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Objectives

iMed.ULisboa fosters translational research, creates
innovation in pharmaceutical and biomedical research
and applies knowledge to the benefit of human health.
Our approach spans scientific disciplines and takes a
crosscutting, integrative view of biology, chemistry, and
pharmaceutical technology. Many innovative ideas and
powerful technologies are now fuelling breakthroughs in
mechanistic biology and medicinal chemistry, which could
potentially enable more effective searches of molecules
and targets and accelerate success in drug discovery
and development. However, such approaches also raise
considerable conceptual, technical, and organizational
challenges. iMed.ULisboa aims to identify the approaches
and technologies that could be implemented robustly,
and critically analyse opportunities and challenges for
their widespread application. We specifically build on
enabling scientific platforms that enhance research inside
and outside, providing opportunities to share our science,
encouraging collaboration with academic and industry
partners, and attracting emerging talents and young
students. We want to continue valuing an environment
that nurtures and rewards innovative research activities in
translational science and technology dedicated to improving
human health.
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Contributions

1.1. Collaboration and
leadership development

The translation of discoveries to the clinics is speeding with efforts to find more
precise ways of managing disease. iMed.ULisboa leads a large recently funded
project, involving academia, biotech and pharma industry, hospitals, patients,
and medical associations, supported by European structural funds. POINT4PAC
will develop a platform for discovery and early development of innovative tech-
nologies, therapies, and solutions for treatment, prevention, and control of cancer.
By involving a large team of researchers atiMed.ULisboa, including young Pls and
newly recruited postdoc scientists, this project is exemplar for future inclusive
multidisciplinarity and leadership.

1.2. Scientific platform
development and partnering

iMed.ULisboa has recently created the Molecular BioScreening Platform that
supports scientists seeking to understand how molecular processes govern bio-
logical function. We apply a collaborative working model to identify and develop
novel chemical compounds, which elicit specific biological responses. We recently
screened > 250,000 pharma molecules using phenotypic HTS to discover modu-
lators of cell function with the potential to become new drugs. The hits are now
feeding hit-to-lead medicinal chemistry projects. We specifically invest in assay de-
velopment using improved 3D culture- and stem cell-based approaches funded by
H2020 or pharma (AstraZeneca, ECBio, Intercept). These high-level platforms will
set a paradigm at iMed.ULisboa for academia-industry partnerships and inclusion
in international research infrastructures (EU-OPENSCREEN).

1.3. Recruitment of
outstanding workforce

Propelled by recent successful research initiatives, iMed.ULisboa and FF/
ULisboa have built a strong political will on renovating teaching and research
staff. Following the admission of twelve highly qualified investigators in 2007-
08, eight new investigators were recruited in 2012-15 in competitive calls fund-
ed by FCT. More recently, FFULisboa set the stage for future recruitment ini-
tiatives and signed seven new contracts of assistant professor level in 2016-17.
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1.4. Research training

iMed.ULisboa has also progressed
tremendously in scientific training
programmes dedicated to PhD and
Postdoc levels, and to young under-
graduate and Master students. We lead
the PhD Programme in Medicines and
Pharmaceutical Innovation financed
by FCT since 2015. We also promote
four other FCT funded training initia-
tives, all multi-institutional, includ-
ing the PhD Programme in Medicinal
Chemistry. Further to the above, two
H2020 Marie Curie European Training
Networks have recently expanded our
ability to facilitate the development of
inter and cross-disciplinary research
teams and to stimulate translational
research training.

97 PhD

Students

W FCT
B Non-FCT

4%

278 MSc
Students

1%

68 MSc
Concluded

Regulation And Evaluation Of Medicines And Health
Biopharmaceutical Sciences

Clinical Analysis

Food Quality And Health

Pharmaceutical Engineering

Pharmaceutical Chemistry and Therapeutic
Medicinal Chemistry And Biopharmaceuticals

14 PhD

Concluded

B FCT
B Non-FCT (Industry + Others)
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Financial
Realization

The Project was developed accord-
ing to the initial financial plan. Drug
discovery and development can be
viewed as a challenging multidimen-
sional problem in which efficacy, phar-
macokinetics, and safety, among oth-
ers, need to be optimized in parallel
to provide drug candidates. Recent
advances at iMed.ULisboa, such as
microfluidics-assisted chemical syn-
thesis and biological testing, comput-
er-assisted systems that improve the
design hypothesis through feedback
analysis, as well as precise target-
ed drug delivery are now providing a
basis for the introduction of greater
automation into aspects of the drug
discovery and development process.
This could potentially accelerate time
frames for discovery and optimization
and enable more effective searches of
molecules and targets. However, such
approaches also raise considerable

conceptual, technical and organiza-
tional challenges. iMed.ULisboa has
identified the approaches and tech-
nologies that could be implemented
robustly and to critically analyse the
opportunities and challenges for their
widespread application. Much like in
previous funding periods, the invest-
ment of base funding at iMed.ULisboa
in 2019 was built with two primary
goals. First, to support and maintain
the core research infrastructure and
operation, and second, to encourage
young scientists to undertake creative
collaborative approaches across dif-
ferent disciplines that will ultimate-
ly further create innovation (internal
funding scheme).




2500000 €

2000000 €

1500000 €

1000000 €

500000 €

0€

6%

2%

B National - coordinator

B International - partner

B National - Partner

B Industry- Coordinator

B International - Coordinator

2019

Total Awarded Funding Total Available Funding
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3.1

Stategic Lines

iMed.ULisboa encourages efforts
to study the interaction of various
diseases and conditions. The Drug
Discovery Programme strives to
forge new connections across re-
search disciplines to advance under-
standing of molecular mechanisms
and discovery of treatments for can-
cer, infectious diseases, neurodegen-
erative and inflammatory diseases.

To speed the movement of discov-
eries from the lab to the clinic, iMed.
ULisboa will also accelerate and ex-
pand individualized ways of manag-
ing and preventing disease, such as
pharmacogenomics and biomarkers.
iMed.ULisboa will also support col-
laborations with “big data” special-
ists aimed at accessing, managing,
analysing, integrating, and mining
the huge amounts of data, being gen-
erated by iMed.ULisboa scientists.

To incorporate iMed.ULisboa vision into the Drug
Discovery, our broad strategic lines are:

1. Genetic, molecular and cellular research to find new therapeutic inter-
ventions in cancer and metabolic diseases.

Genetic, cellular and metabolic approaches will identify key signalling and met-
abolic pathways that can be targeted with high-throughput drug screening and
protein engineering and biochemistry, or that can give rise to better biomarkers
of disease.

2. Neurobiology research to dissect new treatment strategies in neurode-
generative and age-related disorders.

The impact of neuron-glia-vascular interactions is of crucial value to provide
new answers to neurodegenerative diseases. We aim to discover innovative
strategies of understanding and ameliorating neurological disorders and aging.

3. Host-pathogen interaction to exploit infectious agents as a source of
drug targets.

The molecular biology and epidemiology of mycobacteria, virus and phages
aims to realise how these agents interact with host and how they explore their
structural peculiarities to optimal replication. With this understanding we aim
to develop novel anti-infective strategies and new biopharmaceutical drugs.

The Drug Discovery Programme drives a culture of technology transfer to hos-
pitals, biotech and pharma industry. Funding for research is supported by com-
petitive national and international sources both from public (H2020, IMI and
FCT) and private institutions (Pharma and non-profit organizations) reaching
more than 8 M€ in 2018 ongoing projects. As result, the track record during
2013-2018 shows also impactful publications and respectful international rec-
ognition of our science. Given the attractiveness of Drug Discovery areas to
young scientists, ca. 50 PhD students finished their graduation during 2013-
2018 and equivalent numbers are currently enrolled in the PhD Programme
in Pharmacy, based in FCT and Marie Currie funded training in Medicines
and Pharmaceutical Innovation, Medical Biochemistry and Biophysics, and
Advanced Integrated Microsystems. Specific scientific platforms provide access
to state-of-the-art facilities capable of performing protein, cellular and animal
studies at single and high-throughput assessment.
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3.2
Research
Groups

Cellular Function And
Therapeutic Targeting

Group Leader: Cecilia M. P. Rodrigues - PhD (1996) in Pharmacy
(Biochemistry), Universidade de Lisboa. Postdoctoral research at University
of Minnesota, USA. Full Professor, Faculdade de Farmécia, Universidade de
Lisboa. Group leader at iMed.ULisboa

Keywords: Molecular Targets; Biomarkers And Therapeutics; Signalling
Pathways Of Cell Proliferation, Differentiation And Death Cell Systems;
Murine Models And Human Biological Samples Inflammatory;
Neurodegenerative And Oncogenic Diseases;

Achievements

Our goal is to identify novel mechanism-based molecular
targets for therapeutic intervention and diagnosis by focus-
ing on the unravelling and regulation of cell function involved
in inflammatory, neurodegenerative and oncogenic diseases.

We have further elucidated the role of mitochondrial
dysfunction and cell death in non-alcoholic fatty liver dis-
ease (NAFLD). In particular, we showed that skeletal muscle
miRNAs are modulated during NAFLD and that free fatty
acid-induced muscle cell dysfunction occurs through acti-
vation of the miR-34a/SIRT1:AMPK pathway. This led to mi-
tochondrial dynamics dysfunction in skeletal muscle, with
mitofusin 2 protein correlating with hallmarks of NAFLD.
Mitofusin 2 was decreased in liver biopsies from NAFLD
patients and in mouse models. Mitofusin 2 deficiency re-
duced phosphatidylserine transfer and phospholipid syn-
thesis, leading to endoplasmic reticulum stress and devel-
opment of disease phenotype.

