
Gene editing in medicine 

Kirmo Wartiovaara, MD, PhD
Principal Investigator, Clinical Geneticist

Research Programs Unit, University of Helsinki 
and 

Clinical Genetics, Helsinki University Hospital

08.04. 2021



By guiding the DNA-protein interactions you can 
control the (biological) world. Gene editing does it 
for you. 



3 ”How”s for getting genetic therapy to clinic

1. Biological/medical: how to identify the disease cause?
2. Technical: how to fix the problem?
3. Societal: how to implement the solution? 



DNA= LETTERSGENE= RECIPE



Gene therapy medicines

(EMA definition): 
• contain genes that lead to a therapeutic, prophylactic or diagnostic effect. 
• work by inserting 'recombinant' genes into the body, usually to treat a variety of diseases, 

including genetic disorders, cancer or long-term diseases. A recombinant gene is a stretch of 
DNA that is created in the laboratory, bringing together DNA from different sources.

• Synthetic oligonucleotides are not gene therapy medicines



Table 3 Gene therapy products approved by the EMAa

Trade name Product Condition Vector EMA Approval

Glybera® Alipogene tiparvovec Lipoprotein lipase deficiency 10/2012†2017

Imlygic® Talimogene laherparepvec Regionally or distantly metastatic unresectable melanoma HSV-1/GM-CSF 12/2015

Strimvelis®b Autologous CD34+ cells
transduced to express ADA

Adenosine deaminase deficiency (ADA) ϒ-retrovirus/ADA 05/2016

Kymriah® c Tisagenlecleucel • Relapsed or refractory B-cell accute lymphoblastic
leukemia
• Relapsed or refractory diffuse large B-cell lymphoma

LV-CAR
(CD19R)

09/2018

Yescarta®c Axicabtagene ciloleucel
(CAR-T)

• Relapsed or refractory DLBCL and primary mediastinal
large B-cell lymphoma
• Some types of non-Hodgkin lymphoma

ϒ-retrovirus 08/2018

LUXTURNA®d Voretigene neparvovec Inherited retinal dystrophy caused by biallelic RPE65
mutations

AAV2-RPE65 11/2018

Zynteglo®e Autologous CD34+ cells
encoding βA-T87Q-globin
gene

β-thalassemia with regular blood transfusions LV-ß-globin 05/2019

Zolgensma® Onasemnogene
abeparvovec

Spinal muscular atrophy 1 AAV9 03/2020

†: Taken out of the market.
a (Gene Therapy Net, 2020); b (Novartis, 2020); c (Dolgin, 2019); d (Master, 2019); e (DBGen, 2019); f (Deena Beasley, 2019)

Gene therapy products in EU 2021

Maldonado R et al. Journal of 
Community Genetics 2020
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Maria Pia Cicalese et al (2016)
Blood-2016-01-688226

• 18 patients, donor not available, not responding to ERT. 
• autologous CD34+ retrovirally transduced 
• survival 100% 
• 2.3 to 13.4 (median: 6.9) years. Severe infections from 1.17 to 

0.17 events/py





Important variables
in gene therapy:

A) mutation type
B) affected tissue
C) delivery method

Maldonado R et al. Journal of 
Community Genetics 2020



“old” gene therapy vs. editing



Genome editing technologies
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CORRECTED

Genetic correction of a patient mutation

Balboa et al. 2018

MUTATION



Genome editing clinical trials 4/2021

ZFNs 15
TALENs 7
CRISPRs 46  (of which 7 in diagnostics)

No market approvals for gene editing medicinal products



• Synthetic biologists engineered 21 genes in total, 
including many added from a diverse set of 
species (see graphic); making hydrocodone took
23 genes.





NATURE MEDICINE | MAY 2020 | 732–740 

First CRISPR clinical 
trial 2016-2019



1st in vivo CRISPR 
therapy

AGN-151587: gRNAs Plus SaCas9 in AAV5 
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AAV5“….safety, tolerability and efficacy ….in 
participants with LCA10 caused by a 
….mutation involving c.2991+1655A>G 
in intron 26 of the CEP290 gene”



CRISPR blood disease clinical trials 2021 
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Societal questions
• Regulatory requirements -> price
• Safety: how many patients need to be tested?
• Other variables in ethical questions: 
risk/benefit; cost/alternative treatments; private/public health systems;
possibilities for re-treatments

• Germline treatments
• Environmental engineering, e.g. malaria mosquitos



How safe is safe enough? 

https://www.sciencehistory.org





Stadtemauer EA, et al. Science367:  (2020)

CRISPRed cells seem safe



Unanswered questions in genomic 
editing: best techniques

• Off- targets (biological safety)
• Targeting methods (safety, efficacy)
• Tissue specificity and accessibility 

(safety, efficacy)
• Immunity, long-term effects



By guiding the DNA-protein interactions you can 
control the (biological) world. Gene editing does it 
for you. 
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attomol of 1000bp DNA = 607,558

• Fig. S32. Diagnostic results from an experimenter-blinded trial of the μPAD RFID system. 

• Samples (S1-12) containing either 0 aM (grey circles, negative, n = 6) or 11aM (red circles, positive, n = 6) EBOV ssRNA trigger were amplified by RT-RPA, 
incubated with the ssDNA gel bridging and Cas12a-gRNA strand for 4 h, and assayed on a μPAD-RFID device. The corresponding time traces for the RFID output 
are shown adjacent to the samples. We based the diagnostic decision on the RFID traces themselves, where an increase in the Δ|RSSI| (dB) after ~50 s indicates
a positive result (the presence of EBOV ssRNA in the original sample). Increase in signal strength was defined for the test tag in relationship with an attached
reference RFID tag, where a complete loss of test tag RFID signal led to a sudden increase in the calculated Δ|RSSI|. The measurement of the twelve samples
was divided over three different sites, with the UHF RFID antenna, μPADs and the computer used for signal processing transported between sites by the
experimenter. 



Hemoglobin switching

Matthew C. Canver et al. Blood 2016
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He Jiankui 2018: ”First genetically edited babies are born”




