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COLOMBIA

P-1922

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
B S. D.

Re: Expediente No. 06-030.455
Solicitud de patente a nombre de NOVARIS AG.

Yo, DILIA MARIA RODRIGUEZ D’ALEMAN identificada como
aparece al pie de mi firma, domiciliada en la catrera 11 A No. 86-53, piso 6,
obrando como apoderada sustituta de acuerdo con la sustitucién presentada
el 21 de septiembre de 2010, de la sociedad NOVARIS AG., domiciliada
en Basﬂea Suiza, solicitante de la patente de la referencia, en respuesta al
oficio No. 13179 notificado por fijacion en lista el 26 de agosto de 2011,
relacionado con el concepto técnico de fondo No. 2494, nos permitimos
manifestar lo siguiente:

1. Con fundamento en la facultad que confiere el articulo 34 de la
Decision 486 al solicitante para modificar la solicitud de patente en
cualquier momento del tramite, presento junto con este memorial nuevo
capitulo reivindicatorio donde se realizd la siguiente modificacién.

Se especifico dentro de la nueva reivindicacién 3, que los polinucleotidos
que codifican el anticuerpo humanizado de las reivindicaciones 1 6 2 son
aquellos que comprenden un polinucleétido de SEQ ID No. 34 6 un
polinucleétido de SEQ ID No. 35 y un polinuclestido de SEQ ID No. 13 6
un polinucleétido de SEQ ID No. 14 6 33,

El sustento para esta modificacion se encuentra desde la pagina 26, linea 22
hasta la pagina 33, linea 4 de la memotia descriptiva.

Sobre este particular nos permitimos manifestar que las anteriores
modificaciones no involucran ampliacién alguna de la matetia originalmente
presentada y se dan como respuesta a las objeciones expuestas pot el sefior
examinador en su concepto técnico No. 2494,



Teniendo en cuenta el concepto técnico emitido por el Sefior Superintendente
Delegado para la propiedad intelectual GianCatlo Marcenaro Jiménez a la
doctora Ana Maria Castro Wey, que da alcance a las comunicaciones No. 09-
001524 y 09-012566, no se presenta una tasa adicional, toda vez que la
solicitud fue presentada con anterioridad al 1 de enero de 2009.

2.  Claridad

En relacion con la antigua reivindicacién 3, el sefior examinador podri
cotroborar que los polinucleétidos mencionados en tal reivindicacién se
encuentran ahora caracterizados a partit de su secuencia nucledtida de
acuerdo con lo establecido en la memoria desctiptiva y definen el producto
de la invencién de acuerdo con la amable sugetencia del sefior examinador.

De otra parte, en relacién con la objecidn de claridad de las reivindicaciones
4 a 6 nos permitimos manifestar que las mismas son claras, ya que por
ejemplo el vector definido en la reivindicacion 4, se encuentra definido por
las caractetisticas técnicas que ahora se establecen en la reivindicacién 3 de
la cual dependen. Lo mismo sucede con las reivindicaciones 5y 6. Asf las
cosas, respetuosamente solicitamos sean retiradas tales objeciones toda vez
que las reivindicaciones 4 a 6 se encuentran definidas por sus caracteristicas
técnica esenciales,

3.  Nivel Inventivo

Con respecto al argumento del sefor examinador relacionado con la
carencial de altura inventiva de la invencidn en estudio en vista de las
ensenanzas de WO02/072832 (D1) y el articulo de Dunn-Walters y

colaboradores (D2). Respetuosamente nos permitimos manifestar lo
siguiente:

Consideramos que la Oficina de Patentes acierta en pensar que la tnica
diferencia entre los anticuerpos de la invencién reclamada y aquellos
expuestos en D1 es la mutacién N73A en la secuencias VH, esto es, donde
un tesiduo de asparagina ha sido deliberadamente mutado hacia un residuo
de alanina. No obstante, consideramos también que la Oficina de Patentes

no es acertada en formular la objecidon de nivel inventivo basada en tal
hecho.

En efecto, ese despacho considera que el problema técnico que se
pretenden resolver en la presente invencidn es el de producit un anticuerpo
anti CD45RO/RB que incluye un sitio de N-glicosilacién. Respetuosamente
nos permitimos manifestar que esto no es correcto. De hecho, el antlcuerpo
de la presente invencién ahora carece del residuo de asparagina en la



posicion 73. La razén por la cual el solicitante deliberadamente ha
removido dicho residuo y lo ha reemplazado con un residuo de alanina es
como se explica a continuacién.

Podria ser argumentado por la mayoria de los fabricantes, si ellos son de
anticuerpos o sustancias similares, que existe una gran necesidad de eliminar
a un alto grado posible de éxito, la variabilidad existente en la produccién
entre dJstmtos lotes. Los anticuerpos terapéuticos no son la excepcién al
respecto. La invencién, como se refleja a través de la reivindicacion 1, hace
referencia al hallazgo de un sitio de glicosilacion parcialmente criptico o ensgmitico
en la regién variable de los anticuerpos teportados en D1. Este sitio
introduce en el proceso de fabricacién, una fuente potencial de variabilidad
en el producto final que es tanto innecesatio como indeseable. Entonces,
resulta claramente ventajoso podet temover o retirar este sitio de ghicosilaciin
parcalmente \criptico o enigmdtico una vez encontrada su  existencia y
determinarse si serd inncesario para su uso final. Sin embargo, de ninguna
manera es clerto que tal sitio esta identificado simplemente por la “lectura”

de la secuen(:la de la region variable. Si el sitio se encuentra glicolisado o no,
es un asunto de observacién experimental.

Lo anterior se puede ver reflejado en el Articulo adjunto (Anexo 1) Bedford
Colin y colaboradotes “Glycomics: From glycobiology to Diagnostics and
Therapeutics” Drug News Perspect 19(3), Abtil de 2006, documento que
no es técnica anterior, pero el cual proporciona evidencia de lo que el
campo cientifico debe enfrentar en estos aspectos. FEn este sentido,
amablemente dirigimos la atencidn del sefior examinador a la pigina 170, al
parrafo del medio en la columna de la mitad::

|
“The chanllenges posed by biopharmacetical glycosylation are significant. In some cases
even small cba'gnge: in cell culture conditions during production can cause aberrant
Shycogylation, which may or may not be recognized during final OC.”

El resto del parrafo se encuentra luego explicando algunos de los problemas
actuales que deben ser enfrentados en el campo cientifico debido a la
glicosilacion aberrante, principalmente las fallas “falsas” y “verdaderas” en
los lotes, la afectacién de la seguridad y la eficacia no estandarizada. En
consecuencia, el campo cientifico reconoce que, incluso pequerios cambios
pueden producir diferencias significativas y estas diferencias pueden o no
ser reconoc1das Asi las cosas, respetuosamente nos permitimos manifestat
que el sefior exammador no debe enfocarse sobre la diferencia estructural
entre el anticuerpo reclamado y los anticuerpos divulgados en D1, sino
considerar la significancia o importancia prictica de tal diferencia como se
refleja en el campo cientifico en si.



En ese orden de ideas, por supuesto que no existe sugerencia en D1
relacionada con la eliminacién del sitio de glicosilacién y la ventaja estd dada
entonces en hacerlo de tal manera que elimine una variable en la fabticacién
del producto final. Como se explica en el Articullo de Bedford y
colaboradores, el campo técnico reconoce por si mismo que no siempre se
detectan. estos pequefios, pero finalmente grandes problemas significativos,
incluso asf sea en la parte final del control de calidad (QC). Por
consiguiente, la presente invencidn es inventiva sobre las ensefianzas de la
técnica anteriot.

