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I N T R O D U C T I O N
MabDesign’s Immunowatch is a one-of-a-kind information 
monitoring newsletter in the field of biologics. Its aim is to provide 
members of our association with the most recent and pertinent data 
gathered or generated through the key expertise of MabDesign and 
its collaborators in scientific research, business intelligence, market 
analysis and intellectual property. 

Each edition will focus on trending type of biologics. Its general  
format includes market study research, financial and economic data, 
invited contributions from scientific teams working in the industry 
or in academia and a section dedicated to intellectual property. The 
content of each edition is decided by an editorial composed of two 
field experts. Decision concerning the theme and conception of 
each newsletter is done in-house by the permanent members of our 
editorial team.

Finally, we would like to acknowledge the support of the Ambition 
Recherche & Développement (ARD) Biomédicaments 2020 Phase 
II programme, funded by the Centre Val de Loire region during the 
initial phases of launching this newsletter.
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The past years have seen an incredible expansion 
in the cell and gene therapies area, with the first 
products successfully reaching the market after 
decades of efforts. Spinraza, the three cell the-
rapies Kymriah, Yescarta, Tescartus and the in 
vivo gene therapies Luxturna and Zolgensma pa-
ved the way for the treatment of incurable and 
life-threatening diseases and opens new perspec-
tives to target a broader spectrum of patholo-
gies. In this relatively novel arena of technologies 
and treatments, an increasing number of French 
actors are very actively participating in the gene-
ration of tools and therapies with innovative ap-
proaches. I am honored to introduce this edition 
specifically dedicated to cell and gene therapies. 
After a general introduction to the technologies 
and their applications, this number provides a glo-
bal overview of the ongoing clinical trials and the 
market potential of the therapies, as well as case 
studies of product candidates in development by 
some French pioneers. Finally, an in-depth analy-
sis on the challenging IP around CRISPR/CAS9 is 
provided. Enjoy the reading!

Home - Lysogene

The gene therapy revolution is definitely un-
derway.  After the first successes observed with 
the ex vivo gene therapy including the CART-Cell 
technology, the clinical proof of concept has been 
achieved and confirmed for the in vivo gene the-
rapy. For this approach, some additional challen-
ges need to be addressed. This is particularly true 
for in vivo gene therapy delivered by systemic 
route. The amount of vectors required to treat a 
whole tissues or multiple organs is much larger. 
The tropism and the pre-existing as well as the 
reactive immunity are among of the safety issues. 
Innovations and advances observed in gene the-
rapy in recent years have brought great hope for 
many serious unmet medical needs, especially for 
genetic disorders. It is a pleasure to present this 
edition, which provide an overview of the field, 
from market and IP analysis to recent scientific 
and medical developments.

https://www.genethon.com/

Lysogene Genethon

Nicola Beltraminelli Gerald Perret

https://www.lysogene.com/
https://www.genethon.com/
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G l o b a l 
G E N E  T H E R A P Y

m a r k e t
D i s c o v e r  t h e  a v a i l a b l e  p r o d u c t s , 
p i p e l i n e  c a n d i d a t e s ,  m a j o r  d e a l s 

a n d  b i o p h a r m a c e u t i c a l  c o m p a n i e s



Gene Therapy: 
marketed products

Scope of gene therapy

Marketed gene therapies

* All data has been generated by MabDesign unless stated otherwise
Source: Globaldata

Data from December 2021
7



Gene Therapy:
Products in development

4 602
tests

3 280 
drugs 

Type of gene therapy Characteristics of the main viral vectors

Type of vector

Pipeline Phase distribution

* All data has been generated by MabDesign unless stated otherwise
Source: Globaldata
Data from December 2021
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Gene Therapy:
Products in development

Gene therapy technologies Evolution of the number of 
clinical trials

Top 3 therapeutic areas

Site distribution

* All data has been generated by MabDesign unless stated otherwise
Source: Globaldata

Data from December 2021
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In Vivo
Gene Therapy* 

Top 3 therapeutic areas

1 900
tests

1 525 
drugs 

Top 5 companies

Pipeline Phase distribution

Type of vector

10 * * All data has been generated by MabDesign unless stated otherwise
Source: Globaldata
Data from December 2021

* Including oncolytic virus



Ex Vivo
Gene Therapy* 

Top 3 therapeutic areas

2 701
tests

1 801 
drugs 

Top 5 companies

Pipeline Phase distribution

Type of vector

* * All data has been generated by MabDesign unless stated otherwise
Source: Globaldata

Data from December 2021

* Including oncolytic virus
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Deals and Companies

Deals concerning companies 
working in gene therapy

Total in number of deals

Total number of Deals registered according to 
the type of therapy

(Included Acquisitions, Strategic Alliances; Capital Raisings, 
Grants and Contract Service Agreement)

Top 3 deals

* * All data has been generated by MabDesign unless stated otherwise
Source: Globaldata
Data from December 2021
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French companies 
developing Gene Therapy

* * All data has been generated by MabDesign unless stated otherwise 13
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S c i e n t i f i c  a r t i c l e s
R e a d  t h e  d i f f e r e n t  i n p u t s  f r o m 

t h e  s c i e n t i f i c  c o m m u n i t y  o n 
v a r i o u s  a s p e c t s  o f  g e n e  t h e r a p y



GENE THERAPY FOR GENETIC 
DISEASES IN 2021, A YEAR OF 
SUCCESS AND CHALLENGES

INTRODUCTION

Gene therapy medicinal products (GTMPs) is generally defined as a vector or a delivery formulation/
system containing a genetic construct engineered to express a specific transgene for the 
regulation, replacement, addition or deletion of a genetic sequence. The active substance is the 
nucleic acid sequence(s), or genetically modified microorganism(s), virus(es) or cells. The active 
substance may be composed of multiple elements. By using such gene therapy constructs, in vivo 
genetic regulation or genetic modification of somatic cells can be achieved. Vectors used in GTMPs 
can be engineered to target specific tissues or cells or to ensure the safety of the GTMP (deletion 
of genes associated with virulence, pathogenicity, immunotoxicity or replication-competence).

The GTMP could be grouped basically into 2 categories:

	 • Viral vectors;

	 • Non viral vectors: Plasmid DNA, Artificial vectors, Chromosome-based vectors, and 		
	 Transposon vectors;

To date, the most common vector systems used for gene therapy have been viral vectors and 
plasmid DNA vectors. Viral vectors may be replication defective, replication competent or 
replication-conditional.  Each type requiring specific consideration with regards to design and 
safety. Plasmid DNA vectors may be administered either in a simple salt solution or may be 
complexed with a carrier or in a delivery formulation. New artificial carrier with specific ligands 

Historically, many gene therapy approaches have been based on expression of a transgene 
encoding a functional protein with related therapeutic effect. Recently tools are available that 
directly target nucleic acid sequences such as microRNA, RNAi via short hairpin RNAs (shRNA), 
molecular scissor and gene editing approaches such as CRISPR-Cas9. 

Today, the great majority of available and under development GTMP are CAR-T cells. This 
technology is mainly developed for cancer indications. Only 2% of this approach target other 
indications including HIV/AIDs and autoimmune diseases. Since a previous Immunowatch has 
already been dedicated to the CAR-T cells, this article is focused on Gene therapies for the 
treatment of genetic diseases. This scope includes all strategies allowing the correction of 
genetic diseases by delivering a therapeutic gene in targeted cells/tissues or by direct genome 
editing. Gene therapy for genetic diseases is a subtype of the gene therapy field that belongs 
itself to the family of advanced therapy medicine. In addition to cancer and genetics diseases, the 
other currently approved and developed targets by GTMP are cardiovascular diseases including 
ischemia syndromes and common neurological diseases like Parkinson and Alzheimer diseases.

Gerald Perret1 

1 Genethon, Programs Management Department, 1 rue de l’internationale 9100 Evry - France
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CURRENT WORLDWIDE PIPELINE

Among the 19 genes therapies currently approved worldwide, 6 are targeting genetic diseases. The 
table below provide an overview of theses product as known by end of 2021:

Product 
name

Generic name
Year first 
approved

Disease(s) Locations approved
Originator 
company

Ex or 
In Vivo

Strimvelis
autologous CD34+ 
enriched cells

2016
Adenosine deaminase 
deficiency

EU, UK
Orchard 
Therapeutics

Ex

Luxturna voretigeneneparvovec 2017
Leber’s congenital 
amaurosis retinitis 
pigmentosa

US, EU, UK, Australia, 
Canada, South Korea

Spark 
Therapeutics 
(Roche)

In

Zolgensma
onasemnogene abepar-
vovec

2019
Spinal muscular 
atrophy

US, EU, UK, Japan, 
Australia, Canada, 
Brazil, Israel, Taiwan, 
South Korea

Novartis In

Zynteglo
lentiviral beta-globin 
gene transfer

2019
Transfusion-dependant 
beta thalassemia

EU, UK Bluebird Bio Ex

Libmeldy OTL-200 2020
Metachromatic 
Leukodystrophy

EU, IK
Orchard 
Therapeutics

Ex

Skysona elivaldogeneautotemcel 2021 Adrenoleukodystrophy EU Bluebird Bio Ex

The great majority of the approved gene therapy is based on an ex-vivo gene transfer approach: 
relevant cells from patients (i.e., hematopoietic cells) are extracted, isolated and treated before 
being re-injected to achieve the therapeutic effect. The same approach is used for the CAR-T 
cells. Among the two therapies approved with an in-vivo delivery, only one is based on systemic 
administration: ZolgenSMA. This product is indicated to treat Spinal muscular atrophy (SMA) an 
autosomal recessive neuromuscular disease caused by deletion or mutation of the SMN1 gene. 
It is a serious disease characterized by a progressive loss of motor neurons resulting in muscle 
weakness. The disease, one of the most common monogenic diseases, affects 1 in 11,000 live 
births and before the era of SMA treatment, it was a leading genetic cause of mortality in infants. 
This product coming from the Genethon research and developed by AveXis (now Novartis Gene 
Therapy) have paved the way of the in vivo gene therapies requiring a systemic administration. Such 
administration is required for numerous genetic diseases including neuromuscular, metabolism 
and coagulation diseases.  Several challenges are linked to a systemic administration of GTMP. 
Most of them are related to the quantity of vector to be administered, and to the biodistribution. 
To date the recombinant adeno-associated viral (rAAV) is by far the most common vector used for 
in vivo GTMP.

