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Advance 
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The development pipeline of lentiviral particle-based therapies 

is growing and so is the need for efficient and productive 

production tools.

Introducing, Thermo Scientific™ CaptureSelect™ Lenti VSVG 

affinity matrix, specifically designed for the purification of 

VSV-G pseudotyped lentivirus particles from suspension 

cultivations. This resin offers an efficient and scalable 

purification method for lentiviral particles in combination with 

gentle elution conditions to retain viral infectivity.

Why choose the CaptureSelect™ Lenti VSVG affinity 
matrix resin?

• It’s designed to bind to VSV-G pseudotyped Lentiviral 

vector particles

• Achieve high recovery and purity in a single step

• It offers gentle elution conditions, based on Arginine, to 

retain infectivity of the lentivirus particles

• It is a scalable affinity purification method based on an 

agarose base-bead

• Non-animal derived

Access the full article on Implementation of Novel 
Affinity Ligand for Lentiviral Vector Purification >>
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Trends and innovation in 
lentiviral vector processing
David McCall, Editor, Cell & Gene Therapy Insights

Having become established more than a decade ago as the primary option for transducing 
CAR-T and other engineered cell therapies, lentiviral (LV) vectors continue to push back the 
barriers of what is possible in the cell and gene therapy world. Advances in engineering—in 
particular, to address safety and efficiency concerns—mean that today, LV vectors are increas-
ingly being utilized in both the in vivo and the ex vivo gene therapy settings. Meanwhile, on the 
process and analytical technology front, the LV vector field has become a key area of focus for 
the development of much-needed bespoke tools. These innovations are aiding in the reduction 
of the high cost of goods traditionally associated with LV production, whilst also boosting the 
quality and consistency of manufacture. 

BioInsights and Thermo Fisher Scientific are proud to present this unique curated collection 
of articles, videos, and posters dedicated to the LV processing field. Here you will find valuable 
insights into overriding trends in the evolution and application of LV vectors, as well as answers 
to your specific questions regarding the optimal approach to manufacturing and in particular, 
LV purification. 

FOREWORD
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LIVE30 TRANSCRIPT

Advancing the purification  
of VSV-G pseudotyped  
lentiviral vectors by using 
affinity chromatography
Pim Hermans & Frank Detmers

 
LENTIVIRUS  
PURIFICATION CHALLENGES

With the elevated use of lentivirus (LV) vec-
tor-based therapies in clinical trials, there 
is an increasing demand for good quality, 
highly pure vectors. Nevertheless, there is a 

plethora of purification challenges to over-
come in order to reach the desired purity 
levels needed for clinical use. 

LV is an enveloped virus that is produced 
using mammalian cell lines, such as HEK293 
cells. One of the major challenges process 
developers face is separating LV vectors from 

Cell and gene therapy vectors derived from lentivirus (LV) offer unique advantages over 
more conventional retroviral gene delivery systems. Considering the ability to integrate 
the host cell genome, LV vectors have become effective tools to transduce both dividing 
and non-dividing cells, thereby providing long-term stable gene expression. With a growing 
pipeline of LV particle-based therapies comes a prominent need for more efficient manufac-
turing processes that are meeting the demand of functional LVs required for clinical trials. 
Despite the manufacturing process improvements achieved over recent years, current unit 
operations are still unable to reverse the significant loss of biological LV particles during 
the downstream process. One of the major challenges has been the development of a truly 
selective affinity chromatography resin that can bind the viral envelope and simultaneously 
allow the preservation of its biological activity during elution. This article describes a new 
affinity resin, suitable for the purification of VSV-G pseudotyped lentivirus particles.

Cell & Gene Therapy Insights 2023; 9(4), 389–397

DOI: 10.18609/cgti.2023.059
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the large variety of closely-related product 
forms in the feedstock – for instance, exo-
somes. LV particles and extracellular vesicles 
such as exosomes follow a similar expression 
route in the cell. Consequently, the produc-
tion of LV vectors yields a number of varia-
tions on both the vector and the exosomes, 
which is illustrated in Figure 1. These prod-
uct-related impurities need to be removed 
from the final product. 

A further challenge is the separation of 
particles with and without a genetic payload. 
Besides a very complex feedstock, LV vec-
tors are relatively unstable. Therefore, sheer 
stress, high salt concentrations, and high os-
molarity should all be avoided. In addition, 
only a narrow range in pH and temperature 
can be used when handling these particles. 

The combination of these factors makes 
finding a suitable and efficient purifica-
tion strategy challenging. Current processes 

report total recoveries of approximately 30% 
or less. 

To determine both the quality of the feed-
stock and required steps of the purification 
process, it is essential to have the correct an-
alytics in place. Important factors are the to-
tal number of particles (TP), the amount of 
particles with an effective payload (IP), and 
the ratio between these two groups (TP:IP). 
Figure 1 shows an overview of the various an-
alytical assays and how they can discriminate 
between the different particles present in the 
cell culture feed or purification samples. 

AFFINITY RESIN DEVELOPMENT 
USING CAPTURESELECT™ 
TECHNOLOGY

To overcome the challenges in LV purifica-
tion, an affinity resin targeting the VSV-G 
membrane protein was developed using 

	f FIGURE 1
Overview of lentivirus purification challenges and the analytics associated with process development.
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the CaptureSelect technology and resin de-
velopment process. CaptureSelect ligands 
are based on single-domain antibody tech-
nology. The ligands are developed using an 
extensive screening technology where final 
process conditions are already implement-
ed during screening. Ligands are tested for 
specificity, mild elution conditions, and sta-
bility to allow use in chromatography pro-
cesses. The final ligand is recombinantly ex-
pressed in a yeast production process, which 
is free of animal components. CaptureSelect 
products are used in late clinical-stage and 
commercial processes. Resins are developed 
in a variety of drug development areas such 
as antibodies, biosimilars, plasma proteins, 
and viral vectors. The preferred resin fea-
tures for the Lenti VSVG resin are shown  
in Box 1.

Firstly, a library was created to identify 
binders to the VSV-G target protein. Sec-
ondly, ligands capable of binding the target 

were screened using a Surface Plasmon Res-
onance (SPR) array-based system to monitor 
the selectivity and the ability to release un-
der mild elution conditions. Three ligands 
demonstrated good binding in the SPR 
assay and selectivity was confirmed using a 

BOX 1

Preferred design features for the design of the  
CaptureSelect VSVG affinity matrix.

High purity and yield in a single capture step
	f Good HCP and DNA clearance

	f Reducing the number of  purification steps

	f Suitable for cell clarified harvest (no concentration) 
Target release under mild elution conditions to retain  
LV infectivity

	f Good recoveries of active LV particles

	f Improved TP:IP ratios
Scalable

	f FIGURE 2
Ligand evaluation experiments showing SPR binding curves at different LV doses (left) and release efficiency using a mixed set 
of buffers and elution conditions (right).
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non-related ligand binding to AAV (Figure 2, 
left). In addition, a concentration of 0.8 M 
Arginine at neutral pH was identified as a 
compatible elution buffer for VSV-G pseudo-
typed LV vectors (Figure 2, right). 

After screening, three ligand candidates 
were expressed in a yeast production system 
and developed into resin prototypes, using 
different backbones. Resin prototypes were 
tested extensively in a small-scale chroma-
tography set-up in order to determine a small 
selection of lead candidates for final resin 
development. 

LENTI-VSVG RESIN 
CHARACTERISTICS

Dynamic binding capacity (DBC) of the res-
in was determined using the p24 total particle 
ELISA. Results are shown in Figure 3. A feed 
containing 4×109 total particles/mL was load-
ed onto a 1  mL column and flow-through 
fractions were analyzed. Based on the results, 
a binding curve was plotted and the 10% 
breakthrough point was determined. These 
results show that the DBC of the resin is 
1×1011 total particles/mL resin. 

Next, purification conditions were deter-
mined in two consecutive runs on a 10 mL 

chromatography column, using 200 mL 
load material, a flowrate of 150 cm/h, and 
2 min contact time. The feed was endonucle-
ase treated, followed by a clarification on a 
0.4 µm filter and direct loading on the col-
umn. Column equilibration was performed 
using a 50  mM HEPES buffer at pH 7.5, 
containing 150 mM NaCl. Elution was per-
formed using the same HEPES buffer con-
taining 0.8 M Arginine. After the run, a strip 
of the column was performed using 50 mM 
sodium phosphate pH12. The chromato-
graphic profile and a close-up of the elution 
peak are presented in Figure 4. 

Fractions of the two chromatography runs 
were further analyzed to determine the ratio 
of total particles versus infectious particles. 

	f FIGURE 3
Graph showing DBC of the resin. 10% breakthrough is estimated at 1×1011  particles/mL.

  f TABLE 1
Overview of total particles and infectious particles, 
and their ratio (TP:IP).

Sample TP/mL IP/mL TP/IP 
ratio

1. Feed 1.10×1010 7.98×107 138
1. Flow through 3.25×108 8.30×105 392
1. Elution 4.44×1010 4.42×108 100
2. Feed 1.11×1010 9.00×107 123
2. Flow through 1.28×109 5.45×106 235
2. Elution 2.6×1010 4.66×108 56
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	f FIGURE 4
The chromatography process using the Lenti VSVG affinity matrix (left) and the chromatographic profile (right).

The results, demonstrated in Table  1, reveal 
a five-fold enrichment of the infectious par-
ticles in the final elution fraction and a de-
creasing TP:IP ratio. In addition, host cell 
protein (HCP) and DNA removal, along 
with total recovery of the elution fractions, 
was determined. Total recovery of the LV 
particles was between 50–60% and HCP 
and DNA impurity removal was consid-
ered to be highly efficient; between 80–99%  
(Table 2).

CONCLUSION
The CaptureSelect Lenti VSVG affinity ma-
trix is designed to help increase productivi-
ty and efficiency in the downstream process 
of VSV-G pseudotyped lentiviral vectors 
from suspension culture. It provides gentle 
elution conditions, based on Arginine, to 
retain infectivity of the LV particles. Fur-
thermore, the resin is a scalable affinity pu-
rification method without animal-derived 
components. 
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Abgail Pinchbeck, Assistant Editor, BioInsights speaks to 
(pictured left to right) Pim Hermans, Director of Ligand 
Discovery for BioProduction Group, Thermo Fisher Scientific and 
Frank Detmers, Director of Ligand Application for CaptureSelect, 
Thermo Fisher Scientific

ASK THE EXPERTS

	Q Can you expect performance differences between suspension and 
adherent cultured feedstocks? 

PH: Performance differences can be expected. It depends on the quality of the 
material. In suspension cell feeds, the ratio of total particles versus infectious particles is quite 
low. In adherent cell feed stocks, where the ratio can be approximately 1000:1, the composition 
of the material is quite different and the number of actual infectious particles is relatively low 
compared to the suspension cell feeds. Purification will therefore be more challenging, even for 
affinity solutions.

	Q Can the purity level of the elution fraction regarding host cell 
proteins and residual DNA be further optimized? 

FD: We have seen in ongoing customer evaluations that increasing the NaCl 
concentration between 300–450 mM for an intermediate wash buffer before elut-
ing can help in further reducing these types of impurities. When you implement an 
affinity resin, the wash conditions and elution conditions are the steps that often need some 
optimization. 

  f TABLE 2
Final recovery, HCP, and total DNA removal from the elution fractions of two chromatography runs.

Sample Volume (mL) IP/mL TU  
(Transduction 
units)

Recovery HCP removal Total DNA 
removal

1. Feed 250 7.98×107 1.99×1010

1. Flow through 258 8.30×105 2.14×108

1. Elution 22.5 4.42×108 9.95×109 49.9% 98.7% 80.2%
2. Feed 230 9.00×107 2.07×1010

2. Flow through 240 5.45×106 1.31×109

2. Elution 25.6 4.66×108 1.19×1010 57.7% 97.1% 96.5%
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	Q Does the resin also work for non-VSV-G pseudotyped lentiviruses? 

PH: For the development of the resin, we focused on a specific protein that is 
expressed by lentivirus. In this case, the VSV-G protein was chosen, which means the resin 
only binds to VSV-G pseudotyped lentivirus particles. 

	Q Are there any plans to make this research-use-only resin suitable 
for bioprocessing? 

FD:  There are plans for upscaling of the resin, making it suitable for biopro-
cessing. It is scheduled to be available by the end of this year. It will come together with all 
the support packages needed such as a ligand-leakage ELISA and a regulatory support file. In 
addition, we are planning to generate supplementary data.
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Thermo Fisher Scientific, Leiden, the Netherlands

Using affinity chromatography for the purification of 
Lentiviral particles

Introduction
Cell therapy vectors derived from lentiviruses offer many potentially unique advantages over
more conventional retroviral gene delivery systems. Most important is their ability to provide
long-term and stable gene expression and to infect non-dividing cells, such as neurons. The
development pipeline of lentiviral particle-based therapies is growing and so is the need for
efficient and productive production tools
Here we present a new affinity chromatography resin, the CaptureSelect™ Lenti VSVG affinity
matrix, specifically designed for the purification of VSV-G pseudotyped lentivirus particles from
suspension cultivations. The resin offers an efficient and scalable purification method for
lentiviral particles in combination with gentle elution conditions to retain viral infectivity.

Resin performance

Table 1. Total particles and infectious particle ratio. Total particles are
determined by p24 ELISA, infectious particles are determined through a
cell infectivity assay. The data demonstrates an enrichment of infectious
particles after affinity purification.

