SECOND WORKSHOP

“NOVEL APPROACHES
FOR GLYCOCONJUGATION”
23rd-24th March 2017
Instituto de Medicina Molecular, Lisboa, Portugal

PROCEEDINGS

Organization and
Graphic project by:

INTRODUCTION
GLYCOVAX - A Training Network for the Rational Design of the Next Generation of
Well-Defined Glycoconjugate Vaccines

GLYCOVAX is a European Training Network (ETN) funded in the framework of H2020 Marie
Skłodowska- Curie ITN programme. The GLYCOVAX network aims at the education of promising
young scientists who will learn how to rationally design well-defined and innovative
glycoconjugate vaccines to improve current preventive therapies and tackle unmet medical
needs. The project is based on a profound interaction between the academic and industrial
sectors, involving 8 academic groups and 2 industrial partners. In this highly multidisciplinary
environment 14 Early Stage Researchers (ESRs) are trained in the growing field of glycoscience
and vaccinology, enriching their skills and combining different state-of-the-art methodologies for
the rational design of innovative glycoconjugates.

For more details and news, visit the website www.glycovax.eu.

WORKSHOPS
Six workshops will be organized during GLYCOVAX. In these workshops, the ESRs will attend
seminars from internationally recognized experts in scientific areas related to the network
objectives. The topics selected for the workshops aim at covering the state-of-the-art of
disciplines strongly connected with the GLYCOVAX program. These forums are intended also to
stimulate the establishment of new scientific collaborations inside and outside the network.

In particular, the second Workshop „Novel approaches for glycoconjugation‰ has been
organized by Instituto de Medicina Molecular, Lisboa, Portugal. Lectures dealt with:
•

•

•

•

•

•

•

Classic approaches for conjugation.

The need of selectivity.

Site selective methods.

Chemical modifications of native aminoacids.

Expression and chemical modifications of non-canonic aminoacids.

Chemoenzymatic approaches for glycoproteins.

Glycoengineered proteins.

SECOND WORKSHOP

“NOVEL APPROACHES
FOR GLYCOCONJUGATION”

23rd-24th March 2017 - Instituto de Medicina Molecular, Lisboa, Portugal
THURSDAY 23rd MARCH 2017 - IMMUNOLOGY AND VACCINES SESSION
10.00-10.50

10.50-11.10

Immunology session I
Marc Veldhoen - Group Leader of the Immune Regulation Unit
Instituto de Medicina Molecular, Portugal

Coffee break

11.10-12.00

Immunology session II
Marc Veldhoen - Group Leader of the Immune Regulation Unit
Instituto de Medicina Molecular, Portugal

12.00-13.00

Glycan based immunity against malaria transmission
Miguel Soares - Group Leader of the Inflammation Unit
Instituto Gulbenkian de CIência (IGC), Portugal

13.00-14.00

Lunch

14.00-15.00

Glycosylation alterations in cancer: a source of targets for
therapeutic applications
Celso Reis - Group Leader of the Glycobiology in Cancer Unit
Institute of Molecular Pathology and Immunology of the University of Porto
and Instituto de Investigação e Inovação em Saúde - i3S, Portugal

15.00-16.00

Towards a new malaria vaccine
Miguel Prudêncio - Group Leader from the Plasmodium Infection &
Anti-malarial Interventions Unit
Instituto de Medicina Molecular, Portugal

16.00-16.30
16.30-17.30

17.30

Coffee break

Adoptive T cell transfer - cancer immunotherapy going wild
Haakan Rolf Norell - Investigator at the T cell Differentiation &
Tumor Targeting Unit
Instituto de Medicina Molecular, Portugal

Free night
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SECOND WORKSHOP

“NOVEL APPROACHES
FOR GLYCOCONJUGATION”

23rd-24th March 2017 - Instituto de Medicina Molecular, Lisboa, Portugal
FRIDAY, 24th MARCH 2017 - GLICOCONJUGATION SESSION
09.30-10.30

10.30-11.00

Deciphering mucin-based glycan specificity for cancer-related
antibodies and lectins
Filipa Marcelo - Assistant Researcher at the Structural Molecular Biology Unit
Rede de Química e Tecnologia, Portugal
Coffee break

11.00-12.00

Sweet chemistry towards the generation of multitarget small
molecules against AlzheimerÊs disease and diabetes
Amelia Rauter - Group Leader at the Carbohydrate Chemistry Unit
Centro de Química e Bioquímica, Portugal

12.00-13.00

Design of novel glycopeptide-based cancer vaccines
Francisco Corzana López - Investigator at the Biological Chemistry Unit
Universidad de la Rioja, Spain

13.00-14.00

14.00-15.00

Lunch

Closing session - Chemical site-selective protein modification
Gonçalo Bernardes - Group Leader of the Chemical Biology and Clinical
Pharmacology Unit
Instituto de Medicina Molecular, Portugal
Group Leader - Royal Society URF
University of Cambridge, UK
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IMMUNOLOGY SESSION I & II
Marc Veldhoen

Instituto de Medicina Molecular, Lisboa, Portugal

The immune system is made up of different cell types, but also an integral part of each tissue. Especially
at the surfaces in direct contact with the environment, the skin, lungs, gastrointestinal tract, immunity has
many interactions with the external environment. In recent years our interaction with the microbes
occupying these same barrier sites has been the focus of much research. A brief overview of some
aspects of such microbe-host interactions was provided.
In the second half, a more detailed overview of T cell subsets and their role in immunity was provided.

