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Abstract

Changes in sialic acids in cancer have been observed for many years. In particular, the increase of sia-
loglycan density or hypersialylation in tumors has been described. Recent studies have identified
mechanisms for immune evasion based on sialoglycan interactions with immunoregulatory Siglec
receptors that are exploited by tumor cells and microorganisms alike. Siglecs are mostly inhibitory
receptors similar to known immune checkpoints including PD-1 or CTLA-4 that are successfully tar-
geted with blocking antibodies for cancer immunotherapy. Here, we summarize the known changes of
sialic acids in cancer and the role Siglec receptors play in cancer immunity. We also focus on potential
ways to target these Siglec receptors or sialoglycans in order to improve anti-cancer immunity.
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Introduction

The first descriptions of altered glycosylation in cancer were already
published several decades ago (Hakomori 1984; Amon et al. 2014).
One of the major observations from these early investigations was
the increase of sialylation in many tumor types. The direct influence
of this so-called hypersialylation on cancer progression remained
elusive for many years after its initial discovery (Schauer 2000; Biill
et al. 2014). Several lines of evidence demonstrate that interactions
with sialic acid-binding receptors, including selectins, can signifi-
cantly influence cancer progression (also see the review article by
Lubor Borsig in the same issue). Hypersialylation can lead to a
change in the physical properties of the tumor cell (Schultz et al.
2012), potentiate evasion of apoptosis of cancer cells (Bill et al.
2014) and influence signaling platforms via clustering of sialogly-
cans in lipid rafts or the immunological synapse (Nicoll et al. 2003;
Krengel and Bousquet 2014). Earlier analysis has also shown that
hypersialylation enhances immune evasion by interference with fac-
tor H and inhibition of the complement system (Fedarko et al.

2000). Recent studies elucidated that hypersialylation can enhance
immune evasion through the engagement of sialic acid-binding
immunoglobulin-like lectins (Siglec) receptors (Hudak et al. 2014;
Jandus et al. 2014; Laubli et al. 2014b; Beatson et al. 2016). Similar
to successfully targeted immune checkpoints including PD-1 and
CTLA-4 (Sharma and Allison 2015; Topalian et al. 2015), Siglecs are
mostly inhibitory immune-modulatory receptors (Macauley et al. 2014;
Fraschilla and Pillai 2017). Here, we summarize the observed changes
of sialic acids in cancer and the role of hypersialylation in cancer
immune evasion. In particular, we highlight possible strategies to reverse
sialic acid-mediated immune suppression for cancer immunotherapy.