In studies of neuronal degeneration, we showed that
lipid metabolism affected mitochondrial dynamics after
ectopic expression of cholesterol 24-hydroxylase encod-
ed by CYP46A1 gene in NPC1-knockdown cells. Indeed,
reduced cholesterol accumulation rescued mitochondrial
function and integrity, thus modulating mitochondria dy-
namics in favour of organelle fusion. We have also investi-
gated the influence of mitochondria integrity and oxidative
balance in neural differentiation processes. AB-peptide
compromised neural stem cell commitment and survival
by irreversibly impairing mitochondria and thwarting any
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neurogenic rescue through either mitochondrial biogen-
esis/dynamics or radical scavenger systems. In addition,
we identified a novel small molecule capable of modulat-
ing p53 activity and acting as an efficient inducer of neural
stem cell and tumour cell differentiation. Using a sub-acute
MPTP-mouse model of Parkinson’s disease, we showed
that RIP3K genetic deletion protected from dopaminergic
neurodegeneration in the substantia nigra. Surprisingly,
activation of mitochondrial-dependent intrinsic apopto-
sis was abolished by RIPK3 deficiency. RIPK3 ablation also
dampened the inflammatory response in primary mixed
glial cultures, further supporting non-necroptotic roles.

Last but not least, we showed that MEK5/ERKS5 signalling
contributes to sustained stemness in colon cancer cells,
at least in part, through the activation of a downstream
NF-kB/IL-8 axis. More importantly, we provided evidence
that pharmacological inhibition of ERK5 may be a promis-
ing therapeutic approach to eliminate malignant stem-like
cells, avoid chemotherapy resistance, and improve colon
cancer treatment.

Dionisio PA, Oliveira SR, Gama MJ, Castro-Caldas M,
Amaral JD, Rodrigues CMP. Ablation of RIP3 protects
from dopaminergic neurodegeneration in experimental
Parkinson'’s disease. Cell Death Dis 2019; 10: 840.

Hernandez-Alvarez MI, Sebastian D, Vives S, lvanova S,
Bartoccioni P, Kakimoto P, Plana N, Veiga SR, Hernandez V,
Vasconcelos N, Peddinti G, Adrover A, Jové M, Pamplona
R, Gordaliza-Alaguero I, Calvo E, Cabré N, Castro R,
Kuzmanic A, Boutant M, Sala D, Hyotylainen T, Oresi¢ M,
Fort J, Errasti-Murugarren E, Rodrigues CMP, Orozco M,
Joven J, Canté C, Palacin M, Fernandez-Veledo S, Vendrell
J, Zorzano A. Deficient endoplasmic reticulum-mitochon-
drial phosphatidylserine transfer causes liver disease. Cell
2019; 177: 881-895.

Pereira DM, Gomes SE, Borralho PM, Rodrigues CMP.
MEKS5/ERKS activation regulates colon cancer stem-like cell
properties. Cell Death Discov 2019; 5: 68.

Ribeiro MF, Genebra T, Rego AC, Rodrigues CMP, Sola S.
Amyloid 3 peptide compromises neural stem cell fate by
irreversibly disturbing mitochondrial oxidative state and
blocking mitochondrial biogenesis and dynamics. Mol
Neurobiol 2019; 56: 3922-36.

Simao AL, Afonso MB, Rodrigues PM, Gama-Carvalho M,
Machado MV, Cortez-Pinto H, Rodrigues CMP, Castro RE.
Skeletal muscle miR-34a/SIRT1:AMPK axis is activated in
experimental and human non-alcoholic steatohepatitis. ]
Mol Med (Berl) 2019; 97: 1113-1126.
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MitoTracker

Hoechst

AB-FAM

Representative images of fluorescence detection of A
(green) co-localized with mitochondria (red), by confocal
microscopy and Airyscan processing. Nuclei were coun-
terstained with Hoechst 33258 (blue). Scale bar, 5 pm.
Self- renewing neural stem cells were incubated with 2
MM AB-FAM for 24 h (Ribeiro et al. Mol Neurobiol 2019).
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Host-Pathogen
Interactions

Group Leader: Elsa Anes - PhD (1998) in Pharmacy (Microbiology),
University of Lisbon. Posdoctoral research at EMBL, Heidelberg, Germany.
Associate Professor, Faculdade de Farmaécia, Universidade de Lisboa

Keywords: Cathepsins; Mycobaterium tuberculosis, HIV; Phage
genomes and lysin therapy; Cell wall vulnerability to antibiotics;
Influenza virus;

Achievements

From transcriptomic analysis Anes group identified a few
target cathepsins and cystatins to be manipulated during M.
tuberculosis infection (Mtb) of macrophages and/or during
co-infection with HIV to control pathogen intracellular niches.
On the context of TB infection the manipulation of cathep-
sin activity either by using a siRNA strategy or by repurposed
drugs used to control HIV infection lead to an increased intra-
cellular killing of Mtb and better immune activation and anti-
gen presentation.

Filipa Vale team is currently identifying and testing phage ly-
sins to fight Gram-negative antibiotic-resistant bacteria, includ-
ing A. baumannii, P. aeruginosa, Enterobacteriaceae carbape-
neme-resistant, H. pylori, and Campylobacter spp. So far, phage
lysins encapsulated in drug delivery systems presented an in-
hibitory action over H. pylori and Campylobacter. Additionally,
the impact of prophages in the virulence of H. pylori strains
associated with gastric cancer is being studied in a worldwide
collection of about 1000 genomes, contributing to address the
role of bacterial diversity in gastric carcinogens (HpGP interna-
tional project, National Cancer Institute, NHI, US).

Aiming to identify putative antiviral target regions within
the NS1 influenza protein Rebelo-de-Andrade team identi-
fied highly conserved regions, located on predicted drugga-
ble pockets within the NS1 protein structure, across the hu-
man-infecting Influenza A strains. Specifically they identified
seventeen new top-ranked hot spots for drug targeting. The
data obtained have provided a panel for site-directed muta-
genesis studies. The research regarding the co-segregation of
the PB1 with antigenic proteins will pursue based on the pre-
vious results suggesting that functional compatibility between
PB1 and antigenic proteins can be determinant for the produc-
tion of vaccine seeds for influenza.

Cataldo team identified cell wall vulnerabilities of Mtb that
can be translated into novel synergistic antibiotic combination

26

schemes to tackle life-threatening TB. The group also found
novel Mtb PG determinants involved in host immune respons-
es subversion and how they relate to the heterogeneous out-
comes of TB.

In the search for the role of the ectosomes in the dissemina-
tion of HIV infection in CNS lead by Azevedo-Pereira, microglial
cells and astrocytes were tested in trans infection experiments
with microglia as donor cell and astrocytes as target cell. The
secretome was collected as source of extracellular vesicles.

Selected references

Yahara K, Lehours P, Vale FF. Analysis of genetic recombina-
tion and the pan-genome of a highly recombinogenic bacte-
riophage species. Microbial Genomics 2019; 5(8). doi: 10.1099/
mgen.0.000282.

Imkamp F, Lauener FN, Pohl D, Lehours P, Vale FF, Jehanne
Q, Zbinden R, Keller PM, Wagner K. Rapid characterization of
virulence determinants in Helicobacter pylori isolated from
non-atrophic gastritis patients by next generation sequencing.
Journal of Clinical Medicine 2019; 8(7). pii: E1030. doi: 10.3390/
jcm8071030.

Trigueiro-Louro JM, Correia, V, Santos LA, Guedes RC, Brito
RMM, Rebelo-de-Andrade H. To hit or not to hit: Large-scale
sequence analysis and structure characterization of influenza
A NS1 unlocks new antiviral target potential. Virology. 2019;
535:297-307

Pires D, Bernard E, Pombo JP, Carmo N, Fialho C, Gutierrez
MG, Bettencourt P and Anes E. Mycobacterium tuberculosis
Modulates miR-106b-5p to Control Cathepsin S Expression
Resulting in Higher Pathogen Survival and Poor T-Cell
Activation. Front Immunol 2017; 8:1819.

Catalao M), Filipe SR, Pimentel M. Revisiting anti-tuberculo-
sis therapeutic strategies that target the peptidoglycan struc
ture and synthesis. Front Microbiol. 2019; 10:190. doi: 10.3389/
fmicb.2019.00190.
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3.2. Research Groups

Metabolism And
Genetics

Group Leader: Ana Paula Leandro - PhD (2001) in Pharmacy
(Biochemistry), Universidade de Lisboa. Assistant Professor, Department of
Biochemistry and Human Biology.

Keywords: Genetic Orphan Diseases; Diabetes, Obesity & Cancer;
Mitochondrial Metabolism; Water & Energy Homeostasis; Gene
Mutations & Personalized Therapies;

Achievements

Research at the Met&Gen group has been focused on
the study of rare genetic disorders of intermediate metab-
olism as well as on common diseases and chronic condi-
tions such as Liver Disease, Obesity and Cancer.

Concerning rare genetic disorders, structural and func-
tional characterization of wild-type human phenylalanine
hydroxylase (hPAH) lead to the release of the first solu-
tion structure of the full-length hPAH by SAXS and to the
identification of small molecules stabilizers of the protein
structure. These molecules were already validated in vitro
and in the cellular context. In addition, molecular dynam-
ics simulations on human medium chain acylCoA dehy-
drogenase lead to the identification of a protein region
which was considered an excellent target for stabilization
by small peptides. In the context of genetic diseases, the
group has been actively involved in patient’s genotyping
aiming at the identification and characterization of the
underlying gene mutations (missense, nonsense, splic-
ing), in order to develop better-tailored therapies (muta-
tion-based approach). Furthermore, these studies also
allow identification of genetic variants corresponding to
susceptibility factors either for common diseases (cardio-
vascular disease, diabetes, cancer) or for Drug Response
(personalized medicine).

