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Abstract
Cancer constitutes the second leading cause of death globally and is considered
to have been responsible for an estimated 9.6 million fatalities in 2018. Although
treatments against gastrointestinal tumors have recently advanced, those
interventions can only be applied to a minority of patients at the time of
diagnosis. Therefore, new therapeutic options are necessary for advanced stages
of the disease. Glycosylation of antitumor agents, has been found to improve
pharmacokinetic parameters, reduce side effects, and expand drug half-life in
comparison with the parent compounds. In addition, glycosylation of therapeutic
agents has been proven to be an effective strategy for their targeting tumor tissue,
thereby reducing the doses of the glycodrugs administered to patients. This
review focusses on the effect of the targeting properties of glycosylated antitumor
agents on gastrointestinal tumors.
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Core tip: In nature, glycosylation has proven an effective strategy for expanding the
biologic information of biomolecules by adding a new level of structural diversity. The
high specificity of the interaction with carbohydrates and the overexpression of
carbohydrate receptors in tumoral cells that can be specifically targeted by glycodrugs
enable a selective administration of those agents to the tumor tissues. Accordingly, the
glycosylation of antitumor agents has been found to improve pharmacokinetic
parameters, reduce side effects, expand drug half-life, and reduce the dosage of the
consequent glycoderivatives.
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INTRODUCTION
Cancer is the second leading cause of death worldwide, having been responsible for
an  estimated  of  9.6  million  deaths  in  2018[1,2].  Moreover,  21.6%  of  all  tumors
worldwide are gastrointestinal cancers at more than 26000 cases per year[3]. Despite
considerable research efforts in recent years, the impact of conventional strategies -
including surgery, radiotherapy, and chemotherapy - on the prognosis of tumors has
been only moderate[4,5]. The anticancer drugs used in chemotherapy usually target
cells that are proliferating. These chemodrugs can be grouped according to their main
role:  antitumor  antibiotics,  alkylating  agents,  topoisomerase  inhibitors,  DNA-
complexing agents, mitotic inhibitors, hormones, and immunotherapeutic agents. The
activity of  those drugs is  essential  for  predicting side effects;  moreover,  what  is
remarkable is that most of the available anticancer drugs have the disadvantage of
lacking systems for delivery to the target organ or tissue. Consequently, the majority
of the administered drug remains circulating in the bloodstream, thus increasing the
side effects on noncancerous cells[6].

The  selective  targeting  of  therapeutic  agents  has  several  advantages,  such  as
increasing the concentration of the drugs in the tumor and reducing the concentration
in other  tissues[7].  Carbohydrates  per  se,  exhibit  a  high solubility  in water,  a  low
toxicity,  and a  high  biocompatibility;  thus  constituting  an  attractive  system for
facilitating drug-delivery. Glycosylated compounds can be targeted to a broad range
of  cellular  receptors  because  of  the  specificity  of  interaction  with  cell-surface
carbohydrates. Accordingly, a number of glycoconjugated antitumoral agents have
been reported to selectively deliver the parent drugs to the desired sites[8,9]. In 1971,
Rogers et al[10] demonstrated for the first time the usefulness of targeting proteins that
bear carbohydrates as ligands. To our knowledge, no therapeutic targeting system is
currently on the market, though many candidates aimed at that end nevertheless
exist. This review will therefore focus primarily on the synthesis of the most relevant
glycosylated therapeutic agents and the effect of those derivatives on gastrointestinal
tumors.

GLYCOTARGETING SYSTEMS MEDIATED BY RECEPTORS
AND TRANSPORTERS
The most widely studied drug-transporting and receptor-targeting glycoligands are
the glucose-transporters (GLUTs) and the lectin receptors as described below.

GLUT
The  energy  produced  from  glucose  metabolism  is  essential  for  sustaining
mammalian-cell life. The end products of that metabolic pathway are lactate and,
upon full oxidation in the mitochondria, CO2

[11].
In  tumors  and  other  proliferating  cells,  the  rate  of  glucose  uptake  increases

considerably and lactate is produced, regardless of the availability of oxygen and
functional mitochondria. The tendency of tumoral tissues to anaerobically metabolize
large amounts of glucose, in comparison with noncancerous tissue, is known as the
Warburg Effect[12,13].