Changes of sialoglycans in cancer

The diversity of glycans and glycoconjugates can be attributed to the
variety of biosynthetic pathways involved, governed by an array of
glycosyltransferases, glycosidases and other glycan-modifying enzymes
(Li and Chen 2012). The mechanism of glycan biosynthesis, unlike
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protein biosynthesis, is not template-based (Dall’Olio et al. 2014;
Boligan et al. 2015) but dependent on multiple interactions derived
from gene expression (processing enzymes), substrate availability
(Tachibana et al. 1994), the cellular environment (Borys et al. 1993)
and the underlying protein structure (Berger et al. 1969; Clark and
Baum 2012). Aberrant tumor cell surface glycosylation significantly
influences tumorigenesis and cancer progression (Fuster and Esko 2005;
Rabinovich and Croci 2012; Boligan et al. 2015; Pinho and Reis 2015),
while changes of sialic acids comprise alterations of the carbohydrate
itself, as well as the amount or density of sialylation/sialic acid that is
present (Pearce and Laubli 2016). Hypersialylation and xenosialylation
(introduction of the nonhuman sialic acid N-glycol-neuraminic acid,
Neu5Ge into human glycans) are commonly observed phenomena
important for cancer progression (Tangvoranuntakul et al. 2003;
Hedlund et al. 2008; Liubli et al. 2014b; Samraj et al. 2015).
Hypersialylation in cancer came to the fore early on when different
groups reported that sialidase treatment adversely effected tumor
transplantation in vivo (Sedlacek et al. 1975; Schultz et al. 2012;
Bull et al. 2014). It can be attributed to various pathways including
the proto-oncogene driven upregulation of sialyltransferases.
Oncogenes such Ras and c-Myc have been implicated in these pro-
cesses (Kannagi et al. 2010). Overabundance of substrates, upregu-
lation of sialic acid transport systems, enhanced glycan branching
and the accumulation of sialic acid acceptor molecules also support
tumor hypersialylation (Boligan et al. 2015). Microdomains of sialo-
glycans on the tumor cell surface may result in cancer immune eva-
sion leading to increased tumor growth, invasion and metastasis.
This mechanism serves as an explanation for the early results
obtained in sialidase treated tumor transplantation studies (Sedlacek
et al. 1975; Biill et al. 2014). Tumor cells pretreated with neuramin-
idase of bacterial source were implanted in mice and growth inhib-
ition of tumors was observed (Sedlacek et al. 1975; Biill et al. 2014).
The field rapidly expanded to clinical trials in humans, most of
which was performed in acute myeloid leukemia (AML) patients
(Sanford 1967; Currie and Bagshawe 1968). These trials failed to
deliver the expected promising patient outcomes. The disappointing
clinical results have post-hoc been attributed to the lack of under-
standing of underlying mechanisms and improper patient stratifica-
tion (Urbanitz et al. 1987; Biill et al. 2014). Given the molecular
tools currently available, the scientific community is now better
equipped to rationally design and exploit sialic acid modulating
therapeutic strategies in human cancer.

The predominant sialic acid found in mammalian cells, including
humans, is N-acetylneuraminic acid (NeuSAc) and humans are not
able to synthetize N-glycolylneuraminic acid (NeuS5Gc), but can take
up Neu5Gc from food sources (Tangvoranuntakul et al. 2003;
Carlin et al. 2009a; Varki 2009a; Samraj et al. 2014). Various
reports document the presence of Neu5Gce on the cell surface gly-
cans of several human cancer types, including melanoma, retino-
blastoma, colon cancer and breast cancer (Malykh et al. 2001;
Hedlund et al. 2008). Although tumors accumulate Neu$5Ge-
containing glycans (Hedlund et al. 2008), the exact mechanism
remains unclear but might involve a general increase in sialic acid
metabolism. Antibodies against NeuS5Gc-containing glycans are
thought to induce a low-grade inflammatory state that is considered
to be pro-tumorigenic and provides a potential hypothesis to explain
the well-documented phenomenon that increased red meat intake
correlates with increased cancer risk (Samraj et al. 2015; Alisson-
Silva et al. 2016). An increased abundance of Neu5Gc instead of
NeuS5Ac could also change the binding properties to Siglec receptors,
since some Siglec receptors have an increased affinity to Neu5Gc

(Redelinghuys et al. 2011; Naito-Matsui et al. 2014; Padler-
Karavani et al. 2014; Macauley et al. 2015).

In addition to hypersialylation and the uptake of NeuSGe, other
alterations with respect to sialic acids in cancer have been described.
These changes include CS5-hydroxyl modification of sialic acid,
which leads to the generation of 2-keto-3-deoxy-p-glycerol-p-galac-
to-nononic acid (KDN) (Go et al. 2006). KDN was associated in its
free form with ovarian cancer (Inoue et al. 1998) and more recently
with carcinoma of the head and neck (Wang et al. 2015). In add-
ition, O-acetylation of sialic acid and in particular 9-O-acetylation
has been shown to be altered in some cancer (Corfield et al. 1999;
Shen et al. 2004). While these changes have been described, their
functional consequences and influence on tumorigenesis and cancer
progression require further investigation.

