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WELCOME...

Welcome to the latest issue of Scientia! In this inspiring instalment of the latest
advances in science and research, we focus on the vital work of researchers whose
common goal is to make the world healthier and happier.

Globally, human life expectancy has more than doubled in the past two centuries,
and in many ways, life is easier than ever before. When the COVID-19 pandemic
struck in 2020, we were provided with a sudden and stark reminder of the fragility
of life, the vulnerability of our healthcare systems, and the potential for major
disease outbreaks to change all aspects of life as we know it. At the same time, we
also face other urgent, global challenges to human health, including cancer, heart
disease, and the increasing prevalence of mental health conditions.

Our first section is dedicated to critical advances in medicine and health. We
can read about the latest developments in understanding the multifaceted
causes of cancer as well as innovative approaches to optimising treatment for
this devastating disease. We can also read of important new insights into human
immunodeficiency virus and autoimmune diseases, and key developments in
cardiology, urology and other clinical fields.

Our second section focuses on pioneering research in psychology and
neuroscience. Here, we can read about the mechanisms underlying
neurodegenerative diseases such as Alzheimer’s disease and cognitive decline, as
well as how this is paving the way for the development of new therapeutics. We
can also read about the development of effective Interventions to improve mental
health in rural communities and in prisons, and a range of other approaches
levelled at untangling the complexities of the human mind and behaviour.
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THERE’S SOMETHING
IN THE WATER:
N-NITROSODIMETHYLAMINE

N-nitrosodimethylamine (NDMA for short) is a worryingly prevalent,

potentially potent carcinogen found in food, water, cigarettes
and medical drugs. Researchers at the Massachusetts Institute of
Technology, USA, are working to better understand what NDMA
does and how cells can defend themselves from its effects, with

A Once Little-known Carcinogen

Millions of people worldwide

have been exposed to what was

once a little-known carcinogen.
N-nitrosodimethylamine (or NDMA) is
becoming a household name as a result
of nearly a dozen recalls on critical
medications that were contaminated
with NDMA and taken by people on

a daily basis. Valsartan (for blood
pressure), Metformin (for diabetes), and
Zantac (for gastric reflux) have all been
recalled due to the presence of NDMA,
leaving people both concerned and
without critical medicines, and costing
billions of dollars to the pharmaceutical
industry.

NDMA has also been found in drinking
water consumed by millions of people
as a result of chemical reactions that
occur when water containing organic
materials is treated via chloramination.
In fact, a survey by the United States
Environmental Protection Agency
revealed that as many as 10% of
municipal water sources contain NDMA.
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important implications for public health.

Currently, the impact of NDMA exposure
is uncertain and depends on many
factors, including how long people were
exposed, at what age, at what level,

and whether or not they are genetically
predisposed to be susceptible to
NDMA’s carcinogenic potential.

Professor Bevin Engelward is the
Director of the MIT Superfund Research
Program (SRP) and she is joined by
Professors Desiree Plata and John
Essigmann, who serve as Deputy-
Directors. The MIT SRP team is currently
studying NDMA. While the team cannot
yet answer the question of ‘how

much NDMA is too much?’ they are
making important advances toward
understanding genes that likely impact
susceptibility to cancer. They also
provide convincing reasons to believe
that exposure during development is
more problematic than exposure as an
adult.

What Does N-nitrosodimethylamine
Do?

Akey issue for the MIT SRP team is to
determine what exactly NDMA does,
and to identify how cells can defend
themselves from its effects.

For a small stretch of DNA - let’s say

10 base pairs reading ATCGTATATG -
there are 97 carbon atoms, 73 nitrogen
atoms and 20 oxygen atoms. Professor
Engelward explains that adding just
one additional carbon to a place it does
not belong can create a ‘DNA lesion’
with dire biological consequences.

The problem is that an extra carbon

(a ‘methyl’ group) at certain sites on
DNA bases like adenine can ‘jam up’
DNA polymerases, which replicate DNA,
causing them to get stuck.

If there is one critical thing that a cell
has to do every time it divides, it is to
accurately replicate the entire genome.
If there are 3-methyladenines in the
way, polymerases can bumble over

the damage, creating a risk of putting

in the wrong nucleotide, and thus
causing a mutation. While one mutation
in the context of the 6 billion base



pairs may seem trivial, it all depends on where it happens.
A mutation in a gene called p53, for example, puts cells one
step closer to cancer. Given that NDMA is very good at creating
3-methyladenine lesions, itis no surprise that it can cause
cancer.

Work led by Dr. Jennifer Kay with support from Mr. Joshua
Corrigan, Dr. Amanda Armijo, and other members of the

MIT SRP team, has demonstrated for the first time that
3-methyladenine lesions caused by NDMA are indeed
carcinogenic in animal models. By genetically engineering
mice that are not able to remove 3-methyladenine, the team
has demonstrated that these mice are highly prone to NDMA-
induced mutations and cancer.

The enzyme responsible for repairing 3-methyladenine is called
AAG. This enzyme scans and hops along the DNA searching for
3-methyladenine lesions (and other kinds of damage). When

it finds a lesion, it swivels the damaged base into its active site
and chops it off. While this is a good thing, since it gets rid of
the 3-methyladenine problem, it also creates a new problem: a
missing base.

As you can imagine, not having a base is a problem, since the
cell won’t know how to read that piece of DNA. But there’s an
even more serious problem. To resolve the empty site where
the damaged base was removed, the cell needs to cut the DNA
backbone so that replication machinery can getin and fill in the
missing information. While this is generally a good thing, it can
be a problem if there are too many repair patches. Professor

Engelward provides the analogy of having a bump in the road.
The bump itself is a problem, but digging out the bump and
repaving the road is also a problem until everything is fixed.

This is where the story gets even more interesting. Dr. Kay and
the MIT SRP team used mice that have very high levels of AAG
to see what would happen when they were exposed to NDMA.
Not surprisingly, the mice had fewer instances of cancer, since
there were lower levels of 3-methyladenine and therefore lower
levels of mutations that could promote cancer. However, the
mice had a new problem: cells were dying. A lot of cell death
means that the damaged tissues cannot function properly and
in some cases, the mice could not survive. But how does this all
relate to the problem of people being exposed to NDMA?

The Consequences of Human Exposure

The biggest challenge in discerning the risks of NDMA exposure
is that we really don’t know what happens to people who

are exposed to relatively low levels of NDMA for a long period

of time. Professor Engelward notes that, if we were to take

an educated guess, we would hypothesize that exposure in
utero would be more problematic than exposure as an adult,
because there needs to be a lot of cell division to go from one
fertilized egg to the trillion cells that are necessary to create

a baby. Every time a cell divides, there is a risk of a mutation.

If you now layer onto that risk the additional DNA damage
caused by exposure to NDMA, there is certainly a reason to be
concerned that NDMA could promote mutations that eventually
give rise to childhood cancer.
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Remarkably, an epidemiological study (the study of the
distribution and determinants of disease) showed a connection
between NDMA exposure in utero and an increased risk of
cancer in children. This came about because of a Superfund
site located in Wilmington, Massachusetts, where waste
products reacted with one another to create extremely high
levels of NDMA that eventually made their way into the town’s
drinking water wells. The tragedy that ensued was intolerable.
Nearly two dozen children in the town with a population of
under 20,000 got cancer, and some of them did not survive.

The people of Wilmington have been struggling for years to
find out what was causing cancer in their children. A study

by the Massachusetts Department of Public Health that
pointed to an association between NDMA exposure in utero
and childhood cancer provided some relief since it validated
the townspeople’s beliefs, but at the same time, it caused a
resurfacing of extreme grief. Professor Engelward explains that
while there is nothing that can be done about the past, the
people of Wilmington want to make sure that nobody else has
to suffer the way that they did.

Itis important to recognise that this is just one study. In most
cases, researchers compile data from multiple epidemiological
studies in order to gain confidence in the results. Clearly, much
more work needs to be done to piece together the missing
information on the extent to which NDMA in drinking water is a
risk for cancer.

In pursuit of that goal, Dr. Robert Croy and Professor John
Essigmann, who are members of the MIT SRP team, have
developed a novel way to determine the biological effects of
NDMA in drinking water. They developed a sensitive method
to measure the products of DNA damage by NDMA (e.g., 0%
methylguanine, 3-methyladenine and 7-methylguanine) in
the genomes of animals that have been given small amounts
of NDMA in drinking water over several weeks. At least one of
these DNA-derived products, O methylguanine, is a widely
known biomarker of genetic damage by environmental
chemicals. Their work meshes seamlessly with the additional
genetic studies, and the development of sensors to detect
NDMA, going on as other parts of the MIT SRP.
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Critical Next Steps

When asked about her next steps, Professor Engelward
explains, ‘We see a path forward with two elements. The first
thing is that we want to understand what happens when
animals are exposed to NDMA in drinking water, the way that
people are exposed’. She further elaborates, ‘In our earlier
studies, mice received a high dose of NDMA, much higher than
what people experience. We are now setting off to do long-term
drinking water studies with much more realistic levels’

Professor Engelward and the team’s ongoing work including
DNA repair-deficient mice in their studies is important because
AAG levels vary from person to person, and people with low
AAG may be at increased risk. When thinking about the risk of
exposure in the population, it is critical to consider the risk of
those who are most vulnerable. As her earlier research pointed
to AAG as a susceptibility factor, Professor Engelward now
aims to find out if it in fact defends against cancer caused by
contaminated drinking water.

There is much work to be done by researchers, and a lot of
work to be done by people in the pharmaceutical industry to
make sure that people’s drugs are free from NDMA. Professor
Engelward reminds us that ‘The good news is that we have

a lot of knowledge about NDMA and we have ideas about its
potential biological effects; now it is time to do the hard work
and get the research done’

For people who already have been exposed, there are steps
that can be taken. On this, Professor Engelward concludes, ‘All
of the good advice that you get from your nurse or doctor about
exercise, eating right, and avoiding exposure to chemicals,

is good advice, and can go a long way toward offsetting any
possible increased risk of cancer caused by NDMA!

With a team of highly talented students and more senior
researchers, as well as support from the National Institute
of Environmental Health’s Superfund Research Program, we
can be confident that the MIT SRP will soon present a much
better understanding of the risks that NDMA poses and the
implications for public health.




Meet the researchers

Professor Bevin Page Engelward
Director, MIT Superfund Research Program

MIT Center for Environmental Health Dr. Jennifer Kay
Sciences Dr. Leona Samson
Department of Biological Engineering Mr. Joshua Corrigan
Massachusetts Institute of Technology Ms. Ilana Nazari
Cambridge, MA Dr. Amanda Armijo

USA Dr. Ishwar Kohale

Dr. John Essigmann

Dr. Robert Croy

Dr. Forest White

Dr. Stephen Dertinger

Dr. Dushan N Wadduwage

Professor Bevin Page Engelward graduated from Yale University
and then received her doctoral degree from the Harvard School
of Public Health. In 1997, she became an Assistant Professor

at the Massachusetts Institute of Technology (MIT). She is

now a Professor in the Department of Biological Engineering r. Sebastian £ Carrasco &
and the Director of the MIT Superfund Research Program. m =
With an overarching commitment to improving public health,

Professor Engelward’s research focuses on gene-environment
interactions that modulate disease susceptibility through the
development of novel tools for studying exogenously induced
genetic changes in animals and human cells.

FURTHER READING
CONTACT

JE Kay, JJ Corrigan, AL Armijo, et al., Excision of mutagenic
replication-blocking lesions suppresses cancer but promotes

This work was supported by the National Institute of
Environmental Health Sciences Superfund Basic Research
Program, National Institutes of Health, P42 ES027707.

E: bevin@mit.edu

W: http://engelward-lab.mit.edu and https://be.mit.edu
directory/bevin-p-engelward

© @MIT_SRP

cytotoxicity and lethality in nitrosamine-exposed mice, Cell
Reports, 2021, 34(11), 108864. DOI: https://doi.org/10.1016/j.

celrep.2021.108864

B Engelward, Implications of an epidemiological study showing
an association between in utero NDMA exposure and childhood
cancer, Environmental and Molecular Mutagenesis, 2021, 62(5),
288-292. DOI: https://doi.org/10.1002/em.22434

Dr. Jennifer Kay MIT SRP research advances to community groups, government
Research Scientist agencies, other academics, and the general public. Dr. Kay is
Silent Spring Institute now a Research Scientist at Silent Spring Institute, studying
Newton, MA environmental exposures that can lead to breast cancer. Dr.
USA Kay’s goals are to understand what chemicals do to cause
Former postdoctoral fellow, MIT Superfund cancer so that people can be better protected from potentially
Research Program, MIT Center for dangerous exposure.

Environmental Health Sciences, Department

of Biological Engineering, Massachusetts CONTACT
Institute of Technology, Cambridge, MA, USA

E: kay@silentspring.org
Dr. Jennifer Kay received her bachelor’s degree from the W: https://silentspring.org/staff/jennifer-kay-phd
University of Pittsburgh and went on to complete her PhD and © @justjkay
postdoctoral training in Professor Bevin Engelward’s laboratory
in the Biological Engineering Department at MIT. As part of
the SRP, Dr. Kay helped lead research projects using mice S R P
genetically engineered to have different DNA repair capacities T
and reporter genes for measuring mutations. She also served I I I I I
as the MIT SRP Research Translation Core director, bringing

L W’ o
= #

\\ HEALTH & MEDICINE



http://engelward-lab.mit.edu
https://be.mit.edu/directory/bevin-p-engelward
https://be.mit.edu/directory/bevin-p-engelward
https://www.cell.com/cell-reports/fulltext/S2211-1247(21)00178-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2211124721001789%3Fshowall%3Dtrue
https://www.cell.com/cell-reports/fulltext/S2211-1247(21)00178-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2211124721001789%3Fshowall%3Dtrue
https://www.cell.com/cell-reports/fulltext/S2211-1247(21)00178-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2211124721001789%3Fshowall%3Dtrue
https://doi.org/10.1016/j.celrep.2021.108864
https://doi.org/10.1016/j.celrep.2021.108864
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8361697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8361697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8361697/
https://doi.org/10.1002/em.22434
https://silentspring.org/staff/jennifer-kay-phd

DYSREGULATED
INTRACELLULAR PH
CAN ENABLE DIFFERENT
DISEASES

The pH inside our cells is constantly changing, but also carefully
controlled within certain limits. Dynamic intracellular pH (pHi)

is essential for normal cell behaviours, but when it becomes

dysregulated, it can enable an array of diseases from cancer to
Alzheimer’s. Dr Diane Barber from the University of California

San Francisco has carried out extensive research into how normal

pHi dynamics regulate cell behaviours and the impact that
dysregulated pHi can have in different diseases.

Understanding pH in Cells

The pH of a substance is a measure of
how acidic or alkalineitis, orin other
words, the concentration of hydrogen
jons (H+) it contains. A solution with a
higher concentration of hydrogen ions
is acidic and has a lower pH, one that
has a value of less than 7. The pH scale
is measured between 0 and 14, so an
alkaline solution is one with a value
of 8 and above. Neutral solutions are
those with a pH of 7 - such as water, for
example.

In cells, pH generally ranges between
7.0 to 7.6 but is dynamic, meaning that
it can fluctuate, and controlling these
pH changes is important for normal cell
behaviours. During disease processes,
this balance can be disturbed. For
example, compared to the pHi of
normal cells, cancer cells generally have
a higher dynamic intracellular pH (pHi)
and brain cells with neurodegenerative
diseases have a lower pHi. Itis
important to understand how and

why this happens as well as what the
implications are if we are to better
understand human pathologies. This

is the focus of the research of Dr Diane

HEALTH & MEDICINE

Barber from the University of California
in San Francisco. Her studies have led
to fascinating new discoveries into the
inner working of our cells and what can
g0 very wrong.