A translational perspective hosted major findings on
drug-induced effects on mitochondrial energy metabolism
and epigenetic modulation. The use of an animal model of
drug-induced liver dysfunction contributed to clarify mito-
chondria-nucleus crosstalks. KDACi-associated differences
on the profiles of acetylated proteins in liver were correlated
with inhibition of PDC activity with decreased formation of
acetyl-CoA in matrix. This mechanism linked with FAO inhibi-
tion and other acetyl-CoA-related metabolic processes may
exacerbate the mitochondrial dysfunction and liver steatosis.

28

Investigation of Aquaporins (AQP) as cancer drug targets
revealed a major role for AQP5 in dynamic fine-tuning of
intracellular H202 concentration, activating signalling net-
works related to cell survival and cancer progression. The
expression profiles of AQP1, AQP3, and AQP5 and the Nrf2
transcription factor in breast cancer cells with different
malignancies were correlated with lipid steady state pro-
files and sensitivity to oxidative stress. The obtained data
brings evidence to the involvement of AQPs in cancer ag-
gressiveness. Preclinical evaluation of one AQP3 inhibitor
formulated in long circulating nanoliposomes for melano-
ma treatment was also accomplished.

Selected references

Caldeira-Araujo H, Ramos R, Florindo C, Rivera I, Castro
R, Tavares de Almeida I. Homocysteine metabolism in chil-
dren and adolescents: influence of age on plasmab and
correspondent genotype interactions. Nutrients 2019;
11(3). pii: E646.

Moedas MF, Adam AAA, Farelo MA, ljIst L, Chamuleau
RAFM, Hoekstra R, Wanders RJA, Silva MFB.Advances in
methods for characterization of hepatic urea cycle enzy-
matic activity in HepaRG cells using UPLC-MS/MS. Anal
Biochem 2017; 535:47-55.

Rodrigues C, Pimpdo C, Mdsca AF, Coxixo AS, Lopes D,
da Silva IV, Pedersen PA, Antunes F, Soveral G. Human
Aquaporin-5 Facilitates Hydrogen Peroxide Permeation
Affecting Adaption to Oxidative Stress and Cancer Cell
Migration. Cancers (Basel) 2019; 11(7), pii: E932.

Rodrigues C, Milkovic L, Bujak IT, Tomljanovic M, Soveral
G, Cipak Gasparovic A. Lipid Profile and Aquaporin
Expression under Oxidative Stress in Breast Cancer Cells
of Different Malignancies. Oxid Med Cell Longev 2019;
2061830 (doi: 10.1155/2019/2061830).

Tomé CS, Lopes RR, Sousa PMF, Amaro MP, Leandro



J, Mertens HDT, Leandro P, Vicente ]B. Structure of full-
length wild-type human phenylalanine hydroxylase by
small angle X-ray scattering reveals substrate-induced
conformational stability. Sci Rep 2019; 9(1):13615.

Human Phenylalanine Hydroxylase

+ L-Phe

The first solution structure of the full-lenght PAH revealed
molecular motions of the N-terminal regulatory domain
upon substrate (L-Phe) activation. Sci Rep 2019; 9:13615.

Molecular Microbiology
And Biotechnology

Group Leader: Jodo Gongalves - PhD (1996) in Pharmacy (Microbiology),
Universidade de Lisboa. Postdoctoral research at Harvard Medical School
and Scripps Research Institute, USA. Associate Professor, Faculdade de
Farmdcia, Universidade de Lisboa. Program Area Leader, Drug Discovery
atiMed.ULisboa.

Keywords: Antibiotic resistance; Antibiotic alternatives; Enzybiotics;
Endolysins; Antimicrobial peptides; Protein and antibody engineering;

Achievements

We aim to focus on molecular mechanisms underlying,
promoting, and maintaining infectious diseases, how patho-
gens evolve to other forms of virulence and drug resistance,
in order to develop molecular strategies to control microbial
infection. To achieve the proposed goals, the research of our
group was oriented:

1. To understand the mode of action and regulation
of the lysis functions that bacteriophages employ to de-
stroy the bacterial cell envelope.

2. To study mycobacteria-mycobacteriophage inter-
actions, particularly the last step of a phage infection,
which results in host lysis.

3. To study the genetic diversity of circulating
Mycobacterium tuberculosis strains in Portugal and
Portuguese-speaking countries.

4. To engineer chimeric antigen receptor T cells capa-
ble to detect and eliminate HIV latent cells.

5. Development of antibody derived biopharmaceuti-
cals against cancer specific antigens to improve cell kill-
ing by toxin and cytotoxic drug delivery.

To understand the mode of action and regulation of the
lysis functions that bacteriophages employ to destroy the
bacterial cell envelope we have focused our attention on
bacteriophage SPP1 and mycobacteriophages. We probed
the function of the two holin-like proteins of bacteriophage
SPP1. To step forward in studying mycobacteria-mycobacte-
riophage interactions, our group showed that bacteriophag-
es that infect mycobacteria encode lysis protein that specifi-
cally target components of the mycobacteria cell wall.

The main contributions arrived in areas of activity also rely
on the study of the molecular determinants of drug resis-
tance and its association with specific phylohenetic clades;
We helped to characterise the methylome across the 4
major lineages of M. tuberculosis and 2 lineages of M. africa-
num, the leading causes of tuberculosis disease in humans.
Insights into lineage-specific methylomes will further eluci-
date underlying biological mechanisms and other important
phenotypes of the epi-genome.

To develop molecular strategies to control viral infections
we engineered new antibody derived proteins which are po-
tent fusion inhibitor of HIV infection. These strategies were
based on a rational strategy for synthetic antibody library
construction. This molecular strategy provided new insights
into engineering strategies for antibodies against new thera-
peutic targets in oncology (nucleolin) and the development of
novel immunotoxins.

Selected references

Gigante AM, Hampton CH, Dillard RS, Gil F, Cataldo M),
Moniz-Pereira J, Wright ER, Pimentel M. 2017. The Ms6
Mycolyl-Arabinogalactan Esterase LysB is Essential for an
Efficient Mycobacteriophage-Induced Lysis. Viruses 9(11), pii:
E343. doi: 10.3390/v9110343

Cunha-Santos C, Perdigao PRL, Martin F, et al. Inhibition of
HIV replication through siRNA carried by CXCR4-targeted chi-
meric nanobody [published online ahead of print, 2019 Oct
22]. Cell Mol Life Sci. 2019;10.1007/s00018-019-03334-8.

Goncalves J, Myung G, Park M, Jeong D, Ghil J. SB5
shows cross-immunogenicity to adalimumab but not in-
fliximab: results in patients with inflammatory bowel dis-
ease or rheumatoid arthritis. Therap Adv Gastroenterol.
2019;12:1756284819891081.

Campanico A, Carrasco MP, Njorogen M, Seldon Ronnett,
Chibale K, Perdigdo J, Portugal I, Warner D, Moreira R, Lopes
F. Azaaurones as potent antimycobacterial agents active
against MDR- and XDR-TB. ChemMedChem 2019 14(16).

Perdigdo J, Silva C, Diniz J, Pereira C, Machado D, Ramos }J,
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Silva F, Brum C, Reis AJ, Macedo M, Scaini]L, Silva AB, Esteves
L, Macedo R, Maltez F, Clemente S, Coelho E, Viegas S, Rabna
P, Rodrigues A, Taveira N, Jorddo L, Kritski A, Lapa e Silva J,
Mokrousov I, Couvin D, Rastogi N, Couto I, Pain A, McNerney
R, Clark TG, von Groll A, Dalla-Costa ER, Rossetti ML, Silva
PEA, Viveiros M, Portugal I*. Clonal expansion across the seas
and CPLP-TB: A Joint Effort in Cataloguing Mycobacterium tu-
berculosis Genetic Diversity in the Lusophone Space. Infect
Genet Evol 2019 72.
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Cytoplasm

Group Leader: Dora Maria Tuna Oliveira Brites - PhD (1988) in
Pharmacy (Biochemistry), Universidade de Lisboa. Coordinator
Investigator, Faculdade de Farmacia, Universidade de Lisboa.

Astrocyte and microglia activation; Blood-brain barrier;
CNS Disorders; Extracellular Vesicles; Inflammatory microRNAs;
Neuroinflammation.

The group main goal is to unravel new targetable mecha-
nisms of CNS associated disorders in order to assay new
potential therapeutic strategies. As major achievements:

- We defined some of the pathways and mechanisms
participating in astrocyte aberrancies, in extracellular ves-
icles/secretome-mediated microglia activation and in ag-
ing-associated alterations in amyotrophic lateral sclerosis
(ALS) and Alzheimer's Disease (AD);

-We recognized a set of inflammatory-associated miRNAs
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as determining glia polarization and neurodegeneration,
using cell lines, transgenic mice and induced pluripotent stem
cells (iPSCs) from ALS and AD patients;

- We defined the astrocyte regional impact on the neu-
ropathological mechanisms of ALS;

- We identified different patient signatures for reactive
markers and inflammatory-associated miRNAs in astro-
cytes directly converted from ALS patient fibroblasts pre-
senting sporadic and familiar forms of the disease;

- We demonstrated that S100B-targeting ameliorates
Multiple Sclerosis pathogenesis in the in vivo animal model;

- We identified myelin clearance by microglia following
demyelination using a Boronic acid-derived dye (collabora-
tion with Bioorganic Chemistry group);

- We summarized the distinct models of physical resil-
ience that enable the assay of new potential geroprotec-
tors to prevent acute stressors integrative responses in-
volving multiple tissues;

- We determined that peripheral inflammatory reactiv-
ity may be prevented by phenolic compounds (collabora-
tion with Pharmacological and Regulatory Sciences);

- We demonstrated that modified amphetamine is a pe-
ripheral anti-obesity sympathofacilitator without cardiac side
effects of amphetamine (collaboration with Obesity Lab, IGC).