Conclusions
The CaptureSelect Lenti VSVG affinity matrix can be used for efficient
purification of Lentivirus particles, pseudotyped with VSV-G. It is the first
affinity chromatography resin available for Lentivirus purification, offering
high recovery and purity in a single capture step, without compromising
infectivity of the lentivirus particles.

Trademarks/licensing
© 2022 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
Scientific and its subsidiaries unless otherwise specified. For research use only. Not for use in diagnostic
procedures.

Figure 1. DBC of the CaptureSelect Lenti VSVG affinity resin, determined by P24 total particle ELISA.
Lentivirus produced in HEK293 cells in suspension was loaded on a 1 ml (0.66x3 cm) column, equilibrated in
50 mM HEPES, 150 mM NaCl pH 7.5. The load material had a titer of 3.89E9 total particles/ml. The flow-
through fractions were analyzed in a p24 ELISA to determine the breakthrough of the Lentivirus particles. 10%
breakthrough of the Lentivirus particles was reached after loading 24.6 ml of the feed material, resulting in a
DBC of the resin of 1E11 total particles/ml of resin. C0 is the titer of the feed stock (3.89E9 particles/ml), and C
is the titer measured in the flow through fractions, the 10% breakthrough point was interpolated from the
breakthrough curve.
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Dynamic Binding Capacity

10% BT

Fraction Volume 
(mL) TP/mL C/C0

Start 3.98E9
1 7.1 1.55E7 0.39
2 12.1 5.24E7 1.32
3 17.1 2.14E8 5.39
4 22.1 3.53E8 8.88
5 27.1 5.85E8 14.7
6 32.1 1.44E9 36.09
7 47.1 2.82E9 70.84
8 52.1 2.68E9 67.33

24.6 mL

Dynamic Binding Capacity (DBC) study – 1mL column

 DBC at 10% breakthrough is 1E11 particles/mL resin
• 10% breakthrough (C/C0= 10%) estimated from the curve at 24.6 ml loading
• This relates to 9.78E10 total particles/ml resin (= 1E11)

CaptureSelect Lenti VSVG affinity matrix
 Based on CaptureSelect™™ single-domain antibody technology

 Designed to bind VSV-G pseudotyped Lentiviral vector 
particles

 High recovery and purity in a single step

 Gentle elution conditions, based on Arginine, to retain 
infectivity of the lentivirus particles

 A scalable affinity purification method based on an agarose 
base-bead

 Non-animal derived

Designed to help increase productivity and efficiency 
in the downstream process of lentiviral vectors

Chromatography conditions – elution profile

Endonuclease 
treatment

LV clarification 
using 

microfiltration 
(0.4 µm)

CaptureSelect 
Lenti VSVG 

affinity matrix
Figure 2. Chromatography conditions using a 10mL column and 250 mL 
clarified suspension harvest with a titer of 1E10 total particles/mL
Binding/equilibration buffer: 50 mM HEPES, 150 mM NaCl pH 7.5
Elution buffer: 50 mM HEPES, 150 mM NaCl, 0.8 M Arginine pH 7.5
Strip buffer: 50 mM Sodium Phosphate pH 12Column 1.6x 5cm (10mL)

Flow rate 150 cm/h
Contact time 2 min

Chromatographic profile Elution profile

 The resin demonstrates an efficient elution profile

Process

Comparison of total particle to infectious particle ratios (n=2)

Sample TP/mL IP/mL TP/IP ratio
1. Feed 1.10E10 7.98E7 138
1. Flow through 3.25E8 8.30E5 392
1. Elution 4.44E10 4.42E8 100
2. Feed 1.11E10 9.00E7 165
2. Flow through 1.28E9 5.45E6 245
2. Elution 2.6E10 4.66E8 71

 The eluted fractions show a more than 5-fold increase of the 
infectious particle concentration compared to the load

 The concentration of infectious particles in the elution fraction has been 
enriched through purification using the Lenti VSVG resin

P24 – WB pattern Total particle (TP) and infectious particle (IP) ratio

Sample Volume 
(mL) IP/mL TU 

(Transduction units) Recovery HCP 
removal

Total DNA 
removal

1. Feed 250 7.98E7 1.99E10

1. Flow through 258 8.30E5 2.14E8

1. Elution 22.5 4.42E8 9.95E9 49.9% 98.7% 80.2%

2. Feed 230 9.00E7 2.07E10

2. Flow through 240 5.45E6 1.31E9

2. Elution 25.6 4.66E8 1.19E10 57.7% 97.1% 96.5%

Recovery of infectious particles (n=2)

 Recovery of infectious particles after purification using the Lenti VSVG 
resin is ~50-60%

This work has been supported by iBET Instituto de Biologia Experimental e Tecnológica, Oeiras, Portugal with a
special thanks to Ana Sofia Moreira and Cristina Peixoto.
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Resin Characteristics
MAIN RESIN CHARACTERISTICS

Matrix: agarose-based, epoxide activated
Average particle size: 65 ± 10 µm
Ligand: CaptureSelect Lenti VSVG affinity ligand
Ligand coupling method: epoxide
Binding capacity: ~1E11 total particles/ml matrix 
Elution conditions: 50 mM HEPES, 150 mM NaCl, 
0.8 M Arginine pH 7.5
Strip conditions: 50 mM Sodium Phosphate pH 12
Flow characteristics: 50–200 cm/h (up to 2 bar)
Formulation buffer: 20% (v/v) ethanol 

Cat. Nr. Product
2943932005 CaptureSelect™ Lenti

VSVG Affinity Matrix 5mL

2943932010 CaptureSelect™ Lenti 
VSVG Affinity Matrix 10mL

2943932050 CaptureSelect™ Lenti
VSVG Affinity Matrix 50mL

Table 2. Recovery of infectious particles determined through % of transduction units in the feed
versus the elution fraction. HCP removal was measured using ELISA, total DNA was measured using
Picogreen™ fluorescent probe.

Intended use  is for Research Use Only



Efficient, scalable 
purification of 
VSV-G lentivirus by  
novel affinity 
chromatography

Thermo Scientific™ CaptureSelect™ 
Lenti VSVG Affinity Matrix
Lentiviral vectors have emerged as a long-term 
stable gene expression tool for cell and gene 
therapies. However, large-scale production of 
purified clinical-grade lentiviral vectors remains 
a challenge because of the complex feedstock 
and its sensitivity to changes in temperature, 
ionic strength, pH, and other environmental 
factors. With these methods, general recover-
ies in the field are not higher than 25–30% for 
the overall process, with a significant part of the 
losses being in the final filtration step utilizing a 
sterilizing-grade filter. 

In this FAST FACTS VIDEO Frank Detmers, 
Director of Ligand Application for CaptureSelect, 
Thermo Fisher Scientific, introduces a novel affin-
ity chromatography resin—CaptureSelect™ Lenti 
VSVG Affinity Matrix—developed by Thermo 
Fisher Scientific as a solution to these challenges.

Features of this affinity matrix include:

	f 	Efficient and high-yield single-step 
purification of lentivirus particles from 
recombinant suspension cultivated harvest

	f Gentle, neutral pH elution conditions to 
retain lentiviral activity

	f Excellent scalability

	f Non-animal derived

CaptureSelect™ Lenti VSVG Affinity Matrix offers 
an efficient and scalable purification method for 
VSV-G pseudotyped lentivirus particles, with 
a binding capacity of 1 × 1011 total particles/mL 
resin. Elution can be performed using gentle elu-
tion conditions, which helps to retain infectivity 
of the enveloped virus particles.

FAST FACTS VIDEO

WATCH NOW
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INNOVATOR INSIGHT

Manufacturing considerations 
underpinning viral and non-viral 
platform selection
Elisa Manzotti speaks to Allison Hagerman, Aaron Noyes,  
Vladimir Slepushkin & Laurens Sierkstra
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With an ever-increasing range of viral and non-viral technologies available to advanced biother-
apeutics developers, manufacturing considerations must play a key role in the decision-making 
process behind platform selection. These considerations include the current level of innovation 
in the bioprocessing toolkit and its corresponding capability to address the specific challenges 
facing individual technology areas.

In this article a panel of experts spanning the lentiviral vector (LVV), exosome, and oncolyt-
ic virus fields discuss the impact of manufacturing considerations on their respective platform 
selection and ongoing product/process development strategies, comparing the state of the art 
in enabling technology in each application area, and discussing related challenges, needs, and 
opportunities.
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	Q Can you each briefly introduce us to your organization’s current 
activities? 

VS: MedTherapy is a startup company in the Boston area. The company is dedicat-
ed to providing services as a contract manufacturing organization (CMO) for the manufactur-
ing of CAR T cells and lentiviral vectors. 

Our main goal is to make manufacturing cost effective for people in developing countries. 
We consider the cost of goods when developing our manufacturing methods. One of the fea-
tures that distinguishes us from many other CMOs is that our manufacturing facility is located 
in India, near New Delhi. This will allow us to lower prices due to a reduction in labor costs. 
We are still in the facility building phase, and starting next year we will be operational and 
looking for partners and clients. 

AN: Codiak is a therapeutics company that started in Cambridge about 7 years 
ago, focused on demonstrating exosome therapeutics as effective immune-oncolo-
gy drugs. Codiak’s key technology is engineering exosomes to modify the tropism and deliver 
different payloads. We use these effective delivery vehicles in a way that takes advantage of the 
fact that they are immunologically silent.

We currently have three clinical candidates in or entering Phase 1 trials. One of them 
has an engineered surface Il-12 cytokine that allows for engagement with receptors on NK 
and T cells. Another takes advantage of the synthetic payload synthesis route for a selective 
cyclic dinucleotide STING agonist and combines that small molecule with an exosome to 
enable selective uptake in tumor-resident antigen presenting cells. Finally, we are working 
with anti-sense oligonucleotides attached to exosomes to downregulate various transcrip-
tion factors in hepatocellular carcinoma. Other constructs in the pipeline include encapsu-
lating AAV to enable re-dosing, and using exosomes with combinatorial ligands to enable 
vaccines.

LS: The Bioproduction division of Thermo Fisher Scientific is the global lead-
ing supplier of both upstream and downstream consumables, hardware, and single 
use products used in bioprocessing. My specific area is in affinity purification. We enable 
customers working on new therapeutics to come up with platform processes for purification, 
which will result in safe, affordable products.

Our pipeline is usually composed of all kinds of new modalities, including ongoing R&D 
programs to support lentiviral or exosome purification. Our main focus is for our customers to 
receive good platform purification solutions and associated analytics to be able to scale up their 
process in an affordable way.

AH: Oncolytics Biotech is working on a cancer therapeutic using a non-patho-
genic virus, with the active ingredient being the double-stranded RNA virus itself.

That product is currently in Phase 2 trials in a number of oncology indications, most no-
tably breast cancer. The team I lead is responsible for the process development, manufacture, 
analytical testing and clinical supply for that product.
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	Q Can you tell us about the key manufacturing-related considerations 
that impact strategic decision-making around initial platform 
selection and subsequent early development activities in your 
respective fields? 

AN: The first thing we focused on for exosomes, which are a new modality, was 
reducing the risk. This means first reducing the risk of supply. We needed to have technology 
that can be scaled up to GMP manufacturing in a predictable way.

As a small company starting out, we did not have our own manufacturing facility, so we had 
to use a CMO. As we chose our CMO, it was important they already had equipment that we 
needed and trained operators already familiar with technology, in order to de-risk the produc-
tion process.

The other key strategic piece pertains to regulatory risk. As we looked at exosomes, we want-
ed to make the process more acceptable to regulatory agencies, which involved taking steps 
such as using well-known cell lines, avoiding animal-derived components, and crafting release 
and characterization assays that build on the established state-of-the-art for recombinant pro-
tein production.

LS: For these early technologies, adding new components can complicate things, 
so de-risking those aspects is key. However, it can be good to utilize new technologies 
to deliver short-term improvements. That is where we sometimes help customers with their 
challenges, for example in purification, and we work with them to deliver a scalable solution.

VS: There are two viral vector platforms that can be used for CAR T cell trans-
duction, either retroviral or lentiviral. The difference between these two platforms is con-
nected to manufacturing in various aspects.

Lentiviral vectors are easy to make with relatively high titers for transient transfection, mak-
ing it a very common platform. However, it can be difficult to make a stable cell line that would 
produce these vectors, which can limit large-scale manufacturing.

Retroviral vectors are made mostly using stable cell lines, making large-scale manufacturing 
easier. However, you cannot create high titer vectors with transient transfection for retroviral 
vectors. For early-stage development with varying vector design, it can be difficult as you need 
to make a stable cell line each time.

	Q How would you sum up the current status of the bioprocessing 
toolkit in your respective fields? What have been the important 
recent advances, and also the important innovation needs? 

AH: Oncolytics’ lead product is relatively simple by today’s standards of viral 
and immuno-therapeutics. The toolkit we have available to us is fairly extensive, from old 
standbys to newer technology with more advanced controls for improved yields and outcomes.
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From my perspective, the biggest recent advance is the widespread availability of single-use 
systems. This not only means single-use reactors, but also prepacked columns and single flow 
pass disposable items. These are appealing to CMOs because it limits their workload and pro-
vides ease of switching for varying client processes. If all these things are single-use systems, 
they tend to be accessible in a variety of locations at different facilities. This makes the process 
more flexible and adaptable for extension to other markets down the road.

