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Cell-selective delivery and sensitivity to serum nucleases remain major hurdles to the clinical application
of RNA-based oligonucleotide therapeutics, such as siRNA. Spider silk shows great potential as a bioma-
terial due to its biocompatibility and biodegradability. Self-assembling properties of silk proteins allow
for processing into several different morphologies such as fibers, scaffolds, films, hydrogels, capsules
and spheres. Moreover, bioengineering of spider silk protein sequences can functionalize silk by adding
peptide moieties with specific features including binding or cell recognition domains.
We demonstrated that modification of silk protein by adding the nucleic acid binding domain enabled

the development of a novel oligonucleotide delivery system that can be utilized to improve pharmacoki-
netics of RNA-based therapeutics, such as CpG-siRNA. The MS2 bioengineered silk was functionalized
with poly-lysine domain (KN) to generate hybrid silk MS2KN. CpG-siRNA efficiently bound to MS2KN
in contrary to control MS2. Both MS2KN complexes and spheres protected CpG-siRNA from degradation
by serum nucleases. CpG-siRNA molecules encapsulated into MS2KN spheres were efficiently internal-
ized and processed by TLR9-positive macrophages. Importantly, CpG-STAT3siRNA loaded in silk spheres
showed delayed and extended target gene silencing compared to naked oligonucleotides. The prolonged
Stat3 silencing resulted in the more pronounced downregulation of interleukin 6 (IL-6), a proinflamma-
tory cytokine and upstream activator of STAT3, which limits the efficacy of TLR9 immunostimulation.
Our results demonstrate the feasibility of using spider silk spheres as a carrier of therapeutic nucleic

acids. Moreover, the modified kinetic and activity of the CpG-STAT3siRNA embedded into silk spheres
is likely to improve immunotherapeutic effects in vivo.

Statement of Significance

We demonstrated that modification of silk protein by adding the nucleic acid binding domain enabled the
development of a novel oligonucleotide delivery system that can be utilized to improve pharmacokinetics
of RNA-based therapeutics. Although, the siRNA constructs have already given very promising results in
the cancer therapy, the in vivo application of RNA-based oligonucleotide therapeutics still is limited due
to their sensitivity to serum nucleases and some toxicity. We propose a carrier for RNA-based therapeu-
tics that is made of bioengineered spider silk. We showed that functionalized bioengineered spider silk
spheres not only protected RNA-based therapeutics from degradation by serum nucleases, but what is
more important the embedding of siRNA into silk spheres delayed and extended target gene silencing
compared with naked oligonucleotides. Moreover, we showed that plain silk spheres did not have
unspecific effect on target gene levels proving not only to be non-cytotoxic but also very neutral vehicles
in terms of TLR9/STAT3 activation in macrophages. We demonstrated advantages of novel delivery tech-
nology in safety and efficacy comparing with delivery of naked CpG-STAT3siRNA therapeutics.
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