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Abstract

Resum

Un tret caracteristic del procés carcinogénic e#tefacié de
I'expressio i estructura dels carbohidrats i delsiras que els sintetitzen
(glicosidases i glicosiltransferases). Els imineesc compostos analegs
als monosacarids, s’han descrit com a potentsiduorb de glicosidases
pel que han estat proposats com a possible tend@iainhibir la
metastasis. La incorporacid d’'una cadéwalquilada als iminosucres
sembla incrementar la seva eficacia, nosaltres thstat la citotoxicitat
de la D-fagomina i del (R3S4R59-2-(hydroxymethyl)-5-
methylpyrrolidine-3,4-diol i els seus derivdsalquilat, aquest ultims han
mostrat una inhibicioin vitro de la a-L-fucosidases i de lau-D-
glucosidases. Els antigens Lewis son oligosacgrielsents en posicions
terminals dels carbohidrats de glicoproteinesdadjibids, sintetitzats per
l'accidé sequencial de fucosiltransferases (Fuc$igliltransferases (ST).
Canvis en l'expressié d’aquests antigens com laesexpressio dels
antigens sialitzats (std sL€’) faciliten la metastasis de les cél-lules
tumorals, degut principalment a la interaccio eagaest antigens i la E-
selectina present a la superficie de les cél-ri@stelials. Estudis clinics
han demostrat que la inflamaci6 cronica incremestarisc de
carcinogenesis en cancers de l'aparell digestil.gBe hem descrit la
regulaci6 per citoquines inflamatories (IB-1i IL-6) de les
fucosiltransferases implicades en la sintesis algigiens Lewis. Per altra
banda hem estudiat la implicacié de FucT IIl i FO¢En la sintesis dels
antigens Lewis, i com aquest canvi en el patr6 piessio d’aquests

antigens afecta la capacitat d’adhesio de lesitsd-fumorals.



Abstract

Abstract

Alterations in the expression of carbohydrates #red enzymes
involved in their synthesis (glycosidases and glyttoansferases) can be
considered as universal feature of malignant tansdtion. Iminosugars,
monosaccharide analogues compounds, have emergechas class of
glycosidase inhibitors and have been suggestedhexapteutic tools to
inhibit tumour metastasis. The addition of an Nyalthain to iminosugars
seems to increase their efficiency. We have testctftotoxicity of D-
fagomina and (R,3S4R,59-2-(hydroxymethyl)-5-methylpyrrolidine-3,4-
diol and their N-alkyl derivatives. The N-alkyl deative have shown an
inhibition of a-L-fucosidases io-D-glucosidases. Lewis antigens are
fucosylated oligosaccharides carried by glycoprsteand glycolipids,
synthesized by the sequential action of fucosydffierases (FucT) and
sialyltransferases (ST). Their aberrant expresssoch as the over
expression of sialylated antigens (5led sL&) has been viewed as one
of the underlying mechanisms for metastasis iredsffit carcinomas, due
to the interaction of those antigens with the Eest#h present on
endothelial cells that mediate the extravasatiorasfcer cells. Clinical
studies have described that the presence of chmoft@anmation in the
digestive tract increase the risk of carcinogenetigerefore we have
described the regulation by pro-inflammatory cytals (IL-13 and IL-6)
of fucosyltransferases involved in Lewis antigemtBgsis. In the other
hand, we have studied FucT Il and FucT V implieas in the synthesis
of Lewis antigens and how changes on Lewis antigapsession pattern

alter the adhesion capacities of MKN45 cells.
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Abbreviations

Asn, asparagine

CAM, cell adhesion molecules

CGT, ceramide glucosyltransferase

DNJ, Deoxynojirimycin

ECM, Extracellular matrix

EGF, epidermal growth factor

Fuc, fucose

FucT, fucosyltransferases enzyme

FUT, fucosyltransferases gene

Gal, galactose

GalNAc, N-acetylgalactosamine
GDP-Fuc, guanosine-diphosphate fucose
Glc, glucose

GIcNAc, N-acetylglucosamine

GIcNACT, N-acetylglucosaminyltransferase
H. pylori, Helicobacter pylori

HA, Haluronic acid

HUVEC, human umbilical vein endothelial cells
IL, interleukin

IL1R, interleukin-1 receptor

INOS, inducible nitric oxide synthase

JAK, janus kinase

LacNAc, N-acetyllactosamine
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Abbreviations

Le, Lewis antigens

LPS, lipopolysaccharide

MAPK , mitogen-activated protein kinase
MUC, mucin

NF-kB, nuclear factor kB

NeuAc, sialyl acid

POFUT, O-fucosyltransferase

Ser, serine

sLe, sialyl-Lewis antigen

ST, sialyltransferase

STAT, signal transducer and activator of transcription
SOCS3,suppressor of cytokine signalling 3
T antigen, Thomsen-Friedenreich

Thr, theonine

VNTR, variable number of tandem repeats
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Introduction

Glycosylation process

Glycosylation is one of the most frequently ocaugrico- or post-
translational modifications made to proteins anmudf in the secretion
machinery of the cell (nearly 50% of all proteinse ahought to be
glycosylated)Glycans are mostly found on the cell surface arichegllular
matrix (ECM), and in organellae such as Golgi, gl@emic reticulum
(ER), lysosome, cytosol, and nucleus. As compaoetesearch on DNA,
RNA, and proteins, studies on carbohydrates afenteally difficult. Thus
research in this field has not been underlinedafdong period; it also

occurs in glycomics as compared to proteomic amadigec research (1-3).

It is well known that glycosylation affects manyyglcochemical
properties of glycoproteins, such as conformatitexibility, charge, and
hydrophobicity. Thus, oligosaccharide modificaticaffects biological
processes including receptor activation, signahdgaction, endocytosis,
and cell adhesion, and leads to the regulation afiynphysiological and
pathological events, including cell growth, migoati differentiation,

tumour metastasis, and host—pathogen interactins (

It is a highly specific sequential process detegdinby
glycosyltransferases and glycosidases. By manipgléiem, it has become
possible to modify the oligosaccharide structumes examine the effects of
the modification on certain events such as cell eadim, cell-cell
interactions, signalling transduction pathways... Blycosidases are acid
hydrolases that catalyze the hydrolysis of the agidic linkage to release
smaller sugars. They are involved in the biosynshesd catabolism of
glycoconjugates. Glycosyltransferases catalyzestghycosylation reactions
and are extremely stereospecific, recognize sgesuigjars, sugar sequences,
and often peptide moieties of substrates (6). So faver 180

glycosyltransferase genes have been identified, nMi®ans of genome
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sequence data bases and  bioinformatics approachdy. (
Glycosyltransferases are thought to be arrangethiassembly line in the
Golgi, where early acting enzymes are localized the cis-Golgi,
intermediate acting enzymes in the medial-Golgid #ose adding terminal

structures in the trans-Golgi.

Glycosylation produces different types of glycoemgtes that are
typically attached to proteins or lipids (FigureIhe carbohydrate structure
of glycoproteins can b&-glycans, O-glycans, and glycosaminoglycans
(frequently termed proteoglycans).Nkglycans the first sugar is attached to
the amide group of an asparagine (Asn) in a comseasquence Asn-X-
Ser/Thr, where -X- may be any aminoacid exceptipeolin O-glycans the
carbohydrate structure is bound to a hydroxyl grotip serine (Ser) or a
theonine (Thr) residue (8). Although in glycosangjiygoans the
carbohydrate structure is also linked to seringhogonine, they are linear,
and often highly sulphated (such as heparan suwphad chondroitin
sulphate) (9). In glycosphingolipids (often callgt/colipids) the sugar
structure is usually attached via glucose or gatecto the terminal primary
hydroxyl group of the lipid moiety ceramide, whishcomposed of a long
chain base (sphingosine) and a fatty acid (Macaoali., 2002).
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Figure 1. Different type of glycoconjugates, glycoproteiisided in N-
glycans, O-glycans, and proteoglycans as heparin sulphate o¥e f
glycosaminoglycans such as hyaluronan; and glydsip known as
glycosphingolipids. Extracted and modified from tlssentials of Glycobiology
book.

N-Glycans

N-glycosylation is initiated in the lumen of the BR the transfer of
a preassembled oligosaccharide (Glc3Man9GIcNA«Z) fa lipid precursor
(dolicyl pyrophosphate) to Asn residues in naspatypeptide chains (10).
The precursor glycan Glc3Man9GIcNAc2-Asn is segiafigttrimmed by
glucosidases and mannosidases before acting as ntipbte
glycosyltransferases that lead to complex and bwype chains. This
process is performed in ER and Golgi apparatus evaarontinuous quality
control of glycosylation process takes place.

Processing or trimming of Glc3Man9GIcNAc2-Asn begmith the
sequential removal of glucose residuesiglucosidases | and Il (11). Both
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glucosidases act in the lumen of the ER. Afterwétds glycoprotein is
transferred to the ci&olgi. In the cis- and medial-Golgi the activity of
mannosidase Il, lll anil-acetylglucosaminyltransferase | and Il (GICNACT-
l, I) takes place. As a result of this activityetprecursor for all biantennary
complex N-glycans is synthesized (12). In the t@odyi the extensive
array of mature complexXN-glycans are obtained. This part of the
biosynthetic process can be divided into three aomapts: (1) sugar
additions to the core, (2) elongation of branchidgcetylglucosamine
residues by sugar additions, and (3) “capping”decbration” of elongated

branches.

1. The main core modification is the addition ofdae in arul-6
linkage to the N-acetylglucosamine adjacent to i@gpae in the core. This
occurs by the action of FucT VIII (13;14).

2. In the elongation process two types of glycansfarmed; type I,
which are mostly restricted to epithelia of gastrestinal and reproductive
tracts and type II, which constitute the majority N-glycan. They are
produced by the addition offalinked galactose residue to the initiatiNg
acetylglucosamine structure. Tlegalactose linkage can be @&i3 for

type | structure or GAl-4 for type Il carbohydrates.

3. The most important “capping” or “decorating” céans involve
the addition of sialic acid, fucose, galactoBkacetylgalactosamine, and
sulphate to the branches. Capping sugars are rmapsnhonlya-linked and
therefore protrude away from ttgelinked N-acetylglucosamine structure.
Many of these structures are shared by and O-glycans and
glycosphingolipids. In this steps Lewis antigens aynthesized by the

action of fucosyltransferases and sialyltransferase
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Figure 2. Processing and maturation oN-glycans. Dolicyl-
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glucosidases remove the three glucose residues, n@anthosidase removes a
mannose residue. The sugar additions, the brandhiacetylglucosamine and the
capping take place in the Golgi apparatus. Exttacded modified from the
Essentials of Glycobiology book.
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O-Glycans

Glycoproteins withO-glycosylation (mainly mucins) are found in
secretions and on the cell surfaces. In@hglycan pathways, every sugar is
transferred from a specific nucleotide sugar ddmothe action of specific
membrane-bound glycosyltransferas€sglycosylation is initiated in the
cis-Golgi by addition ofN-acetylgalactosamine (GalNAc) from UDP-
GalNAc to the hydroxyl groups in serine and threeniresidues. This
reaction is catalyzed by a large family of up to dffierent polypeptide
GalNActransferases (15;16), and results in the &vion of the GalNAc1-
Serine/Threonine or Tn antigen. Once is synthesizébge further
glycosylation of Tn antigen can be performed alaliiferent pathways.
These reactions depend on the activity of spedifigcosyltransferase
enzymes and the availability of precursor substanthe addition of sialic
acid by ana2-6 sialyltransferase forms the STn antigen (3AGalNAax-
O-Ser/Thr) and this structure does not apparenthdetgo further
glycosylation. The addition of galactose bypa-3 galactosyltransferase
results in the formation of the Thomsen-Friederireantigen (Gd#il-
3GalNAw-O-Ser/Thr) also known as T antigen. This disaddeais also
called Core 1 structure. Mo8kglycan structures found in glycoproteins are
based on the Core 1 structure. Individuals with e syndrome are
deficient in thisp1,3 galactosyltransferase resulting in the expoassf Tn

antigen on their hematopoietic cells (17).

Core 1 structures can be further elongated by ¢tieraof different
glycosyltransferases that add different monosa@ésrsuch as galactose
(Gal), N-acetylglucosamine (GIcNAc), fucose (Fuc) or sialatd (NeuAc).
The action of sialyltransferases on T and Tn an8ggenerate sialylated
antigens known as tumour associated antigens (B7...3. From T antigen
can be generated the core 2 antigens, and from rigea can be

synthesized core 3 to 8 structures. Two main ingeliery O-glycan
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structures are found in mucins: Type | (GlcNtAe3 Gapl-3)n and Type II
chains (GIcNA@1-3 Gapl-4)n. When fucose or sialic acid are added by
fucosyltransferases or sialyltransferases, respgfi the carbohydrate

chain cannot be further elongated.