In my experience, the most important challenge is limited facilities for live virus production. 
There is less innovation in the near-term in this area.

LS: We work on many different modalities at Thermo Fisher and every modality 
comes with its own challenges. For example, monoclonal antibodies have a different in-
novation need and drive than oncolytic viruses. Another example is lentivirus, as only a small 
subset of the material you produce can infect cells.

We work with companies that know their specific application, molecule, and challenges, to 
make those step changes in productivity that are often desperately needed.

AN: I echo the point that single-use disposable components are a key part of 
how we operate. For exosomes in particular, re-uptake of vesicles is a phenomenon by pro-
ducer cells. Perfusion cell culture, wherein the released exosomes are rapidly separated from the 
cells, has been effective in terms of increasing titer. It however has introduced the challenge of 
separating 200 nm bio-nanoparticles from cells that are several µm in diameter. There is a need 
to grow the technology to do this.

More broadly we need to reach a critical mass in the industry to help drive innovation, learn 
from leaders, and enable enough large companies to share what they are doing in order to build 
into each other’s advantage and thereby help the entire sector flourish.

	Q For your specific class of molecules, what is the biggest challenge 
you see for achieving commercial production scales, specifically – 
or if production-scale has already been achieved, what would be 
the biggest improvements that would add the greatest amount of 
value to the manufacturing process? 

LS: In this area, we have always been working on different new modalities and 
every modality has it specific unique requirements. For example, AAV started around 
15–20 years ago, with people wondering what the platform system was going to be in terms 
of serotypes. The biggest step change was starting to make products for single serotype forms, 
to enable a scalable system. Later on, we launched a product that could do all serotypes as 
opposed to only one, which became the platform for AAV manufacturing independent upon 
serotype.

As a technology supplier, we moved towards focusing on what different types of modalities 
are being chosen. From our point of view, zooming in on the platforms that people will be 
adopting is one of the biggest challenges. Resolving this enables products which can be used to 
support that platform. The key step change is going from a plethora of different technologies, 
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for example to purify products, to real platforms which can do that, which then streamlines 
and the use of a specific technology in early research into process development and finally into 
manufacturing for all new therapeutics derived from new modality platform.

AH: Scalability is a product of your process but also your materials. In addition to 
scaling up and out for larger volume production, we are also scaling up and out for later phase 
production, and eventually commercial production. This needs to be factored into planning 
as early as possible with your manufacturing partner, to avoid a situation where you are using 
reagents and materials that are suitable for early phase and not later phase.

Use of non-animal component-derived material and sourcing of materials that are fully 
cGMP suitable for later phase production will avoid the need for comparability efforts either 
in the clinic or in the manufacturing pipeline. Imposing or at least developing reagent specifi-
cations and controls early can help with scalability later. 

VS: The greatest advantage for production at commercial scale is the develop-
ment of stable cell lines for lentiviral vectors. Both lentiviral and AAV vectors are mostly 
manufactured by transient transfection. The main disadvantage of transient transfection is the 
need for a lot of plasmid DNA and expensive transfection reagents. Creating a stable cell line 
that does not require plasmid DNA to make vectors greatly improves scalability of the process.

The problem with this stable cell line is that some of the vector components are toxic to the 
cells, so you need to regulate expression. So far, several systems have been used with some success, 
but for lentiviral vectors, we are not yet ready to use this platform for commercial manufacturing.

AN: From my vantage point in exosome production, we run 500 L perfusion 
reactors, turning over a bioreactor volume a day. Over 20 days, we produce 10,000 L. 

The production scale we are at, combined with the reasonable likelihood of doubling that scale, 
gives us ample material for commercial supply. The challenge now is ensuring consistency and 
safety of the product. One of the challenges in the bio-nanoparticle space is ensuring virus and 
adventitious agent safety. If there were inactivation technologies that were suitable for use with 
enveloped particles, that would be a huge advantage. That is one area we need advancements.

The other point speaks to comparability. The more complicated and the newer the modality 
gets, and the newer it is, the less understanding you start with. For the larger bio-nanoparticles, 
especially when they are relatively early in clinical progression, there is not a full sense of all 
the critical quality attributes (CQAs). It is important to define the likely CQAs early on and 
make the effort as a community to ensure CQAs are well understood to ensure comparability 
throughout process changes and batch.

	Q What are the biggest challenges relating to the current toolkit 
– in particular, its scalability for commercial production when 
considering downstream processing and analytics?

AH: In my experience, which is limited to production of an infectious viral vec-
tor itself, the downstream processing scalability has been relatively straightforward. 
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There is certainly room for optimization, simplification, and improvement, but we are com-
fortable with the accessibility of the technology itself.

The more interesting challenge for our product type falls in the analytics. In any given sit-
uation, the variability in production is no higher than the variability in the analytical testing. 
There is room for improvement in understanding that range, the appropriateness of those 
ranges, and possibly looking to custom methods and consistency of outcomes. There is room 
for different manufacturers and analytical labs to support those types of activities to help these 
new molecules progress through the development pathway. The sooner we can start exploring 
those, the better.

VS: I agree that analytics present a more complex issue than downstream pro-
cessing for lentiviral vectors. Downstream processing is relatively established with combi-
nations of chromatography and tangential flow filtration (TFF). The only challenge in down-
stream processing is formulating the vector to avoid aggregation. 

In terms of analytics, there are many challenges, for example variability in the titer deter-
mination. There is also no standard in the field that allows comparison of titer results between 
different companies. The results are often dependent on how the assay is performed. Another 
challenge is developing the potency assay, which can be difficult for these vectors, because they 
are used as an intermediate material to transduce T cells.

A third analytical challenge is the replication-competent lentivirus assay, as this assay is 
complicated, time-consuming, and expensive. In my view, it is not necessary, but the FDA and 
European agency still require this assay. It creates additional hardship and raises the price of 
the final product.

LS: The analytics bottleneck certainly applies when working on something rela-
tively new. As a technology provider we always like to get into contact with customers who 
have specific issues, because there are many tools available within our company to help with 
these developments.

An example, which is close to our own purification products, is that when we develop a 
purification resin, those same ligands can be used for quantification and titer analysis, usually 
on any commercial analytical platform. Each analytical challenge can be overcome using the 
right tools.

	Q Looking to the future, what would be the next-generation 
technologies for your specific platform areas that would represent 
a breakthrough?

VS: In terms of CAR T cells as a cell therapy product, next-generation technol-
ogies are being developed to shorten the time of manufacturing. Now, the time to 
manufacture T cells is between 7 and 10 days, and considering the time to test and release cells, 
it often takes about a month from needle-to-needle for this product. That is challenging both 
in terms of pricing and for the patients, so it is critical to decrease it. 
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There are also developments in making allogenic CAR T cell products. Some companies are 
even trying to make lentiviral vectors that could be injected directly into patients without the 
necessity of making CAR T cells ex vivo. If this is successfully developed, it could be a huge 
advantage for the future.

AN: Single particle analysis would be a breakthrough, similar to how fluores-
cence-activated cell sorting has developed understanding of cell biology, allowing 
sorting for different markers. For exosomes, and this class of ~100 nm bio-nano particles, 
single-particle characterization would enable an understanding of the population you have and 
potentially enable the development of surrogates for potency. If you could subsequently sort 
those, that would be incredibly valuable because you could then directly connect potency to 
phenotypic properties of the particles.

AH: I agree with what’s been said so far, and it touches on this concept of 
timeliness of information related to your production process. The quicker we can have 
readouts of the state of the process, whether that is the state of cell expansion, the infection 
process, or other elements depending on the molecule up for discussion, the quicker the overall 
production. Many of the analytical methods available at present are robust but time consum-
ing, and only allow data gathering after a batch has completed.

The ability to get readouts mid-process that could be applied to decision making would pro-
vide an opportunity to optimize these biologics productions at exactly the right moment. For 
me, technology in this area that would be the most interesting development.

LS: In the purification and downstream area, one of the real breakthroughs would 
be if one could remove  packed bed column technology. The volumes associated with 
new modalities  are quite different than those in, for example, monoclonals or recombinant 
proteins, so that could make the area more amendable to this. 

For example some new modalities could lend themselves  to magnetic bead approaches 
like in cell therapy, where you move away from  traditional purification steps. 

	Q What would be the key advances in innovation specifically for 
downstream processing and analytics? 

AN: Robust particle sorting is technologically beyond the current technology. 
Affinity chromatography is a way to complement analytical characterization by sub-fractionat-
ing exosomes. Fusion of analytical techniques with the purification technology could be useful 
to drive potency higher or amplify selected properties.

Another unknown in analytics is what makes a potent particle. In viral vectors, where the 
potency per particle is relatively low, it is not always understood why this is. In exosomes, the 
reason behind the potency of the particles is also often unknown. Developing the characteriza-
tion technology to enable that would be powerful.
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VS: One of the most important things in the lentiviral vector field is developing 
lentiviral vector standards that everyone can use in their lab, and qualify it there, 
using a titer assay.

	Q What are the keys to successful collaboration between end users 
and bioprocess solution developers/providers, with a view to 
getting these new solutions introduced into processes?

AH: The key to any successful collaboration is clear communication. This means 
a clear understanding of both the requirements of the clients and the services available from 
the supplier.

Transparency around any roadblocks or bottlenecks leads to an efficient, smooth collaboration. 
If there is a circumstance where a group either is unfamiliar or uninterested in a certain scope of 
work, we can source the right partner for that collaboration and potentially pull teams together 
where possible. More generally, early conversations between stakeholders considering scope and 
scale allow providers to clearly see market needs and ensure they are solving a valuable unmet need.

LS: From our side, the focus is on openness and clarity. We have always been suc-
cessful in working with customers to develop new areas. Our current product for AAV was fully 
developed together with a company in France and is now being used by most people working 
with and purifying AAV.

Collaboration requires openness, willingness, and the realization that certain advances will 
help the whole field. With these factors, there is no limit in terms of the products and areas 
that can be developed.

AN: Openness between companies like my own and vendors is happening. You 
need to have that trust to make breakthroughs. It has still been difficult to share externally, 
although this is changing as companies gain more confidence, and as technology advances. In 
the AAV field, the amount of collaboration is tremendous.

A successful collaboration requires openness and trust that allows you to use authentic ma-
terials, and transfer between sites. It is also important to build in time for iteration. 
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myriad of modalities such as mAbs, bispecifics, and Fc-fusion pro-
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	Q How would you characterize the current state of the art in lentiviral 
vector purification? Where specifically are you seeing progress in 
improving vector recovery and quality? 

BZ: ‘State of the art’ means different things depending on the stage of the pro-
gram. Early-stage clinical state of the art is suspension-based feed stream, a centrifugation-free 
clarification, chromatography capture, tangential flow filtration (TFF) concentration, and ster-
ile filtration. As we move towards a late stage or commercial process, we are transitioning away 
from these early academic-style processes into the ‘classical bioprocessing style’. Specifically, I 
am seeing some encouraging progress in understanding how lentiviruses (LV) are reacting to 
chromatography-based capture as well as sterile filtration, with improvements in recoveries. As 
far as quality, we are starting to move on from a titer-based method toward looking at other 
quality factors of these vectors, such as if they have sufficient pseudotyping. There is still a lot 
of work to be done to move away from molecular biology-based to first principal style measure-
ments and move towards a good manufacturing practice (GMP) commercial setting.

AD: In terms of the perspective of a GMP manufacturer, you can have an ad-
herent-based or suspension-based system, which means you need to be fully aware 
of your clarification, purification, and polishing steps. You must select a process that you 
can bring to GMP, which may not be possible or prudent in the earlier phases. Keep in mind 
that if it works early, it does not mean it will work at the GMP phase. You will save a huge 
amount of time and money if this is considered early. 

Secondly, you need to have more closed processes. There are closed methods that you 
can replace your open manipulation with, such as acoustic-based cell suppression systems 
as an alternative to centrifugation-based methods. There are also efforts for the clearance of 
contaminants and residual plasmids using endonucleases that are active at high salt concen-
trations to elute the vector from chromatography columns. There are also developments that 
can be brought into GMP phases in terms of monolithic chromatography. 

Thirdly, you need to know the quality of your particle quickly. Virus analytics platforms 
are crucial because cell-based systems can take a week to deliver an answer which is required 
in a few minutes. You need to adapt to that platform technology as soon as you can.

	Q What do you see as the must-haves for downstream processing in 
terms of knowledge of the upstream lentiviral process?
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AD: Optimization by quality by design methods is important. You can run multiple 
small bioreactors to get things done quickly. Process knowledge, such as design and control 
space criteria for your upstream method, is important. Recovery including quantity and quality 
is important. Keep in mind that at the early stage, your requirements will be substantially dif-
ferent than at the late phase investigational new drug (IND) stages . You need to be adaptable 
and flexible to differing needs. 

BZ: You should have an intimate knowledge of your upstream process as well as 
its development. I would personally characterize lentivirus upstream production as ‘weird’; 
there are many things we do not understand in that actual transient transfection process. They 
can have a significant effect on downstream, so having a good understanding of where your 
vector feedstock is coming from will help you develop your own downstream process. Dis-
covery is different to IND and IND is different to Phase 2 process characterization. The more 
adaptable you are in terms of understanding your upstream process, the more you will under-
stand how your downstream process reacts to your upstream process. This will prepare you for 
more successful process characterization instead of simply doing the bare minimum to enable 
an IND and then waiting until Phase 2 to do the process characterization. 