En consecuencia, de maneta atenta solicitamos a ese despacho conceder el
privilegio de patente de invencién para la solicitud en estudio o si es el caso,
sohcxtarnos a ese despacho pronunciarse en relacidn con todos los
argumentos presentados en este memorial dando estricta aplicacién al
principio del debido proceso consagrado en el articulo 29 de la Constitucién
Nacional., De igual forma, si el examinador considera que subsisten razones
para objetar la presente invencidn ruego expedir otro examen de fondo con
los debidos motivos y razones que sustenten su objecién con el fin de que
mi mandante tenga la posibilidad de exponer sus argumentos con base en la
interpretacién de los articulos 45 de la Decisién 486 -el cual otorga la
facultad al examinador para emitir los exdmenes de fondo-, 35 y 59 del
Codigo Contencioso Administrativo que sefiala que: “habiéndose dado
oportumdad a los interesados para expresar sus opiniones, y con base en las pruchas e
informes disponibles, se tomard la decision que serd motivada al menos en forma sumaria
5t afecta a particnlares” y “(.) deberd proferirse la decisin definitiva. Esta se motivard
en sus aspectos de hecho y de derecho, y en los de comveniencia si es el caso”,
respectivamente (2] subrayado es nuestro).

Sefior Supetintendente,

G’é D'ALEMAN

TIA MARTA RO
CC. 41.654.88
TP 20824 CS]



ANEXO 1

Atticulo de Bedford Colin y colaboradores titulado “Glycomics: From
glycobmlogy to Diagnostics and Therapeutics” Drug News Petspect 19(3),
Abril de 2006
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] Highlights from the Royal Society of Chemistry,

Biotechnology Group

in London, U.K.

Symposium, held December 12—13, 2005,

nycomic’s; From Glycobiology
to Diagnostics and Therapeutics

by Colin Bedford,
Tony Cass, .
Irene Frangois

and Stephen Harding

arbohydrates are ubiquitous,
‘ and their structural diversity

allows them to perform crucial
functions in a plethora of biological
processes including cell—<cell recogni-
tion, cell-cell communication, protein
regulation, tissue development and
immune response. Complexity, low
bioavailability, difficult purification
and analysis are just some of the rea-
sons why the field of glycoscience is
in the early stages of development.
However, biological and "chemical
breakthroughs are being made that
will overcome these ,drawbacks and
open up this very iniportant area of
research. The Consortium for Func-
tional Genomics (CFG; http://www.
functionalglycomics.org), a large
research initiative with 230 participat-
ing investigators worldwide, was set
up to understand the role of carbohy-
drate—protein interactions at the cell
surface in cell—cell communication.

Summary

The Royal Society of Chemistry Biotechnology Group and Chemical Biclogy Forum
held a twa-day symposium on December 12-13, 2005, in London. The meeting was
designed to give an overview of the exciting new technologies being appiied to study
complex carbohydrates from their sequence analysis, characterization and function
through to the development of novel pharmacoclogical approaches to diagnose
and alleviate polysaccharide-mediated diseases. The meeting, which also included
a poster session, highlighted the multidisciplinary nature of the research and
development and the exciting advances being made in this field. @ 2008 Prous Science.

All rights reserved,

One of the goals of the CFG is to gen-
erate resources for the use of investi-
gators in studying the complex biolo-
gy that governs the interactions of
glycan-binding proteins (GBPs) and
their ligands in mediating cell com-
munication. Core resources, to date,
include: carbohydrate compound li-
brary, GBP, antibodies, glyco-gene
chip analysis, mouse lines/transgen-
ics, analytics and glycan microarray
screening.

The Royal Society of Chemistry
Biotechnology Group and Chemical
Biology Forum, held December
12-13, 2005, in London, opened with
an excellent overview by Prof. James
Paulson (The Scripps Research
Institute, La Yolla, California, U.S.A.)

Copyright © 2006 Prous Science. CCC: 0214-0934/2006,

on the challenges being faced in
decoding the cellular glycome. With
the upcoming completion of the
genomic sequences of humans and
several other commonly studied
model organisms, even more spectac-
ular gains in the understanding of bio-
logical systems are anticipated,
However, there is often a tendency to
assume the following extension of the
central paradigm: DNA — RNA —
Protein — Cell — Organism. In actu-
al fact, creating a cell requires two
other major classes of molecules:
lipids and carbohydrates.

All cells and many macromole-
cules in nature carry a dense and com-
plex array of covalently attached
sugar chains (cailed oligosaccharides
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TABLE I|. MAMMALIAN GLYCAN-BINDING PROTEINS (GBP)

GBP FAMILY LIGANDS FUNCTIONS
C-type lectins Various Cell adhesion

Glycoprotein clearance

Innate immunity
Siglecs (1-type lectins) Sialosides Cell signaling

Cell adhesion
Galectins Galactosides Extraceliular matrix cross linking
CDV/TCR Glycolipids/Glycopeptides Innate immunity

Acquired immunity
M-type lectins High mannose N-linked Quality control in protein folding in endoplasmic reticulum
L-type lecting Various Protein sorting in endoplasmic reticulum
P-type lectins Man-6-phosphate Lysosomal enzyme sorting {post-golgi)
R-type lecting - Various Enzyme targeting

Hormone turnover

or glycans). Glycans are positioned to
mediate the flow of information and
recognition among cells. They are
increasingly recognized for their roles
in protein folding, pathogen recogni-
tion of host cells, antibody/antigen
interactions, inflammation, signal
transduction, apoptosis, fertilization,
tissue formation, cell adhesion and
intracellular trafficking. GBPs play a
significant role in decoding the infor-
mation content of glycans by recog-
nizing and specifically binding to gly-
cosylated protein and lipid ligands.
Three major families of mammalian
GBPs are involved in cell surface
biology through recognition of glycan
ligands: C-type léctins, siglecs and
galecting (Table 1).,

Prof. Paulson (Director, CFG)
highlighted the siglecs, of which there
are 11 members. Siglecs are a sub-
group of the Ig super family that has
in common an NH,-terminal Ig
domain that binds sialic acid-contain-
ing carbohydrates of glycoproteins as
a ligand, CD22 (Siglec-2), a co-recep-
tor and regulator df B-cell receptor
(BCR) signaling, is a member of the
siglec family that has a high specifici-
ty for sialoside ligands containing the
sequence Siaa2-6Gal that ofien termi-
nates N-linked carbohydrate groups of
glycoproteins, The sequence recog-
nized by CD22 is abundant on B and
T lymphocytes. The precise ligand
interactions that modulate CD22 fune-
tion are not well understood, but both
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cis (B-cell) and trans (adjacent cell,
e.g., T-cell) glycoprotein ligands
appear to modulate CD22 function as
a regulator of BCR signaling.

These interactions are extremely
complex and compounded by the ab-
sence of well-defined glycan libraries,
and analytical screening methods have
limited analysis of their specificities
and elucidation of their biclogical
function. The CFG has developed a
glycan array’ format that utilizes stan-
dard robotic microarray printing tech-
nology to couple amine functionalized
glycans to commercially available
amine-reactive  N-hydroxysuccini-
mide-activated glass slides. This
allows rapid covalent coupling of
amine functionalized glycans or glyco-
conjugates, The array comprises more
than 200 synthetic and natural struc-
turally defined terminal sequences of
glycoprotein and glycolipid glycans
developed for an ELISA-based array.
The utility of this array has been
demonstrated for analysis of GBP
specificity for most of the major class-
es of GBP and has potential in the
development of glycotherapeutics. For
example, it raises the possibility for
identifying glycan-specific antibodics
for the diagnosis of microbial infec-
tions, cancer and autoimmune diseases.

