Generation and characterisation of cGMP-compliant suspension HEK293TetR cell line for Adenoviral vaccine manufacture
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Introduction

Analysis of cell lines using engineered Adenoviral system – Tet-regulated MLP

Large scale manufacture of Adenoviral vectors remains a challenge for the clinical development of vaccine candidates in which
the transgene exhibits cellular toxicity. Here, Oxford Genetics, working in collaboration with Vaccitech, have developed a cGMPcompliant cell line stably expressing the Tetracycline repressor (TetR) gene, based on a fully-suspension, animal component free
process. Characterisation of the cell line (and additional clonal derivatives) using a variety of assays demonstrated the ability to
efficiently repress expression of Tet-regulated reporter molecules, support Adenoviral transduction and to facilitate preferential
replication of ‘toxic’ human or simian adenoviral vectors. The cell line has now been expanded for MCB generation and full
characterisation in preparation for cGMP-viral vector manufacture.

• Oxford Genetics has developed a proprietary Adenoviral (Ad5) vector system in which expression of late genes is controlled
by the TetR protein, as a result of TetO sites inserted into the Major Late Promoter (MLP) enhancer. The TetR gene can
either be placed within the late region (creating a positive feedback loop), or, and as is the case here, the TetR function is
provided by the host cell line.
• Using this system, early genes expression (including an eGFP marker) and DNA replication are independent of TetR function,
whereas Adenoviral structural proteins encoded within the late region are repressed by TetR function. Data presented
demonstrates that in the presence of doxycycline the Ad5 vector replicates equally well in HEK239TetR and parental cell
lines, and that in the absence of doxycycline, HEK293TetR clones demonstrate differential abilities to repress late phase
gene expression.
• Q3859_02_SP6D11, Q3864_02_SP3C11 and Q3864_02_SP3G11 were shortlisted as preferred clonal cell lines.
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Figure 1. Preferred plasmid
configurations (left: Q3859;
right: Q3864) for the coexpression of the codonoptimised TetR gene with
Neomycin resistance
marker.

C. Western blot analysis of TetR-dependent Ad5 particle production
72hr post-transduction with Ad5, using anti-Adenovirus Type 5
antibody

A. Tet regulated Ad5 genome schematic
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A number of different plasmid configurations were generated and tested for the co-expression of the codon-optimised TetR
gene along with a selectable marker.
• Preferred plasmids used the Ubiquitin promoter to drive TetR expression with a Neomycin selectable marker either driven by
a separate promoter or operationally linked via an internal ribosomal entry sequence (IRES).
• Plasmids were designed to express the TetR gene at high level (through codon-optimisation), reduce intra-cassette
homology, reduce homology with the target adenoviral vectors (which use CMV promoters), and to avoid potential for
silencing through use of mammalian as opposed to viral enhancer sequences.
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Plasmid design for stable cell line development

Dox + - + - + - + - + - + - + - + - + - + - + - + Figure 4. Clonal cell line analysis using engineered Adenoviral system containing Tet-regulated MLP (A) for TetR-independent early Ad5 gene expression (B)
and TetR-dependent Ad5 particle production (C).

Stability study on preferred clonal cell lines
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Figure 2. Lentiviral
reporter TetR
functionality
analysis (flow
cytometry) in
HEK293 TetR stable
pools generated by
transfection and
G418 selection.
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B. Screening for presence of transgene cassette in clonal
cell lines by PCR – Q3864_G418 (Conc 1) clones
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B. Productivity of ChAdOx1 (SARS transgene) and ChAdOx2 (VZV transgene)
vector was assessed following transduction of cell lines with adenoviral
vector at MOI of 0.5 and 5. Cells and supernatant were harvested at 72hr,
freeze-thawed and titrated on fresh HEK293 cells by hexon staining
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D. Growth rate analysis after initial clone
expansion (25mL culture)
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• Clonal cell lines were transferred to Vaccitech for assessment of production of Chimpanzee Adenoviral vectors (ChAd). Cell
lines were benchmarked against the parental HEK293 cell line and the T-REx-293TM cell line (Thermo Fisher). All
experiments were carried out in adherent cell format. Cell lines showed similar yield for ChAd-GFP vectors, but one clonal
line, Q3864_02_3G11 showed significant increases in yield with one of two ChAd vectors (ChAdOx2) containing a Tetregulated transgene

