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Abstract

The diversity of glycan presentation in a cell,
tissue and organism is enormous, which
reflects the huge amount of important biologi-
cal information encoded by the glycome which
has not been fully understood. A compelling
body of evidence has been highlighting the
fundamental role of glycans in immunity, such
as in development, and in major inflammatory
processes such as inflammatory bowel disease,
systemic lupus erythematosus and other auto-
immune disorders. Glycans play an instrumen-
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tal role in the immune response, integrating the
canonical circuits that regulate innate and
adaptive immune responses. The relevance of
glycosylation in immunity is demonstrated by
the role of glycans as important danger-associ-
ated molecular patterns and pathogen-associ-
ated molecular patterns associated with the
discrimination between self and non-self;; also
as important regulators of the threshold of T
cell activation, modulating receptors signalling
and the activity of both T and other immune
cells. In addition, glycans are important deter-
minants that regulate the dynamic crosstalk
between the microbiome and immune
response. In this chapter, the essential role of
glycans in the immunopathogenesis of inflam-
matory disorders will be presented and its
potential clinical applications (diagnosis, prog-
nosis and therapeutics) will be highlighted.
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13.1 Role of Glycans in Adaptive

Immune Development

Protein glycosylation has the potential to take
part in the majority of cellular processes and to
regulate cell-fate decisions, activity, function, for
instance. Adaptive immune cells play a central
role in the orchestration of an inflammatory
response, as well as in its resolution. One of the
factors contributing to inflammation is the recog-
nition of non-self or altered biological material. T
and B cells acquire the potential to recognize
such signals during their early stages of develop-
ment and glycans have been shown to play an
essential role in these processes. The next section
discusses the work on the influence of glycans in
developmental checkpoints.

13.1.1 Glycansin Early T Cell
Development

T cell development is one of the major physiolog-
ical processes that occur in complex organisms,
which ensures the formation of a proper reper-
toire of T cell receptors (TCRs), fundamental in
immune responses (Koch and Radtke 2011). T
lymphocytes develop in the thymus from a multi-
step program characterized by the sequential
rearrangement of the Tcrb and Tcra loci in com-
bination with lineage and control steps (Takaba
and Takayanagi 2017). As the several events of
development are dependent on both cell-intrinsic
and -extrinsic factors, the study of glycans con-
stitutes a major developmental feature of knowl-
edge (Marth and Grewal 2008; Pereira et al.
2018a, b).

The initial step of T cell development occurs
in the bone marrow, where lymphoid progenitors
exit to the bloodstream, then to enter into the cor-
ticomedullar tissue of the thymus, in which they

start to expand and develop. The trafficking of
thymus seeding progenitors (TSPs) requires the
expression of P-selectin glycoprotein ligand-1
(PSGL-1) by those progenitor cells and its part-
ner, P-selectin, by the thymic epithelium (Rossi
et al. 2005). The glycosylation profile of PSGL-
1, namely its al,3 fucosylation, was shown to be
required for its binding to P-selectin, and its
absence, by the genetic deletion of the Fut4 and
Fut7 fucosyltransferases, led to the impairment
of TSPs homing into the thymus (Sultana et al.
2012). In the sialyltransferase St8Sia-IV~'"- mouse
model, a deficient thymic seeding was also
observed, caused by inefficient progenitor bone
marrow egression (Drake et al. 2009). Once TSPs
enter the thymus, they develop into early thymo-
cyte progenitors (ETPs), a subset of the
CD4-CD8 double negative 1 (DN1) population,
which can give rise to multiple lymphoid lin-
eages (Takaba and Takayanagi 2017). The major
determinant responsible for the commitment of
DN thymocytes to the T cell lineage is the pres-
ence of Notch signalling (Shah and Zudiga-
Pfliicker 2014). The glycoprofile of Notch
receptors (and ligands) was shown to regulate
Notch-dependent intracellular signal transduc-
tion. These proteins are modified by the lunatic,
manic and radical Fringe glycosyltransferases,
which transfer N-acetylglucosamine (GIcNAc) to
O-linked fucose glycans, in the repeats of the
consensus epidermal growth factor-like (EGF-
like) sequences present in the extracellular
domain of Notch (Rampal et al. 2005). The pres-
ence of these glycans regulates the trafficking of
the Notch receptors (Takeuchi et al. 2017) and its
differential affinity for Notch-ligands (Rampal
et al. 2005). It was shown that the mouse model
of triple fringe deficiency had reduced the bind-
ing of Notch to Delta-like ligands (DLL), namely
DLLA4, altering the frequencies of several T cell
subsets in the thymus (Song et al. 2016). The
decisive commitment to the T cell lineage occurs
at the DN3 stage, where a recombination-
activating genes (RAG)-mediated productive
rearrangement of the Tcrb leads to the expression
of the B chain of the TCR (TCRB) and the forma-
tion of a pre-TCR signalling complex (Takaba
and Takayanagi 2017). Together with Notch and
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IL-7, the pre-TCR signalling initiates B-selection,
by inducing the transition to DN4 cells. These
cells then begin a round of multiple divisions,
giving rise to the most represented thymocyte
population, the CD4*CD8*double-positive (DP)
cells.

The major function of the thymus as an organ
is to generate an environment where randomly
generated TCRs are probed for their reactivity
and selected according to their self-reactive
potential (Miller 2020). These biological pro-
cesses occur in the DP stage, after the Tcra locus
suffers rearrangements by the RAG complex,
leading to the expression of a mature TCR (Shih
et al. 2011). The new mature TCRs are then
screened by thymic epithelial cells (TECs) by the
specificity and binding strength for the presented
MHC ligands. The initial process is named posi-
tive selection, where the DP population is
enriched for cells that express an immunocompe-
tent TCR. Afterwards, cells that display high lev-
els of activation, which indicates self-reactive
potential, are targeted for apoptosis, a process
called negative selection. Finally, cells that go
through both selections develop into CD4*CD8~
or CD4-CD8"*single positive (SP) cells. One of
the major contributions of glycans is represented
by the ones of the CD4 and CD8 co-receptors. It
was shown that chemical desialylation of CDS8
mature cells increases CD8/MHC-I interactions
(Daniels et al. 2001), and in fact, ST3Gall~'~
mice show a significantly altered TCR repertoire,
indicating a role for sialylation in thymocyte
selection (Moody et al. 2001). Furthermore, it
was demonstrated that branching N-glycosylation
expands the range of TCR signalling of positive
selection by differentially controlling both the
lower and upper limits of positively selected
TCR-MHC-antigen interactions. This was
pointed out to be due to decreased surface expres-
sion of CD4 and CDS receptors, in Mgatl and
Mgat2 DP-conditional knockout models (Zhou
et al. 2014).