N-linked glycans play an impor-
tant role in protein folding, a topic
covered by Prof. Ari Helenius (Insti-
tute of Biochemistry, Swiss Federal

Institute of Technology, Zurich, Swit-
zerland). The endoplasmic reticulum
(ER) is dedicated to the import, fold-
ing and assembly of all proteins that
travel along or reside in the secretory
pathway of eukaryotic cells. Around
half of human genes encode glycopro-
teins and ~90% of these are N-linked.
Newly synthesized proteins are N-gly-
cosylated and by default form disul-
fide bonds in the ER, but not else-
where in the cell. In his presentation,
Prof. Helenius discussed which fea-
tures distinguish the ER as an efficient
folding factory, how the ER monitors
its output and how it disposes of fold-
ing failures.

ER-associated protein degradation
(ERAD) eliminates misfolded or
unassembled proteins from the ER.
ERAD targets are selected by a quali-
ty control (QC) system within the ER
lumen and are ultimately destroyed by
the cytoplasmic ubiquitin-proteasome
system. The spatial separation be-
tween substrate selection and degrada-
tion in ERAD requires substrate trans-
port from the ER to the cytoplasm by
a process termed dislocation. Advan-
ces in various aspects of ERAD and
discussions on new findings on how
substrate dislocation is achieved were
summarized. The unfolded protein
response leads to ER proliferation and
is implicated in many human diseases.

Glycoprotein glucosyltransferase
is a key component of the glycopro-

C. Bedford et al. pp. 163172
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tein-specific folding and QC system
in the ER.? By exclusively re-glucosy-
lating incompletely folded and assem-
bled glycoproteins, it serves as a
folding sensor that prolongs the
association of newly synthesized
glycoproteins with the chaperone-like
lectins calnexin {Cnx) and calreti-
culin (Crt).

Nascent and newly synthesized
glycoproteins enter the Cox/Crt cycle
when two out of three glucoses in the
core N-linked glycans have been
trimmed sequentially by ER glucosi-
dases I (GI) and GIL* GI removes the
outermost glucose immediately afer
glycan addition. However, although
GII associates with singly glycosylat-
ed nascent chains, trimming of the
second glucose only occurs efficiently
when a second glycan is present in the
chain. Consistent with. a requirement
for multiple glycans to activate GII,
pancreatic RNase in live cells needs
more than one glycan to enter the
Cnx/Crt cycle. Thus, whereas GI trim-
ming occurs as an automatic extension
of glycosylation, trimming by GII is a
regulated process. By adjusting the
number and location of glycans, gly-
coproteins can instruct. the cell to
engage them in an individually deter-
mined folding and QC pathway.

Prof. Ten Feizi (The Glycosci-
ences Laboratory, Imperial College,
London) next described an elegant
approach that utilizes oligosaccharide
microarrays to decipher the glyco
code and to challenge and develop
the knowledge base of carbohydrate-
binding proteins in the proteome. The
diverse oligosaccharides that “deco-
rate” glycoproteins, glycolipids, pro-
teoglycans and polysaccharides are
potentially a vast source of informa-
tion, and could harbor a "glyco code™

that is waiting to be deciphered in -

vatious contexts of biological and
medical importance.

Since it is impossible to clone
oligosaccharides, Prof. Feizi and her
team have developed a carbohydrate
microarray platform using lipid-
linked oligosaccharide probes that can
be uniquely geherated from naturally

C. Bedford et al. pp, 163-172

occurring sequences of glycoproteins,
glycolipids, proteoglycans, polysac-
charides, as well as chemically syn-
thesized oligosaccharides and glycol-
ipids. This approach has its foun-
dations in the neoglycolipid (NGL)
technology that was introduced in
1985 and further refined.** It was
devised to address the need for a
microscale technology to present
oligosaccharides in a clustered form
for studies of carbohydrate—protein
interactions, in particular assignments
of the ligands of carbohydrate-binding
receptors and the epitopes recognized
by antibodies. The NGL approach,
originally developed using sequence-
defined O-glycans for antibody bind-
ing studies, has also been shown to be
a powerful means of generating other

. types of oligosaccharide probes: from

N-glycans, fragments of glycosamino-
glycans and polysaccharides, and
from diverse chemically synthesized
oligosaccharides.

Glycolipids, both naturally occur-
ring and synthetic, are included in the
repertoire of probes. A key develop-
ment has been to combine carbohy-
drate—protein interaction studies with
mass spectrometry in situ to gain
information on monosaccharide com-
position, sequence and branching pat-
tern, as well as sulfate and phosphate
substitution of the immobilized oligo-
saccharide probes at low picomole
levels. NGL probes generated as mix-
tures from whole cells and tissues and
probed with carbohydrate-recognizing
proteins can be deconvoluted by TLC
combined with mass spectrometry.
“Designer” microarrays that are
unique to this platform are aiding
assignments of ligands for receptors
that regulate leukocyte activation in
the innate immune system.5

Prof. Anne Dell (Imperial College,
London) described ultra-high sensitiv-
ity mass spectrometric strategies used
to define the primary structures of
glycoproteins in complex mixtures,
These techniques, which include
MALDI-MS and nano-electrospray
(ES)-MS/MS, underpinned by knowl-
edge of biosynthetic pathways, are

revolutionizing structural glycobiolo-
gy in the field of glycomics and gly-
coproteomics. Determining the glycan
repertoire in cells, tissues and organs
is a first step to defining function.
Prof. Dell and her team have devised
MS strategies that employ MALDI
mapping and ES-MS/MS sequencing
of permethylated N- and O-glycans
that enabie the glycome of cells (use
~108 cells), tissues and organs to be
examined and the glycoforms of indi-
vidual glycoproteing to be identified.

The strategies were illustrated by
data from collaborative research
aimed at defining the glycosylation
repertoire of model organisms and
establishing the roles of glycans in
cell-cell communication. Current
research projects include glycomic
and glycoproteomic studies of normal
and knockout mice, parasitic nema-
todes, bacterial pathogens, mucins
associated with cancer and cystic
fibrosis, and glycoproteins implicated
in mouse and human fertilization and
reproduction. For example, in glyco-
proteomic studies, nanospray and on-
line LC-ES-MS/MS technology has
been used to yield important new
information on the O-glycosylation of
zona pellucida glycoproteins’ from
normal and transgenic mice (the car-
bohydrate groups on the zona pelluci-
da glycoproteins function as sperm
treceptors and binding of sperm to the
zona pellucida is a receptor-ligand
interaction with a high degree of
species specificity) and the N-glyco-
sylation of a variety of novel bacterial

. glycoproteins.

The development of a high-
throughput glycosylation-monitoring
technique for use¢ in biopharmaceuti-
cal production was presented by Dr.
Andrew Sutcliffe (Procognia Limited,
Maidenhead, U.K.). Procognia uses
protein arrays to understand the func-
tion of proteins and their post-transla-
tional modifications, particularly gly-
cosylation, which impacts most
biclogical propertics. Four main fac-
tors influence glycosylation: host cell;
clone; process parameters including
culture medium; and fermentor
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design. Glycosylation is also difficult
to analyze, monitor and conirol, and
biopharmaceutical batches may differ
in glycosylation pattern.

Procognia's innovative technology
analyzes the glycan structures of
intact glycoproteins. The analysis is
performed directly on crude samples
in growth media, thus obviating the
need for time-consuming clean-up
processes and degradation steps. The
U-¢ fingerprint technology allows the
analysis of a glycoprotein to be per-
formed in ~4 hours, and ~20 samples
(sample size nM concentrations) can
be run in parallel. The technology is
applicable to all stages of clone selec-
tion and optimization, process devel-
opment, manufacturing and QC. The

method is based on lectin arrays (28 .

lectins) grouped with overlapping
recognition specificities. The native
glycoprotein, either purified or in
growth media, is incubated with the
lectin atray, and binding is detected by
applying one or more labeled probes.
The probes can be lectins or entities
that recognize the protein moiety such
as antibodies. The resulting finger-
print is characteristic of the glycan
profile of the glycoform mixture and
is highly sensitive to changes in this
profile. Procognia has constructed a
database of lecti—glycan recognition
rules using a large dataset of carefully
chosen, well-characterized glycopro-
teins. Procognia uses this database
and its proprietary algorithms to give
quantitative analysis of glycan struc-
tures within 10% accuracy.