Protonation and Deprotonation as
Posttranslational Modifications

Proteins are created using the coding
structures of our DNA. Through
processes called transcription and
translation, genes are read by cell
machinery and used as a template to
bring together amino acids to create
arequired protein. Once this new
protein has been released into the

cell to carry out its functions, it will
often be subject to posttranslational
modifications. These alterations are
important to regulate the stability and
activity of the protein as well as its
binding affinity (how well it attaches to
other molecules). Common examples
of posttranscriptional modifications
are phosphorylation, whereby a
phosphoryl group (PO3-) is added, and
ubiquitination, which is the addition of
a protein called ubiquitin.
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But work from Dr Barber and her
collaborator Dr Matthew Jacobson,

a computational protein biophysicist
at the University of California San
Francisco, compellingly shows that
protonation and deprotonation should
be classed as a posttranslational
modification. They showed that
fluctuations of the pH within cells
(intracellular) or outside of them
(extracellular) can change the charge
of an amino acid side chain, and with
protonation or deprotonation, alter
the structure and function of that
protein. Whilst other posttranslational
modifications need an enzyme to
facilitate the reaction, adding or
removing a proton does not and it is
very quick as well as easily reversible.

Drs Barber and Jacobson discovered
that this type of modification is
achieved on certain pH-sensing




proteins via a small number of sites which they called pH
sensors. Subsequently, Dr Barber investigated the structural
mechanisms of these proton posttranslational modifications
and the consequences that modified pH-sensing proteins have
when regulating cellular processes. According to Dr Barber,
‘Determining protonation and deprotonation, however, is more
challenging compared with other types of posttranslational
modifications because it is not detected by mass spectrometry
or antibodies, nor is it catalysed by an enzyme.

Nevertheless, she found that the pHi is highly dynamic and
this is essential for many normal cell behaviours such as cell
migration, metabolism and cell cycle progression. However,
they are also implicated in many pathological cellular events,
including cancer and tumorigenesis. ‘We now know that pHiis
dysregulated in many diseases. For example, compared with
normal cells, pHi is constitutively increased in most cancers
regardless of tissue origin or gene mutations. In contrast, pHi
is constitutively decreased in neurodegenerative disorders,
including Alzheimer’s disease and frontotemporal dementia’
explains Dr Barber. Because of this, engineering methods to
target and control proton posttranslational modification could

be a promising avenue to explore in the development of novel
therapeutics.

pH Dysregulation in Cancer

The issue of pHi dysregulation -specifically, increased pHi in
cancers - is a current focus of Dr Barber’s group. A relatively
high internal pH and low external pH are already known
markers of a cancerous cell and it has been shown inin vitro
cell models to increase cell division, cell migration, and limit
cell death (known as apoptosis). However, this had not been
thoroughly investigated in vivo - in a living organism. Therefore,
Dr Barber and her team used a type of fly that is a common
animal model called Drosophila melanogaster in their study.

Interestingly, they showed that increasing pH was sufficient
to induce dysplasia, which is an abnormal development of
cells that can lead to cancer. This was seen in the absence of
an activated oncogene, a mutated gene that sets off reactions
that result in a tumour. The newly raised internal pH of the
cells enabled cancer cell behaviours like dividing faster and
growing into surrounding tissues. But promisingly, the study
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also demonstrated how these cancer cells might be overcome.
They revealed that preventing hydrogen ions from leaving
cells having cancer-causing oncogenic Raf or Ras mutations

caused acidosis and this man-made increased acidity had the
ability to kill the cancer cells. Dubbed synthetic lethality, Dr
Barber believes that utilising it alongside activated oncogene
expression could be a therapeutic method of preventing cancer
progression whilst limiting side effects.

Characterising Amino Acid Mutation Signatures

In a separate series of studies that explored other ways that a
higher pHi might enable cancer, the Barber group turned their
attention to cancer-causing mutations in proteins that change
amino acids to be more sensitive to pH regulation. Specifically,
they found that if a mutation caused an amino acid change
from an arginine, which is always protonated, to a histidine,
which can be protonated at lower pH and deprotonated at
higher pH, it conferred pH sensing that enabled the higher

pHi of cancer cells to enhance the function of oncogenes and
impair the function of tumour suppressor proteins.

From this work on what they call charge-changing mutations,
with Dr Jacobson and Dr Ryan Hernandez (also at the
University of California San Francisco), Dr Barber used machine
learning and computational analysis to create a newly

defined classification of cancer subtypes. In general, cancer

is thought of as a group of different diseases, differentiated

by distinct mutations and tissue origins, which are commonly
used to classify cancer subtypes. In contrast, the alternative
classification proposed by Dr Barber and her colleagues is
based on amino acid mutation signatures.

When a genetic mutation occurs, it means that part of the DNA
has been spontaneously altered in some way. Mutations can
be a base substitution, a deletion or an insertion. Because

the genes provide the coding for which amino acids to bring
together to form a protein strand, an alteration in the DNA can
result in incorrect amino acids being added to the protein - an
amino acid mutation.
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When Dr Barber and her colleagues examined 29 different
cancers for amino acid mutation signatures, their analysis

revealed some clear and exciting results. Certain cancer types
have mutation signatures with high instances of an arginine
amino acid changing to a histidine, others are dominated by
glutamic acid to lysine mutations, and some have very complex
signatures characterised by multiple amino acid mutations.

Using an open-source catalogue called the COSMIC somatic
mutation database, the team validated their results from
samples all over the world. Through this investigation, they
identified which amino acid mutations are common among
specific cancer in addition to which mutations frequently
appear together. What made their analysis particularly
significant is their finding that some cancers previously
classified as disparate, such as brain medulloblastoma and
pancreatic cancers share a high occurrence of arginine to
histidine mutations. Additionally, previously considered
disparate cancers such as melanoma and bladder cancer share
a high occurrence of glutamic to lysine mutations.

Importantly, charge changing mutations do not only occur

in cancer, but in fact, they appear in a vast range of diseases.
Muscular dystrophy, Alzheimer’s disease, heart septal defects,
cystic fibrosis and many more, are all implicated by charge
changing mutations. Dysregulated pHiis also associated with
many of these diseases, which opens new directions for testing
effects on how charge changing mutations confer disease
pathologies.

Through her dedicated work, Dr Barber has greatly improved
our knowledge and understanding of the role that pHi plays in
an array of diseases. By delving deeper into charge changing
mutations, she has provided insight into how dysregulated
pHi dynamics can enable some diseases and where new
therapeutics investigations might be directed in the future.
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CHEMOTHERAPY- AND

CARCINOGEN-INDUCED
CELL DEBRIS INITIATES
CANCER RECURRENCE

Chemotherapy, one of the mainstays of cancer treatment, can
unfortunately act as a double-edged sword. While achieving

the intended aim of killing cancerous cells, it also generates an
accumulation of cell debris, which in turn, promotes tumour growth
by stimulating inflammation in the tumour microenvironment.

Dr Dipak Panigrahy and his colleagues from Harvard Medical

School, USA, have conducted several studies in mice showing that
targeting the tumour cell debris-mediated surge of proinflammatory

and protumourigenic factors provides a strategy for enhancing the

efficacy of chemotherapy.

The Double-Edged Sword of
Chemotherapy

With advances in genomics and drug
discovery, chemotherapy is the frontline
treatment for cancer now more than
ever before. However, accumulating
evidence from various animal models
of the disease suggests that rather
than simply killing the cancerous

cells, chemotherapy can also initiate
the recurrence of cancerous tumours.
Unfortunately, the mechanisms behind
this double-edged sword are still
poorly understood. Working to resolve
important questions about this critical
issue is Dr Dipak Panigrahy, along with
his colleagues at Harvard Medical
School, USA.

Apoptosis is the process of programmed
cell death, and this may trigger escape
from tumour dormancy by causing

a cellular stress response linked to
inflammation. Dr Panigrahy and his
colleagues argue that increased levels
of spontaneous apoptotic cell death

in the tumours of cancer patients are
associated with poor prognosis in
several cancer types.
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5-fluorouracil (5-FU) is a
chemotherapeutic drug used to treat
colorectal cancer. It reduces tumour
mass by causing cell death, creating
tumour cell debris in the form of
apoptotic cells and cell fragments.
Observing that apoptotic tumour cells
can stimulate specialised cells known
as macrophages and the production
of proinflammatory cytokines,

Dr Panigrahy and his colleagues
proposed that 5-FU may be a source
of tumour growth stimulation. In 2019,
the Panigrahy laboratory published

an important study that clearly
demonstrated that 5-FU generates
cellular debris that causes tumour cells
and host macrophages to release a
tumour factor known as osteopontin
(OPN).

In clinical settings, OPN expression
is linked to poor 5-year survival in
many cancer types. OPN is a well-
characterised factor that has been
linked to cancer progression and
angiogenesis, which is the growth of
new blood vessels that tumours need to
grow. Conventional chemotherapy may
contribute to tumour progression and
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relapse via cell debris, suggesting that
treating the tumour-promoting activity
of cell debris is critical for the prevention
of tumour recurrence.

In the 2019 study, Dr Panigrahy
examined the cytotoxic activity of

5-FU in mice that were previously
inoculated with colorectal cancer cells.
As predicted, the researchers observed
increased cell death in tumours that
were treated with 5-FU compared

with size-matched control tumours.
Furthermore, the study confirmed

that systemic 5-FU treatment and
tumour cell debris increase OPN levels
and that debris-stimulated tumour
growth is mediated by enhanced
tumour angiogenesis. The most
important finding, however, was that
pharmacologic and genetic ablation of
OPN inhibited debris-stimulated tumour
growth. Dr Panigrahy and his colleagues



demonstrated that a combination of neutralising antibodies
to inhibit OPN and continued treatment of 5-FU dramatically
inhibited tumour growth.

Chemotherapy-generated Debris and Ovarian Cancer
Resurgence

Epithelial ovarian cancer, a major cause of death in women
worldwide, is characterised by a high tumour recurrence,
which can occur in up to 70% of patients. To ascertain whether
chemotherapy-generated debris is biologically relevant in
ovarian cancer, via a similar mechanism initiated by 5-FU and
mediated by OPN in colorectal cancer, Dr Panigrahy and his
colleagues treated mouse and human cell lines with cytotoxic
platinum- or taxane-based chemotherapeutic agents used for
treating ovarian cancer. As a consequence of the treatment, the
colleagues observed a surge of proinflammatory cytokines and
bioactive lipid molecules known as eicosanoids, released by
macrophages, in the tumour microenvironment. The findings of
this study were published in 2019 in the prestigious journal, the
Proceedings of the National Academy of Sciences (PNAS).

The research team also observed that the presence of debris
alone without macrophages in the culture medium resulted in
minimal to undetectable levels of cytokines, confirming that
the release of lipid mediators and cytokines is macrophage-
dependent. The PNAS study showed that the combined
pharmacological inhibition of the cyclooxygenase-2 (COX-2)
and soluble epoxide hydrolase (sEH) pathways prevented the
surge of both cytokines and lipid mediators by macrophages.
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These results confirmed that ovarian cancer patients may
benefit from the suppression of eicosanoid and cytokine
mediators, protecting the body from a therapy-induced debris-
mediated cytotoxic and tumourigenic response.

Aspirin-triggered Mediators as Optimal Chemopreventive
Agents

Many studies suggest that the nonsteroidal anti-inflammatory
drug (NSAID) aspirin is potent in counteracting the formation
of tumours. Despite numerous reports confirming its beneficial
properties in cancer prevention, the biochemical mechanisms
behind this unique antitumour activity of aspirin compared
with other NSAIDs remain poorly understood. Cyclooxygenase
(COX)-1 and COX-2 are key targets of aspirin and are involved
in the biosynthesis of proinflammatory lipids, such as
prostaglandins. Dr Panigrahy and his colleagues published
another study in 2019 showing that aspirin not only blocks
the biosynthesis of prostaglandins, but also stimulates the
endogenous production of anti-inflammatory mediators
termed ‘aspirin-triggered specialised pro-resolving mediators’
(AT-SPMs), such as ‘aspirin-triggered resolvins’ (AT-RvDs) and
‘aspirin-triggered lipoxins’ (AT-LXs).

The research team demonstrated that treatment of mice

with AT-RvDs or AT-LXs inhibited primary tumour growth

by enhancing macrophage removal of tumour cell debris

and inhibiting the production of macrophage-secreted
proinflammatory cytokines. Following the publication of the
2019 study, AT-SPMs, including resolvins, have been considered
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in clinical studies for their tumour-preventing activity. Dr
Panigrahy and his colleagues have shown that, given the risks
associated with chronic low-dose aspirin intake, mediators
such as aspirin-triggered resolvins and other AT-SPMs may be
a more desirable therapeutic option, since they display more
potent antitumour activity and are devoid of aspirin-related
toxicity.

Resolvins Enhance Cancer Therapy by Clearing Cell Debris

As demonstrated in many studies by the Panigrahy team,
dead and dying tumour cells greatly affect the tumour

microenvironment. This leaves the medical profession with a
dilemma between treating tumours with chemotherapy and
minimising the effects of debris-induced tumour progression.
Resolving this dilemma is paramount to preventing tumour
recurrence after therapy.

In a study published in 2017, Dr Panigrahy and his colleagues
demonstrated that apoptotic debris stimulates tumour growth
through the action of phosphatidylserine (PS), a modified
amino acid that is present on the surface of apoptotic cells.
The study showed that blocking PS in the debris with a
recombinant protein or an anti-PS neutralising antibody
significantly inhibited debris-stimulated tumour growth in a
dose-dependent manner.

The 2017 study adds further evidence in support of using
specialised pro-resolving mediators, such as resolvins, to clear
apoptotic debris. The novel approach alongside chemotherapy
would greatly prevent tumour recurrence and enhance the
benefits of cancer therapy. The observations were supported
by the results of a 2019 study in which Dr Panigrahy and his
colleagues demonstrated that the resolution of inflammation
via resolvins, before surgery, inhibited the formation of new
tumour growth, inducing robust anticancer T cell immunity in
mice affected by Lewis lung carcinoma.
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Resolution of Inflammation Halts Liver Cancer Progression

Building on the observations published in previous years, Dr
Panigrahy and his colleagues recently published a new study
on the effects of inflammation on the changes to the tumour
microenvironment triggered by cytokine and eicosanoid storms
during hepatocellular carcinoma (HCC). Aflatoxin B1 (AFB1), a
mycotoxin produced by Aspergillus fungi, may play a causative
role in 4.6 to 28.2% of all HCC cases worldwide. Aflatoxin-
induced HCC is most prevalent in developing countries due to
the regular consumption of food contaminated with aflatoxins.

HCC is associated with excessive production of
proinflammatory cytokines, including TNF-a and IL-6, which
lead to apoptotic cell death in multiple cell types. AFB1 can also
negatively impact macrophages by impairing their ability to
remove cell debris. By causing excessive production of oxidative
stress, proinflammatory cytokines start a cascade that leads to
DNA damage and new tumour growth, correlating with poor
patient survival. Dr Panigrahy and his colleagues demonstrated
that tumour cells killed by AFB1 stimulate primary HCC growth
when co-injected in mice with a nontumourigenic inoculum of
tumour cells and that the malignant growth is dependent on a
macrophage-derived eicosanoid and cytokine storm that also
involves mediators that promote the formation of new blood
vessels.

Dr Panigrahy and colleagues demonstrated that dual COX-2/
sEH inhibitors can be administered during and immediately
after periods of high exposure to aflatoxins, resulting in a
physiological switch from a pattern of inflammation to the
resolution of inflammation. By targeting the debris-mediated
eicosanoid and cytokine storm, via clearance of tumour cell
debris, dual COX-2/sEH inhibition may provide an effective
strategy for the prevention of AFB1-induced hepatocellular
carcinoma.




Dr Dipak Panigrahy obtained his MD in 1994 from Boston
University School of Medicine, Boston, MA. During his
postdoctoral studies, Dr Panigrahy specialised in Vascular
Biology and Surgery and is now Assistant Professor of
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p38y
It’s More than Just
a Kinase

Kinases take energy from adenosine triphosphate molecules to fuel

other molecules in performing vital biological processes.

Dr Xu Hannah Zhang at City of Hope, Los Angeles, has worked with
colleagues to better understand the p38 family of kinases, and in
particular, how the p38y isoform plays a role in cancer. Her work

has shown - for the first time - that p38y is much more than just a

kinase, and her recent studies point to new avenues in the search for
cutaneous T-cell lymphoma therapeutics.

ke

The Vital Work of Kinases

Vital biological processes such as cell
growth and division (cell proliferation)
and cell death (apoptosis) are fueled
by chemical energy. In our bodies,
adenosine triphosphate (ATP) carries
chemical energy from the food we eat.
Kinases then transfer this energy in

the form of phosphates from the ATP
molecules and add it to other molecules
(such as sugars and other proteins) in a
process known as phosphorylation.