In addition to the approved products, 3 GTMPs for genetic diseases were in pre-registration step 
end of 2021:
	 • Valoctocogene roxaparvovec: AAV5 vector, Hemophilia A, (Biomarin)
		  o In EU and the UK
	 • Lenadogene nolparvovec: AAV2 vector, Leber hereditary optic neuropathy, (Genethon, 	
	 GenSightBiologics)
		  o In EU and the UK, compassionate use (ATU) available in France
	 • Eladocagene exuparvovec: AAV2 vector, Aromatic L-amino acid decarboxylase (AADC) 		
	 deficiency, (PTC Therapeutics)
		  o In EU and the UK

There are 2 CART-cell GTMPs at a similar stage. This recent pipeline evolution illustrates a trend 
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towards a significant increase in the proportion of in-vivo GTMPs for genetic diseases currently in an 
advanced development stage. However, the majority of gene therapies in preclinical development 
through pre-registration (about 1,900 candidates by end of 2021) remains ex-vivo approaches with 
75% of the candidates. Among them the CAR T-cell therapies continue to dominate pipeline by 
representing more than 50% of the ex-vivo GTMPs currently in development.

The main genetic diseases for which GTMPs are being developed at clinical stage are:
	 • Retinitis pigmentosa (10 candidates)
	 • Hemophilia A (8 candidates)
	 • Sickle cell anemia (7 candidates)
	 • Duchenne’s muscular dystrophy, Hemophilia B, Thalassemia (5 candidates, each)
	 • Achromatopsia, Fabry’s disease, Leber’s congenital amaurosis, Mucopolysaccharidosis IIIA 	
	 (4 candidates, each)

MAIN 2021 EVENTS: SUCCESS AND CHALLENGES

The main issues and success observed in 2021 reflect quite well the identified challenges for 
development of GTMPs. They can be classified in 3 categories: (I) Stabilized efficacy / (II) Safety 
and immune response / (III) Biomanufacturing. The improvement of the regulatory paths and the 
identification of strategies to accelerate the development of GTMP especially for rare diseases 
are as well identified challenges.

The long-term efficacy is clearly an objective for GTMPs aiming to treat genetic diseases. 
The concept had already been demonstrated more than 20 year ago in the first age of gene 
therapy with the treatment of SCID-X1, a serious genetic immunodeficiency () based on first-
generation gammaretroviral vectors. The clinical results demonstrated a good long-term immune 
reconstitution in most treated patients despite the occurrence of vector-related leukemia 
in a few of them. This long term effect conducted regulatory agencies to recently release 
recommendations regarding a 15-years clinical follow-up after ex-vivo integrative (i.e. using 
gammaretroviral or lentiviral vector) gene therapy. However, a similar demonstration for an in-
vivo approach, particularly with a systemic administration, is still pending. The past year brought 
very encouraging data with notably the results of George LA et al. The team reported clinical 
long term results with the Spark Therapeutic product, an investigational AAV-LK03 (SPK-8011) to 
treat hemophilia A (lack of factor VIII). For most of patients treated in the cohort (16/18), factor 
VIII expression was maintained for more than 2 years after the infusion, and a one-stage factor 
VIII assay showed no apparent decrease in factor VIII activity over time. These results confirm the 
potential of GTMP to treat hemophilia, as reported the year before by Biomarin (K John Pasi et al) 
with the AAV5-hFVIII-SQ vector. In this study, three years after infusion seven participants treated 
with the high dose displayed a significant factor VIII expression. From a clinical point of view, the 
median number of annualized treated bleeding events was 0, and the median use of exogenous 
factor VIII was reduced from 138.5 infusions to 0 infusions per year. In the neuromuscular field, 
the long-term efficacy of ZolgemSMA was recently confirmed in an oral presentation by Jerry R. 
Mendell at the 2021 MDA Virtual Clinical and Scientific Conference. The gene therapy benefits 
were sustained more than five years after dosing.

Immune response is associated with several serious adverse events observed with recent GTMPs 
developed for genetic diseases, especially for the in-vivo rAAV-based approaches. The current 
purification processes are able to provide highly purified vectors with low process and product-
related impurities generally known to contribute to immunogenicity in classical biotechnological 
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therapeutic products (i.e recombinant proteins). However, the rAAV vector is composed of a 
viral capside with viral proteins, and a genetic expression cassette containing the transgene with 
potential CpG motifs. These two components are naturally immunogenic. In addition, the protein 
generated by the transgene is expected to have immunogenic potential. This is particularly true 
for patients with genetic mutation leading to a total lack of expression for this protein. rAAV 
vector capsids, genetic cassette and their transgene products can provide targets for humoral 
and cellular immunity and for both, the innate and specific immunity could be involved.

The parameters below, can be involved in an immune clinical related effects.

	 • The route of administration (0% of SAE with intrathecal ad. Vs 88% with IV administered 	
	 rAAV) 

	 • A pre-existing immunity against the vector or the transgen protein: humoral (neutralising  	
	 or total antibodies) or cellular

	 • The individual setting in innate immunity (i.e. plasmatic level of complement modulators)

	 • The CPG content of the transgen (non clinical proof)

	 • The dose * proportion of empty capside * weight of the patient = total rAAV infused

	 • The residual process and product related impurities (main product related impurities 		
	 represented by the empty or partially full capsids)

	 • The age of the patient (maturation of the immune system from born to teenage)

	 • Treatment(s) of the patient (i.e use of corticoids before the infusion)

	 • The underlying physiopathological condition (i.e inflammation context related to the 		
	 pathology)

	 • The level of transgen protein expression and the tropism of the vector
	 • The pre-existence of the protein in similar conformation, total or truncated 

Dysregulation of the complement pathway, a major player of the innate immunity, could 
lead to severe effects including kidney injury (Atypical hemolytic uremic syndrome = aHUS), 
thrombocytopenia or thrombotic microangiopathy (TMA). A complement dysregulation has 
been involved in different serious events observed in in-vivo rAAV GTMP clinical trials leading 
to clinical holds or pauses. It was the case for the Pfizer and Solid trials using AAV9 vector to 
treat the Duchenne’s muscular dystrophy. Dreepa et al described the TMA in 3 infants observed 
following ZolgenSMA infusion. An increased activation of the complement system was evident in 
two children. A review of different cases of complement activations investigated in non human 
primate presented by Juliette Hordeaux at the 2021 ASCGT congress suggest the involvement of 
the alternative complement pathway relatively independently of an antibody response that rather 
trigger the classical pathway. A better understanding of the underlying causes is still required. 
To date, the availability of Eculizimab, an anti-Complement 5 protein (C5), provides a potential 
solution for clinicians to manage complement upper-regulation.

The hepatoxicity is one other major serious adverse effect observed at clinical level with in vivo 
GTMP. ASPIRO is a gene therapy trial sponsored by Astellas Pharma using an AAV8 to treat the 
X-Linked Myotubular Myopathy (XLMTM) coming from Genethon research. The XLMTM is a severe 
muscular disease caused by mutations in the MTM1 gene that affects 1 in 50,000 live male births. 
Patients present generalized muscle hypotonia and respiratory failure at birth, and most of them 
die during early infancy. The first results of clinical efficacy were released early 2018 by Audentes 
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(now part of Astellas) showed significant improvements in neuromuscular and respiratory 
functions which were further confirmed in the second cohort of patients (a total of 23 patients 
treated), as presented in January 2021 by Dr. Perry Shieh at the ESGCT 2021 Congress. However, 
the trial has been put on hold two times after fatal events were observed in 2020 (3 deaths) 
and 2021 (1 death). These tragic events are all associated with serious liver dysfunctions. The 
underlying cause is still unknown and there is no evidence to date that an immune response is 
implicated in these events. The main other hepatotoxicities observed through rAAV-based GT 
trials (hemophilia, SMA) are associated with early transient elevation in liver enzymes that could 
range from asymptomatic event to liver injury with jaundice.

An improvement in the tropism of the vector by capsid elements and/or the control of expression 
by regulatory genetic element (including mir / microRNA approach) are significant leverages to 
increase the efficacy/risk balance. Sarah E Sinnet et al reported an significant improvement of 
safety without compromising efficacy by using a miR based auto-regulatory element into the 
miniMECP2 gene expression cassette. The AAV9/miniMECP2 vector is developed to treat the 
Rett syndrome, an X-linked neurodevelopmental disorder, and the uncontrolled expression of 
the MECP2 transgen conducted to a global toxicity. 

In September 2021, the FDA have organized a global meeting dedicated to the toxicity risks 
of rAAV vectors for Gene Therapy. The meeting exchanges and minutes provide an exhaustive 
overview on this topic.

The immune system is also a significant challenge to treat patient with pre-existing anti-vector 
antibodies or to consider a retreatment if required. Pre-exiting anti-vector antibodies is a major 
non-inclusion criterion for clinical trials or a contraindication for marketed in vivo GTMPs. Last year, 
Christian Leborgne et al. and Zachary C Elmore et al. reported encouraging results with an IgG-
degrading enzyme rapidly and transiently degrading anti-vector antibodies before administration 
of the GTMP. This approach is expected to be more transient and tolerated than the full clearance 
of lymphocyte B by using anti-CD20 antibodies. IgG-degrading enzyme represents a promising 
approach for the treatment of currently non-eligible patients. However, it is not clear today that 
such approach would open a path for the retreatment. The immune response observed after 
rAAV infusion and the related anti-drug antibodies (ADA) is usually much stronger than the natural 
immunisation related to wild circulating AAV (generating the pre-existing anti-vector antibodies). 
The approach developed by Selecta called ImmTOR and based on encapsulated rapamycin in 
nanoparticle, is intended to generate an immuno-tolerance when co-administered with rAVV.  
ImmTOR nanoparticles can be added to new or existing biologics without the need to modify 
or reformulate the biologic drug. The ability of ImmTOR to mitigate the formation of ADAs has 
been demonstrated at non clinical level in mice and in non-human primates for several biologics 
as well as for rAAV in a model of repeat dosing. In 2021, Selecta provided update on several 
partnerships in the gene therapy field including Sarepta and Askbio. The company announced 
the launch of a clinical trial in collaboration with Akbio to demonstrate the tolerogenic effect of 
ImmTOR with an empty rAAV8. The top line results were recently reported. At day 30, in subjects 
administered with a single dose of ImmTOR, Selecta reported a median anti-AAV8 neutralizing 
antibody titer 250-fold lower level than that observed in subjects dosed with AAV8 capsid alone. 
In collaboration also with Askbio, a clinical trial has been launch with this time a candidate GTMP. 
However, in November 2021, the U.S. Food and Drug Administration (FDA) has placed a clinical 
hold on this Phase 1/2 clinical trial of SEL-302 aiming to treat the Methylmalonic Acidemia-U.S 
(which consists of gene therapy candidate MMA-101 plus ImmTOR) due to CMC related questions 
for the MMA-101 part of this combination product. 
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The development of new generation of vectors with lower immunogenic properties is another 
promising way to overcome the immune challenge. Ying Kai Chan at al reported a new strategy 
based on rAAV vectors intrinsically less immunogenic by incorporating short DNA oligonucleotides 
that antagonize TLR9 (pathogens receptor of the innate immunity) activation directly into the 
vector genome. For such approach, that may request high throughput testing, the artificial 
intelligence (AI) and the machine learning could constitute a critical support.

