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What is CERIC?

CERIC (Central European Research Infrastructure Consortium) is an
integrated multidisciplinary research infrastructure for basic and applied
research in the fields of materials, biomaterials and nanotechnology. It
integrates leading national research institutes into a unique international _
infrastructure, having its statutory seat in Trieste- Italy, and its nodes Slovenia % * = 9% Hungary
distributed in Austria, Croatia, Czech Republic, Hungary, Italy, Romania, and % .t 2
Slovenia. NMR [/ B & ~ Neutron

' : . instruments
In each country, a Partner Facility (PF) ensures access and outreach to all
national scientific communities and to users from all over the world, who _
compete for free access to more than 50 techniques available through a g ' 0
single entry point and based on the use of electrons, ions, neutrons and : b
photons for the analysis and synthesis of materials.
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A common support system allows the distributed staff to operate in an .
integrated way for transnational and cooperative projects and joint ventures. X '“'T""
Each Member Country contributes to CERIC by making available and : > N 7
supporting a high-quality PF, which is continuously improved by being exposed - § -y erf
to international users competing for access through peer-reviewed evaluation
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projects, contributing access to advanced analytical and synthesis facilities. Interactions o — = gl g T £ \ - Synchrotron|

CERIC's international, pan-European approach, in line with the ERIC
Regulation EC No 723/2009, avoids duplication and fragmentation in the
research system, and increases integration and competitiveness of the
European Research Area (ERA), speeding up East-West alignment in the ERA.



Cancer research at CERIC

Fundamental and applied cancer research are among CERIC users’ most
investigated research topics. Their efforts span from cancer diagnostics to
therapeutics, from studying critical DNA structures to drug delivery
technologies. The following slides include some of the most recent and
relevant research works related to cancer. Each slide contains a brief
explanation of how each technique can help cancer research and a short
description of the research work.
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didodecyldimethylammonium bromide
(DDABr), and 5-Fluorouracil

Increasing the payload of drug
delivery carriers against cancer

Phytantriol (PHYT), o cosmetic and food addictive, is
characterised by attractive properties for biomedical
applications since it's non-toxic, chemically stable, and

biocompatible.

An example is given by the drug delivery of
chemotherapy agents, such as 5-fluorouracil (5-FU).
Experiments realised with the contribution of
CERIC-ERIC revealed that the use of ionic surfactants
(DDABr) influences the structure of Phytantriol, allowing
for increased drug loading. The loading of 5-FU was
verified by Attenuated Total Reflection Fourier Transform

Infrared (ATR-FTIR) measurements

at  the SISSI

beamline at the ltalion CERIC partner facility at Elettra

Sincrotrone Trieste.

This result opens for improvements in cancer treatments
and reduced side effects by chemotherapy agents.
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Graphical abstract
(from the paper)

Copper complexes against multi-drug
resistant solid tumours

Copper-based complexes have received considerable
attention thanks to their valuable features in cancer
therapy, including reduced side effects and efficacy
against tumours resistant to platinum-based drugs.
Several metal complexes based on copper and
lonidamide (LND), an antitumour drug capable of
increasing the effectiveness of traditional
chemotherapeutic agents, were realised and tested.

The molecular structure and the stability of such
complexes were confirmed by Synchrotron
Radiation-based X-ray Photoelectron Spectroscopy
(SR-XPS) performed at the Materials Science Beamline

(MSB), available at the Czech CERIC Partner Facility at
the Elettra Synchrotron in Trieste.

The copper complexes were also tested against various
tumour cells. The synergistic mechanism of action due to
the presence of LND and copper in the same molecule
led to an exceptionally promising activity against tumour
cells, even against multi-drug-resistant cell lines. Such
results show that copper-LND conjugated complexes
are a valid alternative for treating solid tumours
refractory to traditional treatments.
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Graphical abstract of the research work
(from the paper)

Rescuing p53 functionality for treating
well-differentiated liposarcoma

Well-differentiated liposarcoma is a malignant neoplasia hard
to diagnose and treat. Its primary molecular signature is the
amplification of a genomic region containing the MDM2 gene,
which is the master regulator of p53, o tumour suppressor
protein also called the Guardian of the Genome. In this
tumour, the overexpression of MDMZ2 enhances the
degradation of p53, inhibiting its response.

A team of scientists exploited the presence of guanine-rich
regions in the MDMZ2 promoter capable of folding into
G-quadruplexes (G4), a complex genomic structure at the
centre of many CERIC-related works. In the present case,
Nuclear Magnetic Resonance (NMR), available at the
Slovenian CERIC Partner Facility at the National Institute of
Chemistry in Ljubljana, gave essential structural information
about the G4s present in the promoter region of MDM?Z2.

Scientists then targeted these regions with molecules capable
of inducing the general suppression of MDM?2 by bonding with
the G4 present in the promoter, thus restoring the function of
p53. This work paves the way for the design of highly selective
G4 ligands and, therefore, a possible cure for the
well-differentiated liposarcoma.
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Photograph and scheme of the MaglLev platform
(from the paper)

Magnetic levitation and nanoparticles
for early diagnosis of pancreatic cancer

Pancreatic Ductal Adeno Carcinoma (PDAC) is a highly
lethal disease, and is often asymptomatic in its first
stages. Therefore, its diagnosis is frequently confirmed
when distant metastases are already in place. Despite
the scientific community's efforts, achieving an effective
early diagnosis is still a big challenge.