In humans, the p38 mitogen-activated
protein kinases (MAPK) family of kinases
consists of four isoforms (also known as
variants): p38a, p38@3, p38y and p386.
Each isoform performs unique functions
at different developmental stages in the
lifespan, and while p38a and p383 are
found throughout the body, p38y and
p386 are only found in specific tissues.
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ATP = Energy

p38y: Links to Cancer

Our understanding of p38y and p38& is
much less extensive than that of p38a
and p383. However, we do know that
p38y is associated with the spread of

a diverse range of cancers (including
colon, prostate, oesophagal, breast and
liver cancers) and also cutaneous T-cell
lymphoma, a rare form of cancer that
begins in the white blood cells known
as T cells and affects the skin, the body’s
largest organ.

Dr Xu Hannah Zhang at City of Hope and
her colleagues, under the leadership of
Dr Steven T Rosen, Provost and Chief
Scientific Officer of the institute, recently
explored the role of p38y in cutaneous
T-cell lymphoma - and uncovered some
novel and important findings in the
process.
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To Bind or Not to Bind?

Binding sites (so-called ‘pockets’) are
the parts of a protein that allow them to
accommodate via affinity the smaller,
incoming molecules. As p38y shares its
ATP-binding site with other kinases, Dr
Zhang and her colleagues also studied
a non-ATP-binding site to help them

to identify any specific effects of p38y.
They were particularly interested in a
hydrophobic (water-repelling) non-ATP
site capable of attracting lipid-like small
molecules, such as those required to
target p38y for the cure of the diseases
such as cutaneous T-cell lymphoma.

In the field of bioinformatics, molecular
docking is one of the most commonly
used virtual screening methods
supporting drug discovery and can be
used to investigate interactions between
small molecules and proteins. This is




the approach used by Dr Zhang and her colleagues to examine
all 270,000 compounds currently available in the National
Institute of Cancer Development Therapeutics Program library
and assess the extent to which each would bind to the non-ATP
site.

The 80 drugs identified as most effective in binding to the
non-ATP site were investigated further using virtual screening to

determine their potential toxicity to cutaneous T-cell lymphoma
cells. Of these, Dr Zhang and her colleagues selected two

small molecules: CSH71 and CSH18 (note that CSH18CN is a
modified form of CSH18 to increase more specific binding). The
researcers then confirmed the effects of both small molecules
in the laboratory, using real samples.

As expected, both CSH71 and CSH18CN were toxic to cutaneous
T-cell lymphoma cells. The effects of small molecule CSH71
were dose-dependent, but critically, at higher doses, CSH71
was found to bind to the ATP-binding site of p38y and also

the non-ATP site. This observation lead Dr Zhang and her
colleagues to make the novel report that p38y also functions

as a non-kinase in T malignant cells, serving to drive cell
proliferation. In contrast, normal healthy blood cells were
spared because their p38y is silent (not expressed).

Therapeutic and Other Implications

Dr Zhang and her colleagues propose that these new insights
into how drugs can bind to the ATP-binding site and non-

ATP binding site of p38y will lead to treatment innovation in
cutaneous T-cell lymphoma. Specifically, she proposes that
targeting the non-ATP binding site will be a particularly fruitful
avenue of exploration. Itis also worth noting that her findings
also validate the use of relatively new computational screening
techniques in drug discovery with nuclear magnetic resonance
Spectroscopy.

An Intriguing Idea

As a final aside, Dr Zhang notes that CSH71 treatment impacts
olfactory receptors, which give rise to our sense of smell. The
compound CSH18, as also studied by the researchers, impacts
olfactory receptors but in a different collection to CSH71. This
currently unpublished data from Dr Zhang lends support to
the intriguing idea that each compound may trigger a unique
‘fingerprint’ for T cells to react to chemotaxis as part of its
immune defence mechanism. She suggests that our current
understanding of olfactory receptors may require revision, and
further work to unpick how olfactory receptors interact with
other cells and are regulated is now warranted.
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KNOWLEDGE IS POWER:
IMPROVING OUTCOMES
IN OVARIAN CANCER

Ovarian cancer is the second most common gynecological cancer
and has the highest mortality rate of all female reproductive
cancers in the United States. A lack of early detection, typically
aggressive progression, and rapid development of resistance

to chemotherapy are key contributing factors to the mortality
rate. Dr. Dong-Joo (Ellen) Cheon and her team at Albany Medical
College are working to determine the role of key players in the
resistance to chemotherapy treatments and examining how best

we can target these therapeutically to improve survival.

The Knowledge Gap in Ovarian
Cancer

Each year, over 19,000 women are
diagnosed with ovarian cancer in the
United States. Of these, only 35% will
go on to survive beyond the 10-year
mark despite research advances.
Unfortunately, there are several reasons
why ovarian cancer remains such a
serious threat.

Ovarian cancer is an aggressive disease
that is further complicated by the same
symptoms appearing as part of other
gynecological issues. As a result, it is
often not diagnosed until patients are
at the later stages of the disease, when
the tumor has spread to other organs.
Treatment options include surgery

and chemotherapy, either alone orin
combination.

Chemotherapy is one of the key
treatments for patients at all stages of
ovarian cancer, with 54% of patients
undergoing curative or palliative
chemotherapy as part of their primary
cancer treatment. Platinum-based
drugs (cisplatin, carboplatin) are the
most commonly used chemotherapy
for ovarian cancer treatment. They

work by causing damage to the DNA
in cells and subsequently inducing cell
death. Although patients are initially
sensitive to platinum chemotherapy,
about 70% of patients experience
cancer recurrence, and many develop
resistance to platinum therapy. As
such, uncovering mechanisms that
allow patients to become resistant

to platinum therapy is a key area of
research in the mission to improve
survival outcomes for patients,
particularly those with more advanced
disease.

Dr. Dong-Joo (Ellen) Cheonis an
Associate Professor of Regenerative and
Cancer Cell Biology at Albany Medical
College in New York. Her team’s research
focuses on understanding how patients
can develop resistance to platinum
chemotherapy over time. Conducting
detailed analysis of clinical samples and
validating their findings in a pre-clinical
setting, they work to highlight key

genes and pathways that are involved

in promoting platinum resistance.
These key genes are then explored as
targets for the development of therapies
and can help clinicians create a more
personalized approach to treatment.
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Plugging the Gaps

As the genetic expression found in a

cell dictates its protein expression and
therefore, its function, examining the
gene expression profiles of patient
tumors can give researchers an insight
into changes that are driving the cells to
become more cancerous and resistant
to therapies. The genetic profile of
different cancer types can also tell us a
lot about how a patient may respond to
treatment and how the tumor growth
will progress over time.

With an increased understanding of
a patient’s genetic profile comes the
opportunity to tailor treatment plans
to be most effective against the key
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therapeutic targets for that tumor. As such, much of the work in
cancer research in recent years has moved towards improving
our understanding of what drives the growth of tumors and
their resistance to therapies. This involves an in-depth look into
both the genetic and protein expression that occurs in different
cancer types and in different patient groups, e.g., responders to
treatments vs those who do not respond efficiently.

Currently, there is no fully validated or clinically applied test to
guide treatment decisions in ovarian cancer. Although several
research groups have used gene expression data to develop
signatures that predict clinical outcomes in ovarian cancer, the
different gene signatures described to date exhibit little overlap
and lack the correlation to poor outcomes. Consequently, there
is not only a critical need for markers that can assess the risk

of poor survival in patients with ovarian cancer, but also for a
better understanding of the mechanisms that are involved in
tumor progression which can be targeted with novel treatment
strategies.

Noting this important gap in the research literature, Dr. Cheon
and her team set about analyzing patient genetic data from
three different datasets (the Cancer Genome Atlas, GSE26712
dataset, and GSE51088 dataset) to identify common gene
expression patterns across ovarian cancer patients. Their
results showed 61 genes that were present in at least two out
of three of the datasets, of which ten genes were expressed
across all three. This group of ten genes was then taken as
their ‘genetic signature’ for poor prognosis as they found high
expression of these genes indicated worse overall survival.

Interestingly, the team found that most of the ten genes are

known to produce stiff collagen matrices around cancer cells,
highlighting the impact of the structural properties of cancer
cells on patient survival.

Collagen Type XI Alpha 1 (COL11A1) was found to be the most
significantly expressed gene out of the ten highlighted by the
researchers. COL11A1 is mostly expressed by a subset of cancer-
associated fibroblast cells adjacent to tumor cells, and a small
number of cancer cells as well. COL11A1 has previously been
shown to have increased expression in several other cancer
types, including lung, pancreas, and colorectal cancers, with

its high expression often being associated with poor survival,
resistance to chemotherapy, and recurrence of the tumor.

Based on the results of their genetic analysis and previous work
done in other cancer types, Dr. Cheon and her colleagues set
out to validate that COL11A1 played a significant role in tumor
progression. They found that removal of COL11A1 expression
via genetic modification of cancer cells reduced tumor growth
and decreased cell migration, invasion, and tumor progression,
supporting the idea of its importance in tumor development.
The team also discovered that COL11A1 makes cancer cells
more resistant to cisplatin, supporting the clinical observation
that COL11A1 is one of the top upregulated genes among
patients who are resistant to platinum therapy than those

who are sensitive. With these results, the team concluded

that the role of COL11A1 made it a promising marker to target
therapeutically but they wanted to understand in more detail
what made COL11A1 so key for these processes in the tumor.
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Delving Deeper into Discovery

Dr. Cheon and her team particularly examined the question
of how COL11A1 makes ovarian cancer cells more resistant

to platinum therapy. They analyzed proteins upregulated by
COL11A1 and discovered that several key proteins of fatty
acid oxidation (FAO) are upregulated by COL11A1. FAQO is the
metabolic process by which fatty acids enter the cell and

are broken down to produce energy, reducing power, and
biomolecules. This form of metabolism is common in cancers
as rapidly proliferating cells rely on large amounts of fatty acids
to support various biological processes including membrane
formation and signaling. However, it is not fully understood
which signals are produced by COL11A1 to regulate this
metabolic switching, despite aberrant fatty acid metabolism
being implicated in driving malignancy and chemotherapy
resistance in several cancers. Therefore, Dr. Cheon and her
team set about uncovering the pathways that lead from
COL11A1 to metabolic switching and how this is linked to
cisplatin resistance.

The team discovered that COL11A1 binds to the cell surface
molecule and activates downstream signaling to increase FAO
in ovarian cancer cells, making them more resistant to cisplatin.
To try and work out the underlying mechanisms, they examined
the activation of proteins downstream of COL11A1 and found
that heat shock protein 27 (HSP27) activation correlated

with levels of COL11A1 expression, suggesting a link between
the two. Interestingly, HSP27 is a protein that has previously
been implicated in cancer cell survival and resistance to
chemotherapies across many cancer types. In ovarian cancer,
several studies have established a relationship between this
protein and poor patient survival.

In 2021, Dr. Cheon and her team investigated if there is a link
between COL11A1/HSP27 expression and platinum resistance.
They confirmed that COL11A1 increases HSP27 expression, and
inhibiting the function of HSP27 caused re-sensitization of cells
to cisplatin, suggesting that HSP27 mediates COL11Al-induced
cisplatin resistance in ovarian cancer cells. The team also found
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that when HSP27 function is inhibited cancer cells upregulate
FAO to survive during chemotherapy treatment without HSP27.
When both HSP27 and FAO are inhibited, cancer cells show
dramatic cell death after cisplatin treatment, suggesting that
COL11A1 activates two parallel pathways-FAO and HSP27- to
make cancer cells resistant to cisplatin. However, how exactly
HSP27 inhibition upregulates FAO and how effective dual
inhibition of HSP27 and FAQ is in pre-clinical models remain to
be determined.

Looking to the future

The work of Dr. Cheon has led to the important discovery that
ovarian cancer patients who express high levels of the protein
COL11A1 show poor survival outcomes and have a higher risk
of developing chemotherapy resistance. Delving deeper into
the reasons behind this, she has shown that COL11A1 promotes
cisplatin resistance by increasing FAO in ovarian cancer cells.
Using inhibitors to target this process, Dr. Cheon has shown
that COL11A1Me" cisplatin-resistant ovarian cancer cells can be
effectively killed by FAO inhibitors in combination with HSP27
inhibitors. As such, these results provide a novel biomarker-
guided targeted therapy for cisplatin-resistant ovarian cancer.

Although the link between COL11A1, HSP27, and cancer cell
chemotherapy resistance has now been clearly established,
understanding the full picture of how this occurs is a challenge
that Dr. Cheon now faces. A key area of research will be
improving our understanding of metabolism, in particular the
metabolism of fats, within cancer cells and the environment
surrounding the tumor. A particular interest is in the area of
lipid droplets, a type of organelle made up of fats and proteins
that help to regulate fat-based metabolism within ovarian
cancer cells. Understanding how these organelles are formed
and the proteins found within them will help the team pick
apart the metabolic processes that allow ovarian cancer cells
to aggressively grow. Dr. Cheon hopes that this will lead to a
greater understanding of the regulation of platinum resistance
within ovarian cancer cells and provide potential targets for the
future development of therapies.
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PROSTATE CANCER:

THE IMPORTANCE OF
NUTRITION IN PREVENTION
AND TREATMENT

Prostate cancer is a leading cause of illness and death in men

around the world, and to date, no prevention strategies have been

discovered. Dr Anait S. Levenson and a team of cancer researchers

from Long Island University in the United States of America are
working to advance our understanding of how and why prostate

cancer develops. Theirimportant work also demonstrates how

compounds found in foods such as grapes and blueberries may help
prevent the development and progression of cancer.

Understanding Prostate Cancer

Cancer is a leading cause of death
worldwide. In the United States of
America, 1,898,160 new cancer cases and
608,570 cancer deaths were projected for
2021 but the reality for prostate cancer
was even starker — an alarming increase
was seen for both new cases and deaths.

There is currently no treatment available
to prevent this type of cancer and 30%
of men with risk factors placing them
under active surveillance for prostate
cancer develop more aggressive disease
requiring intensive treatment such as
surgery and hormone therapy (chemical
castration), which have devastating
effects on the individual and their quality
of life.

As a result, scientists and healthcare
professionals are dedicated to further
understanding the pathways leading to
prostate cancer and discovering new
ways to prevent this disease. Dr Anait S.
Levenson from Long Island University in
the United States of America is one of the
scientists driving a new understanding
of the impact of diet on prostate cancer

progression and prevention.

Understanding the underlying pathways
of cancer progression is key to being
able to optimise diagnostics, improve
treatment and develop new medicines.
and her team are
particularly interested in the molecular

Dr Levenson

and genetic mechanisms of prostate
cancer development and progression. To
date, the team’s research has focussed
on the MTAL protein, an epigenetic
molecule which is highly expressed
in several types of cancer, including
prostate cancer.

It is now known that MTAL is involved
in multiple stages of prostate cancer
including inflammation, tumour growth
and invasion. In addition to regulating
survival  pathways through various
epigenetic modulations, MTALl can
impact molecules called microRNAs
(miRNAs  for short) which control
multiple cancer development pathways,
including enhancing cancer progression
and the ability of the cancer cells to
spread (a process known as metastasis).
Dr Levenson and her team highlighted
the role of MTAl in prostate cancer
progression by studying mice genetically
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modified to overproduce MTAL. Their
research showed that mice with higher
levels of MTA1l were more likely to
develop cancerous prostate cells than
mice with normal MTAL levels.

Diet and Cancer Prevention

Although the link between a person’s
diet and cancer risk is complicated, data
have linked a diet high in dairy and fats
with anincreased risk of prostate cancer.
More recently, diets high in certain fruits,
vegetables, and soy foods have been
associated with a decreased risk of
prostate cancer.