The  GLUT is  a  transport  protein  of  the  facilitator  family  involved in  glucose
translocation across the cell membrane. Although, GLUT transporters are expressed
in almost every cell type[14], tumor cells express a large number of glucose transporters
that are related to poor prognosis[15]. At present, 14 different GLUTs-1 to 14 - have
been described[16]. GLUT-1, in particular, is known to be overexpressed in tumor cells,
including those of liver, pancreas, and stomach[17]. These transporters can specifically
recognize and transport different sugars,  such as glucose, mannose, galactose, 2-
deoxyglucose and glucosamine analogs[18].

Therefore, as a result of the Warburg effect, designing and developing glycosyl-
based targeted drugs is a subject of high/considerable/widespread interest[19,20].
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Lectin receptors
Lectins are defined as proteins, usually linked to carbohydrates[21-23], that are present in
plants and animals and involved in many biologic processes - including cell growth,
differentiation, signalling, adhesion and migration, and apoptosis[24-26]. Lectins can act
as receptors, either for binding oligosaccharides to cell membranes or free-floating
glycans involving monosaccharides in order to mediate signal transduction and/or
drug transport[27].

Asialoglycoprotein receptors (ASGPRs), including asialoglycoprotein receptors 1
and  2-ASGPR1  and  ASGPR2  -  are  expressed  on  the  surface  of  hepatocytes  and
stomach and gallbladder epithelia[28] and preferentially interact with the sugars D-
galactose and L-rhamnose. The molecular mechanism consists in the internalization of
the receptor-ligand complex through a clathrin-mediated endocytosis. Once inside the
cell, the ligands are released, enabling the recycling of ASGPR receptors back into the
plasma membrane. The quick cycling of internalized receptors is the key process that
maintains their concentration on the cell surface. Owing to the high specificity in the
binding of galactose and rhamnose to ASGPR receptors, these interactions result a
promising approach to drug targeting[29].

Among the lectin-based receptors, the rhamnose-binding lectin receptor ligates
specifically to rhamnose and is highly expressed on various tumor-cell types, like the
cell-culture lines KB (from a human squamous-cell carcinoma), PC3 (from a human
prostatic small-cell carcinoma), HT-29 (from a human colon adenocarcinoma) and
MCF-7 (a breast adenocarcinoma)[30]. Although the molecular mechanism involved in
the transmission of messages by rhamnose-binding lectin receptor has not been yet
studied in humans, the strategy for using rhamnosylated anticancer molecules as
novel candidates for pharmacological applications has recently been explored[29].

ANTITUMORAL DRUG GLYCOCONJUGATES
Below  we  present  several  antitumoral  agents  as  informative  examples  of  such
modifications - namely, ifosfamide, chlorambucil, and paclitaxel. The drugs were
linked to various carbohydrate moieties and the antitumoral effects evaluated on
gastrointestinal tumors. The cytotoxic activities of the synthesized glycoconjugates
were then compared to those of the corresponding parent nonglycosylated molecules
(Table 1).

Ifosfamide
Ifosfamide - whose cytotoxic metabolite of in plasma is ifosforamide - is an alkylating
agent has been bound to β-D-glucose to form glufosfamide[31,32]. This glycoconjugate
was the first molecule bearing a sugar to be explicitly designed and evaluated as a
cancer-targeting  cytotoxic  compound.  Within  tumor  cells,  glufosfamide  is
metabolized by glucosidases to form ifosforamide. This cytotoxic metabolite, in turn,
forms DNA crosslinks,  therefore  inhibiting  DNA replication  and cell  growth[33].
Moreover, treatment with GLUT-1 inhibitors reduced the anticancer efficiency of
glufosfamide, suggesting that the drug conjugate was internalized into cells via the
GLUT-1 transporter.  Finally,  glufosfamide was  less  myelotoxic  and presented a
higher antitumour activity both in vitro and in vivo than the parent aglycone[32].

In 1997, the first human clinical trial to test glufosfamide was carried out in Europe,
and the results obtained with 20 pancreatic-cancer patients were reported[34].  Two
cases evidenced a good response to the treatment, 10 resulted in stable disease, while
8 patients failed to respond. More significantly, one pancreatic-cancer patient in a
different trial experienced a complete remission for over 4 years. Since pancreatic-
cancer biopsy samples had been found to overexpress GLUT-1; in 2010, Chiorean et
al[35]  performed  a  phase-II  study  of  glufosfamide  plus  the  nucleoside  analog
gemcitabine,  the  standard  chemotherapeutic  treatment  in  pancreatic  cancer.
Glufosfamide and gemcitabine in combination yielded a modest response in two trials
on pancreatic-adenocarcinoma patients.  In conclusion, glufosfamide appeared to
constitute an effective cytotoxic agent exhibiting high antitumor selectivity that was
due to an active interaction with the transporter GLUT-1.

