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@ CrossMark cells and tissues in drug delivery e
systems. Currently, clinically ap- NN
proved lipid nanoparticles are mostly used as carriers [5]. However,
lipid nanoparticles tend to accumulate in the liver and can cause 2.1-1 2.1-I
proinflammation reactions; besides, low efficacy and toxicity also Fig. (2). Structures of formulas 2.1-I and 2.1-II, wherein X is CH or nitro-
limit their applications (Fig. 1). gen; R? is H or a linker group; Y is absent when R” is hydrogen or amino

acid or polypeptide; R' is H or an aliphatic moiety.
0 NH,

poAre 2.2. A Broader Range of Nanomaterial Formulations

HN SN

1 | \/L HT)%N I N’go NH Based on the first patent, Chens and Yu developed more Janus
HT N7 N0 NP NH base structures [11]. They synthesized an adenine-thymine (in
SN N which the adenine side was modified with one more H-bond donor)
4 HoN,,, A fused Janus base nanomaterial. The invention included analogs of

HZN/\/\/\COQH o o N NH; . . . . . .
HN guanine-cytosine and adenine-thymine fused units and twin base

units (Fig. 3).

1 2 The inventors claimed that the formulas above could form
Fig. (1). Structures of compound 1 and twin base compound 2. nanostructures, including nanotubes, nanosheets, nanorods, nano-

pieces, nanostructured particles, nanostructured matrices, nan-
owires, nano-whiskers, and nanoribbons. It was suggested that these
nanocarriers can be used to deliver therapeutic agents or diagnostic
agents, such as peptides, proteins, small molecules, nucleic acids,
molecular probes, molecular beacons, and fluorescence dyes.

In 2001, Dr. Fenniri and co-workers [6] synthesized compound
1 consisting of Janus (guanine-cytosine fused) base core, ethylene
linker, and lysine side chain. It could self-assemble into nanotubes
in water by H-bonds and n-m stacking interactions, and could be
further developed into delivery vehicles encapsulating RNAs [7]. In

2005, the same group [8] developed another twin base 2 with tuna- The inventors showed molecular beacons and siRNA to be de-
ble stability and hierarchy. Janus base nanomaterial has been re- livered into cells, cartilage, and chondrocytes. Functional knock-
ported to show many advantages over conventional delivery vehi- down of TNF-a was also achieved.

cles, such as low cytotoxicity and immunogenicity, good stability, Furthermore, Chens and Yu applied the previously mentioned
and biocompatibility. Moreover, its enhanced endosomal escape structures for various small RNA cargos to target cartilage tissue
leads to high efficacy in delivering therapeutic RNAs [9]. and cells [12]. They claimed the same formulas as 2.1-I and 2.1-11.

This invention disclosed a system for selective drug (a diagnostic
reagent or therapeutic compound) delivery to a cell or bodily tissue.
Depending on the processing conditions, different sizes of rosette
nanotubes could be created for different delivery purposes, such as
Webster ef al. [10] claimed the formulas (Fig. 2) based on com- entering a cellular or tissue matrix.

2. RECENT PATENTS ON JANUS BASE NANOMATERI-
ALS

2.1. Nanotubes for Nucleic Acid Delivery

pounds 1 and 2. The invention mainly focused on delivering nucleic siRNA, GAPDH molecular beacon, MATN3 siRNA, miR-

acids or polynucleotides into cells using Janus base nanotubes to NA365. ADAMTS-4&5 siRNA. and TNF-o siRNA were success-
modulate gene expression or cell function, regulate cell signaling fully delivered into cartilage tissue and inside chondrocytes.
and function, and influence tissue or organ activities.

The inventors successfully delivered siRNA, miRNA365, and 2.3. New Compositions for Targeted Delivery

GAPDH molecular beacons into cells. Chen et al. recently developed new chemical compositions [13].
*Address correspondence to this author at the Department of Biomedical They claimed the above formulas (Fig. 4); upllke prev.lous paten.ts,
Engineering, University of Connecticut, Storrs, CT 06269, USA; this patent also covered the formulas chemically conjugated with
E-mail: yupeng.chen@uconn.edu therapeutic agents (small molecules, peptides, nucleic acids, gene
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Fig. (3). Structures of formulas 2.2-L, II, III, IV, V, VL, VIL, VIIL, wherein n is an integer between 0-6; R', R’ R’ R® R', R, R, R are independently
selected from amino acids or polypeptides; R%L RY, RS R, R, R are independently selected from H, CHs, or NHR”; and R, R'%Z R™ R, R" are independent-

ly selected from H or aliphatic molecules.
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Fig. (4). Structures of formulas 2.3-L, IL, IIL, IV, V, VI, VII, and VIII, wherein R is H or CHj; R? is (CH,);, (CH,CH,O)y, (CH,CH,N),; j, k and m are each
independently 0-200; L is absent or a linker group; X is a therapeutic agent; R? is absent or amino acid or polypeptide; R* is absent or a coating material.

editing reagents, or targeting molecules, like folic acid and its ana-
logs) or coating materials. This provided several advantages as
follows: 1) cargoes can be encapsulated through covalent or non-
covalent bonds; 2) chemically cleavable linkers can be used to con-
trol the release of cargoes; 3) surface modification with various
targeting molecules can facilitate specific and selective uptake
pathways by binding to specific receptors on cell surfaces; 4) coat-
ing materials can protect the delivery vehicle from specif-
ic/nonspecific clearance of cells and organs.

The inventors successfully delivered a wide range of cargoes
besides nucleic acids (such as small RNAs, proteins, small mole-
cules, etc.) into cells.

The applications were also beyond joint/cartilage tissues. For
example, the inventors delivered small-molecule chemotherapy
drugs for anticancer applications.

CONCLUSION

These recent patents provide new solutions for drug delivery
and regenerative medicine, especially for delivering therapeutic

RNA and cartilage tissue regeneration. In summary, the DNA-
inspired Janus base nanopieces are an innovative family of safe,
versatile, and effective nanomaterials for biomedicine applications.
The Janus base nanomaterials show low toxicity and high efficacy
in general. More importantly, the most recent patent published by
Chen et al. [13] has developed novel Janus base nanomaterial struc-
tures for targeted delivery to specific types of cells, tissues, or or-
gans.
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