Surface glycans also modulate galectin (gal-)
binding, which in turn influence cellular func-
tions (Rabinovich and Toscano 2009).
Histological analysis of thymus from mice
revealed differential galectin spatial distribution,

suggesting functions in distinct developmental
stages (Nio-Kobayashi 2018). Perillo et al.
showed that gal-1 was able to induce apoptosis of
human thymocytes in vitro, with high effect in
combination with anti-CD3 stimulation, suggest-
ing a role in negative selection (Perillo et al.
1997). Later on, Galvan et al. demonstrated that
the downregulation of galectin-binding glycans
occurs in positively selected DP thymocytes,
which are resistant to gal-1-induced apoptosis
(Galvan et al. 2000). Gal-3 was shown to regulate
thymocyte-epithelial cell interaction, influencing
developmental transitions. In fact, Lgals3~'~ mice
show decreased absolute numbers of thymocytes,
with lower levels of proliferation (Oliveira-de-
Abreu et al. 2018).

13.1.2 Glycans in Early B Cell
Development

B cell lymphocytes are key players in the adap-
tive immune response, being essential regulators
of immunity through the secretion of antibodies,
soluble proteins with antigen specificity. B cell
development is a highly regulated process that
takes place in the bone marrow and the spleen
(Hardy and Hayakawa 2001). Much like T cells,
B cells undergo somatic gene rearrangement in
the immunoglobulin loci, and are selected to
ensure a self-tolerant repertoire of antibodies. Its
development is crucial to ensure proper immune
function throughout the life of the organism.

B cells are generated from common lympho-
cyte progenitors (CLPs) that remained in the
bone marrow. As in DN1 thymocytes T cell lin-
eage commitment, the CLP commitment to the B
cell lineage is influenced by Notch signalling.
CLPs require absent Notch signalling to develop
into progenitor B cells (pro-B). Unlike the role of
this pathway in T cell development (promoting
effect), Notch has to be absent for B cell develop-
ment to occur (Stanley and Guidos 2009).
Glycosylation profiles of the Notch receptor and
ligands regulate affinity and surface expression.
Interestingly, conditional knockout of Lfng in
thymocytes led to B cell development in the thy-
mus (Koch et al. 2001).
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When pro-B cells successfully rearrange the
Igh locus, mediated by the RAG complex, they
develop into precursor B cells (pre-B). The cells
in this developmental stage express a pre-
BCR complex, with no antigen specificity, which
triggers a signalling cascade, driving prolifera-
tion. The pre-BCR receptor is composed by the
rearranged immunoglobulin heavy chain that
assembles with a surrogate chain, to ensure sur-
face expression (Burrows et al. 2002). It was seen
that the N-glycans of the rearranged immuno-
globulin heavy chain influence this assembly and
are specifically required for pre-BCR function
(Ubelhart et al. 2010). Moreover, core fucosyl-
ation was also demonstrated to play a role in pre-
BCR formation (Li et al. 2012). Stromal gal-1
was shown to be a ligand of the pre-BCR, trigger-
ing its signalling pathway and enabling further B
cell development (Gauthier et al. 2002). In fact, B
cells in this stage are found in the stromal niches
where gal-1 is enriched (Mourcin et al. 2011) and
their development is compromised in the absence
of gal-1(Espeli et al. 2009). The signalling activa-
tion of the pre-BCR cascade leads to the rear-
rangement of the immunoglobulin light chain,
which results in the expression of a mature BCR,
and development into the immature B cell stage.

Immature B cells are then screened for their
autoreactive potential in the bone marrow. Cells
reacting with low or high affinity suffer receptor
editing, with a secondary rearrangement of their
immunoglobulin light chain allele (Schatz and Ji
2011). Afterwards, BCR with affinity for self-
peptides are negatively selected, and cells that
express a tolerant BCR are positively selected, by
which central B-cell tolerance is achieved
(Nemazee 2017). Recently, it was shown that
branched N-glycans are required for B cell selec-
tion (Mortales et al. 2020). By the conditional
knockout of Mgatl in the B cell lineage, it was
observed that branched N-glycan deficiency
decreased the surface expression of the BCR co-
receptor CD19, which inhibited positive selec-
tion. Moreover, the nerve growth factor IB
(Nur77) was shown to be upregulated in imma-
ture B cells in the absence of branched N-glycans,
indicating a role of threshold establishment, sim-
ilarly to T cells (Mortales et al. 2020).

B cells that go through central selection
migrate to the spleen and commit to either the
marginal zone (MZ) or follicular cell fates,
according to the strength of their BCR signal
(Pillai and Cariappa 2009). Interestingly, mice
deficient for CD22, a B cell siglec that binds
o2,6-sialic acids, which inhibits BCR signalling,
show decreased cellularity on the MZ B cell
compartment (Samardzic et al. 2002). B cell
homing was shown to be compromised in a
Cosmc™~ genetic background, demonstrating the
role of elongated O-glycans in this process (Zeng
et al. 2020).

When resting B cells encounter an antigen,
one of the major features of the humoral response
takes place: the antibody diversification and mat-
uration. This process occurs in germinal centres
(GC) where the selection of B cells according to
their antigen affinity. Cell clones which display
high antigenic affinity, proliferate and differenti-
ate into antibody-secreting plasma cells and
memory B cells (Mesin et al. 2016). Galectins
have been implicated in the regulation of BCR
signalling, influencing therefore B cell germinal
centre selection. Interestingly, loss of gal-3
resulted in increased B cell activation and sponta-
neous GC formation (Beccaria et al. 2018). It was
also shown that both gal-1 and gal-8 promote
plasma cell differentiation (Tsai et al. 2011). In
fact, it was demonstrated that binding of gal-8
endorses antigen recognition by B cells, promot-
ing the formation of the immunological synapse
(Obino et al. 2018).

13.2 Role of Glycans
in the Inflammatory Process

13.2.1 Glycans in Innate Inmune
Responses

Innate immune cells are the first line of defence
against pathogens and play a major role in the
inflammatory response. This immune cellular
group comprises mast cells, phagocytes (den-
dritic cells (DCs), macrophages and neutrophils),
NK cells and innate lymphoid cells (ILC). Their
glycosylation profile should be taken into consid-
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eration to understand their functions in an inflam-
matory environment or during an immune
response. Trafficking and recruitment of innate
cells to the sites of tissue injury are controlled
through  glycosylation-mediated recognition
between leukocytes and endothelial cells.
Moreover, the migration of these cells to the
inflammation sites allows the accumulation of
specific cytokines and chemokine cocktails
which are also responsible for altering the glyco-
sylation of surrounding cells. Moreover, this
interplay between innate immune cells and the
inflammatory environment is also mediated by
specific glycan-recognizing receptors. It is clear
that protein glycosylation plays a fundamental
role in each major step of the inflammatory pro-
cess—initiation, propagation and abrogation of
inflammation—and the next section details the
contribution of glycans in each one.