(
O\_J, CJ\I;(: Core 2
! GalT

extension
Cores 3-8
GCNT1,3 4
GalNACT GalT GIcNACT Core 1
extension
Tn T
ST3Gal
| srecanre |
o & o
E‘ ST6GaINAC 28¢5
A G832
i
=1 N =
T -
STn ST disT =

Figure 3. O-glycosylation is initiated with Tn antigen synttesby
GalNActransferases action. T antigen is afterwarotsined, from these antigens
all the range 00O-glycans is synthesized. Extracted and modifiechf(18).

Glycosyltransferases
Fucosyltransferases

Fucosyltransferases (FucT) catalyze the reactiomhich a fucose
residue is transferred from the donor guanosinbatiphate fucose (GDP-

21
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Fuc) to the acceptor molecules including oligosaddes, glycoproteins,
and glycolipids (19). Fucosylated glycoconjugatesiavolved in a variety
of biological and pathological processes. The &gt of fucosylation
appears to be complex, and depends on the typslsfor organs involved.

Fucosylation is one of the most important type lgtgsylation in
cancer. In 1979 Hakomori presented the first paperhich fucosylation
and cancer were related. In this study, the auttmmrgpared the fucosylation

levels of glycolipids in hepatoma cells and norimgpatocytes (20) .

The FUT gene family encodes a group of proteingTButhashow
a complex tissue- and a cell type—specific expoesgattern. This
expression pattern varies during developmentnaatgnant transformation.
FucTs display different but sometimeserlapping enzymatic properties.
They are the responsible of Lewis antigens syrghegiich are fucosylated
oligosaccharides carried by glycoproteins and dipts in the terminal
position of the carbohydrate chains. Some of theneheershown to be
essential for normal biological function. At presd8 fucosyltransferase
genes have been cloned (FUT1-FUT13) (21;22).

Classification of fucosyltransferases

Based on the site and link of fucose addition, Buare classified
into al-2 fucosyltransferases (FUT1-2)1-3/4 (FUT3-7,9),a1-6 (FUT8)
and O-fucosyltransferases (FUT12-13) named in human PQF@ind
POFUT?2 respectively (Table 1). For FUT10 and 1irthesosyltransferase
activity has not been confirmed (23). Fucosyltraredes, excefd-FucTs,
are type Il transmembrane Golgi-anchored proteipataining an N-
terminal cytoplasmic tail, a transmembrane domaird an extended stem
region followed by a large globular C-terminal ¢gia domain facing the
Golgi lumen (24).0-FucTs are soluble proteins with ER localization
(25;26).
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Fucosyltransferases  Activity Lewis antigensrpducts

FucT | al-2 H-type 2

FucT Il al-2 H-type 1

FucT I al-3,01-4 Lewis b, Lewis a, sialyl-Lewis a
Lewis y, Lewis x, sialyl-Lewis X

FucT IV al-3 Lewis x, (Lewis y, sialyl-Lewis x)

FucT V al-3,01-4 Lewis b, Lewis a, sialyl-Lewis a
Lewis x, sialyl-Lewis X

FucT VI al-3, @l1-4) Lewis x, sialyl-Lewis x

FucT VIl al-3 Sialyl-Lewis x

FucT IX al-3 Lewis x

FucT VI al-6 -

O-FucT | FuaSer, FuoThr -

O-FucT Il Unknown -

Table 1.Fucosyltransferase family classification.

- 01-2 Fucosylation

There are two polymorphic genes (FUT1 and FUT2)thBgenes
form a cluster (within 35 kb) on human chromoson$e(19g13.3) and
proteinproducts (FucT | and FucT II) share an homologg @¥ in amino
acid sequence(27). They transfer GDP-fucose imnlad linkage to terminal
Gal residues inN- or O-glycans. They have shown a specific pattern
distribution in normal tissues. For instance, imnsich, cells in the
superficial epithelium express FUT2, while deemndlaells express FUT1
(28).

23



Introduction

- 01-3/4 Fucosylation

Six different genes (FUT3-7, 9) are described wilstinct
enzymatic properties and tissue expression pat@80). Chromosomal
localization studies have demonstrated thaFth€3, 5, and genes form a
cluster (within 35 kb) on human chromosomg11%013.3) (31). In addition,
their proteirproducts (FucTs Ill, V, and VI) have a high degoésequence
similarity (~90% identity), which suggests that theman FUT3-FUT5-
FUT®6 cluster was generated by duplication evérite.sequences of FUT3,
FUTS5, and FUT6 are highly polymorphiSeveral inactivating mutations
have been describedxplaining the frequent occurrence of negative
phenotypes fathese enzymes and their different tissue distidoutiFucT Il
is found mainly in the gastrointestinal tract aridnkey (32). FucT V is
minimally expressed in normal tissues (29;33). FMTalso known as
plasma-type (34;35) is mainly found in plasma, &lgb in kidney and liver
(36). Although they share high homology, they pessdifferent acceptor

substrate affinities and specificities.

FUT4 encodes the myeloid-type enzyme FucT IV (3y&lthough
it is widely expresseth many different tissues (41). FUT4 gene is foahd
11921 (42), but its implication in biological pesses remains unclear.
FUT7, encoding leukocyte-tydeucT VII, it is expressed at high levels in
hematopoietic cells. FUT7 is located in human clusome 9 (9934.3)
(43;44), FucT Vlicontrols leukocyte trafficking through an essentidé in
L-, E- and P-selectin ligand biosynthesis. In 198&ly found that FUT7
knockout mice had abnormality extravasation of ¢eEyke during
inflammation (45). FUT9, which encodes brain-typeF IX (36) is located
in 6016 (46). FUT9 knockout mice showed the disapgece of the Lewis X

structure in the brain and increased anxiety-li&baviour (47;48).
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- a1-6 Fucosylation

FUTS8 is the only gene with1-6 fucosylation activity, and encodes
FucT VIII. It is located in chromosome 14g23/24 &inid widely expressed
in mammalian tissues (49;50). It catalyzes thesfiemof a fucose residue
from GDP-fucose to position 6 of the innermost GheNresidue ofN-

glycans, being the responable of core fucosylatianammals (50;51).
- O-Fucosylation

Two O-fucosyltransferases have been described. They ldeet@a
transfer fucose directly to Ser/Thr residues ofypeptides and are very
important for signal transduction via Notch recep(62). Nonetheless,
POFUT1 and POFUT2 share several biochemical priegdhat distinguish
them from other known fucosyltransferases (53;%4). instance, both
enzymes catalyze the addition of fucose directlg &erine or threonine in
proteins instead of to another sugar. The EGF éepidl growth factor)
repeats, in Notch receptor, are modified by twaes/pfO-glycosylation:O-
glucosylation andO-fucosylation; both are important for Notch activity

Notch signalling is deregulated in many cancers3.(55
Sialyltransferases

Sialyltransferases (STs) are type Il transmembrgigeoproteins
that predominantly reside in the trans-Golgi cortipant (56). The different
sialyl-linkages are elaborated by different memlmdrghe sialyltransferase
family. These glycosyltransferases share the samnerdsubstrate (CMP-
sialic acid) but may differ in the glycosidic sttue on which they act and
in the type of glycosidic linkage they form. Despthe relatively small
number of existing sialyl-linkages, 20 mammaliaaldtransferases have
been cloned. As described for fucosyltransferasesertain degree of
redundancy exists for sialyltransferases, the sglyeosidic linkage can

often be elaborated by different gene products. (57)

25



Introduction

They can be further classified into three familiea2-6
sialyltransferases mediate the transfer of siaticl avith an alpha 2,6-
linkage to terminal galactose (ST6Gal I, Il) or Nsacetylgalactosamine
(ST6GalNAc I-VI),02-8 sialyltransferases mediate the transfer ofcssaid
with an alpha 2,8-linkage to another sialic acid&Sia I-V), anda2-3
sialyltransferases are the responsible of Lewisigans synthesis
transferring sialic acid to galactose residue with alpha 2,3-linkage
(ST3Gal I-VI) (Table 2). ST3Gal IV and VI transfsialic acid to residues
located mainly on type Il structures (B&M4GIcNAc), and ST3Gal lli
catalyzes the transfer of sialic acid with an alpt&linkage to terminal Gal
residues located on either BRI3GICNAc or Gabl-4GIcNAC structures
(58).

26



Introduction

Sialyltransferases

Acceptors

ST3Gal | Galp1-3GalNAc

ST3Gal ll Galp1-3GalNAc

ST3Gal Il GaPB1-3(4)GalNAc

ST3Gal IV Galp1-3GalNAc, Gap1-4GalNAc

ST3Gal vV Galp1-4Glc-Cer

ST3Gal VI Galp1-4GIcNAc

ST6Gal | Galp1-4GIcNAc

ST6Gal | GaPB1-3(4)GIcNAC

ST6GalNAc | GalNAc, Gap1-3GalNAc, Sia2-3 Gapl-3GalNAc
ST6GalNAc Il GalNAc, Gapl-3GalNAc, Sia2-3 Gapl-3GalNAc
ST6GalNAc 1l Sian2-3 Gap1-3GalNAc

ST6GalNAc IV Sian2-3 Gap1-3GalNAc

ST6GalNAc IV GM1b

ST6GalNAc VI GM1b, GT1b

ST8Sial GM3

ST8Sia ll Sian2-3 Gap1-3GIcNAc

ST8Sia lll Siau2-3 Gap1-4

ST8Sia IV Sia Gapl-4GIcNAc

ST8Sia V GM1b, GDla, GT1b, GD3

Table 2. 02-3 sialyltransferasesn2-6 sialyltransferases andi2-8

sialyltransferases families and their principaleqtors.

Several experimental and clinical studies havetadlthe presence
of sialic acids and cancer. Morgenthaler (59) rigmba correlation between
the high levels of sialylation on the surface ofrimel cancer cell lines and
their invasive properties. In clinical studies éshbeen shown an increase in
sialyltransferase levels in serum of cancer pati€60). The expression of
sialylated antigens in gastrointestinal cancerise#ported to correlate with

tumour progression and distant metastasis to vie (61).
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Lewis antigens

Lewis antigens are fucosylated oligosaccharidesriechr by
glycoproteins and glycolipids in the terminal pimsit of the carbohydrate
chains. These antigens are biochemically relateiutmans ABH blood
groups which are formed by the sequential additibfucose, sialic acid,
galactose andN-acetylgalactosamine to the backbone carbohydraesh
(62). They are not only found on human erythrocytes also expressed in
many other cell types such as epithelia, where nsuare the major carriers
of these antigens. Much of the recent interesh@sé¢ antigens has resulted
from the observation that they undergo specificngea during tissue
embryonic development and, less predictably, durimgalignant

transformation.

The presence of Lewis antigens in the cell surfe® been related
to many processes of intercellular recognition adtesion or cell-matrix
interactions such as implantation, embryogenesésue differentiation,
tumour metastasis, inflammation and bacterial adhe@®3-65). Therefore
structural alterations in this terminal glycan ep#s are always
accompanied by changes in biological propertiescelfs, such as the
interaction between E-selectin and $had sLé& antigens expressed on the
surface of leukocytes this interaction is considear important step for the
successful recruitment of leukocytes into tissueB;§6;67). These
fucosylated glycoconjugates synthesized can be lngddcteria as a source
of nutrients (68) and can serve as receptors feir thdhesins (69). In
pathological process Lewis antigens are importartacterial adhesion in
the first stages of cell infection. Other illustoat of Lewis antigens
repercussion is the implication in the bacteridiesion in the first stages of
cell infection.of Lewis b and sialyl-Lewis x in thmcterial adhesion at the
first stages of cell infection. In gastric mucosgdias been reported that the

adhesion ofH. pylori to the superficial epithelium cells is mediated by
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Lewis b and sialyl-Lewis x expressed in epithetills (70). Another case is
the capacity ofBacteroides thetaiotaomicron to ensure the production of
host fucosylated glycoconjugates that could affde ability to other

components of the normal flora to establish a staliihe or could affect the

vulnerability of the intestine to colonization bgthogens (71).

Lewis antigens synthesis

Lewis antigens are synthesized from two types otkbane
structures, containing galactose (Gal) &hdcetylglucosamine (GIcNAC).
Type | terminal antigens are Lewis b f),e_ewis a (L&), and sialyl-Lewis
a (sLé) and are synthesized from Gat3GIcNAc precursor and, type I
terminal antigens are Lewis y ()eLewis x (L€), and sialyl-Lewis x (sL®
and are synthesized from the @BKUGICNAC precursor. The synthesis of
Lewis antigens takes place by the sequential actan several
fucosyltransferases and sialyltransferases on wilee precursor structures
(Figure 4 and 5).