The biomanufacturing remains to date a challenge for GTMP field. For the in-vivo GTMP, the 
main issues of biomanufacturing are at least at two levels: production costs and empty particles 
removal. 

The production costs are mainly driven by the yield performance and the manufacturing scale. 
The yield could be improved at both cell culture (Upstream, USP) and purification (Downstream 
DSP) levels. Several process development works were inspired from methods and technologies 
originally designed for recombinant proteins products including monoclonal antibodies (MAbs). 
However, chromatography resins optimized for MAbs and recombinant proteins are not as well 
suited to the nature and the size of viral vectors such as rAAVs and lentiviruses (LVs). Emerging 
technologies must be purpose-built for viral vector manufacturing and purification. As analysed 
by Daniella Stell in BioProcess International, one other challenge is to have an homogeneous and 
parallel improvement between upstream and downstream technologies. This in order to avoid 
what have been observed for Mabs, with upstream titers that were not compatible with purification 
capacities. The economy of scale is an obvious leverage to improve the manufacturing costs. 
However, large bioreactors are rare among the GTMP CDMO. Early in 2021, Regenxbio announced 
the launch of an AAV program for the treatment of DMD (RGX-202). In the same press-release, 
the company specified that commercial-scale cGMP material has already been produced at 1000L 
capacity and will be used in the clinical development of RGX-202. Latter this year, StrideBio, a gene 
therapy company with preclinical pipeline for rare genetic diseases with a proprietary structure 
rAAV vector engineering platform (STRIVE™), announced to have completed construction of GMP 
manufacturing facility with 1000L production capacity (1000L single use bioreactor).

Removal of empty capsids from manufacturing lots is a major issue in the DSP of rAAV clinical-
grade batches. Most of the SAE observed during the first weeks following the infusion of clinical 
AAV seems to be associated with the total viral load. A part of this load is related to the proportion 
of empty capsids. Because of similar physico-chemical characteristics, the rAAV capsid populations 
totally lacking or containing partial viral DNA are difficult to separate from the desired vector 
capsid populations. The ultracentrifugation (UC) remains the most effective separation method 
and has been extensively used at small scale but the scale-up appears very challenging. In 2020, 
Solid was able to lift the second FDA hold on the IGNIT DMD clinical trial by providing notably data 
regarding a new manufacturing process able to remove most of empty rAAV. The process strategy 
to achieve this result was not published. In 2021, Joshi et al reported robust, scalable and versatile 
anion-exchange chromatography (AEX) method for removing empty capsids and subsequent 
enrichment of vectors of AAV serotypes 5, 6, 8, and 9. In order to support the development of such 
innovative purification approaches, the improvement of analytical methods is critical to better 
understand the different population of vectors that compose the full and empty capsids. The 
work reported by Bia Separation (Pete Gagnon et al) described new HPLC method for the analysis 
of empty capsids and capsids encapsidating genetic material in a purified rAAV. This approaches 
could be an interesting complementary methods to the analytical ultracentrifugation (AUC). 

The 2021 year brought numerous success in the field of GTMP for rare diseases. In consistency 
with the observed progress, several clinical trial have been launched and promising partnerships 
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were settled. However, many challenges remain to be managed. In addition to those mentioned 
here, numerous other challenges could be discussed. For instance, the adaptation of the regulatory 
guidelines (EMEA, FDA and ICH) to the specificity of GTMP is still in progress but something more 
specific could be expected for rare and ultra-rare diseases. Another example is the definition 
relevant clinical endpoints for rare and not well-known genetic diseases that is always challenging. 
We can wish that 2022 with, hopefully the end of the Covid-19 sanitary situation, will be a year of 
even greater success.  
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Scale Up of a Lentiviral Production Process  
from the iCELLis® Nano Bioreactor  

to the iCELLis 500+ Bioreactor

Lentivirus is an increasingly important viral vector for the  
production of CAR-T and gene therapies. Traditionally, viral vectors  
are produced in various multi-layered flatware vessels for adherent 
cell processes. Biotechnology companies are interested in scaling 
up from flatware to commercial scale as quickly as possible, 
which necessitates using adherent cell culture methods. The 
gold-standard bioreactor in the industry for adherent cell culture 
for gene therapy is the iCELLis bioreactor.

The iCELLis bioreactor system is a closed, automated, single-use, 
fixed-bed bioreactor that provides excellent cell growth conditions 
for adherent cells. The iCELLis bioreactor fixed bed is comprised 
of carriers made of non-woven medical-grade polyethylene  
terephthalate (PET) fibers that allow for simplified and predictable 
process scale up from bench to manufacturing scale.
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Key features of the iCELLis bioreactor include:
 ■ Fully integrated, single-use iCELLis 500+ bioreactor with 

disposable, pre-installed calibrated probes
 ■ Unique waterfall system for shear-free oxygenation and CO2 

stripping
 ■ Compact high cell density, fixed bed bioreactor providing a 

significant increase in volumetric productivity vs. traditional 
stirred tank bioreactors

 ■ Keeping factors such as media volume per surface area, 
perfusion rate, fixed bed height, and fixed bed compaction 
constant, processes can be easily scaled from the bench-
scale iCELLis Nano bioreactor to the large-scale iCELLis 500+ 
bioreactor

Advanced BioScience Laboratories, Inc. (ABL) is a global contract 
development and manufacturing organization (CDMO) providing 
clinical supply solutions for vaccines, immunotherapies,  
oncolytic and genetic therapy agents, and other large molecule 
products. They have invested in the iCELLis bioreactor technology 
and are now demonstrating their use of the technology for 
lentivirus production at the typical production scale for CAR-T 
applications. ABL’s goal is to help customers reach the market 
quickly and efficiently with the iCELLis bioreactor.

Experimental Goals
 ■ Scale up to the iCELLis 500+ bioreactor quickly with very little 

development work at the bench scale
 ■ Produce lentiviral titers in the iCELLis 500+ bioreactor greater 

than or equal to the iCELLis Nano bioreactor
 ■ Use nutrient and metabolite analysis to determine if cell 

growth is similar in the iCELLis Nano and the iCELLis 500+ 
bioreactors

 ■ Utilize perfusion after transfection to collect product

 INTRODUCTION

Pall’s iCELLis 500+ bioreactor
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Cell Expansion
HEK293LTV cells from Cell Biolabs were cultured in DMEM+6 mM 
L-glutamine + 10% fetal bovine serum (FBS) in CellSTACKu 10s 
culture chambers and inoculated into the iCELLis Nano and 
iCELLis 500+ bioreactors at 8,000 cells/cm2. 

Cell Density and Metabolite Analysis Monitoring
Carrier strips from the iCELLis Nano bioreactor were removed 
from the fixed bed daily to determine cell density using lysis 
buffer and nuclei counts on the NucleoCounteru NC-200u cell 
counter. Metabolite concentrations were measured from both 
the iCELLis Nano and the iCELLis 500+ bioreactors daily using 
the Nova Biomedical BioProfile FLEXu automated cell culture 
analyzer. These samples were obtained by removing medium 
from the aseptic sampling port on the iCELLis Nano and  
iCELLis 500+ bioreactors.

Transfection
Cells were transfected on day 4 using the parameters used in 
Table 1. At this time, the cell density was 252,000 cells/cm2 in the 
iCELLis Nano bioreactor. Because direct cell counts cannot be 
obtained from the iCELLis 500+ bioreactor, it was estimated that 
cells were at a similar cell density at time of transfection due to 
the similarities in nutrient and metabolite profiles. A complex 
volume of 10% of the working volume was used. 10% of the  
bioreactor working volume was removed from the bioreactors 
which was then replaced by the transfection complex via  
hand-pump (iCELLis Nano bioreactor) or gravity (iCELLis 500+  
bioreactor).

Production
Perfusion was started 4 hours post-transfection. A constant  
flow rate was used for both bioreactors. A bottle or tote with 
fresh medium was connected to the ‘media in’ pump of each 
bioreactor and an empty bottle or tote was connected to the 
‘media out’ pump of each bioreactor. Slowly, new medium was 
pumped in while virus-containing medium was pumped out.

Analysis
Samples were collected and stored at -80 °C until ready to  
be analyzed. Samples were then thawed and clarified by  
centrifugation before RNA extraction for RT-PCR.

 MATERIALS AND METHODS

Table 1
Parameters used in iCELLis Nano and iCELLis 500+ bioreactors. The iCELLis Nano bioreactor scales up to the iCELLis 500+ bioreactor based on fixed bed 
size and compaction. The 0.53 m2 iCELLis Nano bioreactor and the 66 m2 iCELLis 500+ bioreactor have a bed height of 2 cm and a compaction of 96 g/L.

Process Parameter iCELLis Nano  Bioreactor iCELLis 500+  Bioreactor
Surface area (m2) 0.53 66
Culture duration (days) 7 7
Seeding density (cells/cm2) 8,000 8,000
Volume per surface area during cell growth (mL/cm2) 0.13 0.13
Media change prior to transfection (day) 4 4
Day of transfection (day) 4 4
Cell density at time of transfection (cells/cm2)  252,000 *
DNA concentration (µg/cm2) 0.2 0.2
µg DNA/million cells 0.8 *
µg DNA : µg PEI ratio 1:2 1:2
Transfection complex volume 10% of working volume 10% of working volume
Perfusion rate post-transfection (mL/cm2/day) 0.067 0.067
pH setpoint 7.2 ±0.1 7.2 ±0.1
DO setpoint 40% 40%
Linear speed during attachment (cm/s) 2 1.3
Linear speed during cell growth (cm/s) 1.2 0.7
Linear speed during transfection (cm/s) 2 1.3
Linear speed during production phase (cm/s) 1.2 0.5
* Cell counts for iCELLis 500+ bioreactor estimated based on counts from the iCELLis Nano bioreactor

Pall’s iCELLis Nano bioreactor



© Copyright 2021, Pall Corporation and ABL Inc.  Pall,  , and iCELLis are trademarks of  
Pall Corporation. uBioProfile FLEX is a trademark of Nova Biomedical Corporation. CellSTACK  
is a trademark of Corning, Inc. NucleoCounter and NC-200 are trademarks of ChemoMetec A/S.  
® Indicates a trademark registered in the USA. 