If I had to give my upstream team a list of information I needed from them, I would 
include transfection details, including the transient transfection method and titer consis-
tency, and the production method used, whether adherent, suspension, or microcarrier cell 
culture. 

	Q Regarding scalability, what are the current challenges in LV 
processing stages? What repercussions are there for downstream 
processing?

AD: Regarding scalability, what you start with at the beginning of the process 
is important. This is most likely an adherent-based system, which works fine, but can only 
be scaled out rather than scaled up. This option is labor and cost-intensive, and can lead to 
batch-to-batch variation. However, there are large advancements in this field, such as the 
fixed bioreactors from Pall and Corning, that are enabling scale-up for adherent systems. We 
do not want to rule out adherent as a future scalable approach. However, one must keep in 
mind that you need to run these fixed-bed reactors in parallel. This requires retrofitting exist-
ing infrastructure or building new systems. Many vendors are more than willing to help you 
in designing your space to accommodate what you need to achieve. Adherent-based systems 
could be a future scalable approach, though they do need to be optimized. 

As a company, we are pursuing a fixed-bed bioreactor platform for our internal products 
and with an option to offer that to external clients. We have process development (PD) 
and GMP manufacturing all in the same building, so whatever we do in PD, work needs 
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to happen in the GMP space as well. If you started with an adherent system, there is a 
significant investment in terms of time, people, and cost required to adapt the system to a 
suspension system. 

However, if you want to be the first to market for a disorder, you are perfectly fine with a 
small setup. For personalized medicine, you do not need a suspension system because you are 
only treating a few patients for a rare disorder. There are issues all the way across the product 
life cycle that you need to be aware of when you scale from one level to the other.

BZ: The last downstream unscalable step that we had was ultracentrifugation, 
which has been phased out quickly. The last real bottleneck for scalability is the culture 
method. You can brute force the adherent scale-out methodology – I have seen batch sizes of 
36 HYPERStacks with a 200 L total harvest volume – but it is tough to run at that level in 
terms of GMP. You must know what you are doing in order to lock in the reproducibility of 
that style.

In my opinion, we need to move to suspension to enable scale-up. However, when you move 
to a suspension from an adherent production, there are some significant implications for your 
downstream process, such as the need to separate cells, alter clarification steps, and deal with 
significantly increased biomass load. In addition, the need to change cell lines alters the impu-
rity levels. Switching to suspension can lead to higher or lower host cell proteins. 

	Q If producer cell lines for lentivirus become state of the art, how 
would downstream processing need to adapt accordingly? 

BZ: Producer cell lines are one of the great white whales of lentivirus. They are 
a tricky thing to pull off because lentivirus components are inherently cytotoxic to the cells, 
which means that those components need to be inducible rather than constantly expressed. 
This raises the question: are cell line scientists going to figure out how to keep a continuous cell 
culture going with a slow, diluted secretion of lentivirus? Or will inducing cells to produce len-
tivirus require an increase in cell mass, to make up for the cell culture death? The downstream 
needs to remain nimble when it comes to producer cell line possibilities because both ends of 
the spectrum have different requirements: when dealing with a dilute stream, your primary 
problem is volume concentration and managing large volumes on the commercial floor; when 
dealing with a highly concentrated, highly impure feed stream, you need to figure out how to 
clean up without losing too much vector. 

AD: Producer cell lines started with gamma retroviruses, and people saw the 
adverse reactions that can happen from these. They were the first to make constitutive 
cell lines a few years ago, which is still ongoing, but vesicular stomatitis virus G (VSV-G) may 
be a big culprit in terms of toxicity, for example. However, there are systems, such as the Len-
tiPro26 system, that are engineered to overcome toxicities. 
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You can also have inducible cell lines using 
antibiotics, which require complete removal 
of antibiotic traces from the final product. 
From the GMP manufacturing point of view, 
your release test is all that matters. It should 
not detect whatever is unintended in your fi-
nal product. 

One advantage of producer lines is that you 
do not need plasmid DNA. There is currently 
a big bottleneck in acquiring large volumes 
of plasmid DNA, especially for GMP grade. 

It is important for upstream and down-
stream to communicate. You might be har-
vesting in a continuous manner for a few days 
or weeks, but your downstream processing 
may only be adapted for two-day cycles. Len-
tiviruses are not that stable at room tempera-
ture long-term, so you need to find ways to capture those harvests and maintain them, which 
can be difficult with continuous processing. A producer cell line is great, but one should be 
cognizant that you will need to make substantial changes along your product manufacturing 
timeline. The future might be cell-free vector production.

	Q What could be done in downstream processing to address 
challenges stemming from upstream, and what is your key advice 
in this regard?

AD: All the upstream adaptations are extremely important to the downstream 
stage. You need to have a good understanding of where you want to be, so you can devel-
op your PD stages accordingly. As you move upscale, remember that every vector product is 
unique, so you need to have ongoing continuous engagement with the respective departments 
along the life cycle of your product. In Phase 1 your requirements are similar to those at the 
IND stages, but as you move to a larger scale, you need to be aware of what needs to happen in 
Phase 3 and beyond. This is not only restricted to bioprocessing; it will also affect your bioana-
lytics portion, and this can influence your downstream processing and how much purification 
is required.

BZ: My advice would be to work closely with your upstream team. The things 
that your upstream team will do to enhance their cell culture and titer have a high probability 
of affecting downstream behavior. If you are not in good communication with your upstream 
team, the changes that they make to increase their titer and culture performance might end up 

“It is necessary to develop 
early evaluation workflows 

to have a more holistic 
development effort, so that 
if the upstream team finds 
a good condition, then you 

can evaluate that at an early 
stage and determine if it is 

actually useful.”
- Bryan Zee
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being a net negative because they affect your downstream process to a large degree. It is neces-
sary to develop early evaluation workflows to have a more holistic development effort, so that 
if the upstream team finds a good condition, then you can evaluate that at an early stage and 
determine if it is actually useful.

AD: End-of-production cell analysis is a process that must be done at the end of 
manufacturing. You must harvest your cells and submit them for release testing and quality 
control testing. Conversations with upstream people are important because they may identify 
a system, but that system may not allow you to harvest the cells at the end. That is a common 
problem for fixed-bed bioreactors. Keep in mind that you will need to harvest some of those 
cells at the end, and get your upstream to support that.

	Q Where in the lentivirus process are bespoke solutions to the field 
most needed?

BZ: Filters and chromatography solutions are where bespoke solutions are most 
needed. I’m a chromatography nerd at heart, and an affinity ligand would go a long way 
towards adding to the overall robustness of lentivirus production. When using a non-affinity 
modality as the capture method, you are more sensitive to variation in cell culture. If you move 
to protein A affinity-style capture, it can expand the robustness of your downstream in order to 
absorb more variation from the cell culture realm. The lentivirus is a very sensitive vector – to 
both salt and pH – so it is no small feat to get a functioning affinity ligand that is ready for the 
GMP primetime. 

Lentivirus clarification, where lentiviruses are big, heavily charged particles requires a new 
kind of filter. The classic depth filter styles do not necessarily always work well with the charged 
nature of lentiviruses that. At the same time, Sterile filtration lentivirus is approaching close to 
0.22 µm pore size. Running lentivirus through a sterile filter is no easy feat, so a more bespoke 
manufacturing style of a sterile filture tuned for filtering something large like a lentivirus would 
be helpful.

AD: One also needs to be aware of the optimization of cryopreservation for-
mulations because as your vector production lots get larger, you need more data in 
terms of stability and formulation. With increasing volume and scale, you need to inves-
tigate time versus stability. You may have to optimize your cryopreservation formulation to 
accommodate these highly complex particles. Improvements in the freezing process are also to 
be taken care of as well. 

	Q What are the current major challenges and shortfalls on the 
analytical side of LV manufacture?
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AD: Even though we have been using lentivirus for some time now, there is 
extremely limited information available on the vector particles themselves. Charac-
terization is very important as you develop your analytical assays. Unlike for AAV, we do not 
have universally accepted reference material to base analytics on.

I am currently setting up our quality control and this requires a reference to ensure that the 
assays and operator are being qualified. There are efforts towards this, but those references are 
not universal. 

We are still dependent on a system of 293T cells, which are easy to transduce. We need to 
come up with a method where we can transduce the target cell of interest. Taking the titer data 
from 293T cells and applying that to bioengineer your cells of interest is a method that needs 
improvement. 

Virus analytics are important and they need to be purpose-built to determine quality rapidly 
and accurately. The technology is already out there for this, using light scattering and Brownian 
motion.

Lastly, we need to come up with better product characterization methods that are unique to 
viral vectors. Many methods used now are carried over from the antibody production world. 
Lentivirus is unique, so we need to come up with new and novel methods.

BZ: One of the major challenges is the turnaround time for these cell-based as-
says. Cell-based infectious assays can give false trends if the variables are not tightly controlled. 
It can be a challenge to establish a viable scale-down model for your therapy.

Biophysical cell characterization is starting to develop, but I have yet to see it fully ready 
for the primetime qualified GMP stage. Multi-angle light scattering has a lot of promise for 
looking at lentivirus, but it still needs more work to move onto the qualified GMP stage. The 
potency question is the number one challenge – we still need to understand what makes a 
vector effective. We need to determine our critical quality attributes and find out how to make 
these particles more effective. The typical antibody mentality of ‘aggregates equal bad’ might 
not hold true with vectors. We need to have the assay panel to be able to find that out and make 
educated decisions around these attributes. 

	Q What new analytical methods could help us understand the 
‘weirdness’ of lentiviral production?

“Even though we have been using lentivirus for some time 
now, there is extremely limited information available on the 

vector particles themselves. Characterization is very important 
as you develop your analytical assays.”

- Anindya Dasgupta
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BZ: A robust scale-down model can help you find an experimental lever that 
you did not previously realize was a factor. There are many interesting imaging assays 
with the potential to help us understand how a vector comes off a column. There are a couple 
of assays where a sophisticated camera tracks a particle as it vibrates through space which 
helps us count. Also, you can always go back to the classics, such as confocal microscopy. We 
need to remember that lentiviruses are bags of fluid, they are not proteins, so they behave 
more like liposomes than monoclonal antibodies. 

	Q Could you each pick out three key priorities for future research 
and innovation in lentiviral processing, and where do you think 
investment is most needed? 

AD: First, a producer cell line, or at least a packaging cell line, is important, to 
improve batch-to-batch consistency. Second, the loss of lentivirus in the downstream can 
be significant; recovery of 25–40% in the current state of manufacturing is all you can expect. 
We need to have disruptive advancements in this field, meaning we need different purification 
columns. We cannot depend on elution with 0.5 monosodium chloride anymore. 

Analytical developments are very important. Since these technologies have been coming in, 
regulatory agencies are cognizant of the fact that you can take advantage of these methods to 
characterize your virus. They are going to ask you for that data, and how much you know about 
your drug product. 

Finally, we need to substantially bring down the cost of goods. Currently, the drug price 
is in the range of a few million dollars, which can be incredibly difficult to get to patients. 
Having single-use technologies needs to be improved upon, for example, can we integrate the 
clarification step with the upstream step? Can it be integrated rather than harvesting? Can the 
harvesting be done coming out of your upstream directly into your clarification step? These 
things might help alleviate some of the costs in the manufacturing part so that the drug price 
stays low.

BZ: Cleanable affinity chromatography would go a considerable way towards 
enhancing downstream robustness. It is not that useful to have a column that does great at 
cleaning things up if it only works a single time. It needs to be cleanable using typical standards. 

One of the key priorities is understanding the molecular biology around lentivirus produc-
tion. We are taking two highly conserved biological processes and combining them. We need 
to understand on a fundamental level how these two systems work in order to increase the 
overall productivity of these vectors within cell hosts. 

Sterile filtration in lentivirus purification is usually a step that can cause the loss of up to 
90% of your product. If the step is properly optimized, you can expect 50–70% recovery, 
which is very low compared to monoclonal antibody filtration.
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	Q Do you measure infectivity titers during PD stages? And at what 
stages during manufacture are you testing productivity? 

AD: You have to keep infectivity in mind at all stages of development. Some 
transients are notoriously difficult to express and give a low titer. As you scale-up, be aware 
that your titers may decrease a little, so you must produce more to get the number of vector 
particles you need at the end. 

BZ: You should measure infectivity titers during PD stages as often as possible, 
provided your infectivity assay has the throughput available to power your studies. 
Cell-based assays do not usually have that much throughput, so you may need to make a trade-
off for a higher throughput method. You can measure the RNA genomes of the particle, but 
that is not the actual infectivity portion of the vector. In an ideal world, I would have a magic 
assay to which I could submit hundreds of samples and it would give out an actual infectivity 
titer. Oftentimes, to do effective, time-efficient studies, you need to make trade-offs between 
the assays to look at during PD. 

	Q Lentivirus is temperature-sensitive, so how do you keep the fast 
protein liquid chromatography (FPLC) steps shorter or at a lower 
temperature? 

BZ: Lentivirus is temperature-sensitive, but before you start specifically designing 
your chromatography step with this stability in mind, verify that it is as sensitive as 
you think. I have seen lentivirus that will completely lose infectivity at room temperature, but I 
have also seen lentivirus that can hang out at room temperature perfectly fine at varying levels of 
salt. We still do not fully understand what causes the sensitivity. 