As prostate cancer is an age-related
and  slow-growing  disease likely
influenced by nutrition, the use of diet
for prevention and as an intervention
alongside
has huge potential. Nutrition-based

conventional  treatment
intervention is a particularly exciting
prospect given that there are currently
no other preventative actions or
treatment options available.

Most modern medicines are based
on naturally occurring compounds.

HEALTH & MEDICINE




lllustration of healthy prostate and cancerous prostate

Grapes and blueberries contain high levels of stilbenes

Currently, scientists around the world are investigating the
effects of diets high in these compounds as well as how these
natural compounds can be modified to make more effective
medicines.

Dr Levenson’s team is currently investigating the preventive
and therapeutic potential of naturally occurring compounds
called polyphenols, which are found in plant-based foods such
as fruits, vegetables, tea and dark chocolate. Previous studies
have linked diets high in these compounds with a lower risk of
developing cancer.

Importantly, Dr Levenson’s research has focused on a type
of polyphenol produced by certain plants when under
environmental stress. These polyphenols, called stilbenes, are
known to have antioxidant, anti-inflammatory, antimicrobial
and anti-tumour properties. There are over 400 types of natural

HEALTH & MEDICINE

stilbenes which can be found in foods such as grapes (including
wine), blueberries and peanuts.

Dr Levenson’s team is currently working on resveratrol (which
comes from grapes and is probably the most well-known
stilbene), pterostilbene (which comes from blueberries), and
gnetin C (which comes from the melinjo plant, commonly used
in Indonesian food).

While the exact mechanisms underlying the beneficial effects
of stilbenes are not yet completely understood, Dr Levenson’s
team has shown how stilbenes can protect against prostate
cancer by targeting MTAL and altering miRNAs, leading to
tumour-suppressing genes being turned on and thus, cancer
progression and inflammation pathways being slowed down.

Stilbenes in Practice

In 2013-15, Dr Levenson’s team treated prostate cancer cells in
the lab with resveratrol (a polyphenol found in grapes and wine)
and pterostilbene (a polyphenol found in blueberries). They
discovered that these compounds suppressed the growth rate
of tumour cells and that pterostilbene was more potent than
resveratrol in inhibiting MTAL.

Following on from this, the team treated mice which were
genetically modified to overproduce MTA1 with a pterostilbene-
supplemented diet. They found that the mice with higher levels
of MTA1 were more likely to develop cancerous prostate cells
than mice with normal MTAL levels. They also discovered that
the mice who had eaten a pterostilbene-supplemented diet had
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reduced levels of MTA1, and certain miRNAs, and subsequently,
showed fewer cancerous prostate cells.

In 2020, the team added grape powder (which contains both
resveratrol and pterostilbene) to the diet of mice who were
genetically predisposed to developing prostate cancer. They
found that the mice who were treated with grape powder had
lower levels of tumour-causing miRNAs and that these mice had
less abnormal prostate cell growth.

Less is known about gnetin C, a resveratrol dimer, most
commonly foundin the melinjo plant, which is part of Indonesian
cuisine. In an impressive series of experiments, Dr Levenson’s
team treated mice with prostate overexpressing MTAL with
gnetin C, resveratrol, and pterostilbene, and found that gnetin
C was much more efficient at slowing tumour progression than
either of the other two compounds.

By analysing the prostate tissue, the team could see that
gnetin C slowed the progression of prostate cancer by reducing
cell division, inflammation, and the formation of new blood
vessels and by inducing cell death (apoptosis). These studies
highlight the role that MTAL and miRNAs play in prostate cancer

development and demonstrate that dietary stilbenes can reduce
prostate cancer progression.

Dr Levenson’s findings have exciting implications for the future
of prostate cancer prevention and treatment. The team’s latest
findings show how including more stilbene-containing foods
in our diets may help protect both the general population and
‘at risk’ patients from prostate cancer. In a recent publication,
Dr Levenson stated ‘A substantial portion of prostate cancer
cases could be prevented by applying effective “prostate cancer-
specific diets” that contain bioactive dietary polyphenols and
micronutrients’.

The Future of Stilbenes

Whilst there have not yet been any human trials on the effect
of stilbenes on prostate cancer development, the future of
these compounds is bright as the evidence increases to support
their use to prevent and treat cancer. These natural dietary
compounds have been shown to protect against prostate cancer
in mice, and remarkably, they have been shown to make drug-
resistant cancer cells in the laboratory sensitive to treatment
again. Whilst the significant amounts of stilbenes in foods such
as blueberries and grapes may help to prevent cancer from
developing, the ability to modify these natural substances into
potent anticancer drugs is a thrilling development in the quest
to provide better outcomes for cancer patients.
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TACKLING AGGRESSIVE
BRAIN CANCER WITH
MICRORNA AND
NANOPARTICLES

Glioblastoma multiforme is an aggressive and life-threatening form

of brain cancer. Although some treatments are available to provide

comfort and prolong life, it remains an incurable and devastating

disease. With the goal of advancing diagnostics and treatments for
glioblastoma, Dr Hernando Lopez-Bertoni is carrying out exciting

research at the Johns Hopkins University School of Medicine.

Taking on board the cancer stem cell hypothesis, Dr Lopez-Bertoni
has made fascinating discoveries into how miRNA genetic material

can be utilised and how it could be delivered to the brain via

nanoparticles.

Glioblastoma: An Aggressive Brain
Cancer

Glioblastoma multiforme is an
aggressive, fast-growing and fast-
spreading type of brain cancer. Although
brain cancers as a whole are relatively
uncommon, glioblastoma are the

most common type of malignant brain
tumour in adults. Usually starting in the
largest area of the brain — the cerebrum
- star-shaped cells called astrocytes
build up to form glioblastoma. As they
create their own blood supply, it is easy
for these tumours to grow and invade
adjacent brain tissue.

The rapidly growing nature of
glioblastoma and the resulting
pressure on the brain means that the
first symptoms that appear are often
constant headaches, difficulty thinking
and speaking, blurry vision and unusual
changes in mood or personality. Once a
patient sees a doctor with these issues,
they should be sent for an MRl or CT
scan so any masses in the brain can be
found.

Unfortunately, there is no complete
cure for glioblastoma and it can be
very difficult to treat, but the symptoms
can be eased and patients can be put
into periods of remission with certain
therapies. Surgery is the initial option,
whereby a surgeon tries to take out as
much of the tumour as possible without
damaging important structures of the
brain. This is near impossible in some
areas, meaning not all of the tumour
can be removed. Radiation therapy and
sometimes chemotherapy can be used
to try to kill the leftover tumour cells or
tumour pieces after surgery.

Other, innovative treatments are
sometimes available. A method called
wafer therapy involves implanting a
biodegradable disc into tumour left over
after surgery, which then slowly releases
chemotherapy. Another method is
called electric field therapy, which
targets tumour cells with an electric field
via electrodes on the scalp. However,
the main goal of all treatments for this
brain canceris to slow down and control
the tumour growth and to allow a
patient to be comfortable; sadly only 5%
of patients survive more than five years
after diagnosis.
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The Cancer Stem Cell Hypothesis

Although the outlook of glioblastoma
seems bleak, ongoing clinical trials are
in progress testing novel and innovative
therapies. These treatments are the
result of extensive, dedicated research
of scientists all over the world. One
such researcheris Dr Hernando Lopez-
Bertoni at Johns Hopkins University
School of Medicine in Baltimore,
Maryland. Within the Lopez-Bertoni
Lab in the Department of Neurology,
Dr Lopez-Bertoni and his team, along
with collaborators, investigate the
underlying, molecular mechanisms
behind brain tumours. They hope that
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‘We want to expand upon our current experimental model and conceptual
paradigms and identify miRNAs and tumour suppressive pathways capable of
inhibiting GBM stem-like tumour-propagating phenotype and apply that knowledge
to develop new therapeutic approaches.

their work will be incredibly useful for
designing new, advanced and targeted
therapies for the disease.

An underlying theory to Dr Lopez-
Bertoni’s work is the Cancer Stem Cell
Hypothesis. This theory suggests that
the cells that make up tumours can

be found at different levels of maturity
(or differentiation), similar to normal,
healthy tissue. Therefore, there is only a
relatively small number of multipotent
neoplastic stem-like cells that can
multiply to form tumours. In more
simple terms, these are cells that can
divide into lots of different types of cells
(like stem cells) to form an abnormal
growth (a neoplasm). If this is the case,
then eradicating the original cells that
cause cancer, the ‘cancer stem cells’,
could be an effective method of treating
tumours and preventing them from
returning.

Research has shown that these cancer
stem cells are in fact present in most
cancer types and they are largely
responsible for tumour re-growth. Due
to the adaptable, or plastic, nature of
these cells they can divide to alter their
growth rate and survival mechanisms
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to resist therapy and encourage tumour
growth. This is why they are a primary
target for Dr Lopez-Bertoni, who studies
how these cells grow and divide in
order to exploit their vulnerabilities and
control their spread. His work involves
delving into the genetic and molecular
levels of the cell.

MicroRNAs and Tumour Suppressive
Pathways

One of the tiny components of interest
to Dr Lopez-Bertoni are microRNAs
(miRNAs). These are short, single-
stranded lengths of genetic material
that do not code for anything but do
play an important part in regulating
gene expression. This means that they
help to decide which genes are decoded
to form proteins that make up the
structure and the function of the cell.
Importantly, the disrupted function of
miRNAs has been proven to be a large
causative factor in multiple different
diseases, including cancer.

Research from Dr Lopez-Bertoni
demonstrated that this is because
the miRNAs regulate huge networks
of gene expression. But at the same
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time, the process of making the
miRNAs themselves can be altered
which also impacts how the system
works. According to Dr Lopez-Bertoni,
‘We want to expand upon our current
experimental model and conceptual
paradigms and identify miRNAs and
tumour suppressive pathways capable
of inhibiting GBM stem-like tumour-
propagating phenotype and apply that
knowledge to develop new therapeutic
approaches’.

Studies from his lab have given
evidence that encouraging miRNAs
that suppress tumours or inhibiting
those that facilitate tumour growth can
be an effective method of normalising
dysregulated molecular networks. For
example, in a recent study, Dr Lopez-
Bertoni newly identified a molecular
mechanism that leads to glioblastoma.

This mechanism involves two
transcription factors that also regulate
which genes are allowed to be decoded
into proteins, including those that code
for miRNA strands. These transcription
factors, called Oct4 and Sox2, repress
specific miRNAs, which he found leads
to the development of cancer cells in




the brain. Dr Lopez-Bertoni also discovered that reintroducing
the repressed miRNAs into the stem-like glioblastoma cells,
prevented them from acting like cancer stem cells. This was

seen through a much-reduced ability to spread and a longer
survival time in their animal model.

These exciting results reveal a promising approach to treating
tumours. Dr Lopez-Bertoni believes that by identifying
regulators of the molecular mechanisms within cancer cells,
they can be targeted to create more effective therapies for
glioblastoma.

A Small But Effective Delivery

Even if effective targets for glioblastoma can be identified, it is
not always simple to get to them with drugs. This is because
our brains are a highly protected organ - the skull, cushioning
fluid and layers of special membranes all play a part. Within
these membranes is what is known as the blood-brain barrier,
which is a boundary between circulating blood and the brain
itself. This barrier is highly selective, so it only permits the
necessary nutrients and compounds through, thereby blocking
toxic substances from affecting the brain.

While this is an essential function, it can create an issue for drug
delivery. Many drugs would be too large or not allowed through
the blood-brain barrier, so inventive solutions are needed to
transport therapies into tumour-affected brains. This was the
work of Dr Lopz-Bertoni in collaboration with Dr Jordan Green,
also at the Johns Hopkins School of Medicine. In a pioneering
experiment, they made tiny packets of the miRNA Dr Lopez-
Bertoni had studied, wrapped in a biodegradable plastic similar
to surgical sutures. These packets were so tiny they were 1,000
times smaller than the width of a human hair, which meant that
they were small enough to pass through a blood-brain barrier.

Once the packets reach a brain cancer cell, they engulf it and
it breaks apart to release the miRNA inside. As a result, the
therapy is administered right into a glioblastoma, where it can
take action against it.

Positive Results for MicoRNA and Nanoparticles

This was clearly seen in their tests, in which they implanted
human glioblastoma cells into mice and waited until they had
established tumours. Half of the mice were given medicine
that contained tiny packets of active miRNA and the other half
contained inactive miRNA. The mice that received the active
miRNA lived significantly longer on average than the others and
either had very small or no brain tumours at all.

Dr Lopez-Bertoni believes one reason this method could be

so effective is that miRNAs can target multiple gene networks,
in contrast to many other genetic medicines that only target
one gene. By giving them direct access to the target cells and
dysregulated genetic systems with nanotechnology, they could
be a hugely promising solution to glioblastoma. In the future,
he hopes to look further into how the blood-brain barrier could
be overcome with ultrasound technology to enhance the
uptake of nanoparticles.

Although Dr Lopez-Bertoni has already made significant
contributions to his field of neurology, he is continuing to
innovate and build on his work. He shows that studying the
cellular mechanisms that cause glioblastoma can lead to
inspiring new insights into how even currently difficult cancers
to treat, may be less threatening in the years to come.

.SCIENTIA.GLOBAL

31

HEALTH & MEDICINE




Meet the researcher

Dr Hernando Lopez-Bertoni
Department of Neurology
School of Medicine
Johns Hopkins University
Baltimore, MA
USA

Dr Hernando Lopez-Bertoni achieved his BSc in Biology/ KEY COLLABORATORS

Microbiology/Pre-Med degrees at Kansas State University

before moving to the University of Nebraska to complete a PhD John Laterra, MD, PhD

in Cancer Biology. He then went to Johns Hopkins University Professor of Neurology, Johns Hopkins University

School of Medicine in Baltimore, Maryland, to carry out his Co-Director, Brain Cancer Program, Johns Hopkins Sidney
postdoctoral training in cancer stem cell and brain tumour Kimmel Comprehensive Cancer Center

biology. This is where he currently serves as an Assistant
Professor, based in the Department of Neurology, conducting
research into brain tumour biology and investigating new
ways to treat brain cancer. His work focuses on understanding
the molecular mechanisms behind brain tumour formation
and how this might be used to develop new diagnostics and
treatments.

Jordan J. Green, PhD
Professor of Biomedical Engineering, Johns Hopkins University
Director, Biomaterials and Drug Delivery Laboratory

FUNDING

National Institutes of Health
National Institute of Neurological Disorders and Stroke
CONTACT . .
National Cancer Institute
o American Brain Tumor Association
E: mhernalé@jhmi.edu
W: https://www.lopez-bertonilab.com/

FURTHER READING
@Hernandolop —

H Lopez-Bertoni, J Laterra, Opinion-: miRNAs — The new wave

of molecular cancer therapeutics, Translational Oncology, 2021,

14(6), 101064.

v H Lopez-Bertoni, J Laterra, Targeting the Cancer Stem Cell (CSC)
Phenotype: Uprooting the Evil Seed, Journal of Experimental

JOHNS HOPKINS Neurology, 2020, 1(4), 173-181.

SCHOOL of MEDICINE

CIENTIA.GLOBAL
32

HEALTH & MEDICINE


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7957095/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7957095/
https://www.scientificarchives.com/article/targeting-the-cancer-stem-cell-csc-phenotype-uprooting-the-evil-seed
https://www.scientificarchives.com/article/targeting-the-cancer-stem-cell-csc-phenotype-uprooting-the-evil-seed

IMPROVING OUTCOMES IN
PATIENTS WITH COMPLEX
UROLOGY CONDITIONS:
THE ERN EUROGEN

EXPERIENCE

Patients with rare diseases and complex conditions pose unique
challenges for clinicians, largely due to limited exposure to

their associated anomalies. To overcome clinical obstacles, the

European Commission launched a new Cross Border Health
Innovation involving European experts in urology who have formed

a European Reference Network (ERN) to facilitate knowledge

sharing and skill development amongst healthcare providers.
Recently, Ms Loes Oomen and colleagues in the Department of
Urology at the Radboudumc Amalia Children’s Hospital in The
Netherlands have reviewed the clinical activity and procedures
across this newly established network and identified potential

areas for improvement.

