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Every day, our body produces billions 
of new cells to replace dead ones. 
Each time this cell division, or 

replication, occurs there is a small chance 
of a mistake being made in the copying 
process, resulting in a mutation in the 
genetic code of the cell that regulates 
its functions. Normally, cells only divide 
as much as is required for replacement 
of the dead cells but one possibility 
during a mutation is that this regulatory 
function becomes switched off. When 
this happens, the cells then start to divide 
relentlessly, resulting in cancers.

While cancer treatments and diagnostic 
techniques are constantly advancing, 
with continual improvement in survival 
rates, there are still many cancers that 
are untreatable and we are still a long 

way away from a universal ‘cure’. Many 
treatments, although effective, such as 
chemotherapy and radiation therapy, 
come with debilitating side effects as well. 
As cancer cells are very hard to distinguish 
from our own healthy cells, many cancer 
treatments end up damaging healthy 
tissue alongside the cancerous cells. 
Chemotherapy, in particular, can be 
debilitating for patients’ immune systems, 
leading to additional health risks from 
infections and common illness during 
the treatment processes. 

The benefits of targeted cancer 
treatments, that only affect cancerous 
cells, are obvious: fewer side-effects due 
to less collateral healthy cell damage, 
better prognosis and the possibility of 
treating more types of cancer. This is 

Molecular probes:
A favourable tactic for the diagnosis and treatment of cancer

Curing cancer is a difficult 
problem. Part of this is because 
cancer cells are very challenging 
to distinguish from our own 
healthy living tissue so it is 
difficult to create therapies that 
only target the cancerous cells. 
In addition, diagnosis of cancer 
at early stages is still a challenge 
in many cancer types. Prof 
Melpomeni Fani at University 
Hospital Basel, Switzerland may 
have one answer to this problem 
in the form of molecular probes 
– tailor-made chemicals that 
bind to cancerous cells and can 
act as ‘antennas’ for diagnostic 
imaging, while being lethal as 
endoradiotherapy.

Physical Sciences ︱ Prof Dr Phil. Melpomeni Fani

why Prof Melpomeni Fani at University 
Hospital Basel, Switzerland is working 
on developing new molecular probes 
that can not only be used for guiding 
treatments to the correct cells, but 
also for advancing cancer diagnosis, 
simultaneously.

CHEMICAL BEACONS 
A molecular probe is a chemical that 
can be attached to a target to study its 
properties. This technique is already 
commonly used in molecular biology 
labs for labelling and imaging cells under 
microscopes. The reason this technique 
is so useful is that the molecular probe 
can be designed in such a way that, 
when it binds to the target molecule, it 
strongly emits light, acting as a beacon 
for the researcher to pinpoint the target 
cells of interest. Different types of probes 
can also be designed to only react with 
specific types of cell or to emit light of 
different colours making the identification 
processes much easier.

Prof Fani is interested in designing 
such probes specifically for targeting 
cancerous cells inside the human body 
that can be used for both imaging 

and therapy purposes. Her work is in a 
highly interdisciplinary area of research, 
that draws upon aspects of chemistry, 
biology, pharmacology and medicine. 
Chemists need to be able to design and 
synthesise the probe molecules but a 
good understanding of the cancerous cell 
structure and biology is required to know 
which chemical entities will recognise 
and attach to the correct cell. It is also 
essential that these probes are safe for 
use in humans, with no toxic effects. 

Finding a unique chemical signature that 
differentiates cancer cells from healthy 
ones so the molecular probes target the 
correct cells is a tricky problem. Prof Fani 
has been focusing on the compelling area 
of utilising G-protein coupled receptors 
for this purpose. These proteins are 
produced in very large quantities in the 
surface of many human tumours and 

therefore, can be used for targeting the 
cancerous cells. The other advantage of 
designing tags for such proteins is that 
their chemical structure has the potential 
to bind specific types of molecular probes 
very strongly, which is essential for the 
probe to remain in place long enough 
for diagnosis and, more importantly, 
for treatment. 