If your lentivirus is temperature-sensitive, there are a few ways that you can keep the FPLC 
step shorter. Convective-style chromatography is a fast way to work with vectors, such as with 
monolithic membranes. Those cycle times usually are on sub-hour cycles. It is a great way to get 
the vector on and off the column quickly. To control temperatures, at small-scale, use fridges to 
maintain low temperatures, but at large-scale, a CMO will need chillers for their mixing vessels 
and column. This is where things start to get tricky. 

	Q As more companies are looking to use lentiviral vector for direct in 
vivo injection gene therapy, what will downstream processing look 
like in those cases?
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AD: The first thing that comes to my mind is the safety of the product. You need 
to have a system that is more streamlined, with the least number of open manipulations. 

In the second phase, there are various aspects to this, such as handling and stability during 
harvest and purification. You may have to adjust your downstream processing to fit that 
and meet regulatory expectations. You need to be cognizant of and familiar with the FDA 
requirements surrounding handling, storage, and release testing. This all comes into play for 
direct in vivo injections. 

	Q What are the safety considerations for producer cell lines? 

AD: We do not have a good processor line yet, but looking at the last few years, 
no lentiviral-based therapy has proven to be unsafe. All of the adverse reactions that 
were noticed in lentiviral-based therapies do not point to the lentivirus particle itself, but rather 
to its molecular design, such as the promoter or the affected cells. Lentivirus is split into various 
plasmids to nullify the in vivo recombination events, and as of now, there is no concern in the 
recent findings that it is unsafe. I do not think a producer cell line would be any more unsafe 
than what is being currently used in terms of transient transfection. The evidence suggests both 
would be safe. 

BZ: In lentivirus production, the main concern is replication competent lenti-
viruses which caused an initial split of plasmids, but there has been a lot of work 
around evolving that bit out. I do not think there is much of a safety concern around this 
particular aspect.

	Q How do you deal with residential DNA as a contaminant? 

BZ: Residual DNA is a fairly common contaminant to contend with. The current 
method is a nuclease-based digestion, which chops up the individual DNA into various small 
base pairs to reduce the risk of it as a contaminant. However, it would be more ideal to sim-
ply remove the DNA, which for chromatography requires a finer polishing step. Lentivirus is 
similarly charged to DNA, so you have to screen a fairly sophisticated polishing step, such as 
anion exchange chromatography or multi-modal chromatography, to find a condition where 
your lentivirus and your residual DNA are resolved out. Then, you can wash out your DNA or 
simply leave it bound on the column while you elute off your lentivirus.
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As demand for lentiviral (LV) vectors for both ex vivo cell-based and in vivo gene therapy ap-
plications grows, the question of how to make LV vector processing faster, more productive, 
and more cost-effective becomes increasingly pressing. In this panel discussion, LV processing 
and quality experts from across the biotech, CDMO, and solution provider sectors will discuss 
how recent technological innovations in specific upstream and downstream LV process steps 
compare in terms of their impact on titer, process speed, and cost.

	Q What can you share about your own experiences of seeking higher 
LV titers and improved process speed and cost through your choice 
of bioreactor and upstream production platform? 
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EJ: When developing products for upstream LV production, we use suspen-
sion-based systems, because they are advantageous in terms of scale-up, in addi-
tion to reducing variability and cost. To increase titer within the suspension system, we 
have used design of experiment (DoE) to optimize concentrations and timings of each compo-
nent in the process, including the mammalian cell transfection process, cell line, transfection 
reagent, plasmid DNA, and any enhancers or supplements. This has resulted in a successful, 
optimized system that significantly increases titer and reduces cost.

MN: At AGC, the priority for our platform is to have good scalability between 
the full-scale and the small-scale processes. We chose Bioreactors for scale-up that have 
a fully representative scale-down model system. We have experience in scaling up to 200 L, 
with any major challenges being resolved at the small scale by applying DoE for all critical 
steps.

RL: From my experience, there are critical process parameters and key steps in 
production that we can optimize. For example, we can increase titers simply by changing 
the producer saline.

	Q What recent technological innovations are having the greatest 
impact on downstream LV processing?

SJ: It is important to understand the full process and process steps to best gain 
efficiency. If you have a large-scale production in your suspension system, you have a large 
volume on the first-capture step and the filtration steps, and every step in between. Using DoE 
to understand your steps, inputs, and outputs is important. Analytics are also highly important 
in having tight control over your outputs.

MN: The downstream side for LV is challenging, particularly because of the 
~0.1μ dimensions of the LV. The most critical step is the final sterile filtration, where a large 
part of vector preparation is often lost. Clients frequently ask for more concentrated vectors. 
From a CDMO perspective, we must balance the concentration with the yield of the final 
sterile filtration. The more concentrated the vector, the more aggregation in the vector prepa-
ration, and the greater difficulty in balancing sterile filtration.  Improvement in the analytical 
possibility to evaluate the vector aggregation will be important to solve the downstream chal-
lenge. Recently, many new membranes and resins for purification have become available on the 
market, and we are testing these to improve LV purification. 

RL: There have also been advances in the fields of affinity, size-exclusion, and 
ion-exchange chromatography. Quick analytics that enable definition of critical process 
controls and use small-sample volumes are key. Automation in fill-and-finish and other pro-
cesses allows better stability. 
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	Q What scales have you reached for suspension? Either for transfection 
or stable cell line?

EJ: For transient transfection suspension, we have reached 50 L in-house, but 
we do have customers reaching as high as 200 L with our products. When dealing 
with transfection at that scale, we have optimized different aspects, including the timing of 
the complexation, keeping the reagent cold, and the mechanics of adding the complex to the 
bioreactor. 

	Q What analytical tools are helping you to improve the identification 
and measurement of critical quality attributes (CQAs)? 

SM: Some of the common tools that are currently deployed include digital PCR 
(dPCR), quantitative PCR (qPCR), P24 assays which are typically ELISA-based, and 
flow cytometry. Without a doubt, dPCR and qPCR are the bread and butter for LV ana-
lytics, giving several CQAs such as genome titer, infectious titer, and residual DNA. These 
methods can also provide us some insight into the average number of genes of interest (GOIs) 
that have integrated into a cell line, which is an important CQA. 

Genome titering has been challenging in the past, mostly because of residual levels of the ge-
nome of interest (GOI) that can lead to an overestimation. Strategies to overcome this include 
optimizing the endonuclease step to remove residual DNA. This is useful for quick turnaround 
results, compared to the cell-based infectious unit (IU) titer methods. 

There are several commercially available kits for P24. They bring some challenges, such as 
a lack of differentiation between free P24 and particle-associated P24. This is an important 
consideration, as certain processing steps can damage the virus and give erroneous titers. Com-
mercial vendors are working on this, but there is certainly some room for improvement.

Lastly, flow cytometry is another important method, mostly used in potency assays. Some 
of the challenges in flow cytometry revolve around data analysis and ensuring proper gating 
parameters.

MN: Regarding analytics, in our CDMO we have a strong interaction between 
process and analytical development. Together, we define the main parameters that we 
want to monitor in our process. According to these, we decide the best method for each step. 
Each step is always monitored, with orthogonal assays for each CQA. For LV vectors, the main 
test for potency evaluation is infectious viral titer. The analytical method for this assay must be 
robust, reliable, and reproducible across labs, in order to control the consistency of the vector 
production processes. If the vector is applied for ex vivo gene therapy, we need to use a cell line 
for infectious viral titer evaluation that is transducible with the same efficiency of the target 
cells (e.g., HSC or T cells). To have a robust method, it is important to have good reliable cell 
line stock, and a positive control. To have a reliable test, we need to control all these parame-
ters, starting from the beginning of the development of the process, to ensure the same robust 
method is used throughout.
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EJ: From our perspective, we use analytics primarily when developing new cell 
lines and reagents to monitor and validate the changes and improvements we make. 
We look at typical things such as particle titer, genome titer, and infectious titer, with challeng-
es including variability of assays.

RL: We use conventional methods, such as PCR and ELISA by default. There 
are new tools now, such as equipment based on microfluidics or optics, which are begin-
ning to be used more frequently, together with conventional methods. Automation of both 
new and traditional assays is helping us to use a smaller sample volume and get quicker 
analytics. 

	Q What is your opinion on full versus empty analysis in LV vector 
manufacture?

SM: It has not been a priority as it has been in AAV, primarily because, up to 
now, LV has been mostly ex vivo. Considerations about the load of empty particles into a 
patient are not as high, but there are tools out there, including high-performance liquid chro-
matography (HPLC)-based methods, being used for this. As we do start to move more into in 
vivo therapies for LV, this will become an important CQA. 

	Q For analytical requirements, is total particle count important?

SM: It is certainly an attribute that we measure using P24 ELISA or other meth-
ods. Even though we are mostly focused on infectious titers, understanding the particle-to-
-activity ratio goes back to the question of empty versus full. 

	Q What are the considerations and best practices to ensure robustness 
relating to assay selection and evaluation? 

MN: When we select an assay, even if it is based on a commercial kit, for ex-
ample the P24, we need to exercise qualification to reduce further variability of the 
analytical methods. It is important to take into consideration interference studies in the 
process, as in each step, the vector is in a different media or buffer. These buffers could affect 
the results, so we must evaluate this interference to ensure that the analytical methods are fully 
reliable and reproducible.

SJ: The analytics with LV must be robust, quantifiable, qualifiable, and eventually 
validatable in commercial productions. Knowing your assays, how they work, and what 
the pitfalls are is paramount. 
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SM: The big question is, ‘do we have the assay under control’? We want low 
variance and high repeatability. One of the most important attributes of the assay is the 
ability to have different people do it – on different days, using different instruments – and still 
get the same answer. When assays are performed incorrectly, we should be investigating the 
impact of those changes on the assay itself to build a better understanding of how robust the 
methods are. If we notice that small changes are dramatically impacting the assays, it hints that 
the assay is not robust. We need to start building a library of investigations, to determine what 
are the critical parts of an assay and how they can be negatively impacted. 

RL: In terms of analytics and how they contribute to process development, in-
fectivity and viral titer is the key parameter. It is key to control the limits of the assay, and 
then identify the factors that affect the assay.

	Q What will be the key next steps for bioprocess and analytical 
innovation in the LV field to drive further scalability and quality/
consistency improvements?

SM: The need for rapid in-process analytics for viral vectors still remains. This is 
a particular concern due to the fragility of the LV particles themselves. We want to minimize 
hold and processing times as much as possible and to do so we need rapid, reliable analytics. 
Focusing on rapid particle titering or GOI titering is going to be a key driver for scalability, 
product quality, and consistency. 

The introduction of commercially available ‘off-the-shelf ’ solutions is also going to be an 
important part of developing consistent manufacturing processes, helping to standardize the 
analytics across the industry. Right now, the use of different methods makes it difficult for us to 
make comparisons and causes challenges for regulators in setting industry guidance. 

RL: There are three key components for bioprocessing. One is the development of 
more producer cell lines to increase productivity. Second, automation is key, both in process 
and analytics. The third key point is the development of new serotyping strategies that better 
target the cell to be transfused, and the development of transduction enhancers. This is key to 
developing more cost-effective processes so that more patients can be treated.

MN: Another step, from a process point of view, is the reduction of the dead 
volume in downstream instruments. The systems that are now on the market for concen-
tration have been created for large-scale processes and the dead volume in the instruments is 
limiting the vector concentration. Suppliers should help us with having more flexibility in size 
and measure for the single-use instruments.

EJ: One key aspect is ensuring early setup with products and tools that have a 
clear path to commercial launch. Historically, a challenge in this space has been the lack of 
fit-for-purpose reagents. Starting early in development with serum or animal-containing com-
ponents makes things more complicated from a downstream processing or regulatory point 
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of view. Therefore, the components in a process that are intended to be used in cell and gene 
therapy applications must be identified and come with appropriate product documentation to 
maintain a streamlined path to the clinic.

	Q Which parameters do you need to optimize for scaling up your 
process?

EJ: Optimizing the density the cell line is grown at and transfected at are both 
key. In our experience, there are many aspects to optimize at the transfection step, such as 
plasmid DNA, ratios of plasmids, the timing of complexations depending on transfection 
agent, and harvest time. We see various impacts from optimizing each of those steps, including 
benefits in terms of the titer. 

	Q How might the evolving regulatory landscape impact the picture?

RL: In my experience as QP, as viral production has developed and knowledge 
has increased, the number of applications for gene therapy has also increased. Regu-
latory bodies are increasing their demands for process control and products of a higher quality. 
This directly impacts the standards for LV manufacture and prioritization. We need to control 
more CQAs to tighter certifications. We are looking for products of better quality, with fewer 
contaminants.

SM: Regulators want us to demonstrate our processes are controlled, both in 
the consistency of processing and in product safety and quality. We must consider and 
monitor the residuals that end up in the product due to the process that we have. Regulators 
require safety first and foremost, which should be our major focus. 

SJ: The landscape has changed tremendously over the last 5 years. Regulators have 
placed great importance on quality and ensuring that we are monitoring our processes. Even 
from the early stages of process development, it is recommended to think about the final stages 
of commercialization. Understanding your process, with quality in mind from the beginning, 
is important to ensure you can get through the regulatory pathways. This ensures patients are 
safe, which is of primary importance.

	Q What are the key challenges to overcome to enable greater 
automation – for example, in leveraging in-process analytics? 