The first step of Lewis antigens synthesis is lgaél by al-2
fucosyltransferases aneR-3 sialyltransferases. FucT Il and ST3Gal Il
synthesize preferably type | antigens although @ian synthesize type I
structures but with low efficiency. FucT |, ST3GAM and ST3Gal VI
synthesize mainly type Il antigens (72). Th&-3/4 fucosyltransferases
(FucT 1I-VII and IX) catalyze the final step of s antigens synthesis. It
remain unclear whiclul-3/4fucosyltransferase is the responsible of each
Lewis antigen synthesis, since their activities afered in malignant
transformation and vary between tissues. Howewan fenzymatic studies
using synthetic carbohydrate acceptors the speaifitvities of al-3/4
fucosyltransferases have been identified-3 activity (type Il antigens
synthesis) was detected in FucT llI-VII and IX, ¥ehil-4 activity (type |
antigens synthesis) was only detected in FucTndl BucT V. FucT Il has
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a predominanti1-4 activity, whereas FucT V adds fucose with thens
efficiency to type | and type Il structures (73)ufidiy F 2004). Thus, only
FucT Il and Fuc V catalyze the last step of typatigens synthesis. In type
[l Lewis antigens synthesis can be performed byTHUeVII and IX, most
of them are tissue specific and show differentnéfés in Lewis antigens
synthesis. However, from enzymatic studies andiglsbdl data an estimated

scheme can be generated (Figure 4 and 5).

Type | precursor

B3 mmmp?

FucT Il R QSGa! i

FucT 1Il, (V
B3 pmp3 R He V) o3 B3 3 i
o2
FucT Ill B3 b’ R FucT Ill, V
H-type | d

3 B3 3

3 3 R
; 2 R Lewis a ad
ol od

sialyl-Lewis a
Lewis b

() Gal ] GicNAc 4 Fuc 0 Sialic acid

Figure 4. Type | Lewis antigens synthesis

30



Introduction

Type Il precursor

p4 B3

ly R ‘mem v, VI

B4 g3 o FucT I, IV, VI, IX o 7\ B4 .
o2
p4 B3

FucT I, V R FucT V, VL, VI
H-type Il -
4 3 R
: : R Lewis x
o2 o3
sialyl-Lewis x
Lewis y

O Gal [l GicNAc 4 Fuc € Sialic acid

Figure 5. Type Il Lewis antigens synthesis

Glycosylation associated with carcinogenesis

Alterations in the expression and structure of chyldrates can be
considered as an universal feature of malignamistoamation. Altered
glycosylation is present mainly on the surface bé tcell, affecting
important cellular and molecular processes suctcels adhesion, cell
growth and proliferation, cell-cell interactiongyidion, differentiation and

signal transduction mechanisms.

Modifications on carbohydrate metabolism, alterstion enzymes
involved in the synthesis and degradation of caybdodtes
(glycosyltransferases and glycosidases) have besociated with the
carcinogenic process. Several studies have beeaorilsls enzymatic
alterations in malignant tissues compared to notisslies. Cancer cells use

carbohydrate moieties to escape recognition by ingmeells when migrate
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through the body. In this sense fucosylation aralylsition processes
affecting Lewis antigens synthesis have been regdd be altered during
the malignant transformation. Therefore, it canused as serum tumour
markers for cancer diagnosis, such as®streown as CA19-9 or sialyl
SSEA-1 or sL&known as CD15. sl’ds used as a marker in cancers of
digestive organs whereas $lie used as a marker in cancers of lung, breast
and ovary (74). All type Il Lewis antigens (i.d.¢’ and sLé& have a high
prevalence in breast cancer, and can be also eradids a tumour markers
(75).

Based on the enormous potential of sugar structtmesode
biological information and the presence of lectipmteins that specifically
recognizes and binds the glycans structure, itvislemt that protein—
carbohydrate interactions play a crucial role iogmition events. In
particular, carbohydrate detecting lectins are rdlesd to play a role in the
metastatic process, in which they may act as homéogptors for tumour
cells. The aberrant expression of Lewis antigerssbdegen viewed as one of
the underlying mechanisms for metastasis in diffeearcinomas, due to
the role of sialylated antigens (SLand sLé) in the interaction between
leukocytes and cytokine-activated endothelial c#ti©ough the adhesion
molecule E-selectin. It has been suggested thdtaia specially sl’ecan
mediate carcinoma cell — endothelial cell intex@tdiin a similar manner as
leukocyte — endothelial cell interaction (76). Hes&in is not always
expressed on vessel wall, but some cancer celks thavability to induce its
expression on endothelial cells. The blood vesswar cancer nests
frequently express E-selectin (77), probably due tlie presence of
inflammatory cytokines such as Il3lor TNF that have the capacity to

induce the expression of E-selectin on human eedlatitells (Figure 6).

Hematogenous metastasis of cancer is a complicptedess

consisting of multiple steps. The process starth whe intravasation of
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cancer cells into the blood stream in the primargdur lesion. Cancer cells
then travel in the blood stream and finally adh&yeendothelial cells

somewhere in the peripheral vessel walls enter dotmnective tissue and
form a new metastatic lesion. The adhesion procstasts with the

interaction between sialyl Lewis antigens expressethe surface of cancer
cells and selectins expressed on endothelial cElis. second step is the
process of implantation of cancer cells into thenalayer, mediated mainly

by B1-integrins. The efficiency of the initial adhesistep seems to greatly

affect the overall efficiency of cancer cell invasito endothelial cells (78)
(79).

Figure 6. Schematic representation of the extravasation gsoo& cancer
cells at vessel walls. The initial adhesion is raestli by E-selectin and Lewis
antigens binding, afterwards cytokines stimulatacea cells to activate integrins
which mediated the secondary adhesion. Extractddrardified from (78)
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OBJECTIVES

Glycoconjugates containing fucose, such as Lewis
antigens, play important roles in cell adhesion andcell-cell
interactions, being fundamental in the metastatic pcess. Thus,
the aim of the study was to modify glycosidic enzyes to induce
changes on Lewis antigens expression and consequgrdlter

adhesive capacities of cancer cells.

Our first objective was to evaluate the effects odFalkyled
iminosugars derivatives on glycosidases activityd atmeir

cytotoxicity in cancer cell lines.

Our second objective was to study the regulation of

fucosyltransferases and sialyltransferases by rftasnmatory
cytokines and its effect on expression levels ofiiseantigens in

gastric cancer cells.

Our third objective was to analayze the down-regulation of
FUT3 and FUT5 by shRNA strategy on gastric caneds,cand

their effects on Lewis antigens expression pattend in the

adhesion capacities of tumour cells.

37






CHAPTER 1

Inhibition of glycosidases by novel iminosugars dévatives






INTRODUCTION






Introduction (Chapter 1)

Glycosidases

Glycosidases are a class of hydrolytic enzymes datilyze the
hydrolysis of the glycosidic linkage from oligoshetides to release
smaller sugars. They are extremely common enzynitbsmany different
roles in nature, they are mainly involved in thegrmdgation of
oligosaccharides (e.g. sucrose, lactose, starch)wek as in the
biosynthesis and catabolism of glycoconjugates #&gcopgroteins,
glycolipids, glycosaminoglycans. These enzymes @areial in many
biological processes such as eukaryotic glycopnot@rocessing,
polysaccharide and glycoconjugate anabolism andaboism.
Deficiencies in the catabolic activity of glycoss#s can alteN-glycans
structure affecting the maturation and transportgbfcoproteins and
glycolipids. Therefore lysosomal glycosphingolipsés disorders
characterized by a specific enzymatic deficieney l® lysosomal storage
of glycosphingolipids. Because of their importanogny efforts have
been devoted to control glycosidase activity by mseaf selective
inhibitors (80).

Carbohydrates containing fucose are often invoived number
of important physiological processes. Several pgh events,
including inflammation, cystic fibrosis, and canckave been associated
with an abnormal distribution af-fucosidases. The humanfucosidase
has been shown to be a diagnostic serum markéndozarly detection of

colorectal and hepatocellular cancers (81;82).
Hydrolysis mechanism of glycosidic enzymes

Glycosidases can be classified according to theestBemical
outcome of the hydrolysis reaction in retainingrorerting glycosidases,
depending on the final configuration of the anomegntre in reference to

stereochemistry of the original glycosidic linkad&e hydrolysis reaction
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in the retaining glycosidases operates through abldedisplacement
mechanism (e.ga-amylase) and consist of two steps, each one passes
through an oxocarbenium ion-like transition statgg@re 7). The
hydrolysis reaction in the inverting glycosidasempty a single
displacement mechanism (e.§-amylase) and consist of one step
involving also oxocarbenium ion-like transition tet® (Figure 8). The
reaction occurs with acid/base and a nucleophilgistance, in the case of
retaining glycosidases, provided by two amino agjaically glutamate or
aspartate (83). The difference in the hydrolysecihanism results from

the distance between the residue acting as a mpitlepin the retaining

mechanism, and the bound substrate.

acid/base B ¢

19 e 070
é ol

%:&,OR P b
{ : H0

0 o]
(]) H- glycosyl enzyme
H + e intermediate

transition state

Figure 7. Hydrolysis mechanism with net retention of anomeri
configuration of B-glycosidases. Adapted from Withers S and Willia®s
“Glycoside hydrolases” in CAZypedia.
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Figure 8. Hydrolysis mechanism with net inversion of anomeri
configuration of B-glycosidases. Adapted from Withers S and S Wilias
“Glycoside hydrolases” in CAZypedia.

Glycosylation and deglycosylation processes, peréar by
glycosyltransferases and glycosidases, occurs dhrodissociative
transition states with significant oxocarbenium i@maracter. The
iminosugars, natural monosaccharide analogues, bies postulated as a
potent glycosidases inhibitor due to mimic the geadistributions of

oxocarbenium ion transition state structures.
The implication of glycosidases in tumourigenesis

Analysis of putative alterations in carcinogenesisglycosidases
has been carried out by several studies. Thesésthdve shown that a
large number of glycosidases are increased in segpumary cancerous
and metastatic tissues of cancer patients. It bas described an increase
of N-acetylf3-glucosaminidase in serum of gastric cancer pati¢d4)

and an increase d3-D-Galactosidase and-L-Fucosidase in serum of
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patients with colon adenocarcinomas (85). Theselteesuggest that
increased glycosidase activities may be involvedelh transformation to
primary cancerous, (possibly through degradation fohdamental
membrane-associated components) and metastati@agatopn. In this
context, glycosidase activities have been fountgoncreased in cancer

tissues from lung, brain, ovarian, colon, prostatd stomach cancer.
Iminosugars molecules

Iminosugars are monosaccharide analogues in whioh t
endocyclic oxigen has been replaced by a nitro§ewneral iminosugars
isolated from natural sources are selective inhiibit of specific
glycosidases and therefore they have a signifitaerapeutic interest in
the treatment of several diseases (86). In thediesde, several synthetic
derivatives of iminosugars have emerged as a nragar class of very
potent glycosidase inhibitors. It is generally guted that these inhibitors
interact with the catalytic mechanism of glycosga®y mimicking the
carbocationic form of glycosidase transition stdtke first molecule of
this family, named isofagomine, was reported bysB8I7) and proved to
be a very potenB-glucosidase inhibitor. Meanwhile, several othegasu
analogues with nitrogen at the anomeric positiovelzeen prepared and
used to treat several diseases (88). As an exardpléyatives from
deoxynojirimycin compounds have been clinicallytedgo treat the type |
of Gaucher disease (89;90), as well as effectsha inhibition of a-
glucosidase activity of several iminosugars aredpeised as therapeutic

agents in type 2 diabetes (91).

In tumour cells, iminosugars, that act as competiimhibitors of
specific glycosidases, have been suggested agptuwi@tools to inhibit
tumour metastasis (reviewed in (92)). As an exangeen-diamine 1-N-

iminosugars have been reported to suppress invagi®il6 melanoma
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and 3LL lung carcinoma cells (93), and swainsotas been reported to
shut down the carbohydrate processing pathway poidhe initiation of
B1-6GIcNAc linked branch by inhibiting the Golgi Rammosidase II.
Swainsonine treatments lead to inhibition of tumaall metastasis,
decrease of solid tumour growth in mice, and endiarent of cellular
immune response. Nonetheless, the inhibition oélated catabolic R-

mannosidase in lysosomes makes its clinical usedesirable (94).

D-fagomine, ((R,3R,4R)-2-hydroxymethylpiperidine-3,4-diol), a
polyhydroxylated piperidine analogue is a natyralicurring iminosugar
that has been reported to have inhibitory actiaijpinsto-, f-glucosidase
and a-, B-galactosidase from mammals (95). The conformatibrihis
iminosugar mimics the stereochemical conformatibo-glucose ana-
mannose monosaccharides at C3, C4 and C5 (Figufd@ijtionally, the
(2R,35,4R,59)-2-(hydroxymethyl)-5-methylpyrrolidine-3,4-diol €9 is an
iminosugar that competes with the natural subs{eafacose glycoside or
fucose-GDP) by mimic its charge distribution anddtoxyl group
topography at the transition state of the biocéiaheaction. It has been
described as a specific inhibitor efL-fucosidase from bovine kidney
(97) (Figure 10).