Siglec receptors

Siglecs represent a family of immune-modulatory receptors that
belong to the I-type lectin family (Crocker et al. 2007; von Gunten
and Bochner 2008; Pillai et al. 2012; Macauley et al. 2014; Varki
et al. 2015). Similar to the currently targeted immune checkpoints
such as PD-1 or CTLA-4, Siglecs are mostly inhibitory immune
receptors. The family can further be subdivided into two groups.
The first group of Siglecs comprises a set of receptors conserved
across many mammalian species, although orthologues exhibit a
rather low sequence similarity of approximately 25%. The Siglecs of
the conserved group in humans include Siglec-1 (sialoadhesin),
Siglec-2 (CD22), Siglec-4 (myelin-associated glycoprotein, MAG)
and Siglec-15. The genes encoding for these Siglecs are located on
different chromosomes, which is in contrast to the second group
(Macauley et al. 2014). The genes of the second group of Siglecs are
clustered on chromosome 19 and were all derived from one another
via gene duplication. These are the CD33-related Siglecs, which in
humans include Siglec-3 (CD33), Siglec-3, Siglec-6, Siglec-7, Siglec-8,
Siglec-9, Siglec-10, Siglec-11, Siglec-14 and Siglec-16 (Cao and
Crocker 2011; Macauley et al. 2014; Schwarz et al. 2015a). The
CD33-related Siglecs underwent rapid evolutionary diversification
via gene duplication, conversion and deletion as well as exon shuf-
fling. Other mechanisms described include pseudogenization and
altered expression. Single-nucleotide changes resulting in amino-acid
substitutions within the carbohydrate recognition domain (CRD)
altered ligand binding, which drove differences in ligand specificity
and furthered diversification (Angata et al. 2004; Altheide et al.
2006). Rapid evolution led to significant differences of CD33-
related Siglecs between mammalian species, a fact mirrored by
Siglecs from mice are being denoted by letters instead of numbers
(Angata 2006). Interestingly, some human CD33-related Siglecs
have a paired activating receptor. For example, inhibitory Siglec-5
pairs with activating Siglec-14, similarly as inhibitory Siglec-11 pairs
with activating Siglec-16 (Ali et al. 2014; Schwarz et al. 2017).
These paired receptors are thought to counterbalance exploitation
of the Siglec axis by pathogens that bind to inhibitory Siglecs (Ali
et al. 20145 Schwarz et al. 2017). In general, the polymorphisms
found in CD33-related Siglecs are believed to derive from pathogen—
host interactions (discussed later).

The expression of Siglecs on leukocytes is cell-type and differentiation-
dependent (Jandus et al. 2011). Structurally, Siglecs are single-pass trans-
membrane proteins, which possess an extracellular portion characterized
by a V-set immunoglobulin-like domain, containing the CRD, and
one or more C2-set immunoglobulin-like domains. The majority of
Siglecs possess immunoreceptor tyrosine-based inhibitory motifs
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(ITIMs) in their intracellular domain (Schwarz et al. 2015a). After
ligand binding, these ITIMs can be phosphorylated by Src family
kinases, which leads to the generation of a high affinity docking sites
for Src homology region 2 domain-containing phosphatase-1 (SHP-1)
and SHP-2 (Crocker et al. 2007). SHP-1/-2 can then dephosphory-
late nearby tyrosine-phosphorylated receptors and thereby influence
intracellular signaling (Crocker et al. 2007). For example, Siglec-E
inhibits integrin-mediated signaling in murine neutrophils (McMillan
et al. 2013). Activating CD33-related Siglec receptors lack ITIMs,
instead a positively charged amino acid is located within the trans-
membrane domain that allows binding to DNAX-activating protein
of 12kDa (DAP12) (Macauley et al. 2014; Schwarz et al. 2017).
Once DAP12 is bound to activating Siglecs, the immunoreceptor
tyrosine-based activating motifs (ITAMs) of DAP12 are phosphory-
lated and downstream Syk is activated (Crocker et al. 2007). Syk can
activate or inhibit signaling pathways depending on the cell type
(Linnartz-Gerlach et al. 2014). In plasmacytoid dendritic cells,
Siglec-H has no activating function but can inhibit TLR-9 mediated
immune cell activation (Takagi et al. 2011). In general, downstream
signaling of Siglecs is diverse and cell type specific (Chen et al. 2013;
Siddiqui et al. 2017).