4

GLYCAN BASED IMMUNITY AGAINST MALARIA TRANSMISSION
Miguel P. Soares1 and Bahtiyar Yilmaz1,2
1

2

Instituto Gulbenkian de Ciência, Oeiras, Portugal
Universität Bern, Bern, Switzerland

Stable mutualistic interactions between multicellular organisms and microbes are an evolutionarily
conserved process with a major impact on host physiology and fitness. Humans establish such
interactions with a consortium of microorganisms known as the microbiota. Despite the mutualistic
nature of these interactions, some bacterial components of the human microbiota express immunogenic
glycans that elicit glycan-specific antibody (Ab) responses. The ensuing circulating Abs are protective
against infections by pathogens that express those glycans, as demonstrated for Plasmodium, the
causative agent of malaria. Presumably, a similar protective Ab response acts against other vectorborne
diseases.
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GLYCOSYLATION ALTERATIONS IN CANCER: A SOURCE OF TARGETS FOR
THERAPEUTIC APPLICATIONS
Celso A. Reis1,2,3,4
1

Instituto de Investigação e Inovação em Saúde, Porto, Portugal

3

Instituto de Ciências Biomédicas de Abel Salazar, Porto, Portugal

2

4

Instituto de Patologia e Imunologia Molecular da Universidade do Porto, Porto, Portugal
Universidade do Porto, Portugal.

Glycosylation alterations are frequently found in cancer and specific glycan structures are a hallmark of
cancer development and progression [1]. The characterization of glycosylation modifications occurring
in cancer is of high interest and represents a source of putative new biomarkers for cancer detection,
therapeutic intervention and patient stratification. This presentation reports the application of
glycoproteomic approaches for: (A) the identification of increased expression of terminal sialylated
structures in cancer, which can lead to the activation of tyrosine kinase receptors, such as MET and
RON in cancer cells [2,3,4]; (B) the characterization of glycans carried by extracellular vesicles and
mediating cancer cell communication; (C) the identification of altered glycosylated proteins, carrying
the simple mucin-type carbohydrate antigen STn, in engineered cancer cell models and in sera of gastric
cancer patients [5], including the demonstration that the primary gastric tumors are the source of the
identified glycoproteins (CD44) expressing truncated O-glycans [5].

References:

[1] Pinho S.S. and Reis C.A. Glycosylation in cancer: mechanisms and clinical implications. Nat Rev Cancer 2015, 15, 540-555.

[2] Mereiter S., Magalhães A., Adamczyk B., Jin C., Almeida A., Drici L., Ibáñez-Vea M., Gomes C., Ferreira J.A., Afonso L.P., Santos L.L.,
Larsen M.R., Kolarich D., Karlsson N.G., Reis C.A.Glycomic analysis of gastric carcinoma cells discloses glycans as modulators of
RON receptor tyrosine kinase activation in cancer. Biochim Biophys Acta 2016, 1860, 1795-1808.

[3] Gomes C., Osório H., Pinto M.T., Campos D., Oliveira M.J., Reis C.A. Expression of ST3GAL4 Leads to SLe(x) Expression and Induces
c-Met Activation and an Invasive Phenotype in Gastric Carcinoma Cells. PLoS One 2013 8(6), e66737.

[4] Magalhães A., Mereiter S., Reis C. Reciprocal Modulation of Terminal Sialylation and Bisecting N-Glycans: A New Axis of Cancer-Cell
Glycome Regulation? J Biol Chem 2016, 291, 8308.