MN: There has been good innovation within in-line process controls, includ-
ing the recent Raman spectroscopy technologies. This kind of technology, despite its 
promise, is very demanding in terms of resources to be invested. It needs a dedicated team to 
interpret the data and evaluate the metabolites that best correlate with the CQAs. We are now 
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scouting and evaluating these new technologies because they offer an interesting opportunity 
to expedite process development.

	Q What is your experience in trying to implement greater automation 
levels in the manufacturing process?

SJ: To make the best possible analytical technology from beginning to end, think-
ing about the future is important. Understanding the process and having a way to look at 
every parameter, from the bioreactor to the chromatography, is ideal. We want to move towards 
full automation of processes.

SM: One of the largest barriers to entry is cost. Instruments are expensive and one 
key challenge we have right now is being able to deploy these instruments. The second thing is 
matrix interference as a key barrier to ensuring that we have reliable process analytics, especially 
in upstream bioprocessing. This can be overcome, but there is potential for miscalibration or 
poor data due to matrix issues. 

RL: Automation is expensive, but if it is correctly implemented, it is cost-ef-
fective. It should be seen as an investment decision by the company. It must be qualifiable, 
validated, and on time.

	Q In downstream processing of LV vectors, is tangential flow 
filtration (TFF) done before chromatography, and what kind of 
chromatography do you use to purify and concentrate your vector? 

MN: Regarding chromatography for LV vectors, we now use anion exchange 
chromatography. To ensure GMP, we use ready-to-use columns. Regarding TFF, our ap-
proach has been to develop the adherent process with a hollow fiber step after chromatography 
as an additional vector concentration step. For the suspension system, we are evaluating the 
addition of a first fiber concentration step at the beginning of the downstream in order to re-
duce the volume of the bulk vector prior to proceeding with purification. This step could be 
essential when the USP scale will increase to 1000-2000 L or more.

	Q When it comes to chromatography, which specifications are 
important, and where do you see gaps in the currently used media?

MN: For the development of the chromatography step, we consider the qual-
ity of the vector that we obtain. The suspension after clarification is still rich in proteins 
and host cell DNA, so there is a need for a stronger endonuclease step. We are working on 
the chromatography, fine-tuning the amount of resin needed for the vector. At the end of the 
chromatography step, we are looking at yield, in terms of physical particles, and the infectivity 
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and stability of the vector. Moreover, we evaluate the presence of impurities, mainly host cell 
proteins, total DNA, and other product and process-related residuals.

	Q How do innovations in LV vector processing and analytical toolkits 
impact decisions on whether to outsource LV process development 
and manufacture or keep them in-house? 

SJ: From a small biotech perspective, we need CDMOs to produce these viral 
vectors. A virtual company that may have an office space in a large lab may not even have the 
facilities to do process development. They need to rely on partners and collaboration between 
teams to get this work done. At CDMOs, there are subject matter experts (SMEs), who spend 
time ensuring that we are successful. 

EJ: We are always going to see the need for CDMOs and CMOs. Greater standard-
ization in analytical assays and bioprocessing solutions is going to make transfer easier, whether 
you start early development in-house and then outsource, or vice versa. 

RL: LV manufacturing is such a complex service, and needs such a degree of op-
timization, that outsourcing can be much more reasonable. From an economic point 
of view, the costs associated with a GMP facility with trained personnel are so high that out-
sourcing is often a good idea.

MN: The cost and the setting of the quality systems for GMP manufacturing 
are so well-established in CDMOs, that small-to-medium companies need to rely on 
that experience for vector manufacture, particularly in a clinical setting. 

SM: CDMOs are key to ensuring that we get these drugs to patients as soon as 
possible. The complexity and the amount of investment in infrastructure and equipment are 
very high that it is a huge barrier to execution. Turning to the analytical side, as more kits are 
commercially available, it changes the dynamic, making it easier for people to in-source some 
of these assays that previously had to be outsourced. Even with that, there is certainly going to 
be space for CDMOs to help deliver those products to patients.
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INNOVATOR INSIGHT

Simplifying lentiviral 
downstream processing with 
a novel affinity resin & robust 
analytical tools
Chantelle Gaskin & Suzy Brown

Recombinant lentivirus has become a vector of choice for many gene-modified cell ther-
apies, including several US Food and Drug Administration-approved cell therapies, due to 
its broad tropism and long-term, stable gene expression in non-dividing cells. The safety 
and efficacy of lentiviral-based therapies depend greatly on optimized and controlled len-
tiviral production. Downstream purification of lentiviral particles presents unique chal-
lenges, and robust analytics are critical to verify both the recovery and infectivity of the 
purified product. In this article, an overview of challenges and newly developed solutions 
for robust lentiviral purification and rapid analytical methods for titer determination and 
impurity quantification will be presented. Details of a new affinity chromatography resin 
to purify vesicular stomatitis virus glycoprotein pseudotyped lentivirus, as well as two 
qPCR-based genomic and proviral infectious titer assays, will be discussed.

Cell & Gene Therapy Insights 2023; 9(1), 121–135

DOI: 10.18609/cgti.2023.016

As of the first half of 2021, there had been 
an estimated 288 cell and gene therapy pro-
grams in clinical trials using lentiviral vec-
tors. Of US Food and Drug Administration 
(FDA)-approved cell and gene therapies, 
there are four CAR-T cell therapies and one 
ex vivo gene therapy that use lentiviral vectors. 
Characteristics of the recombinant lentiviral 

system, including long-term transgene ex-
pression, high packaging capacity, and the 
ability to transduce both actively dividing and 
non-dividing cells are advances used in ex vivo 
gene-modified cell therapies. Lentiviral vec-
tors have also found use in therapeutic gene 
editing and genetic vaccine platforms. As a 
result, the demand for high-quality lentiviral 
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vectors for therapeutic applications continues 
to be strong.

To meet the growing demand for lenti-
viral vectors, advances have been made to 
improve yield and turnaround in large-scale 
production, with robust analytics to ensure 
vector quality and safety. From a manufactur-
ing perspective, lentivirus is produced using 
cell-based bioproduction systems of adherent 
or suspension HEK293, or 293T cell lines, 
co-transfected with multiple plasmids carry-
ing transgene packaging and enveloped ele-
ments to assemble into the recombinant vi-
ruses. Stable producer cell lines can also be 
used. Viral vectors are then purified, concen-
trated, and formulated. Although the manu-
facturing process is similar to other viral vec-
tors, the characteristics of lentiviral vectors 
are different, which needs to be accounted for 
in downstream purification and analytics.

PROCESS-RELATED SOLUTIONS 
FOR LENTIVIRAL PRODUCTION

Thermo Fisher Scientific offers a complete 
solution for the production and purification 
of lentiviral vectors. The Invitrogen GeneArt™ 
brand services provide flexible, reliable custom 
gene synthesis, with short turnaround times. 
For vector production, the Lipofectamine™ 
3000 transfection reagent for adherent cell 
systems produces efficient transfection and 
high titers with lower reagent requirements. 
The LV-MAX™ system is a next-gen lentivirus 
production system and can be used alongside 
the newly launched CaptureSelect™ lentivirus 
affinity resin for vector purification.

The LV-MAX™ lentivirus production sys-
tem includes high-density HEK293 suspen-
sion cells, chemically defined media, pro-
duction supplements, transfection reagent, 
optimized lentiviral packaging plasmid, and 
a novel enhancer reagent. The system was de-
signed to be scalable with no animal-derived 
components and includes regulatory support 
files for GMP manufacturing. Customers 
have been able to increase their titers 10-fold 
using the LV-MAX system.

MYCOPLASMA TESTING

At lentivirus vector harvest, manufacturers 
need to test for Mycoplasma to ensure prod-
uct quality and patient safety. While there 
are several available Mycoplasma testing solu-
tions, few meet the sensitivity, specificity, 
and robustness required for regulatory agen-
cies. One available solution that meets these 
criteria is the MycoSEQ™ assay. 

The MycoSEQ™ Mycoplasma detection 
system has been designed to fulfill the regula-
tory guidance in European Pharmacopeia sec-
tion 2.6.7 on Mycoplasma testing with nucleic 
acid-based methods. The qPCR-based system 
provides clear, objective, multiparameter data 
interpretation using three acceptance criteria 
for the identification of a positive result. The 
assay is proven to detect over 90 different My-
coplasma species, with no cross-reactivity to 
off-target bacterial organisms. It is also highly 
sensitive and enables validation of less than/
equal to ten genome copies per mL in test 
samples. This off-the-shelf kit also contains a 
patented discriminatory positive control that 
can eliminate the concern of any potential 
cross-contamination, as it is easily differenti-
ated from a true positive result.

A global support network of experienced 
Field Application Scientists (FAS) can help 
deliver full workflow training, from sample 
preparation to results interpretation. Addi-
tionally, a drug master file is held with the 
FDA for this solution, and Thermo Fisher 
Scientific offers in-house experience in vali-
dation design and regulatory support. Instru-
ment installation qualification/operational 
qualification (IQ/OQ) services and comput-
er system validations are provided for the in-
tegrated data analysis AccuSEQ™ software, 
which features 21 CFR part 11 compliance 
features.

Following validation, regulatory filing, and 
review, customers have received regulatory ac-
ceptance to use the MycoSEQ assay for lot re-
lease testing applications across multiple ther-
apeutic modalities. This includes cell culture 
manufacture, cell therapy, and tissue therapy. 
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Over 40 customers have already received reg-
ulatory approval for a drug filing that uses the 
MycoSEQ assay for Mycoplasma testing.

PURIFICATION CHALLENGES

The most cited purification challenges in the 
field stem from the fact that lentivirus is an 
enveloped virus. It requires processing within 
narrow ranges of pH, temperature, conduc-
tivity, and shear. Many current purification 
processes either have low feasibility for scale-
up or require longer processing times to pro-
duce the required levels of purification, such 
as centrifugation and tangential flow filtra-
tion. Longer processing times also translate 
to lower recovery. There are also several anion 
exchange processes that use different chro-
matographic support technologies – mono-
lith or membrane absorbers – to reduce pro-
cess time. However, anion exchange typically 
requires exposure to high salt concentrations, 
which might impact the infectious titer. Cur-
rent purification methods are also unable to 
distinguish between infectious product and 
product-related contaminants. 

One of the most requested solutions has 
been an affinity chromatography method 
that could leverage gentle buffer conditions 
and reduce processing times while retaining 
infectious titers. In general, current methods 
do not typically yield more than 30% recov-
ery. In many cases, process development sci-
entists are seeing even lower recoveries than 
that.

To understand why we see low recovery, we 
must look at the lentiviral particle structure. 
The genetic payload is encapsidated by capsid 
proteins such as P24 and enveloped proteins 
such as vesicular stomatitis virus glycoprotein 
(VSV-G). Lentiviral tropism is determined 
by the ability of the enveloped proteins to in-
teract with the receptors on the cell surface. 
VSV-G is one of the most used pseudotypes 
in cell therapy due to the broad tropism across 
different species and cell types.

During production in human cell lines 
like HEK293, a variety of particle species are 

generated in addition to the infectious viral 
particles. These are product-related contam-
inants: virus-like particles (VLPs), non-in-
fectious particles, and exosomes, with and 
without envelope proteins. The envelope 
proteins found on the infectious particle are 
fragile and sensitive to the conditions that are 
commonly used in the purification of har-
dier molecules like monoclonal antibodies 
(MABs). This leads to low recovery during 
processing.

ANALYTICAL CHALLENGES

Analytical methods for lentiviral quantitation 
include the P24 ELISA for capsid-based ti-
ters, reverse transcriptase (RT)-qPCR or digi-
tal PCR for genome-based titers, and particle 
counting systems for all physical particles in 
a sample. A combination of these methods is 
often used. Each method has its own advan-
tages and disadvantages but regardless of the 
method used, manufacturers face challenges 
including poor reproducibility, high varia-
tion, difficulty optimizing assays in complex 
matrix conditions, and inefficient recoveries. 
These challenges, coupled with the lack of a 
lentivirus reference standard, make it difficult 
to accurately quantify yields. 

Once cells are transduced with lentiviral 
vectors, they must be tested to ensure the 
safety, quality, and potency of the gene-mod-
ified cell therapy product. There are several 
different ways to assess integration and lenti-
viral infectivity, including flow cytometry or 
fluorescent-activated cell sorting, which look 
at transgene expression, whereas qPCR and 
digital PCR measure copy number of the pro-
virus in the genome itself. Cell-based assays 
can be used to calculate the infectious titers of 
the lentiviral vectors. As high integration may 
be a safety risk, these assays must be sensitive 
and accurate. Vector copy number (VCN) is 
tested for each lot of a transduced cell prod-
uct, so the assay must be amenable to use in a 
quality control (QC) environment with rapid 
turnaround and minimum manual interven-
tion preferable.
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Cell lines and healthy donor cells used for 
infectious titers may have different transduc-
tion efficiencies to patient cells, which poses 
additional challenges. Frequently, trans-
gene-specific assays have been used, which 
measure multiple attributes of a final prod-
uct. However, this limits the ability of an as-
say to be used across a program as a platform 
approach and will add to assay development 
and program timelines.

SOLUTIONS FOR LENTIVIRAL 
PURIFICATION & ANALYTICAL 
TESTING

The newly launched CaptureSelect™ Lenti 
VSV-G Affinity resin was designed for spec-
ificity to VSV-G pseudotyped lentiviral vec-
tors. The resin provides high-level purification 
in a single step with gentle elution conditions 
at neutral pH to maximize infectious particle 
recovery.