Next, Prof. Robert Nash (MNL
Pharma, Aberystwyth, Wales) dis-
cussed the therapeutic potential for
imino sugars.® .Imino sugars are
monocyclic and bicyclic polyhydrox-
ylated derivatives of the following
ring systems: pyrrolidine; piperidine;
pyrrolizidine; indolizidine; and nor-
tropane, MNL Pharma is a drug dis-
covery and development company
whose main interest is in the field of
immunotherapy. The company is
building a franchise in imino sugar
technology and has accrued a large
library of both naturally occurring
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Fig. 1. Imino sugars.

imino sugars and synthetic analogues.
Imino sugars are highly water solubie
compounds and as such have been
missed by drug discovery groups who
tend to use fairly nonpolar solvents
when extracting natural products from
plants and soil samples. One of the
first examples isolated is 1-deoxyno-
jirimycin (DNJ; Fig. 1), a potent
inhibitor of a-glucosidases, found in
mulberry and other plant sources. Its
N-butyl derivative is the oral drug
Zavesca (Fig. 1), which is used for
treating Gaucher's disease. The related

.derivative Miglito! (N-hydroxyethyl

DNJ; Fig. 1) has been in the ¢linic for
many years for the treatment of type II
diabetes.

The discovery of the indolizidine
alkaloids swainsonine and c¢as-
tanospermine (Fig. 1) increased the
interest in imino sugars as therapeutic
agents because of their potent inhibi-
tion of glycosidases, mannosidases
and a-glucosidases, respectively, and
their in vitro antiviral and in vive anti-
cancer activity. The use of these
agents in the clinic has been limited
due to their lack of selectivity and in
the case of DNJ and castanospermine
unacceptable GI disturbances through
glucosidase inhibition at the high
doses required for treating wviral
infections.

The key to the therapeutic applica-
tion of imino sugars as glycosidase
inhibitors is their ability to selectively

Flg. 2. Examples of new imino sugars with
improved specificities.

alter N-linked glycans of viruses and
cancer cells. Previous glycosidase
inhibitors lacked specificity and were
associated with adverse side effects,
but MNL's research and development
has uncovered compounds with good
selectivity and favorable pharmacoki-
netic and pharmacodynamic profiles
(Fig. 2). Clinical applications include:
priming of the immune system with
wide-ranging protective and healing
effects; direct antiviral activity; indi-
rect antiviral, anticancer and antibac-
terial activity via glycan changes/con-
trol; chaperoning of glycosidases
aiding diseases caused by deficiencies
{e.g., Gaucher’s disease, Tay Sachs);
reducing efficiency of nutrient uptake
(decrease in weight gain); and potenti-
ating insulin release, thus having
antidiabetic potential.

C. Bedford et al. pp. 163172
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MNL has synthesized imino sug-
ars as immunomodulators acting via
sugar rteceptors on immune cells
including dendritic cells, macropha-
ges and splenocytes. These small
molecular weight sugar-like mole-
cules, which illicit a potent immune
response via the rclease of the
cytokines IL-12 and IL-2, are being
developed primarily for cancer, infec-
tious diseases and as vaccine adju-
vants. MNL Pharma is seeking part-
ners for MNLP462a, a broad-spec-
trum immunomodulator and selective
glucosidase inhibitor for cancer. This
product is expected to enter the clinic
in Q3 2006 and the company plans
to progress studies to the end of
phase Ila.

On day two, Prof, Kurt Drickamer
(Division of Molecular Biosciences,
Imperial College, Londen) opened
proceedings with his presentation on
combining structural, genomic and
~ glycomic approaches to understand-
ing carbohydrate specific receptors.
Biological processes mediated by
receptors that recognize glycans
include cellcell adhesion, serum gly-
coprotein turnover and immunity to
viral, bacterial and fungal pathogens,
Approximately 10 distinct groups of
mammalian glycan-binding receptors
have been described and structures of
receptors in these groups can be used
as a basis for identifying other poten-
tia] receptors in genomic sequences.
The results of such studies suggest
that in humans there are roughly 100
different sugar-binding receptors that
fall into these groups.

For example, serum mannose-
binding protein (MBP)’ neutralizes
invading microorganisms by binding
to cell surface carbohydrates and acti-
vating MBP-associated serine pro-
teases (MASPs) 1, 2 and 3. MASP-2
subsequently cleaves complement
components C2 and C4 to activate
the complement cascade. MASP-1
cleaves C2 almost as efficiently as
MASP-2 does, but it does not cleave
C4., Thus MASP-1 probably enhances
complement activation triggered by
MBP/MASP-2 complexes, but it can-
not initiate activation itself.
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TABLE Ii. BIOLOGICAL PROPERTIES OF PLANT POLYSACCHARIDES

IMMUNE MODULATORS

COMPLEMENT SYSTEM

Complement modifications
Mitogenic activation
Macrophage activation
Induction of chemotaxis

Thymus-dependent Ab res

Regulation of specific cyclic Ab production
Regulation of IgM—1gG switch

Moedification of T- and B-cell proliferation

The human ceil surface receptors
dendritic cell-specific intercelluiar
adhesion molecule-grabbing noninte-
grin (DC-SIGN) and the closely relat-
ed endothelial cell receptor DC-
SIGN-related (DC-SIGNR) bind to
oligosaccharide ligands found on
human tissues as well as on pathogens
including viruses, bacteria and para-
sites.’” The extracellular portion of
each receptor contains a membrane-
distal carbohydrate-recognition domain
(CRD) and forms tetramers stabilized

by an extended neck region consisting

of 23 amino acid repeats. Both DC-
SIGN and DC-SIGNR bind HIV and
enhance infection. Screening an ex-
tensive glycan array demonstrated
that DC-8IGN and DC-SIGNR have
distinct ligand-binding properties.
Furthermore, biochemical and struc-
tural comparisons reveal that they
have very different physiological
functions. DC-SIGN has dual ligand-
binding properties and functions both
in adhesion and in endocytosis of
pathogens, whereas DC-SIGNR binds
a restricted set of ligands and has only
the properties of an adhesion receptor.

Studies of receptors with C-type
CRD reveals that many of these recep-
tors recognize broad classes of gly-
cans, while only a few show highly
selective binding to specific subsets of
oligosaccharides. From these results,
and similar studies of other receptor
families, it is difficult to explain the
biological significance of the enor-
mous diversity of glycan structures,
which significantly exceeds the num-
ber of receptors, identified using cur-
rent genomic approaches,

Prof. Berit Smestad Paulsen
(School of Pharmacy, University of
Oslo, Norway) discussed the use of
plant polysaccharides as medicines, In
developing countries such as Mali"

and also in most European countries
there is a living tradition for the use of
medicinal plants to treat different
types of illnesses and ailments includ-
ing wound healing. Traditionally,
water extracts are used from which
several plant pectin polysaccharides
bhave been identified that have an
effect on the immune system, often
exemplified by the effect on the com-
plement cascade (Table II).