RADIOPHARMACEUTICALS
While imaging cells tagged with 
molecular probes under a microscope is 
fairly straightforward, imaging tumours 
in humans is a little more complicated. 
Common imaging techniques for cancer 
diagnosis include CT and MRI scans but 
it can be difficult to get a good contrast 
between the tumour and surrounding 
tissue for a clear, unambiguous diagnosis, 
while sensitivity at a cellular level can not 
be reached.

The benefits of targeted cancer 
treatments, that only affect cancerous 

cells, are obvious.

Cancer cells may express on their 
surface specific molecules called 

receptors that have the ability 
to recognise natural substances 

of our body called peptides. 
Tailor-made analogues of these 

peptides can be tagged with small 
amounts of radioactivity to create 

radioactive medicines (so called 
radiopharmaceuticals) for performing 

scans or internal radiotherapy. 

Precision Radio – Theranostics

Receptor

Peptide

Cancer Cell

Precision Radio -Theranostics



www.researchfeatures.comwww.researchfeatures.com

Behind the Bench
E: melpomeni.fani@usb.ch    T: +41 (0)61 556 58 91    W: www.unispital-basel.ch/radiologie
W: https://medizin.unibas.ch/ 

Prof Dr Phil. Melpomeni Fani

Prof Dr Phil. Melpomeni Fani
Head of Research & Division co-head 
Radiopharmaceutical Chemistry
Clinic of Radiology and Nuclear Medicine
University Hospital Basel, University of Basel
Petersgraben 4
4031 Basel
Switzerland

Bio 
Prof Fani studied Chemistry and she continued her education in 
Biochemistry (MSc) and Radiopharmacy (PhD) at the University of 
Athens, Greece. Since April 2018, she has been a clinical professor at 
the Medical Faculty of the University of Basel. Prof Fani is also the head 
of research and Division co-head of Radiopharmaceutical Chemistry 
at University Hospital Basel.

Research Objectives
Prof Fani’s research focuses on the development of radioactive peptides 
and other biomolecules as precision radio-theranostics for diseases for 
which there is a medical need, often due to the lack of alternatives.

Funding
Swiss National Science Foundation (SNF)
Commission for Technology and Innovation (CTI), Swiss Confederation

Partners at University Hospital Basel
•  Prof Damian Wild, Head of Nuclear Medicine, Head of the Centre 

of Neuroendocrine and Endocrine Tumors, Clinic of Radiology and 
Nuclear Medicine

•  Dr Andreas Bauman, Division co-head Radiopharmaceutical 
Chemistry, Clinic of Radiology and Nuclear Medicine

•  Dr Rosalba Mansi, Senior Researcher, Division of Radiopharmaceutical 
Chemistry, Clinic of Radiology and Nuclear Medicine

•  Dr Guillaume Nicolas, Nuclear Medicine Consultant, Deputy Head 
of Nuclear Medicine, Clinic of Radiology and Nuclear Medicine

•  Prof Emanuel Christ, Head of Interdisciplinary Endocrinology, 
Clinic of Endocrinology, Diabetology and Metabolism

•  Dr Francis Jacob, Research Associate, Department of Biomedicine

Collaborators
•  Prof Helmut R. Maecke, Guest Professor, Department of Nuclear 

Medicine, University Hospital Freiburg, Freiburg i.Br., Germany 
•  Prof Jean Claude Reubi, Emeritus Professor, Institute of Pathology, 

University of Berne, Berne, Switzerland
•  Prof Franck Denat, Director, Institute of Molecular Chemistry, 

University of Burgundy (ICMUB, UMR CNRS 6302) Dijon, France
•  Prof Stefan Schulz, Director, Institute of Pharmacology and Toxicology, 

University Hospital Jena, Jena, Germany
•  Dr Theodosia Maina-Nock, Director of Research, Molecular 

Radiopharmacy, INRASTES, NCSR “Demokritos”, Ag. Paraskevi Attikis, 
Athens, Greece

•  PD Dr Eric Grouzmann, Head of Catecholamine and Peptides 
Laboratory, Centre Hospitalier Universitaire Vaudois (CHUV), 
Lausanne, Switzerland

Behind the Bench

to swap the radiometals in the probes 
also means it is possible to finely switch 
between diagnosis and therapy using the 
same molecular probe and also adapt 
dosages to tumour size and stage. In 
addition to this, being able to deliver 
treatment exactly at the site of the cancer 
also means that overall dosage levels in 
the body can be reduced. 