The intricacies of Siglecs and their downstream functions are
also linked to their ligand binding. Siglec ligands are predominantly
sialic acid-containing glycans (Crocker et al. 2007; Varki 2009b;
Carlin et al. 2009b; Macauley et al. 2014; Schleimer et al. 2016). It
is important to differentiate between carbohydrate moieties that
mediate binding to Siglecs and the carriers of these carbohydrates,
which can be proteins or lipids (Varki et al. 2015). Siglec ligands
can be presented on the cell on which the Siglec is expressed (cis
ligands), on other cells or on glycans in the extracellular matrix
(trans ligands) (Macauley et al. 2014). While the CRDs of most
Siglecs have some specificities towards certain ligands, several
Siglecs, including Siglec-9, have quite broad binding spectrums
(Laubli et al. 2014b; Padler-Karavani et al. 2014). In line with that,
other nonsialylated glycans such as hyaluronan were found to bind
to human Siglec-9 (Secundino et al. 2015). In addition, not only sia-
lylated glycans, but also protein—protein interactions have been
described (Carlin et al. 2009a). With regard to their binding to
glycan-ligands several Siglecs, including human Siglec-9, were
shown to bind ligands across species (Laubli et al. 2014b; Yu et al.
2017), which is relevant for the use of mouse models overexpressing
Siglec-9 (Laubli et al. 2014b). Similarly, in a transgenic mouse mod-
el expressing human CD22 under the murine CD22 promoter,
inhibition of B-cell activation could be observed and was compar-
able to that by murine CD22 (Bednar et al. 2017). A recent publica-
tion has helped to understand CD22 ligand binding by elucidating
the structural details (Ereno-Orbea et al. 2017). Several cancer-
associated Siglec ligands have been described. For example, the
cancer-associated glycoform of MUCI that has truncated, sialylated
O-linked carbohydrates was shown to engage Siglec-9 and influence
macrophage polarization (Beatson et al. 2016). LGALS3BP is
another cancer-associated glycoprotein that binds several CD33-
related Siglecs and could thereby modulate anti-tumor immune
responses (Laubli et al. 2014a).

Immune escape through Siglecs in cancer

Mammalian cells have a relatively high density of sialoglycans on
their surface in comparison to most pathogens. This high density of
sialoglycans, which can be considered as self-associated molecular
patterns (SAMPs), can lead to inhibition of immune responses

against self (Varki 2011). Broadly binding CD33-related Siglecs,
such as Siglec-9, expressed on immune cells can in fact be considered
as pattern recognition receptors (PRRs) for sialoglycan-SAMPs
(Padler-Karavani et al. 2014). During immune activation, Siglecs
could counter-regulate overshooting immune reactions upon immune
stimulation by damage associated molecular patterns (DAMPs). One
study has found that murine Siglec-G and human Siglec-10 can inhibit
overshooting immune reactions and limit tissue damage during inflam-
mation by binding to properly sialylated CD24 (Chen et al. 2009).
Other work has shown that the sialylated glycoform of CD52 can
engage Siglec-10 on T cells and mouse models have demonstrated an
influence on the generation of auto-immune diseases including type 1
diabetes mellitus (Bandala-Sanchez et al. 2013). It is important to note
that with respect to these examples, it is not the protein backbone that
mediates binding to Siglecs and subsequent immunological effects, but
rather the particular glycoform of these proteins.

Several clinically relevant pathogens have evolved mechanisms of
molecular mimicry by displaying sialoglycan-SAMP-like structures
on their surface. Additionally, the density and avidity of those
pathogen sialoglycans which is needed to overcome the cis interac-
tions of Siglecs on the surface of immune cells is of importance.
Group B streptococci (GBS) (Carlin et al. 2009a; Carlin, Uchiyama
et al. 2009), several strains of Escherichia coli, that induce meningitis
in newborns (Chang and Nizet 2014), and other pathogens such as
Haemophilus influenza, Neisseria species, protozoan Tryponasoma
brucei (Nagamune et al. 2004) and most enveloped viruses including
HIV (Mikulak et al. 2017) are sialylated, bind to Siglecs and thereby
modulate the immune response.