To determine the dynamic binding ca-
pacity, experiments were performed using a 
1 mL, 3 cm bed-height column, equilibrat-
ed in 50 mM HEPES, 150 mM salt pH 7.5 
(Figure 1). The titers of the load material were 
determined by p24 ELISA to be 4×109 parti-
cles per mL. Flowthrough fractions were col-
lected in 5 mL increments and sampled for 

titer determination. As can be seen from the 
breakthrough curve, there was a 10% break-
through corresponding to 1×1011 particles 
per mL total capacity.

On a 10 ml CaptureSelect Lenti VSV-G 
column (1.6×5 cm) equilibrated in 50 mM 
HEPES, 150 mM NaCl pH 7.5, 250 ml 
clarified suspension harvest with a titer of 
1.1×1010 total particles/ml was loaded at a 
flow rate of 5 ml/min (150 cm/h, 2 min res-
idence time). The load was washed out with 
equilibration buffer and the column was elut-
ed with 50 mM HEPES, 150 mM NaCl, 0.8 
M Arginine pH 7.5 (Figure 2). 

The elution was efficient and showed good 
compatibility with the enveloped virus par-
ticles, resulting in high concentrations of 
infectious particles in the elution fraction. 
Depending on the feed and application, opti-
mization of the elution buffer might be need-
ed with adjustments of the arginine concen-
tration, pH, or combinations thereof. 

A summary of the recovery results by to-
tal and infectious particles, as determined by 
p24 ELISA and a cell-based infectivity assay, 
is shown in Table 1.

This data demonstrates that the infectious 
particle titer increases after purification. As 
the process progresses, the total to infectious 
particle ratio decreases. This results in a more 

	f FIGURE 1
Dynamic binding capacity determination on a 1 mL column.
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	f FIGURE 2
Representative chromatogram using recommended process conditions.

than 5-fold enrichment of infectious parti-
cles with a 50–60% recovery in the column 
eluate.

An enrichment of infectious particles is 
expected with the Lenti-VSVG resin due to 
selectively binding the VSV-G envelope pro-
tein on the capsid. The P24 and other capsid 
proteins will be present in non-infectious par-
ticles, whereas the VSV-G protein is present 
in a subpopulation of particles including the 
infectious particles. An 85% DNA clearance 
and over 95% protein clearance were also 
achieved.

The Lenti VSV-G ligand is immobilized 
onto a 65 µm highly crosslinked agarose 
bead. The resin has a pressure rating up to 
two bar with a recommended velocity of up 
to 200 cm per h. It is shipped in 20% ethanol 
and in 5-, 10-, and 50-mL bottle sizes.

ANALYTICAL TOOLS FOR 
PURIFICATION PROCESS 
DEVELOPMENT

As lentiviral vectors are used to transduce 
cells, they are an active ingredient in drug 
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substances. Drug substances must be tested for 
critical quality attributes (CQAs) in-process 
and at lot release according to FDA chemis-
try, manufacturing, and control (CMC) guid-
ance. Lentiviral vector CQAs include identity, 
purity, strength, safety, and quality. Titer or 
vector concentration is an important attribute 
for strength, quality, and safety testing.

For lentiviral characterization and integra-
tion analysis, Thermo Fisher Scientific has 
recently introduced two new qPCR assays. 
The ViralSEQ™ Lentiviral Physical Titer Kit 
is a one-step real-time RT-qPCR assay for ge-
nome-based lentiviral titers, measuring physi-
cal titer in viral particles per mL. Additionally, 
the ViralSEQ™ Lentivirus Proviral DNA Titer 
Kit is a qPCR assay to measure integrated len-
tivirus or proviral copies in transduced cells. It 
can be used to calculate infectious viral titers 
and VCN. Combined, these two assays pro-
vide a convenient method to compare qPCR to 
qPCR data, for total and infectious titers, as well 
as for measuring VCN for analytics across the 
lentiviral workflow. Both assays are designed to 
provide robust performance and facilitate len-
tiviral analytics, in-process development, and 
manufacturing in QC environments.

The assays are just one component of the ex-
perimental workflow. Thermo Fisher Scientific 
provides an integrated solution to meet your 
needs for a complete workflow, from sample 
preparation to data analysis. Both lentiviral 
assays have been optimized for this workflow, 
enabling manual or automated sample prepa-
ration on the KingFisher™ Flex platform, using 
PrepSEQ™ nucleic acid sample preparation kit. 
The RT-PCR will be run on a QuantStudio™ 5 

instrument, and data analyzed using the Ac-
cuSEQ software, which enables 21 CFR part 
11 compliance in GMP environments. Ther-
mo Fisher Scientific can also support oth-
er applied biosystems or qPCR instruments 
through instrumentation and validation.

Lentivirus physical titer kit

The ViralSEQ Lentiviral Physical Titer Kit is 
an RT-qPCR assay for the quantitation of ge-
nome-containing lentivirus vectors. The assay 
targets a conserved long terminal repeat (LTR) 
region in the lentiviral genome. As this region 
is critical to integration into cells, most lenti-
viral production systems have conserved LTR 
regions. This assay can be used across produc-
tion lots and programs if they all use the same 
vector system. The TaqMan™ chemistry used 
in this assay provides high target specificity, 
preventing background signals from potential 
cross-contaminants, such as residual plasmid 
or host-cell DNA, from overestimating ti-
ters. The assay has over seven logs of dynam-
ic range, from 50–109 copies. This actively 
quantifies a whole range of lentiviral yields. 
The kit also includes all the reagents required 
for the RT-qPCR reaction and comes with an  
RNA standard.

The physical titer kit total assay run-
time, including the sample preparation, 
is under 6 h. The individual steps include 
the preparation of reagents and sample di-
lutions, nucleic acid extraction, a DNase 
treatment to remove any residual DNA, 
PCR reaction prep, and RT-qPCR run with  
data review.

  f TABLE 1
Comparison of total particle to infectious particle ratios.

Sample TP/mL IP/mL TP/IP ratio Recovery HCP removal Total DNA 
removal

1. Feed 1.10×1010 7.98×107 138
1. Flow through 3.25×108 8.30×105 392
1. Elution 4.44×1010 4.42×108 100 50% 99% 80%
2. Feed 1.11×1010 9.00×107 165
2. Flow through 1.28×109 5.45×106 245
2. Elution 2.6×1010 4.66×108 71 58% 97% 97%
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Figure 3 shows a representative standard 
curve plot with a PCR efficiency of 101% 
and an R2 of 0.999. The amplification plot 
shows the amplification curve for the stan-
dard curve point across the assay range, from 
50–109 copies per reaction.

Lentivirus proviral DNA titer kit

The ViralSEQ Lentivirus Proviral DNA Ti-
ter Kit is a qPCR assay that also targets the 

LTR region in the integrated vector copies 
for transduced cells, making it suitable across 
lentiviral programs that use the same system. 
Data from this assay for proviral copy num-
bers can be used to calculate the lentivirus 
infectious titers and the VCN for transduced 
cells. The TaqMan™ chemistry provides high 
target specificity, and the assay range enables 
proviral copy number for a range of trans-
duction efficiencies. The assay has excellent 
sensitivity with a limit of quantification of 25 

	f FIGURE 3
ViralSEQ Lentivirus Physical Titer Kit standard curve and amplification plots.
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copies per reaction. This kit comes with all 
reagents required for the qPCR and a DNA 
standard control.

The proviral DNA titer assay takes ~5 h 
including sample preparation. The work-
flow includes the preparation of reagents 
and serial dilutions, sample extraction, 
qPCR preparation and run, and final data 
analysis. The representative standard curve 
plot in Figure 4 shows a PCR efficiency of 
103% and an R2 of 0.999. The amplifica-
tion curves for the standard curve points 
across the assay range from 25–107 copies 
per reaction. 

ASSAY DEVELOPMENT & 
VALIDATION TESTING

There are many regulatory expectations regard-
ing the characterization of lentiviral vectors, 
transduced cells, and the validation of analyti-
cal methods that are used for quality testing of 
this type of product. There is a need for vali-
dated assays in each specific process that man-
ufacturers perform as part of their CMC fil-
ing. Therefore, Thermo Fisher Scientific offers 
assays with verification and internal validation 
testing to ensure that these assays perform to 
the high standards required to meet validation 
criteria and regulatory expectations.

	f FIGURE 4
ViralSEQ Lentivirus Proviral DNA Titer kit standard curve and amplification plots.
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As part of development testing, biopro-
duction and cell culture matrices have been 
evaluated to mimic the representative sam-
ple conditions customers will experience and 
qPCR data is correlated against orthogonal 
titer methods. For internal assay validation, 
multiple assay lots have been tested with mul-
tiple operators across multiple sites, to ensure 
robust, reproducible assay performance. Both 
manual and automated sample extraction 
have been compared, and two different qPCR 
systems have been used.

Internal validation for the proviral 
DNA titer kit

To measure site reproducibility, data was gen-
erated by different operators run on different 
instruments for Site 1 and Site 2. As shown 
in Figure 5, both sites performed similarly for 
standard curve metrics for PCR efficiency, R2, 
Y-intercept, and slope. The assay shows good 
site-to-site reproductivity for standard curve 
performance. 

Assay precision was evaluated across multi-
ple variables, with DNA controls from three 
different kit lots at standard curve concentra-
tions. The percentage coefficient of variability 
(CV) criteria (less than/equal to 30%) was 
achieved for all data points.

Assay specificity was evaluated by testing 
for any cross-reactivity using a panel of DNA 

from potential cross-reactants, such as pro-
cess-related impurities including HEK293, E. 
coli, baculovirus, as well as plasmids contain-
ing ampicillin or kanamycin resistance genes. 
The assays were tested in two separate runs, 
and no cross-reactivity was detected for any 
of the species tested.

To evaluate sample preparation recoveries, 
the DNA control from the kit was spiked 
into a test sample matrix at 500 and 2.5×106 

copies. To mimic cell culture conditions, a 
test matrix of 50% cell culture medium with 
HEK293 cell lysate at 105 cells was used. 
Extraction was then performed using the 
PrepSEQ™ nucleic acid extraction kit on the 
KingFisher™ Flex automated platform, as well 
as manually. The criterion for recovery was set 
to 70–130% and the data obtained from the 
KingFisher Flex platform and the manual ex-
traction were all within this range.

To test the performance of the provi-
ral DNA assay with a representative trans-
duced cell sample, two cell lines that have 
been transduced with lentiviral vectors were 
sourced from our collaborators. The qPCR 
copy numbers were determined with the ti-
ter kit and a corresponding VCN was calcu-
lated. The data points were compared to an 
orthogonal test method, and the two meth-
ods showed a good correlation.

In summary, the ViralSEQ lentiviral ti-
ter kits provide a rapid, robust, and reliable 

	f FIGURE 5
Proviral DNA titer kit: PCR performance.
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David McCall, Editor, BioInsights speaks to 
(pictured left to right) Chantelle Gaskin, Field 
Application Scientist, Viral Vector Purification 
and Downstream Process Development,  
Thermo Fisher Scientific and Suzy Brown, 
Senior Field Application Specialist, Pharma 
Analytics, Thermo Fisher Scientific

Q&A

	Q Can the affinity resin be used for other pseudotypes other than 
VSV-G?

CG: We have not generated any data yet, but the ligand was developed for 
specificity against the VSV-G enveloped protein.

	Q In my opinion, a 25 mL max load for a 1 mL column sounds low. 
Is there a way to increase the capacity?

CG: Lentivirus is around 100 nm in diameter, so if you consider the difference 
in size between a lentiviral vector versus an AAV vector or a smaller molecule like 
a monoclonal antibody, you can expect the accessibility of that molecule to the 
surface area of the resin is going to be lower.

Typically, to increase capacity, we recommend increasing residence time or optimizing 
your pre-chromatography unit operations. Customers might want to start with a two-min-
ute residence time initially, considering a balance between maximizing recovery and maxi-
mizing process productivity. 

	Q How do I know these lentiviral titer assays will work for our 
recombinant lentiviral platform?

SB: The two ViralSEQ Lentivirus kits have been designed against one of the 
conserved regions of the LTR sequence of the plasmid delivering your transgene. 

solution for measuring genomic and provi-
ral copy numbers for lentiviral characteri-
zation. Both assays quantitate based on the 
LTR region and facilitate analytics across the 

workflow from lentiviral vectors to integrat-
ed proviruses. The assays have been internally 
validated to support customer validation at 
user sites as per regulatory expectations.



CONTENTS CHAPTER 4CHAPTER 2 CHAPTER 6 CHAPTER 8CHAPTER 1 CHAPTER 5CHAPTER 3 CHAPTER 7 CHAPTER 9

  57Trends and Innovation in Lentiviral Vector Processing — Chapter 6

We have tested that sequence in silico and found that it is compatible with over 200 lentiviral 
transfer plasmids available, including a few that have self-inactivating modifications. If you 
are using a conserved LTR, our assay will work with most transfer plasmids.

If you have made specific modifications in the LTR sequence, then the best way for us to 
address this is to contact us directly so we can check the compatibility of your sequence with 
our primers.

	Q What is the base bead of the lentiviral affinity resin? Is there a 
POROS™ bead backbone available?

CG: This resin has been years in the making. The newly launched resin is based on 
highly cross-linked agarose, but the team did initially develop different resin prototypes on 
both the agarose and POROS base matrix. The crosslinked agarose matrix had a better perfor-
mance profile, so that was chosen to move forward.