Chlorambucil
Chlorambucil is an antineoplasic drug within the class of alkylating agents that is
used to treat various forms of cancer[36]. The reactive radical ethylenimonium forms
after alkylation that interferes in DNA, RNA, and protein synthesis. The first report of
chlorambucil synthesis was over five decades ago[37]. Goff et al[38] (2010) synthesized
and evaluated  a  63-member  library  of  chlorambucil-based  neoglycosides  in  ten
different human-carcinoma cell-culture systems, including lung, colorectal,  liver,
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Table 1  List of the glycoconjugates and its effects

Agent Activity Sugar moiety Efficacy glycoconjugates
compared to aglicone

Ifosfamide Alkalating agent Glucose In vitro (less toxic) and in vivo
(reduced tumor size). Clinical trials
ongoing.

Chlorambucil Alkalating and DNA-complexing
agent

D-threose HT29 and HCT15 (showed 8-12 fold,
and 15-fold, respectively, improved
activities targeting cancers cell lines
over the parent drug).

Geldanamycin HSP90 inhibitor Glucose Glucose-GA showed anticancer
activity with IC50 of 70.2-380.9 nM in
SW620, HT29, MCF-7 and K562
cancer cells by-glucosidase activation
inside of the tumor cells.

Geldanamycin HSP90 inhibitor Galactose SW620, HT29, MCF-7 and K562
(anticancer activity of galactose-GE
conjugate increased by 3- to 40-fold
when incubated with galactosidase
over the parent drug).

Emodin Tyrosine kinase inhibitor D-rhamnose A594, HepG2, OVCAR-3, Hela, K562
and SGC-790 (cell proliferation was
inhibited and EM-d-Rha conjugate
displayed IC50 values in low μmolar
ranges).

Paclitaxel Mitotic inhibitor Glucose NCl-H838, MES-SA, HCT-116, and
NPC-TW01 (cell proliferation was
inhibited the conjugated presented
higher cytotoxicity, induced tubulin
aggregation and chromosomal
condensation compared to
paclitaxel).

Doxorubicin Antitumor antibiotic Galactose In vitro viability of HepG2
(hepatocarcinoma) and MCF-7
(breast cancer) tumor cells incubated
with DOX was higher than that of
Gal-DOX. In vivo experiments
showed that tumor size in Gal-DOX-
treated groups was greatly reduced
in comparison to the DOX-treated
group.

Doxorubicin Antitumor antibiotic 2-amino-2-deoxy-D-glucose and
succinic acid

In vitro and in vivo studies showed
that 2DG-SUC-ADM induced a
higher level of apoptosis and higher
inhibition rates in MCF-7 and HepG2
tumoral cells than the parent
aglycone ADM.

breast, prostate, central nervous system, and ovarian cell lines. The synthesis consists
of several chemical steps to perform chlorambucil-based libraries for chemoselective
glycosylation. On the basis of this study, the neoglycosides, D-glucuronolactonide and
D-threoside  were  selected  as  the  most  potent  antitumoral  agents.  D-threoside
glycoside manifested an 8-fold higher efficacy in general, with a respective 12-fold,
and 15-fold greater effectiveness in targeting the malignant cell lines HT-29, and HCT-
15 (from colorectal adenocarcinomas) over the parent drug. The authors concluded
that  D-threoside  was  the  most  active  chlorambucil  neoglycoside  among  the
compounds tested. In summary, a novel panel of glycoconjugates were designed and
synthesized  through  the  use  of  common  metabolic  carbohydrates  that  are
preferentially recognized by cell-membrane receptors, therefore favoring the uptake
of  the  glycodrugs[38].  The specific  mechanisms and the  receptors  or  transporters
involved in this process remain to be elucidated.