GN 21.10406, 6/21  

CONCLUSION

Viral Titer
Figure 1
Left: Titer obtained via qRT-PCR for the iCELLis Nano and the iCELLis 500+ 
bioreactors. Samples were collected from the bioreactor vessels 1, 2, and 
3 days post-transfection (DPT). Final bulk harvest was collected from the 
perfusion collection tote at the end of the run when the contents of the 
vessel were drained into it. Right: Total titer yield from each bioreactor, 
normalized to surface area

 RESULTS

 ■ The final bulk harvest had a similar titer to DPT-3, suggesting 
the concentration of virus in the perfusion out drum was the 
same as inside the iCELLis bioreactor vessel.

 ■ The titer (gc/cm2) was 1.02 x 108 gc/cm2 in the iCELLis 
Nano bioreactor and 3.47 x 108 gc/cm2 in the iCELLis 500+ 
bioreactor.

Metabolites 
Figure 2
Nutrient and metabolite concentrations in the iCELLis Nano and iCELLis 
500+ bioreactors in g/L

 ■ Concentrations of both glucose and lactate were similar 
between the iCELLis Nano and the iCELLis 500+ bioreactors, 
suggesting similar cell growth and cell density.

 ■ A robust process was scaled up quickly from the iCELLis 
Nano bioreactor to the iCELLis 500+ bioreactor with an N=1 
for each bioreactor.

 ■ The iCELLis 500+ bioreactor produced 3.47 x 108 gc/cm2 
while the iCELLis Nano bioreactor produced 1.02 x 108 gc/cm2.

 ■ The concentration of nutrients and metabolites were 
similar between the iCELLis Nano and the iCELLis 500+ 
bioreactors throughout the entire run, suggesting similar 
cell growth between the two scales.
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GENE THERAPY FOR NEUROLOGICAL 
DISEASES: AN OVERVIEW OF 

LYSOGENE’S PIPELINE

	 1.  DESCRIPTION OF THE COMPANY 

LYSOGENE is a leading gene therapy platform company focused on the research and development 
of AAV gene therapy solutions for neurological diseases, including neurodegenerative and 
neurodevelopmental disorders. 

Since its inception, LYSOGENE has focused on the development of novel gene therapy candidates 
for rare genetic diseases of the central nervous system (CNS), for which no treatment is available. 
The company initially focused its efforts on the development of drug candidates for lysosomal 
storage disorders («LSDs») that affect the CNS (Platt et al. 2018). The company’s most advanced 
drug candidates are LYS-SAF302 for the treatment of Sanfilippo A disease (MPS IIIA) and LYS-GM101 
for the treatment of GM1 gangliosidosis. These two fatal neurodegenerative pediatric diseases 
currently have no treatment. 

In addition to these two drug candidates, the company is exploring other gene therapy opportunities 
for CNS diseases, notably Fragile X syndrome, neuronopathic Gaucher disease and Parkinson disease.

LYSOGENE is also developing next-generation capsids with improved properties, which will 
constitute valuable tools for future program developments. 

	 2.  MPS IIIA GENE THERAPY

Mucopolysaccharidosis type IIIA (MPS IIIA, OMIM #252900) is a LSD caused by mutations in the 
SGSH gene that result in deficiency of the N-sulfoglucosamine sulfohydrolase (sulfamidase, EC 
3.10.1.1) and subsequent accumulation of heparan sulfate (HS)-derived oligosaccharides (Valstar 
et al. 2010). Patients have relatively mild somatic symptoms, however the CNS is the primary site 
of pathology characterized by accumulation of HS and gangliosides leading to neuroinflammation 
and severe neurodegeneration. As a result, patients experience a wide range of CNS-based 
symptoms, including delayed neurocognitive development, mental regression, rapid loss of social 
skills and learning ability, disturbed sleep, aggression and hyperactivity with death usually occurring 
during the second decade (Heron et al. 2011). Therefore, the focus of new therapies is to treat 
the neurological manifestations associated with the disease (de Ruijter, Valstar, and Wijburg 2011). 

Gene therapy using adeno-associated virus (AAV) vectors with neuronal tropism holds promise 
for delivering SGSH to the brain, which is the organ most susceptible to toxicity caused by SGSH 
deficiency. Even though some AAV capsid serotypes or vectors with engineered capsid variants have 
been reported to cross the blood-brain barrier (BBB) in mice(Deverman et al. 2016), intravascular 
administration of AAV vectors in primates is much less efficient (Gray et al. 2011).  . In nonhuman 
primates, the most efficient route of delivery of an AAVrh.10 vector carrying the lysosomal enzyme 
arylsulfatase A was demonstrated to be direct injection into the subcortical white matter fiber 
tracts. This delivery route provided high enzyme expression and broad distribution throughout the 
primate brain, unlike administration by the intraventricular and intraarterial routes, which failed to 
demonstrate measurable enzyme levels above controls at the same dose level (Rosenberg et al. 2014).

Ralph Laufer1, Nicola Beltraminelli1, Michaël Hocquemiller1, Marie Deneux1, 
Stéphane Durant des Aulnois1and Karen Aiach1

1Lysogene, 8 Rue Jacques Dulud, 92200 Neuilly-sur-Seine, France
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Direct intraparenchymal delivery of AAV vectors has been used in several clinical trials for 
neurological diseases, including LSDs, as well as in preclinical disease models (Hocquemiller et al. 
2016). LYSOGENE obtained proof of concept for this approach in a MPS IIIA mouse model, where 
unilateral intracranial injection of an AAVrh.10 vector carrying SGSH and the sulfatase cofactor 
SUMF1, referred to as LYS-SAF301, resulted in ipsilateral restoration of SGSH and reduction in 
HS storage, the number of activated microglia and at later stages reduced GM3 gangliosides and 
ubiquitin-positive lesions (Winner et al. 2016). LYS-SAF301 was used in a Phase I/II clinical trial for 
MPS IIIA (Tardieu et al. 2014), in which 4 patients received 7.2E+11 viral genomes simultaneously via 
six injection sites at two depths in 60 µL deposits bilaterally to the white matter anterior, medial and 
posterior to the basal ganglia. Safety data collected from inclusion, during the neurosurgery period 
and over the year of follow-up, showed good tolerance and absence of adverse events related to 
the injected product. Neuropsychological evaluations suggested a possible although moderate 
improvement in behavior, attention, and sleep in 3 out of 4 patients, with the youngest patient 
most likely to display a neurocognitive benefit. 

To prepare for an efficacy trial of its investigational gene therapy, LYSOGENE conducted a 2-year 
natural history study in MPS IIIA patients. The results of this study, pooled with those of another 
natural history study carried out by Shapiro et al (Shapiro et al. 2016), will be used as an external 
control for the pivotal efficacy trial. 

In parallel, LYSOGENE designed a second generation, improved gene therapy vector, referred to 
as LYS-SAF302. LYS-SAF302 is an AAVrh.10 vector containing a stronger gene promoter (CAG vs. 
murine phosphoglycerate kinase (mPGK) in LYS-SAF301), and carries SGSH as a single transgene. 
In short term (4 week) studies, LYS-SAF302 was shown to be about 3-fold more potent in directing 
brain expression of SGSH following intrastriatal administration in MPS IIIA mice (Gray et al. 2019). 
The ability of LYS-SAF302 to correct disease pathology was evaluated in a mouse model for MPS 
IIIA (Hocquemiller et al. 2020). LYS-SAF302 was administered to 5-week-old MPS IIIA mice at three 
different doses (8.6E+08, 4.1E+10, and 9.0E+10 vg/animal) injected into the caudate putamen/
striatum and thalamus. LYS-SAF302 was able to dose-dependently correct or significantly reduce HS 
storage, secondary accumulation of GM2 and GM3 gangliosides, ubiquitin-reactive axonal spheroid 
lesions, lysosomal expansion and neuroinflammation, at 12-weeks and 25-weeks post-dosing. To 
study SGSH distribution in the brain of large animals, LYS-SAF302 was injected into the subcortical 
white matter of dogs (1.0 or 2.0E+12 vg/animal) and cynomolgus monkeys (7.2E+11 vg/animal) 
(Hocquemiller et al. 2020). Increases of SGSH enzyme activity of at least 20% above endogenous 
levels were detected in 78% (dogs 4 weeks after injection) and 97% (monkeys 6 weeks after 
injection) of the total brain volume. Taken together, these data validated intraparenchymal AAV 
administration as a promising method to achieve widespread enzyme distribution and correction of 
disease pathology in MPS IIIA and supported the initiation of a pivotal Phase II/III clinical study with 
LYS-SAF302 for the treatment of MPS IIIA. 

The pivotal study of LYS-SAF302 (AAVance trial, NCT03612869) began in late 2018 with the activation 
of four centers in the United States and four centers in Europe. LYS-SAF302 was administered as 
a single injection of 7.2 E+12 vg into 6 different sites in the brain subcortical white matter. The 
first enrolled patient was treated in February 2019 and 19 patients had been treated by the end 
of March 2020. In parallel with the AAVance trial, LYSOGENE is carrying out a Video study of the 
patients (called PROVide) that captures real life behaviors in their home environment. At the end of 
2020, the Company published initial positive biomarker data with LYS-SAF302 related to changes in 
cerebrospinal fluid (CSF) heparan sulfate (HS) concentration. In 9 patients analyzed, highly significant 
reductions in CSF HS concentration were observed at 6- and 12-months post-treatment compared 
to pre-treatment values. In addition, there was a reduction in the secondary storage products GM2 

28



ganglioside and GM3 ganglioside in the CSF of treated patients relative to baseline values. These 
secondary storage products are thought to contribute to pathogenesis in MPS IIIA and other LSDs 
(Walkley 2004). Thus, these preliminary results indicate that LYS-SAF302 is biologically active and 
has the potential to provide therapeutic benefit in this patient population. The outcomes of the 
AAVance trial will be determined when all patients of the main cohort will have reached 2 years 
of treatment. The primary endpoint is the change in cognitive performance relative to the natural 
history data control group. Secondary endpoints include behavior, quality of life, MRI and fluid 
biomarkers. Localized MRI brain abnormalities have been observed at the injection site in patients 
treated in the clinical study. These are being monitored per protocol, and no directly attributable 
clinical sequelae have been reported. 

In October 2018, LYSOGENE entered into a partnership with SAREPTA, a leading U.S. genetic precision 
medicine company, in the form of a collaboration and exclusive license agreement relating to the 
development, manufacturing and commercialization of the drug candidate LYS-SAF302. Under the 
terms of the agreement, SAREPTA has acquired exclusive commercial rights to LYS-SAF302 in the 
United States and markets outside Europe, while the Company retains commercial exclusivity for 
LYS-SAF302 in Europe. SAREPTA is responsible for the global manufacturing of LYS-SAF302 and will 
supply LYSOGENE in its markets. 

LYS-SAF302 has been granted orphan designation in the EU and the US, and rare pediatric disease 
designation and fast track designation in the US.

