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APPLICATION NOTE 19

Analysis of Subvisible and Visible
Aggregation in Lentiviral Vectors
with Aura GT

Introduction

Third-generation lentiviral vectors (LVV) are promising
nucleic acid delivery vehicles for cell and gene therapies.’
Their low immunogenicity, large genetic payloads, ability
to target dividing and non-dividing cells, and stable
integration into the host cell genome make them an

ideal gene delivery candidate.>* However, LVVs are more
complex biomolecules compared to standard protein
biologics. They are comprised of a lipid envelope, surface
proteins, and nucleic acid material - all of which present
challenges for physical and chemical stability. They

are also harder and more expensive to manufacture
compared to protein biologics. The scarcity of LVV material
makes scale-up difficult and adds additional complexity
when qualifying subvisible particles, the most indicative
critical quality attribute for biologic stability. In addition
to being biologically heterogeneous, the average size of
the monomeric lipid envelope is approximately 100 nm,
making it more difficult to analyze a single LVV because it
is approximately 1000 times larger than a monomeric IgG
peptide by volume.>

In this application note, we show how Aura GT" requires
as little as 5 pL of sample to quantitate and characterize
visible and subvisible particles using Backgrounded
Membrane Imaging (BMI) and identify the biological

and chemical nature of large lentiviral aggregates using
Fluorescence Membrane Microscopy (FMM).

Methods

Three different lentiviral vector drug product candidates
were obtained from commercial sources and named
Sample 1, 2, and 3 for the purposes of this application
note. Samples were analyzed using Aura GT where wells
on a black membrane plate were first imaged to obtain

a background image. 20 pL of Samples 1, 2, and 3 were
subsequently loaded onto the plate before the plate was
re-imaged using BMI. The collected images were processed
with the Particle Vue software v4.1, which utilizes Halo
Labs' proprietary image analysis algorithm for accurate
analysis. The samples were subsequently stained with both
SYBR™ Gold (Thermo Fisher, S11494), a fluorescent label
that specifically interacts with nucleic acid, and Thioflavin-T
(ThT) (Sigma-Aldrich, T3516), a fluorescent general protein
stain, before the plate was re-imaged using FMM to
differentiate between protein-containing aggregates and
those which also contained nucleic acid.®” Learn more
details about these fluorescent staining workflows and
applications they support in Application Note 7 (Protein
Identification with ThT) and Application Note 16 (Nucleic

Acid Identification with SYBR Gold).67



https://www.halolabs.com/aura-gt-aggregate-analysis/
https://www.halolabs.com/bmi-how-it-works/
https://www.halolabs.com/bmi-how-it-works/
https://www.halolabs.com/fmm-how-it-works/
https://www.halolabs.com/technical-library/app-note-7/
https://www.halolabs.com/technical-library/app-note-16/
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Results

Lentiviral Vector Product Stability Assessment
Images presented in Figure 1 for Samples 1, 2, and 3

were obtained using BMI imaging. From this data, we

can qualitatively conclude that there are fewer subvisible
particles in Sample 1, a larger number of bigger particles
in Sample 2, and an intermediate distribution of smaller
particles in Sample 3. This indicates that Sample 1 is the
most stable LVV, Sample 3 is the next most stable LVV, and
Sample 2 is the least stable of the three.

Particle Vue software automatically characterizes and
quantifies the particles observed in Figure 1. This provides
detailed information on several morphological parameters,
the most important of which is size as larger particle sizes
are predictive of product instability. Figure 2 explores
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Sample 1

the particle size distributions for these LVV samples.
There are no visible particles in Sample 1 (i.e., visible
particles >100 pm in diameter), which is also the sample
that displays the smallest size distribution of all three
samples. Sample 3 mostly shows particles <20 pm in size,
but with a few large particles. Sample 2 presents the most
particles per mL and the largest particle size distribution,
with hundreds of visible particles per mL, and thousands
of particles per mL for every bin below 25 um. In fact,
Sample 2 has over 310,000 particles/mL larger than 10 ym
in diameter. The presence of thousands of large subvisible
and visible particles in a sample, as observed with

Sample 2, is a red flag for product stability and a potential
safety hazard for patients.