Similar to pathogens that can mimic self via Siglec engagement,
it is hypothesized that the well-known hypersialylation of the tumor
microenvironment is an attempt to upregulate SAMPs (Figure 1) in
aid of host immune evasion, potentially leading to cancer progression

A

Fig. 1. Hypothesis comparing immune evasion through engagement of inhibitory
Siglecs by tumor cells and pathogens (A) Pathogens such as group B streptococci
(GBS) can mimic sialoglycan-SAMPs on their surface, engage inhibitory Siglecs
and thereby dampen the anti-pathogen immune response, which allows immune
evasion. (B) Similarly, tumor cells are thought to upregulate sialoglycan-SAMPs
during cancer progression and evade immune-control by engagement of inhibi-
tory Siglecs including Siglec-9 on myeloid cells and Siglec-7 and Siglec-9 on NK
cells. (The depicted diagram is a cartoon and is not meant to reflect the actual
structures of proteins and glycans. Drawn by Emmanuel Traunecker.)
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Fig. 2. How upregulation of sialoglycan-SAMPs in the tumor microenviron-
ment could support immune evasion by tumor cells. The upregulation of sialic
acid-containing glycans leads to an increased presence of SAMPs, which
could inhibit immune cells and drive cancer progression. In the magnification,
potential interactions between Siglecs on immune cells and Siglec ligands are
shown. Sialoglycan-SAMPs can potentially be presented on the surface of
tumor cells, on secreted glycoproteins (trans ligands) but also on immune
cells themselves (cis ligands, cartoon drawn by Emmanuel Traunecker).

(Figure 2). In line with this hypothesis, it has been shown that sialic
acid-terminated glycans exhibit lower immunogenicity for antibody
responses in healthy individuals (Schneider et al. 2015). The inhibition
of immune cells by cancer-associated Siglec ligands has primarily been
demonstrated in vitro (Hudak et al. 2014; Jandus et al. 2014; Laubli
et al. 2014b; Beatson et al. 2016; Xiao et al. 2016). Data from in vivo
mouse experiments and human genetic association studies are at pre-
sent limited and current efforts are ongoing to improve our under-
standing of the role of sialic acid-Siglec interactions in cancer
progression (Jandus et al. 2014; Laubli et al. 2014b). Here we high-
light the current supporting evidence for sialic acid-Siglec interactions
pertaining to cancer immune evasion.

Human NK cells constitutively express inhibitory Siglec-7 and a
considerable fraction also expresses inhibitory Siglec-9 (Crocker et al.
2007). In addition, it has been found that in cancer Siglec-9 is upregu-
lated on peripheral NK cells, mainly on CD356%™ CD16* NK cells
(Jandus et al. 2014). The in vitro cytotoxicity of these NK cells against
tumor cells (K562) was increased when Siglec-7 or Siglec-9 were
blocked by Fab fragments (Jandus et al. 2014). In another study by
Bertozzi and colleagues, artificially increasing the density of sialoglycan-
SAMPs on the surface of cancer cells lead to Siglec-7 engagement on
NK cells and the subsequent inhibition of both their antibody-
dependent and -independent cytotoxic capacity (Hudak et al. 2014). An
in vivo model in immunodeficient mice with transferred human NK
cells and human tumor cells demonstrated a sialoglycan-dependent
inhibition of NK cell mediated tumor cell killing (Jandus et al. 2014 ).