[5] Campos D., Freitas D., Gomes J., Magalhães A., Steentoft C., Gomes C., Vester-Christensen M.B., Ferreira J.A., Afonso L.P., Santos
L.L., Pinto de Sousa J., Mandel U., Clausen H., Vakhrushev S.Y., Reis C.A. Probing the O-glycoproteome
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TOWARDS A NEW MALARIA VACCINE
Miguel Prudêncio

Instituto de Medicina Molecular, Lisboa, Portugal

Whole sporozoite (WSp) immunization is the sole vaccination strategy consistently shown to convey
sterile immunity against malaria. Indeed,while potentially more efficient than any of the subunit malaria
vaccine candidates developed so far, all current WSp malaria immunization strategies rely on the
absolute/complete attenuation of Plasmodium falciparum (Pf), the deadliest human-infective species. In
this talk, I will describe a novel approach to WSp immunization using rodent Plasmodium berghei (Pb)
parasites as immunogenic platforms that can be genetically modified to express antigens from their
human counterparts. We show that Pb readily infects and develops inside human hepatocytes, while it is
naturally unable to develop in human erythrocytes, effectively acting as a developmentally arrested immunizing agent. We generated Pb(PfCS@UIS4), a Pb parasite genetically engineered to expresses at
the surface of sporozoites and hepatic parasite stages the major Pf immunogenic protein, the
circumsporozoite (CS) protein. The immunogenicity of Pb(PfCS@UIS4) was assessed in an innovative
rabbit model of Plasmodium infection, capable of mimicking the parasite’s expected behavior in
humans. Pb(PfCS@UIS4) elicited strong cellular immune responses against Pf, which are largely
dependent on the vaccine’s Pb genetic background and arise as a result of Pb/Pf cross-species
reactivity. Moreover, Pb(PfCS@UIS4) stimulates potent, mostly PfCS-dependent, antibody responses,
capable of not only recognizing and binding to Pf sporozoites, but also functionally protecting against
Pf liver infection. Our findings warrant the clinical evaluation of the Pb(PfCS@UIS4) as a vaccine
candidate and establish this immunization platform as a new paradigm in malaria vaccination.
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ADOPTIVE T CELL TRANSFER - CANCER IMMUNOTHERAPY GOING WILD
Haakan Rolf Norell

Instituto de Medicina Molecular, Lisboa, Portugal

This educational presentation focus on some key principles of tumor immunology. We often generate
diverse and complex cascades of adaptive anti-tumor immune responses, which continuously and
bi-directionally interact with an ever-changing tumor - as cancer immune evasion mechanisms develop.
Immune surveillance and immunotherapy thus both drive and get shaped by tumor immune escape and
suppression. Specifically, we start by briefly discussing the different leukocyte subsets infiltrating the
tumor microenvironment in different types of cancers (of varying immunogenecity), noting the balance
between (often co-existing) pro- and anti- tumoral immune cell types - capable of driving or inhibiting
tumorigenesis (impacting everything from disease initiation, diagnosis, progression and metastasis to
treatment responses). We next consider how we can manipulate immune responses in the context of
cancer therapy, by introducing the main immunotherapeutic strategies. In particular, we highlight the
recent clinical approval of immune checkpoint inhibitors.Considering basic scientific science,
translational research and its applications to clinical settings, we then focus most of the lecture on the
pros and cons of adoptive cell
therapies harnessing TCR- or Chimeric Antigen Receptor- transduced T cells. These effectors provide
extraordinary potent anti-tumor immunity, but sometimes mediate severe/lethal side effects (e.g. by
driving cytokine cascades or directly targeting normal tissues) and/or drive tumor escape variants
lacking the targeted antigen. We finish with an open discussion on the future prospects of cancer
immunotherapies in the context of human heterogeneity and personalized medicine.
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DECIPHERING MUCIN-BASED GLYCAN SPECIFICITY FOR CANCER-RELATED
ANTIBODIES AND LECTINS
Filipa Marcelo

Universidade Nova de Lisboa, Caparica, Portugal

A regular feature of cancers is the incomplete glycosylation of MUC1, a tumor-associated glycoprotein [1].
The detailed knowledge of how mucin-type motifs interact with their specific receptors, namely lectins
and antibodies, is of paramount importance to rationalize the development of a potent
anti-cancer vaccines as well to design innovative probes for diagnosis. In this context, NMR
spectroscopy has proved to be notably useful to obtain structural insights, with atomic resolution, into
the solution structure and dynamics of ligand-protein complexes [2]. In this communication we report the
molecular recognition of distinct MUC1-type glycopeptides by the human macrophage galactose type
lectin [3] and by anti-MUC1 monoclonal antibodies [4], disclosed by NMR binding experiments,
molecular modelling and glycan microarrays approaches.
References:

[1] Pinho S.S. and Reis C.A. Glycosylation in cancer: mechanisms and clinical implications. Nat Rev Cancer 2015, 15, 540-555.

[2] del Carmen Fernández-Alonso M., Díaz D., Berbis M.Á., Marcelo F., Cañada J. and Jiménez-Barbero J. Protein-carbohydrate
interactions studied by NMR: from molecular recognition to drug design. Curr Protein Pept Sci 2012, 13, 816-830.