13.2.1.1 Glycans in Immune Cell
Trafficking and Recruitment
Upon infection or tissue damage, endothelial
cells exhibit cell surface changes in order to pro-
mote the migration and extravasation of immune
cells to the site of injury. Roll, arrest and adher-
ence steps are controlled through the interaction
between endothelial selectins (E-Selectin and
P-Selectin) and ligands present in leukocytes
(Zarbock et al. 2011). Selectins are C-type lectins
(calcium-dependent glycan-binding proteins)
characterized by their ability to recognize and
bind specific carbohydrates structures, such as
Sialyl Lewis X (sLeX) (Schnaar 2016). Changes
in cellular glycosylation affect selectin-binding,
such as PSGL-1 (P-Selectin) or ESL-1
(E-Selectin), modulating the process of recruit-
ment and homing of immune cells (Sperandio
2006). In fact, it was described that mice lacking
ST6Gall gene, which codes the sialyltransferase
responsible for the addition of terminal o2,6-
sialic acids, showed an impaired migration of
immune cells toward draining lymph nodes
(Zarbock et al. 2011). The hyaluronic acid recep-
tor CD44 is also an important leukocyte ligand
for endothelial E-Selection. CD44-E-Selectin
interaction is highly dependent on the surface
sialylation and fucosylation of its N-glycans

(Kansas 1996). Thus, the activity of glycosyl-
transferases during this process of recruitment is
vital to mount a correct in situ inflammatory
response.

13.2.1.2 Glycans as Recognition
Moieties (PAMPs
and DAMPs)

After cellular migration to the injury site, the rec-
ognition of pathogens and/or injured host cells is
an important step in the inflammatory process.
Innate immune cells express a variety of cell sur-
face receptors with the specific capacity of recog-
nize ‘danger’ structures, known as
pathogen-associated molecular pattern (PAMP)
or damage-associated molecular pattern (DAMP).
PAMPs and DAMPs are often glycosylated bio-
molecules present in the surface of the pathogens
or damaged cells, or even released to the extra-
cellular space (Ablasser and Chen 2019). One of
the mechanisms by which these molecules are
recognized by innate immune cells is through
carbohydrate-recognizing receptors, such as
C-type lectins (CTLs). Antigen-presenting cells,
such as macrophages and DCs, bear a diverse and
robust collection of several C-type lectins that
enable them to recognize several danger glyco-
signals (Brown et al. 2018). The Dectin-1 CTL
recognizes P-linked glucose polymers, a major
constituent of pathogen cell walls, and is able to
trigger cellular activation with its intracellular
domain, through the NF-kB signalling cascade
(Ferwerda et al. 2009). Dectin-2 recognizes man-
nose residues displayed by pathogens and host
cells and is able to interact with FcyRs through its
extracellular domain, inducing cellular activation
(Hollmig et al. 2009). Interestingly, Dectin-
27~mice have shown a decreased susceptibility
to house dust mite-induced lung inflammation,
highlighting the importance of this first mecha-
nism of defence (Parsons et al. 2014). Another
well-known CTL, mostly studied in the context
of cancer, is dendritic cell-specific ICAM-
grabbing non-integrin (DC-SIGN). This CTL is
mainly expressed in immature DCs, monocytes
and macrophages, and recognizes high-mannose
and fucose residues. DC-SIGN assists also in the
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antigen recognition leading to the maturation of
DCs (Rodrfguez et al. 2018;Brown et al. 2018).

13.2.1.3 Glycans in Innate Immune
Cell Function

During an inflammatory process, APCs and
monocytes migrate to the tissue where they
encounter the inflammatory agent (tumour cell,
pathogen, for instance). After recognition, in
which specific receptors bind to the surface mol-
ecules of the agent, DCs suffer a shift on its phe-
notype, characterized by increased expression of
MHC-II, costimulatory molecules (CD80, CD86)
upregulation, as well as increased cytokine and
chemokine secretion. This protein shift is accom-
panied with changes in surface glycosylation that
distinguish mature (mDCs) and immature (iDCs)
DCs. Maturation of DCs is associated with an
increase of elongated poly-N-acetyllactosamine
chains with terminal «2,3-sialic acid and fucose
(Bax et al. 2007). These glycan expression altera-
tions represent an important mechanism that reg-
ulates DC functions, such as antigen presentation
to T and B cells in the lymph nodes. Higher abun-
dance of terminal sialic acid was shown to enable
the trans binding of sialoadhesins (CD22),
expressed by B cells, supporting a potential
DC-B cell interaction during antigen presentation
(Varki and Gagneux 2012). Moreover, the
increased presence of elongated poly-N-
acetyllactosamine chains favours galectins bind-
ing, which in turn have been shown to regulate
cell adhesion, cell activation, chemoattraction,
cell growth and apoptosis in DCs (Videira et al.
2008).

Macrophages, characterized by the spectrum
between classical M1 and M2 phenotype, also
bear glycan-binding receptors, such as mannose
receptor (MR) and DC-SIGN. Interestingly, the
role of these CTLs in macrophages is still very
broad, strongly relying on the context of inflam-
mation. For instance, in the context of germinal
centre formation, mannosylated IgM B cell
receptor seems to promote the activation of B cell
receptor (Amin et al. 2015). On the other hand, in
a context of Mycobacterium tuberculosis infec-
tion, DC-SIGN-mediated recognition of bacterial
glycans seems to induce an anti-inflammatory

polarization in macrophages (Lugo-Villarino
et al. 2018).

13.2.2 Role of Glycans in Adaptive
Immune Cells Functions

Initially, the adaptive immune response relies on
the ability to differentiate self-antigens derived
from pathogens/damage host cells. This process
is orchestrated by antigen-presenting cells
(APCs), which display antigens attached to major
histocompatibility complexes (MHCs) that are
presented to T cells (den Haan et al. 2014; Lee
et al. 2020). The MHC is a family of structurally
and genetically related glycoproteins that are
able to control immune response through T cell
activation (Neefjes et al. 2011). It encompasses
two major classes of MHCs: the MHC class 1
(MHC-I), which can be expressed by all nucle-
ated cells and reacts to intracellular bacteria, viral
infections and cellular transformation (Hewitt
2003; Comber and Philip 2014); and the MHC
class IT (MHC-II), which responds to exogenous
proteins (Storni and Bachmann 2004). MHC-II
expression is limited to professional APCs, such
as DCs, macrophages and B cells (Roche and
Furuta 2015).