Pectins consist of blocks of homo-
galacturonan, rhamnogalacturonan 1
(RG-1) and RG-1I, but the distribution
of each type varies. The overall struc-
ture of the polysaccharides has been
determined as well as the structure of
those parts of the polysaccharide that
appear to be the most bioactive part of
the plant polymers. The powdered
roots from Baccharoides adoensis var,
kotschyana in Malian folk medicine
has been used for the treatment of gas-
tritis, gastroduodenal ulcers, as an aid
to ameliorate digestion and as a
wound-healing remedy. The active
components were identified as acidic
polysaccharide fractions, containing
pectic arabinogalactan type II struc-
tures, which showed both complement
fixing ability and T-cell-independent
induction of B-cell proliferation in
vitro. Degradation studies show that
the presence of galactose seems to be
important for activity. The plant
Cochlospermum tinctorium produces
two peptic arabinogalactans (Ct50A1
and Ct50A2) and is also used for the
treatment of gastric ulcers with good
results. The extract shows dose-
dependent activity with an ICs, ~200
pg/ml. The roots were the part of the
plant reported to be the most frequent-
ly used for medicinal purposes and the
main indications are jaundice, gas-
trointestinal diseases, malaria, schis-
tosomiasis and dysuria. The main
components of the extract were identi-
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fied as polysaccharides (59.3%) and
polyphenols (9.3%).

A water extract of the aerial parts
of Biophytum petersianum is a fre-
quently used preparation for wound
healing. One of the obizined polysac-
charide fractions, BP100 III, isolated
from a 100 °C water extract that has a
monosaccharide composition typical
for pectic substances, was shown to
exhibit potent dose-dependent com-
plement fixating activity, Dégradation
by endo-a-D-(1-4)-polygalacturonase
produced three fractions obtained by
gel filtration. The highest molecular
weight fraction, BP100 III.1, had a
more potent activity in the comple-
ment test systern than the native poly-
mer. It consists of galacturonic acid
and rhamnos¢, with branches being
present on both the rhamnose and
galacturonic acid residues. Arabino-
galactan type II is also present in the
polymer, indicating that BP100 III.1
has a structure typical of the hairy
region of pectins.

Glinus oppositifolius is 2 Malian
medicina! plant used against various
types of illnesses related to the im-
mune response, like joint pain, inflam-
mation, fever, malaria and wounds.
Two pectin-type polysaccharides,
GOA] and GOAZ2, isolated from a
50 °C water extract from the aerial
parts of G oppositifolius were investi-
gated for their bioactivity toward the
complernent system and different
leukocyte subsets. The polysaccharide
polynter in GOA1 was shown to con-
tain considerable amounts of the neu-
tral sugars arabinose (26.4 mol %) and
galactose (42.9 mol %), and methyla-
tion analysis indicated the presence of
arabinogalactans type 1 (AG-I} and
type II (AG-II). GOA2 was rich in
galacturonic acid (68.3 mol %), along
with rhamnose, arabinose and galac-
tose. Both GOAl and GOA2 were
shown to exhibit potent dose-depen-
dent complement fixating activities,
and induced chemotaxis of macro-
phages, T cells and NK celis.

The leaves from Plantago major,
better known as the greater plantain,

168

have been used for wound healing,
Studies testing the interaction of
PMII, pectin that contains homogalac-
turonan and RG-1 with human com-
plement systems show that it is a com-
plement activator, both in'the classical
and in the alternative pathway.

r. Joseph Barchi (National Can-
cer Institute, Federick, U.S.A.) updat-
ed rdsults in an important new phase
in carbohydrate nanotechnology.!?
Nangglycotechnology is a fusion of
matefials science, carbohydrate chem-
istry| and biotechnology to produce
nanofcale devices that may be em-
ployed for important biological appli-
catiops. As might be imagined from
their|ubiquitous and complex nature,
the biological roles of giycans are
quite varied. The diverse biological
fonctions ascribed to glycans can be
morg simply grouped into two general

monovalent carbohydrate-
binding tends to be of relatively
low 3ffinity, and such systems typical-
ly achieve their specificity and func-
tion by creating multivalent arrays of
catbphydrate to enhance avidity.
Mucins are high molecular weight
glycosylated proteins that form a
major part of a protective biofilm
(mudus) covering the luminal surfaces
of epithelial cells, where they can pro-
vide |a barrier to particulate matter
and [bind microorganisms. Mucins
contdin numerous carbohydrate
chains attached to the polypeptide
core protein, mainly through O-glyco-
sidic{linkages,

—

1| is well established that cel! sur-
face fcarbohydrates play unique roles
in al host of biologically relevant
events such as cell differentiation,
adhesion and meotility. Truncation of
O-linked glycans on tumor mucins
exposes underlying peptide epitopes
presenting new “non-self” structures
that ¢an be recognized by the immune
systern and also contribute to tumor

aggressivengss and metastasis. Aber-
rant glycosylation resuits from geno-
mic instability in tumor cells. Dif-
ferent expression of glycoprocessing
enzymes causes additional branching
of cell surface sugar chains, These
alterations are considered to be rele-
vant to the abnormal behavior of can-
cer cells, such as altered cell adhesion
or metastasis and to the avoidance of
immunological defense,

As described above, one problem
with carbohydrate drugs is their weak
monomeric binding constants (mMol),
To enhance this affinity, one approach
is to prepare muitivalent carbohydrate
constructs. In the pharmaceutical
industry, nanoparticles such as den-
drimers, liposomes, magnetic parti-
cles, nanoshells, nanotubes and quan-
tum dots have been subjects of intense
reseatch and development during the
last decade. The advantages of multi-
valent drugs are: increased selectivity,
increased potency, improved efficacy
and increased duration of action,

Dr. Barchi’s team is developing
synthetic methodologies that will pro-
vide access to new classes of com-
pounds intended to mimic the recogni-
tion function of carbohydrates. Two
separate panometer-sized particles
were described that can display multi-
ple copies of carbohydrates on their
surface and be used for the study of
carbohydrate-mediated cellular events
implicated in inflammation, viral, bac-
terial and toxin infection. Three-
dimensional self-assembled monolay-
ers of gold atoms bearing various
catbohydrates have been prepared and
assessed for their antitumor proper-
ties. Gold glyconanoparticles (GNPs)
have also been prepared by the
Penades group in Spain as new multi-
valent tools that mimic glycosphin-
golipids on the cell surface. GNPs are
highly soluble under physiclogical
conditions, stable against enzymatic
degradation and nontoxic. Thereby,
GNPs open up a novel promising
multivalent platform for biological
applications.

C. Bedford et al. pp, 163-172
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TABLE Ill. GOLD NANOPARTICLES AS GLYCOTHERAPEUTICS

Nontoxic
High multivalency

Strict control of ligand numbers, compesition and NP size

increased storage stability

Increased biological stability against enzyme degradation
T-Ag coated gold nanoparticles can inhibit metastasis in vivo, thus these particles may be

useful as therapeutics

TABLE IV. BIOPHARMACEUTICAL PROPERTIES
QF THE NEW GLYCO-QUANTUM DOTs

Prepared by a robust, simple and highly flexible technelogy for conjugation of carbohy-
drates to the surface of light-emitting quantum dots

Biofunctionality of the attached carbohydrates is preserved after conjugation

Short oligoethylene glycols not only promote luminescence but also eliminate nonspecific

binding of the quantum dots in vivo

Sugar-quantum dot bioprobes may find broad applications in immunocytochernistry, patho-
logical diagnosis, live cell imaging and multiple target analysis in a range of biomedical

applications

A novel, multivalent presentation
platform was developed by linking the
tumor-associated, cell-surface disac-
charide and the Thomsen-Friedenrich
T antipen (Gal-B-1-3-GalNAc-a-0-
Ser/Thr) to the surface of gold
nanoparticles. Tumor-associated anti-
gens are found in more than 90% of
carcinomas and are used clinically as
prognostic markers. A potential appli-
cation for this multivalent system may
be as an antiadhesive tool to inhibit
metastasis. Administration of these
nanoparticles inte mice bearing breast
tumors was shown to inhibit lung
metastases in this model. This tech-
nology establishes the “proof of prin-
ciple” for possible biological applica-
tions of GNPs (Table III).

