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Nuvec® - a silica-based nanoparticle platform
delivering gene therapy for cancer treatment.
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Gene therapy is a promising medical approach for treatment of diseases, including cancer. It intends to alter cell protein expression
by introducing exogenous genetic material. However, the challenge is to protect sensitive nucleic acids from enzymatic degradation
in the body and to deliver them to a target site, minimising the off-target side effects.
Nuvec® is a non-viral nanoparticulate delivery system consisting of silica particles coated with poly(ethylenimine).
Our aim was to assess its potential as a gene therapy delivery platform, specifically for use in cancer treatment.
TNF-α cytokine has cytotoxic effects on cancer cells, but cannot be delivered systemically due to its high toxicity.
Nanoparticle-mediated preferential delivery to the tumour (due to the enhanced retention-permeation effect) of non-toxic
TNF-α precursor in the form of plasmid DNA, could present a viable oncotherapeutic strategy.

1) Formulation of Nuvec-TNF-a pDNA polyplexes
Particle characterisation & stability of complexes
at different storage temperatures over time

2. Nuvec-TNF-α pDNA polyplexes yield high transfection efficiency
in cancer cells in vitro

2) Gene delivery in vitro
Transfection efficiency in a model cancer cell line
based on the relevant protein expression

The polyplexes showed high transfection efficiency in vitro in HEK293 cells: ~40% and ~70%
relative to that achieved by the positive control commercial lipoplexes, for GFP-fused TNF-a
and mTNF-a expression plasmids, respectively (Fig.2).
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We fabricated Nuvec nanoparticles from silica coated with PEI and formulated polyplexes
carrying encapsulated TNF-α plasmid DNA. Our polyplexes showed good colloidal
stability, even at higher DNA loads: they formed monodisperse population (PDI = 0.2) of
nanoscale particles (~320-330nm), with a positive surface charge (zeta potential = +39-41
mV). This characteristics should favour the cell uptake (Fig. 1A).
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Figure 2: Transfection efficiency of Nuvec-DNA polyplexes in HEK293 cells. Fluorescent images in GFP channel (A) or
FACS dot plots (B) of cells transfected with GFP-fused TNF-a pDNA formulated with Nuvec compared to naked DNA;
bar graph showing % of GFP-expressing cells within viable (DAPI-negative) subset in cells transfected with GFP-fused
TNF-a pDNA formulated with Nuvec compared to negative controls or positive control (Lipofectamine-DNA lipoplexes),
analysed by flow cytometry (C); bar graph showing concentrations of secreted mTNF-a in cells transfected with mTNFa expression pDNA formulated with Nuvec compared to negative controls or positive control (Lipofectamine-pDNA),
analysed by ELISA.
Figure 1A: Colloidal stability analysed by the dynamic light scattering (A) and DNA complexation analysed by the
gel electrophoresis with SYBR Safe DNA stain (B) of Nuvec polyplexes with GFP-fused TNF-a or mTNF-a pDNA at
20 mg mL-1 of DNA for in vitro transfections or at the 200 mg mL-1 concentration for the in vivo application.

1B. Thermal & time stability of Nuvec-TNF-α pDNA polyplexes

3. Nuvec-TNF-α pDNA polyplexes suppress tumour growth in vivo
& improve mice survival
The Nuvec-TNF-α pDNA oncotherapy suppressed the tumour growth and improved survival
of the treated animals in vivo compared to untreated controls (Fig.3).

The polyplexes were stable in lyophilised form for at least 30 days at all tested temperatures
in terms of colloidal parameters and DNA complexation (Fig. 1B), as well as retained their
transfection efficiency in vitro (except the lower efficiency at 40oC; data not shown).
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Figure 1B: Stability of Nuvec-TNF-α pDNA polyplexes for 30-days at different temperatures. Colloidal stability (A) and
DNA complexation (B) of Nuvec polyplexes with GFP-fused TNF-a pDNA rehydrated at 20 mg mL-1 after storing in
lyophilised form at 40oC, RT, 4oC or -20oC for 30 days and compared to freshly prepared formulation (“fresh”).

Figure 3: Tumour progression kinetics presented as tumour volume over time in individual mice (A) and
a Kaplan-Meier survival plot (B) showing therapeutic efficacy of Nuvec-mTNF-a pDNA gene oncotherapy, following 5
injections (200 mg mL-1 DNA, 2x/week) compared to untreated controls (Ctrl) in the A431 subcutaneous xenograft
tumour model implanted in CD1nu mice. The mice were terminated once tumour volume cut-off of ≥500 mm3 was
reached (indicated by red arrow) or on day 51 when study was ended. Tumour volume in mm3 was calculated as
follows: (Length x Width2) / 2 (measured in mm units).
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We formulated colloidally stable Nuvec-TNF-α pDNA polyplexes, which:
▪ successfully mediated gene transfer to the cells and translation to the functional cytokine in vitro
▪ generated an anti-tumour response in vivo in a mouse tumour model and increased mice survival.

Therefore, the Nuvec® nanoparticle delivery system has the potential
to deliver tumouricidal plasmids in vivo with the therapeutic outcome
and presents a viable alternative for clinical use in cancer therapies.

