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Introduction and Discussion

The term “polymer therapeutics” is used for a multifold of therapeutically
active compounds and formulations that involve the use of polymers being an
active compound by itself or a combination of a given polymer with an active
drug as a conjugate or a formulation.' The recent success of polymer
therapeutics i.e. in cancer therapy is because of specific delivery possibilities
of polymers and polymer-drug conjugates such as the EPR effect? in
combination with the significantly reduced toxicity of polymer-conjugated
drugs and the significantly enhanced bioavalability of linked or formulated
active compounds as most potent drugs are insoluble in aqueous media.
Taking advantage of the vast synthetic and preparative possibilities of
polymer science to tune the solubility, size, architecture and functionality of
polymers and polymer aggregates, polymer therapeutics are no longer only
subject of pre-clinical research. Among the countless choices of hydrophilic
polymers suitable for the design of polymer therapetics, poly(ethylene glycol)
(PEG) is the most prominent example. Especially formulations using
Pluronics **¢ and the therapeutic (and commercial) success of PEG-drug and
PEG-protein conjugation known as “PEGylation” ” paved the way for
upcoming polymer therapeutics. One major and persistent drawback is,
however, the dispersity of mass and functionality of polymers. As the molar
mass and molecular size plays a significant rule in i.e. the biodistribution and
pharmocokinetics of polymers, highly defined polymer systems are required.

Currently, poly(2-oxazoline)s (POx) are discussed as a potential
candidate and possible (better?) alternative to PEG for the design of next-
generation polymer therapeutics.®®*® Such as PEG, POx is prepared by living
ionic polymerization and products are highly defined in terms of molar mass
dispersity and architecture. Moreover, in contrast to PEG, POx offers the
possibility to fine tune the (water)solubility 213141538 hy the polymer
pendant group and also allows additional pendant group functionalization **®
19202122 for the ligation of drugs and/or drug-targeting moieties such as
peptides.® The water solubility of poly(2-methyl- or 2-ethyl-2-oxazoline)
(PMeOx, PEtOx) is similar to PEG, however, as PMeOx shows no
amphiphilicity, PEtOx displays a similar amphiphilic character as PEG.? It is
still unknown if “POxylation” would have similar effects as PEGylation in
terms of elongated blood circulation times of conjugated proteins, reduction of
toxicity of conjugated drugs, biodistribution, pharmacokinetics, excretion,
endocytosis etc. as both polymers are structurally quite different. However,
early 25252728 and current 2015238 ragyjlts are more than promising.

In this contribution, selected examples of the properties and use of POx as
potential polymer therapeutics will be presented. This will include the use of
amphiphilic POx copolymers as high-capacity delivery systems for
hydrophobic drugs, especially paclitaxel as a potent anti-cancer drug,* POXx
for the formulation of fullerenes as antioxidants for the treatment of brain-
related diseases associated with increased levels of superoxide,®® POXx
copolymer-enzyme conjugates as a new platform for enhanced cellular
delivery ** and POx-stabilized virus-like particles (POx-VLPs) as a new drug-
delivery platform.® In this context the relevant properties of various POx
homo- and copolymers such as biodistribution and excretion (mice),®
cytotoxicity and cell uptake as a function of the structure and amphiphilic
contrast of POx * will be discussed.

Conclusions.

Poly(2-oxazoline)s are a versatile polymer platform for the specific
design and use as polymer therapeutics because of their chemical and
structural variability and biocompatibility. However, it is still to be shown
how POx-based therapeutics behave in complex biological systems including
the human body.

Acknowledgements. This work is supported by the National Cancer
Institute Alliance for Nanotechnology in Cancer through the National
Institutes of Health grant to the Cancer Nanotechnology Platform Partnership
(U01 CA116591).

References

(1) Duncan, R., Nat. Rev. Drug Discov. 2003, 2, 347.

(2) Matsumura, Y.; Maeda, H., Cancer Res. 1986, 2, 6387.

(3) Duncan, R.; Ringsdorf, H.; Satchi-Fainaro, R., Adv. Polym. Sci. 2006,
193, 1.

(4) Kabanov, A. V.; Lemieux, P.; Vinogradov, S.; Alakhov, V., Adv. Drug
Deliv. Rev. 2002, 54, 223.

(5) Kabanov, A. V.; Batrakova, E. V.; Alakhov, V. Y., Adv. Drug Deliv.
Rev. 2002, 54, 759.

(6) Kabanov, A. V.; Alakhov, V. Y., Crit. Rev. Ther. Drug Carrier Syst.
2002, 19, 1.

(7) Abuchowski, A.; McCoy, J. R.; Palczuk, N. C.; van Es, T.; Davis, F. F.,
J. Biol. Chem. 1977, 252, 3582.