The Need for Knowledge Sharing

Clinicians face challenges in diagnosing
and treating patients with rare and
complex conditions due to limited
knowledge, information, and exposure
to uncommon symptoms and disease
mechanisms. Urology is centred
around the function of the urinary tract
(kidneys, ureters, bladder and urethra)
and the reproductive and related organs
such as the rectum. As with many

other medical specialities, urologists
may encounter unusual variations of
common ailments during their practice.

With this in mind, and following
discussions with patients, politicians
and healthcare specialists, the
European Commission (EC) identified a
need for so-called European Reference
Networks (ERNs) — which are essentially
pools of experts who work closely
together with patient representatives to

|
f

offer innovations in advice and practical
solutions regarding complicated
versions of specific diseases. A group of
leading European urology practitioners
formed ERN eUROGEN to garner
wide-ranging expertise regarding

rare urological diseases and complex
conditions and share knowledge with
healthcare providers across Europe.

Ms Loes Oomen and colleagues in

the Department of Urology at the
Radboudumc Amalia Children’s Hospital
in The Netherlands have presented their
findings following a comprehensive
overview of ERN eUROGEN’s clinical
practices since its inception, and have
identified specific challenges around
data collection and definitions of
disease, which have contributed to
discrepancies in the documentation

of information using the continuous
monitoring system developed by the EC.
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Establishing the ERN eUROGEN
Network

Following a stringent application
process, the newly formed ERN
eUROGEN became operational in 2017
boasting an initial membership of 29
centres across 11 EU Member States. At
present, ERN eUROGEN comprises 57
Healthcare Provider Full Members and
Affiliated Partners from 20 EU Member
States. With a collective mission to

HEALTH & MEDICINE

reduce healthcare inequalities across
Europe, the main aims of the network
include facilitating the exchange

of clinical information through a
centralised patient management
system, the production of evidence-
based clinical practice guidelines,

the development of clinical decision
support tools, and a longstanding
patient registry for supportive evidence.

Additionally, ERN eUROGEN promotes

education, research, and the generation

and sharing of evidence using an
innovative disease registry. To simplify
the network structure as much as
possible, diseases were allocated to
one of three categories, each with an
overarching description of the contents
and with a different team of experts
managing the group. The categories
were separated into congenital
anomalies, functional conditions
requiring specialised surgery, and rare
urogenital tumours.

Improving the ERN eUROGEN
Network

Ms Oomen and the team started by
analysing data on the total number of
patients requiring long-term care, the
total number of new patients, and the
total complex surgeries performed each
year across all pre-determined disease
categories at the 29 initially enrolled
centres between 2013 and 2019.

They noted that effective monitoring
of clinical activity benefits from a
standardised terminology system to




reflect the diagnosis and treatment of rare diseases, which are
defined as clinical conditions affecting =1 in 2000 individuals
and involving =2 organ systems.

Along with the International Classification of Diseases database
maintained by the World Health Organisation, the EC created

a new coding system specifically for rare diseases, and in
combination, these formed unique diagnostic codes to be used
by all members of ERN eUROGEN to classify rare and complex
urological conditions using Orphanet codes (when applicable)
and ICD10 codes.

During the specified period there were variations in the number
of patients and surgical procedures, although overall, >122,000
patients with rare and complex urological diseases required
long-term care, and clinical activity increased year-on-year in
all centres. There were notable differences in the clinical activity
in each category, with some displaying minor decreases and
others showing increases of 2300%.

Reliable data analysis was found to be hindered by inaccurate
coding and record keeping, with some clinics relying on
transcribing details from paper files, thus increasing the
likelihood of errors. The use of some disease codes was also
found to be inconsistent, resulting in further inaccuracies.
Whilst the issues arising regarding patient numbers during
the application process have since been rectified and further
validation of the disease identification codes completed, there
remains a need to ensure that all members of ERN eUROGEN
agree on disease terminology to maximise data quality and
promote meaningful analysis.

Care, Share, Cure

To facilitate easier data extraction and more precise analysis, it
isimportant to achieve further clarity in disease classification
and standardise coding systems, thereby reducing variability.
This will not only validate the findings but also aid in the
ongoing development of ERN eUROGEN and contribute to

a more accurate representation of the European population
and beyond. Ultimately, this will help achieve the overarching
goal of improving treatment coverage and promoting health
equality.

This insightful study demonstrates how ERN eUROGEN (www.
eurogen-ern.eu) has made great strides in gathering novel
urological knowledge from a swathe of respected clinicians,
analysing data from many thousands of patients with rare and
complex conditions.

With Ms Oomen’s ever-expanding expertise, and a lauded
scientific community working to ensure that high levels of
proficiency are maintained within the network, this impressive
EU Health program for patients with a rare disease or complex
condition can only flourish. The generation of top-quality
data, the streamlined extraction and analysis of information,
and the creation of a centralised patient registry will further
assist in attaining the vital understanding necessary to achieve
ERN eUROGEN’s ultimate aim to ‘Share. Care. Cure.” (where
possible), whilst promoting equal access to healthcare for
generations to come.
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KIDNEY DISEASE AND
URINARY TRACT CANCER:
HOW A TRADITIONAL
MEDICINAL PLANT CAUSES
SERIOUS HEALTH ISSUES

This is a recounting of a scientific investigation into a mysterious
but potentially deadly disease that first came to light principally
in the Balkan states, and then several Asian countries. It manifests
itself first as a nephropathy resulting in the destruction of kidney
tissue often followed by a cancer of the upper urothelial tract.
Professors Arthur Grollman and Francis Johnson at Stony Brook
University have achieved a revolutionary understanding of the
molecular biology, epidemiology and root cause of both diseases.
Their findings have critical implications for medical and scientific

communities, as well as the general public.

A Rare Kidney Disease Endemic to the
Balkans

Within the region of the Balkans,
there is an unusual disease known as
Balkan endemic nephropathy (BEN).
People who live in this southeast area
of Europe have an unusually high risk
of developing chronic renal (kidney)
disease. It progresses slowly so that
only those aged 20 years old show
symptoms, but once it manifests
itself, the outcome can be disastrous.
Accompanying these symptoms

is an excess of protein in the urine
(proteinuria), which goes unnoticed
until sickness occurs and certain clinical
tests are done.

Often, people suffering from BEN will
develop tubulointerstitial fibrosis,
which is the accumulation of collagen
and other protein fibres in the spaces
between the cell membranes of the
kidneys’ tubules. Additionally, in the
advanced stages of the disease, the
kidneys shrink so dramatically that they

are only 2-3 cm across, compared to a
healthy 10-12 cm. Eventually, this leads
to renal failure and if renal dialysis is not
duly administered, BEN is universally
fatal. Adding even further to the burden
of this disease, half of the people who
have BEN also develop cancer. These
tend to be urothelial carcinomas of the
upper urinary tract (UUC).

One of the most unusual aspects of
BEN is its specific and unchanging
geographic distribution. It was first
described by a scientist in 1956 after
physicians in certain areas of Bulgaria
had noticed an abnormally high
prevalence of kidney disease. Following
a large study of residents, it was seen
that people in specific villages were at
very high risk. But more than that, it
could be seen running in families and
even within households. Health science
experts gathered through the World
Health Organization and eventually
named and classified Balkan endemic
nephropathy as a new disease.

However, it was not until several years
later that theories for the cause of

BEN were propounded, studied and
confirmed. This has been the work of
Professors Arthur Grollman and Francis
Johnson in the Renaissance School

of Medicine at Stony Brook University
in New York, USA. Together, they have
conducted ground-breaking research
into the aetiology (cause) of BEN, and in
the process, discovered a vital link with
asimilar disease in Asia.

Finding the Acidic Culprit of BEN

Professor Grollman’s initial interest was
sparked by a study of a group of healthy
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Belgian women who had developed chronic kidney disease
with many requiring dialysis, transplantation and cancer care.
The factor linking them together was a slimming regimen

they all followed involving a mixture of Chinese herbs and the
disease was dubbed Chinese Herbs Nephropathy (CHN). One of
these plants was Aristolochia clematitis (A. clematitis). Studies
had shown that when the aristolochic acid within this plant is
ingested, it is metabolised into a product that eventually causes
cancer.

Picking up on the similarities between BEN and CHN, Professor
Grollman and his team set out to investigate the potential

links between A. clematitis and nephropathy. In Croatia,

they found that the plant commonly grew in crop fields, as it
was considered a harmless weed. Subsequently, traditional
wheat-harvesting and milling methods allowed the seeds of A.
clematitis to end up in the locally baked bread. The researchers
concluded that when a person ingests aristolochic acid through
their diet, and if they have a pre-existing genetic sensitivity,
they are at high risk of nephropathy and UUC. Importantly, they
determined that BEN and CHN are actually the same disease,
which they called Aristolochic Acid Nephropathy (AAN).

The next step in understanding AAN was to clarify how
aristolochic acid interacts with the body physiologically and
why this leads to severe health issues. To do this, Professors
Grollman and Johnson needed to draw on their chemical-
biology expertise.

The DNA Mutations That Lead to BEN

Metabolism of aristolochic acid results in a reactive
intermediate which reacts with DNA to create an adduct. The

latter is the name for a basic unit of DNA that is attached to a
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carcinogenic chemical, and this particular adduct is referred
to as AL-DNA. It provides a significant connection between
exposure to and ingestion of aristolochic acid and subsequent
kidney disease and cancer.

During Professor Grollman and Professor Johnson’s
investigations, they discovered unusually high levels of
AL-DNA adducts in the tissue of patients residing in areas
where nephropathy and UUC were endemic. Building on this
observation, the researchers explored how these adducts arise
and what their consequences are, on a molecular and genetic
level.

Professors Grollman and Johnson synthesised AL-DNA adducts
and introduced them into cells to see how they would be
processed by the cell’s machinery. Although this damage to the
DNA was mostly corrected by the cells themselves (a normal
cellular cancer-preventative measure), some was still processed
for replication. The new strands that were coded for by the
damaged DNA frequently contained A to T transversion, a

point mutation on DNA whereby an arginine base is incorrectly
replaced by a tyrosine base.

Critically, the research team discovered that this mutation often
takes place on the gene, TP53. This is a tumour-suppressor
gene and the protein that is synthesised from it plays a vital
role in preventing the development of cancer. In healthy cells,

it achieves this by preventing the uncontrolled cell division
characteristic of cancer, but when it is mutated or missing, it
cannot fulfil its duties.

These are fascinating findings because they demonstrated that
aristolochic acid is the disease-causing agent for both endemic
neuropathy and UUC and uncovered unique biomarkers of the




llustration of the kidneys

disease. Biomarkers are biological measures or characteristics
that can reveal the state of a disease. In this case, the markers
are the AL-DNA adducts in the kidneys and the specific TP53
mutations induced by the metabolic products of aristolochic
acid and which can be measured.

Traditional Herbal Remedies Could Have Serious Health
Consequences

Professors Grollman and Johnson then utilised their new
biomarkers to understand how widespread globally the
nephropathy and UUC caused by aristolochic acid actually
was. Aristolochia plants have been used in traditional Chinese
medicines for thousands of years, with most people being
unaware of their toxicity. To investigate whether this was
causing an unrecognised global health issue, the researchers
selected the country with the highest incidence of chronic
kidney disease and UUC worldwide for further studies — namely,
Taiwan.

Aristolochia herbal medicines are commonly used in Taiwan
(and elsewhere in Asia), leading to an estimated one-third

of the country’s population ingesting large amounts of
aristolochic acid. They began a study to ascertain whether
Aristolochia in these traditional medicines was indeed the
culprit for the unusually high prevalence of kidney disease.
When the researchers tested patients with UUC, they
discovered over half of those with TP53 mutations showed the
biomarker Ato T transversion in almost identical patterns to
the residents in the Balkans. Many of the patients also had AL-
DNA adducts in their kidneys.

This groundbreaking research conclusively revealed that the
extensive exposure to aristolochic acid in Taiwan had led to a
significant proportion of the nephropathies and UUC identified
there, solidifying the evidence that BEN, CHN and AAN are all

the same ailment. Professor Grollman notes that while this
finding is an important one, it is also a worrying one because
the damage done to the kidneys and renal DNA by aristolochic
acid isirreversible. As these effects only physically present
themselves decades after initial ingestion of the herb, banning
itin herbal medicines will not have an impact on the incidence
of AAN and UUC for at least 20 years, but should prevent further
cases from arising beyond this time period.

The extent of Aristolochia herbal medicine usage in mainland
Chinais similar to that in Taiwan, and Taiwan formerly
imported the herb from there. Professor Grollman estimates
that the thousands of tonnes of Aristolochia produced in China
each year could be sufficient to cause disease in 300 million
people residing within the country.

However, Taiwan is not the only country that imports the
traditional medicine, and around 10% of the Aristolochia
produced in China is exported around the globe to Chinese
ex-patriate populations, including that in the USA. The
continuation of using the herb as a remedy is putting hundreds
of thousands of people across the world at risk of chronic renal
disease and upper urothelial cancer.

The research of Professors Grollman and Johnson has

clearly shown that the ingestion of aristolochic acid,

whether intentionally or otherwise, has serious global

health implications. Their work has demonstrated that using
epidemiological approaches coupled with chemical biology
methods can produce novel and crucial findings for health.
They continue to build on their research as they study which
genes make a person more susceptible to aristolochic acid-
induced diseases, how biomarkers can be put to use to predict
those most likely to becomeiill, and how their work can now be
utilised for global health interventions.
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HUMAN IMMUNODEFICIENCY VIRUS CO-
MORBIDITIES: HOW LIPID HOMEOSTASIS
ALTERATIONS LEAD TO CARDIOVASCULAR
AND NEUROLOGICAL DISORDERS

Although human immunodeficiency virus (HIV) is still prevalent worldwide, life-saving antiretroviral

drugs can now prevent an infection from progressing into acquired immunodeficiency syndrome (AIDS).

Nevertheless, people who are HIV-positive are still at increased risk of developing neurological disorders

and cardiovascular diseases, known as co-morbidities. Professor Michael Bukrinsky from the George

Washington University in Washington DC works to understand the underlying biological mechanisms that
lead to these disorders. His research has produced interesting results that demonstrate the role of altered

lipid (cholesterol) homeostasis in HIV-infected cells and how this comes to pass.

Uncovering Causes and Proposing
Solutions

Over 37 million people worldwide are
infected with human immunodeficiency
virus (HIV), and an estimated 1.7

million of these are children. The

virus replicates by entering immune
cells, particularly CD4+ T cells and
macrophages, and multiplying inside
them. Once new HIV virions have been
produced, they burst out of the host cell
to repeat replication, which kills the cell
in the process. Due to viral reproduction
in the immune cells, the immune
systems of people infected with HIV

are greatly impacted and they become
susceptible to additional diseases.

HIV is spread via certain bodily fluids
and can, therefore, be transmitted
during unprotected sex, sharing needles
and during pregnancy or breastfeeding.
Although initial infection may result

in a few weeks of flu-like symptoms,
many people usually will not present
any symptoms for a number of years.
However, if it is left untreated, HIV

leads to acquired immunodeficiency
syndrome (AIDS), whereby the immune
system is so damaged and unable

to repair itself, that previously minor
infections and illnesses become life-
threatening.

Thankfully, treatments have been
found that allow those living with HIV
infection to live long, healthy lives.
These treatments come in the form
of antiretroviral drugs, which prevent
the virus from infecting new T cells
and macrophages and in turn, allow
the immune system to repair itself.
Eventually, taking these tablets every
day results in an undetectable viral
load, meaning that the amount of HIV
in the body is so low that it cannot
be detected by a test and the risk of
transmission is minimal.

Although impressive progress has

been made to improve the lives of
those living with HIV/AIDS, research has
shown that they still have a high risk of
co-morbidities. These are ailments that
are not caused by a damaged immune
system, but by other, HIV-associated,
yet less clear mechanisms. For example,
people who are HIV-positive are more
likely to have high blood pressure and
high cholesterol, develop heart disease,
kidney disease, neurological issues and
cancer.

Uncovering the reasons behind and
solutions to these troubling HIV
co-morbidities is Professor Michael
Bukrinsky from the Department of
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Microbiology, Immunology and Tropical
Medicine at the George Washington
University in Washington DC. In
collaboration with scientists across the
globe, Professor Bukrinsky is working
to elucidate the molecular mechanisms
behind these comorbidities so that they
can be targeted with therapies.