	 3.  GM1 GANGLIOSIDOSIS GENE THERAPY

GM1 gangliosidosis is a rare autosomal-recessive LSD that is always fatal in children and has no 
approved disease-modifying treatment (Arash-Kaps et al. 2019). It is due to mutations in the GLB1 
gene, which encodes the lysosomal enzyme beta galactosidase (Beta-Gal), which metabolizes 
GM1 ganglioside. Deficiency of this enzyme leads to accumulation of GM1 ganglioside, which 
is particularly deleterious for neurons and therefore the major symptoms of the disease are 
neurological, including progressive psycho-motor decline and reduced lifespan. There are several 
subtypes of GM1 gangliosidosis, type I which is the rapidly progressing infantile form, type II with 
slower progression and more clinical variability, which is subdivided into late-infantile and juvenile 
forms, and type III which is the rare adult form. Interestingly, both the severity and the age of onset 
are related to the amount of residual Beta-Gal activity, from less than 1% in the infantile form to 
about 10% in the adult form. Asymptomatic heterozygote carriers of the disease have residual Beta-
Gal activity that can be as low as 15 - 20% of normal activity.

LYSOGENE is developing an investigational gene therapy, designated LYS-GM101, consisting of 
an AAVrh10 vector that contains the functional GLB1 cDNA under a CAG promotor. LYS-GM101 is 
administered into the cerebrospinal fluid (CSF) via the cisterna magna (ICM), a space at the base of 
the skull that is filled with CSF and can be accessed from outside the skull without surgery through 
insertion of a needle under imaging guidance. It at been shown by several groups, including 
LYSOGENE, that injection of AAV vectors into the CSF achieves efficient transgene expression and 
broad distribution in the brain, spinal cord, and also peripheral organs. In contrast, when AAV vectors 
are injected into the bloodstream, e.g. via intravenous administration, only a low percentage of 
vector can pass through the blood-brain barrier (BBB) and reach the CNS, with most of the dose 
transducing the liver and other peripheral organs (Ballon et al. 2020).

Preclinical proof of concept was obtained using the GM1 knockout mouse model (GM1 mice), which 
does not express Beta-Gal (Hahn et al. 1997). A murine version of LYS-GM101 was administered 
to the CSF of 6-8 weeks old GM1 mice via intracerebroventricular (ICV) injection (because ICM 
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injection is technically challenging in mice of this age). This led to normalization of Beta-Gal activity 
in the cerebrum, cerebellum and spinal cord, and a concomitant correction of the GM1 ganglioside 
accumulation in these CNS regions. 

In addition, experiments in GM1 cats were carried out. The GM1 cat expresses a naturally occurring 
mutant form of Beta-Gal with reduced enzymatic activity, causing a disease similar to juvenile GM1 
gangliosidosis (Baker and Lindsey 1974). The feline version of LYS-GM101 was administered into the 
CSF using different routes, ICM, ICV or lumbar intrathecal (IT). Following euthanasia of the animals,  
Beta-Gal activity in different parts of the CNS was then visualized by staining. ICM dosing was found 
to yield the highest levels of expression in both brain and spinal cord. This increase in Beta-Gal 
activity following ICM injection was associated with a pronounced reduction of GM1 accumulation, 
as determined by filippin white staining in the gray matter of the brain and spinal cord.  

IND-enabling GLP toxicology and biodistribution study was performed in nonhuman primates (NHP). 
LYS-GM101 was administered ICM at two doses and analyses were performed after 12 weeks and 
6 months. Monkeys are more relevant to predict distribution in humans than mice or cats because 
their brain anatomy is more similar, and the size of the monkey brain is comparable (about 10-fold 
smaller) to that of a child. LYS-GM101 was found to be homogenously distributed in the CNS and 
also expressed in peripheral organs. Increases of 20% and 60% of Beta-Gal activity compared to 
vehicle treated animals were observed in NHP brain at 12 weeks after ICM injection of LYS-GM101 
at the low and high dose, respectively. This magnitude of Beta-Gal activity suggests that at similar 
doses in humans, LYS-GM101 should be able to elicit clinical improvements in patients with GM1 
gangliosidosis. 

In early 2021, LYSOGENE obtained approvals from the MHRA in the United Kingdom, the FDA in the 
United States and the ANSM in France to start a clinical trial with LYS-GM101 in GM1 gangliosidosis 
patients (NCT04273269). This trial is an open-label, 2 stage adaptive clinical trial with natural 
history data as external control, conducted at 4 clinical sites (2 in US, one in France and one in 
UK). In parallel, a video outcome and parent interview study is being conducted, whose data will 
be complementary to the clinical endpoints. The trial will include 16 patients with early and late 
infantile GM1 gangliosidosis, 4 of which be part of an initial safety cohort, treated with ICM injection 
of LYS-GM101 at 8E12 vg/kg. The first two patients were treated in June and August 2021. In 
addition, LYSOGENE and Casimir Trials launched in early 2020 a collection of natural history data 
using interview and video assessments captured at home by parents/caregivers of their child with 
GM1 gangliosidosis (NCT04310163).

LYS-GM101 has been granted orphan designation in the EU and the US, and rare pediatric disease 
designation and fast track designation in the US.

	 4.  OTHER PIPELINE PROJECTS

In June 2021, LYSOGENE entered into an exclusive, worldwide license agreement with SATT Conectus 
for the development and commercialization of a gene therapy candidate for the treatment of 
Fragile X syndrome (Hagerman et al. 2017). Fragile X syndrome (FXS) is the first cause of inherited 
intellectual disability (ID), affecting about 1/5000 males and 1/8000 females. FXS is associated 
with variable behavioral symptoms that include autism spectrum disorder, anxiety, hyperactivity, 
hypersensitivity, stereotypies, memory deficits and sleeping problems. FXS is a currently uncured 
condition that severely impacts the familial sphere and represents a considerable societal burden 
requiring life-long medico-social care. The disease is caused by silencing of the FMR1 gene due 
to CGG triplet expansions in its promoter region, leading to absence of the RNA-binding protein 
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FMRP. In a collaborative study between LYSOGENE and the lab of Dr. Hervé Moine at the IGBMC 
(Strasbourg), it was shown that intracerebral administration of an AAVrh10 vector expressing 
diacylglycerol kinase kappa (DGKk), the major downstream target of FMRP in neurons, rescued the 
core deficits of the Fmr1-KO mouse. LYSOGENE is now developing a gene therapy candidate for FXS 
based on these findings. 

In July 2020, LYSOGENE entered into a research partnership with Yeda Research and Development 
Co Ltd, the commercial arm of the Weizmann Institute of Science. The objective is to develop 
innovative AAV gene therapy approaches for Gaucher disease, Parkinson’s disease and other 
diseases associated with mutations in the GBA1 gene (Neumann et al. 2009). LYSOGENE provides 
expertise in AAV vector design and production, while Prof. Futerman’s laboratory at the Weizmann 
Institute provides variants of the glucocerebrosidase enzyme with improved biological properties 
and conducts biological proof of concept studies.

	 5.  TECHNOLOGY DEVELOPMENT 

LYSOGENE is also conducting studies in the field of next-generation AAV capsid development and 
AAV producer cell lines, which will constitute valuable tools for internal development of LYSOGENE 
pipeline assets. 

	 6.  LYSOGENE’S BIOPRODUCTION CHALLENGES

The gene therapy field is among the most rapidly evolving ones over the past ten years. Several 
biomanufacturing players decided to be the pioneers in this field by developing CMC capabilities for 
the manufacture of AAV based therapies, and thanks to their contribution, research and GMP grade 
material was successfully generated for preclinical and clinical trials. Historically, AAV was mostly 
obtained by transient transfections on adherent cells and major industrial brands developed cell 
factories enabling to generate GMP grade material for clinical trials. This production system however 
has major limitations to scale up, thus impacting the use of this technique for diseases with larger 
patient populations. Furthermore, as the domain is expanding, the bioproduction demands are 
also massively increasing. In the past few years, several industry actors progressively implemented 
AAV productions based on cells cultured in suspension, and new facilities are currently under 
construction. Despite the significant increase in AAV-based gene therapy production capabilities, 
the demands are such that it remains a challenge to rapidly generate GMP grade material for large 
clinical trials and for commercial use.

	 7.  PERSPECTIVES

LYSOGENE’ objective is to reinforce its position as a global gene therapy platform for the development 
of gene therapies for CNS diseases. The company’s business model is to continue expanding the 
pipeline through its internal discovery research, as well as by in-licensing early-stage programs from 
academic and industrial partners. LYSOGENE will develop the selected programs in a timely and 
cost-effective manner along all the steps required to progress these new assets into clinical trials. 
The company relies on its extensive experience acquired in the past ten years by advancing several 
programs from early research into pivotal clinical trials, more specifically in the pre-clinical, clinical, 
manufacturing, and regulatory domains, as well as its close connections with key opinion leaders 
and patient groups in the US and Europe.
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THERAPEUTIC GENE 
CORRECTION WITH 

PRECISION GENOME EDITING 

THE RISE AND FALL OF GENE THERAPY

Millions of individuals are living with an inherited genetic disorder worldwide. Alterations in the 
sequence that compose our genome can cause debilitating conditions that result in suffering, 
early aging, and eventually death. Gene therapy is a process in which an exogenous DNA fragment 
encoding a normal copy of a defective gene is randomly introduced inside patient’s genome to offer 
a therapeutic value (Friedmann and Roblin, 1972). Despite initial encouraging clinical results, gene 
therapy suffered from dramatic side effects due to the random genomic insertion of DNA fragments 
(Branca, 2005; Hacein-Bey-Abina et al., 2003a; Hacein-Bey-Abina et al., 2003b; Teichler Zallen, 2000). 
While the field of gene therapy was still recovering, several technological breakthroughs that 
enable direct modifications of nucleic acid sequences have accelerated the promises of correcting 
pathogenic mutations in humans.

In 1994, Jasin revealed that introducing a site-specific double-strand break in the genome of living 
cells induces permanent changes in the targeted nucleic acid sequence (Rouet et al., 1994). This 
finding leverages cellular DNA repair mechanisms to introduce genetic alterations at the targeted 
genomic sequences (Yeh et al., 2019). Since this seminal discovery, highly specific and accurate 
innovative technologies that stimulate different DNA repair mechanisms have been developed for 
precision genome editing with high promises for therapeutic applications (Anzalone et al., 2020).