D-mannose D-fagomine

Figure 9. Structure of the iminosugardb-fagomine and the
monosacharides-glucose ang-mannose
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A B
H.C OH /HsC
3 %H 3 N
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oy OH

Figure 10. (A) Structure of fucose monosaccharide and (B) the
iminosugan2R,3S,4R,5S)-2-(hydroxyl-methyl)-5-methylpyrrolid+3,4-diol.

N-alkylation chain addition on iminosugars

N-alkylation of iminosugars has been postulated eegairement
in the inhibition of several glycosidases, as itswaported by Platt.
Studies, where DNJ (deoxynojirimycin) compound reeall-alkyl chain
of at least three carbon atoms to inhibit CGT (cede
glucosyltransferase) (98). In in vitro assayshwigolated CGT an
increase in inhibition up to 10-folds were desadibehen the N-alkyl
chain was increased from C4 to C8 (99). The hydsbphproperties of
N-alkyl chain help the cell to uptake iminosugarsin vivo experiments,
the uptake of the iminosugars is augmented praputly to the increase
of chain length (99). Even though compounds wittyveng chain (C16
and C18) are kept in the membrane and do not ris@cbytoplasm (100).
The presence ofN-alkyl iminosugars with long chains at high
concentrations can generate plasma membrane d@rupiue to a
detergent-like effect (101).

This N-alkylated iminosugars have been used in treatmehts
lysosomal glycosylation disorders that have beawvipusly presented as
examples of iminosugar applications (102;108pbutyl-DNJ inhibits the
ceramide-specific glucosyltransferase andand p-glucosidases (104).
This capacity to inhibit ceramide-specific glucasysferase has been
used in order to reduce the synthesis of glycolgibtstrate in Gaucher

disease patients and provides a demonstrable alliimiprovement (105).
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Also, the inhibition of theN-acetyl -hexosaminidase, important in
osteoarthritis, has been reported to be enhanceshnpounds with longer
N-alkyl chain (106).
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Mechanisms of inflammation in Gastric carcinogenesi

Inflammation is an important environmental factoatt promotes
tumourigenesis and the progression of establishederous lesions. The
functional relationship between inflammation anda= is not new. In
1863, Virchow hypothesized that the origin of cane&s at sites of
chronic inflammation. Chronic inflammation may iaese the risk of
neoplastic transformation through several mechasiisimcreased
oxidative stress causing DNA damage and alterationscell cycle
regulation, changes in expression of oncogenestamdur suppressor
genes, inhibition of apoptosis with maintained eohtion and

interruption of cell adhesion mechanisms.

Tumours arise in the context of stroma, which ideki
lymphocytes, myeloid cells, fibroblasts and conivectissue. This cells
have a remarkable ability to produce a variety aftdrs and small
chemicals that can influence tumourigenesis, bynpting the growth and
survival of tumours, angiogenesis, tissue invasiod metastases (107).
Clinical studies have shown a particularly assamiabetween chronic
inflammation and cancer in the digestive tract whehe risk for
carcinogenesis increases in presence of chrori@mnfiatory conditions
such as esophagitis, gastritis, colitis, pancieatind hepatitis (108). It
has been demonstrated that pluripotent cell renaiit to gastric mucosa
from the bone marrow plays a key role in repairddgb in carcinogenesis
(109). The mechanisms underlying mucosal gastritcea generating

from bone marrow derived cell are not yet underbtoo
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Inflammation induced by H. pylori infection

H.pylori is a Gram-negative, spiral shaped, microaeropbdilli
that colonizes the gastric epithelium and represémé most common
bacterial infection worldwide (110). It is well aguted thatH. pylori
infection is a major factor in the pathogenesisgas$tric cancer. Since
1994, when the International Agency for Researcancer classified.
pylori as a Group 1 human carcinogen, a large numberudfest have
been published confirming this association. It esushronic gastric
mucosal inflammation, characterized by the preseateinfiltrating
macrophages, B and T lymphocytes, polymorphonudells and plasma
cells (111). Gastritis is the basic process thadiatesH. pylori-induced
damage, and its extension and distribution detemithe clinical
outcome. In patients with chronic gastritis, atiepthanges of the gastric
glands gradually spread over time as a resultfdmmation (112). This
change is important for gastric cancer developmiertas been reported
that a protein isolated from the bacterial bodyHofpylori stimulates
macrophages in the epithelium and promotes the esecr of

inflammatory cytokines such as TNFer IL-1p (113).

Lipopolysaccharide (LPS), a component of the ootembrane of
Gram-negative bacteria, is the main cause of inflatron in this type of
infections. H. pylori has been recently reported to increase growth of
gastric tumours via LPS-TLR4 signalling (114), thatable to activate
MAPK and NFxB pathways (115). Approximately 20% bff pylori in
the stomach is found adhered to the surfaces oftisneithelial cells. The
adhesion of the bacteria to the epithelial layersisured by a large family
of 32 related outer membrane proteins, includingeaths. These proteins
bind to specific macromolecule receptors on thethepium. This
adherence may be advantageoudHtgpylori by helping to stabilize it

against mucosal shedding into the gastric lumenessdring good access
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to nourishing exudate from gastric epithelium thas been damaged by
the infection (116). One of the best characteriaédesins is BabA (70).
That protein binds to gastric epithelial cells thgh L& antigen forming a
scaffold apparatus. Strains possessing the BabA& aehere more tightly
to epithelial cells, promoting an aggressive phgmet These strains are
associated with higher incidence of gastric ademioama (117).
Another important outer membrane protein is Sabhictv interacts with

sLe antigen. This interaction although it is weakemarththe one

performed by BabA, plays an important role in thepylori adherence
(Figure 11) (118).

Figure 11. Adhesion ofH. pylori to gastric epithelium. This figure
illustrates the proficiency ofH. pylori for adaptive multistep mediated
attachment. (AH. pylori adherence through BabA to "Lantigen expressed in
glycoproteins in the gastric surface of epithelidinpylori uses BabA for strong
and specific recognition of the Y.antigen. (B) During persistent infection and
chronic inflammation,H. pylori induces changes in glycosylation patterns of
epithelial cells to up-regulate sLantigens. Then, SabA binds to 5lantigens

leading to close attachmentldfpylori. Extracted and modified from (118)

In gastric mucosa, the expression of sialylatedcatpnjugates
(sLe and sL& is increased in gastritis. Studies on Rhesus eymk
confirmed that gastric epithelial sialylations drgluced inH. pylori

infections under inflammatory conditions (118).dacordance with this,
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high levels of sialylated glycoconjugates have bfsemd inH. pylori—
infected persons, which decreased after eradicatibnnfection and

resolution of gastritis (119).

Pro-inflammatory cytokines associated with gastric

cancer development

Pro-inflammatory cytokines are able to regulate egerand
glycoproteins involved in the gastric neoplastiansformation, as it
occurs with intestinal mucins. MUC2 and MUC4 aret detected in
normal gastric epithelia but are present in gas#itenocarcinomas.
Recently it has been reported that MUC2 can belagzp by TNFe and
IL-1 through the NFB signalling pathway (120) and MUC4 is activated
by IL-6 through the gpl30/STAT3 pathway (121). Theolecular
pathways associated with TNF1L-13 and IL-6 is detailed next.

IL-1 g and TNF-a signalling pathway

TNF-0 is a strong tumour promoter (122), mainly produbsd
activated macrophages and lymphocytes during imflation. TNFe is
also produced by tumours and can act as an endegémmour promoter
(123). Increased levels of TNFin H. pylori patients have been detected
(124;125). TNFe stimulus has been linked to all steps involved in
tumourigenesis, including cellular transformatiggrpomotion, survival,
proliferation, invasion, angiogenesis, and metast#ts regulatory effects

are mainly mediated through the MB-pathway.

IL-1B is a potent pro-inflammatory cytokine inhibitor géstric
acid secretion that contributes to the initiatiord amplification of the

inflammatory response téd. pylori infection (126). To analyse the
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etiological role of IL-B in gastric carcinogenesis a transgenic mouse
model over-expressing ILBlin the stomach has been recently established
(227). IL-1B transgenic mice developed spontaneous inflammation
metaplasia, dysplasia and carcinoma of the stondamonstrating that
increased levels of ILfl can be enough to induce gastric neoplasia.
Furthermore, IL- f may also play an important role in metastasighis
sense IL-B has been reported to be able to enhance invasiveoie

gastric cancer cells through NdB- activation (128).

In unstimulated cells, NF-kB is sequestered inayi®plasm and
complexed with IKB proteins. When cells are stinbedh TNFe, or IL-1p
bind to their receptors (TNFR1 or IL1R) and formARRIP complexes.
This interaction triggers IKK activation, leading tphosphorylation,
ubiquitination and degradation ofB proteins, allowing NF-kB dimmer
(p65/p50) to translocate to the nucleus and bindkBosites in the
promoters of target genes related with tumour megion, metastasis,
angiogenesis and antiapoptosis (Figure MR)st of these genes overlap
with the target genes of STAT1 and STAT3, activabgdIL-6 stimuli.
Since the promoter region of many of these genatacts GAS (STAT-
binding elements) in addition to kB sites (NF-kBidling element). These
target genes are often additively or synergistjcalttivated. Several
studies revealed that NF-kB is constitutively sat&d in numerous types
of carcinoma, including pancreatic, breast, col@metepatocellular and
gastric carcinomas. In stomach, NB-activation is an important event
for the progression from chronic inflammation taaiaogenesis. In this
sense, the degree of gastritis has been descibled modulated by NF-

kB activation induced by H. pylori infection (129(1)3
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Figure 12.1L-1p and TNFe signalling pathway. When NF-kB(p50/p65)
and IKB protein are complexed, NF-kB is retained tie cytoplasm. The
signalling pathway activation through TRAF6/RIP dKd proteins release IKB
from NF-kB allowing p50/p65 to translocate to thecleus.

IL-6 signalling pathway

IL-6 is a pleiotropic cytokine that is importantrfommune
responses, cell survival, apoptosis and proliferati In gastric
carcinogenesis, IL-6 has been associated with fhease status and
outcomes of gastric tumours (131;132). IL-6 inémtsignalling by
binding to its receptor (IL-6&), then gpl30 is recruited activating
autophosphorylation of Janus kinases. JAKs alscpiharylate several
specific tyrosine residues on the intracellular domof gpl130. These

phosphorylation sites of gp130 act as docking $aeSHP-2 and STATs
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transcription factors, activating two different rsadling pathways: SHP-
2/rasIMAPK/ ERK1/AP-1 signalling cascades and JAKAS pathway.
These two pathways under normal conditions areomdostatic balance
(Figure 13). JAK/STAT pathway is initiated by phbspylations of
STATSs transcription factors (STAT1 and STATS3) leaglito homo- or
heterodimers formation. These dimmers translocatéhé nucleus and
activate target genes (133). This signalling isntyainediated by STAT3.
A significant increase in STAT3 activation has béetected irH. pylori
infected patients and in gastric adenocarcinoma)(18nd it has been
proposed as a prognostic factor for poor survi¥aastric cancer patients
(135). STAT3 regulates the expression of geneshiadoin suppressing
apoptosis (Bcl-2), promoting angiogenesis (Vegf, p@nand inducing
proliferation (c-myc). MAPK cascades starts by tleeruitment and
phosphorylation of SHP-2 which links the Grb2/SQfnplex to gp130.
This binding allows the activation of Ras, whiclarsd Ras/Raf/MAPK
cascade ending in gene regulation by transcripia@tors activation as
AP-1. The negative regulator of STAT3 activatiompgressor of cytokine
signalling 3 (SOCS3), can bind to phospho-tyrosesdues of gp130 and
block the union of other transcription factors. S&3Qyene is induced via
JAK/STAT, acting as a classical feedback pathwébitor. It modulates
the balance between the two pathways (136).
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Figure 13. Representation the two major pathways activated Ly
signalling, the MAPK signalling cascades and JAK/STAT pathway.
Adapted from (137).