- We established the therapeutic benefits of tria-
zene-based hybrids to target gliomas (collaboration with
Medicinal Chemistry Group);

- We developed a high throughput methodology to
screen cathinones’ toxicological impact (collaboration with
Instituto Universitario Egas Moniz);

- We demonstrated the efficacy of phenolic compounds
to counteract (neuro)inflammation and to cross the blood-
brain barrier.

Vaz AR, Pinto S, Ezequiel C, Cunha C, Carvalho LA, Moreira
R, Brites D. Phenotypic Effects of Wild-Type and Mutant
SOD1 Expression in N9 Murine Microglia at Steady State,
Inflammatory and Immunomodulatory Conditions. Front.
Cell. Neurosci. 2019; 13: 109.

Gomes C, Cunha C, Nascimento F, Ribeiro JA, Vaz AR,
Brites D. Cortical Neurotoxic Astrocytes with Early ALS
Pathology and miR-146a Deficit Replicate Gliosis Markers of
Symptomatic SOD1G93A Mouse Model. Mol Neurobiol. 2019;
3:2137-2158.

Figueira |, Tavares L, Jardim C, Costa |, Terrasso AP, Almeida
AF, Govers C, Mes JJ, Gardner R, Becker JD, McDougall GJ,
Stewart D, Filipe A, Kim KS, Brites D, Brito C, Brito MA, Santos
CN. Blood-brain barrier transport and neuroprotective po-
tential of blackberry-digested polyphenols: an in vitro study.
Eur ) Nutr. 2019; 58: 113-130.

Schosserer M, Banks G, Dogan S, Dungel P, Fernandes A,
Presen DM, Matheu A, Osuchowski M, Potter P, Bellantuono



I, Sanfeliu C, BG Tuna, Varela-Nieto I. Modelling resilience in
mice. Mech Ageing Dev. 2019; 177:91-102. 3.6

Fernandes A, Ribeiro AR, Monteiro M, Garcia G, Vaz AR,
Brites D. Secretome from SH-SY5Y APPSwe cells trigger
time-dependent CHME3 microglia activation phenotypes,
ultimately leading to miR-21 exosome shuttling. Biochimie
2018; 155: 67-82.
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4.1
Strategic
Lines

The Drug Design Programme offers a chemistry-centred
platform oriented to the discovery of biologically active
chemical entities that target specific proteins or nucleic
acid structures, with the ultimate goal of optimizing their
therapeutic properties and value. Working in concert with
other groups at iMed.ULisboa, Drug Design researchers
develop solutions for cancer, infectious diseases, and neu-
rological disorders. The broad strategic lines that intersect
all Drug Design groups are:

1. Innovative chemistry for innovative drugs

The development of bio-inspired and sustainable synthetic
methodologies for the preparation of small molecule mod-
ulators of proteins identified as key therapeutic targets of
important diseases is core to this programme, and one of
the cornerstones of our technology transfer platform.

2. Tools for chemical biology,

biotherapeutics & drug targeting

We provide unique chemistry-led solutions to manipulate
molecules in order to interrogate and intervene in biolog-
ical systems. This includes the development of probes to
decipher the complex machinery of the proteome of dis-
eases and to identify targets of therapeutic value. Cell-
targeting is also addressed, e.g. by developing synthetic
methods to modify a broad range of proteins and to con-
struct therapeutically useful bioconjugates, or by using
prodrug chemistry to develop site-specific drug delivery
systems.

3. Medicinal chemistry solutions for lead generation.

Our work focuses on the druggability of protein and pro-
tein-protein interactions within multi-subunit protein com-
plexes through innovative use of synergic computer aided
drug design and synthetic approaches campaigns to identify
new hits and optimize more effective leads that can modu-
late important cellular responses in cancer, infectious and
neurodegenerative disorders, bringing hope to future cures.
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4. Natural products for drug discovery

Natural products remain an invaluable source of thera-
peutic agents. The Drug Design groups are committed in
identifying novel chemotypes from natural sources and to
develop new synthetic methods for the valorisation of nat-
ural resources.

Entrepreneurship is a hallmark of programme, with out-of-
the-box solutions and methodologies contributing signifi-
cantly to the patents portfolio of iMed.ULisboa. Training
new generations of innovative scientists is also at the
core of our mission. With stringent criteria of selection,
we recruit the best students for the PhD Programme in
Pharmacy, based in FCT and Marie Curie funded Medicinal
Chemistry training. The required state-of-the-art facilities
are in place to perform high-level computational studies,
chemical synthesis, isolation, and purification of com-
pounds from natural sources, production of protein conju-
gates, and preclinical ADME studies.



4.2
Research
Groups

Bioorganic
Chemistry

Group Leader: Pedro Géis - PhD (2005) in Organic Chemistry,
Universidade Nova de Lisboa.Post-Doctoral research at Sussex
University; University College of London; IST. Assistant Professor,
Faculdade de Farmaécia, Universidade de Lisboa

Keywords: Synthesis; Sustainable Chemistry; Chemical Biology;

Achievements

In the pastyear, the bioorganic group centred his research
on developing new chemical methods to prepare molecules
with potential bioactivity. In these lines we design new meth-
ods to prepared sulphonamides, silacyclopent-2-en-4-ols
via intramolecular [2+2] photocycloaddition, highly substi-
tuted furans or delta-lactone-fused cyclopentenones. An
important effort was also developed to organize important
topics of the literature in which the group is focused, and
several review papers were disclosed in the area of biocon-
jugation with maleimides or the use of boron reagents in
chemical biology. These past years, was also very important
to strength the group national and international collabora-
tions. These efforts resulted in important works such as the
development of nanovaccines for melanoma, the discovery
of new compounds to tackle glioblastoma, or the imple-
mentation of sequence programming with dynamic boronic
acid/catechol binary codes.

Selected references

Ravasco JMJM, Monteiro CM, Siopa F, Trindade AF, Oble
J, Poli G, Simeonov SP, Afonso CAM. Creating diversi-
ty from biomass: A tandem bio/metal-catalysis towards
chemoselective synthesis of densely substituted furans.
ChemSusChem 2019; 12: 4629-4635. (VIP)

Gomes RFA, Coelho JAS, Afonso CAM. Direct conver-
sion of activated 5-Hydroxy methylfurfural in to d-lac-
tone-fused Cyclopentenones. ChemSusChem 2019; 12:
420-425. (VIP)

Antdnio JPM, Russo R, Carvalho CP, Cal PMSD, Gois PMP.
Boronic acids as building blocks for the construction of
therapeutically useful bioconjugates. Chem. Soc. Rev.
2019; 48: 3513-3536

Lopes RMRM, Ventura AE, Silva LC, Faustino H, Gois
PMP. N,O-Iminoboronates: Reversible Iminoboronates
with Improved Stability for Cancer Cells Targeted Delivery.
Chem. Eur. . 2018; 24: 12495-12499.

Santos FMF, Matos Al, Ventura AE, Gongalves ], Veiros
LF, Florindo HF, Gois PMP. Modular Assembly of Reversible
Multivalent Targeting Drug Conjugates. Angew. Chem. Int.

Ed. 2017; 56: 9346 -9350.
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Medicinal
Chemistry

Group Leader: Rui Moreira - PhD (1991) in Pharmacy (Pharmaceutical
Chemistry), Universidade de Lisboa. Full Professor, Faculdade de
Farmacia, Universidade de Lisboa.Program Area Leader, Drug Design at
iMed.ULisboa.

Keywords: Synthetic Medicinal Chemistry & Drug Design;
Computational Chemistry & In Silico Drug Discovery; Prodrug
Chemistry & Drug Targeting; Chemical Probes For Target Identification.
Achievements

Chemical probes for target identification and drug dis-
covery. From the screening of an in-house library of nat-
ural product related compounds against Mycobacterium
tuberculosis, azaaurones and their N-acetyl counterparts
emerged as potent antimycobacterial agents. Several com-
pounds were found to be active against multidrug-resis-
tant and extensively drug-resistant clinical M. tuberculosis
isolates, thus representing a new entry in the toolbox of
chemotypes capable of inhibiting mycobacterial growth.
Their mechanism of action is now under study through the
development of appropriate probes.

Targeted therapies for cancer. We developed novel hy-
brid compounds derived from HDAC inhibitors valproic
acid and DNA-alkylating triazene moieties with therapeutic
potential for glioblastoma multiforme chemotherapy. We
identified hybrids to be remarkably more potent against
glioma and more efficient in decreasing invasive cell prop-
erties than temozolomide, while endowed with chemical
and plasma stability. Key physicochemical properties align
for optimal CNS penetration, highlighting the potential of
these effective triazene based-hybrids for enhanced anti-
cancer chemotherapy.