A genetic mouse model for Siglec-E deficiency (McMillan et al.
2013) was used to study the role of Siglecs on myeloid cells (Laubli
et al. 2014b). In a metastasis model, neutrophil-associated Siglec-E
was shown to promote extravasation and colony formation of
tumor cells in the lungs. Depletion of neutrophils demonstrated that
the reduced metastasis formation in Siglec-E deficiency was indeed

neutrophil dependent (Ldubli et al. 2014b). Myeloid-specific re-
expression of human Siglec-9, which binds to murine sialoglycans,
reversed the protective effect of Siglec-E deficiency in the metastasis
model. The strong expression of this broadly binding inhibitory
CD33-related Siglec even led to a tendency of enhanced metastasis
formation (Laubli et al. 2014b). However, killing of tumor cells by
neutrophils has been shown to be enhanced in vitro when Siglec-E
was lacking (Laubli et al. 2014b). Similarly, addition of the cancer-
associated N-glycosylated protein LGALS3BP, which strongly binds
to several CD33-related Siglecs, including Siglec-5 and Siglec-9, to
human neutrophils was able to inhibit their activation (Liubli et al.
2014a). Some in vitro data demonstrates an enhanced reactive oxy-
gen species (ROS) production in Siglec-E deficient neutrophils
(Laubli et al. 2014b; Schwarz et al. 2015b). In contrast, other stud-
ies report an inhibition of ROS production in Siglec-E deficient neu-
trophils when binding to integrins (McMillan et al. 2013, 2014). In
addition, several experiments have shown that engagement of
Siglecs on neutrophils can induce apoptosis of the immune cells (von
Gunten et al. 2005, 2006). It seems that the role of inhibitory Siglecs
on neutrophils is context specific and further analysis is required to
determine their exact function during cancer progression.

Tumor-associated macrophages (TAMs) express Siglec-9 in
humans (Beatson et al. 2016) and strongly express Siglec-E in mice
(Laubli et al. 2014b). TAMs in Siglec-E deficient mice had a higher
propensity to differentiate into tumor-promoting M2 macrophages
and enhanced subcutaneous tumor growth in Siglec-E deficient mice
due to this polarization (Laubli et al. 2014b). Recently, Beatson and
colleagues demonstrated that Siglec-9 interaction with the cancer-
associated glycoform of the mucin MUC1 is potentiating a pro-
tumorigenic phenotype in macrophages in vitro (Beatson et al. 2016).

Other immune cells involved in anti-tumor immunity express
Siglec receptors as well. There is experimental evidence that inhibi-
tory Siglecs can influence the presentation of sialylated antigens by
dendritic cells (DCs) (Perdicchio et al. 2016a, 2016b). For example,
published findings of Ding and colleagues showed that Siglec-G inhi-
bits DC cross-presentation by impairing MHC class I-peptide com-
plex formation, which attenuated cytotoxic T lymphocyte (CTL)
responses. Furthermore, tumor growth, as well as intracellular bac-
terial infection, was inhibited in mice lacking Siglec-G (Ding, et al.
2016). Interestingly, another recent study demonstrated that desialy-
lated human DCs loaded with tumor antigens exhibited a higher
anti-tumor immune function which ultimately led to increased
tumor cell death (Silva et al. 2016). Tumor hypersialylation has
been shown to enhance murine tumor growth through an increased
presence of regulatory T cells, although the mechanism is not yet
elucidated (Perdicchio et al. 2016a). In addition, a carcinogen
induced tumor model using 3-meythylcholanthrene (MCA) in Siglec-
E deficient mice has shown a delayed appearance of subcutaneous
sarcomas indicating an improved adaptive immune response in
Siglec-E deficient mice (Laubli et al. 2014b).

Association studies of Siglec associated polymorphisms have pro-
vided insights regarding the receptors’ roles in cancer immunity. For
example, in an analysis of the African-specific Siglec-9 polymorph-
ism K131Q (rs16988910), which mediates reduced binding to
ligands, an improved survival was seen during the first two years of
patients with non-small cell lung cancer (NSCLC) when the allele
was present (Laubli et al. 2014b). Other polymorphisms that have
been associated with disease states such as the Siglec-5/14 deletion
polymorphism have not yet been studied in the context of cancer.