To study the consequences of disrupting the balbeteeen the
STAT1/3 and SHP2/MAPK pathways Ernat al. generated a mouse
model of gastric cancer. The mice (gp130 (757Fnkee) carry a point
mutation (Y757F) that disrupts SOCS3 and SHP2-bmdn the IL-6
family receptor gp130 (138). As a result, theseensisow hyperactivation
of STATS, resulting in chronic gastric inflammati@md distal stomach
tumours that resembles human intestinal-type adggomoma (139).
These studies suggest an important role of the STgyktem in gastric
carcinogenesis. Using this genetic background séveutant mice for
other members of the IL-6 cytokine family have bedtained with the
purpose to elucidate the contribution of IL-6 memsb® gastric cancer

development and progression (140;141).
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CHAPTER 3

Role of FUT3 and FUT5 in Lewis antigens expression
and in the adhesive capacities of gastric cancerltse
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Implication of fucosylation in cell adhesion

Aberrant glycosylation of glycoproteins expresseduimour cells
has been underlined as an essential mechanism linadbkesion.
Glycoconjugates containing fucose have been showplay important
roles in cell adhesion and cell-cell interactiofis.previously mentioned,
carcinoma cells frequently present an enhancedessgin of sialyl-Lewis
antigens (sL®and sL& which could be essential factors in the adhesion
to the endothelium and in the formation of metasté&). There are clear
evidences that fucosyltransferase activity is aftein tumour tissues as
reported in (142). In pancreatic tumour cell lifes/e been reported a
decrease oful-2 fucosyltransferase activity and an increaseobf
fucosyltransferase activity (142). Previous studiesve show that
alterations in fucosyltransferases expression motwr cell lines modify
the Lewis antigen expression pattern and the adhesapacities of

tumour cells (143).

It is important to understand the biosynthesis ialykLewis
antigens and any mechanism that regulates thethasis in order to
modify the metastatic phenotype of tumour cellse Timpairment of
sialyl-Lewis antigen expression could become a getdtegy in the

development of anti-adhesion treatments to prevenastasis.

However, the direct correlation between the expoessof
fucosyltransferases and the expression of sialliibeantigens in
gastrointestinal tissues has not been elucidated Mereover, the
biosynthesis of sialyl-Lewis antigens can be stipmfstinct in different

tissues and can be deeply altered by neoplastisfoiamation (144).

Suppression of specific fucosyltransferases by tRBIAI

technique will not only help to elucidate the fuont of fucosylated
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antigens in carcinogenesis, but it would also mte\a new approach for
the treatment of cancers through inhibiting Lewndigen synthesis. In
this context Weston reported in 1999 that the ntati@sphenotype of a
well-characterized adenocarcinoma cell line canaliered by stable
expression of antisense sequences of the harhédi4 fucosyltransferase
gene, and he suggested FUT3 as a principal fucasgferase involved in
sLeé® and sLé& synthesis in colon cancer cells (145). Furthedisti
confirmed Weston’s reports: In pancreatic cancéls,ceansfections with
a FUT3 antisense sequence induced decrease ifi ek@gression
associated with the loss of the metastatic pherot{iz6). In colon
carcinomas, inhibition on proliferation has beeporéed by using FUT3
and FUT6 antisense sequences (14i@)vivo models down-regulating
FUT1/4 expression described a decrease fmnabéigen expression and an
inhibition of cancer growth (148). In gastric cancells the knowledge
about fucosyltransferases and their implication liewis antigens
synthesis is very limited, although there are sostadies with
overexpression of fucosyltransferases, no repatencing or down-

regulating fucosyltransferases have been published.

Glycoproteins implicated in adhesion

One of the most important features of tumour acelasion is the
ability to establish or modulate adhesion to otloedls or to an
extracellular matrix, a process mediated by a largeber of adhesion
proteins. Cell adhesion molecules (CAMs) are caffage glycoproteins
that have a large extracellular domain, a transman@domain, and a
cytoplasmic functional domain. These molecules @aened adhesion
molecules because of their relatively strong bigdia specific ligands.
Although cell adhesion proteins are involved inl-esll or cell-matrix

interactions, they have also been shown to be wedbin cell motility,
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cell migration, differentiation, cell signallingnd gene transcription. Due
to these important functions they are proposed ¢o ifvolved in

pathological conditions including tumour progressand metastasis. As
we have already mentioned this invasive phenotgpeaften related with
changes on the oligosaccharides structures. Tdreret is not surprising
that aberrant glycosylation patterns can serve askers in cancer

disease.
E-cadherin

E-cadherin is a transmembrane glycoprotein thabrigg to the
classical cadherin family of Calcium-dependent adire It is the main
epithelial cell-cell adhesion molecule and represankey member of the
adherens junction. It is well-known that epithdgtiamesenchymal
transition, a process associated with normal deweémt, wound healing,
cancer progression and metastasis, is associatedoss of E-cadherin
expression (149). Studies on E-cadherin expressiogastric tumours
show that decrease of E-cadherin expression cterelath tumour
invasion (150). E-cadherin can be post-translatipnanodified by
phosphorylation,O-glycosylation andN-glycosylation. N-glycosylation
can regulate the cell-cell adhesion mediated byadherin (151).
CytoplasmicO-glycosylation has been shown to occur in respoodeR
stress and inactivates E-cadherin by preventingratssport to the cell

membrane (152).
Mucins (MUC1)

Mucins are extracellular glycoproteins of high nooler weight
that maintain epithelial integrity and lubricate daprotect epithelial
surfaces. Mucins can be classified into two maitegaries, membrane-
associated and secreted. Secreted mucins are lenérgracellular

whereas membrane-associated mucins are bound teltedy an integral
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transmembrane domain. The cytoplasmic tails can libked to

cytoskeletal elements and can participate in sigaaksduction (153). The
structural feature shared by all mucins is the e¢amdepeat domain,
containing tandem repeats of identical or highiyikir sequences rich in
serine, threonine and proline residues. Variatiothe specific sequence
and number of tandem repeats is observed amongrehtf mucins and
among orthologus mucins from different species. fpetitive domain is
characterized by an interindividual variable numbértandem repeats
(VNTR). The VNTR polymorphism is caused by the amlity of the

number of repetitions from generation to generatitigure14) (154).

Mucin glycosylation is predominantly O-linked andtcars on
serines and threonines inside the tandem repeas).(1These
carbohydrate structures might be one of the ddjfimiharacteristics for
mucins functionality. MUC1 has 5 potential glycaiyon sites within
each tandem repeat (156). MUC1 has been identitiebde one of the
principal glycoproteins carrying sialyl-Lewis argigs on tumour cells
(157).
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O-Glycosylation

*\\/ Tandem repeats

‘ / . Amino acid
f||/_,__/__,—/—’_'_/ sequence protein

Transmembrane domain | ‘7 Cytoplasmic domain

Figure 14.Mucin structure schematic representation of MUC1.

Mucins are known to play important roles in cargenesis in
several ways. Cis-interactions modulate adhesionmassk potential
adhesion-mediating receptors (155); trans-intavastion the other hand,
conveyed either by mucins displayed on the celfaser or by the
secreted form, act as ligands for some of the sageptors on cells they
get in contact with. This duality in mucins funetias central to their
proposed role in metastasis. Distant metastasigire=gdissociation of
normal adhesion at the primary site and establishroé new adhesive
interactions at the colonized tissue. Mucins afe &t participate in both
processes (18). An altered expression of mucinsbleasn observed in
tumours from epithelial origin and in pre-cancertegons. For instance,

MUC1 expression is a hallmark of most breast caro@s, MUC4 of
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pancreatic cancer, MUC16 of ovarian cancer and MWE2ntestinal

metaplasia (158).
CD44

The CDA44 glycoproteins are well characterised membé the
hyaluronate receptor family of cell adhesion molesu The principal
ligand of CD44 is hyaluronic acid. Hyaluronic acisl a negatively
charged, high-molecular-weight glycosaminoglycaespnt mostly in the
extracellular matrix of connective tissues and d@ntains repeating
disaccharide units of D-glucuronic acid31¢3) and N-acetyl D-

glucosaminef{1-4).
- CD44 protein structure

This glycoprotein is produced from a single gene kth
alternative splicing and post-translational modifion. All the isoforms
belonging to this family are encoded by one singime present on
chromosome 11 in humans. All isoforms contain astamt region
comprising a large ectodomain (270 amino acidskramsmembrane
domain (23 amino acids) and a cytoplasmic domaih gimhino acids)
(Figure 15). These regions are encoded by theSiexons (s1-s5) and
the last five exons 16-20 (s6-s10). Conjoined esgiom of these 10
exons leads to the smallest and most abundantrispfamown as CD44s
or CD44H. This isoform is expressed by a large rema non-epithelial
cells. Close to the transmembrane region, a blaripart encoded by
various combinations of exons 6-15 (v1-v10) gives to CD44 variant
isoforms known as CD44v or CD44E, the epitheliahf§159;160).

The N-terminus (sl1-s5) contains at least five coresk N-
glycosylation sites, and two chondroitin sulphatks.the membrane
proximal extracellular region several potential ikkéd glycosylation

sites can be found, and in the standard extraaelltdgion there are
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several potential sites for carbohydrate modifaatsuch as heparan
sulphate, keratin sulphate, and sialic acid residughe alternatively
spliced forms also have extensive potential modlif sites, including
serine/threonine rich regions for O-glycosylatia6Y).

Hyaluronic acid §
binding domain i

1

Standard region
(s1-s5)

Extracellular

Variant region
(v1-v10)

Alternative
-“—

7 e e

splicing site

Plasma membrane

P

IR T L1
1 pC

<L)<'x')c')<')cfnc_tb:')c')\:'n:)<')<3<')dp e Standard re gion

(s6-s10)

T
gt
B PC

Cytoplasm

Standard isoform Variant isoforms
(CD44s) (CD44v)

Figure 15. CD44 protein structure. The standard isoform biitds
principal ligand, hyaluronic acid at the N-termindistal extracellular domain.
Sequences from up to 10 alternatively spliced wariexons (vl-v10) can be
inserted in the proximal extracellular domain. Tdytoplasmic domain interacts
with the cytoskeleton. Adapted from (162).

- Glycosylation on CD44

CD44 is expressed in a very diverse assortmerelbfypes. Each
cell lineage, at each stage of differentiation diivation, must regulate
the function of the receptor to suit its own requaients. Although all
CD44 isoforms contain the hyaluronic acid recognitsite, not all cells
expressing CD44 bind the hyaluronic acid ligand stituttively. Cell

specific carbohydrate modifications of the extradat domain have
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emerged as an important mechanism for regulatireg HA binding
function of CD44 probably by altering the folding oharge of the
receptor molecule (163;164). Therefore it seenmslylikhat glycosylation
may promote different CD44-associated adhesive grtiggs in different
cell types (165).

The binding of CD44 to hyaluronic acid is regulatéy
glycosylation in at least four different wayss four distinct
oligosaccharide structures were described by Skéft@rder to effect the
hyaluronic acid binding. The termina®,3-linked sialic acid on N-linked
oligosaccharides inhibite the binding; the first lihked N-
acetylglucosamine residue increase the adhesiaelfdgalactosamine
incorporation into non—N-linked glycans augmenteghltronic acid
binding; and O-linked carbohydrate chains on N-gewgylated CD44
enhanced binding. The negative charges on the Kedirglycans have
been described as potentially perturbing and/cectly interfering with
the two clusters of positively charged residuescWwhiorm the HA-
binding site located at the N-terminus of all CDddforms (163).

- CD44 linked with cancer

During inflammatory response and in relation witmbur growth
an overproduction of hyaluronic acid has been faarttie surrounding of
tumour cells (166). Therefore, the differential egsion of CD44 is
likely to be an important determinant of tumoud béblogy (167).

Initial studies showed that tumour tissues conthiaenumber of
unusual CD44 transcripts relative to those presantorresponding
normal tissues (168). In addition, tumour cell ebn with raised
concentrations of CD44 proteins were shown to hmalsle of forming
more aggressive tumours in animal experiments (I&9; CD44 has

been described as a determinant in the progretsithre metastasis stage
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in vivo using pancreatic cancer cells in rats (171). At shene time,
studies employing antisense CD44 and treatmeneltd with anti-CD44
antibody blocked the invasive capacities of humarglcarcinoma cells
(172).

The process of metastasis is complex and likelyraquire
multiple tumour cell properties. A number of huntamours appear to
utilize variant isforms of CD44 (CD44v) during caregenesis and
tumour progression (173). In gastric cancer, thpression of CD44v6
and CD44v5 is up-regulated and in addition, expoessf CD44v5 is
preferentially found in poorly differentiated caroinas and metastatic
lymph nodes (174).