Lipid Homeostasis in HIV-infected
Macrophages

The role of cholesterol in cardiovascular
diseases has been well established.
However, prior to Dr Bukrinsky’s studies,
there has been little investigation into
the impact HIV has on cholesterol
homeostasis. Cholesterol is an essential
lipid (or fat) in the body that aids in the
synthesis of cell membranes, hormones
and vitamins. But when there is an
imbalance between the high-density
lipoprotein (often called ‘good’ HDL)
and low-density lipoprotein (‘bad’

LDL) forms, the risk of cardiovascular
diseases increases. An excess of LDL in
the bloodstream also frequently leads to
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Professor Bukrinsky’s group during an informal lunch meeting

atherosclerosis, which is a thick deposit of cholesterol, fat and
calcium within an artery. As this deposit (known as a plaque)
grows, the artery narrows and a blood clot trapped in the small
space can resultin a heart attack or stroke.

Professor Bukrinsky and his colleagues carried out research
to discover why this is so common in HIV patients. His team
included Professor Dmitri Sviridov at the Baker Heart and
Diabetes Institute, Dr Zahedi Mujawar (Astra Zeneca, a former
graduate student), and Professor Michael Fitzgerald at Harvard
Medical School. They discovered that the virus inhibits a
cholesterol transporter protein in macrophages - a type of
white blood cell in the immune system. This transporter is
; called ATP-binding cassette transporter A1 (ABCA1) and when
- itis prevented from functioning normally, cholesterol cannot
leave the macrophage cell. The inhibition of cholesterol

A efflux is a condition previously documented as causing high

atherosclerosis risk.

The team ascertained that in HIV-infected cells, this inhibition
event was regulated by an HIV protein called Nef, and further
investigation found that two biological mechanisms were
responsible. First, Nef binds to and down-regulates ABCAL,
meaning that it reduces its abundance - and thus, its ability to
facilitate cholesterol efflux. Second, Nef interacts with another
cellular protein, calnexin, which regulates glycosylation and
maturation of ABCAL. As a result, ABCA1 cannot mature and

is sent to the degradation pathway as a cellular defence
reaction to the accumulation of immature proteins. Together,
these mechanisms cause the reduction of ABCAL and prevent
the transfer of cholesterol to apolipoprotein A-l, a major
component of HDL cholesterol. These processes result in an
imbalance of blood lipoprotein cholesterol.

Studies by Dr Brichacek in Professor Bukrinsky’s group further
demonstrated that the described above effects of Nef are also
reproduced by treating cells with Nef-containing extracellular
| vesicles (EVs). These vesicles are produced by HIV-infected
cells and persist in infected individuals even when the virus

is undetectable. The reason for this is that the antiretroviral
drugs used to treat infected patients prevent new infections,
i but do not block low-level production of Nef in infected cells.
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Circulation of these Nef-containing EVs may be the reason
for the persistence of co-morbidities in successfully treated
patients with undetectable HIV load.

Professor Bukrinsky’s studies also showed that HIV-infected
and Nef-EV-treated macrophages accumulated a significant
amount of lipids within them. This gave them a resemblance

to foam cells, a type of macrophage that sticks to blood

vessel walls, internalising LDL and facilitating atherosclerosis
formation. In addition, cholesterol enrichment leads to
changes in the cellular membrane, increasing the size and
number of cholesterol-rich islets called ‘lipid rafts’ These

lipid rafts are places where cellular receptors sensing and
responding to inflammation accumulate, making cholesterol-
rich macrophages overresponsive to inflammatory stimuli.

This mechanism may underlie another important cause

of atherosclerosis in HIV-infected individuals, persistent
inflammation. When Professor Bukrinsky stimulated cholesterol
efflux from HIV-infected macrophages, the HIV viruses that were
produced inside were much less infectious. This shows that the
virus requires a certain, high cholesterol level within its host
cell to maximise its replication ability, and HIV achieves this by
preventing cholesterol efflux.

These exciting results revealed brand-new mechanisms by
which HIV Nef regulates intracellular lipid homeostasis within
HIV-infected cells and cells encountering Nef-containing

EVs. In this way, Professor Bukrinsky’s work showed how HIV
infection of macrophages contributes to the co-morbidity of
atherosclerosis and its associated risks. A subsequent study
with Dr Ruth Hunegnaw (National Institutes of Health, a former
graduate student) and Professor Alexei Adzhubei (Engelhardt
Institute of Molecular Biology) and Amol Kulkarni (Howard
University) revealed that specific interactions with Nef could
be blocked and therefore potentially targeted with drugs to
prevent HIV from impacting cholesterol homeostasis and thus,
reduce the risk of atherosclerosis.

Neurodegeneration in HIV

Professor Bukrinsky’s group has further studied lipid rafts,

the solid structures in the plasma membrane and the barrier
between a cell and its surroundings. These rafts are full of
cholesterol molecules and help to mediate interactions with
the cell’s environment. Whilst these interactions are usually
beneficial, pathogens can take advantage of lipid rafts and

use and even modify them to facilitate their own replication.
Lipid raft therapy can be implemented as a treatment for viral
infections by reducing unwanted modifications of lipid rafts or
preventing viral interactions with these regions, and Professor
Bukrinsky suggests this may even be an effective treatment for
COVID-19.

Similar to atherosclerosis, lipid raft structures are key players
in HIV-associated neurocognitive disorders (HAND), which are
very frequent even in HIV patients receiving treatment. HAND is
often seen as behavioural changes, declining cognitive function




lllustration of coronary artery plaque

and motor impairment, and Professor Bukrinsky studied the
role of Nef in HAND.

His studies showed that the Nef protein secreted from HIV-
infected cells in EVs was rapidly internalised by neural and glial
cells, and as seen in previous experiments, reduced ABCA1
abundance and cholesterol efflux, and also increased the
number of modified lipid rafts in the plasma membrane.

Nef EVs also caused the increase and redistribution of amyloid
precursor protein (APP) and Tau to lipid rafts, both of which

are associated with brain disorders. With the addition of the
activation of inflammatory pathways, Professor Bukrinsky
observed consequent neuronal functional impairment which
was reversed when the lipid rafts were disrupted. These findings
were supported by evidence from brain tissue of deceased

HIV patients with HAND, which showed lower levels of ABCAL
and more lipid rafts compared to HIV-negative brain tissue.
Additionally, an abundance of Nef in the HIV-positive tissue
correlated with APP and Tau levels. Finally, Jessica Schenck,

a graduate student in Bukrinsky’s laboratory, demonstrated
that Nef-carrying EVs cause demyelination of the brain. Myelin
forms cholesterol-rich sheaths of neurons required for neuronal
functions, and cholesterol transport is essential for their
maintenance.

As a result, Professor Bukrinsky concluded that the cholesterol
homeostasis alterations arising from the presence of Nef

in the brains of HIV-infected people may contribute to
neurodegeneration and HAND. Understanding the underlying
mechanisms of disease facilitates the development of
therapies to target them, and Professor Bukrinsky’s research
suggests that treatments preventing Nef-induced alterations of
cholesterol homeostasis and/or normalising lipid raft structure
may reverse HAND.

Discovering HIV-Specific Memory
The most recent discovery by Larisa Dubrovsky, a scientist in
Professor Bukrinsky’s group demonstrated that cells treated

with Nef EVs acquire a memory of this encounter. This memory
is maintained by epigenetic (not involving genetic material)

WWW,

4
}

CIENTIA.GY " ’ Y |

3

changes that regulate the expression of pro-inflammatory and
lipid metabolism genes. As a result, cells, and in particular
macrophages, become overresponsive to inflammatory stimuli.

This mechanism supplements and potentiates the mechanisms
described above. The length of this memory is extended by
the possibility that Nef EVs affect progenitor cells in the bone
marrow, thus potentially impacting cells produced from these
progenitors for a very long time. This finding adds another
complication to be considered in the efforts to cure HIV
infection. Indeed, besides silencing HIV, either by eliminating

it from the body or by permanently blocking the virus from
producing proteins and nucleic acids, care should be taken

to clear the memory formed during the encounter with the
virus or Nef EVs. Professor Bukrinsky’s studies support the
development of approaches aimed at reversing or blocking the
establishment of this memory.

Discovering and Blocking a Pro-inflammatory Protein

While Professor Bukrinsky has devoted much of his research

to HIV and its co-morbidities, his laboratory explores other
avenues of research as well. These include obtaining a better
understanding of inflammatory diseases, the biological
interactions that cause them and how they can also be targeted
by drugs. Studies with Professors Yurchenko (University of
Ostrava) and Sherry (Feinstein Institutes) identified that
extracellular proteins called cyclophilins and their receptor
onimmune cells called CD147 regulate various inflammatory
disorders such as acute lung inflammation, cardiovascular
disease and rheumatoid arthritis. CD147- mediated signalling
by cyclophilins guide immune cells to the sites of inflammation.

Therefore, Professor Bukrinsky and his colleagues believed that
targeting these interactions would be a promising possibility
for anti-inflammatory therapeutics. Together with Professors
Stephanie Constant (National Institutes of Health) and Gunter
Fischer (Max Planck Research Unit) he developed and patented
an exciting new drug that blocks the action of extracellular
cyclophilin A. They hope that this could be used to alleviate
the symptoms of both acute and chronic inflammation and
mitigate the subsequent risks associated with it.

o
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Meet the researcher

Professor Michael I. Bukrinsky
Department of Microbiology, Immunology and Tropical Medicine
George Washington University School of Medicine and Health Sciences
Washington DC
USA

Professor Michael Bukrinsky received his first degree in
Biochemistry from the Second Moscow State Medical Institute
before completing a PhD at the Institute of Molecular Biology in
the USSR Academy of Sciences. Professor Bukrinsky has served
in many teaching and research roles throughout his career and
currently works at the George Washington University School

of Medicine and Health Sciences in Washington DC. Here, he

is a Professor in the Department of Microbiology, Immunology
& Tropical Medicine and also Professor in Biochemistry and
Molecular Medicine. His studies investigate successfully treated
HIV cases that still result in persistent co-morbidities, and have
been widely recognised with prestigious awards.
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BRINGING AN END TO THE
HIV EPIDEMIC THROUGH

UNIVERSAL TESTING AND
TREATMENT

Worldwide, an estimated 38 million people are living with HIV.
Many are still unaware of their status and so are not linked to care
and treatment which can prevent them from passing HIV onto their
partners and infants and keep them healthy. Dr Richard Hayes
from the London School of Hygiene and Tropical Medicine in the
UK has led the HIV Prevention Trials Network’s 071 (PopART) trial
over the past ten years. This dedicated international collaboration

of experts has successfully demonstrated how universal testing
and treatment can reduce new HIV infections in Zambia, South

Africa and beyond.

HIV/AIDS and Effective Treatment

HIV is a viral infection transmitted
through unprotected sex. It can also

be passed on from a mother to child
through giving birth and breastfeeding,
as well as through sharing needles with
an HIV-positive person.

HIV infects cells of the immune system.
Without treatment with antiretroviral
therapy (ART), HIV ultimately causes
severe immune damage leading to
life-threatening infections and cancers.
However, life-saving ART has now
dramatically transformed survival for
people living with HIV and limits the
virus in their bodies to levels below
which HIV cannot be passed on to
sexual partners or infants.

However, the only way to ensure all
people living with HIV start ART and
remain healthy while also reducing
the risk of passing their infection to
their partners and infants is to know
their HIV status. This requires regular

and accurate HIV testing amongst all
sexually active populations. When an
individual receives a positive HIV result,
itis recommended that they start taking
ART. This combination of drugs blocks
HIV replication, preventing further
damage to the immune system.

Working Together to End the HIV/AIDS
Epidemic

Although new HIV infections have
gradually decreased over the last 10
years, it remains a major global health
issue, with around 38 million people
living with HIV worldwide - 1.7 million
of whom are children below 14 years.
Since the beginning of the epidemic in
the 1980s, over 30 million people have
lost their lives to AIDS-related causes.

Among the worst impacted are those
living in Eastern and Southern Africa,
where almost 21 million people live
with HIV (more than half of all HIV cases
globally). With the aim of ending the
AIDS epidemic, in 2014 the Joint United
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Nations Programme on HIV/AIDS (UNAIDS) set the 90-90-90 the London School of Hygiene and Tropical Medicine along
targets - that is, for 90% of people with HIV to know their HIV with Dr Sarah Fidler at Imperial College, Dr Helen Ayles at
status, for 90% of those diagnosed to receive sustained ART and the Zambia AIDS Related Tuberculosis Project (Zambia) and
for 90% of people on ART to show viral suppression by 2020. Dr Nulda Beyers and Dr Peter Bock at the Desmond Tutu TB
Going forward from 2020 to 2030, these targets are now set Centre at Stellenbosch University in South Africa. Multitudes of
even higher at 95-95-95. organisations across several countries and research disciplines
were also involved in this effort to find a solution to the global
As part of working towards these ambitious goals, the HIV health issue of HIV. From local health centres in Zambia and
Prevention Trials Network (HPTN) conducted the HPTN 071 South Africa to huge USA funding agencies and academic
(POpART) trial, a collaborative study into universal testing and institutions in the UK, a truly collaborative effort was initiated.

treatment for HIV. This study was led by Dr Richard Hayes from
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Universal Testing and Treatment

An important strategy proposed to reduce new HIV infections
is the application of universal testing and treatment.
According to Dr Hayes, ‘The idea is simple: that everyone in
the community should be offered a regular HIV test so that
all community members know their HIV status. And that all
those who are diagnosed HIV-positive should be linked to care
and encouraged to start ART immediately.’ If a high enough
proportion of HIV-positive people are aware of their status
and are treated with ART to become virally suppressed, new
infections among a given community should be significantly
reduced.

The PopART trial tested whether the strategy of universal
testing and treatment would be possible in low-income settings
and if so, whether it would have an impact on reducing new

HIV infections. A total of 21 communities in South Africa and
Zambia with around 50,000 residents in each and an overall

HIV prevalence of around 15% were chosen to take part. Each
community was assigned to one of the three arms of the study.

In Arm A, annual, voluntary HIV testing was provided by
community health workers who went directly to the doors of
everyone in the community. Those who tested positive were
linked to care for immediate, free ART at their local health
centre. Those who tested negative were directed to different
proven HIV prevention measures such as condoms and
voluntary male circumcision. In Arm B, communities followed
the same strategy, but HIV treatment was given according to
respective national guidelines. Here, some guidelines specified
ART could only be started once the immune cells reached a
certain threshold of damage. Finally, Arm C acted as a control
and these communities received HIV testing and prevention
services according to their local standard of care and treatment
according to national guidelines.

At four time points over the course of the study (which ran from
2013 to 2018), members of the study team visited a random
group of participants who lived in the POpART communities
and who had given their consent to contribute to the trial
outcome measures. At each visit, these participants provided
questionnaire data and completed a blood test for HIV
infection. The HIV results of the blood tests from these study
participants informed the researchers about the impact of the
different community approaches in each of the study arms on
HIV incidence.

The Impact of PopART

Critically, the researchers found that utilising the universal
testing and treatment strategy allowed them to meet the
UNAIDS 90-90-90 targets, meaning the intervention presented
a feasible method at the community level. By the end of

the study, their interventions had reduced the overall rate

of new HIV infections in the communities by 20%. Even

more impressively, Dr Hayes describes how, ‘mathematical
models fitted to the data from our trial estimated that if the
intervention were to be kept in place over a longer time period,
the impact would increase over time, eventually reaching a
reduction of around 50%.’

However, the team did notice that certain groups were

more difficult to find and engage in the intervention. More
specifically, younger people aged between 15 and 24 years,
and especially young men, had the lowest ART coverage by the
end of the study. This important finding led the researchers to
recommend that special efforts should be made in future work
to reach these groups to ensure better coverage and uptake of
the intervention.