In addition, a new synthesis of car-
bohydrate-bearing quantum dots that
possess size-tuneable luminescent
features that make them attractive
reagents for biological imaging has
been developed. Quantum dots are
monodispersed serhiconductor nano-
crystals (CdS, CdSe, CdTe, ZnS) cov-
ered with a stabilizing monolayer.
Particle size, which dictates color, is
in the range 2~10 nm. Characteristics
of quantum dots include broad absorp-
tion, narrow emissions and resistance
to photobleaching (Table IV). This
GNP principle described has the
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potential to integrate all the current
knowledge and applications on pro-
cesses that involve carbohydrate
molecules.

Prof. Sabine Flitsch’s (Department
of Chemistry, University of Man-
chester, UK.} presentation focused on
some fundamental studies on enzyme-
catalyzed reactions on a variety of
porous and nonporous solid support.
Her team has studied the thermody-
namics, kinetics and stereoselectivity
of enzyme-catalyzed reactions on
solid support and have found that all
three reaction characteristics can
change dramatically when substrate is
immobilized.

There is a current trend toward
miniaturization and automation in
chemistry, biology and medicine that
has led to increasing interest in (bio)
chemical reactions on substrates
linked to a solid support, such as poly-
mer beads, glass slides or microtiter
plates. Such formats have been
iremendously successful for nucleic
acids and are being investigated for
other biomolecules such as peptides
and carbohydrates. The UK. Glyco-
chips Consortium (www.glycochips.
org.uk) aims to generate a diversity of
carbohydrate arrays as tools for moni-
toring protein—carbohydrate interac-

tions. The aim is to develop carbohy-
drate arrays (glycochips) as innova-
tive tools to map out the carbohydrate
and protein partners in these highly
specific interactions of the glycome.!3

Several interesting new methods
have been developed to monitor
enzyme action on substrates attached
to a solid phase such as polymer beads
glass or gold surfaces. These include
fluorescence measurements, MALDI-
TOF mass spectrometry, and the use
of quartz crystal microbalances to
measure weight changes of immobi-
lized molecules directly on the sur-
face. Approaches that allow spatial
resolution in single beads were also
reported. The ability of enzymes to
reach the inside of beads is becoming
better characterized, and new supports
have been developed that allow
improved accessibility.

Tentagel resin, which consists of
polyethyleneglycol (PEG) attached to
cross-linked polystyrene through an
ether link, combines the benefits of
scluble PEG support with the insolu-
bility and handling characteristics of
polystyrene beads. Trypsin a 23.5 kDa
enzyme can penetrate to the core of 90
micron Tentage! beads, and the bead
matrix permits molecular motion at a
similar rate to that in solution. The
beads act as a separate gel phase
rather than a porous solid. PEGA
resin, a beaded polyethyleneglycol
dimethylacrylamide copolymer, has
also been used as an affinity support
for the purification of carbohydrate-
binding macromolecules. Thermo-
lysin, a 35 kDa enzyme, gets into
PEGA beads (90% yield). The rate-
limiting step is the diffusion of the
enzyme into the bead, which is dictat-
ed by size, charge and polymer
swelling.

Fluoresce microscopy is used to
study reactions in porous beads in spa-
tial resolution. The one photon
process uses a continuous wave laser
that emits at the absorbing wavelength
range of the fluorescent stain to irradi-
ate the sample, Multiphoton events
occur where two or more photons are
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simultaneously absorbed in a medium
with the effect of combining their
energy. Two-photon fluorescence
~ microscopy was introduced as a tool
to assess enzyme accessibility and to
quantify enzyme reaction rates on
solid supports.

Hydroxymethylphenoxy linkers .

that are commonly used in solid-phase
peptide synthesis are surprisingly sus-
ceptible to efficient cleavage by the
protease chymotrypsin with a broad
range of amino acid residues being
tolerated at the scissile bond; this
enzyme-cleavable linker system has
been applied to peptide and glycopep-
tide synthesis (Fig. 3).

‘How does solid phase influence
thermodynamics of the reactions? It is
a balance between ‘synthesis and
hydrolysis. Hydrolysis vields are
strongly dependent on overall reaction
volume. At a low volume the balance
is shifted towards synthesis rather
than hydrolysis. Protonation of the
amine drives the reaction, but it is
more likely due to the uptake of prod-
uct amide into the bead. Functional
groups that make surfaces resistant to
adsorption include hydrophilic groups
and H-acceptors, but not H-donors,
The equilibrium position of reactions
on the solid surface can be substan-
tially shifted compared with reactions
in solution, and this can be usefully
exploited using hydrolases in reverse.
Research is also starting to tackle the
way in which kinetics are modified
when the substrates are surface im-
mobilized,

Glycosylation can significantly
influence the safety and efficacy of
therapeutic glycoproteins. Dr. Daryl
Fernandes (Ludger Ltd, Oxford, UK.)
described ways to measure and con-
trol glycosylation to reduce the risk of
aberrant glycan profiles during bio-
pharmaceutical production. The im-
portance of this issue was illustrated
by the case of recombinant erythro-
poietin (EPO), the most commercially
successful biopharmaceutical to date
with worldwide sales now exceeding
USD 10 billion. Throughout its devel-
opment, EPO has been associated
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Flg. 3. Peptide and glycopeptide synthesis using an enzyme-cleavable linker system.

with serious manufacturing problems
including QC failure of product batch-
es and concerns about drug safety, and
many of these problems relate to the
characterization and control of EPO
glycosylation. These difficulties apply
to other therapeutic glycoproteins
including monoclonal antibodies and
arise because glycans can introduce
great complexity and heterogeneity
into the product, significantly influ-
ence the safety and efficacy profiles of
biopharmaceuticals and vary consid-
erably between product batches,

The challenges posed by biophar-
maceutical glycosylation are signifi-
cant. In some cases even small chan-
ges in cell culture conditions during
production can cause aberrant glyco-
sylation, which may or may not be
recognized during final QC. This
leads to a number of potential risks
including true batch failure (the glyco-
sylation pattern is out of specifica-
tion), false batch failure (the glyco-
profiling QC method falsely indicates
out of specification glycosylation),
safety compromisation (e.g., the pres-

ence of nonhuman glycans) and non-

standard efficacy in vivo (e.g., dueto a
change in the presence of key glyco-
forms). To deal with this, regulators
such as the U.S. FDA and EMEA are
increasing the requirements for bio-
manufacturers to demonstrate consis-
tent glycosylation during biopharma-
ceutical production. Furthermore,
these regulations are being harmo-
nized internationally under the ICH
Q6B and ICH QSE guidelines.!

The key steps to implementing an
effective ICH-compliant measurement
and control program for biopharma-
ceutical glycosylation were over-
viewed and examples given for the
case of biomanufacturing of mono-
clonal antibodies. Topics covered

included understanding glycosylation
in the natural molecule, determining
the importance of glycosylation in
vivo, setting molecular specifications,
setting measurement specifications,
choosing the glycosylation parameters
to measure, selecting appropriate gly-
coanalysis methods and implementing
these in an integrated glycoprofiling
system that satisfies the requirements
of the ICH guidelines.!’ Finally, the
advantages of such a system to both
biomanufacturers and regulators were
explained.

