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Beginning with the end in mind: 
how early plasmid design and 
CDMO partnership can set you 
up for success in cell or gene 
therapy manufacturing
Roisin McGuigan, Editor, BioInsights, talks to OXGENE’s Richard 
Parker-Manuel, PhD, Group Leader for Plasma Engineering &  
Production &, Qian Liu, PhD, Head of Engineering & Production

RICHARD PARKER-MANUEL, PhD, is a Group Leader for Plasmid 
Engineering and Production at OXGENE, A WuXi Advanced 
Therapies Company. He has twenty years’ experience in molecular 
biology with nearly seven years in the cell and gene therapy space. 
He oversees the design and engineering of adeno associated virus 
and lentivirus vector plasmids for a variety of clients. He is also in-
volved in several R&D initiatives with the aim of making OXGENE’s 
excellent vectors even better. 

QIAN LIU, PhD, joined OXGENE in July 2017 as a Cell Line 
Engineering Scientist. She has a background in cell and molecular 
biology, She was then gradually promoted to lead all biomanufac-
turing services OXGENE provide. Prior to joining OXGENE, Qian 
was a postdoctoral researcher in the field of Regenerative Medicine, 
involved in bioartificial liver development and stem cell differentia-
tion mechanism investigation in Loughborough University and the 
University of Nottingham, respectively. Qian obtained her PhD in 
Molecular Nutrition from the University of Nottingham. 
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Plasmids are important tools for building gene therapies, but substantial challenges exist 
for manufacturing a plasmid-based therapy – making it crucial for innovators to be aware of 
best practises. We spoke to Dr Richard Parker-Manuel and Dr Qian Liu about how careful 
plasmid design through promoter/capsid discovery and plasmid engineering early on in ther-
apeutic development can help ensure that an innovator begins their journey with the right 
tools – and how an early CDMO partnership can foster success later down the line.

	Q Could you both tell me a bit about your backgrounds, and your 
current work?

RP: My background is in DNA replication, recombination, and repair. For my PhD 
in Bath, I researched DNA replication in archaea before moving to York to do a post-doctorate 
working on mini-chromosome maintenance protein (MCM), the human replicative DNA he-
licase complex. I first joined OXGENE in 2012. I currently run the plasmid engineering and 
production group, in which we make constructs and libraries for a variety of commercial and 
R&D projects. The work we are currently doing includes assembling libraries for promoter 
and capsid screening platforms, improving our transient lentiviral packaging plasmid system, 
and assembling constructs for customers who wish to evaluate our TESSA™ adeno-associated 
virus (AAV) manufacturing technology. We are also setting up a manufacturing facility for 
research grade AAV and lentiviral plasmids.

QL: I did my PhD in molecular nutrition, focusing on molecular and cell biology 
and investigating the molecular mechanism of adipose tissue differentiation. After 
that, I completed two postdoctoral projects focusing on human embryonic stem cell differenti-
ation mechanisms and bioartificial liver development. I joined OXGENE in 2017, initially as 
a cell line engineering scientist. I then gradually started managing various functions within 
the company, including in cell sciences and biomanufacturing. Now, I head the department 
of engineering and production. Our department is responsible for the engineering and pro-
duction of plasmids, viral vectors, and cell lines, aiming to provide high-quality starting 
materials for cell and gene therapy manufacturing.

	Q In your own experience, what are the common pitfalls that therapy 
developers face when selecting the right plasmids for their 
application? What repercussions can making the wrong choice 
early on have later in development?

QL: From our interactions with customers in the past, we sometimes see that 
people fail to consider all aspects when they are selecting a plasmid. It can be easy 
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to miss things like regulatory compliance and 
intellectual property (IP) checks.

One example is some customers we had 
using special AAV vectors. They did not 
complete the IP checks in the early phase 
of the project and had to do so later on. It 
luckily did not result in any consequences 
in that case, but we might not be this lucky 
every time. If the IP side is not checked in 
the beginning, it might catch up with you in 
a later phase. 

In terms of regulatory compliance, we also 
heard about a therapeutic company who did 
AAV production using a helper plasmid containing adenovirus late genes, which we believe 
are not recommended by the FDA. The company found this in the later stage of their product 
development process, which meant they would need to source a different helper plasmid and 
restart the program from early phase, or to do more work to justify their use of the helper 
plasmid containing the adenovirus late genes. These kinds of issues consume both extra cost 
and time.

RP: It all depends on the chosen vector system, because AAV vectors have dif-
ferent properties from lentiviral vectors. AAV issues could include choosing the wrong 
capsid for the target tissue, having a genome that is too large to fit in the capsid, or getting a 
high proportion of empty capsids, which is something that our modified Rep-Cap plasmid can 
help to avoid. One of the biggest challenges facing AAV gene therapy at the moment is the 
human immune system – i.e. pre-existing immunity to the viral capsid. One way to solve this 
could be by engineering the capsid proteins to avoid recognition by neutralizing antibodies. 
With lentiviral vectors, there is no structural capsid, so packaging size is slightly less of a con-
straint – although large genes can impact titers. Other transgene properties such as the presence 
of transcription termination signals can also cause low yields without careful optimization. It 
is important to design vectors with safety in mind from the outset, to avoid having to recon-
figure them later. For instance, the woodchuck hepatitis virus post-transcriptional regulatory 
element (WPRE) in lentiviral vectors is often used, but the unmodified wild-type version can 
potentially cause tumorigenesis.