A library of tryptophanol-derived oxazoloisoindolinones
was synthesized to search for mutp53 reactivators and the
compound SLMP53-2 was selected based on its potential
reactivation of multiple structural mutp53. Additionally,
SLMP53-2 displayed synergistic effect with sorafenib,
the only approved therapy for advanced HCC. Notably, it
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exhibited potent antitumor activity in human HCC xeno-
graft mouse models. Moreover, from the screening of a
spiropyrazoline oxindole library we identified one small
molecule that induced neural stem cell (NSC) differentia-
tion through reduced SOX2 (marker of multipotency) and
increased Blll-tubulin (marker of neural differentiation).
More importantly, in glioma cancer cells, this spiropyra-
zoline oxindole reduced stemness, by decreasing SOX2
protein levels, while also promoting chemotherapy sensiti-
zation. These results highlight the potential of p53 modu-
lators for brain cell differentiation. We have also developed
new DNA G-quadruplex-interactive small molecule active
against cancer stem-like cells.

Computational tools for drug discovery. We have per-
formed virtual screening rounds of different commercial
and in-house libraries against 20S proteasome active sites
(B5, B2, and B1). In silico filtering of the best potential li-
gands and further visual inspection of the docked struc-
tures allowed us to identify a new set of compounds that
were purchased from vendors. The screening for protea-
some inhibition is now underway. We also identified the
structural patterns required to inhibit the proteasome, the
programmed cell death protein ligand-1, LRRK-2 and HK-2
proteins. These patterns will be used in a subsequent opti-
mization cycle to design inhibitors for these enzymes.
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Selected references

Guedes RA, Aniceto N, Andrade MAP, Salvador JAR,
Guedes RC. Chemical patterns of proteasome inhibitors:
Lessons learned from two decades of drug design. Int. J.
Mol Sci., 2019, 20, 5326.

Campanico A, Carrasco MP, Njoroge M, Seldon R, Chibale
K, Perdigao J, Portugal I, Warner DF, Moreira R, Lopes F.
Azaaurones as Potent Antimycobacterial Agents Active against
MDR- and XDR-TB. ChemMedChem 2019; 14: 1537-1546.

Braga C, Vaz AR, Oliveira MC, Marques MM, Moreira R,
Brites D, Perry MJ. Targeting gliomas with triazene-based
hybrids: structure-activity relationship, mechanistic study
and stability. Eur. J. Med. Chem. 2019; 172: 16-25.

Mendes E, Cadoni E, Carneiro F, Afonso MB, Brito H,
Lavrado J, dos Santos DJVA., Vitor JB, Neidle S, Rodrigues
CMP, Paulo A. Combining 1,3-ditriazolylbenzene and quino-
line to discover a new G-quadruplex-interactive small mol-
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ecule active against cancer stem-like cells. ChemMedChem
2019; 14, 1325-1328.

Gomes S, Bosco B, Loureiro JB, Ramos H, Raimundo L,
SoaresJ, Nazareth N, BarcheriniV, Domingues L, Oliveira C,
Bisio A, Piazza S, Bauer MR, Bras JP, Almeida MI, Gomes C,
Reis F, Fersht AR, Inga A, Santos MMM, Saraiva L. SLMP53-
2 Restores Wild-Type-Like Function to Mutant p53 through
Hsp70: Promising Activity in Hepatocellular Carcinoma.
Cancers 2019; 11: E1151.
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Natural Products

Chemistry

Group Leader: Maria José Umbelino Ferreira - PhD (1990) in Pharmacy
(Pharmaceutical Chemistry), Universidade de Lisboa. Associate Professor,
Faculdade de Farmacia, Universidade de Lisboa.

Keywords: Plant-derived compounds; Anticancer agents; Multidrug
resistance (MDR); ABC-transporter modulators; In silico studies;

Achievements

N-alkylated indole alkaloids as MDR reversers

Two major indole alkaloids, isolated from the African
plant Tabernaemontana elegans, were derivatized through
alkylation of the indole nitrogen to generate a set of 26
N-alkylated derivatives. Their ability as multidrug resistance
(MDR) reversers was evaluated using as models transfected
cancer cells NHI-3T3, overexpressing P-glycoprotein (P-gp/
ABCB1), and HEK293, overexpressing either multidrug re-
sistance-associated protein 1 (MRP1/ ABCC1) or breast can-
cer resistance protein (BCRP/ABCG?2). The efflux activities of
these ABC transporters were monitored by flow cytometry.
The best results were obtained for MRP1. Docking exper-
iments were performed to evaluate binding affinities and
mode of action for all derivatives.

Naringenin derivatives as MDR reversers

Aiming at expanding the pool of analogues of the fla-
vanone core towards better MDR reversal agents, the
O-alkylation at C-7 and C-4’ of naringenin and the chemical
modification of the carbonyl moiety at C-4 were performed.
Compounds (39 compounds) were assessed as MDR re-
versers, through a functional assay, using as model human
ABCB/1-transfected mouse T-lymphoma cells overexpress-
ing P-gp. Chemosensitivity assays were also performed for
evaluating the type of interaction with anticancer drugs.
The results revealed that O-methylation at position C-7, to-
gether with the introduction of nitrogen atoms and aromat-
ic moieties at C-4 or C-4', significantly improved the ability of
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the compounds as P-gp modulators. Structure-activity re-
lationships were obtained by means of regression models,
pharmacophoric hypothesis and molecular docking, provid-
ing additional insights onto the mechanism by which flava-
nones modulate P-gp efflux.

Rearranged triterpenoids as MDR reversers

Three new triterpenoids featuring an unique 5/6/3/6/5-
fused pentacyclic carbon skeleton were isolated from a
methanol extract of Momordica balsamina. A hypothetical
biogenetic pathway for these compounds was proposed.
The compounds were evaluated for their P-gp modulation
ability, using a mouse T-lymphoma MDR1-transfected cell
model, by the rhodamine-123 accumulation assay, and dis-
played potent MDR reversing activity.

New insights from molecular dynamic simulations
into the efflux mechanism of human ABCG2

A refined model of the complete structure of BCRP based
ontheincomplete cryo-EM structure was built. The modeled
BCRP protein was inserted in a membrane bilayer at physio-
logical conditions and the system was refined through mo-
lecular dynamics simulations. The conformational changes
in ABCG2 structure that leads to substrate efflux were ex-
plored by molecular dynamics simulations. The results are
being extensively analyzed aiming to get new insights into
the mechanism of action of ABCG2 and unveiling possibili-
ties for setting modulation strategies.
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Rearranged triterpenoids, featuring an unique 5/6/3/6/5-
fused pentacyclic carbon skeleton, as MDR reversers.

Selected references
Ménico A, Ramalhete C, André V, Spengler G, Mulhovo
S, Duarte MT, Ferreira MJU. Cucurbalsaminones A-C, rear-
ranged triterpenoids with a 5/6/3/6/5-fused pentacyclic
carbon skeleton from Momordica balsamina, as multidrug
resistance reversers. ] Nat Prod, 2019; 82:2138-2143.

Neto S, Duarte N, Pedro C, Spengler G, Molnar J, Ferreira
MJU. Effective MDRreversers through phytochemical study
of Euphorbia boetica. Phytochem Anal, 2019; 30:498-511.

Garcia C, Ntungwe E, Rebelo A, Bessa C, Stankovic T,
Dinic J, Diaz-Lanza A, P Reis C, Roberto A, Pereira P, Cebola
MJ, Saraiva L, Pesic M, Duarte N, Rijo P. Parvifloron D from
Plectranthus strigosus: cytotoxicity screening of Plectranthus
spp. extracts Biomolecules, 2019; 9: pii: E616.

Ferreira R, Kincses A, Gajdacs M, Spengler G, dos Santos
DJVA, Molnar J, Ferreira MJU. Terpenoids from Euphorbia
pedroi as multidrug-resistance Reversers. ] Nat Prod. 2018;
81:2032-2040.

Ramalhete C, Mulhovo S, Lage H, Ferreira MJU.
Triterpenoids from Momordica balsamina with a collateral
sensitivity effect for tackling multidrug resistance in can-
cer cells. Planta Med. 2018; 84: 1772-1379. (Awarded with
the prize for most innovative paper of the year published
in Planta Medica).
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5.
Strategic Lines

The Drug Development Programme is designed and im-
plemented synergistically with other iMed.ULisboa pro-
grammes, validating newly identified products, targets,
biomarkers or methods, with the goal of transforming
drug leads into clinical candidates and ultimate facilitating
patient access to innovation in health. Our research uses
innovative technological platforms for formulation and
targeted delivery of drugs and diagnostic agents and ad-
dresses related safety concerns. Preclinical development
further guarantees proof-of-concept efficacy and safety.
Covering therapeutic areas, including cancer, genetic dis-
orders and infection, strategic lines of our activity are:

1. Innovative
targeting strategies

The Drug Development Programme is designed and im-
plemented synergistically with other iMed.ULisboa pro-
grammes, validating newly identified products, targets,
biomarkers or methods, with the goal of transforming
drug leads into clinical candidates and ultimate facilitating
patient access to innovation in health. Our research uses
innovative technological platforms for formulation and
targeted delivery of drugs and diagnostic agents and ad-
dresses related safety concerns. Preclinical development
further guarantees proof-of-concept efficacy and safety.
Covering therapeutic areas, including cancer, genetic dis-
orders and infection, strategic lines of our activity are:




2. Tools to test clinical
candidates and diagnostic systems

Aiming at clinical translation of therapeutic and diagnos-
ticagents with improved efficiency and reduced toxicity, we
use in sillico modelling approaches, molecular biophysics,
3D-multicellular-based systems and mouse models of dis-
ease to predict and study pharmacology, biodistribution
and pharmacokinetics, and toxicology. We also implement
process analytical technology tools at early research stag-
es to enable establishing critical process parameters and
critical processes attributes for pharmaceutical products,
reinforcing batch-to-batch reproducibility and cost-effec-
tiveness, which are vital for progressing from bench-to-
bedside translation.