The glycosylation of proteins and receptors
that participate in adaptive immune response,
such as MHC molecules and TCRs, is essential
for correct protein folding (Trombetta and
Helenius 1998) to protect protein backbone from
proteolysis (Wang et al. 2001) and to ensure a
suitable distance between receptors and other
molecules at the cell surface, in order to facilitate
interactions (Grigorian et al. 2009). Indeed, it
was already described that the blockade of
MHCla N-glycosylation leads to a severe
increase in intracellular misfolded protein con-
tent and an impairment in cell surface expression
and peptide presentation (Barbosa et al. 1987).

MHC-II molecules are constituted by two o
and two [ chains, each of which contains a trans-
membrane domain, contrasting with MHC-I mol-
ecules, which display only one [ chain. The
glycan composition of both chains within
MHC-II also differs, with the a chain displaying



13 The Role of Glycosylation in Inflammatory Diseases

271

predominantly N-linked high-mannose and com-
plex N-glycans and the P chain being composed
by complex N-glycans (Unanue et al. 2016).
MHC-I exhibits one single conserved site for
N-glycosylation at Asn86, whereas MHC-II has
three highly conserved N-glycosylation sites, two
on the o chain (Asn78 and Asn118) and one on
the p chain (Asnl9) (Gauthier et al. 1998; Ryan
and Cobb 2012). The N-glycan site on MHC-I is
important for antigen binding to occur due to its
role in recruiting chaperones that are involved in
peptide loading (68). Glycoprotein modifications
of MHC molecules are able to mediate immune
responses. Ostankovitch and colleagues have
described that the presentation of an MHC-I
restricted epitope, derived from the membrane
protein tyrosinase, requires retrotranslocation of
glycosylated molecules from the endoplasmic
reticulum to the cytosol. In particular, they have
shown that proteasomes degrade tyrosinase mol-
ecules that are glycosylated and generate inter-
mediate molecules that are not found in
degradation of non-glycosylated molecules. In
this context, the authors suggest that the glyco-
sylation of these intermediate molecules influ-
ences their processing by the proteasome, stating
a relevant role for glycosylation for the presenta-
tion of an MHC-I-restricted epitope derived from
tyrosinase (Ostankovitch et al. 2009).

Besides presentation of glycan antigens to T
cells, the glycosylation of MHC-II is intricately
associated with T cell response also by modulat-
ing antigen binding. Accordingly, in APCs defi-
cient for Mgat2 glycogene it was demonstrated
that the lack of complex N-glycans was detrimen-
tal for glycan antigen presentation by MHC-II
and led to loss of T-cell activity (Ryan et al.
2011).

As mentioned above, T cell development,
growth and differentiation are regulated by
N-glycans and O-glycans (see Sect.13.1.1). The
role of glycans in these cells has been demon-
strated in several studies on different autoim-
mune disorders and also murine models of
inflammation-associated diseases (Mkhikian
et al. 2011; Dias et al. 2018a; Verhelst et al.
2020). Foremost, over the past 20 years, we have
witnessed how critical are N-glycosylation alter-

ations in regulating adaptive immunity, namely
by mediating the T cell function, not only through
the regulation of its primordial receptor, the TCR,
but also its partner receptors (namely CTLA-4,
CD45, CD25, CD28) (Pereira et al. 2018a, b).
An altered glycosylation of the TCR, namely
reduced expression of complex branched
N-glycans, has been described to lower the thresh-
old for T cell activation, further modulating the
surface expression of important growth inhibitory
receptors such as cytotoxic T lymphocyte anti-
gen-4 (CTLA-4) (Demetriou et al. 2001; Morgan
et al. 2004; Grigorian et al. 2007). In fact, one
decade ago it was demonstrated that TCR
N-glycosylation is regulated by TCR signalling.
More precisely, it upregulates
N-acetylglucosaminyltransferase V (GnT-V) and
Golgi a-mannosidase enzymes at the mRNA level,
in a synchronous manner, to enhance complex
branching N-glycans branching in activated T
cells, to avoid hyperactivation (Chen et al. 2009a).
Similarly, an increase of branched N-glycans
on CD25 has been associated with increased cell
surface retention with impact in the regulation of
T cell differentiation and immune tolerance. It
was demonstrated that by reducing UDP-GIcNAc
(substrate for the initiation of branching in
N-glycans) intracellular availability or the expres-
sion of branching glycosyltransferase, there is a
decrease of CD25 surface retention and
IL-2signalling, which promotes T helper-17
(Th17) over induced regulatory T cell (iTreg) dif-
ferentiation (Araujo et al. 2017). Additionally,
the function of CD28 co-stimulatory receptor has
been shown to be mediated by N-glycosylation
which can negatively regulate the interaction
between CD28/CD80. Different approaches
inhibiting N-glycosylation (in vitro by site muta-
genesis on the five N-glycosylation sites in the
extracellular domain and by enzymatic inhibitors
of biosynthesis of N-linked oligosaccharide
structures) resulted in a defective CD28 glycosyl-
ation and enhancement of the binding to CD80
expressed on APCs (Ma et al. 2004). Later, other
study demonstrates that the high levels of poly-
lactosamine in CD8 are on N-glycans, further
suggesting polylactosamine structures on CD28
as critical players in regulating T cell activation
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(Togayachi et al. 2007). Moreover, in 2011,
another study has also shown that IL-2 and IL-7
have distinct effects in resting and activate T
cells. Early by lowering branching N-glycans and
TCR activation thresholds, these cytokines
enhance T cell growth. Later, they promote self-
tolerance by enhancing branching and CTLA-4
surface retention (Mkhikian et al. 2011).