	Q What are the important aspects developers should consider when 
selecting plasmids for their application, and what is your advice to 
developers looking to choose the right tools?

RP: The first consideration is which vector system to use. The plasmids are simply 
instructions for producing viral vectors, so it is important to have a clear idea about vec-
tor design early on. For AAV, this includes considerations such as which capsid to use, the 

“One of the biggest 
challenges facing AAV gene 

therapy at the moment is the 
human immune system i.e. 

pre-existing immunity to the 
viral capsid.”

- Richard Parker-Manuel, PhD
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transgene structure, and whether to choose a single-stranded or self-complementary genome. 
The plasmids can then be tailored accordingly. Questions to ask include: have the vectors been 
designed with safety in mind? And does the developer have the freedom to operate with all the 
elements of the proposed vector design? In terms of productivity and potency, our modified 
Rep-Cap plasmid gives higher yields of full capsid AAV compared with the conventional 
configuration. 

	Q How early in therapeutic development should plasmid design and 
engineering be considered?

RP: Plasmid design and engineering should be considered as early as possible, 
during the discovery or pilot testing phases once the transgene has been chosen. 
Then, other elements such as promoter, polyadenylation signal, and plasmid backbones can be 
optimized. This way, early efficacy studies can use a vector that is as close to the final configu-
ration as possible. Switching to a different design later could mean revalidating the new design, 
which could be costly and cause delays. 

	Q How can plasmid design help to address some of the current key 
challenges in cell and gene therapy development? 

RP: The design of the genome plasmid can affect, not only yield, but also the 
quality of the viral vector that can be produced. For example, removing extraneous se-
quences from within a viral genome or adding stuffer DNA to the backbone could help im-
prove the full/empty ratio of an AAV product.

The design of the trans-packaging plasmids is also important. For example, we found our 
lentiviral packaging plasmids outperformed those of competitors in head-to-head studies.

QL: From the safety side, we need to eliminate or modify potentially toxic genes 
or genes that could cause safety concerns, like wild-type WPRE sequences in len-
tiviral vectors or adenovirus late genes in helper plasmids for AAV production. This 
should be considered in the plasmid design phase. Another safety-related issue is replication 
competent virus generation, which is always something regulatory authorities pay attention 
to. In our plasmid design we try to reduce the homology of different viral packaging ele-
ments, and also try to separate different elements into different plasmids. This reduces the 
chance of homologous recombination, thus reducing the likelihood of generating replication 
competent viruses.

	Q What are the benefits of working with a partner organization for 
discovery work, and are there particular benefits to partnering with 
a single CDMO across the whole therapeutic pipeline?
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QL: Reaching out to a contract de-
velopment manufacturing organization 
(CDMO) for discovery work sounds a 
bit unusual – normally you might go to 
a contract research organization (CRO) 
to provide this kind of expertise. Howev-
er, working with a CDMO that also has the 
capability and experience of doing discovery 
work, like OXGENE and WuXi Advanced 
Therapies, definitely provides an advantage. We can quickly figure out good approaches to 
achieve the clients’ goals, and provide powerful platforms for designing and screening to make 
the process more efficient. For example, we have bioinformatics tools already in place, and 
high-throughput or automated platforms for screening purposes.

In addition, CDMOs can have extra advantages compared to CROs; particularly in process 
development and manufacturing capabilities. For example, when designing a discovery strat-
egy, we will naturally consider the needs of subsequent stages, such as designing the products 
in an easier way for process development, scaling up, and manufacturing, whilst also consider-
ing regulatory compliance. This will reduce the risk of having to modify the design pathways 
throughout the journey. In other words, doing discovery work with experienced CDMOs can 
help you to see the bigger picture, as they will consider the whole journey for the customer. 
The product development lifecycle has many stages: discovery, research, development, manu-
facturing, and regulatory submissions. In all these stages, therapeutic companies need different 
services. If they had to go to different organizations to receive each service, they would have 
to communicate with many organizations. The time cost of communication can be huge. The 
end-to-end platform provided by WuXi Advanced Therapies reduces the time and cost that a 
customer needs to spend on communication. It provides a more streamlined platform, that 
makes the development of the product from beginning to end much easier for the customer.
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“CMDOs have extra 
advantages...particularly in 
process development and 
manufacturing capabilities”

- Qian Liu, PhD
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High performance plasmids with 
exceptional lead times at all grades

Plasmids available from research grade to clinical GMP
Expert plasmid engineering and early discovery services
Antibiotic-free GMP manufacture
Delivered in two weeks

We manufacture and supply OXGENE’s proprietary adeno-associated 
viral (AAV) and lentiviral plasmids royalty free. These plasmids are 

optimised to deliver high yields of high-quality viral vectors.

Packaging plasmids available off the shelf for international delivery 
within 2 weeks

Custom plasmids designed & delivered within 3 to 5 months (for 
research grade and commercial GMP respectively).

Research grade plasmids manufactured and sold from the UK

Partner with us early in therapeutic development for 
accelerated timelines from discovery to commercialization 

To view more, visit:
advancedtherapies.com
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We partner with innovators from discovery to commercialization.
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