3. Regulatory science

Our research follows and promotes existing regulatory
requirements to maximize the translational value of re-
sults from in vitro or in vivo tools into first-in-human re-
search and beyond, including dedicated actions address-
ing specific regulatory questions.

Recognising the importance for scientific communi-
ty and society to understand scientific and regulatory
basis of medicines development, the Drug Development
Programme is involved in international training initiatives
for researchers, regulators and patients. Strategic collabo-
rations with the European Medicines Agency, Portuguese
regulator INFARMED, and the Innovative Medicines
Initiative and specific support from Horizon 2020 ERA-NET
and COST schemes strengthen the quality of our research
and training outputs. Training initiatives for patients
occur within the European Patients Academy for Technical
Innovation and its Portuguese platform.

43

>
P4
4
c
>
=
b
m
bl
o
-
3
N
o
=
o



ANNUAL REPORT 2019

5.2
Research
Groups

Chemical Biology and
Toxicology

Group Leader: Maria Henriques L. Ribeiro - PhD (1994) in Pharmacy
(Pharmaceutical Chemistry), Universidade de Lisboa. Associate Professor,
Faculdade de Farmacia, Universidade de Lisboa.

Keywords: Human-based in vitro models; Cell and enzyme-based
bioproducts; Biomaterials and medical devices; Genotoxicity,
hepatotoxicity and neurotoxicity; Biomarkers & risk assessment.

Achievements

Towards the development of new or repurposing drugs
and innovative medical devices, exploring biotechnology
approaches and understanding the mechanisms of toxici-
ty to prevent Disease and to promote Health the following
achievements were attained.

1. Covering therapeutic areas, such as inflammation and
infection, innovative biotechnology and bioengineering
complementary approaches were used in the manufac
turing of new (bio)therapeutic or repurposing candidates
with efficacy and bioavailability to and at the target site.
Harnessing cellular factories and enzymes were the chal-
lenges addressed using miniaturized platform technologies
and methodologies, targeting new glycocompounds, name-
ly new glycolipids. Innovation in polymer synthesis using hy-
drogels and lipoaminoacids, were developed, characterized
and used in products manufacturing and formulation (e.g.
DNA). Anti-inflammatory effect of naringin and naringenin
(in functional foods) was shown in an in vivo ulcerative coli-
tis model.

Development of novel biomaterial based delivery sys-
tems (nanoplatforms and 3D-printed scaffolds) for the lo-
cal-delivery of antibiotics (minocycline) was addressed.

Under the scope of AntiBuGS-Cath project that targets,
fighting Hospital Acquired Infections originated from bio-
film colonization on silicone catheters, used on urinary
and vascular catheterization the following steps were
achieved: i) Production, purification and characterization
of different antimicrobial glycolipids; ii) Screening different
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functionalization strategies for improving medical grade sil-
icone antimicrobial properties.

2. Development of some macrocyclic compounds for po-
tential biomedical applications in chelation therapy and as
antifungal agents.

The impact of redox-active compounds (i.e. the superox-
ide dismutase mimic MnTnHex-2-PyP5+ and the APE1 redox
inhibitor E3330) in the migration and invasion of cancer cells
was studied in vitro. Overall, the results showed that these
compounds alone or in combination with chemotherapeu-
tic drugs have the potential to impair invasive features in
breast, renal and lung cancer cell lines.

3. Aiming at clinical translation of therapeutic and di-
agnostic agents with improved efficiency, we develop
3D-multicellular-based systems to predict and study bio-
transformation and toxicology issues. The secretome de-
rived from 3D-cultured umbilical cord tissue MSCS counter-
acts manifestations typifying rheumatoid arthritis.

4. We initiate a research project repurposing mercury
compounds as potential antitumoral drugs and adjuvants
to control and erradicate glioblastoma cells. First results are
very promising and so far GL2671 (mousse) and U87 (human)
cells were tested. Redox systems enzymes (ie. Trx; TrxR are
affected) and cell viability is significantly reduced. Other
hallmarks of cancer are affected.

The results our research related to population exposure
to methylmercury and co-exposure to selenium raised new
questions concerning the effects of mercury neurodevel-
opmental toxicity pointing new directions for the study of
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molecular mechanisms of toxicity and detoxification. In this
context, the development of strategies for the treatment of
mercury toxic effects such as, chelating agents and selenite,
was developed aiming at clinical translation of therapeutic
and diagnostic agents with improved efficiency.

Selected references

Flérido A, Saraiva N, Cerqueira S, Almeida N, Parsons M,
Batinic-Haberle I, Miranda JP, Costa JG, Carrara G, Castro
M, Oliveira NG*, Fernandes AS*. The manganese(lll) por-
phyrin MnTnHex-2-PyP5+ modulates intracellular ROS and
breast cancer cell migration: Impact on doxorubicin-treat-
ed cells. Redox Biol. 2019; 20: 367-378.

Guerfali M, Ayadi I, Mohamed N, Ayadi W, Belghith H,
Bronze MR,. Ribeiro MHL, Gargouri A. Triacylglycerols ac-
cumulation and glycolipids secretion by the oleaginous
yeast Rhodotorula babjevae Y-SL7: Structural identification
and biotechnological applications. Bioresource Technol
2019, 273: 326-334

Martin V, Ribeiro 1A, Alves MM, Gongalves L, Claudio RA,
Grenho L, Fernandes MH, Gomes P, Santos CF, Bettencourt
AF. Engineering a multifunctional 3D-printed PLA-collagen-
minocycline-nanoHydroxyapatite scaffold with combined
antimicrobial and osteogenic effects for bone regenera-
tion. Mater Sci Eng C Mater Biol Appl. 2019; 101:15-26.

Miranda JP, Camdes SP, Gaspar MM, Rodrigues ]S,
Carvalheiro M, Barcia RN, Cruz P, Cruz H, Sim&es S, Santos
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Rheumatoid Arthritis. Front Immunol. 2019; 10:18

Proenga S, Antunes B, Guedes RC, Ramilo-Gomes F,
Cabral MF, Costa J, Fernandes AS, Castro M, Oliveira NG,
Miranda JP. Pyridine-Containing Macrocycles Display MMP-
2/9 Inhibitory Activity and Distinct Effects on Migration
and Invasion of 2D and 3D Breast Cancer Models. Int ] Mol
Sci. 2019; 20(20). pii: E5109.
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BioNanoSciences
- Drug Delivery and
Immunotherapy

Group Leader: Helena F. Florindo - PhD (2008) in Pharmaceutical
Technology, Universidade de Lisboa, NL; Assistant Professor, Faculdade
de Farmdcia, Universidade de Lisboa.

Keywords: 3D printing; Translational Nanotechnology; Molecular
and cellular biophysics; Immune Modulation; Process Analytical
Technologies (PAT); amorphous solid dispersion.

Achievements

Rational development of combinational nano-based
immunotherapeutic strategies against melanoma, pan-
creatic cancer, colorectal carcinoma and breast cancer.
The immune-mediated effect induced by a nano-based
vaccine was deeply characterized in vitro, ex vivo and in
vivo, against melanoma. This study showed that their na-
no-vaccine was able to re-shape animal immunity and
thereby sensitized tumor microenvironment of immune
checkpoint therapies currently available in the clinic. A
stepwise approach elucidated the effect of nano-vaccine
composition and method of antigen association on the dif-
ferent steps involved on the development of the anti-can-
cer immune response: i) nanocarrier uptake by APC; ii) ex-
pression of activation/maturation markers at DC surface;
iii) effect on T cell activation and expansion; iv) activation
of T cell memory fundamental to protect patients against
recurrence. These mechanistic approaches provided fur-
ther understanding of nanocarrier mechanisms of cellular
dynamics of outmost importance to guide the design of
optimized cancer vaccines.

Biological membranes are complex entities organized
into compositionally and functionally distinct membrane
domains that ensure physical separation of biological
events and regulation of cell function. Our findings chal-
lenge this dogma by demonstrating that sphingolipid-do-
mains display biophysical features typical of the gel phase.
This discovery defines a new paradigm for biological mem-
branes, proposing the existence of biologically-relevant
gel domains in cellular membranes. Understanding the
biophysical and biological properties of these novel gel do-
mains will open unprecedented opportunities to modulate

46

membrane-associated cellular events and may lead to the
identification of new therapeutic targets.
Several drugs (e.g. olanzapine) have been coamorphized
with increasing solubility (2 orders of magnitude) in water.
Furthermore, 3D printers were put in place with the first
results produced by different technologies.

Selected references

Conniot J#, Scomparin A#, Yeini E, Zupancic E, Peres C,
Viana AS, Schwartz H, Erez N, Jung S, Satchi-Fainaro R%*,
Florindo HF*. Immunization with mannosylated nanovac-
cines and inhibition of the immune-suppressing microenvi-
ronment sensitizes melanoma to immune checkpoint mod-
ulators. Nat Nanotechnol. 2019;14(9):891-901.

Florindo HF*, Madi A*, Satchi-Fainaro R*. Challenges in the
implementation of MIRIBEL criteria on nanobiomed manu-
scripts. Nat Nanotechnol. 2019;14:627-628.

Carreira AC, Santos TC, Lone MA, Zupan¢i¢ E, Lloyd-Evans
E, de Almeida RFM, Hornemann T, Silva LC. Mammalian
sphingoid bases: Biophysical, physiological and pathologi-
cal properties. Prog Lipid Res. 2019; 21:100995.

Acurcio RC, Leonardo-Sousa C, Garcia-Sosa AT, Salvador
JA, Florindo HF*, Guedes RC*. Structural insights and
binding analysis for determining the molecular bases
for programmed cell death protein ligand-1 inhibition.
Medchemcomm. 2019;10(10):1810-1818.