Having confirmed that universal testing and treatment can
reduce the number of new HIV infections in Zambia and

South Africa when delivered to large urban and peri-urban
communities, the researchers wanted to know how much
money this intervention costs. An economic evaluation of the
findings determined that the POpART home-based intervention
package cost between $5.10-56.80 in Zambia and between
$6.40-58.20 in South Africa per person per year. This was
deemed to be cost-effective in the long term if sustained.

Overall, findings were strongly in support of the use of door-
to-door universal testing and treatment, suggesting this

is a feasible and community-accepted intervention. Many
people were appreciative that they did not have to wait in
queues for testing and did not have to face judgement from
their community through being able to take the tests in the
privacy of their own homes. Clearly, broad coverage and high
uptake can be achieved if the whole community is reached
and interventions are sustained. When this happens, the team
proposes that new HIV cases will continue to drop.

The PopART study team concluded that “.. this universal testing
and treatment approach could be delivered effectively at
community level, and over three years it reached the UNAIDS
targets for knowledge of HIV status, ART coverage and HIV viral
suppression, and significantly reduced the number of new HIV
infections.

This dedicated work by the study team has made vital strides
forward in improving the quality of life and longevity of life for
people living with HIV. If these approaches are implemented on
a wider scale, we could be much closer to finally bringing an
end to the devastating HIV epidemic.

HEALTH & MEDICINE




Meet the researcher

The HIV Prevention Trials Network HPTN 071 (PopART) Trial
Principal Investigator: Dr Richard Hayes
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Established in 2000, the HIV Prevention Trials Network (HPTN)
is a worldwide clinical trials collaboration bringing together
investigators, ethicists, members of the community and

other partners to develop and test the safety and efficacy of
interventions designed to prevent the transmission of HIV.
The HPTN 071 (PopART) trial was led by Dr Richard Hayes at
the London School of Hygiene and Tropical Medicine (UK)

in collaboration with Dr Sarah Fidler at Imperial College

(also in the UK), Dr Helen Ayles at the Zambia AIDS Related
Tuberculosis Project (Zambia) and finally, Dr Nulda Beyers and
Dr Peter Bock at the Desmond Tutu TB Centre at Stellenbosch
University in South Africa.
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SHINING NEW LIGHT ON
HUMAN IMMUNODEFICIENCY
VIRUS ASSEMBLY

MECHANISMS

People living with human immunodeficiency virus (HIV) now have

very effective treatment options to allow them to live long lives but

the need for new and improved therapeutics remains. Dr Delphine
Muriaux from Le Centre national de la recherche scientifique (CNRS)
in Montpellier, France, researches HIV infection and replication

utilising advanced state-of-the-art microscopy. This super-resolution

imaging has led to new findings on the importance of the HIV-1 Gag

proteins and the cellular host co-factor IRSp53, a membrane curving

protein, and how they interact with host cell membranes.

Human Immunodeficiency Virus:
Risks and Replication

Human immunodeficiency virus (HIV)

is a pathogen that infects and destroys
cells in the immune system. Because it is
found in certain bodily fluids, HIV can be
passed on through sex, sharing needles
and pregnancy or breastfeeding.
Initially, an infection may present with
flu-like symptoms for a couple of weeks
and then seemingly disappear for years.
However, if left untreated, HIV eventually
leads to acquired immune deficiency
syndrome (AIDS), where the immune
system becomes increasingly damaged
and minor additional infections can
prove severe or even fatal.

Diagnosing HIV can be achieved through
a blood or saliva test and fortunately,
there are now very effective treatments
for those who are HIV positive.
Antiretroviral drugs are taken every day
to prevent the virus from replicating

so that the immune system can repair
itself. Thanks to these lifesaving
therapeutics and other interventions,
new HIV infections have been dropping
since 1997, but there are still an
estimated 37.7 million people living with
the virus worldwide.

In order to continue to improve
available therapeutics and quality of
care for HIV patients, it is important
to study the virus and all its complex
activities. Dr Delphine Muriaux has
built a ‘Membrane Domains and
Viral Domains’ team of dedicated
scientists to do just this at the Institut
de Recherche en Infectiologie de
Montpellier (IRIM). This institute

sits within Le Centre national de

la recherche scientifique (CNRS) in
Montpellier, France.

nucleocapsid containing its genetic
material and certain enzymes enters
the cell. These enzymes including
reverse transcriptase, protease and
viral integrase, are used to synthesise
The mechanisms by which HIV infects
cells are extensively researched, but

the new genome and integrate viral
DNA into the host genome. From
there, the host’s own DNA replication
machinery is used to produce HIV
proteins to be transported to the
cytoplasm and assembled at the inner
leaflet of the plasma membrane. The

there remains much to discover about
its molecular activities. The virus
invades immune cells called CD4+ T
helper cells, which are a type of white
blood cell that help to activate other
aspects of the immune system as well
as suppress immune reactions where

new HIV particle then assembles at the
membrane and buds off to repeat the
process, killing the host immune cell.
This is why a patient’s immune system
can be devastated by an uncontrolled
HIV infection.

necessary. HIV can also infect types of
white blood cells called macrophages
and dendritic cells.

To enter a target host cell, a glycoprotein
on the HIV particle binds to a receptor
on the CD4+ cell. These two structures
have a strong affinity (attraction) to
each other. Once attached, a viral

Shining New Light on Viral Assembly

Although this process of viral assembly
has been understood for decades,
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the timeframe in which it occurs has only more recently been
laid out. This is thanks to advancements in technology that
allow scientists to observe biological activities on a molecular
level, in real-time. Previous techniques were limited by the
diffraction of light, which minimises the resolution possibilities
for a microscope image. The diffraction barrier prevents a
microscope from distinguishing between two objects that are
less than half the wavelength of light used apart from each
other. These objects can be singular molecules, which means
that the molecular details of an HIV assembling within a host
cell could not be viewed.

New solutions have overcome this barrier to enable super-
resolution imaging of endless biological occurrences and
structures. These visualisations often utilise microscopic
molecules called fluorophores or fluorescent tags, which
absorb specific wavelengths of light and emit a longer
wavelength which is seen as colour. They can be designed

to attach to specific biological structures so that different
structures can be clearly observed in different colours. Super-
resolution microscopy either involves selective deactivation of
fluorophores or single-molecule detection and localisation.

In addition to the improvements in fluorescent tags, super-
resolution microscopy has assisted new research from Dr
Muriaux. After co-authoring a review on these advanced
technigues and the results they have facilitated, she went on to
utilise them in her own studies of the assembly of HIV in CD4 T

Dr Muriaux in the bioSafety level 3 laboratory at CEMIPAI CNRS Montpellier. Credit. Delphine Muriaux.

cell plasma membrane. She believes that elucidating invasion
and replication mechanisms on a never-before-seen molecular
level will allow the entire infection process to be seen in a new
light.

Using Super-resolution Microscopy

One important aspect of HIV infection that Dr Muriaux could
see in more detail was the activity of a protein called Gag. It
is the main structural protein of HIV and other retroviruses
- responsible for the assembly of viral particles. When HIV
particles have replicated and budded from the host cell, the
composition of their outer lipid membrane is very different
from the plasma membrane of the host cell. It contains a
notably higher concentration of types of phospholipids
called phosphoinositides, including one major called
phosphatidylinositol 4,5-bisphosphate lipid, or PI(4,5)P2 for
short, as well as some cholesterol. The lipids (fats) in the HIV
membrane are also highly ordered and densely packed.

These unusual differences led Dr Muriaux to question how the
structures of an HIV particle such as Gag interact with a host
plasma membrane to create such a specific environment. Is
Gag targeted at existing lipid domains in the plasma membrane
or does it somehow create these lipid compositions to help
new viruses form? Dr Muriaux, with the help of Dr Cyril Favard
from CNRS in Montpellier, France, and Drs Jakub Chojnacki

and Christian Eggeling from the University of Oxford (UK),
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investigated these questions using
super-resolution microscopy in living
CD4+ T cells that were either infected
with HIV or were not infected but were
still expressing Gag. To visualise the
movement of the lipids, they were
tagged with fluorophores, as were the
Gag proteins.

Tracking these different molecules in
HIV-infected cells revealed that the virus
immobilises PI(4,5)P2 and cholesterol
but does allow sphingomyelins to move
throughout the host cell. The cells

that were not infected but expressed
Gag showed the same characteristics,
restricting the movement of the lipids

at HIV assembly sites. This means that
Dr Muriaux, her team and collaborators
demonstrated that HIV-1 utilises its Gag
proteins to selectively trap PI(4,5)P2 and
cholesterol in host cells to produce their
own specialised lipid membrane for
particle assembly.

Facilitating Human
Immunodeficiency Virus Budding

Dr Muriaux continued to investigate

HIV Gag and plasma membrane
deformation in a subsequent study.
This time, she and her colleagues
focused on membrane curvature, which
is the bending of the membrane to
accommodate the shape of organelles
or biological processes. These can
include endocytosis (taking an outside
particle into a cell) and vesiculation
(exiting the cell via formation,
integration with the membrane and
release of a vesicle). These mechanisms
are important for HIV assembly and
release. Previously, scientists thought
that Gag was the sole driver of

plasma membrane curvature for HIV
particle formation, but Dr Muriaux has
revealed that there is a more detailed
mechanism.

She studied an I-BAR protein, IRSp53,
which binds to membranes in a Pl(4,5)
P2-dependent manner with high affinity
to generate a negative membrane
curvature, meaning the membrane
protrudes outwards. She chose IRSp53
due to her previous observations that

Illustration of HIV in blood

itis implicated in a signalling pathway
that promotes the release of HIV
particles. These factors made it a prime
candidate for being important in HIV
Gag assembly and viral bud formation.
She utilised single-molecule localisation
microscopy to observe IRSp53 and its
activities within cells.

The results from these observations
revealed that IRSp53 forms a complex
(a bound structure) with Gag within
cells, next to the cell plasma membrane.
Therefore, through its membrane-
bending abilities and interactions with
Gag, IRSp53 is an essential factor for
optimal HIV particle formation and
replication. Proper and efficient HIV
membrane curvature and complete
assembly at the cell plasma membrane
require IRSp53 and Gag to work
together.

The importance of IRSp53 in viral
budding was also demonstrated in a

test whereby the gene that produces
the IRSp53 protein was knocked down,
meaning much less of the protein is
produced. This resulted in a decrease

in overall viral particle production and
HIV budding was stopped halfway
through the process. By discovering

and documenting the replication
mechanisms of HIV, scientists can better
understand where and how to target
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T cells infected by HIV. Each dot is an HIV
assembly platform at the cell surface
of the infected CD4+ T lymphocytes.
Each dot surrounding the cell is a single
virus. Credit. MDVA research team, IRIM
Montpellier, France.

them with drugs to prevent the virus
from reproducing.

The research of Dr Muriaux, with her
team at CNRS and collaboration with
national and international academia
laboratories as well as biotechnology
companies, has allowed us to
understand HIV infection in a new, much
more detailed way. Her work is on track
to inform the development of novel
therapeutics for HIV and also pandemic
viruses such as influenza viruses and
coronaviruses.
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Dr Delphine Muriaux completed her PhD in molecular and
cellular biology from Pierre et Marie Curie University in Paris
before postdoctoral training in virology at the National

Cancer Institute (National Institutes of Health) in the USA. As

a Research Director, she went on to establish a team at the
Institut de Recherche en Infectiologie de Montpellier (IRIM)
within Le Centre national de la recherche scientifique (CNRS) in
France. Dr Muriaux and her colleagues investigate membrane
domains and viral assembly, focusing on the molecular and
cellular mechanisms of virus replication. She is also the head
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companies in antiviral drug screening and nano-biological
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A SIMPLE POINT-OF-CARE
TEST TO HELP COMBAT
ANTIBIOTIC RESISTANCE

As the strains of bacteria that are not killed by antibiotics
proliferate, increasing numbers of people are at risk of severe
illness and even death. Dr Rogier Hopstaken from Star-shl
Diagnostic Centres in the Netherlands has shown that a simple,
yet effective technique may be the answer to antibiotic over-
prescription. A C-reactive protein test at primary points of care
can indicate whether a patient with a respiratory tract infection
has a severe (bacterial) infection and thus, whether antibiotics
are required. This test may be our best tool yet to help combat
antibiotic resistance in primary care.

The Threat of Antibiotic Resistance

In 1928, Alexander Fleming’s discovery
of the Penicillin antibiotic revolutionised
healthcare and has saved countless
lives since. Antibiotics can shut down
a bacterial infection by preventing
bacterial reproduction or by killing
the bacteria via various mechanisms.
Whilst antibiotics are an essential tool
for treating disease, their effectiveness
in preventing severe illness and death
is under threat. Antibiotic resistance,
also known as bacterial antimicrobial
resistance (AMR), is now one of the
biggest dangers to public and global
health.

When a bacterial infection is treated
with antibiotics, certain bacteria in a
patient may hold genetic mutations
that allow them to evade detection or
destruction by the drugs. These bacteria
are described as ‘resistant’ to the
antibiotics and they may eventually die
or be killed off by the immune system or,
they may continue to proliferate. In this
case, the infection can become more
severe and spread further, requiring the
administration of different and stronger
antibiotics to overcome it. Worryingly,
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these strains of antibiotic-resistant
bacteria can infect other people and
create wide-reaching problems.

There is a direct correlation between
the amounts of antibiotics consumed
and the growth of AMR. It is without a
doubt that the more AMR spreads, the
lower the efficacy of antibiotics and

as a result, complications and deaths
due to AMR increase. Around 4.95
million deaths were related to antibiotic
resistance in 2019 (with sub-Saharan
Africa feeling the greatest burden of this,
followed by South Asia). Nearly 80%

of deaths due to antibiotic resistance
are due to bloodstream infections,
intra-abdominal infections and lower
respiratory tract infections - the latter
was associated with 1.5 million deaths
in 2019. Cases of life-threatening
bacterial antimicrobial resistance are
on the rise and there are a number of
reasons for this.

One contributing factor is the use of
antibiotics in livestock as a preventative
measure and to improve yields. When
resistant bacterial strains evolve in these
animals, there is strong evidence to
suggest that they can be passed on to
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humans through their meat. Another
important contributor is the extensive
over-prescription of antibiotics to
patients all over the world. There
remains a strong belief that antibiotics
will cure everything, and antibiotics
remain cheap and easily available.
These factors are compounded by a lack
of public and professional knowledge
regarding effective antibiotic use and
the need for conservative treatment.
Another factor is that in low and middle-
income countries in particular, lack

of access to laboratory microbiology
testing often impairs decision-making
regarding appropriate antibiotic use.

Around the globe, scientists and
clinicians are working to better
understand the progression of bacterial
antimicrobial resistance and how to
address it. One of these researchers

is Dr Rogier Hopstaken, who is a
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General Practitioner (GP) and innovation specialist at Star-

shl Diagnostic Centres in the Netherlands. Around 80% of all
antibiotics for humans are prescribed in primary care. Focus
on better antibiotic stewardship in this particular setting is
rare, however. Through his investigations, Dr Hopstaken has
discovered that most antibiotics are prescribed in a primary
care setting (such as a GP’s practice), and for respiratory tract
infections. Yet 70% of these infections are caused by viruses
and are, therefore, completely untreatable with antibiotics.
Most importantly, regardless of the cause, non-severe infections
do not require treatment with antibiotics. Dr Hopstaken

has made it his life’s mission to evidence and make known

an effective new method of antibiotic prescribing to finally
minimise the burden of antibiotic resistance. His extensive
research allows us to ask and answer key questions about this
worldwide dilemma.

Making Decisions About Antibiotic Prescribing

Antibiotics for respiratory tract infections are mostly prescribed
based on personal beliefs, perceived patient expectations,
patient desire, and findings from patient history taking and
physical examination. Whilst some symptoms can be objective
and measurable (such as an abnormal body temperature,
blood pressure and respiratory rate), others are not (such as
chest auscultation, pain, fatigue and gut feeling). This leaves
room for misdiagnosis, particularly in presumed pneumonia
cases. The mostly self-limiting acute bronchitis cases are often
unnecessarily judged to be pneumonia, leading to large-scale
overuse of antibiotics. In contrast, secondary care (such as
referral to a hospital) often has the resources to allow a deeper
investigation to take place before diagnosis, with the added
benefits of immunology, microbiology and radiology, for
example.