The capacity to bind hyaluronic acid does not diffauch
between CD44s and CD44v. However, it has been tigceported that
CD44v, but not CD44s, carries the sialyl-Lewis xigen, which serves as
a good ligand for selectin in human colon cancet14 cells (175;176).
A supporting fact in this context would be that teriant domain of
CD44 is particularly rich in O-glycosylation siteSubsequently, studies
indicated that the sialyl-Lewis antigens are alagied preferentially by
CD44v compared to CD44s in some other cancer €EI). The CD44v
molecule carrying sialylated Lewis antigens playsual function in cell
adhesion (Figure 16): serving as a ligand for sele¢hrough its terminal
glycans structures attached to the variant domaimle contributing to

cell adhesion through its classical binding to byahic acid.
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Figure 16. Schematic illustration of the dual function of Gi¥carrying
sialyl-Lewis antigens. Both CD44 isoforms can begually hyaluronic acid and
are involved in the migration process of tumoukdlsc CD44v carries additional
sialyl-Lewis a and sialyl-Lewis x antigens, andithateraction with E-selectin
facilitates the extravasation of tumour cells. (gl from (178))
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Cell lines culture

Cell lines Human gastric cancer cell line MKN45 wastained
from ATCC and GP220 was established at Dr. SobrBinwes
laboratory [F. Gartner, (1996)]. HEK293T was obgairirom our institute
cell bank and HUVEC (human umbilical vein endothlelcells) was
kindly provided by Dr Cerutti. These cell lines wezultured in DMEM
supplemented with 10% FBS and maintained at 37°C5%CO2
atmosphere. Cells were routinely checked for Myasiia contamination

(VenorGeM, Minerva Biolabs, Germany).
Infection of shFUT3 and shFUT5

Short hairpin RNAs (shRNAs) against human FUT3 &5
and scramble were ordered from MISSION® shRNA pldsniSigma).
Five different sequence of shRNA for each gene vieseed. Lentiviral
particles were produced in 293T HEK cells and dfifection of MKN45
and GP220 cells, stable cell lines expressing tiRN#& were selected
with puromycin at 3,5pug/ml in MKN45 cells and ab@g/ml in GP220
cells. The efficiency of mRNA down-regulation and the speity for

each sequence was assessed by gRT-PCR.
RNA extraction and RT-PCR

Total RNA extraction was carried out from cultureglls using
GenElute Mammalian Total RNA Miniprep kit (Sigmaekich, St Louis,
MO). After rDNAse | (Ambion) treatment, mMRNA levetsf FUT3 and
FUTS5, were quantified by triplicate using Quantif &YBR green RT-
PCR (Qiagen). The primers used for amplification T3 were
described by Higai (Higai 2006). FUT5 primers wedlesigned as
described in (Padro 2011). Hypoxanthine-guanine sphoribosyl
transferase (HPRT) mMRNA (GeneCardsdatabase, NCBJ3tas used as
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an internal control of normalization. Data collectiwas performed on the
ABI Prism 7900HT systems according to the manufactsi instructions.
The primers used in semi-quantitative RT-PCR forTBUwere 5’
ACTGGGATATCATGTCCAACCCTAAGTCAC 3 (F) and 5 GGGC
CAGGTCCTTGGGGCTCTGGAAGTCG 3’ (R). Primers for FUWere
reported in (179).

Flow cytometry

Lewis antigens expression was analysed in MKN44s cahd
GP220 cells. Cells were trypsinized and 2.5xM@able cells were
assessed for each antibody. Primary antibodies wiénted in PBS-
1%BSA and incubated for 30 minutes at 4°C. The amynantibodies used
were: T-174 (L8 (180), 2.25Le (LB (181), 57/27 (sL® (182), 19-Ole
(H-type 2 (H2)) (181), P12 (Calbiochem) (),e77/180 (L&) (182), and
KM93 (Chemicon Int.) (sL®. Cells were incubated with the secondary
antibody Alexa Fluor 488 (Invitrogen) for 30 mingtat 4°C. After
washing, fluorescent analysis was performed usifgA&Scan (Becton
Dickinson, Franklin Lakes, NJ, USA). At least twmdependent

experiments were performed.
Cell adhesion assays

96 wells microplates were coated with 1mg/ml hyatic acid
(Sigma) or PBS-BSA1% at 4°C o/n for Hyaluronic abidding assays
and with recombinant hE-selectin (R&D Systems) agy/tnl or PBS-
BSA1% at 4°C for 24h in E-selectin binding ass&fates were blocked
with PBS-BSA 1% at room temperature for 1h. AftertgalG viable
cells were added to the wells and incubated at 33PQ h. In E-selectin
binding assays, cells were pre-incubated withgl®l of KM93 antibody,
or PBS-BSA1% for 30 min at 4°C. At that time norharkd cells were

removed and wells were washed twice with PBS, atheells were
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estimated by adding 0.5 mg/mL MTT (Thiazolyl Bli&gma-Aldrich) in
phenol red-free medium for 2 h at 37°C. Formazaystals were
solubilised with 50ul of DMSQOptical density was measured at 550 nm.
All the experiments were carried out in triplicateAt least two

independent experiments were performed.
Cell lysates and Western blot analysis

Cytoplasmic cell lysates were obtained by lysing dells in 50
mM Tris pH8, 62.5 mM EDTA and 1% Triton X-100 lydisiffer. Protein
extracts were run on 8% SDS-polyacrylamide gelgpaBded proteins
were blotted onto nitrocellulose membranes (Protralocked with PBS-
BSA 3% overnight and incubated with primary antiesdCD44 (R&D
Systems),p-actin (Sigma) for 1 hour at RT CD44 (R&D Systems)
antibody following the manufacture’s instructionslembranes were

developed with ECL Western Blotting Substrate.
Proliferation assay

Cells were counted and seeded in 96 wells plateM&iN45 and
GP220 cell lines, 5xfoand 10 cells, respectively, were added per well.
After 24h, 48h and 72h cells were washed with PB&aable cells were
analysed. 10@ of 0.5mg/ml of MTT diluted in phenol red-free DNVE
media was added and incubated for 2h at 37°C. Fzanmarystals were
solubilised with 50ul of DMSO and were measuredb@®nm. All the
experiments were carried out in triplicatés. least three independent

experiments were performed.
Wound-healing assay

MKN45 cells were seeded in 6 wells plate, a stekdgl pipette
tip was used to longitudinally scratch a constdatmter stripe in the
confluent monolayer. The medium and cell debrisewdiscarded and

replaced with fresh serum-free DMEM twice. Photpiiawere taken at
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Oh, 24h 48h and 72h after woundinglyICA DMIRB microscope using
Leica IM50 image manager software. For statistiealalysis, four
randomly selected points along the wound were ntkrkend the
horizontal distance between the migrating cells #uedinitial wound was

measured at 24h.
Adhesion of tumour cells to human endothelial cells

HUVECs were seeded to 96-well plates (1 X d@@lis/well) in
EBM-2 medium (Clonetics), and allowed to grow tonfteence for 2
days. The cells were activated with 20 ng/ml TNER&D Systems) for 5
h at 37°C. MKN45 cells were incubated with BCECH Acalcein) at a
concentration of 50ug/ml (Invitrogen) at 37°C fo® 3nin. Calcein
labelled MKN45 cells were incubate with and with@ib44 (10ug/ml)
for 30 min at 4°C. 2.5xfOMKN45 cells were added to HUVEC
monolayer well. MKN45 cells were allowed to bindr {60 min. Non-
adhered cells were washed three times with PBSalhdar binding was

determined by fluorimetry.

Statistical analysis

Statistical significance was established whef.95. To compare
the differences observed in the expression levieFHU3'3 and FUT5 and
in the levels of Lewis antigens in MKN45 and GP22(ls infected with
shRNAs Student’s t-test was used. Statistical amalyas performed with
SPSS 15.0 (SPSS Inc.).
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Expression levels of FUT3 and FUT5 mRNA in MKN45
and GP220 cell lines after infection with shRNAs agnst FUT3
and FUT5

Two gastric cell lines were selected, with diffarexxpression
levels of FUT3 and FUT5, and with a different exgsien pattern of
Lewis antigens. In MKN45 cell the expression levels=UT5 is higher
than FUT3 whereas in GP220 cell the expressioridenfeFUT5 is lower
than FUT3 (Figure 17). MKN45 cells have high levefssLe and Lé,
intermediate levels of H-type 2 and $land low levels of L% Le” and
Le’. GP220 cells express high levels of”,Ud-type 2, L& Le” and L&

middle levels of sLtand low levels of sle
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Figure 17. mRNA levels of FUT3 and FUT5 expressed in MKN4% an
GP220 cell lines analyzed by qPCR and normalizeHBRT levels.

To analyze the efficiency and specificity of eadywence of
shRNAs, the expression levels of FUT3 and FUT5 avedyzed by gPCR

in both cell lines after infection of each sequefat&ta not shown). The
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MRNA levels

two sequence showing the best specificity and gitgncapacities were
selected for FUT3 as well as for FUTS5. For the FUWjERe, sequences
TRCNO000035864 and TRCNO0O00035867 were selectedcecoing
FUT5 sequences TRCNO000035924 and TRCNO0O000359&5akesen.

In further experiments we used the combination of
TRCNO0000035864 and TRCN0O000035867 to down-regufat€3. The
resulting stably infected cells will here be re¢efto as “shFUT3 cells”.
The sequences TRCNO0000035924 and TRCNO000003592:dsdn
knock-down FUT5 (“shFUT5 cells”). The four sequemeeere also used
together (“shFUT3/5 cells”).

The FUT3 and FUT5 mRNA levels were analyzed by gRCR
MKN45 and by semi-quantitative PCR in GP220. shFl¢€Bs showed
decreased levels of FUT3 but not of FUTS5. In shFdé&ls only levels of
FUT5 changed. In shFUT3/5 the levels of both FUT® a&UT5
changed(Figure 18 and 19).

FUT3 FUTS

00014 4 0006 7

0002 - 0007 4

0001 - 0006 1

0005 1
00008 4

0004 4

mRNA levels

00006 4
01003 4

00004 4
0002 4

00002 4

0001 1

shscramble  shFUT3  shFUTS  shFUT3/6 shscramble  shFUT3  shFUTS shFUT3/5

Figure 18 mRNA levels of FUT3 and FUT5 expressed in MKN&fi
infected with shRNAs analyzed by qPCR and normdliby HPRT levels.
*p<0.05
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shscrable shFUT3 shFUT5 shFUT3/5

Figure 19. mRNA levels of FUT3 and FUT5 expressed in GP22lsc
infected with shRNAs analyzed by semi-quantitaf\eR.

Silencing of FUT3 and FUTS5 induces changes in Lewis

antigens expression pattern on MKN45 and GP220 csll

The expression of Lewis antigens was evaluated KN¥b and
GP220 cells by flow cytometry after the infectionthwshscramble,
shFUTS3, shFUT5 and shFUT3/FUT5, in order to elugidae implication
of these fucosyltransferases on Lewis antigensesspmn. In MKN45
cells the main changes in the expression pattelrenfis antigens were
detected in FUT5 silenced cells whereas the changeee less
pronounced in shFUTS3 cells.

In MKN45 cells the down-regulation of shFUT3 inddce
alterations in expression levels of Lewis antigensregard to type Il
antigens, only sl’ewas reduced (18.17%oncerning type | antigehs®
(30.09%) and sl%(15.37%)were reducedalthough only the reduction of
sLe and L& were statistically significant (Figure 20 and TaB).
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Silencing FUT5 in MKN45 cells induces higher chasmge Lewis
antigens pattern than down-regulation of FUT3. Tfen changes were
observed in type Il antigens, H2 levels were sigaiftly increased
(76.79%), and sldevels were significantly reduced (20.29%), whik
levels were reduced only an 8%. Since in MKN45sciie Lé expression
levels are very high, it is very difficult to detex reduction in percentage
of number of cells, so the fluorescence intensigsalso analyzed, and
regarding fluorescence intensity a statisticallgn#icant reduction
(45.25%) was detected (Figure 20). In type | amsgenly an increase in
Le® (22.95%) and a reduction on $1(8.45%) were observed (Table 3).

In shFUT3/5 MKN45 cells the expression pattern awis
antigens was similar than in shFUT5 cells. A stiatidly significant
increase of H2 (78.41%) and a significant reductidnsLe (21.66%)
were detected. Regarding’llevels only a reduction of 4.64% in number
of positive cells was observed, but the fluoreseeimtensity showed a
statistically significant reduction (38.99%). Imp#/ | Lewis antigens only
a reduction of sL%(10.02%) was detected (Table 3).

LeY | H2 | Le* | sLe' | Le® | Le? | sLé

shscramble | 12.77| 25.18] 98.31 44.9 - 18.11 85]9

shFUT5 11.43| 40.30] 88.99 33.8 - 29.34 78/p4

6

shFUT3 8.88 | 26.91| 97.32 36.7p - 11.50 7218
0
D

shFUT3/5 | 9.72 | 4492 93.7Q 35.2 - 19.85 765

Table 3. Lewis antigens expression levels in MKN45 cellgemaf
shscramble, shFUT3, shFUT5 and shFUT3/5 infectiBxpressed as a mean of

percentage of positive cells.
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Figure 20. Flow cytometry histograms of Lewis antigens in M&N

cells infected with sShRNAs. The histograms shownarepresentative of several
experiments. Black lines represent shscramble cafid red lines represent
silenced fucosyltransferases cells.
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In GP220 cells changes in expression levels of keavitigens

were smaller than in MKN45 cells. In GP220 cells timost dominant

change in Lewis antigens was detected in shFUTI3: oelthin type I

antigens onlyLe’ levels decreased13.48%) whereasll type | Lewis
antigens were reducetle® (16.65%), L& (10.20%),sLe" (25.85%).In

shFUT5 cells only slewas reduced (25.58%)n shFUT3/5 cells the
expression pattern of Lewis antigens was similantin shFUT3 cells.