CRISPR, FROM AN OBSCURE BACTERIAL ADAPTIVE IMMUNE SYSTEM TO A POWERFUL 
GENOME EDITING TECHNOLOGY

Between 2007 and 2011, an obscure prokaryotic immune system that defends bacteria against 
predation was identified for its ability to introduce double-strand breaks in the genome of 
bacteriophages (Barrangou et al., 2007; Deltcheva et al., 2011; Garneau et al., 2010). The adaptive 
immune system was named CRISPR for Clustered Regularly Interspaced Short Palindromic Repeats to 
describe the presence of repeated sequences encoded in the bacterial genome, which are interspaced 
by variable DNA fragments. Fundamental research on the mechanism of action demonstrated that 
these variable sequences are excised from the genome of bacteriophages as fingerprints of previous 
infections. When a bacteria is infected a second time, a small non-coding RNA called guide RNA (gRNA) 
is produced to “guide” the Cas9 nuclease to the invaders’ genome. The gRNA-Cas9 complex introduces 
a double-strand break at a location directed by the gRNA inducing the degradation of the phage 
genome, thereby resulting in premature abortion of the infection (Nussenzweig and Marraffini, 2020).

The ease of programming a small non-coding RNAs to direct the introduction of a double-strand 
break at desired genomic sequences has democratized the use of genome editing technologies for 
fundamental research and has facilitated its applications in biology and medicine (Pickar-Oliver and 
Gersbach, 2019). The programmable nature of the CRISPR-Cas9 system was revealed in 2012 by 
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Doudna and Charpentier. For this discovery, they were awarded the Nobel prize of Chemistry in 
2020. 

DNA repair machineries are dedicated to repairing DNA double-strand breaks as they represent the 
most dangerous type of DNA lesions (Ciccia and Elledge, 2010). Two major cellular repair machineries 
are involved in repairing DNA double-strand breaks in human cells: homologous recombination, 
which enables the introduction of desired new sequences; and non-homologous end-joining, which 
removes or adds one or several nucleotides at the break site. The ability to introduce mutations into 
virtually any cellular and animal system has revolutionized fundamental research for the generation 
of gene knock-out by non-homologous end-joining or for the insertion of desired genomic changes 
by homologous recombination. The CRISPR-Cas9 system allows the unprecedented engineering of 
genomes and is progressing towards clinical trials to correct mutations underlying genetic diseases 
(Doudna, 2020). For example, CRISPR was tested in a phase I clinical trial to engineer T cells to 
improve antitumor immunity against refractory cancers (Stadtmauer et al., 2020). The encouraging 
results demonstrated minimal immunogenicity or toxicity, prompting the continuation of clinical 
trials. More recently, a single injection of the gRNA/Cas9 complex reduced disease manifestations 
in patients suffering from beta-thalassemia and sickle cell disease (Frangoul et al., 2021), the most 
common human inherited disorders. 

LIMITATIONS OF THE CRISPR-CAS9 SYSTEM FOR THERAPEUTIC GENOME EDITING

However, despite promising results, many challenges might potentially prevent CRISPR-Cas9 from 
wide adoption for therapeutic genome editing. Controlling precise correction of genomic sequence 
relies on repairing of the double-strand break by homologous recombination, which is non-functional 
in somatic cells. Moreover, double-strand breaks can generate mutagenesis at on- and off-target 
loci, induce catastrophic chromosome rearrangements, cause the generation of chromosome 
fragments into micronuclei, activate innate immunity and the p53 checkpoint that triggers cell cycle 
checkpoint and cellular apoptosis (Haapaniemi et al., 2018; Ihry et al., 2018; Leibowitz et al., 2021).

To limit the damages associated with the introduction of double-strand breaks, new classes of more 
precise genome editing technologies that edit genomic sequences without introducing double-
strand breaks have recently been developed (Anzalone et al., 2020).

NEXT-GENERATION PRECISION TOOLS FOR HIGH-EFFICIENCY GENOME EDITING

One of the important lessons gained from sequencing human genomes is that most pathogenic 
variants are single nucleotide changes. Transition mutations, in which C:G base pairs are mutated 
into T:A, and T:A base pairs are mutated into C:G represent ~50% of genetic variants. Therefore, 
the development of technologies that can precisely correct transition mutations would be highly 
desirable for therapeutic genome editing.

In 2016, Liu developed a highly innovative technology, named base editing, that utilizes the CRISPR 
system to localize corrupted genomic sequences and a deaminase that reorganizes the atoms of 
the targeted nucleotides without altering the structure of the DNA (Gaudelli et al., 2017; Komor et 
al., 2016). They developed two types of base editing systems: A cytosine base editor which converts 
C:G base pair into T:A base pair and the adenine base editor which modifies A:T base pair into G:C 
base pair. These breakthrough technologies provide unprecedented single-nucleotide resolution 
for interrogating the genome (Billon et al., 2017; Cuella-Martin et al., 2021; Hanna et al., 2021). 
Moreover, base editing utilizes DNA repair machineries present in all cell types, including somatic 
cells, providing high potential for therapeutic genome editing. In only a few years, multiple animal 
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models of human genetic diseases have been corrected with high precision with base editing, and 
clinical trials have started (Porto et al., 2020).

In 2019, the same group developed another revolutionary CRISPR-based genome editing technology 
named prime editing (Anzalone et al., 2019). Unlike base editing, which is limited to transition 
mutations, prime editing can rewrite segments of the genome. Prime editing is a technology that 
utilizes an engineered gRNA that can localize a targeted genomic sequence and that primes a 
reverse transcriptase to replace the targeted genomic sequence with the desired changes. Prime 
editing is an exciting emerging technology and has the immense potential to correct all types of 
genetic mutations, including transversion mutations, small insertions and deletions.

Recent advances in prime editing have further advanced genome editing to directions, previously 
inaccessible with other genome editing technologies. Prime editing can insert gene-size fragments 
at desired locations in the genome, without introducing double-strand breaks, with high sensitivity, 
specificity, and accuracy (Anzalone A., 2021; Choi et al., 2021; Ioannidi, 2021; Lin et al., 2021). The 
ability to introduce corrective genes in cells was the driving force of gene therapy, but its inability 
to insert fragments safely caused the complications.

The advent of genome editing technologies has transformed our abilities to manipulate genomes 
for basic research, agriculture, and medicine. Although precision genome editing technologies are 
in their infancy, the rapid pace of development and their potential for safe, accurate, and high-
efficiency gene correction hold exciting promises for personalized treatment and potentially offer 
cures for people living with genetic disorders (Rees et al., 2021).
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Gene Therapy Immunogenicity 
assessment and monitoring

New modalities, new issues
Introducing the gene therapy product into human cells requires a
vector that will deliver the gene into the cells and incorporate
those genes into the gene expression mechanism of those cells.
One of the issues is the induction of an unwanted immune
response that can have an influence on the efficacy and potency of
the treatment. Additionally, pre-existing immunity towards AAV
and CRISPR can also neutralize the therapeutic effect.
Comprehensive assessment of human immune responses to gene
therapy candidates includes characterization of humoral and
cellular immunogenicity, specific for both the viral vector and the
expressed transgene (protein) product before and after dose
administration.

Immunogenicity assessment
In vitro assays such as PBMC and
DC:T cell proliferation assays can
be used to assess this unwanted
immunogenicity in an early
phase. Additionally, innate
assays such as dendritic cell
activation assays can be applied
for the evaluation of potential
impurities and innate response
inducing contaminants.

Immunogenicity monitoring
Sensitive Fluorospot assays can be carried out to monitor patient’ specific
immunogenicity both at the T and B cell level. The advantage of the Fluorospot
technology is the sensitivity to detect responses on a single cell level and measure
up to 4 analytes simultaneously.

Representative Fluorospot well showing the IFN-γ, IL-2 and TNF-α production of
human PBMCs upon stimulation with peptides representing the vector of interest.

IMXP is an experienced partner for all your immunology projects, having performed over 90 
immunogenicity screenings over the last 5 years. As a member of the EIP-NCIRA (Non-Clinical 
Immunogenicity Risk Assessment) and AAPS Immunogenicity Risk Assessment and Mitigation 

expert working groups, IMXP is in constant dialogue with regulatory authorities and up-to-date 
on all new, state-of-the-art developments in the field. 

www.immunxperts.com - info@immunxperts.com
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IP Article
CRISPR/Cas9: a nebula of patents

CRISPR-Cas9 technology (“Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-
Associated Protein 9 (Cas9)”) is already one of the most important scientific developments of this 
century.  Its applications are wide and varied, and touch almost every aspect of biology.  It has the 
ability to transform such important fields as e.g., agriculture and medicine.  This technology is in 
particular poised to revolutionise medicine, with the potential to cure a range of genetic diseases, 
including neurodegenerative disease, blood disorders, cancer, and ocular disorders.

CRISPR-Cas9 is the most potent gene-editing tools to date. Sections of nucleic acids are edited in 
cells by insertion, deletion, or replacement at a specific target sequence.  It is precise, fast, easy to 
implement, cheap, and uses components readily accessible. 

The original CRISPR is a bacterial defence mechanism against phages.  The CRISPR-Cas9 technology, 
as developed in the labs of Jennifer Doudna and Emmanuelle Charpentier, is a simple two-component 
system wherein an endonuclease (Cas9) is guided by a single guide RNA to the target sequence.  
This technology was then “used” as a programmable tool to cleave any nucleic acid sequence.  It 
has made numerous achievements in the field of correcting pathogenic mutations, searching for 
essential genes for cancer immunotherapy, and solving key problems in organ xenotransplantation.

Improvements of the technology have been numerous and varied, including dead-Cas9, other 
endonucleases such as Cpf1, base editing systems, Cas9 variants, RNA editing, prime editing, etc., 
making CRISPR-Cas9 a sort of Swiss army knife for biologists.  Indeed, its applications are seemingly 
limitless.  In particular, this technology is widely used for the amelioration of plants and crops, whilst 
the recent announcement of successful treatment of transthyretin amyloidosis in clinical trials 
suggests that CRISPR–Cas9 gene editing can be deployed directly into the body to treat disease.

It is important for any party wishing to commercialise a technology to identify the relevant patent 
rights in order to assess their freedom to operate.  For CRISPR-Cas9, this is complicated by the sheer 
number of patent applications filed.  If the original CRISPR-Cas9 system was already the subject of 
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of half a dozen competing applications, this number has exploded with the development of the 
applications of the technology as well as its various improvements.  Finding their way in this nebula 
of patents is thus crucial for all interested parties.

The present article will not examine the intellectual property issues associated with every aspect of 
every development of CRISPR-Cas9.  Rather, the present article aims at exposing the situation and 
the issues associated with the patent protection of the basic CRISPR-Cas9 technology.  As described 
below, the situation is murky, as several parties hold competing rights over the technology.  These 
parties, including notable academic institutions, are engaged in a string of judicial disputes.  
Moreover, each of these parties has used distinct licensing strategies.

All of this results in growing incertitude for anyone willing to develop commercial applications of 
the CRISPR-Cas9 technology.