Geldanamycin
Geldanamycin (GE) is  a  potent  anticancer  antibiotic  that  inhibits  the heat-shock
protein  90  (Hsp90)[39].  This  protein  is  a  molecular  chaperon  involved  in  the
modulation of the activity of various protein kinases. Hsp90 has been found to be 2- to
10-fold  more  expressed  in  various  human  cancer  cells  than  in  normal  tissues,
suggesting the use of that protein as a possible target for cancer therapy[40]. Although
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GE has long been recognized as an inhibitor of tumor growth, the potential clinical
utility of that agent is hampered by its severe side effects[41,42].  To circumvent this
problem, an approach involving a binary chemical step was designed by Cheng et al[43]

(2005), resulting in a series of glycosyl-GE derivatives. The enzyme-specific activation
of these glycosylated prodrugs with galactose and glucose moieties was performed
with α-galactosidase  and ß-glucosidase,  respectively.  The effect  of  the  resulting
derivatives was evaluated in different cancer-cell  lines,  including SW620, HT-29,
MCF-7, and K-562 leukemia cells. In particular, the glucose-GE exhibited antitumor
activity after cleavage of the glucose moiety by the β-glucosidase inside the tumor
cells. The anticancer activity of the galactose-GE conjugate increased by 3- to 40-fold
when incubated with exogenous galactosidase in vitro, but remained inactive in the
absence  of  the  added  enzyme  because,  unlike  intracellular  glucosidases,
galactosidases  are  present  in  only  low  or  undetectable  levels  in  serum [43].
Consequently, the activation of the galactosyl-GE prodrugs by the exogenous enzyme
would appear to be a necessary targeting approach, involving a strategy leading to a
dual tactic consisting of the glycosylation of the enzyme as well as the drug, in order
to direct the whole system to the target tissue[8,9].

Emodin
Emodin  (1,3,8-trihydroxy-6-methyl-anthraquinone)  is  a  natural  anthraquinone
derivative found in the roots and rhizomes of numerous plants. As a tyrosine-kinase
inhibitor, emodin inhibits cell growth in several types of tumor cells[44-46] and regulates
the expression of genes involved in cell apoptosis, oncogenesis, cell proliferation, and
cancer-cell invasiveness and metastasis[47-49]. The antitumor effects of emodin have
been described, but the molecular mechanism has not been fully elucidated. The
synthesis and design of emodin conjugated to D-rhamnose (EM-D-Rha), inhibited cell
proliferation in a panel of different human-cancer-cell lines including A549 (lung
carcinoma),  HepG2  (hepatoma),  OVCAR-3  (ovarian  carcinoma),  HeLa  (cervical
carcinoma) and K-562 (chronic myelogenous leukaemia) and SGC-790 (endocervical
adenocarcinoma). EM-d-Rha also manifested lower IC50 values and was 10-fold more
cytotoxically effective than the aglycone on HepG2 cells, leading to a decrease in
mitochondrial transmembrane potential and to an upregulation of the expression of
apoptosis elements[50].

Doxorubicin (Adriamycin)
Doxorubicin  (DOX),  the  active  compound in  the  trade  drug  named adriamycin
(ADM), belongs to the anthracycline family, is one of the most powerful and widely
used  chemotherapeutic  drugs,  and  as  such  is  recognized  by  the  World  Health
Organization[51]. Unfortunately, apart from the drug's activity as an intercalating agent
and  topoisomerase-II  inhibitor,  DOX  causes  severe  toxic  effects  such  as
nephrotoxicity, hepatotoxicity, and alopecia, compromising mainly heart tissues and
the gastrointestinal tract as a result of the compound's systemic action. In view of the
many efforts that have been made order to overcome these limitations, an increase in
drug efficiency through the conjugation of DOX to a carbohydrate ligand that can
specifically recognize tumoral cells is a promising approach[52,53].

