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Abstract

© 2017 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. This paper
reports an entirely unexplored concept of simultaneously recognizing two receptors using high-
and low-affinity ligands through ligating them in situ on the target cell surface. This de novo
approach is inspired by the pretargeting strategy frequently applied in molecular imaging, and
has now evolved as the basis of a new paradigm for visualizing target cells with a high imaging
contrast. A distinct advantage of using a labeled low-affinity ligand such as glycan is that the
excess labeled ligand can be washed away from the cells, whereas the ligand bound to the cell,
even at the milli  molar affinity level,  can be anchored by a bioorthogonal reaction with a
pretargeted  high-affinity  ligand  on  the  surface.  Consequently,  nonspecific  background  is
minimized, leading to improved imaging contrast. Importantly, despite previously unexplored for
molecular imaging, a notoriously weak glycan/lectin interaction can now be utilized as a highly
selective ligand to the targets.

http://dx.doi.org/10.1002/advs.201700147

Keywords

cell imaging, cell surfaces, glycan, in situ ligation

References

[1] M. L. James, S. S. Gambhir, Physiol. Rev. 2012, 49, 897.
[2] K. Glunde, D. Artemov, M. F. Penet, M. A. Jacobs, Z. M. Bhujwalla, Chem. Rev. 2010, 110, 3043.
[3] W. Cai, X. Chen, J. Nucl. Med. 2008, 49, 113S.
[4] S. M. Ametamey, M. Honer, P. A. Schubiger, Chem. Rev. 2008, 108, 1501.
[5] R. Weissleder, V. Ntziachristos, Nat. Med. 2003, 9, 123.
[6] T. F. Massoud, S. S. Gambhir, Genes Dev. 2003, 17, 545.
[7] R. Weissleder, U. Mahmood, Radiology 2001, 219, 316.
[8] Y. Urano, Curr. Opin. Chem. Biol. 2012, 16, 602.
[9] Y. A. Zhou, S. Chakraborty, S. Liu, Theranostics 2011, 1, 58.

[10] R. Alford, M. Ogawa, P. L. Choyke, H. Kobayashi, Mol. BioSyst. 2009, 5, 1279.
[11] K. Tanaka, K. Fukase, Org. Biomol. Chem. 2008, 6, 815.
[12] D. A. Mankoff, J. M. Link, H. M. Linden, L. Sundararajan, K. A. Krohn, J. Nucl. Med. 2008, 49, 149S.
[13] S. S. Gambhir, Nat. Rev. Cancer 2002, 2, 683.
[14] M. D. Pierschbacher, E. Ruoslahti, Nature 1984, 309, 30.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197460473?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1002/advs.201700147


[15] Z. Liu, Y. Yan, S. Liu, F. Wang, X. Chen, Bioconjugate Chem. 2009, 20, 1016.
[16] X. Chen, R. Park, Y. Hou, V. Khankaldyyan, I. Gonzales-Gomez, M. Tohme, J. R. Bading, W. E. Laug, P. S. Conti,

Eur. J. Nucl. Med. Mol. Imaging 2004, 31, 1081.
[17] Z. Liu, J. Huang, C. Dong, L. Cui, X. Jin, B. Jia, Z. Zhu, F. Li, F. Wang, Mol. Pharmaceutics 2012, 9, 1409.
[18] D.  T.  Reardan,  C.  F.  Meares,  D.  A.  Goodwin,  M.  McTigue,  G.  S.  David,  M.  R.  Stone,  J.  P.  Leung,  R.  M.

Bartholomew, J. M. Frincke, Nature 1985, 316, 265.
[19] D. M. Goldenberg, C.-H. Chang, E. A. Rossi, W. J. McBride, R. M. Sharkey, Theranostics 2012, 2, 523.
[20] L. Carrol, H. L. Evans, E. O. Aboagye, A. C. Spivey, Org. Biomol. Chem. 2013, 11, 5772.
[21] S. B. Lee, H. L. Kim, H.-J. Jeong, S. T. Lim, M.-H. Sohn, D. W. Kim, Angew. Chem., Int. Ed. 2013, 52, 10549.
[22] R. Rossin, P. R. Verkerk, S. M. van den Bosch, R. C. M. Vulders, I. Verel, J. Lub, M. S. Robillard, Angew. Chem.,

Int. Ed. 2010, 49, 3375.
[23] N. K. Devaraj, R. Upadhyay, J. B. Haun, S. A. Hilderbrand, R. Weissleder, Angew. Chem., Int. Ed. 2009, 48, 7013.
[24] C. W. Y. Wong, G. Wiedle, C. Ballestrem, B. Wehrle-Haller, S. Etteldorf, M. Bruckner, B. Engelhardt, T. H. Gisler,

B. A. Imhof, Mol. Biol. Cell 2000, 11, 3109.
[25] S. Kitazume, R. Imamaki, A. Kurimoto, K. Ogawa, M. Kato, Y. Yamaguchi, K. Tanaka, H. Ishida, H. Ando, M. Kiso,

N. Hashii, N. Kawasaki, N. Taniguchi, J. Biol. Chem. 2014, 289, 27604.
[26] N. J. Agard, J. A. Prescher, C. R. A. Bertozzi, J. Am. Chem. Soc. 2004, 126, 15046.
[27] E. M. Sletten, C. R. Bertozzi, Acc. Chem. Res. 2011, 44, 666.
[28] X. Ning, J. Guo, M. A. Wolfert, G. J. Boons, Angew. Chem., Int. Ed. 2008, 47, 2253.
[29] K. Tanaka, E. R. O. Siwu, K. Minami, K. Hasegawa, S. Nozaki, Y. Kanayama, K. Koyama, W. C. Chen, J. C.

Paulson, Y. Watanabe, K. Fukase, Angew. Chem., Int. Ed. 2010, 44, 8195.
[30] R. Roy, M.-G. Beak, Rev. Mol. Biotechnol. 2002, 90, 291.
[31] M. A. Leeuwenburg, G. A. van der Marel, H. S. Overkleeft, Curr. Opin. Chem. Biol. 2003, 7, 757.
[32] O. Renaudet, Mini-Rev. Org. Chem. 2008, 5, 274.
[33] Y. M. Chabre, R. Roy, Curr. Top. Med. Chem. 2008, 8, 1237.
[34] Y. M. Chabre, R. Roy, Advances in Carbohydrate Chemistry and Biochemistry, Vol. 63, Elsevier, UK 2010, pp.

165–393.
[35] R. T. Lee, Y. C. Lee, Glycoconjugate J. 2000, 17, 543.
[36] J. J. Lundquist, E. J. Toone, Chem. Rev. 2002, 102, 555.
[37] F. Degorce, A. Card, S. Soh, E. Trinquet, G. P. Knapik, B. Xie, Curr. Chem. Genom. 2009, 3, 22.
[38] O. Söderberg, M. Gullberg, M. Jarvius, K. Ridderstråle, K.-J. Leuchowius, J. Jarvius, K. Wester, P. Hydbring, F.

Bahram, L.-G. Larsson, U. Landegren, Nat. Methods 2006, 3, 995.
[39] E. Tzima, M. Irani-Tehrani, W. B. Kiosses, E. Dejana, D. A. Schultz, B. Engelhardt, G. Cao, H. DeLisser, M. A.

Schwartz, Nature 2005, 437, 426.