Clonal cell line generation and characterisation

A. Clonality and growth rate screening:
Clone Q3864_2_SP3G11
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Manufacture of Adenoviral vectors with Tet-regulated transgenes

A. Yield of ChAd-GFP vector was assessed following infection of
cell lines with adenoviral vector at MOI of 1. Cells and supernatant
were harvested at 72hr, freeze-thawed and titrated on fresh
HEK293 cells by counting eGFP +ve plaques

Stable pools were cloned by FACS and analysed for both clonality and growth rate using Oxford Genetics liquid handling and
imaging platform. Panels of clonal lines were then expanded and analysed through a tiered screening process:
• Clonality and growth rate analysis in static culture (automated Solentim/Hamilton platform)
• Clone expansion and screening for presence of transgene cassette
• Lentiviral TetR reporter functionality testing
• Growth rate analysis in suspension culture
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Figure 5. Western blot analysis of TetRdependent Ad5 particle production 72hr posttransduction with Ad5 (Generation 55)
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• The parental suspension GMP HEK293 cell line was transfected using preferred TetR plasmids, followed by G418 selection
at optimised concentration.
• Resultant stable pools were characterised for TetR functionality by transduction with a lentiviral vector expressing a
tetracycline-regulated eGFP reporter gene. In absence of doxycycline, functional TetR protein binds to tetracycline
operators (TetO) in the eGFP promoter and represses eGFP expression, as demonstrated by reduced percentage of eGFP
positive cells and eGFP-derived fluorescence intensity compared with HEK293 parental cell line. In the presence of
doxycycline, TetR protein binds to the inducer and the repression of Tet-regulated operators is released, hence upregulated
eGFP expression compared with HEK293 parental cells is observed.
• It should be noted that stable pools are heterogeneous populations of cells, which exhibit variable levels of TetR
functionality.

• Preferred HEK293TetR clonal cell lines were progressed to a
stability study covering in excess of the intended manufacturing
window (55 generations). Clones were subcultured until they
reached the desired generation number, and Lentiviral
functionality, along with Adenoviral assays were repeated. All
clones showed high levels of stability, and consistent growth
characteristics.
• Data are shown for two replicates for each preferred clonal line,
post-cryopreservation, revival, subculture (Gen 55) and testing.
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Stable pool generation and characterisation using Tet-regulated eGFP reporter
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Figure 6. Assessment of production of ChAd vectors containing eGFP (A) or Tet-regulated transgenes (B) in HEK293TetR clonal cell lines, in comparison
with HEK293 parental cell line and T-Rex-293™ cell line.

Summary and Outlook
Oxford Genetics has successfully developed a suspension HEK293TetR cell line suitable for the manufacture of Adenoviral
vectors, which shows equivalent or improved performance (subject to specific criteria) when benchmarked against industry
standard alternatives. Furthermore the cell line was created using a fully-defined, serum/animal component free process, and is
stable in the absence of antibiotic selection. This cell line is now available on a licensing basis for GMP manufacture of viral
vectors.

C. Lentiviral TetR reporter functionality testing Q3864_G418 (Conc 1) clones
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This program exemplifies Oxford Genetics’ capabilities in this area, and approaches and technologies used here will be utilised
to further engineer cell lines for improved bioprocess relevant phenotypes and the ability to propagate non-permissive viral
vectors.
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Figure 3. Clonal cell line generation and characterisation process. Clonality and growth
analysis (A), characterisation for transgene presence (B), TetR functionality (C) and growth
rate analysis (D and E).
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E. Doubling times for preferred clones after
cryopreservation and revival (25mL culture)