Ma et al[54] (2015) conjugated galactose to DOX covalently to form the prodrug Gal-
DOX and then evaluated the derivative's  tumor-targeting capability  in different
cancer-cell lines. They found that Gal-Dox treatment increased cell death in HepG2
and MCF-7 cells compared to DOX. These results were the opposite when they treated
normal L02 hepatocytes. They proposed that this difference was caused by the high
specific  binding of  Gal  to  ASGPR1 receptors,  which  were  overexpressed on the
surface of HepG2 and MCF-7 tumor cells. Consistent with that conclusion, since those
nonmalignant hepatocytes contained lower plasma-membrane levels of ASGPR1, the
L02 cells maintained high cell viability, thus suggesting low toxicity of Gal-DOX. As
to side effects, Gal-DOX is accumulated in heart tissue to a lesser extent than DOX,
thus diminishing myocardial damage. In vivo results indicated a reduction in tumor
size in the Gal-DOX-treated group compared to the DOX-treated group. Of notable
relevance here is that the survival of the Gal-DOX-treated group was 100%, whereas
the rate of DOX-treated group was 50%, thus supporting the conclusion that Gal-Dox
preferentially targeted the tumor cells.  These findings suggest that Gal-DOX is a
promising  drug  for  tumor-  directed  therapy[54].  In  another  study,  ADM  was
conjugated with 2-amino-2-deoxy-D-glucose and succinic acid (2DG–SUC–ADM).
There the investigators found that the ternary derivative was highly specific for tumor
cells (MCF-7 and HepG2) via the GLUT-1 transporter, while exerting no significant
adverse effects on normal cells. The action of the glycoconjugate was also confirmed
in vivo, thus demonstrating that the glycosylated molecule could specifically target
tumoral cells as opposed to the aglycone. These results suggest 2DG–SUC–ADM as a
promising drug for targeting cancer cells[55].
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Paclitaxel
Paclitaxel is a cytotoxic chemotherapeutic drug, classified as a "plant alkaloid," a
"taxane" and an "antimicrotubule agent"[55,56]. The molecular basis for the action of
paclitaxel  consists  in  a  binding to tubulin subunits,  thus disrupting mitosis  and
causing  cell  death[57-59].  Despite  being  widely  used  in  the  clinic,  this  drug  has
pronoinced  side-effects;  thus  affecting  both  normal  cells  and  tumors.  Another
problem with paclitaxel is its poor water solubility. Lin et al[60] (2008) designed glycan-
based paclitaxel prodrugs, consisting of 2'-paclitaxel conjugated with glucosyl or
glucuronyl residues by an ester or an ether linkage. These glycodrugs not only had
increased solubility in water compared to the parent compound, but exhibited higher
selectivity against targeted cancer cells as well.  Glucosyl-paclitaxel displayed the
higher  cytotoxicity  and  could  induce  tubulin  aggregation  and  chromosomal
condensation in a tumor-cell  line[60].  The cells overexpressing GLUTs favored the
uptake of glucose-paclitaxel and facilitated the entrance of the bulky compounds.
Therefore, the authors proposed the synthesis of glucoconjugates as an alternative
approach for improving the directed delivery of drugs to cancer cells overexpressing
GLUTs[60].

5-fluorouracil
5-fluorouracil  (5Fu)  is  part  of  a  group  of  chemotherapeutic  drugs  known  as
antimetabolites.  These  compounds  incorporate  into  normal  macromolecules  to
produce a slightly different structure that interferes in the metabolism of the cancer
cells. 5Fu is one of the most commonly used drugs to treat gastrointestinal and breast
cancers,  although the agent is  mostly used in combination with other drugs like
oxaliplatin[61-63].

Davis  and  coauthors  synthesized  the  prodrugs  DOX  and  5Fu  capped  by  L-
rhamnose and evaluated their use in a lectin-directed–enzyme-activated-prodrug
therapy (LEAPT) system. The LEAPT system uses biocatalysts for site-selective drug
delivery through the construction of novel glycosylated enzymes and prodrugs. The
drugs capped with rhamnose synthesized by Davis and coworkers were released by
an α-rhamnosidase,  which  enzyme is  by  itself  glycosylated  with  galactose.  The
glycosylated  enzyme  specifically  targets  the  ASGPR  hepatic-receptors.  The
biodistribution revealed that the glycosylated enzyme became quickly sequestered to
the liver, and to a lower extent to the kidney and bladder. Of essential relevance was
that the co-administration of the prodrugs did not interfere in the colocalization of the
LEAPT system[8,9].  Finally,  the  authors  demonstrated  that  the  prodrug could  be
activated in the liver only by the presence of the prelocalized glycosylated enzyme[8].

CARBOHYDRATE-BASED VACCINES
Within  glycoscience  new  approaches  are  being  undertaken  for  cancer  therapy.
Glycan-based vaccines have been developed for the specific  enhancement of  the
immune response. The more complex task in formulating a cancer vaccine would be
the  selection  of  the  appropriate  antigen,  which  molecule  should  be  exclusively
expressed by cancer  cells.  Tumor-associated carbohydrate  antigens,  ought  to  be
cellular components that are essential for malignant-cell survival in order to prevent
the downregulation of the antigen and thus maintain the immune response. Tumor-
associated  carbohydrate  antigens  can  be  divided  into  two classes:  glycoprotein
antigens: The Thomsen Nouveau (Tn; GalNAc-a1-O-Ser/Thr), Thomsen-Friendreich
(TF), and sialyl-Tn (sTn) linked to the hydroxyl group of serine or threonine residues
of proteins and glycolipids[64]. Several studies demonstrated that altered glycosylation
and  aberrant  glycan  structures  helped  tumor  cells  to  circumvent  immune
surveillance.  Since  high-affinity  T  cells  recognizing self-antigens  are  eliminated
during development of the central immune system, tumor-associated carbohydrate
antigen-directed cancer vaccines face the challenge of activating any remaining low-
affinity T cells[65-69].