Dr. Chris Urch {Glycoform Litd,
Abingdon, Oxford, UK.) presented
the research carried out at Glycoform,
The Company’s core expertise is in
glycochemistry and cell-free glycosy-
lation with direct applications in the
fields of glycosylation of therapeutic
proteins, including antibodies and
glyco-targeted drug delivery. Glyco-
form's technology is based on the abil-
ity to synthesize complex carbohy-
drates and to add these in a controlled
manner to therapeutic and other
proteins.

About 70% of all human proteins,
including antibodies, are glycosylat-
ed. Glycosylation increases stability
by reducing degradation and solubili-
ty. However, glycosylation is not
homogeneous and many glycopro-
teins occur naturally as a mixture of
glycoforms, which have the same pep-
tide sequence with different sugar pat-
terns. As protein glycosylation is not
under direct genetic control, the
expression of therapeutic proteins in
mammalian systems, for instance
Chinese hamster ovary cells, have this
issue of heterogeneity. Also, all com-
mercial products are manufactured as
mixtures (e.g., EPO and interleukins).
Given that sugars are crucial to struc-
ture-activity relationships (SARs),
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glycosylation at different sites affects
biological properties: therapeutic
response, side effects and efficacy.
Thus, the ability to synthesize
homogenous glycoproteins is a pre-
requisite for the optimization of the
manufacture and biological and
physicochemical properties of thera-
peutic glycoproteins.

Two parallel strategies can be
employed:'6 1) electrophilic: whereby
a cysteine-containing protein is con-
verted into its corresponding phenyi-
selenylsuifide  (PhSe-8-Protein),
which then undergoes nucleophilic
substitution by a l-thio mono- or

oligosaccharide; 2) nucleophilic: the .

I-thio mono- or oligosaccharide is
converted to their comesponding
selenylsulfide (glyco-SeS) derivative,
which is subsequently coupled to a
cysteine residue on the protein (pro-
tein-CH,SH). The S-Se chemistry is
exquisitely selective and obviates the
" need for the usual protection/depro-
tection steps. The resultant disulfide
linkage is stable toward enzymatic
carbohydrate extension and can-also
be processed by glucosyl transferases

(Table V).

Glycoform's approach to the pro-
duction of single glycoforms is to syn-
thesize the oligosaccharide chernical-
ly, thus ensuring a homogeneous
product. Each glycoform can then be
studied and SARs developed so that
the optimum glycoform can be chosen
and then made selectively using pro-
prietary techniques.

Dr. Pauline Rudd (Glycobiology
Institute, Oxford, U.K.) closed the
meeting with an upbeat overview of
present status and future develop-
ments in glyco-chemistry/biology/
biochemistry.!” Glycosylation is spe-
cies, cell, protein and site specific, and
processing pathways involve multiple
interactions of the developing glycan
chains with enzymes and sugar
nucleotide donors. Glycan processing
is restricted by the availability of these
moieties as well as the local three-
dimensional structure of the protein at
the glycosylation site controls pro-
cessing within the host cell.
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TABLE V. PRODUCTION OF SINGLE GLYCOFORMS

Site-selective giycosylation creating pure isoforms
Site-specific chemical conjugation of carbohydrates to proteins in a highty chemo-

selective reaction to give a single glycoform

Selective carbohydrate extension-glycoextend oligosaccharide enzymatically either

before or after conjugation to the protein
The reaction can be pushed to completion

Is glycosylation an Achilles’ heel?
Primary amino acid sequence pro-
vides the signal (AsnXaaSer/Thr) for
attachment of N-linked glycans.
These cell- and protein-specific pro-
cesses also depend on transport sys-
tems and cell signaling pathways,
therefore glycosylation can be a sensi-
tive marker of alterations in the inter-
nal and external environment of the
cell. Glycosylation changes can both
indicate the presence of disease and
contribute to pathogenesis and are
increasingly being assessed as poten-
tial diagnostic/prognostic markers
and/or therapeutic targets. New ana-
Iytical techniques discussed previous-
ly are proving useful for identifying
and testing potential diagnostic mark-
ers as well as enabling the monitoring
of disease progression and therapy.

Congenital disorders of glycosyla-
tion (CDGs), also known as carbohy-
drate-deficient glycoprotein syn-
dromes, result in severe disease. In
humans, most CDGs are N-glycosyla-
tion defects and only a few are in O-
glycosylation. Glycan analysis of total
serum glycoproteins can be used to
identify the specific glycan processing
steps that are compromised. In this
collection of disorders, many glyco-
proteins are deficient or have reduced
carbohydrate side chains. Subtypes of
congenital disorders of glycosylation
have been described based on the iso-
electric focusing patterns of transfer-
rin and on clinical features. Enzyme
deficiencies have been reported in at
least four of the subtypes: type Ia,
phosphomannomutase; type Ib, phos-
phomannose isomerase; type Ic, glu-
cosyltransferase; type II, glucosa-
minetransferase; and type TV, man-
nosyltransferase. For example, defi-
ciency in N-acetylglucosaminyltrans-
ferase II CDG-Ila is characterized by

the following clinical disorders: dys-
morphic features, hypoglycemia, epi-
leptic episodes, and mental and severe
psychomotor retardation. Rheumatoid
arthritis is an' autoimmune disease in
which agalactosylated glycoforms of
aggregated 1gG may induce associa-
tion with the mannose-binding lectin
and contribute to pathology. Thus, the
reduced level of IgG galactosylation is
a distinctive disease marker following
the disease into inactivity or remis-
sion. Terminal galactose levels (GO)
on IgG Fc provide a diagnostic mark-
er and insight into pathogenesis.
Increased levels of IgGO levels are a
prognostic marker for rheumatoid
arthritis.

As more therapeutic options for
cancer treatment become available,
there is an increasing need for new
biomarkers that will provide more
sensitive and specific early defection
of cancer. Potential serum biomarkers
can be identified, segregated and
quantified following detailed HPLC
and MS analysis of >50 N- and O-
linked glycans that comprise the
serum glycome. Glycan analysis can
also provide biomarkers and insights
into pathogenesis, particularly when
combined with proteomics or where
oligosaccharides comprise recogni-
tion epitopes on a glycoprotein. For
example, an increase in core fucosyla-
tion of proteins in HBV serum corre-
lates with stages of liver cancer. The
hepatoceliular carcinoma marker,
gp73, has been identified as a bio-
marker in more than 1,000 patients in
clinical trials.

Gelatinase B is a matrix metal-
loproteinase (MMP-9) involved in
tissue remodeling, development, inflam-
mation and cancer. Altered glycosyl-
ation of MMP-9 is associated with
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tumor metastasis in breast cancer. It is
generally assumed that the primary
mechanism by which MMPs promote
cancer spread is by degradation of the
extracellular matrix (ECM). Gela-
tinase B cleaves ECM, allowing
cell(s) from the tumor mass—intrava-
salion—to cater blood stream/lym-
phatic system.

Prostate-specific antigen (PSA) is
a glycoprotein secreted by prostate
epithelial cells. PSA is currently used
as a marker of prostate carcinorna
because high levels of PSA are indica-
tive of a tumor situation. However,
PSA tests aré not specific enough to
distinguish between benign prostate
hyperplasia and prostate cancer. Core
o (1-6) fucosylation of glycoprotein
glycans is an important process in a
number of normal and aberrant bio-
logical processes including cell adhe-
sion, neurogenesis, the development
of cancers, the natural suppression of
cancer metastases and liver diseases.
Recent studies have demonstrated that
serum PSA from prostate cancer
patients shows an increase in fucose
residues. These findings may offer
the basis for a PSA diagnostic test
with improved specificity for prostate
cancer,

Effective monoclonal antibodies
(MAbs) to human immunodeficiency
virus type 1 (HIV-1) are scant due to
the virus having evolved various
defensive mechanisms to enable it to
resist peutralization. Human MAb
IgG 2G12 can overcome these protec-
tive mechanisms, For neutralization
the antibody requires a unique epitope
on the surface of gp120 surface glyco-
protein of HIV-1 that is not directly
associated with the receptor-binding
sites on this protein. The 2G12 epitope
is destroyed when gpl20 is treated
with mannosidases. Further results
confirm that this epitope is mannosé
dependent and consists of a cluster of
mannose residues’ with little or no
input from the gpl20 polypeptide
surface.