Catelani TA, Santos JR, Pascoa RNM]J, Pezza L, Pezza HR,
Lopes JA. Real-time monitoring of a coffee roasting process
with near infrared spectroscopy using multivariate statisti-
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Trivalent combination of
mannosylated nano-vaccines with
immune checkpoint inhibitors and
modulators of myeloid-derived
suppressor cell function strongly
restricts melanoma growth,
leading to long-term survival.
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Nanostructured
Systems for Overcoming
Biological Barriers

Group Leader: Anténio J. Almeida - PhD (1998) in Pharmacy
(Pharmaceutical Technology), Universidade de Lisboa; Full Professor,
Faculdade de Farmacia, Universidade de Lisboa

Keywords: Nanostructured carriers; Biological barriers; Drug delivery;
Technology transfer; Preclinical evaluation; Alternative delivery routes;

Achievements
The Group addresses innovative nanotechnology-based
strategies for effective modulation of drug transportacross
biological barriers. Rational development afforded stable,
reproducible, up-scalable, sustainable, and cost-effective
formulations, using pharmaceutically acceptable excipi-
ents, successfully applied in the following achievements:
Nanostructured platforms for pulmonary delivery
Novel delivery systems intended for deep-lung delivery
based on polycationic hybrid nanostructured microparti-
cles, liposomes and cyclodextrins, enabled direct pulmo-
nary delivery of low molecular weight drugs, therapeutic
proteins and genetic material. The platforms showed bio-
compatibility, high in vitro and in vivo effectiveness.
Successful skin targeting and dermal delivery
Efficient drug association to novel delivery systems pro-
vided transdermal and regiospecific dermal delivery, while
minimizing adverse effects. In vitro human cell cultures
and animal models of skin inflammation and infection
were developed to demonstrate the therapeutic potential
of: deformable lipid carriers for transdermal delivery of
small and large drug molecules; novel microemulsions and
starch-based Pickering emulsions containing antioxidant,
antimicrobial and anti-inflammatory drugs.
Establishment of cancer in vitro and in vivo models to
evaluate novel synthesized and plant derived molecules
Preclinical studies in healthy and in xenograft metastat-
ic murine models (e.g. melanoma, breast cancer) demon-
strated the therapeutic advantages of liposomal formula-
tions of hybrid molecules against solid tumours. A novel
plan-derived molecule (parvifloron D) showed selective
and potent antitumoral effect to pancreatic cell lines.
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Hybrid particulate platforms for efficient anti-infec-
tive therapy

Lipid-based nanocarriers improved the antimicrobial
activity of several anti-infective drugs, e.g. amphotericin
B, levofloxacin, vancomycin, ceftriaxone, and rifabutin.
Antibiotic-loaded biocompatible polymeric microparticles
eradicated staphylococcal biofilms found in orthopaedic
implant-associated infections, being also effective against
intracellular bacterial infection, opening new perspectives
in the treatment of osteomyelitis.

In 2019, the Nano2B group has produced 28 papers in
international peer-reviewed journals with medium to high
impact, 5 book chapters and 1 patent application. Best
Paper Award 2019 in Marine Drugs to the paper Silva MM
et al. Mar Drugs. 2017; 15, 370; doi:10.3390/md15120370.

Selected references

Gaspar DP, Vitor J, Vital J, Leiva M, Gongalves LMD,
Taboada P, Remufidn-Lépez C, Almeida AJ. Transfection of
pulmonary cells by stable pDNA-polycationic hybrid nano-
structured particles. Nanomedicine 2019; 14: 407-429.

Grenha A, Alves AD, Guerreiro F, Pinho |, Simdes S,
Almeida AJ, Gaspar MM, Inhalable locust bean gum mi-
croparticles co-associating
Therapeutic assessment in a murine model of tuberculosis
infection, Eur ) Pharm Biopharm, 2019; 147:38-44.

Marto JM, Duarte A, Simdes S, Gongalves LM, Gouveia
LF, AlImeida AJ, Ribeiro HM. Starch-based Pickering emul-
sions as platforms for topical antibiotic delivery: in vitro
and in vivo studies. Polymers 2019; 11: 108; doi:10.3390/
polym11010108.

Pinho JO, Amaral JD, Castro RE, Rodrigues CMP, Casini A,

isoniazid and rifabutin:



Long circulating pH sensitive nan-
oliposomes loaded with metallod-
rugs with specificity for tumor cells
and devoid of toxic side effects.
Pre-clinical studies in syngeneic
murine models revealed a huge
reduction on tumor progression in
comparison to the administration of
the free drug. This nanoformulation
emerges as a highly promising ther-
apeutic tool against solid tumors.

Soveral G, Gaspar MM, Copper complex nanoformulations
featuring highly promising therapeutic potential in murine
melanoma models, Nanomedicine, 2019; 14: 835-850.
Santos-Rebelo A, Kumar P, Pillay V, Choonara YE,
Eleutério C, Figueira M, Viana AS, Ascensdo L, Molpeceres
J, Rijo P, Correia I, Amaral J, Sola S, Rodrigues CMP, Gaspar
MM, Reis CP, Development and mechanistic insight into
the enhanced cytotoxic potential of parvifloron D albu-
min nanoparticles in EGFR-overexpressing pancreat-
ic cancer cells, Cancers, 2019; 11, pii: 1733; doi:10.3390/
cancers11111733.
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Pharmacological and
Regulatory Sciences

Beatriz Silva-Lima - PhD (1991) in Pharmacy, Universidade de Lisboa;
Full Professor, Faculdade de Farmécia, Universidade de Lisboa; Program
Area Leader, Drug Development at iMed.ULisboa

Keywords: Inflammation; cancer metastasis; preclinical development
programs; herbal medicines; regulatory science;

Achievements

In 2019, Pharmacological and Regulatory Sciences
Research Group continued to address investigational mol-
ecules/formulations on their proof of concept and preclin-
ical safety, creating scientific support for progressing into
first in human studies, following international regulatory
requirement. In vitro, cell based, tissue based and disease
models of cancer, or ischemia/reperfusion of liver, lung and
Inflammatory Bowel Disease (IBD) or ulceratice colitis were
developed to investigate products and (inflammatory) pro-
cesses, mode of action, associated cascades. Modelling &
Simulation approaches were pursued to predict biodispo-
sition of investigational compounds, following EMA training
of one member of the group.

Herbals/food - derived materials were investigated on
safety and claimed indications (oncology, diabetes inflam-
mation)/benefits. Research collaboration was initiated
with Traditional Chinese Medicine Science and Technology
Industrial Park of Cooperation between Guangdong and
Macau, an official entity of People’s Republic of China.

In oncology we addressed Intracellular targeting of de-
veloping/existing molecules using Nanotechnology, eg.
Intracellular nanoparticles trafficking and develop drugs
& gene delivery platforms using “smart” biomaterials.
Inhalation route for local and systemic delivery of oncolo-
gy drugs continues under investigation. International col-
laborations with, and contribution to, European Medicines
Agency and Innovative Medicines Initiative kept important
factors of influence of our activity and research.

Selected references
Sousa C, Gouveia LF, Kreutzer B, Silva-Lima B, Maphasa RE,
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Dube A, Videira M, Polymeric micellar formulation enhanc-
es antimicrobial and anticancer properties of salinomycin,
Pharma Res, 2019; 36: 83. DOI: 10.1007/s11095-019-2615-6

Silva |, Pinto R, Mateus V, Preclinical studies in vivo for new
pharmacological approaches in Ulcerative Colitis: a sys-
tematic review of chronic models of TNBS-induced colitis.
Journal of Clinical Medicine 2019; 8: 1574.

Direito R, Reis C, Roque L, Gongalves M, Sanches-Silva
A, Gaspar MM, Pinto R, Rocha J, Sepodes B, Bronze MR,
Figueira ME, Phytosomes with Persimmon (Diospyros kaki
L.) Extract: Preparation and Preliminary Demonstration of
In Vivo Tolerability. Pharmaceutics. Jun 2019.

Rocha J, Direito R, Lima A, Mota J, Gongalves M, Duarte
MP, Solas ], Peniche BF, Fernandes A, Pinto R, Ferreira RB,
Sepodes B, Figueira ME. Reduction of inflammation and
colon injury by a Pennyroyal phenolic extract in experi-
mental inflammatory bowel disease in mice. Vol 118. 2019.
Biomedicine & Pharmacotherapy.

Lima K, Silva O, Figueira ME, Pires C, Cruz D, Gomes S,
Mauricio EM, Duarte MP. Influence of the in vitro gastroin-
testinal digestion on the antioxidant activity of Artemisia
gorgonum Webb and Hyptis pectinata (L.) Poit. infusions
from Cape Verde. Food Res. Int. 2019; 115: 150-159.
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6.
Drug Usage
Programme

6.1. Strategic lines

6.2. Research groups
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6.1
Strategic
Lines

The Drug Usage Programme aims
at translating medicines research
to real-world usage. We support
the strategic lines of iMed.ULisboa
by focusing on two main areas of
research:

1. Evolution, epidemiology and
prevention studies

We aim to characterize the in vitro and in vivo activity of new drugs against
HIV-1 and HIV-2, as well as the epidemiology of drug resistance in Portugal and
in Portuguese-speaking African countries (PALOP). Through the analysis of
datasets describing the 2015-16 outbreak of yellow fever in central Africa, vec
tor suitability, human demography, and mobility, we understand and predict
the spread of yellow fever virus. With this understanding, we aim to show the
contributions of ecological and demographic factors to the spread of the yel-
low fever outbreak and provide estimates of the areas that could be prioritized
for vaccination. Based on our installed capacities, the Drug Usage Programme
acts in the discovery of inter-individual and pathogen genetic variations that
account for therapeutic failure and/or adverse drug reactions. We will expand
actions to monitor drug activity and resistance in HIV infected individuals in the
PALOP. Furthermore, we will continue to test the antimicrobial activity of new
compounds with the final aim of identifying better drugs to treat and prevent
infectious diseases. Finally, new tools and models are developed and applied to
estimate the burden of virus diseases in Portugal and in the PALOP.