Additionally, galectins are at the crossroad of
tolerance and inflammation (Modenutti et al.
2019). Different members of the galectin family
exhibit a ‘double-edge sword’ effect, acting
either as negative or positive mediators of T cell
homeostasis. Galectin-1, -2, -3 act as inhibitors
of inflammation and T cell activity. One of the
major regulations of T cell function by galectins
is related to Gal-1’s ability to negatively regulate
Thl and Thl7 effector cells by inducing cell
death. Interestingly, it was also shown that Th2
cells upregulate the expression of terminal a2,6-
sialic acids, which inhibit Gal-1 binding, render a
Gal-1-induced-apoptosis resistance by these cells
(Toscano et al. 2007). Gal-3 also plays a pivotal
role in the regulation of T cell activity, as it can
constrict TCR clustering, by the binding to com-
plex branched N-glycans of these receptors, gen-
erating lattice formation, controlling the threshold
of T cell activation (Demetriou et al. 2001; Chen
et al. 2009b). Moreover, Gal-2 also exhibits a
suppressive effect by inducing apoptosis of lam-
ina propria T lymphocytes attenuating acute and
chronic mouse colitis (Paclik et al. 2008). In con-
trast, Gal-8 and -4 act as promoters of T cell acti-
vation, as it was described that Gal-8 binds to T
cells through unique interactions with CD45 and
promotes T-cell proliferation (Tribulatti et al.
2009), and that Gal-4 mediates CD4*T cell stim-
ulation, through IL-6 production, leading to
exacerbation of T cell-mediated chronic colitis
(Hokama et al. 2004).

The dual impact of Gal-9 on inflammation is
still controversial since most studies have been
conducted only using exogenous Gal-9 and the
endogenous counterpart has been overlooked. In
fact, exogenous Gal-9-based approaches have
suggested it as a immunoregulator of T cell func-
tion and a suppressor of immune disease in vivo
(Zhu et al. 2005; Madireddi et al. 2014; Wu et al.

2014). However, a very recent study has eluci-
dated the role of endogenous Gal-9, being crucial
for Th17 differentiation and T cell proliferation.
Moreover, the same work described that high lev-
els of Gal-9 in CD4* T cells isolated from PBMCs
of multiple sclerosis patients are positively cor-
related with disease severity, highlighting its
potential value as biomarker for autoimmune dis-
eases (Chen et al. 2020).

Overall, galectins have a master role in the
regulation of inflammation but one of the main
questions remains to be elucidated: What are the
precise  mechanisms  involved in  the
anti-inflammatory and immunoregulatory effects
of different members of the galectin family?

13.3 Glycans in Chronic
Inflammatory Diseases

13.3.1 Role of Glycans
in Inflammatory Bowel
Disease

Inflammatory bowel disease (IBD) is a chronic
debilitating disorder from the gastrointestinal
tract comprising Crohn’s disease (CD) and ulcer-
ative colitis (UC). The etiopathogenesis of IBD is
influenced by a complex interaction between
environmental and genetics factors, microbiome
and/or host immune response (Kaplan and Ng
2017). Its incidence has been increasing world-
wide, including in paediatric populations (Ruel
et al. 2014; Kaplan and Ng 2017).

Over the past decade, several studies on IBD
pathogenesis have unveiled the fundamental role
of glycans in the regulation of innate and adap-
tive immune responses associated with IBD
development and progression (as reviewed in
detail in (Dias et al. 2018a, b)).
13.3.1.1 Role of Glycans
in the Regulation of Innate
Immune Response and Gut
Microbiome in IBD
The intestinal epithelial barrier represents the
largest interface between the internal organs and
the environment. Placed at the cell surface of
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enterocytes, heavily glycosylated membrane
mucins constitute the intestinal glycocalyx,
which is the first line of defence against micro-
bial translocation. This dense microbial commu-
nity exerts a significant impact on intestinal
physiology due to their ability to modulate
immune development and to inhibit pathogen
colonization (Hooper and Gordon 2001). Indeed,
it poses an enormous challenge to the immune
system, particularly for innate cells, since it needs
to properly respond to pathogens without mount-
ing an inflammatory response that may be detri-
mental to commensal microbes and may trigger
the development of spontaneous inflammation.

Although innate immune cells are essential
regulators of a healthy intestinal environment,
not much is known about how glycosylation
alterations dictate innate cell functions. Intestinal
macrophages are one of the most represented
populations of leukocytes in the intestine, which
makes them first-aid players to maintain intesti-
nal homeostasis (Bain and Mowat 2014). As it
was discussed above for general inflammatory
processes, alterations in glycosylation pathways
were described to influence this innate cell popu-
lation in the context of IBD. Shinzaki et al. have
demonstrated, using a transgenic mouse model of
GnT-V overexpression, that increased expression
of complex branched N-glycans leads to increased
colitis severity by inducing macrophage dysfunc-
tion and subsequently enhancing colorectal
tumorigenesis (Shinzaki et al. 2016). Moreover,
intestinal epithelial cell-specific deficiency of
core 1-derived O-glycans in mice is associated
with development of spontaneous colitis, induc-
ing exacerbated infiltration by TNF-producing
myeloid cells in colon mucosa (Fu et al. 2011;
Nakayama et al. 2019).

Innate lymphoid cells (ILCs) display a rele-
vant role in the establishment of intestinal
homeostasis, since they are highly responsive to
microbial stimulation (Vivier et al. 2018). In par-
ticular, group 3 ILCs (ILC3) are considerably
abundant in mucosal tissues, being particularly
involved in epithelial barrier integrity through the
production of IL-17, IL-22 and GM-CSF (Neill
and Flynn 2018). ILC3 are also able to modulate
the intestinal glycocalyx via production of I1L.-22,

which induces the upregulation of fucosyltrans-
ferase 2 (FUT2) mRNA on intestinal epithelial
cells that in turn lead a protective effect against
pathogens through the stabilization of commen-
sal gut microbiota (Goto et al. 2014).

Glycans can act as major sources of energy for
the microbiota (Koropatkin et al. 2012). Besides
being able to utilize glycans derived from the
diet, several bacteria can degrade O-linked gly-
cans present in the epithelial mucus layer or
N-linked glycans shed by epithelial cells to use
them as nutrient source (Tailford et al. 2015;
Ravcheev and Thiele 2017). Specific deletion of
core I-derived O-glycans on gut epithelial cells,
using an IEC conditional mouse model lacking
Clgaltl specifically in intestinal epithelial cells,
was shown to induce spontaneous colitis in mice
(Fu et al. 2011). To clearly demonstrate that the
loss of intestinal epithelial core l-derived
O-glycans is at the basis of colitis development in
adult mice, the authors crossed Clgaltl”’ mice
with VillinCre-ER™ transgenic mice, creating an
inducible model of deficiency of intestinal epi-
thelial O-glycans that developed colitis 5 days
after induction with tamoxifen (Shinzaki et al.
2016). Indeed, alterations in the O-glycosylation
profile of mucin-2 are described in UC patients
with active disease, with an increment of smaller
glycans and a decrease of complex glycans, and it
associates with increased intestinal inflammation
(Larsson et al. 2011), stating the crucial role of
glycosylation alterations in intestinal epithelial
barrier function.