The expression of the following Lewis antigens wasluced: sL®
(42.28%), L8 (5.16%), L8 (14.74%) and L’6(9.03%) (Figure 21).

LeY | H2 | Le* | sLe& | Le” | Le* | sLe®
shscramble | 80.73| 94.83] 95.66 4.05 69.45 93.p1 1845
shFUT3 | 69.84| 90.31] 9423 459 57.§9 84.p6 1368
shFUT5 | 77.04] 92.39] 96.20 4.14 7191 930 13|73
SshFUT3/5 | 73.44| 91.86] 94.98 4.13 59.21 88.J8 1065

Table 2. Lewis antigens expression levels in GP220 cellgeraf
shscramble, shFUT3, shFUT5 and shFUT3/5 infectexyressed as a mean of
percentage of positive cells.
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Figure 21. Flow cytometry histograms of Lewis antigens in G@2ells

infected with shRNAs. The histograms shown are @mesentative of several
experiments. Black lines represent shscramble cafid red lines represent

silenced fucosyltransferases cells.
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Decrease of sL& expression levels reduces adhesion of
MKN45 cells to E-slectin

In GP220 cells the expression levels of sialyl-Lewantigens are
very low, as a consequence do not present adhé&si@aselectin inin
vitro assays (data not shown). Therefore, the adhesisays were
performed only in MKN45 cells.

To analyze if the decrease of sialyl-Lewis antigengression
detected in MKN45 cells, when FUT3, FUT5 and FUT®R#re silenced,
was able to induce changes on E-selectin adhesiBrselectin binding
assay was performed. Although the capacity to hondE-selectin was
reduced in shFUT3, shFUT5 and shFUT3/5 cells, ostgtistically
significant decreased levels were detected in siFaid shFUT3/5 cells
with a reduction of 42.97% and 42.20% respectiéligure 22). To
elucidate the implication of sLex in E-selectin asilon, cells were pre-
incubated with anti-sLex antibody. The E-selectinding was reduced
40.57% in shscramble cells, whereas pre-incubatioth anti-sLex
antibody did not result in a significant differenbetween shscramble
cells and shFUTs cells (Figure 22). These resultticate that the
reduction of E-selectin binding in shFUT cells vehg to the decrease of

sLex expression levels.
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Figure 22. Binding of MKN45 shRNAs cells to E-selectin. Blablars
represent no pre-incubated cells. Grey bars repr@se-incubated with anti-sie
antibody cells. * g0.05

Adhesion of MKN45 cells to endothelial cells is ated by
shFUT3 and shFUT5

To asses if the changes in expression patternwisLantigens in
shFUT3, shFUT5 and shFUT3/5 cells were able to aedadhesion to
endothelial cells, the binding of shFUTSs cells tmanolayer of HUVEC
cells was analyzed. To induce the expression afl&stin on the surface
of HUVEC, cells were stimulated with TNk- The capacity of
shscramble, shFUT3, shFUT5 and shFUT3/5 MKN45 celldind to
TNF- o stimulated versus non-stimulated HUVEC cells wested. The
binding was significantly decreased in shFUT3 c@47%), in sShFUT5
cells (40.28%), and in shFUT3/5 cells (61.60%) empared with the

scramble control (Figure 23).
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Figure 23. Adhesion levels of MKN45 to human endothelial Isel
expressed as the difference between the adhesiostinlated and non-
stimulated HUVEC. * g0.05

CD44 expression levels in shFUT3 and shFUT5 MKN4%els

and hyaluronic acid binding assay

A binding assay was performed, to analyse if thanges in
expression of Lewis antigens observed in silendd@i3and FUT5 cells
can affect the adhesive capacities of MKN45 celleytaluronic acid. The
main ligand for hyaluronic acid is CD44, and thgcgisylation of CD44
has been reported to affect the binding. A sigaificreduction in the
adhesion to hyaluronic acid was observed: in shFd&i& (55.93%),
shFUTS5 cells (64.88%), and shFUT3/5 cells (76.38Bgure 24).
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Figure 24 Adhesion to hyaluronic acid of MKN45 cells infectaith
shscramble, shFUT3, shFUT5 and shFUT3/50.05

To confirm that the alteration on hyaluronic acidding was not
due to modifications on expression levels of CD4btern blot analysis
was performed. No differences in CD44 protein lsvelere detected

between shscramble cells and shFUTs cells (Figbire 2

shscramble
shFUT3
shFUT5
shFUT3/5

CDh44

Figure 25. Western blot of CD44 glycoprotein in MKN45 celifected
with shscramble, shFUT3, shFUT5 and shFUT3/5.

180kDa

1akDa
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Change on Lewis antigens expression levels relatedth cell

migration

To asses if the migratory capacities of MKN45 celége affected
when FUT3 or FUT5 were silenced a wound healingayaswas
performed. First, to confirm that the infections MKN45 cells with
shscramble and shFUTs were not affecting cell fara@ltion a MTT assay
was performed. No significant differences in pmidtion rates were
observed between the shscramble and shFUT3, shid@SshFUT3/5
cells (data not shown). In the wound healing asaayeduction on
migration abilities of MKN45 cells infected with BBT3, shFUT5 and
shFUT3/5 was detected. Migration was analyzed ah Z&igure 26A).
The migration capacity in shFUTs cells was redueosinpared to
shscramble cells: in shFUT3 cells (45.77%) in shbdélls (28.87%) and
in shFUT3/5 cells (29.58%) (Figure 26B).
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Figure 26. Analysis of cell migration of MKN45 cells infectedth shFUT3,
shFUT5 and shFUT3/5 by wound healing assay. (A) Mdomage at time point
Oh and 24h. (B) Quantification of cell migrationpegssed as percentage of

migration in respect to shscramble cells.
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1. Inhibition of glycosidases by novel iminosugars

derivatives

Iminosugars have been postulated in the last dexsdemain and
potent glycosidases inhibitors, being tested featiment of different kind
of glycosidic disorders diseases (86). Severalagmres to increase their
inhibitory efficiency have been postulated. The onagffort has been
focus on chemical structure modifications. The toldiof an alkyl chain
with different number of C atoms to several sugaalagues (183) has
been studied as one of the principal strategiessd lalkyled iminosugars
obtained have been reported to increases the umtakthe cells, due to
the increase on hydrophobicity of the compound ity the N-alkyl
chain. The hydrophobic chain leads the compounntévact with the cell
membrane and facilitated the iminosugar to reaehdytoplasm (184).
This membrane interaction in long-alkyl chain can generate plasma
membrane disruption due to a detergent-like effd€il). Therefore,
higher cellular association and cytotoxicity in thelkylated-derivatives

of the iminosugars have been reported.

In our study, the cytotoxic effects of newly syrgized N-
alkylated p-fagomine derivatives witiN-alkyl chain length from 4 C-
atoms to 12 C-atoms in eight human cancer celtlimere tested. Results
indicated that the cytotoxicity and the associgtbenotypic alterations
increased as the alkylated chain extends, beinglehgative with 12 C-
atoms chain the most cytotoxic one. To verify thhé effects on
cytotoxicity were due to N-alkyl chain, another iminosugar,
(2R,35,4R,59)-2-(hydroxymethyl)-5-methylpyrrolidine-3,4-diol, ith N-
dodecyl chain, was tested. The effects on cytottyxigere similar than
the effects detected -dodecylfagomine treatments, confirming that the
cytotoxic effects were associated witkalkyl chain. Regarding the organ

origin of the different cell lines, no differenceere detected.
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We have detected that the length of tialkyl chain is also
important in the inhibition of the enzymatic acties when cell lysates
were treated with the new iminosugars used in tudlys Using thepo-
fagomine derivativesy-glucosidase inhibition was detected when the cell
lysates were incubated wititdodecylp-fagomine, whereas no inhibition
was found in N-butyl-o-fagomine derivative. In this system, these
compounds do not alter the activity of other glydases. By contrast,
previous data indicated thBkdodecylp-fagomine, was also effective in
the inhibition ofp-galactosidase from bovine liver (185). One po#isibi
to understand this difference between studies ustidysates and studies
with recombinant enzymes is the fact that MKN43 lgeslates have a high
B-galactosidase concentration or activity. To achigkie problem the
incubation time was reduced 3 fold, but was noughoWe can conclude
that in MKN45 cell lysatesN-dodecylp-fagomine shows a clear
inhibition of a-glucosidase, being in agreement with the hydroxyl

conformation, as D-fagomine mimics the hydroxykmisition of glucose,

but not galactose molecules (figure 27).

D-glucose D-galactose D-fagomine

Figure 27. Structure of the iminosugarp-fagomine and the
monosacharides-glucose an@-mannose
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The  N-(2R,354R59-1-dodecyl-2-(hydroxymethyl)-5-methyl-
pyrrolidine-3,4-diol, a fucose analogue, is able ithibit the o-L-
fucosidase activity in cell lysates whereas nobitiun in a-glucosidase
activity was detected. These results correlate thighdata obtained using
a-L-fucosidase from bovine kidney whereas no effet wlaserved in the
activity of B-D-galactosidase fromf\spergillus oryzae, a-D-glucosidase
from bakers yeast anf-D-glucosidase from sweet almond(Figure 10)
(97).

Considering all these data, we can conclude tlealtalkyl chain
enhances or facilitates the inhibition, as whenNkegkyl chain is short or
not present no inhibition was detected, althoughahzyme specificity is

given by the polar head of the iminosugar.

The hydrophobic properties df-alkyl chain have been reported
to increase the enzymatic inhibition effects ofriogugars by facilitating
the uptaking by cell. However, we have performeditro assays so this
would not affect in our assay, but we postulate tha hydrophobicity
properties of théN-alkyl chain can facilitate the compounds to reaod

interact with the active centre of the enzymes fbgtobic pocket).

2. Regulation of glycosyltransferases and Lewis aigens

expression by IL-1§ and IL-6.

Fucosyltransferases and sialyltransferases are daheymes
involved in the final steps of Lewis antigens swsils. The expression of
these enzymes determines the Lewis antigens paktteated in each cell
type or tissue. Alterations in Lewis antigens espren have been

described in malignant transformation and over-esgion of sL&in
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tumour cells has been correlated with poor prognasigastric cancer
(186). sLé interacts with E-selectin, mediating carcinomal cel
endothelial cell contacts and promoting the extsatian of the tumour
cells. (76). We have observed that gastric adenowanas developing
metastasis have higher levels of sLleeing in agreement with previous
studies reporting that stés over-expressed in gastric cancer and it is

associated with metastasis development (186;187).

Clinical studies have described that the presenfcehoonic
inflammation in the digestive tract increases tisl of carcinogenesis
(188). Several studies have been published desgrithie regulation of
glycosyltransferases in different cellular modela. hepatocellular
carcinoma a increase in the expression levels afg~ahd ST3GallV in
IL-1p treatments has been reported, affecting the syistioé sLé (189);
in colon cancer cells, TNE&-enhances expression levels of FUT4 among
several glycosyltransferases (190). In bronchial cosa explants
stimulated with IL-6 and IL-8 increase the expresslevels of FUTS3,
FUT11, ST3GalVI and ST6Galll, modifying the syrgfeeof sLé (191).
More recently, the stimulation of the bovine STAGhY IL-6 and not by
IL-18 and TNFe, has been reported (192); and in endothelial telégted
with TNF-o have been reported to augment the expressiors|®fe
FUT1 leading to enhance the expression of 1®3). Regarding gastric
data, no studies have been publish. Therefore, aee tstudied the
implication of two inflammatory pathways, NF-kB patay and
JAK/STAT pathway, in the regulation of fucosyltréersases,
sialyltransferases and expression pattern of Lamiggens in MKNA45,

gastric cancer cell lines, using Il3-&nd IL-6 cytokines treatments.

Our results indicate that the fucosyltransferasedyaed in this
study can be differentially regulated by two pridmmatory cytokines.