1. CHRONOLOGY OF PATENTS FILING

As is the case most often than not, breakthrough 
discoveries do not happen in a vacuum.  They 
are usually preceded and/or accompanied by a 
string of incremental improvements of earlier 
technologies.  In addition, several groups 
may arrive at the same crucial results within 
moments of each other.

Two teams have received the most attention: 
the University of California (UC) team led by 
Jennifer Doudna at Berkeley and her colleague 
Emmanuelle Charpentier; and the team led 
by Feng Zhang at the Broad Institute (Broad).  
The Doudna and Charpentier labs showed that 
CRISPR and Cas9 could be programmed to cut 
a specific DNA molecule1.  A few months later, 
the use of the technology in eucaryotic cells 
was described by the Zhang lab2.  Both teams 
have filed various patent applications covering 
the very basics of the CRISPR-Cas9 technology.

Although the groups at UC and Broad have 
received the most attention, other actors 
should not be ignored.  Notably, the lab of 
Virginijus Šikšnys at the University of Vilnius, 
demonstrated that the CRISPR-Cas9 system 
can be programmed to cut DNA at specific 
sites3.  Scientists at Toolgen, a South Korean 
company, and Harvard University showed that 
the system could be used in human cells4,5.  
Researchers at Sigma-Aldrich, later acquired by 
the pharmaceutical company Merck KGaA, also 
deployed CRISPR on human cells.

These “secondary” actors have all filed various 
patent applications covering several aspects 

of the core CRISPR-Cas9 technology, thereby 
creating an interlacing of potential patent rights 
and clouding even more the situation for other 
parties.

Patents are granted for inventions which are 
new, inventive (i.e., non obvious), susceptible 
of industrial applicability (i.e., useful), and 
sufficiently disclosed (i.e., enabled).  Hence 
prior disclosures will have serious impact on the 
patentability of each player’s invention.

Figure 1 shows the dates of filing of priority 
applications, dates of filing of international 
applications (framed) and publication numbers 
of said international applications, of the six 
“earliest” parties in the game.  Relevant scientific 
publications disclosing the technology are also 
indicated. 

As illustrated in Fig. 1, each of the teams 
respected the rules - each patent application 
was filed before the publication of the 
corresponding article. Fig. 1 also illustrates the 
importance of validly claiming priority when 
the invention is disclosed (e.g., through the 
publication of an article in a scientific journal) 
between the priority date and filing date of the 
application: if the priority of the international 
application is found to be not valid, the scientific 
publication becomes part of the prior art and 
can destroy the novelty and inventive step of 
claims.  Examples of such issues are described 
below in relation to the patent wars between 
all these parties
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2. THE MAJOR PLAYERS

2.1 University of California (UC) with the 
University of Vienna and Dr Charpentier

The first player is UC, home of the Doudna 
lab.  UC holds with the University of Vienna, 
where Emmanuelle Charpentier was based, a 
number of patents and applications relating 
to the CRISPR-Cas9 gene modification system 
in general.  Claims relate to a synthetic DNA-
targeting RNA and uses thereof to modify 
genomic DNA.  Notably, the claims are not 
restricted to a specific cell type (i.e., procaryotic 
vs. eucaryotic).  Indeed, the examples presented 
in the application concern both procaryotic and 
eucaryotic cells. However, these examples do 
not explicitly demonstrate that the technology 
is functional in eucaryotic cells.

Importantly, the first priority application had 
to be filed before the publication of the Jinek 
article in order to maintain novelty.  UC could 
therefore only rely on the results obtained 
up to May 2012 in this priority application.  
Hence this priority application only contains 
examples relating to the use of CRISPR-Cas9 in 

Figure 1: Timeline of patent applications filing and scientific publications

procaryotes.  Whether this priority application 
nonetheless taught how to use CRISPR-Cas9 
in all types of cells, eucaryotes included, has 
become a crucial question in the patent battles 
which ensued.  Different answers were given in 
the U.S. and in Europe.

2.2 Broad Institute (Broad) with the 
Massachusetts Institute of Technology 
(MIT), Harvard College and Rockefeller 
University  

Shortly after the UC’s earliest priority application 
was filed, Broad, the MIT, Harvard College, and 
Rockefeller University filed a patent application, 
directed specifically to eucaryotic applications 
of CRISPR-Cas9.

This application was based on data obtained in 
the Zhang lab at the Broad Institute (Broad).  
The principal improvement of Zhang’s methods 
over his predecessors was the use of a nuclear 
localisation signal and, separately, codon 
optimisation to natively express Cas9.  This first 
priority application was the basis for numerous 
applications, notably in the U.S. and in Europe, 
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all of which were directed to uses of the CRISPR-
Cas9 technology in eucaryotic cells. 

Whereas UC’s applications had gone through 
prosecution without any particular haste, 
Broad’s attorneys had sought to accelerate 
proceedings as much as possible, both in the 
U.S. and in Europe.  As a result, they were issued 
patents whilst UC’s applications were still 
being examined.  This is important as there is a 
presumption of validity of granted patents.

However, the filing of the earliest priority 
applications has become crucial in the later 
disputes. Indeed, if the priority of these 
applications is not validly claimed, then the 
Cong paper becomes prior art and destroys 
the novelty of the claims.  Once again different 
answers were given in the U.S. and in Europe.

2.3 ToolGen

Scientists at the South Korean company 
Toolgen published in March 2013 an article 
in Nature Biotechnology demonstrating the 
use of CRISPR-Cas9 technology in eucaryotes4.  
Before the publication of this paper, they had 
filed one priority application.  However, data 
about the use of CRISPR in eucaryotic cells was 
not present in this earliest application.

Patents have been granted both in the U.S. 
and in Europe.  They are directed to uses of 
the CRISPR-Cas9 system to effect site-specific 
modifications in eucaryotic cells, in particular 
human cells. 

2.4 Sigma Aldrich, merged into Merck KGaA 
since 2014

Another major player – though often 
overlooked – is Sigma Aldrich.  This company 
holds a significant patent portfolio relating to 
the applications of CRSPR-Cas9 in eucaryotic 
cells.  Once again, claims relate to the use of the 
CRISPR technology in eucaryotic cells.  Several 
priority applications were filed by Sigma Aldrich.  
The earliest was filed six days before Broad’s 
earliest priority application.  However, it is not 
before the latest priority applications that data 
supporting this use of CRISPR in eucaryotic cells 
was provided.

2.5 Vilnius University

Contrary to popular belief, the very first filed 
patent application regarding a method of site-
specific modification of a target DNA molecule 
with the CRISPR-Cas9 technology is the US 
provisional application 61/613,373 filed on 
March 20, 2012 by Vilnius University (Lithuania).  

In the U.S., a patent was granted as U.S. Patent 
No. 9,637,739 with claims directed to CRISPR-
Cas9 complexes assembled in vitro and used 
for site-specific modification of target DNA 
sequences, in particular ex vivo. In Europe, 
a patent EP 2828386B1 has been granted 
with claims regarding in vitro methods only. 
A divisional patent application EP 3594341A1 
is still pending, also related only to in vitro 
methods.

2.6 Harvard College

Harvard is one the co-applicants of Broad in 
three patent applications.  On the other hand, 
it is also the sole proprietor of several patents 
and applications.  All of them relate to the 
work of the lab of George Church, whose team 
demonstrated the use of CRISPR-Cas9 in human 
cells5.

The first priority application in the portfolio was 
filed five days after the first priority dates of the 
Broad’s applications.

As-filed claims relate to methods of modulating 
target gene expression comprising using guide 
RNAs and a nuclease-null Cas9 bearing effector 
domains, to multiplex activate or repress genes 
in vivo. Claims also relate to a method of altering 
a eucaryotic cell, as well as a method for altering 
human cells.

3. JUDICIAL DISPUTES

3.1 The “war” between the Broad Institute 
and the University of California

UC and Broad are the key players in the discovery 
and first uses of CRISPR-Cas9.  The two are 
battling each other to determine which has the 
right to the claimed invention.  The main issue 
is whether the initial UC’s patent discloses the 
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use of this technology in eucaryotic cells, which 
would ensure that the University is entitled to 
this invention.  

The main patent battlegrounds have been in 
the United States and in Europe, with slightly 
different questions asked in each jurisdiction, 
but receiving significantly different answers.

Because these patents claim priority earlier 
than 16 March 2013, the “old” system of first-
to-invent applies in the US (it has now been 
replaced with a “first-to-file” system more akin 
to the rest of the world).  Under this system, 
a patent applicant could use an interference 
proceeding to challenge whether another 
applicant should be granted a patent covering 
the same subject matter.  For there to be no 
interference, it is only necessary to show that 
one party’s claim would be considered novel 
and non-obvious (i.e., inventive) over the other 
party’s claim.  If this condition is not met, the 
proceedings would continue to determine 
which party was first to invent.

The present case pits 10 patent applications of 
UC against Broad’s 13 patents and one patent 
application.

A first interference between the parties ended 
in 2018 after an appeal, which concluded 
that there was no interference.  The Federal 
Circuit (i.e., the U.S. Federal Court of Appeal 
specialising in patents) found that Broad’s 
invention, directed to CRISPR-Cas9 in eucaryotic 
cells, would not have been obvious in light of 
the University of California’s invention, which 
claims the CRISPR-Cas9 generically.

Shortly after, UC filed new claims directed to 
CRISPR-Cas9 in eucaryotic cells.  The scope of 
these new claims was tailored to be exactly 
identical to those of Broad which survived the 
first interference.  Clearly UC was not satisfied 
with the outcome of the first interference.  The 
USPTO examiner had no choice but to declare a 
new interference.  

On 10 September 2020, the Patent and Trial 
Appeal Board (PTAB) decided key motions 
in this second interference.  This decision 
addressed several important points for the 
rest of the proceedings.  However, it is only an 
intermediary decision and the final word in this 

second interference will not be given until later 
in 2022 at least.

In their decision of September 2020, the PTAB 
decided notably that UC was only entitled to its 
third priority date of 28 January 2013 for this 
invention (CRISPR-Cas9 with a single guide RNA 
in eucaryotic cells), after Broad’s priority date 
of 12 December 2012.  However, the PTAB also 
decided that the dispute was only directed to 
a eucaryotic cell comprising CRISPR-Cas9 with a 
single guide RNA.  This may be important when 
the Board decides on the interference because 
Broad’s earliest proofs of invention are directed 
to the use of dual guide RNA.  

This mix of outcomes – with Broad receiving an 
advantage on priority but with the University 
of California prevailing on the terms of priority 
contest – leaves both parties with considerable 
uncertainty.  It cannot be excluded that the 
parties now feel an increasing pressure to settle.  
However, this looks unlikely, as they had plenty 
of opportunities to negotiate in all these years

Meanwhile, things have been going differently 
in Europe.

