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EDITORIAL

Towards routine manufacturing of gene therapy drugs
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The great potential for gene therapy to treat a wide range of dis-
eases has led to high expectations with the first marketing approval
of an adeno-associated virus (AAV) serotype 1-based gene therapy
in 2012 (Glybera for the treatment of lipoprotein lipase deficiency)
by the European Medical Agency and the successful completion of a
phase 3 clinical trial of an AAV2-based investigational product (SPK-
RPEG65 for the treatment of Leber’s Congenital Amaurosis, LCA2).'?
These and other advances have led to an increasing interest by large
biopharmaceutical companies to partner in the development of
gene therapy approaches for the treatment of human diseases. This
interest is driven by the potential to address many serious unmet
medical needs for genetic® and acquired” diseases by gene therapy.
Since the first human gene therapy trial in 1990 using a retroviral
vector, many different viral vectors have been developed, evaluated
in vitro and in animal studies, and eventually assessed for human
use in clinical trials. These developments have been paralleled by
advancements in the technology required for vector production,
purification, and quality control. The challenge has been to manu-
facture gene therapy vectors consistently at the quality level neces-
sary for routine clinical use. Furthermore, the recent breakthroughs
in clinic use of gene therapy vectors, e.g., for primary immune defi-
ciencies, lysosomal storage disorders, and cancer with lentiviral vec-
tors, and for lipoprotein lipase deficiency, hemophilias, and retinop-
athies using AAV vectors, is fueling the need for larger quantities of
these vectors.® Therefore, manufacturing processes are becoming
more scalable and cost effective. More comprehensive character-
ization and stringent quality control tests are required to support
advancing stages of clinical development and prospective product
licensure requirements (in this issue reviewed by Clement et al.® for
AAV vectors and by Merten et al.” for lentiviral vectors).”

The promising current upward inflection in the evolution of
human gene therapy and clinical gene therapy vector develop-
ment prompted the Journal to develop a special issue of Molecular
Therapy — Methods & Clinical Development to provide an update
on the state of the art in this field.® This issue gives a perspective
on future needs for large-clinical scale production and purifica-
tion methods of “traditional” viral vectors (AAV, lentiviral) that have
supported most of the recent human gene therapy clinical proto-
cols, as well as for oncoviral vectors (review by Ungerechts et al’?).
Furthermore, the use of recombinant baculoviruses as poten-
tial gene therapy vectors (review by Kwang et al.'®) was included
because of the large transgene packaging capacity of this vector
platform and its use in gene transfer studies to the eye. Finally, two
reviews on nonviral gene therapy based on nanoparticles (review
by Chen et al.') and aptamers (review by Maier and Levy'?) were
selected for this issue in order to illustrate advances in manufac-
turing of nonviral vector platforms with potentially advantageous
safety features. Equally important, original research articles focused

on process development and current Good Manufacturing Practice
manufacturing, quality control testing, and establishment of refer-
ence materials have been included to showcase cutting edge devel-
opments in the production of gene therapy products. The advances
in manufacturing technologies made in the gene therapy field in
recent years are impressive and resulting in the realization of rou-
tine large-scale production of gene-based drugs for the potential
treatment of a range of human diseases.

CONFLICT OF INTEREST

OWM is Head of the laboratory for Applied Vectorology of Généthon, and holds pat-
ents in lentivirus and baculovirus-based recombinant AAV vector technologies. JFW is
a Co-founder and Chief Technology Officer at Spark Therapeutics, and holds patents in
recombinant AAV and lentivirus technologies.

Otto-Wilhelm Merten' and J Fraser Wright?

'Applied Vector Studies, Genethon, Evry, France; *Technology
Development, Spark Therapeutics, Philadelphia, Pennsylvania, USA.
Correspondence: O-W Merten (omerten@genethon.fr) or JF Wright
(Fraser.Wright@sparktx.com)

REFERENCES

1. Pierce, EA and Bennett, J (2015). The status of RPE65 gene therapy trials: safety and
efficacy. Cold Spring Harb Perspect Med 5:a017285.

2. Yla-Herttuala, S (2012). Endgame: glybera finally recommended for approval as the first
gene therapy drug in the European union. Mol Ther 20: 1831-1832.

3. Couzin-Frankel, J (2013). Breakthrough of the year 2013. Cancer immunotherapy. Science
342:1432-1433.

4. Nathwani, AC, Reiss, UM, Tuddenham, EG, Rosales, C, Chowdary, P, McIntosh, J et al.
(2014). Long-term safety and efficacy of factor IX gene therapy in hemophilia B. N EnglJ
Med 371:1994-2004.

5. Naldini, L (2015). Gene therapy returns to centre stage. Nature 526: 351-360.

6. Clement, N, Grieger JC (2016). Manufacturing of recombinant adeno-associated vectors
for clinical trials. Mol Ther Methods Clin Dev 3: 16002.

7. Merten, OW, Hebben M, Bovolenta C (2016). Production of lentiviral vectors. Mol Ther
Methods Clin Dev 3: 16017.

8. Herzog, RW (2015). Molecular therapy: at the cutting edge of methodology and clinical
development. Mol Ther 23:409-410.

9. Ungerechts, G, Bossow S, Leuchs B, Holm PS, Rommelaere J, Coffey M, et al. (2016).
Moving oncolytic viruses into the clinic - clinical grade production, purification, and
characterization of diverse oncolytic viruses. Mol Ther Methods Clin Dev 3: 16018.

10. Kwang, TW, Zeng, X and Wang, S (2016). Manufacturing of ACMNPV baculovirus vectors
to enable gene therapy trials. Mol Ther Methods Clin Dev 3: 15050.

11.Chen, J, Guo Z, Tian H, Chen X (2016). Production and clincial development of
nanoparticles for gene delivery. Mol Ther Methods Clin Dev 3: 16023.

12. Maier, KE, Levy M (2016). From selection hits to clinical leads: Progress in aptamer

discovery. Mol Ther Methods Clin Dev 3: 16014,

@@@@ This work is licensed under a Creative Commons Attribution-

AT  NonCommercial-NoDerivs 4.0 International License. The images or other
third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to
reproduce the material. To view a copy of this license, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/


http://dx.doi.org/10.1038/mtm.2016.21
mailto:omerten@genethon.fr
mailto:Fraser.Wright@sparktx.com