Sample 2

Sample 3

Figure 1: Magnified whole well BMI images for Samples 1, 2, and 3. Differences in the count and type of particles suggest that Sample 1 (a) is
the most stable, Sample 3 (c) is slightly less stable than Sample 1 but significantly more stable compared to Sample 2 (b). Scale bar is 100 um.
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Figure 2: Particle size distributions for Samples 1, 2, and 3. Thousands of particles per mL for every bin below 25 pm and over

310,000 particles/mL that were larger than 10 pm in diameter were detected in Sample 2, further establishing the sample instability.

Root Cause Analysis for Lentiviral Vector
Aggregation and Instability

Aura GT allows users to easily delve deeper into
understanding the nature of these large particles using
FMM with commercially available dyes. As described in the
methods, SYBR Gold was used to assess if the measured
subvisible particles contain nucleic acid material. This
identifies these large particles as lentiviral aggregates and
not another source of aggregation, such as contamination
from the vial itself in the form of large extrinsic glass or
plastic particles.

Figure 3a shows the whole well fluorescence image for
Sample 2, displaying bright SYBR gold fluorescence to
specifically ID aggregation due to LVV instability. The data
was then using Particle Vue software to plot the SYBR Gold
fluorescence intensity of each particle vs. the particle size,
as shown in Figure 3b. The substantial number of particles
that have a fluorescence signal indicates a significant
presence of nucleic acid in the measured particles.

Conclusions

There were significant differences in the aggregation
profiles between the three commercially sourced LVV drug
products analyzed. Sample 1 did not display significant
subvisible particle formation and is the most stable of

the three. Sample 3 was the median but still showed the
presence of some visible particle formation, significant
enough that it may struggle to meet USP release criteria.
Sample 2 showed hundreds of thousands of particles/mL
>10 pm, which is far above the USP guidelines for release
and therefore would require significant formulation
efforts to stabilize. Further analysis of Sample 2 using
FMM revealed that a large fraction of these aggregates are
positive for SYBR gold staining, denoting the presence of
nucleic acid in these aggregates. This indicates an unstable
LVV capsid that is leaking nucleic acid into the formulation
creating a nucleation site for aggregation.
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Figure 3: FMM analysis of Samples 1, 2, and 3. 20 pL of Sample 2 stained with 10x SYBR gold. (a) Whole well FMM image - white represents a
fluorescence signal, (b) SYBR Gold fluorescence intensity (Y-axis, relative fluorescent units) vs. size (X-axis, ECD, microns). A significant presence of

nucleic acid was observed in the measured particles.

The formulation and process development of viral

vectors are more challenging and not as well defined
compared to protein biologics, due to a combination of
their complex biological nature and because they are

a novel therapeutic modality. LVVs are a nascent and

less established technology. Thus, new developers and
formulators are undergoing the same pitfalls that befell
the protein therapeutic developers several decades ago.
As with traditional protein biologics, some samples are
easier to formulate than others, and proper particle control
strategies need to be employed from the beginning of the
process to ensure the development of safe, stable, and
effective LVV therapeutics. Work previously done in the

protein therapeutic space has established how critical it
is to understand the stability and purity of a drug product
throughout the entire development process. With Aura
GT, LVV formulation analysis can be achieved quickly and
economically using only 5 pL of sample to obtain images,
particle counts, size distributions, and identity, and only
requires one minute to image each sample. This critical
subvisible and visible particle information helps with

the complete characterization of LVV stability. Whether
you're using LVV as starting material for cell therapies or
directly as APIs, you can be assured of your sample stability
throughout the development pipeline.
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