FucT | and FucT Il catalyze the addition of fucdeea-1,2 position,
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whereas FucT | is specific for type Il precursoaids, FucT Il can act in
both precursor structures although it acts prefeinin type | precursor
chains. In IL-B treatments, bothl1-2 fucosyltransferases are significantly
up-regulated whereas in IL-6 treatment only FUT1 astivated.
Concerningal-3/4 fucosyltransferases (FucT Il FucT IV and Fu¥)
only FucT Ill and FucT V can catalyze the additairfucose ina1-3 and
al-4 position, even though they do not present simeesefficiency to type
| and type Il structures (73). FucT Il and FucTaxée drastically down-
regulated in IL-B and IL-6 treatment whereas FucT IV presents idflL-
treatments an up-regulation at the initial timed andown-regulation at
long time treatments and it is not altered unde@ Ktimulus. By contrast,
no significant changes in the expression levelghef ST3Gallll and
ST3GallV were detected after the 1B-and IL-6 stimulation on MKN45

cells.

The regulation patterns detected in pro-inflammatoytokines
treatments seem to be in accordance with the hagyoénd cluster
distribution. FUT1 and FUT2 show a similar regwatiand both are
located in the same chromosome cluster (19913m3gx&ibit a 67% of
homology in the amino acid sequence (Figure 28)T¥Fdnd FUT5 are
also regulated in a similar way and both are |ataite the same
chromosome cluster (19p13.3) with 88% of amino as&huence
homology (194;195). In contrast, FUT4 located ia thromosome 11g21
display less than 45% of amino acids sequence lagyatith FUT3 and
FUTS (39) (Figure 29). Thus, all the fucosyltramates of the same
cluster respond similarly to the same pro-inflanonat cytokines,
indicating that probably the cytokines regulate théole cluster

regulation.
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Figure 28. Schematic representation afl-2 Fucosyltransferases
chromosome cluster (FUT1 and FUT2).
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Figure 29. Schematic representation of FUT3, FUT5 and FUT6
chromosome cluster.

We have evaluated the regulation of fucosyltraaskerin IL-B
signalling pathway, analysing if the regulatiortisough NF-kB pathway
or through an alternative one. Concerning our testlie up-regulation of
FUT1, FUT2 and FUT4 in IL{l treatments is mediated by NF-kB
pathway. Since when the phosphorylation eBd is inhibited with
panepoxydone treatments, the effects of BL-4timulus are block.
Whereas the down-regulation of FUT3 and FUT5 ihd¢ mediated by

NF-kB pathway, it has to be related with an altéweapathway. Some
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alternative pathways that activate other transompfactors as AP-1 have
been described (Figure 30) (196).

||
4
()
\ —
@ [_. kB site

Figure 30. IL-1B signalling pathway. Panepoxydone treatments block
the phosphorylation ofkBa inhibiting NF-kB pathway and inducing the increase
of alternative pathways as AP-1.

In IL6 treatments, the down-regulation of FUT3 aRJT5 is
mediated by gpl130/STAT3 signalling pathway becauken treatments
with  AG490 block the STAT3 phosphorylation the Isveof those
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fucosyltransferases revert. FUT1 levels do not eegrin AG490
treatments, indicating that FUT1 is not regulatedugh gp130/STAT3
signalling pathway. FUT1 regulation could be mestiaby JAK/STAT
pathway (Figure 31).

Figure 31. IL-6 signalling pathway.AG490 treatments disrupt the
balance between the two pathways increasing the Kiga&hway.

Recent studies have published a cross-talk betwd#ekB and
pSTATS pathway. In epithelial cells an increasé_i® productions in IL-
1B treatments have been described due to the bimdihgr-kB to the IL-
6 promoter which induces the production of IL-6 {L9This data is in
accordance with no reversion detected in down-eggui of FUT3 and
FUTS5 detected in panepoxydone treatments agltrdatments could be

inducing the production of IL-6.
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The increase of FUT1 levels after II3-br IL-6 treatments can
generate an imbalance in type Il Lewis antigenser&hare different
glycosyltransferases (FUT1, FUT3/5 and ST3Gal \li/acting on the
precursor structure Gil-4GIcNAc, therefore the increase of one
glycosyltransferase can disrupt the balance andgeaerate a change in
the Lewis antigens pattern (Figure 32). The ineeas FUT1 levels,
associated with the decrease of FUT3 and FUT5dawadler IL-J or IL-

6 stimulation, induces a decrease in sialyl-Lewlsvels and an increase
of the non-sialylated type 2 structures (H-typend &€'). These results
also agree with recent published data reportingt ttieese a3,4
fucosyltransferases are implicated in the synthefsthe sialylated Lewis
antigens in MKN45 cells (198), and it is also incaaance with
previously reports where the over expression of EUWT colon cancer
cells, reduce the levels of sL@43).

Galp1-4GIcNAc-R

FLV \S‘TsGal IVIVI

(32aIB1—4GIcNAc—R FUTS NeuAc2-3GalB1-4GIcNAc-R
\
Fucal
. FUT3 FUT3/5
H-type 2 Galp1-4GIcNAc-R
3
|
Fuca1
Galp1-4GIcNAC-R NeuAc2-3GalB1-4GIcNAc-R
5 g 3
2| ? Lewis x |
Fuca1 Fucol Fucal
Lewis y sialyl-Lewis X

Figure 32. Type Il Lewis antigens synthesis. The down-regatatof
FUT3 and FUT5 associated with the up-regulatiofrdfr1, induce the increase
of H-type 2 antigen.
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Taking all this data in account, we can concludeat th
inflammatory cytokines are able to regulated glyttoansferases and
consequently modify the expression of carbohydsatgctures in tumour
cells. Changes on carbohydrates expression patterrbe crucial in the

gastric cancer progression.

3. Down-regulation of FUT3 and FUT5 induces alterabns in
the expression pattern of Lewis Antigens and reduseadhesive

capacities of gastric cancer cells

MKN45 and GP220 cell lines with different expressievels of
FUT3 and FUT5 were selected. Membersudf-3/4 fucosyltransferases
(FucT 1l FucT IV and FucT V) have been reportedb® altered and
involved in  malignancy transformation. Among thexl-3/4
fucosyltransferases family only FucT Il and FucThave been described
to catalyze the addition of fucose at positiods3 andal-4. While FucT
lll has a predominantl-4 activity, FucT V adds fucose with the same
efficiency to type | as to type Il structures (718).gastric cancer cells, the
knowledge about the FUTs responsibility for synihed Lewis antigens
is scarce. Therefore, we chose FUT3 and FUTS5 tdystile expression

pattern of Lewis antigens and adhesive capacifigasiric cancer cells.

In regard to Lewis antigens synthesis, in MKN43sc#ie down-
regulation of FUT3 induced minor changes in theregpion pattern of
Lewis antigens, among type Il only a reduction be*sas detected and
among type | a reduction on $Land L& was detected. In GP220 the
main changes in expression of Lewis antigens indlubg down-
regulations of FUT3 were detected in type | antggdn type Il, only a

reduction in Lé was found, whereas all type | Lewis antigens were
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notably reduced. The down-regulation of FUT5 in M&N\cells altered
principally type Il Lewis antigens (sLand Lé) indicating that FUT5 is
involved in their synthesis. In addition, an uptiagion in the expression
levels of H-type 2 antigen was detected. H-typentgan is synthesized
by FUT1 using type Il precursor structure (fEalGIcNAc) as a
substrate. FUT1, FUT5 and sialyltransferases coenpet the same
substrate and a balance between the three pathigaygenerated.
Subsequently, when FUT5 is down-regulated thisrzaas disrupted and
the precursor available for FUT1 is augmented gasing the synthesis of
H-type 2 (Figure 34). The disruption of this balame Lewis antigens was
previously reported in colon cancer cells where EWNer-expression
produced an increase of H-type 2 antigens and edse of sL’g(143). In
MKN45 cell type | Lewis antigens are lowly expredsand no important
differences were detected in FUT5 down-regulatdld @@ comparison to
the scramble control. In GP220 cells the down-ratimh of FUT5 did not
change the expression pattern of type Il Lewisgemts, sL& is not
expressed and Lele’ and H-type 2 did not change. In regards to type |
antigens, which are highly expressed in GP220 ,calld=UT5 only
induced a slight reduction in expression levelkaf Le* and sL&(Figure
33). In general, FUT5 did not induce significantwebes neither of type |
nor type Il in GP220 cells. This suggests that P220 cells FUT5 does

not play an important role in synthesis of Lewi§gans.

Analysing the results obtained in GP220 and MKN48s¢ we
can conclude that FUTS5 synthesize preferably typéelis antigens
whereas FUT3 synthesize preferably type | Lewisigans. The
enzymatic activities of fucosyltransferases whielvénbeen tested using
synthetic carbohydrate acceptors are in accordamite our results
obtained in gastric cancer cells (73). Thus, altfiotucosyltransferases

have overlapping activities they display preferenge the synthesis of
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Lewis antigens. Therefore, depending on which fylt@sferase is

expressed the cells will synthesize mainly typetlype Il antigens.
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Figure 33. General scheme of type | Lewis antigens summayialhthe
data collected in MKN45 and GP220 cell lines.
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Figure 34.. General scheme of type Il Lewis antigens summagiall
the data collected in MKN45 and GP220 cell lines.
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Sialyl-Lewis antigens are the major terminal cagabhte
structures that bind selectins and interfere incwmcell rolling and
metastasis (199). It is fundamental to understhedbtosynthesis of sEe
and sLé and any mechanism that regulates their synthesia farther
modification of the metastatic phenotype in tumaalls. We have
observed that FUT3 and FUT5 are involved in thettssis of sialyl-
Lewis antigens in gastric cell lines. Since sidlglwvis antigens levels are
very low in GP220, we analyzed if the down-regualatiof FUT3 and
FUTS5 reduced the adhesive and migratory capadcifi®8<N45 cells.

A reduction in E-selectin adhesion was detectednwRET3,

FUT5 and FUT3/5 were down-regulated although ortyWT5 and
shFUT3/5 presented a statistically significant dase. The reduction in
the adhesion was linked with the decrease of sxgression levels when
the cells were incubated with anti-sL#® block the interaction skde-
selectin. No differences in adhesion between shE&IE and shscramble
cells were detected. The adhesion of MKN45 cellsridothelial cells was
analyzed to corroborate these results in a moresiplogical assay.
Endothelial cells were stimulated with TNRo induce the synthesis and
the expression of E-selectin on their surface.his aissay, a significant
reduction of adhesion was detected in all shFUTsc€lonsidering these
data we conclude that down-regulation of FUT3 andiT® induces

diminution of E-selectin mediated adhesion to ehelil cells.

During inflammatory response and in relation witmbur growth
overproduction of hyaluronic acid has been repoffd6). In malignant
tumours, the presence of hyaluronic acid was dedeobt only in the
stroma but also on the surface of carcinoma cafid, overproduction of
hyaluronic acid has been found to be related withaur growth. Thus,

the adhesion to hyaluronic acid is closely relatgth the metastasis
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process. CD44 is the main hyaluronic acid receptar modifications of
the carbohydrate structure of CD44 regulates thmaaty of binding
hyaluronic acid (163;165). Our results indicatet tHawn-regulation of
FUT3, FUT5 and FUT3/5 reduces the adhesion of MKNA&Hs to
hyaluronic acidln order to confirm that the alteration of hyalumacid
binding was not due to changed expression levelS¥4, western blot
analysis was performed. No differences in CD44 enotevels between

shscramble cells and shFUTSs cells were detected.

In summary, we have analyzed the implications offBland
FUTS5 in the synthesis of Lewis antigens. The rasintlicate that down-
regulation of FUT3 and FUT5 and the subsequentred Lewis antigen
pattern induce a reduction of the metastatic cépacof tumour cells,

reducing the capacity to bind hyaluronic acid ane inigratory ability.

The reduction of sleexpression was essential to decrease the E-selecti

mediated adhesion to endothelial cells, an imporfamding in the

extravasation process of tumour cells.
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Conclusions

1. The cytotoxicity of novel iminosugars is detemed by the
length of theN-alkyl chain.

2. The specificity of glycosidase inhibition isvgn by the polar

head of iminosugars.

3. The N-alkyl chain of synthetic iminosugars is essential

inhibit glycosidases activity.

4. IL-1B up-regulates FUT1 and FUT2 trough NF-kB signalling
pathway and down-regulates FUT3 and FUT5 thoughalernative

signalling pathway.

5. IL-6 down-regulates FUT3 and FUT5 through p-SBAT
signalling pathway and up-regulates FUT1 through aternative

signalling pathway.

6. IL-18 and IL-6 treatments induce a decrease of sialylife
levels and an increase of non-sialylated type Wiseantigens (H-type 2

and Lewis y).
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7. FUT3 and FUTS5 silencing with shRNAs reduces eggion of

sialyl-Lewis antigens.

8. The decrease of sialyl-Lewis x expression resltice adhesion

to endothelial cells though E-selectin interactions

9. Down-regulation of FUT3 and FUT5 and the subsetjy
altered Lewis antigen expression pattern induogdagation in hyaluronic

binding capacities and migratory abilities.

Modifications of fucosyltransferases induce alterabn of
Lewis antigens expression levels which changes adhe
capacities of gastric cancer cells.
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