[3] Marcelo F., Garcia-Martin F., Matsushita T., Sardinha J., Coelho H., Oude-Vrielink A., Koller C., André S., Cabrita E.J., Gabius H.J.,

Nishimura S., Jiménez-Barbero J. and Cañada F.J. Delineating binding modes of Gal/GalNAc and structural elements of the molecular

recognition of tumor-associated mucin glycopeptides by the human macrophage galactose-type lectin. Chemistry 2014, 20, 16147-16155.

[4] Coelho H., Matsushita T., Artigas G., Hinou H., Cañada F.J., Lo-Man R., Leclerc C., Cabrita E.J., Jiménez-Barbero J., Nishimura S.,
Garcia-Martín F. and Marcelo F. The Quest for Anticancer Vaccines: Deciphering the Fine-Epitope Specificity of Cancer-Related

Monoclonal Antibodies by Combining Microarray Screening and Saturation Transfer Difference NMR. J Am Chem Soc 2015, 137, 12438-12441.
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SWEET CHEMISTRY TOWARDS THE GENERATION OF MULTITARGET SMALL
MOLECULES AGAINST ALZHEIMERÊS DISEASE AND DIABETES
Amélia P. Rauter

Universidade de Lisboa, Lisboa, Portugal

Type 2 diabetes (T2D) affects millions of people all over the world and its progressive nature, issues of
drug safety and tolerability, and drug side effects encourage innovation in medication. There is also
growing evidence for a shared pathophysiology between T2D and Alzheimer’s disease (AD), the most
prevalent form of dementia, that leads to memory loss, cognitive decline and ultimately to death.
Indeed, discovery of new antidiabetic drugs remains a challenge, particularly if capable of preventing
the development of AD in type 2 diabetic patients.
This presentation provides an overview of our efforts in this direction, starting from a medicinal plant
traditionally used against diabetes. The identification of the plant active principle as a C-glycosyl
polyphenol encouraged the generation of a library of C-glycosyl polyphenols exhibiting a diversity of
structures. Their chemistry, antidiabetic mechanisms of action, ability to interact with amyloid peptides
and ultimately the role of the glycone to prevent PAINS (pan assay interference compound) were
discussed. This multidisciplinary approach covering phytochemistry, organic synthesis, NMR guided
approaches for interaction studies, computational science, biology, biochemistry,and biophysics also
illustrated the science of today towards the technology of tomorrow in the area of medicinal
glycochemistry.
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DESIGN OF NOVEL GLYCOPEPTIDE-BASED CANCER VACCINES
Francisco Corzana

Universidad de La Rioja, La Rioja, Spain

Mucin MUC1 is an O-glycoprotein overexpressed in various tumors. While in healthy tissues, the
peptide sequence of this protein carries complex oligosaccharides, in cancer cells, it shows simple and
truncated carbohydrates, such as the Tn antigen (α-O-GalNAc-Ser/Thr). These antigens are exposed to
the immune system and can interact with it. Due to this unique characteristic, partially glycosylated
MUC1 derivatives are attractive antigens for the development of therapeutic vaccines for the treatment
of cancer [1].
Currently, considerable effort is dedicated to synthesizing MUC1 derivatives that can elicit a strong
immune response. However, the identification of the significant structural elements involved in the
presentation of the antigen, as well as the recognition process of these antigens by anti-MUC1
antibodies remains partly unclear. We are developing a multidisciplinary approach that combines
synthesis, X-ray diffraction, nuclear magnetic resonance and molecular modeling to identify these
structural features [2,3] (Figure). Our results provide valuable hints for the design of efficacious cancer
vaccines.

References:

[1] Feng D., Shaikh A.S. and Wang F. Recent Advance in Tumor-associated Carbohydrate Antigens (TACAs)-based Antitumor Vaccines.
ACS Chem Biol 2016, 11, 850−863.

[2] Martínez-Sáez,N., Castro-López J., Valero-Gónzalez J., Madariaga D., Compañón I., Somovilla V. J., Salvadó M., Asensio J. L.,

Jiménez-Barbero J., Avenoza A., Busto J. H., Bernardes G. J. L., Peregrina J. M., Hurtado-Guerrero R. and Corzana F. Angew Chem
Int Ed Engl 2015, Deciphering the Non-Equivalence of Serine and Threonine O-Glycosylation Points: Implications for Molecular

Recognition of the Tn Antigen by an anti-MUC1 Antibody. 54, 9830−9834.

[3] Martínez-Sáez N., Supekar N. T., Wolfert M. A., Bermejo I. A., Hurtado-Guerrero R., Asensio J. L., Jiménez-Barbero J., Busto J. H.,
Avenoza A., Boon G.-J., Peregrina J. M. and Corzana F. Mucin architecture behind the immune response: design, evaluation and

conformational analysis of an antitumor vaccine derived from an unnatural MUC1 fragment. Chem Sci 2016, 7, 2294–2301.
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