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a b s t r a c t

Metabolic glycoengineering is a powerful technique that can introduce various chemical groups to
cellular glycan by treatment of unnatural monosaccharide. Particularly, this technique has enabled many
challenging trials for molecular imaging in combination with click chemistry, which provides fast and
specific chemical conjugation reaction of imaging probes to metabolically-modified live cells. This review
introduces recent progress in molecular imaging based on the combination of these two cutting-edge
techniques. First, these techniques showed promising results in specific tumor cell imaging for cancer
diagnosis and therapy. The related researches showed the surface of tumor cells could be labeled with
bioorthogonal chemical groups by metabolic glycoengineering, which can be further conjugated with
fluorescence dyes or nanoparticles with imaging probes by click chemistry, in vitro and in vivo. This
method can be applied to heterogeneous tumor cells regardless of genetic properties of different tumor
cells. Furthermore, the amount of targeting moieties on tumor cells can be freely controlled externally by
treatment of unnatural monosaccharide. Second, this sequential use of metabolic glycoengineering and
click chemistry is also useful in cell tracking to monitor the localization of the inoculated therapeutic
cells including chondrocytes and stem cells. This therapeutic cell-labeling technique provided excellent
viability of chondrocytes and stem cells during the whole process in vitro and in vivo. It can provide long-
term and safe therapeutic cell imaging compared to traditional methods. These overall studies
demonstrate the great potential of metabolic glycoengineering and click chemistry in live cell imaging.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Molecular imaging is a type of medical imaging that canmonitor
or analyze the spatiotemporal changes in body at molecular or
cellular level for biological or biomedical applications [1]. Even
though it is still controversial to define the exact range of molecular
imaging among numerous imaging techniques and applications,
molecular imaging has provided valuable information to re-
searchers by precise imaging of the disease [2]. Particularly, re-
searchers have paidmuch attention to themolecules on cell surface
because proteins, glycans, and lipids on cell surface are directly

related on themetabolism and function of the cells and can provide
us large amount of knowledge about the state of the cells [3].
Therefore, engineering techniques that can analyze or modify these
cell surface materials are highly useful for both biological and
biomedical applications [4].

Traditionally, the endogenous target molecules on live cells can
be visualized using different binding molecules labeled with im-
aging probes such as antibodies, peptides, or aptamers. However,
the low amount of target molecules on cell surface limited the ef-
ficacy of molecular imaging in vivo [5]. Furthermore, these target
molecules are not homogeneously expressed particularly in tumor
tissue, which is well-known as the heterogeneity of tumor cells [6].
Therefore, the insufficient specificity of the labeling techniques
using these biological target molecules is always a big problem in
many cases, and it can result in non-specific binding or uptake of
imaging probes. Recently, in several studies, metabolic glyco-
engineering and click chemistry showed potential possibility to
overcome these disadvantages in current molecular imaging
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methods.
Metabolic glycoengineering is a technique that can modify the

structure of glycans and introduce various functional groups [7].
When unnatural monosaccharides are treated to cells, the cells use
them as building blocks and made their own glycan by intrinsic
metabolic pathway. If themonosaccharides are labeled with certain
chemical group, these chemical groups can be inserted to the
glycan backbone by glycan metabolism with minimum perturba-
tion of cell function. The representative monosaccharides used in
metabolic glycoengineering are mannosamine, galactosamine, and
glucosamine, and various chemical groups such as azide, thiol,
ketone, or aliphatic changes have been introduced to cells by this
technique [8]. Among these chemical groups, azide groups are
bioorthogonal and can be used for click chemistry in vitro and
in vivo.

Click chemistry is referred to a group of chemical reactions with
high yield, fast reaction rate, non-toxic byproduct and can be done
in aqueous condition [9]. Therefore, click chemistry has enabled
artificial chemical conjugation on cell surface, in cytosol, or in body,
which has been impossible by traditional conjugation reactions
[10]. Based on these advantages, click chemistry has been paid
explosive attention not only from organic chemists but also bio-
logical or biomedical researchers until now [11]. Click chemistry
has been widely applied to biological mechanism studies, targeted
imaging, development of new biomaterials, or drug delivery.
Recently, click chemistry particularly showed powerful combina-
tion with metabolic glycoengineering in molecular imaging. This
combination provided more specific and safe imaging of live cells

and it is expected to overcome the current problems in cell imaging
that mentioned above. This review will introduce these exciting
results based on metabolic glycoengineering and click chemistry in
molecular imaging technology including tumor imaging, cell
tracking, and so on (see Scheme 1).

2. Tumor cell imaging in vivo for diagnosis and therapy

For long time, targeting against cell surface molecules has been
a big issue particularly for tumor cell imaging. To target the tumor
cells with imaging probes, researchers used biological ligands
including antibodies, peptides, or aptamers that specifically bind to
the receptors on the surface of tumor cells. However, this type of
targeting strategy has intrinsic limitations because the amounts of
the receptors could be insufficient for targeting with imaging
probes in many cases use [12]. Furthermore, heterogeneity of tu-
mor cells are serious problem for tumor cells targeting because the
types and amounts of the receptors are different within the tumor
tissue of the same patient as well as in different kinds of tumors
receptors [13]. Therefore, it could be highly helpful to find amethod
to generate large amounts of receptors on tumor cells homoge-
neously in whole tumor tissue, and the combination of metabolic
glycoengineering and click chemistry showed potential possibility
to realize it in recent studies.

For tumor cell imaging, the applications of these two techniques
are generally performed as follow. First, artificial chemical groups
are generated on the surface of tumor cells by metabolic glyco-
engineering. Then, the generated chemical groups such as azide

Scheme 1. Schematic illustration of metabolic glycoengineering-based cell labeling and imaging technology.
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