A proof-of-concept study with the contribution of
CERIC-ERIC  employed  magnetic levitation on
nanoparticles to diagnose PDAC. Once exposed to the
patients' body fluids, nanoparticles get coated from a
plasma-derived protein layer. The composition of the
coating, called protein corona, is personalised and
connected to the patients' health status. Moreover, it can
influence how nanoparticles float once exposed to a
magnetic field.

Small-Angle X-ray Scattering (SAXS), available at the
Austrian CERIC Partner Facility at the Elettra
synchrotron in Trieste, was employed to characterise the
interaction among nanoparticles and human plasma.
The results are stimulating and encouraging towards the

research of an effective method for the early diagnosis
of PDAC.
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Raman spectroscopy for the
investigation of new anticancer drugs

DNA and RNA can fold into a variety of alternative
conformations. Recently, increasing attention has been
focused on G-quadruplexes, o non-canonical structure
identified in several regulatory regions of the human
genome. This structure can control gene expression and
be exploited for novel anticancer treatments.

Several techniques are currently employed to investigate
the interaction among selected G4s and specific
molecules. Research experiments, realised with the

loop1  Loop3 contribution of CERIC-ERIC, demonstrated that
NNy /‘\ Ultraviolet Resonant Raman (UVRR) provides a
{ | N S NASNR | straightforward method to study this interaction. The
Ha =2=<N | o= investigations were performed at the IUVS beamline at
}4/ /0 © N_Y wl-» the ltalian CERIC Partner Facility at Elettra Sincrotrone
/ D T '
H=N xH @ H N—H //: =] Trieste.
i W) i
N _ O / P Ultraviolet Resonant Raman spectroscopy can be a
Y ! owerful method for investigating and developin
NN I P . gating ping
& Ha 2 Xy~ N selective and potent G4-binding molecules with
h k Loop 2 anticancer activity.

Example of a G-quadruplex
(Author: Julian Huppert, Wikimedia Commons, CC BY-SA)
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Structural model of one of the copper-based
compounds employed in the study

Copper-based anticancer drugs for the
treatment of colon and prostate cancer

As a critical component of enzymes and proteins, copper
plays a vital role in many biological processes. For
instance, it is essential for angiogenesis, the formation of
new blood vessels, a critical process for tumour growth
and metastasis. However, it can also be a component of
anticancer drugs.

A panel of nine different copper complexes was tested
against several tumour-derived cell lines in comparison
to well-known anticancer drugs, cisplatin  and
doxorubicin. X-ray absorption spectroscopy, available at
the XAFS beamline at the ltalian CERIC partner facility
at Elettra Sincrotrone Trieste, was employed to gather
structural and chemical information about the copper
complexes.

Results suggest that specific copper-based compounds
are promising for developing new effective drugs,
especially for colon and prostate cancer treatment.
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3D model of the KEAPT protein

Understanding protein interactions to
develop new cancer treatments

The NRF2-KEAP1 pathway is one of the primary
regulators of oxidative stress response in the cell. The
protein NRF2 is bound to KEAP1 in the cytoplasm in
normal conditions. In contrast, in the presence of
oxidative stress, DPP Il competitively binds to KEAPT,
displacing NRF2, which translocates into the nucleus
mediating the expression of genes with anti-oxidative
and protective functions. Misregulations in this pathway
are associated with resistance to chemotherapic drugs. A
better understanding of protein interactions within this
pathway would give sensitive information for cancer
research.

X-ray diffraction (XRD) studies, realised with the
contribution of CERIC-ERIC, allowed to gain meaningful
structural details about the proteins involved and their
interaction. XRD experiments were performed at the
XRD1 beamline at the ltalian CERIC Partner Facility,
Elettra Sincrotrone Trieste.

The knowledge acquired with this study advanced
cancer research, giving new insights and better details,
allowing for the development novel cancer treatments.
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XRFM analysis of healthy (left) and colorectal cancer tissue (right)
(from the paper)

Mapping magnesium distribution in
cancer for improved diagnoses

Colorectal cancer (CRC) represents the third most
common  malignant  neoplasm  accounting  for
approximately 1.8 million new cases per year. Magnesium
has been proposed to play a relevant role. However,
deeper analyses are needed to clarify the impact of the
levels and distribution of magnesium in cancer.

In o proof-of-concept work, X-Ray Fluorescence
Microscopy (XRFM) was employed to assess the
morphology and the magnesium content distribution in
healthy and tumour-derived tissues. The XRFM
technique is available at the TwinMic beamline at the
ltalion CERIC Partner Facility at Elettra Sincrotrone
Trieste.

The results provided evidence of a direct correlation
between the total content and distribution of magnesium
in  tissues and colorectal cancer. This observation
highlights the importance of developing o more
comprehensive analysis of magnesium levels in colorectal
cancer to improve diagnostic methods.
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