13.3.1.2 Role of Glycans

in the Regulation

of Adaptive Immune

Response in IBD
The disruption of gut mucosal barrier leads to a
cascade of events starting with innate immune
response, which initiates and drives a subsequent
adaptive immune response within the colon lam-
ina propria. This second line of defence involves
mainly the activation of Th1, Th2, Th17 cells and
suppression of the activity of Treg cells (Iwasaki
and Medzhitov 2010). Nevertheless, in inflamed
intestinal mucosa (in CD but not in UC or healthy
controls), there is a unique subset of FoxP3* T
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cells that produce IL17 (the so-called Treg/Th17
axis) (Hovhannisyan et al. 2011). The origin of
this distinct cell population is not fully under-
stood, but it is postulated to be shaped by gut
microbiome, despite the precise mechanism(s)
underlying it remains unclear (Omenetti and
Pizarro 2015).

Several studies have been shown that the T
cell differentiation can be influenced by
N-glycosylation alterations, both in mouse and
human cells (Araujo et al. 2017; Dias et al. 2018a,
b). Interestingly, in UC patients with active dis-
ease and also murine models of IBD (DSS-
induced colitis), characterized by highly activated
Thl and Th17 immune response, it was demon-
strated that T lymphocytes of lamina propria are
deficient in complex branched N- glycans (codi-
fied by MGATS) on the TCR (Dias et al. 2014).
However, when this deficient mechanism is
repaired by in vitro glycan supplementation of
patient-derived colonic T cells, both Thl and
Th17 responses are diminished through reduction
of respective pro-inflammatory cytokines pro-
duction (TNF-a, IFN-y and IL17A) and tran-
scription factors at mRNA level (T-bet and
RORYT). Moreover, in vivo studies showed that
disease severity and progression were attenuated
upon the restore of TCR branched N-glycosylation
(Dias et al. 2018a, b). Similar impact was
observed in the absence of core fucose N-glycans
(codified by FUT8) which are highly expressed
in T cells from patients with active IBD.
Regarding the impact of glycans in Treg popula-
tion, there are no significant alterations in IBD
models (Dias et al. 2018a, b). Accordingly, in
mouse and human cells, it was demonstrated that
Treg suppressive function correlates with glycan
expression levels, as Tregs with high expression
of tri/tetra-antennary complex N-glycans present
an enhanced ability to suppress CD4* and CD8*
T cell proliferation (Cabral et al. 2017). However,
these findings still impose more comprehensive
studies about the glycophenotype of Treg subset,
using realistic in vivo disease models and in clini-
cal settings.

More recently, in two independent European
cohorts of UC patients, specific genetic variants
of MGAT5 were shown to have a functional

impact in the modulation of T cell glycosylation
and plasma IgG glycome, being associated with
worse disease course (Pereira et al. 2020). Briefly,
UC patients display MGATS5 single-nucleotide
polymorphisms (SNPs) that are functionally
associated with low transcription levels of
MGATS glycogene in colonic and circulating T
cells and with agalactosylation of IgGs (a pro-
inflammatory glycophenotype of IgG, observed
in other autoimmune disorders (Ercan et al. 2010;
Vuckovi¢ et al. 2015; Momozawa et al. 2018)).
Importantly, despite these evidences suggesting
MGATS5 gene as a common driver that
simultaneously regulates the function and activ-
ity of both humoral and adaptive components
involved in IBD development, it is not clarified
yet whether the alterations on IgG glycoprofile
are or not a T-cell-dependent mechanism.

Overall, glycans are master regulators of
intestinal homeostasis and inflammation as they
play a role on driving a fine-tuned dynamic
between intestinal epithelial barrier function, the
immune system and the gut microbiome.
Nevertheless, further studies focused on the gly-
cobiome are needed to fully understand the regu-
latory mechanisms associated with IBD.

13.3.2 Role of Glycans
in Glomerulonephritis

Glomerulonephritis is a general inflammation of
a specific portion of the kidney—glomeruli.
Glomeruli represent an essential functional unit
of the kidney, composed by podocytes organized
together to build a filtration barrier. This barrier is
highly regulated by the ability of podocytes of
contracting and stretching, therefore controlling
the passage of water or proteins/compounds
(Petrosyan et al. 2019).

Inflammation of glomeruli can occur as an
acute event which can be resolved within days, or
be prolonged through months/years, precluding
in a chronic inflammation with severe damage to
the kidney function. The etiopathogenesis of glo-
merulonephritis is still to be elucidated, however
it can be associated with autoimmune disorders
(such as SLE or IgA nephropathy) as well as with
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an aggravation and extension of a primary acute
inflammation, such as drug- or infection-induced
(Webster and Pusey 2017). In both scenarios, it is
important to account for two different compart-
ments which can be dysregulated: both immune
infiltration, which seems to be over-activated and
instructing a cytotoxic immune response against
podocytes and mesangial cells in the glomeruli,
as well as the non-immune compartment, which
could be triggering an aberrant immune recruit-
ment. Glycosylation plays a crucial role in both
compartment perspectives, giving rise to new
hypotheses in the etiopathogenesis  of
glomerulonephritis.

GnT-V (as mentioned before) is the enzyme
responsible for the addition of P1,6-branched
GlcNAc, allowing the following extension of
poly-N-acetyl-lactosamine  (Gal-p1,4-GIcNAc)
group. This group is a binding motif for Gal-3
lattice, allowing a spatial distance between TCRs,
preventing TCR clustering and activation.
Hereupon, Demetriou et al. showed that at
12-20 months of age, Mgat5 null mice appear to
exhibit signs of glomerulonephritis (Demetriou
et al. 2001). This glomerulonephritis was charac-
terized by immune infiltration in the glomeruli
and mesangial area, as well as severe glomeruli
destruction; phenotypically most severe cases of
glomerulonephritis (32%) showed haematuria,
proteinuria and a characteristic crescentic glo-
merulonephritis with fibrosis in the Bowman
capsule. The hyperactivation observed in
Mgat5~~ could be instructing a stronger immune
response in the kidney, as it does in the colon
(Demetriou et al. 2001; Dias et al. 2018a, b).

Interestingly, Chui et al. have observed that
murine kidney glycoproteins are highly depen-
dent on a-mannosidase II for the correct glycan
repertoire, a special feature which was not
observed in other tissues, since an alternative
form of a-mannosidase II takes its role. This
observation reveals the importance of
a-mannosidase II enzyme kidney-associated
inflammation. Accordingly, these mice develop a
severe autoimmune-associated glomerulonephri-
tis at 12 months of age, displaying high levels of
autoantibodies, with IgG, IgM, IgA and C3 com-
plement deposition on glomeruli, as well as

plasma cells and neutrophil infiltration (Chui
et al. 2001).