	Q Do you have any prepacked columns with the lentiviral resins?

CG: Right now, we only have bulk resin formats available: 5-, 10-, and 50-mL 
bottle sizes. We are currently working on prepacked columns and are trying to get customer 
feedback to see what column formats or column dimensions would be most useful.

	Q Can the physical titer assay distinguish between plasmid and viral 
genome? 

SB: The physical titer assay does not distinguish between plasmid or viral ge-
nomes. However, to mitigate any residual plasmid in your sample, which could lead to titer 
overestimation, we have included a DNA removal step as part of the workflow for that kit. You 
will first extract total nucleic acid, then perform your DNase treatment, which will remove any 
potential residual plasmid DNA and any host-cell DNA that is carried over. Following reverse 
transcription, during the qPCR, your primers and probes will then specifically bind to the 
cDNA and amplify the target LTR sequence there.

We are not able to directly distinguish between plasmid and viral genome, but we have taken 
steps to address any potential residual plasmid during the workflow.

	Q Can your physical titer assay be correlated with transduction 
assays or bioassays?

SB: In terms of the correlation between total virus particles versus infectious 
titer, the two assays that we have discussed can be used in parallel, and then the 
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data can be compared. This means you are correlating results between qPCR methods. It 
is much easier to correlate two qPCR methods than one qPCR method and another, such as 
flow cytometry.

The correlation that we typically see is a 2–3 log difference between the two titers. We have 
heard from customers that the expectation is that for every one particle that may be infectious, 
there may be 100 that are not infectious. This will depend on the quality of your lentiviral 
vectors and the purification process being used. 

	Q How many times can the lentiviral resin be re-used?

CG: This is a newly launched resin, so comprehensive applications data packag-
es are not yet available. We do have a few internal studies ongoing to be able to answer that 
and other questions.

We know that an effective cleaning strategy is critical to the reusability of the resin. So far, 
phosphate at pH 12 is our recommended strip buffer based on our data. 

	Q Will the lentivirus qPCR assays work on digital PCR platforms?

SB: The two lentivirus titer kits have been developed and optimized for a qPCR 
system only. Although we now offer a digital PCR instrument, the QuantStudio™ Absolute 
Q™ digital PCR system, and we have done some initial feasibility work on this, we cannot 
specify the performance criteria for digital PCR at this time.

	Q Can I use other qPCR instruments for the assays than those 
presented in the validation study? 

SB: Yes – all the analytical kits either use TaqMan or SYBR™ Green chemistry 
and can be run on any qPCR system. If you have the correct channels to detect the fluo-
rescent dye, or label being used, you can use them.

The reason we talk about the QuantStudio 5 and the 7500 Fast instruments is that we have 
shown they are validatable and can be utilized with our AccuSEQ software. This software, as 
well as enabling the 21 CFR part 11 compliance, has been designed to support these specific 
assays with in-built templates, automated calculations, and presence-absence calls. 
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Advancing the purification of VSV-G pseudotyped lentiviral vectors by  
using affinity chromatography

Pim Hermans, Head of Ligand Discovery for BioProduction Group, Thermo Fisher Scientific &  
Frank Detmers, Director of Ligand Application for CaptureSelectTM, Thermo Fisher Scientific

Cell and gene therapy vectors derived from lentivirus (LV) have the ability to integrate the host cell genome, making them effective tools to transduce both dividing and  
non-dividing cells, and allowing them to provide long-term stable gene expression.

In partnership with:Cell & Gene Therapy Insights 2023; 9(7), 955 • DOI: 10.18609/cgti.2023.121 
Copyright © 2023 Thermo Fisher Scientific. Published by Cell & Gene Insights under Creative Commons License Deed CC BY C ND 4.0.

Watch the webinar here

CHALLENGES
With a growing pipeline of LV parti-
cle-based therapies comes a need for 
more efficient manufacturing processes 
that meet the demand for functional LV 
vectors. However, the following purifica-
tion challenges need to be overcome in 
order to reach the purity levels needed for 
clinical use:

	f Both LV particles and extracellu-
lar vesicles follow a similar expres-
sion route in the cell, which means 
that separating LV vectors from the 
large variety of closely-related prod-
uct forms in the feedstock presents a 
challenge (Figure 1). Consequently, 
the production of LV vectors yields a 
number of variations in terms of both 

the vector and the exosomes, and 
analytical assays are required to dis-
criminate between the different parti-
cles present in the cell culture feed or 
purification samples.

	f Lentiviral vectors are unstable and 
require a narrow range of pH, tempera-
ture, shear stress, salt concentration, 
and osmolarity. This makes finding a 
suitable and efficient purification strat-
egy challenging. As shown in Figure 
2, current processes report total recov-
eries of approximately 30% or less.

SOLUTIONS
To overcome the challenges in LV puri-
fication, an affinity resin targeting the 
vesicular stomatitis virus-G (VSV-G) 
membrane protein was developed using 
the CaptureSelectTM technology and 
resin development process. 
CaptureSelectTM ligands are:

	f Based on single-domain antibody 
technology

	f Developed using an extensive screen-
ing technology where final process 
conditions are already implemented 
during screening

	f Tested for specificity, mild elution 
conditions, and stability to allow 
usage in chromatography processes

	f Recombinantly expressed in a yeast 
production process, which is free of 
animal components

	f Resins are developed in a variety of 
drug development areas such as anti-
bodies, biosimilars, plasma proteins, 
and viral vectors. Figure 3 shows the 
steps involved in the development 
of a custom CaptureSelectTM affinity 
resin.

The CaptureSelectTM Lenti VSV-G affin-
ity matrix is designed to help increase 
productivity and efficiency in the down-
stream process of VSV-G pseudotyped 
lentiviral vectors from suspension culture. 
It provides gentle elution conditions, 
based on Arginine, to retain infectivity of 
the LV particles.

Read the full transcript here

Figure 1. Overview of lentivirus purification challenges and the analytics 
associated with process development.

Figure 2. Existing purification 
methods are inadequate in sepa-
rating particles with and without a 
genetic payload.

Figure 3. CaptureSelectTM affinity resin development.
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Efficient, scalable purification of VSV-G lentivirus by  
novel affinity chromatography

Frank Detmers, Director of Ligand Application for CaptureSelect, Thermo Fisher Scientific

Lentiviral vectors have emerged as a long-term stable gene expression tool for cell and gene therapies. However, large-scale production of purified clinical-grade lentiviral 
vectors remains a challenge because of the complex feedstock and its sensitivity to changes in temperature, ionic strength, pH, and other environmental factors.  

This poster presents the chromatography conditions and performance of a recently developed affinity chromatography resin for the purification of lentivirus particles.  

In partnership 
with:CELL & GENE THERAPY INSIGHTS Cell and Gene Therapy Insights 2023; 9(5), 561; DOI:10.18609/cgti.2023.081
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Figure 1.  Dynamic binding capacity (1 mL column). Figure 3. Concentration of infectious particles in the elution fraction.

LENTIVIRUS PURIFICATION CHALLENGES
Lentiviral vectors (LVV) have limited stability, requiring a narrow range of pH, 
temperature, shear stress, salt concentration, and osmolarity. Because of this, 
traditional methods of purification suffer from difficulties relating to yield, 
purity, and scalability. With these methods, general recoveries in the field 
are not higher than 25–30% for the overall process, with a significant part 
of the losses being in the final filtration step utilizing a sterilizing-grade filter. 
Thermo Fisher Scientific recently developed an affinity chromatography resin, 
CaptureSelect™ Lenti VSVG Affinity Matrix, as a solution to these challenges.

DYNAMIC BINDING CAPACITY OF CAPTURESELECT™ LENTI 
VESICULAR STOMATITIS VIRUS G (VSV-G) AFFINITY MATRIX 
Based on CaptureSelect™ technology, the immobilized ligand is devel-
oped to specifically bind to the VSV-G envelope protein present in the vast 
majority of recombinant lentiviral pseudotypes. Lentivirus produced in 
HEK-293 cells in suspension is loaded on 0.66 x 3 cm column containing 

1 mL of CaptureSelect™ Lenti VSV-G resin, equilibrated in 50 mM HEPES 
buffer solution, 150 mM NaCl pH 7.5. 

As shown in Figure 1, 10% breakthrough of the lentivirus particles is 
reached after loading 24.6 mL of the feed material, resulting in a dynamic 
binding capacity of the resin of 1x10¹¹ total particles/ml of resin. C0 is the 
titer of the feedstock (3.89 × 109 particles/mL), and C is the titer measured 
in the flow through fractions. The 10% breakthrough point is interpolated 
from the breakthrough curve.

CHROMATOGRAPHY CONDITIONS
Figure 2 illustrates that the elution with 50 mM HEPES, 150 mM NaCl, 0.8 M 
arginine pH 7.5 is efficient and has good compatibility with the enveloped 
virus particles, resulting in high concentrations of infectious particles in the 
elution fraction. Depending on the feed and application, optimization of the 
elution buffer might be needed with adjustments of the arginine concentra-
tion, pH, or combinations thereof.

COMPARISON OF TOTAL PARTICLES TO INFECTIOUS PARTICLE 
RATIOS
The total concentration of infectious particles increases after purification 
(Figure 3). Total particles are determined by p24 ELISA and infectious parti-
cles are determined through a cell infectivity assay. In the first run, 1 in every 
100 particles is infectious in the elution fraction, while in the feedstock it is 
1 in every 138 particles. In the second run, this ratio becomes 1 in 165 parti-
cles in the feed to 1 in 70 particles in the elution fraction.

Figure 2. Chromatography conditions of the CaptureSelect™ Lenti VSVG affinity 
matrix.
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Simplifying lentiviral downstream processing with a novel affinity resin &  
robust analytical tools

Chantelle Gaskin & Suzy Brown
Due to its broad tropism and long-term, stable gene expression in non-dividing cells, recombinant lentivirus (LV) has become a vector of choice for many gene-modified cell therapies.  

The safety and efficacy of LV-based therapies depend greatly on optimized and controlled LV production. Downstream purification of LV particles presents unique challenges, and robust analytics  
are critical to verify both the recovery and infectivity of the purified product. This poster gives a condensed overview of a new affinity chromatography resin to purify VSV-G pseudotyped LV,  

as well as qPCR-based genomic and proviral infectious titer assays for analytical use.

In partnership with:

LENTIVIRAL VECTOR PURIFICATION
The purification of LV vectors is considered as a 
challenging process. It requires processing within 
narrow ranges of pH, temperature, conductivity, 
and shear and existing purification tools often 
end in low recovery or can affect infectious titers. 
Affinity chromatography has been the most 
requested method from the field to overcome 
these challenges. The newly launched CaptureSe-
lect™ Lenti VSV-G Affinity resin was designed for 
specificity to VSV-G pseudotyped LV vectors. The 
resin provides high-level purification in a single 
step with gentle elution conditions at neutral pH 

to maximize infectious particle recovery. Figure 
1 shows the recommended chromatography con-
ditions and the elution profile using the affinity 

resin. The elution was efficient and showed good 
compatibility with the enveloped virus particles, 
resulting in high concentrations of infectious 
particles in the elution fraction. As the process 
progresses, the total to infectious particle ratio 
decreases. This results in a >5-fold enrichment of 
infectious particles with a 50–60% recovery in the 
column eluate (Table 1).

ANALYTICAL TOOLS FOR 
PURIFICATION  
PROCESS DEVELOPMENT
As LV vectors are used to transduce cells, they are 
an active ingredient in drug substances. Drug sub-
stances must be tested for critical quality attributes 
(CQAs) in-process and at lot release according to 
US FDA CMC guidance. For LV characterization 
and integration analysis, Thermo Fisher Scientific 

has recently introduced two new qPCR assays (Fig-
ure 2). The ViralSEQ™ Lentiviral Physical Titer Kit 
is a one-step real-time RT-qPCR assay for genome-
based LV titers, measuring physical titer in viral parti-
cles per mL. Additionally, the ViralSEQ™ Lentivirus 
Proviral DNA Titer Kit is a qPCR assay to measure 
integrated LV or proviral copies in transduced cells. 
It can be used to calculate infectious viral titers and 
vector copy number (VCN). Combined, these two 
assays provide a convenient method to compare 
qPCR to qPCR data, for total and infectious titers, 
as well as for measuring VCN for analytics across 

the LV workflow. Both assays are designed to pro-
vide robust performance and facilitate LV analyt-
ics, in-process development, and manufacturing in  
QC environments.

CaptureSelect™ chromatography resins and ViralSEQ™ Lentiviral Titer Assays: For Research Use or Further Manufacturing. Not for use in diagnostic procedures.
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Figure 1. Representative chromatogram using recommended process conditions. 
Figure 2. Overview of the ViralSEQ Lentivirus titer kits.

Table 1. Comparison of total particle to infectious particle ratios.

Sample TP/mL IP/mL TP/IP ratio Recovery HCP removal Total DNA 
removal

1. Feed 1.10×10 7.98×7 138

1. Flow through 3.25×8 8.30×5 392

1. Elution 4.44×10 4.42×8 100 50% 99% 80%

2. Feed 1.11×10 9.00×7 165

2. Flow through 1.28×9 5.45×6 245

2. Elution 2.6×10 4.66×8 71 58% 97% 97%

Watch the webinar here

Read the full transcript here
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