2. Quantitative and qualitative analyses
of medicines use and outcomes

We use a variety of research methods such as epidemiological, evidence gath-
ering, or mixed methods and qualitative analysis. We address determinants of
inappropriate use of medicinal products, providing solutions that can be en-
dorsed by Regulatory Agencies and healthcare professionals as a mean for
maximizing the benefit-risk ratio of medication and ensuring a more efficient
use of health care societal resources. Among these determinants, we mainly
focus on communication between healthcare professionals and with the pa-
tient; quality of medicines information, addressed to both patients and health-
care professionals; gathering of comparative effectiveness and safety evidence;
and intensive safety monitoring of new therapies and risk management.

The Drug Usage Programme comprises a multidisciplinary group of scientists
who are committed to translational research in a collaborative environment
with the other programmes atiMed.ULisboa, involving two participating groups,
HIV Evolution, Epidemiology and Prevention and Pharmacoepidemiology
and Social Pharmacy. We highlight here strategic collaborations with the
Innovative Medicines Agency, European Medicines Agency, European Network
in Pharmacovigilance, and regular contributions with impact on national and
international public health policies and programmes. We also host pharma-
covigilance regional units, supported by the Portuguese Regulatory Agency
INFARMED.
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HIV Evolution,
Epidemiology and
Prevention

Group Leader: Nuno Taveira - PhD (1996) in Pharmacy (Microbiology),
Faculdade de Farmdcia, Universidade de Lisboa; Associate Professor,
Instituto Superior de Ciéncias da Satide Egas Moniz (ISCSEM), Caparica.

Keywords: Global burden of virus infections; HIV and HCV
epidemiology; drug resistance; antiviral immunity; new antivirals; new
preventive medicines.

Achievements

In the context of our ongoing collaboration with the CQC
and Department of Chemistry, University of Coimbra, a
novel synthetic route to chiral spiro-y-lactams has been
established. Three compounds with promising antimicro-
bial activity were identified, whose structural modulation
may lead to new and more potent drugs.

In Cape Verde, resistance mutations were found in most
HIV-2 infected patients taking a first-line regimen of zid-
ovudine (AZT), lamivudine (3TC) and lopinavir/ritona-
vir (LPV/r) (11/17; 64.7%), especially 182F (4/7; 57.1%) and
M184V (10/17; 58.8%). Resistance to all reverse transcrip-
tase and protease inhibitors was found in 58.8% (10/17) of
the patients. Integrase inhibitors are warranted to treat
these patients.

We collaborated with the Lab of Prof. ]. Gongalves, to show
that a siRNA carried by CXCR4-targeted chimeric nanobody
inhibits human immunodeficiency virus (HIV) infection.

In the context of the GBD project, we found that glob-
al HIV mortality peaked in 2006 with 1-95 million deaths
and has since decreased to 0-95 million deaths in 2017.
New cases of HIV globally peaked in 1999 (3:16 million)
and since then have gradually decreased to 1-94 million in
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2017. These trends, along with ART scale-up, have globally
resulted in increased prevalence, with 36-8 million people
living with HIV in 2017. Prevalence of HIV was highest in
southern sub-Saharan Africa in 2017, and countries in the
region had ART coverage ranging from 65-7% in Lesotho to
85-7% in eSwatini. Our forecasts showed that 54 countries
will meet the UNAIDS target of 81% ART coverage by 2020
and 12 countries are on track to meet 90% ART coverage
by 2030.

Selected references

Moranguinho I, Borrego P, Gongalves F, et al. Genotypic re-
sistance profiles of HIV-2 infected patients from Cape Verde
failing first-line antiretroviral therapy. AIDS, 2019; Nov 14. doi:
10.1097/QAD.0000000000002431. [Epub ahead of print]

Alves AJS, Alves NG, Caratdo CC, et al. Spiro-Lactams as
Novel Antimicrobial Agents. Curr Top Med Chem., 2019; doi:
10.2174/1568026619666191105110049. [Epub ahead of print]

Burstein R, Henry NJ, Collison ML, et al. Mapping 123 mil-
lion neonatal, infant and child deaths between 2000 and
2017. Nature, 2019; 574:353-358.

Cunha-Santos C, Perdigao P, Martin F, et al. Inhibition of
HIV replication through siRNA carried by CXCR4-targeted
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chimeric nanobody. Cellular & Molecular Life Sciences, 2019;
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GBD 2017 HIV collaborators (Taveira N). Global, regional,
and national incidence, prevalence, and mortality of HIV,
1980-2017, and forecasts to 2030, for 195 countries and
territories: a systematic analysis for the Global Burden of
Diseases, Injuries, and Risk Factors Study 2017. Lancet HIV,
2019; 6(12):€831-e859. doi: 10.1016/52352-3018(19)30196-1.
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Pharmacoepidemiology
and Social Pharmacy

Group Leader: Fernando Fernandez-Llimos - PhD (2003) in Pharmacy,
University of Granada, Spain. Assistant Professor, Social Pharmacy,
Faculdade de Farmacia, Universidade de Lisboa.

Pharmacy practice; medication adherence; communication;
medication effectiveness; medication safety; pharmaceutical care.

Achievements

Our group has maintained the existing collaborations and
expanded the work by continued involvement in research
and educational activities. We have completed the project
ReFEEHs Reinforcement of the Framework for Experiential
Education in Healthcare in Serbia (https://refeehs.ac.rs/). We
have continued our involvement in the VASelfcare project
(https://vaselfcare.rd.ciencias.ulisboa.pt/), aimed at devel-
oping a virtual trainer for better management of medication
by people living with diabetes. Another collaboration was
started in the Train4Health ERASMUS project (https:/www.
traindhealth.eu/) aimed at behaviour change training for
healthcare professionals. New National collaborations were
created by liaising with the Nacional Cancer registry, which
already resulted in manuscripts published and in the involve-
ment of our students and researchers in projects around on-
cological medication effectiveness and safety. We have rein-
forced the editorial visibility of group members, expanding to
one additional journal (Pharmacy Practice and International
Journal of Clinical Pharmacy). We maintained our involve-
ment in the expert group of the European Directorate for
the Quality of Medicines (CD-P-PH/PC), by finalising the work
produced in Pharmaceutical Care (Resolution CM/Res(2020)3
and initiating a new project devoted to Medication Review.
We have increased our visibility by being involved in editing
a book on pharmaceutical care, where all members of our
group participated as authors. International visibility has also
been strengthened by the involvement of our group mem-
bers in the International Pharmaceutical Federation sections
and special interests’ group, with roles in the respective ex-
ecutive committees; and at the executive committee of the
International Society for Medication Adherence (ESPACOMP),
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contributing to future collaborative work in one of the core
areas of our group. Our Ph.D. students have produced very
visible scientific outputs, publishing in a variety of high-qual-
ity journals.

Selected references

Fachi MM, Tonin FS, Leonart LP, Rotta I, Fernandez-Llimos
F, Pontarolo R. Haematological adverse events associated
with tyrosine kinase inhibitors in chronic myeloid leukae-
mia: A network meta-analysis. Br J Clin Pharmacol. 2019
Oct;85(10):2280-2291.

Wiecek E, Tonin FS, Torres-Robles A, Benrimoj S, Fernandez-
Llimos F, Garcia-Cardenas V. Temporal effectiveness of inter-
ventions to improve medication adherence: A network me-
ta-analysis. PLoS One. 2019 Mar 12;14(3):e0213432.

Félix IB, Guerreiro MP, Cavaco A, Claudio AP, Mendes A,
Balsa ], Carmo MB, Pimenta N, Henriques A. Development of
aComplex Intervention to Improve Adherence to Antidiabetic
Medicationin Older People Usingan Anthropomorphic Virtual
Assistant Software. Front Pharmacol. 2019 Jun 21;10:680.

Costa FA, Lee V., Tous S, Papastergiou J., Griffiths D.,
Chaumais M-C, Hersberger K.E., Viola R, Mala-Ladova K,
Paulino E, Lobban T, Neubeck L., Freedman B., Antoniou S.
Awareness campaigns of Atrial Fibrillation as an opportunity
for early detection by pharmacists- an international cross-sec-
tional study. Journal of Thrombosis and Thrombolysis 2019.
doi: 10.1007/511239-019-02000-x.

Aguiar )P, Costa L.H., Alves da Costa F, Leufkens H, Martins
AP. Potentially Inappropriate Medications with risk of Major
Adverse Cardiac and Cerebrovascular Events among elder-
ly patients in ambulatory in long-term care facilities. Clinical
Interventions in Aging. 2019;14:535-547.



Objectively mapping pharmaceuti-
cal sciences production by means
of a lexicographic analysis helps
differentiating six clusters grouped
in three major areas, which should
be taken into consideration for ed-
ucational and output assessment
purposes.
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No part of this publication may be reproduced or
transmitted in any form or by any means, electronic

or mechanical, including photocopy, recording or any
information storage and retrieval system, without prior
permission in writing from the institute.
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imed is a FCT funded research centre UIDB/04138/2020;
UIDP/04138/2020 but we don't act alone. Every in-house
member at imed advances our purpose but we also
collaborate with some distinguished external partners.
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