The mounting evidence of Siglec engagement by cancer cells and
the tumor microenvironment to evade and suppress anti-tumor
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immune responses make sialic acid-Siglec interactions attractive
candidates for improving anti-cancer immunity.

Targeting sialoglycans and Siglecs for cancer therapy
Sialic acids and sialic acid-containing glycoconjugates are attractive
targets for anti-cancer immunotherapies as aberrant glycosylation
patterns are predominantly associated with tumor tissue. The xeno-
antigen NeuSGc and its conjugates are particularly promising as
they would in theory allow for even higher target specificity
(Vazquez et al. 2012). Vazquez et al. developed an idiotypic anti-
body against NGcGM3, a Neu5Gce-containing tumor-associated
ganglioside (Vazquez et al. 2012). The safe use of and the immuno-
genicity of Racotumomab (previously known as 1E10 or Vaxira)
were subsequently demonstrated in several cancer patient cohorts,
including those diagnosed with melanoma, breast cancer and
NSCLC (Alfonso et al. 2002; Diaz et al. 2003; Hernandez et al.
2008). Targeted delivery of a sialic acid-synthesis blocking glycomi-
metic (P-3Fax-NeuSAc) was effective in reducing metastasis forma-
tion in a murine model of lung metastasis (Biill et al. 2015).

Nanoparticle-based technologies involving sialic acid-Siglec
interactions have also been developed. Chen et al. demonstrated that
nanoparticles decorated with CD22 (Siglec-2) ligands could effect-
ively deliver chemotherapeutics to lymphoma cells in a mouse model
(Chen et al. 2010, 2012). In addition, lipid antigens have been deliv-
ered to macrophages via Siglec-1 targeted nanoparticles and induced
a robust NKT cell activation (Kawasaki et al. 2013), which could be
potentially also used for anti-tumor immune reactions.

Antibody-based cell depletion therapies for lymphomas and leu-
kemias using anti-CD33 and anti-CD22 antibodies are clinically
relevant strategies involving Siglecs (Jabbour et al. 2015). For
example, clinical trials involving the CD33-specific immunotoxin,
gemtuzumab ozogamicin, for the treatment of AML patients
(Ravandi et al. 2012) have been conducted as well as those focusing
on CD22-immunotoxins such as inotuzumab ozogamicin in acute
lymphocytic leukemia (ALL) patients (Jabbour et al. 2017). Beyond
targeted and antibody-based approaches, sialic acid-Siglec interac-
tions have also come to the fore as targets with respect to efforts to
reverse cancer-associated immune suppression.

Small molecules or glycomimetics that block Siglec-ligand inter-
actions are one potential approach. Bertozzi and co-workers have
paved the way for another approach (Xiao et al. 2016), by coupling
a sialidase to a tumor-targeting antibody such as anti-HER2 trastu-
zumab, which could be used to desialylate the sialoglycans and
Siglec ligands on tumor tissue (Xiao et al. 2016). Indeed, in vitro
studies demonstrated improved killing of HER2 expressing breast
cancer cells by NK cells (Xiao et al. 2016). Thus, this approach of
targeting a sialidase to the tumor could lead to broad reduction of
ligands for various sialic acid-binding lectins including most Siglecs.
The presentation of multiple novel glycan structures, including ter-
minal galactose, could however lead to engagement of other
immuno-modulatory lectins such as galectins and consequences of
in vivo tumor-desialylation require intense investigation prior to
clinical implementation.

Concluding remarks

Siglecs are cell surface receptors, which recognize sialoglycans. They
are mostly expressed on immune cells and the majority of them
mediate inhibitory signals upon recognition of self. Many promising
avenues to exploit sialic acid-Siglec interactions to advance cancer

therapy are currently under investigation. From targeted approaches
to antibody cell depletion therapies to engineering the tumor micro-
environment to allow a more immunopermissive state and other
immunotherapeutic strategies. While challenging to study, it is of
great relevance to continue to investigate the role of sialic acid—
Siglec interactions in the context of cancer-associated immune sup-
pression in order to advance clinical applications.
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