All of Broad’s and UC’ patents were individually 
opposed.  Opposition is a mechanism which 
allows anyone to challenge a European patent 
in front of the European Patent Office (EPO) 
within of grant.  Whereas in the US, interference 
aims at determining which Party has the right 
to the invention, opposition in Europe rather 
addresses the question of whether an invention 
is patentable at all.  Hence an opposition ends 
either in the maintenance of the patent, as 
granted or as amended during the opposition, 
or in its revocation.  A decision of an opposition 
division can be appealed in front of the EPO’s 
Board of Appeals. 

Since the Broad patents were the first granted, 
they were the first opposed.  As is common for 
CRISPR patent challenges at the EPO, multiple 
opponents sought revocation of the patents on 
multiple grounds.  In a landmark case6, Broad’s 
European patent No. EP2771468B1 was revoked 
for lack of novelty.  In fact, the board of appeal 
concurred with the finding of the opposition 
division that the Broad patent did not validly 
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claim the earliest priorities because some of the 
applicants on these priority applications did not 
assign their rights to the invention to the Broad 
Institute and its co-applicants. As a result, the 
Cong paper - published on 3 January 2013 - 
became prior art and destroyed the novelty of 
the claims. 

Far from being a technicality as Broad contends, 
the assignment of the priority applications 
from the original applicants to the applicants 
of the PCT application is an essential formal 
requirement of the European Patent Convention 
relating to priority.  Since most, if not all, of the 
present Broad patents claim the same priorities, 
there is a strong chance that all these patents 
might be revoked for exactly the same reason.

Interestingly, following this earlier revocation 
of Broad’s patent based on a successful 
priority challenge, UC’s European patent No. 
EP 3241902 was revoked in opposition based 
on an invalid claim of priority.  In this case, the 
claims were directed to a CRISPR-Cas9 system 
wherein the Cas9 protein has reduced nuclease 
activity.  The opposition division considered 
that the earliest priority date of 25 May 2012 
was not valid because it did not disclose credibly 
this invention.  It followed that Jinek was prior 
art and that the claims were not new.

On the other hand, the parent patent EP 
2800811, also held by UC, was found to be 
entitled to its earliest priority date of 25 May 
2012.  The opposition division considered that 
the claimed invention in that case (a CRISPR-
Cas9 system in a procaryotic or a eucaryotic 
cell) was credibly enabled by the first priority 
application.  Hence the opposition division of 
the EPO and the PTAB of the USPTO reached 
conclusions exactly opposite with regard to the 
teaching of the priority application of 25 May 
2012, thus adding another layer of complexity 
to the case.

Needless to say, both decisions were appealed.  
The boards of appeal are not expected to decide 
on these cases before 2022.

3.2 The remaining parties

The conflict between Broad and UC has 

featured prominently in the media as the ur-
CRISPR-patent battle, since it involves several 
universities and two Nobel prize winners, and 
has now dragged on for several years.  However, 
this is an oversimplification, as new characters 
now enter the judicial scene.

3.2.1 Toolgen

For example, the South Korean company Toolgen 
is now facing two interference challenges of its 
application in the U.S., one against 14 patents 
and two patent applications of Broad, the other 
against 14 patent applications of UC.  In Europe, 
Toolgen’s corresponding patent has been 
opposed by multiple parties (as seems to be the 
case in all CRISPR-Cas9-related oppositions), 
resulting in revocation of the patent.  Appeal is 
under way.

3.2.2 Sigma-Aldrich

Sigma-Aldrich petitioned the USPTO for having 
an interference declared between three of 
their U.S. applications and the same 10 UC’s U.S. 
patent applications which were already involved 
in the interferences with Broad.  Once again, 
what is at stake here is to determine the Party 
which was the first to invent the CRISPR-Cas9 
technology.  However, the PTAB has refused to 
consider Sigma-Aldrich’s petition, dismissing it 
as “premature”.  This does not mean, though, 
that no interference will be filed later when 
Sigma-Aldrich patents issue.

In Europe, all six granted patents have been 
opposed by multiple parties.  Two of them, EP 
3138910B1 and EP 3138911B1, were revoked 
for lack of inventive step.  It appears that the 
priority claims of these patents were considered 
valid, a welcome change from the earlier 
CRISPR-Cas9 decisions.  This was not the case 
for EP 3138912B1 whose first auxiliary request 
was deemed not enjoy a valid priority and which 
was thus revoked.  Note that the main request 
had been rejected on a very formal but very 
important basis, i.e., added subject-matter.

The decision against EP 3138910B1 was 
appealed by the proprietor.  The two other 
decisions were rendered on 9 and 12 November 
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2021.  An appeal can be formed against each of 
them within two months of the issuance of the 
written decision.  In other words, Sigma-Aldrich 
has at least until 9 and 12 January 2022 to decide 
on this matter.  However, it can reasonably be 
predicted that the other two decisions will also 
be appealed. 

The remaining three patents are currently 
facing multiple oppositions.

3.2.3 Vilnius University

Surprisingly in view of all the CRISPR-related 
activity at the PTAB, the Vilnius US patent has 
not been involved in any interference.  This 
may due to the fact that the claims are limited 
to CRISPR-Cas9 complexes assembled in vitro 
whereas the other relevant applications and 
patents claim CRISPR-Cas9 complexes for in 
vivo uses.

On the other hand, the European patent EP 
2828386B1 was opposed by three opponents 
in April 2020.  The proceedings are under way.

3.2.4 Harvard College

Applications and patents held by Harvard do 
not seem, to the best of our knowledge, to be 
involved in any interference proceedings. This 
may be explained by the fact that these patents 
appear to be directed to specific embodiments 
of CRISPR-Cas9 rather than to the most general 
technology. 

In contrast, Harvard’s European patent has been 
opposed by 4 opponents.  Oral proceedings will 
be held on 22 & 23 March 2022. 

4. THE CRISPR LICENSING LANDSCAPE

The grant of large number of CRISR-Cas9 
patents with overlapping scopes has created a 
landscape that is difficult to navigate for would-
be licensees.

For researchers and interested parties, the 
situation detailed above creates thorny 
issues around where to obtain the rights to 
use the CRISPR-Cas9 technique.  In order to 
commercialise new CRISPR-Cas9 technologies 

and applications, interested parties will need 
to obtain commercial licences to the basic 
CRISPR-Cas9 patents.  Notably, users of CRISPR 
technology need to obtain patent licences from 
UC, Broad, and others as the price of admission 
for operating in the space.

However, the continuing conflict between UC 
and Broad affects the evaluation any interested 
user must do.  As of today, UC seems to have 
won the first round in Europe.  On the other 
hand, in the U.S., the situation is a lot murkier.  
UC has claims to the use of CRISPR-Cas9 without 
further specification, whereas Broad has claims 
covering CRISPR technology in eukaryotes.  It 
is therefore unclear whose patents a license is 
needed.  For example, CRISPR-Cas9 users must 
decide whether they want to obtain a licence for 
patents which may later be declared invalid in 
one or more of the most important commercial 
markets.  On the other hand, waiting before 
making a decision may expose them to a steep 
price hike if the patent is maintained in the US 
or in Europe by the competent legal authorities. 

One way to facilitate easier access to technology 
created by multiple groups is to create a patent 
pool from which multi-party licenses can be 
obtained.  A patent pool forms when multiple 
patentees combine their patents and use a 
single entity to license all the combined patents 
to third-parties as a single, non-exclusive 
licensing package.

In 2017, MPEG LA attempted to create a 
patent pool for a worldwide CRISPR licensing 
standard.  Such patent pool would create a 
one-stop shop for commercial users to license 
CRISPR patents, without needing to navigate a 
complex patent and licensing landscape.  The 
Broad Institute expressed interest in working 
with MPEG LA and other CRISPR patent holders 
to streamline non-exclusive access to the 
genome editing technology (except for human 
therapeutics applications).  More recently, in 
July of 2019, Broad announced a joint CRISPR 
licensing framework with MilliporeSigma to 
“encourage innovation.”  With the intention of 
streamlining access for scientists, this licensing 
agreement includes patent rights from multiple 
key parties including: Broad, Millipore Sigma 
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(under the Sigma-Aldrich portfolio), Harvard 
University, MIT, New York Genome Center, The 
Rockefeller Center, and more.  It is unclear how 
this new licensing venture will affect Broad’s 
participation in MPEG LA.   

On the other hand, up to now, University of 
California has not given any sign that they 
would be up to join any of the initiatives.  
Furthermore, these patent pools specifically 
exclude the possibility to request IP rights for 
human therapeutic and diagnosis applications 
and for agricultural uses.

The task is complicated by the fact that licences 
must be obtained from different sources.  The 
owners of the core patent applications have 
granted their rights exclusively to marketing 
companies, with the mandate to grant exclusive 
or non-exclusive licences to private companies 
willing to invest in developing applications using 
CRISPR-Cas9.  For example, for the development 
of human therapies, rights must be obtained 
from CRISPR Therapeutics, Intellia Therapeutics 
and Editas Medicine.  CRISPR Therapeutics 
obtained its exclusive rights from Emmanuelle 
Charpentier, Intellia Therapeutics from UC and 
the University of Vienna, and Editas Medicine 
from the Broad Institute.  For all other areas, 
the companies holding the relevant rights are 
ERS Genomics, Caribou Biosciences and the 
Broad Institute.  ERS Genomics obtained its 
exclusive rights from Emmanuelle Charpentier, 
Caribou Biosciences from UC and the University 

of Vienna, while the Broad Institute licenses 
CRISPR IP non-exclusively for commercial 
research or to companies wishing to sell tools 
and reagents for genome editing.

To this day, no entity has been granted licenses 
for all CRISPR-Cas9 IP rights, whether held by 
one research group or the other.  While the 
academics doing fundamental research with 
CRISPR Cas9 might pass over these IP questions, 
since they are usually exempt from the patent 
infringement regime under national laws, 
any commercial entity willing to obtain rights 
for using the technology will have to wait the 
end of legal controversies, or the creation of a 
patent pool.

5. CONCLUSION

The uncertainty about the CRISPR-Cas9 patent 
landscape presents a barrier to innovation.

One notable aspect of the CRISPR patent 
dispute is that it involves several large academic 
institutions. It has been rare for universities 
to sue one another over patents.  This may 
dampen any spirit of scientific collaboration or 
even interaction between these institutions.  As 
long as the legal battle is on, interested parties 
will thus not know for sure which patent owner 
they should contact for obtaining IP rights, 
neither how many licenses they would need. 
Unfortunately, the battle shows no sign of 
abating, suggesting that it is about something 
more than money7.  
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