def-HEP 
GSD1a. 

PASPAS/Diastase

CHARACTERIZATION



DefiniGEN Limited  
Moneta B280  
Babraham Research Campus 
Cambridge, UK 
CB22 3AT

info@definigen.com

www.definigen.com