Interfering with glycosylation pro-
cessing pathways has provided a suc-
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cessful therapy for Gaucher’s disease
{Zavesca) and potential antiviral ther-
apies for hepatitis B virus, hepatitis C
virus and HIV. The discovery of a
cluster of oligomannose glycans on
HIV that is recognized by a unique
domain swapped antibody suggests a
new approach toward developing an
HIV vaccine.

References

.Blixt, Q,, Head, S, Mondaia, T. et al.
Printed covalent glycan array for ligand
profiling of diverse glycan binding proteins.
Proc Natl Acad SciU $ A 2004, 101: 17033-8.

2. Ritter, C., Quirin, K., Kowarik, M, and
Heleniuvs, A, Minor folding defects trigger
local modification of glycoproteins by the
ER foiding sensor GT. EMBO ] 2005, 24:
1730-8.

. Deprez, P., Gautschi, M. and Helenius, A.
More than one glycan is needed for ER glu-
cosidase I to allow entry of glycoproteins
into the calnexin/calreticulin cycle. Mol
Cell 2005, 19: 183-95,

4. Tang, P.W,, Gool, H.C,, Hardy, M., Lec,
Y.C. and Feizi, T. Novel approaches to the
study of antigenicities and receptor func-
tions of carbohydrate chains of glycapro-
teins, Biochem Biophys Res Commun
1985, 132: 474-80.

-Feizi, T. and Chai, W. Oligosaccharide
microarrays to decipher the glyco-code. Nat
Rev Mol Cell Biol 2004, 5: 582-8.

6.Palma, A.S., Feizi, T, Stoll, M.§. et al.

Ligands for the beta-glucan receptor,

dectin- 1, assigned using ‘designer’ microar-

rays of oligosaccharide probes (neoglycol-
ipids) generated from glucan polysaccha-

rides. J Biol Chem 2006, 281: 5771-9,

- Chalabi, §., Panico, M., Sutton-Smith, M.,
Haslam, 5.M. et al. Differential O-glyeosy-
lation of a conserved domain expressed in
murine and human ZP3. Biochemistry
2006, 45: 582-8.

8. Asano, N., Nash, R.J., Molyneux, R.J. and
Fleet, GW.J. Sugar-mimic glycosidase
inkibitors: Natura! occurrence, biological
activity and prospects for therapeutic appli-
cation, Tetrahedron Asymmetry 2000, 11:
1645-80,

9. Wailis, R. Structural and functional aspects
of complement activation by mannose-bind-
ing protein. Immunbiology 2002, 20s:
433-45.

10. Snyder, GA., Colonna, M. and Sun, PD.
The structure of DC-SIGNR with a portion
of its repeat domain lends insights to mod-
elling of the receptor tetramer. ] Mol Biol
2005, 347: 979-89.

- Nergard, C.3., Kiyohara, H., Reynolds, J.C.
et al. Structures and structure-activity rela-
tionships of three mitogenic and comple-
ment fixing pectic arabincgalactans from
the Malian antiulcer plants Cochlospermum

L

wn

~]

]

tinclorium A. Rich and Vernonia hotschyana
Sch. Bip. Ex Walp. Biomacromolecules
2006, 7: 71-9.

t2. Svarovsky, 5.A., Szekely, Z. and Barchi, J.J.
Tr. Synthesis of gold nenoparticles bearing
the Thomsen-Friedenreich disaccharide:
A new multivalent presemiation of an im-
portan! tumour antigen. Tetrahedron
Asymmetry 2005, 16: 587-98.

13. Halling, P.J., Ulijn, R.V. and Flitsch, S.L.
Understanding enzyme actions on immo-
bilised substrates. Cumr Opin Biotechnol
2005, 16: 385-92.

14. Fernandes, D.L. Reducing risk in biophar-
maceutical production by controlling glyco-
sylation. Eur Biopharm Rev 2004, Wintcr
2004: 92-7.

15. Femandes, D.L. Demonstrating compara-
bility of antibody glycosylation during bio-
manufacturing. Eur Biopharm Rev 2005,
Summer 2005: 106-10,

16. Gamblin, D.P., Garnier, P, van Kasttercn,
5., Oldham, N.J., Fairbanks, A.J, and Davis,
B.G Glyco-SeS: Selenenylsulfide-mediated
protein glycoconjugation—A new strategy
in postiranslational modification. Angew
Chem Int Ed 2004, 43: 828-33.

17. Rudd, PM., Elliott, T., Cresswell, P.,

" Wilson, I.A. and Dwek, R.A. Glycosylation
and the immune system. Science 2005, 29);
2370-6.

The Conference Organizers Colin
Bedford (Secretary), Tony Cass, Irene
Frangois (Meeting Chairman) and
Steve Harding (Chairman) are Com-
mittee Members of the Royal Society
of Chemistry (RSC), Biotechnology
Group. The Biotechnology Group Com-
miltee organizes conferences and
courses on behalf of the RSC three or
Sfour times a year. The RSC Biotech-
nology Group symposia and courses
focus on the chemical aspects of
biotechnology. Details about forth-
coming meetings can be obtained
Jfrom the website: www.confiec.co.uk/
conferences. E-mail secretariat: esw
@confsec.co.uk.

C. Bedford et al. pp. 163172

|5



' 199
P-1922
Rvs madificadas
11-11-11

REIVINDICACIONES

1. Un anticuerpo humanizado que tene uni6n especifica por CD45RO y
5 CD45RB caracterizado porque comptende una regién vatiable de cadena
pesada de SEQ D No. 31 6 SEQ ID No. 32 y una region variable de

cadena ligera de SEQ ID No. 7 6 SEQ ID No. 8.

2. 31 anticuerpo humanizado de acuerdo con la reivindicacién 1 que tiene
10 u:pjén especifica por CD45RO y CD45RB caracterizado porque
cé‘nnprende:
® Una regi6n varable de cadena pesada de SEQ ID No. 31 y una
 regi6n variable de cadena ligera de SEQ ID No. 7,
.‘_ ¢ Una reg.i(’)n varable de cadena pesada de SEQ ID No. 31 y una
15 © region variable de cadena ligera de SEQ ID No. 8,
.® Una region variable de cadena pesada de SEQ ID No. 32 y una
region variable de cadena ligera de SEQ ID No. 7, 6
* Una region variable de cadena pesada de SEQ ID No. 32 y una
| region variable de cadena ligera de SEQ TD No. 8.

20
3. Los Polinucleétidos que codifican el anticuerpo humanizado de las
retvindicaciones 1 6 2 que comptrenden un polinucleétido de SEQ ID No.
34 6 un polinuclestido de SEQ ID No. 35 v un polinuclestido de SEQ 1D
No.13 6 un polinuclestido de SEQ ID No. 14 6 SEQ 1D No. 33.
25

4. Un vector de expresion que comprende la secuencia de polinucleotidos de
la teivindicacion 3 el cual es capaz de producir el anticuerpo humanizado

cuando dicho vector esti presente en una célula huésped compatible.

16
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5 Una célula huésped caractetizada porque comprende el vector de
éxpresion de la reivindicacién 4.

6. Una composicion fatmacéutica caractetizada porque comprende el
apticuerpo de las reivindicaciones 1 6 2 en asociacién con al menos un

vehiculo o diluyente farmacéuticamente aceptable.
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