(8) Viegas, T. X.; Bentley, M. D.; Harris, J. M.; Fang, Z.; Yoon, K.;
Dizman, B.; Weimer, R.; Mero, A.; Pasut, G.; Veronese, F. M.,
Bioconjug Chem 2011, 22, 976.

(9) Knop, K.; Hoogenboom, R.; Fischer, D.; Schubert, U. S., Angew. Chem.
Int. Ed. 2010, 49, 6288.

(10) Adams, N.; Schubert, U. S., Adv. Drug Deliv. Rev. 2007, 59, 1504.

(11) Chen, C. H.; Wilson, J.; Chen, W.; Davis, R. M.; Riffle, J. S., Polymer
1994, 35, 3587.

(12) Park, J. S.; Kataoka, K., Macromolecules 2006, 39, 6622.

(13) Park, J. S.; Kataoka, K., Macromolecules 2007, 40, 3599.

(14) Huber, S.; Jordan, R., Colloid Polym. Sci. 2008, 286, 395.

(15) Huber, S.; Hutter, N.; Jordan, R., Colloid Polym. Sci. 2008, 286, 1653.

(16) Hoogenboom, R.; Thijs, H. M. L.; Jochems, M. J. H. C.; van Lankvelt,
B. M.; Fijten, M. W. M.; Schubert, U. S., Chem. Commun. 2008, 5758.

(17) Levy, A, Litt, M., J. Polym. Sci., Part A-1: Polym. Chem. 1968, 6,
1883.

(18) Taubmann, C.; Luxenhofer, R.; Cesana, S.; Jordan, R., Macromol.
Biosci. 2005, 5, 603

(19) Cesana, S.; Auernheimer, J.; Jordan, R.; Kessler, H.; Nuyken, O.,
Macromol. Chem. Phys. 2006, 207, 183.

(20) Luxenhofer, R.; Jordan, R., Macromolecules 2006, 39, 3509.

(21) Cortez, M. A.; Grayson, S. M., Macromolecules 2010, 43, 4081.

(22) Kempe, K.; Hoogenboom, R.; Jaeger, M.; Schubert, U. S.,
Macromolecules 2011, 44, 6424.

(23) Luxenhofer, R.; Lopez-Garcia, M.; Frank, A.; Kessler, H.; Jordan, R.,
PMSE Prepr. 2006, 95, 283.

(24) Foreman, M. B.; Coffman, J. P.; Murcia, M. J.; Cesana, S.; Jordan, R.;
Smith, G. S.; Naumann, C. A., Langmuir 2003, 19, 326.

(25) Woodle, M. C.; Engbers, C. M.; Zalipsky, S., Bioconjugate Chem. 1994,
5, 493.

(26) Zalipsky, S.; Hansen, C. B.; Oaks, J. M.; Allen, T. M., J. Pharm. Sci.
1996, 85, 133.

(27) Miyamoto, M.; Naka, K.; Shiozaki, M.; Chujo, Y.; Saegusa, T.,
Macromolecules 1990, 23, 3201.

(28) Velander, W. H.; Madurawe, R. D.; Subramanian, A.; Kumar, G.; Sinai-
Zingde, G.; Riffle, J. S.; Orthner, C. L., Biotechnol. Bioeng. 1992, 39,
1024.

(29) Mero, A.; Pasut, G.; Via, L. D.; Fijten, M. W. M.; Schubert, U. S.;
Hoogenboom, R.; Veronese, F. M., J. Control. Release 2008, 125, 87.

(30) Gaertner, F. C.; Luxenhofer, R.; Blechert, B.; Jordan, R.; Essler, M., J.
Control. Release 2007, 119, 291.

(31) Tong, J.; Luxenhofer, R.; Yi, X.; Jordan, R.; Kabanov, A. V., Molecular
Pharmaceutics 2010, 7, 984.

(32) Tong, J.; Zimmermann, M. C.; Li, S.; Yi, X.; Luxenhofer, R.; Jordan, R.;
Kabanov, A. V., Biomaterials 2011, 32, 3654.

(33) Luxenhofer, R.; Sahay, G.; Schulz, A.; Alakhova, D.; Jordan, R.;
Kabanov, A. V., J. Control. Release 2011, 153, 73.

(34) Luxenhofer, R.; Schulz, A.; Roques, C.; Li, S.; Bronich, T. K.;
Batrakova, E. V.; Jordan, R.; Kabanov, A. V., Biomaterials 2010, 31,
4972.

(35) Manzenrieder, F.; Luxenhofer, R.; Retzlaff, M.; Jordan, R.; Finn, M. G.,
Angew. Chem. Int. Ed. 2011, 50, 2601.

Polymer Preprints 2012, 53(1), 319