In both mice models, it is possible to assume
that non-immune compartment is also playing a
role, since MGATS or MAN2AT are absent in all
organism cells/tissues. Given that, an interesting
library of C-type lectins has been studied in the
scope of immune cell recognition, not only in
infection models, but also in inflammatory dis-
eases, since aberrant glycans are being exposed
at the surface of supposedly healthy cells. It was
interesting to observe that glomerulonephritis
was attenuated in mice after treatment with anti-
DC-SIGN antibody (Cai et al. 2016). Moreover,
mannose-binding lectin (MBL), a soluble c-type
lectin which recognizes agalactosylated glyco-
proteins, was detected in the glomerulonephritis
kidney biopsies of lupus patients, with no changes
inthe serum levels (Lhottaetal. 1999). Altogether,
there is a body of evidence that argues a possible
role in the aberrant glycoprofile of non-immune
compartment for the immune response
triggering.

Despite the lack of knowledge regarding the
role of glycosylation in SLE, recent findings have
been describing a deficiency in complex
N-glycans at the surface of kidney epithelial
compartment (Alves et al. 2020). This altered
glycoprofile appears to be associated with the
promotion of a chronic inflammatory response,
however more studies are needed to validate
these observations.

13.3.3 Role of Glycans in Myopathies

Idiopathic inflammatory myopathies (IIM) are a
group of rare diseases of autoimmune nature,
whose etiopathogenesis is far from being totally
understood. Factors implicated in autoimmune
diseases in general, namely immune innate and
adaptive dysregulations associated with non-
immune mechanisms, have been implicated, but
how they interplay to give rise to the diverse patho-
genic phenotypes remains elusive (Miller et al.
2018). Muscle cells surface is enriched in glyco-
proteins, either alone or in glycoprotein com-
plexes, and several lines of evidence provide
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support for a fundamental role of glycosylation in
muscle homeostasis and function (Broccolini et al.
2009; Townsend 2014; McMorran et al. 2016).
Hereditary inclusion-body myositis (hIBM) bears
amuscle phenotype that resembles in most aspects
sporadic inclusion-body myositis (sIBM) (one of
the IIM subgroups) and is associated with muta-
tions in  the  UDP-N-acetylglucosamine
2-epimerase/N-acetylmannosamine kinase (GNE)
gene. GNE codes for an enzyme expressed in sev-
eral tissues and it is critical for the biosynthesis of
sialic acid. GNE mutations result in glycosylation
changes, namely hyposialylation of muscle glyco-
proteins and prophylactic supplementation of a
sialic acid precursor (N-acetylmannosamine
(ManNAc) was shown to prevent the muscle phe-
notype in mice with gene mutations that cause
hIBM (Malicdan et al. 2009). Changes in muscle
glycosylation in human disease have focused in
muscular dystrophies and congenital glycosyl-
ation disorders, but recent studies have shown that
muscle cell surface glycosylation is finely regu-
lated and subjected to alterations under inflamma-
tory condition (Wiendl et al. 2005), pointing to an
interaction between muscle glycocalyx and the
extracellular milieu, which is particularly enriched
in immune cells and antibodies in IIM patients
(Afzali et al. 2018).

Changes in the signature of healthy muscle
cells could be indeed associated with immune
infiltration and development of a dysregulated
response in a tissue-target manner. Understanding
the role of N-glycans, either at the immune com-
partment as well as in the epithelial component
may contribute to a better knowledge of the etio-
pathogenesis of inflammatory myopathies.

13.4 Glycans as Potential Targets
for Diagnosis, Prognosis
and Therapy in Chronic
Inflammatory Diseases

Chronic Inflammatory Diseases including IBD,
SLE and IIM present a big challenge for the cor-
rect diagnosis and are characterized by a large
variation in response to treatment and issues in
predicting outcomes to conventional therapies

(Podolsky 2002; Dias et al. 2018a, b; Verhelst
et al. 2020). Early diagnosis and prognosis of
these types of diseases are critical to decrease
morbidity, improve quality of life and decrease
disability of patients, since the delayed initiation
of appropriate therapy may contribute to unsuc-
cessful outcomes. Therefore, there is a clinical
need to develop better diagnostics, more effective
and preventive approaches. The identification of
novel biomarkers of disease whose exploitation
may represent a promising novel therapeutic
strategy for inflammatory diseases will allow the
selection of patients according to their proneness
to develop aggressive/complicated disease course
and consequently an adequate redirection of ther-
apy (Pereira et al. 2018a, b).

Due to their role in cell functions, glycans
have recently been appreciated as a crucial factor
regulated in pathologic events leading to devel-
opment of immune-mediated diseases. In fact,
the relationship between glycosylation altera-
tions and its functional impact in the etiopatho-
genesis of many autoimmune diseases is a new
and promising field for the development of novel
therapies directed to improve individualized ther-
apy and to develop better diagnostic and prog-
nostic approaches (Dias et al. 2018a, b; Hanié
et al. 2019; Verhelst et al. 2020). Lower levels of
branched N-glycans in colon biopsies diagnosis
predict patients that do not respond to standard
therapy with 75% specificity, whereas patients
presenting high levels of branched N-glycans dis-
play a favourable therapeutic and disease out-
Interestingly, this  glyco-biomarker
combined with the analysis of C-reactive protein
(CRP), a clinical biomarker used as a predictor of
inflammation, constitutes a powerful tool with
improved prognostic capacity. IBD patients with
low branched N-glycans and high CRP levels at
diagnosis early require an aggressive and non-
conventional therapy (Pereira et al. 2018a, b).