The adaptability of Prof Fani’s molecular 
probes and research is not just limited 
to cancer treatments, but can also find 
applications in neurological diseases, 
endocrinology, cardiology and other 
medical fields. The peptide structures 
Prof Fani uses are highly adaptable so it is 
possible to create many different variants 
as part of a more personalised and 
effective approach to medical care. 

utilise a combination of peptide structures 
and radiometals to achieve all-in-one 
diagnosis and treatment. Several of 
these probes have entered in early phase 
clinical trials and have already shown 
to be effective at detecting even small 
areas of abnormal cell growth that are 
invisible with other diagnostic tests or as 
endoradiotherapy in metastatic diseases. 

Prof Fani is further extending the 
versatility of these probes by taking 
advantage of hybrid imaging. This means 
that the probes can be used for imaging 
with a variety of diagnostic techniques 
such as CT or MRIs, in addition to the 
detection of the emitted radiation. In turn, 
this makes them well-suited to diagnosis 
of a variety of cancers by combining 
anatomical and functional information 
of the disease in one scan. Being able 

One very sensitive and precise approach 
to succeed this is to use molecular probes 
that are radioactive for targeting specific 
tumour cells. The radiopharmaceutical 
is trapped in the area of interest and the 
emitted radiation can be used either for 
imaging or for the destruction of tumours, 
depending on the type of radioactive 
emission. Prof Fani is a specialist in the 
area of radiopharmaceuticals utilising 
radiometals that are ideal for such 
purposes. She has been working to 
incorporate these species into existing 
and newly developed molecular probes 
to establish precise radiopharmaceuticals 
that combine both aspects, diagnosis and 
therapy in what is known as a theranostic 
probe. 

DIAGNOSIS AND THERAPY
Theranostics is a relatively new and 
developing area of medicine that 
combines a targeted therapy with a 
precise diagnostic test as part of offering 
treatments that are tailored to the 
patient’s specific tumour progression and 
needs, while also allowing therapy follow 
up. Prof Fani’s molecular probes are an 
example of theranostic probes as they 

Dr Fani’s molecular probes are  
an example of theranostic probes  

as they achieve all-in-one diagnosis  
and treatment.
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Clinical Translation
In Vitro – Cells Humans

In Vivo – Mice

A number of radioactive metals are interesting for medical applications. While γ-rays or positron 
(β+) emitters are used for diagnosis, α or β- particles are used for therapy. By simply swapping one 
radiometal for another within a chelating unit of the same molecular probe (here X-Y-Z), diagnosis or 
therapy can alternatively be performed for specific cancer cells. These so called theranostic probes are 
designed, produced and tested in Prof Fani‘s labs, from the level of the single cancer cell (in vitro) to the 
level of induced cancer in animal models (in vivo). The radioactive probes with the highest potential for 
improving patients’ care are brought into clinical trials (clinical translation).
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Personal Response
What particular applications  
of this work are you most excited about?

Radiopharmaceuticals are injected in tracer 
amounts, far beyond the amount all other 
pharmaceuticals are administered. This 
is only possible because radioactivity is a 
particularly sensitive ‘antenna’ with excellent 
tissue penetration in the body. Even the least 
amount can be ‘seen’ and measured, making 
radiopharmaceuticals exceptionally sensitive 
tools in the hands of the physicians.

They can be tracked and followed inside the 
body on real-time and monitor physiological 
or pathological processes on a cellular and 
molecular level. 

Due to their ultra-high sensitivity, they can 
identify abnormalities at a very early stage 
of a disease. This allows early treatment and 
consequently, it may improve the prognosis 
of the patient.

Even though the administration of 
radiopharmaceuticals may sound worrying, 
these procedures are among the safest 
diagnostic imaging exams available. It is a 
safe, painless, non-invasive way of gathering 
key information about the disease that allows 
the choice of the right treatment for the 
right patient.

Targeted radiopharmaceuticals provide very 
effective systemic treatment options for 
metastatic or unresectable cancer due to the 
specific delivery of lethal radioactive doses to 
the cancer cells, independent on their location 
in the body.
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