Scientific Brief

New Filtration Protocols Accelerate Viral Vector Development and Enhance
Scale Up to Production
Introduction
Gene therapy is a rapidly growing sector of the pharmaceutical industry. The market is predicted to progress at a CAGR
of 31.1% between 2020 and 2030.1 This growth is driven by multiple factors: the prevalence of chronic diseases, a surging
number of research and development projects, and positive results of clinical trials.
The U.S. Food & Drug Administration (FDA) defines gene therapy as a technique that modifies a person’s genes to treat
or cure disease. These therapies can work through several mechanisms:
■■ Replacing a disease-causing gene with a healthy copy of the gene
■■ Inactivating a disease-causing gene that is not functioning properly
■■ Introducing a new or modified gene into the body to help treat a disease

The optimism about gene therapy’s efficacy is driving research into new products that treat cancer and genetic and
infectious diseases. An important part of this work has involved the development of viral vectors that can effectively
transfer therapeutic genes into a patient’s systems.
Lentiviral vectors have been increasingly used as a tool for gene and cell therapies since they can stably integrate the
genome in dividing and non-dividing cells. However, the development of efficient, fast, and robust processes that cope
with the low stability of this virus is slowing down the clinical-to-market transition.2 Filtration products such as plates
and centrifugal spin devices are being introduced that can significantly speed up lentiviral vector research protocols.
In this brief, we will discuss how new filtration applications can accelerate viral vector workflows. We also will review
an example where filtration technology is optimizing a scalable and GMP-compatible purification process for lentiviral
vectors that works effectively from research and development through manufacturing.

Viral Vector Filtration: Unclogging the Bottlenecks
Filtration is typically required during the harvesting (isolation and separation), clarification, and purification of viral vectors.
In the past, these filtration steps have added time and effort to viral vector development. In addition, the scale-up issue
has added complexity to the development-to-manufacturing transition.
New filtration products are now available that can unclog the bottlenecks that are slowing gene therapy research
and commercialization.
Viral Vector Harvesting and Clarification
Once a viral vector is grown in a cell line, it must be isolated, concentrated, and clarified in volumes that are adequate
for analysis. These steps have been performed with ultrafiltration or microfiltration spin devices or manual filtration.
New products are available, such as Pall’s AcroPrep™ Advance 96-well and AcroPrep 24-well filter plates, that are ideal for
small-scale viral isolation and concentration. These plates come in multiple formats that fit most research methodologies
and volumes. They offer higher throughput, fewer work steps, and greater recovery rates.
Viral Vector Separation
In viral vector development and subsequent clinical trials, the researcher’s goal is to produce an effective viral titer.
That work requires the placement of the gene of interest in all of the viral capsids contained in the dose.
After the desired gene has been introduced to the viral vector, there are three outcomes that can occur:
■■ The desired gene is successfully inserted into all of the viral capsids
■■ The desired gene only penetrates some of the viral capsids (partial)
■■ The desired gene does not enter any of the viral capsids (empty)

The challenge is to separate the partial and empty viral capsids from the full ones in the vector. If the separation is not
performed successfully, the clinical trial doses will not have enough therapeutic genes, making them far less effective
when administered to the patient.

Pall and a partner are developing a new workflow that will overcome the empty-partial-full issue, and significantly
enhance viral vector separation. This ultrafiltration protocol uses a spin device with proven AcroPrep Advance 96-well and
AcroPrep 24-well filter plates incorporating Omega™ membranes. It works on the principle of size separation. When there
is a size difference between the full viral capsids and the partial and empty ones, the workflow will filter and retain only the
full capsids — resulting in a more effective viral titer. The result: a clinical trial dose with more therapeutic genes for greater
patient efficacy.
Two-Step Viral Vector Purification
Following clarification and separation, further downstream purification is required to cleanse the sample. This frequently
involves a two-step process.
First, the viral vector is concentrated and purified with molecular weight cutoff (MWCO) filtration, such as Pall AcroPrep filter
plates and centrifugal spin devices with Omega membranes. For processing larger quantities and scale up post culture, Pall’s
Minimate™ EVO Tangential Flow System is an ideal solution with its exceptional capability to recover or remove viruses from
a sample. It is a desirable alternative to density gradient ultracentrifugation.
Prior to dosage delivery, the viral vector is put through an additional purification step that is highly efficient. Pall Acrodisc®
syringe filters and AcroPrep filter plates with Mustang® Q membranes use chromatography with ion exchange technology
to capture targeted viruses and remove impurities. This filtration also is widely used for purification in gene therapy
production, greatly simplifying scale up to manufacturing.

Exploring Lentiviral Vector Filtration Approaches to Enhance Clinical Applications: A Study
A recent study was conducted to identify a scalable and GMP-compatible purification process for lentiviral vectors that
would work effectively from research and development through manufacturing3. The failure to develop rapid and efficient
downstream solutions that overcome the low stability of the virus is slowing down the clinical-to-market transition.
The study explored the performance of two filters; one with Pall’s Mustang Q membrane and another manufacturer’s ion
exchange membrane filter. Lab-scale devices and syringe filters were used to do proof of concept work with smaller sample
volumes. The study evaluated the conditions required for effective filter performance and whether they could be scaled up
for production use. The two filters were assessed for virus recovery and throughput. A comparison of fibers and cassettes was
conducted for virus concentration and formulation.
The Mustang Q membrane demonstrated better performance with recovery yields close to 90%. Good scalability and
robustness were found running the filter at scales up to a 5 mL capsule. Flat sheet cassettes and hollow fiber with different
molecular weight cut-offs were evaluated for concentration and formulation. Recovery yields above 60% were obtained.
The sterile filtration step was successfully performed and permitted global virus recovery up to 45%.
The results demonstrated the process’ scalability and robustness and confirmed that it was for suitable for laboratory
developmental work and then scale up for production. The study concluded, “This work unravels strategies to enhance a
lentivirus vector purification process that may accelerate the development of therapeutic products based on lentiviral vectors.”

Summary
With gene therapies growing at an accelerated rate, the development of viral vectors that can effectively transfer therapeutic
genes is receiving increased emphasis. In the past, filtration techniques have added time and effort to the harvesting
(isolation and separation), clarification, and purification of viral vectors. Researchers are using new filter plates and centrifugal
spin devices to eliminate these bottlenecks and significantly speed up research protocols. In addition, because the membranes
in these filtration products are widely used for purification in gene therapy production, scale up to manufacturing is
greatly simplified.
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