Additionally, recent discoveries on the role of
plasma glycoproteins have pushed forward the
expanding area of GlycoMedicine to the fore-
front for many clinical applications (Theodoratou
et al. 2014; Hani¢ et al. 2019; Reily et al. 2019).
Highly inflammatory glycosylation signature of
plasma immunoglobulin G (IgG) has been asso-

come.
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ciated as clinical features of IBD and SLE
(Arnold et al. 2007; Simurina et al. 2018). In fact,
a pronounced decreased galactosylation of
IgG-Fc is observed in SLE and IBD patients, rep-
resenting in turn a great indicator of chronic
inflammation with significant diagnostic value.
Moreover, a decrease of di-galactosylated IgG
N-glycans in IBD patients compared with healthy
controls was already reported (Shinzaki et al.
2008). The role of glycans as diagnostic and
prognostic IBD biomarkers was further illus-
trated by N-glycan analysis of total plasma pro-
teins where an increase in glycan branching, a
decreased abundance of hybrid and high-mannose
structures, higher total sialylation, and lower
fucosylation were observed in IBD patients com-
pared with healthy individuals (Clerc et al. 2018).
Likewise, some reports have shown that the gly-
cosignature of IgG changes between patients
with UC and CD, revealing differences on level
of fucosylation, galactosylation, and bisection
(Trbojevi¢ Akmaci¢ et al. 2015; Simurina et al.
2018). A higher «2,3-linked sialylation and
higher bisection of plasma glycoproteins were
detected in CD compared with UC (Clerc et al.
2018). Interestingly, increased agalactosylation
(loss of a terminal galactose) of IgGs serum lev-
els displayed by patients with CD is correlated
with levels of CRP and associated as well with
more extensive and progressive disease (Dubé
et al. 1990). Thus, IgG Fc-galactosylation seems
to be a relevant biomarker for the prognosis of
IBD.

Another glycobiomarker for IBD is glycopro-
tein acetylation (GlycA). Higher complex
N-glycans expression in acute-phase glycopro-
teins (such as haptoglobin, a-1-acid glycopro-
tein, transferrin and o-1-antichymotrypsin) has
been associated with worse disease severity in
SLE (Connelly et al. 2017; Dierckx et al. 2019).

The exploration of pathogenic role of glycans
variation in IBD is also extended to the expres-
sion of glycan receptors. Studies demonstrated
that differential expression of glycan receptors,
such as galectins, play a major influence on the
IBD development and the serum galectins can be
used as potential biomarkers of IBD and disease

activity (Yu et al. 2020). As already mentioned
along the chapter, circulating galectins are usu-
ally altered in disease context. L-selectin, a cell
adhesion molecule of lymphocytes that recog-
nizes endothelial ligands, was found to be
increased in serum samples of UC patients com-
pared with healthy controls (Seidelin et al. 1998).
Patients with active IBD showed higher serum
levels of galectin-1 and -3 comparatively with
healthy individuals (Frol’ova et al. 2009).
Galectin-1 discriminated IBD from healthy indi-
viduals with 71% sensitivity and 87% specificity
(Yu et al. 2020); in turn galectin-3 discriminated
IBD from healthy controls with 53% sensitivity
and 87% specificity (Yu et al. 2020). Hence,
galectins might be useful as a powerful biomarker
for the diagnosis of IBD.

It has been reported the contribution of genetic
variants of key glycoenzymes has an important
role in regulating susceptibility and etiopatho-
genesis in chronic inflammatory diseases
(Podolsky 2002; Dias et al. 2018a, b). Recently, a
novel genetic risk locus was identified including
intronic SNPs in the glycogene MGATS that are
functionally correlated with glycosylation altera-
tions on T cells and on plasma IgGs and that pre-
sented strong association with clinical severity/
complication of the UC disease (Dias et al.
2018a, b; Pereira et al. 2020). The rs3814022 and
rs4953911 were found to be significantly corre-
lated with lower levels of Fc domain monogalac-
tosylation of IgG2 and IgG3. The rs4953911 was
also found to be associated with agalactosylation
of IgG1 of which it is associated with induction
of a proinflammatory effector functions.
Individuals with genetic variations on FUT?2 are
known to present increased susceptibility to
develop IBD (Rausch et al. 2011; Lewis et al.
2015).

Additional biomarkers used into diagnostic of
autoimmune and inflammatory disorders are the
serum antibodies against glycans (Zhou et al.
2016). Anti-glycoprotein 2, anti-mannobioside
carbohydrate IgG (Li et al. 2008; Bogdanos et al.
2011) and anti-Saccharomyces cerevisiae are
some of the anti-glycan antibodies (Annese et al.
2004) used to perform the diagnosis of IBD and
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differentiate UC from CD with a prognostic value
(prediction of aggressive disease course). These
observations pinpointed the role of glycosylation
patterns, such as serum glycome, as a potential
diagnostic and prognostic tool among different
inflammatory disorders.

Recent discoveries on the role of glycans as a
powerful translational therapy have pushed for-
ward the expanding area of glycotherapy to the
forefront of in clinical context.

The application of carbohydrate-recognizing
receptor inhibitors as a pharmacological tool to
block target-pathogenic processes is an example
of new  generation of  therapeutics.
Pharmacological blockade of selectins by anti-
selectin monoclonal antibodies has gained spe-
cial interest as a therapy to IBD. Natalizumab (an
od-integrin antagonist) (Gordon et al. 2001,
2002) and vedolizumab (which selectively blocks
trafficking of a4p7-positive lymphocytes to the
gut) (Feagan et al. 2013; Sandborn et al. 2013)
have been clinically applicated to treat IBD.
Moreover, the administration of glycoengineered
therapeutic monoclonal antibodies, as deglyco-
sylated antibodies (treated with endoglycosidase
S), were found to hamper the formation of
immune complexes, reducing pathology of dis-
ease in case of SLE (Lood et al. 2012).

Interestingly, the potential of glycans supple-
mentation has been described as a promising
adjuvant therapy, namely GIcNAc for patients
with UC. The metabolic GIcNAc supplementa-
tion of mucosal T cells isolated from patients
with  active =~ UC  improved  branched
N-glycosylation on the T cell receptor, conse-
quently controlling T cell activation and function
(Dias et al. 2018a, b). Remarkably, a pilot study
of oral supplementation with GlcNAc in paediat-
ric IBD reveals a potential role of GIcNAc as a
powerful therapeutic agent. More than half of
children under GIcNAc treatment exhibited clin-
ical remission with evidence of histological
improvement. Moreover, the properties of
GIcNAc as a therapy were already verified in a
pilot study of paediatric patients with IBD
(Salvatore et al. 2000).

13.5 Concluding Remarks/
Conclusion

The relevance of glycans in the study of inflam-
matory diseases extends from the intrinsic effects
on immune cells as well as the correct recognition
of danger glycosylation patterns. From immune
cells’ correct development through the migration
and extravasation to the inflamed tissues, glyco-
sylation plays an important role. Moreover, spe-
cific glycan switches seem to contribute to the
regulation and/or dysregulation of the immune
cell response.

Various advances on the field of glycosylation
have been contributing to a paradigm shift in the
patients’ stratification, enabling a personalized
medicine through optimized preventive and
improving prognostic accuracy in the clinical
management of patients. Moreover, the identifi-
cation of glycosylation unbalance into inflamma-
tory diseases’ pathophysiology constitutes an
opportunity to improve the target-specific ther-
apy of patients without side effects and with a
low cost.
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