Glycan-based vaccines may prove to be beneficial because unusual glycan motifs
on glycoproteins can lead to vaccines with high specificity[70]. Mucin 1 (MUC1) is an
O-linked glycan transmembrane protein overexpressed in various tumors—such as
lung, breast, pancreas, kidney, ovary, and colon—and has been demonstrated to be
aberrantly glycosylated in cancer cells but highly glycosylated in normal cells. Up to
the  present,  most  vaccines  have  targeted nonglycosylated  MUC1,  although this
approach  did  not  prove  to  be  cancer-specific.  Thus,  targeting  cancer-associated
glycopeptide epitopes in MUC1 would be a promising alternative possibility[71-73].
New attempts have been made to develop glycosylation-based vaccines that target
MUC1. In 2012, Madsen et al[74] found that the addition of GalNAc residues to MUC1
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to aid antigen uptake and major-histocompatability-complex–class-II presentation for
the generation of a potent cancer-specific humoral response. In another investigation,
Li et al[75] designed and synthesized two linear trivalent glycopeptides of the immune-
dominant epitope of MUC1. The antibodies induced by glycosylated-MUC1–based
vaccines had a stronger binding than those raised by nonglycosylated MUC1, thus,
having  the  potential  to  overcome  the  weak  immunogenicity  of  natural  MUC1
glycopeptides[75].  Further  studies  demonstrated that  the  antibodies  elicited  by  a
vaccine composed of the immunoadjuvant (Pam3CysSK4), a peptide T-helper epitope,
and an aberrantly glycosylated MUC1 peptide, were significantly more lytic and more
effective in tumor prevention than the unglycosylated control[76]. Other glycan-based
vaccines that lead to higher immune responses are presently under development. The
most  likely  to  be  effective  is  a  vaccine  composed  of  MUC1  glycopeptide  in
combination with a T-helper peptide, while another uses a combination of MUC1
with the toll-like receptor 2. The last one is composed of MUC1, toll-like receptor 2/9,
and a Th peptide[70].

No  clinical  trials  are  currently  being  undertaken  on  gastrointestinal  tumors,
although a phase-III clinical trial is being carried out in patients with metastatic breast
cancer that involves the glycan-based vaccine, sTn-KLH. The sTn-KLH–vaccine group
evidenced an improved survival, relative to the overall survival among the patients
treated without the vaccine[77,78].

Many efforts have been made to develop carbohydrate-based vaccines, though
until  now,  none  have  been  approved  for  clinical  use,  and  many cancer-vaccine
candidates have failed in clinical trials. One reason could be the ability of tumor cells
to escape from the endogenous immune response or downregulate the immune-target
molecules. Nevertheless, an optimization of vaccine formulation in terms of receptor-
or antigen-targeting delivery systems may lead to significant improvements in the
utilization  of  currently  available  carbohydrate  antigens  so  as  to  open  new
perspectives for cancer treatment.

PERSPECTIVES
The conjugation of anticancer agents to carbohydrate-ligands that preferentially target
tumor cells has resulted in the prediction that several conjugates would prove to have
clinical efficacy. Specifically, glycoconjugation offers an improvement in targeting
cancer cells, since are many sugar receptors are overexpressed in tumoral cells[79,80]

(Figure  1).  Furthermore,  the  addition of  a  sugar  moiety  (e.g.,  glucose,  galactose,
rhamnose) improves the water solubility and stability of the parent drugs. During
recent years, this field has been emerging in translational medicine; but, in closing, we
need to stress that glycodrug development is a rigorous process that still requires
many steps to determine the true utility of that strategy.
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Figure 1

Figure 1  Glycoconjugation strategy. Different sugar moieties can be conjugated to therapeutic agents, with the aim at improving drug efficiency, including
antiproliferative activity and growth inhibition, and upregulating cancer-cell death.
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