To address this unnecessary, precautionary prescribing of
antibiotics, Dr Hopstaken is pushing forward a technique called
C-reactive protein point-of-care testing (CRP POCT). Point-of-
care testing in family practice is used to inform clinical decision-
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making, a process through which the patient and physician
agree upon the most appropriate way forward.

CRPis an acute-phase protein that is produced by the liverin
response to inflammation. By testing CRP levels, physicians
can determine whether a respiratory tract infection is severe,
and thus, whether antibiotics are required. Dr Hopstaken and
his team have shown that CRP is by far the best predictor of
pneumonia, performing much better than any symptom or
sign, and even better than the combination of all symptoms
and signs that help to diagnose pneumonia properly.

Clinical Evidence for C-reactive Protein Point-of-care
Testing

Through work conducted over a number of years, Dr
Hopstaken’s team has shown how useful CRP POCT can be
for reducing unneeded antibiotic use. In two randomised
controlled studies, his team has shown that proper
introduction of CRP POCT resulted in a 30% reduction of
unneeded antibiotic prescriptions. The addition of improved
communication skills added considerably to this effect. In their
randomised controlled trial published in the British Medical
Journal in 2009, the participants were adult patients visiting
their GP with acute cough. In their more recent randomised
controlled trial, published in 2021 (also in the British Medical
Journal), participants were vulnerable elderly individuals with
lower respiratory tract infections living in nursing homes. The
same, spectacular result was achieved.

Since these studies were performed in a country with one

of the lowest antibiotic prescribing rates in the world (the
Netherlands), this approach holds much promise globally. Dr
Hopstaken, therefore, focuses now on implementing CRP POCT
for those countries with much higher antibiotic prescribing
rates, and with much higher AMR rates as a consequence,
already leading to many unneeded complications and
casualties.




Barriers to Implementation

Whilst CRP POCT is very effective, widespread implementation
is primarily hindered by funding availability. Although Dr
Hopstaken’s team has shown that CRP POCT is cost-effective at
a certain willingness to pay or invest, implementation has been
processed in the Scandinavian countries, Switzerland and the
Netherlands only. If cost-effectiveness studies had taken into
account the longer-term benefits of preventing the negative
consequences of AMR at the individual, local institution and
societal levels, both nationally and globally, the positive
impact of implementing CRP POCT economically would have
been much larger. Additionally, health systems would have

to understand and budget for the fact that the paybacks from
CRP POCT may take place in different areas of healthcare from
where primary testing takes place. Considerations must also
be made to prevent over-testing or overreliance on testing, by
integrating POCT effectively into existing systems.

Another important barrier is the existing gap between the
traditional hospital laboratory world and primary care. Quality-
assured POCT takes place outside the walls of the classical
laboratory and effective implementation requires more
intensive collaboration than is current practice. Silo-budgeting,
lack of multi-disciplinary guidelines, and the lack of time or
motivation may currently prevent successful implementation.

International Experience in C-reactive Protein Point-of-care
Testing

Since Dr Hopstaken’s studies, there have been numerous other
positive studies on CRP POCT in various countries, although

it has not yet resulted in the implementation of this effective
strategy. In Scandinavian countries, the experiences with

CRP POCT are ample, but were not always accompanied by
proper guidance when introduced. In the Netherlands, Dr
Hopstaken has put a lot of effort to bring various stakeholders
together that are needed for long-lasting POCT success. This
has resulted in guidelines on when and how to use CRP POCT,
and multidisciplinary guidelines on quality aspects and how
to collaborate as primary care physicians and laboratory

professionals. Evidence suggests that no significant over-
testing has occurred in the Netherlands in the past decade
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after introducing CRP POCT in routine care. In Sweden, some
evidence of over-testing with CRP exists, possibly because of
the lack of guidance in the early years of introduction.

The existing POCT systems in the Netherlands provide a useful
model for how other countries could implement testing. All
their testing resources, staff training and quality management
are provided by the same organisations that carry out the
central laboratory testing. Government reimbursement is
usually provided to the supporting laboratory, rather than to
the GP. In return, the GP can test for free and has no significant
administrative and logistic burden. In addition, Dr Hopstaken
has co-authored guidelines for his and other countries to use.
Combining POCT implementation results from Australia and
the Netherlands reveals that when GPs adapt and integrate
testing into their practice, it improves their efficiency.

What Are the Next Steps?

Dr Hopstaken explains, ‘Together with many other researchers
in Europe, we have gathered so much evidence of the added
value of CRP POCT in diagnosing pneumonia, and for better
antibiotic stewardship. We have also proven that care
professionals and patients are extremely satisfied with CRP
POCT and our intervention strategy to communicate better
with patients on the topic of lower respiratory tract infection,
illness aspects, antibiotics and AMR.” He further notes, ‘We have
shown a possible best case of implementation of those in the
Netherlands. But if we want to have an impact on AMR, we need
to bring this across the border and collaborate globally. We
need to involve all crucial stakeholders, including policymakers
and the diagnostic industry, to find solutions to existing barriers
to implementation of CRP POCT.

Most importantly, Dr Hopstaken wants to improve the
diagnostic and communication processes used by physicians
so that more patients with pneumonia get the antibiotics they
need and those with minor illnesses are prescribed them less
frequently. To achieve this, he argues that a support model
must also be created for GPs to facilitate integration, and
ensure the quality and monitoring of testing and antibiotic
prescribing. Finally, Dr Hopstaken believes the funding or
reimbursement of POCT should be seen as a wider investment
in better healthcare as a whole, with the caveat that perversive
incentives for testing should not be created. Although CRP
POCT and better communication styles will play an important
role in reducing antibiotic resistance, it should be seen as one
intervention in a multi-step process. As such, behavioural and
regulatory processes for antibiotic use should also be enforced.

Through his extensive research into CRP POCT, Dr Hopstaken
has shown that this manner of antibiotic stewardship could
pave the way to finally addressing antibiotic resistance, starting
with general practice where most antibiotics are prescribed,
and then beyond.
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BACTERIOPHAGE
HUNTING: SEARCHING FOR
THE TINY VIRUSES THAT
KILL HARMFUL BACTERIA

Bacteriophages are tiny viruses that infect and kill bacteria but
are harmless to humans. With the world facing devastating

antibiotic resistance in the coming years, they may be our best
hope for treating bacterial disease. There are believed to be
10731 bacteriophages in the world, and most of them have

not yet been identified. Dr Kristin Parent from Michigan State

University is working on exciting, collaborative projects hunting
for bacteriophages in their natural environment. She has made

huge strides in elucidating the mysterious and important world of

bacteriophages.

Shigella Bacteria and Bacterial
Infection

Shigellosis is a nasty infection of the
Shigella bacteria with over 164 million
cases each year leading to 1.1 million
deaths. Sadly, many of these deaths are
children, as those under the age of 5 are
most likely to catch a Shigella infection.
This is partly due to the method of
transmission - accidentally ingesting
the bacteria residing in the stool of

an infected person. Often this occurs

in childcare settings if carers don’t
thoroughly wash their hands after toilet
training, for example. Swimming and
drinking contaminated water or eating
food by an infected person can also
pass along Shigella.

The symptoms of shigellosis include
fever, nausea, stomach pain and
diarrhoea which often contains blood.
These issues usually last for around a
week, but they can result in secondary
complications such as dehydration,
seizures and blood infections. Whilst
antibiotics are sometimes given for
shigellosis, many strains are now

-

resistant so treating the diarrhoea
and consequent dehydration is often
the priority until the infection runs its
course.

Shigellosis is the most common form

of dysentery; other types are caused

by Salmonella and E. coli, among

other bacteria. There are four different
species of Shigella called S. boydii, S.
dysenteriae, S. flexneri, and S. sonnei. S.
flexneri is the most common type and

is often associated with low-income
countries, however, cases of S. sonnei,
which tends to be found in high-income
countries, are increasing. This is due

to the low dose of bacteria needed to
cause illness and the ever-increasing
antibiotic resistance of the bacteria.

Antibiotic resistance is a huge and
growing issue globally, for many
different bacteria. The misuse of
antibiotics in humans and animals has
resulted in bacterial strains that are
not killed by conventional antibiotics.
When these new strains are passed on,
so is the antibiotic resistance and the
infections they cause are much harder

to treat and mortality rates become
higher. A well-known example of this
is the superbug methicillin-resistant
Staphylococcus aureus, better known
as MRSA, a type of bacteria that is now
resistant to most common antibiotics
and is becoming resistant to even the
last-resort antibiotics.

Bacteriophages and Combating
Antibiotic Resistance

Researchers are working to combat
this global health threat by innovating
alternatives, or supplements, to
antibiotics. One of these approaches
utilises bacteriophages, the tiny viruses
that are harmless to humans but
instead, infect and kill bacteria. They
do this by attaching to a bacterium,
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Students learning how to apply science in
the real world. Credit: Charles Bittle.

injecting them with their genome,
replicating and multiplying inside and
then bursting out to destroy the bacteria
and repeat the process.

Excitingly, bacteriophages have already
successfully been used to treat some
antibiotic-resistant strains of bacteria.
However, different bacteriophages
infect only specific bacteria, so specific
bacteriophages need to be found to
treat different bacterial infections. Even
though one of the first bacteriophages
was identified in 1917 and was found
to cure S. dysenteriae, very few studies
have subsequently been conducted on
Shigella bacteriophages. Previously,
there were only around 35 of them
logged on public databases, while

over 400 Escherichia and Salmonella
bacteriophages are known.

This is one reason that Dr Kristin Parent
from Michigan State University in the
USA decided to study this area. In
addition, in 2016, her university’s state
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of Michigan experienced the worst
outbreak of shigellosis in 30 years,
bringing to light the importance and
relevance of anti-microbial work. In a
collaborative effort, Dr Parent set out
to discover and characterise Shigella
bacteriophages in her area so that they
might be used in novel therapeutics.

The Discovery of 16 New Shigella
Bacteriophages

With an estimated 10731
bacteriophages on the planet - more
than every other organism on earth
combined - there were many to be
found. As part of a course, Dr Parent
enlisted the help of microbiology
graduate students at Michigan

State University who were asked to
develop hypotheses for promising
locations surrounding the university
in which to hunt bacteriophages.
They took samples from a variety of
places including from river sediment
downstream from a wastewater
treatment plant, from pond and river
water and even from water at the
bottom of university bathroom hand
dryers.

These samples were filtered to remove
the native bacteria residing in them.
The leftover filtrate (the sample
without the bacteria but hopefully
with bacteriophages) was then used
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to inoculate a number of different
Enterobacteria. This is the family of
bacteria that tends to be found in the
digestive tract and the one to which
Shigella, Salmonella and E. coli belong.
In microbiology, inoculation refers to
introducing micro-organisms into a
medium that facilitates cell growth.
For this experiment, this meant adding
bacteriophages in the filtrate to the
culture of Enterobacteria.

After the team had allowed the

bacteria to grow and therefore,

the bacteriophages that infect

them to multiply, they isolated the
bacteriophages from the bacteria cells
to examine them. Interestingly, most

of the bacteriophages that they found
were on Shigella bacteria, specifically, S.
flexneri, and all of them were extracted
from samples that came from rivers.
The bacteriophages were then purified
and placed onto agar plates with
additional types of Enterobacteria and
left overnight. This method allowed Dr
Parent to observe which bacteriophages
infect which bacteria, because clear
spots on the plate indicate that the
specified bacteria has been killed by the
added bacteriophage.

Overall, the team discovered 16 new
bacteriophages that infect Shigella and
that six of these can infect more than
one species of the bacteria. Having




€

‘Our constantly
expanding library
of phage types will
allow us to gather an
unprecedented wealth
of knowledge of phage
interactions with
enteric bacteria’

identified these novel bacteriophages, Dr Parent then named
each of them; for example, those that infected S. flexneri were
given the prefix Sf and then a number. These were exciting
findings for Dr Parent’s initial bacteriophage hunting project
and she continued to build on the work.

Shigella Bacteriophages: Unexpectedly Abundant in the
Environment

From these early but critical first steps, Dr Parent’s research
subsequent research was funded by the prestigious National
Science Foundation CAREER award. She involved graduate
students in addition to students at Lincoln Southwest High
Schoolin Nebraska and their instructors, Kevin Schrad, Charles
Bittle and Peter Stone.

This partnership with LSW high school students was an
extension of Dr Parent’s original microbiology graduate
assignment for discovering phages in aquatic environments.
For a few days, these high school students became field
scientists trained in collecting samples through direct
instruction by Dr Parent and her colleagues. Dr Parent’s desire
to cultivate the next generation of problem solvers extended
beyond her graduate students and into the hands of 9th and
10th graders.

This study took place in Nebraska, which is located far from
Michigan and is typically warmer and drier as well as having
a different main water source and a unique salt marsh.
These factors all mean that Nebraska gives rise to different
environments for bacteriophages to live in and so, the
possibility of unearthing even more new species.

Each group in Dr Parent’s study followed the same processes
for bacteriophage hunting as before with the goal of identifying
new S. flexneri phages in the environment and comparing

them to other Enterobacteria bacteriophages. Through this
collaborative research, Dr Parent and her colleagues identified
around 100 new bacteriophages each year, including many
Shigella bacteriophages, even though there had been no recent
shigellosis outbreak in Nebraska as was the case in Michigan.
As a result, they concluded that Shigella bacteriophages are
unexpectedly abundant in the environment and subsequent
molecular studies of the bacteriophages helped them to better
understand their inner workings and structure.

According to Dr Parent, ‘this is both scientific outreach and
work that directly fuels my research laboratory. Our constantly
expanding library of phage types will allow us to gather an
unprecedented wealth of knowledge of phage interactions with
enteric bacteria’

According to the Nebraska teachers involved, ‘students have
first-hand experience with a highly advanced and relevant
scientific endeavour with real-world implication. The gravity

of the students’ contributions to Dr Parent’s work becomes
notable when the Parent lab meets virtually with them to share
the electron microscopy results in real-time.

Investigating Bacteriophages in their Microbiome

Currently, Dr Parent is researching how viruses like
bacteriophages infect hosts via host recognition and transfer
of their genetic material across their cell membranes. Often,
viruses recognise a specific receptor on their host that
facilitates infection and so, if this receptor is altered or deleted,
they are better protected. However, Dr Parent found that the
S. flexneri bacteriophage, Sf6 can recognise multiple receptors
and therefore, overcome Shigella defence mechanisms.

She is utilising this knowledge to investigate how the structure
of Sf6 allows it to do this but also expanding her research

into more complex environments. The relationship of
bacteriophages with bacteria means that they can drive the
evolution of their microbiome, as the bacteria try to adapt to
evade the destructive effects of the tiny viruses. Dr Parent is
studying the mechanisms of this phage-mediated evolution
within complex microbial networks, which has scarcely been
attempted before.

Summing up her fascinating research, Dr Parent says that,
‘we have made a ground-breaking discovery that Shigella
phages are highly abundant in the environment. In addition,
we have found some highly novel isolates that have different
genome sizes, shapes, and structures compared to other
previously identified bacteriophages that infect bacteria
such as Salmonella and E. coli. Her work has opened exciting
new avenues to explore in the world of bacteriophages and
antibiotic resistance and will be incredibly useful for more
research to come, as well as capturing the minds of budding
scientists at Lincoln Southwest High School.
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Department of Biochemistry and Molecular Biology
Michigan State University
East Lansing, MI
USA

Dr Kristin Parent received her BSc in Molecular and Cell Biology
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from the University of Connecticut where she also went on to
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work at the University of San Diego and then took up the . Dr Sundharraman Subramanian
position of Assistant Professor at Michigan State University, :
. Kendal Tinney
where she is now Associate Professor. In addition to these !
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achievements, Dr Parent independently established and is

the Director of the RTSF Cryo-EM facility at the university and m
carries out her research here. Her work focuses on discovering

bacteriophages in the natural environment and studying the
underlying mechanisms of viral infection via host recognition

and transfer of genetic material across cell membranes. FURTHER READING
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DEVELOPING INNOVATIVE
AND EFFECTIVE NON-
SURGICAL THERAPIES
FOR SCOLIOSIS

Scoliosis, the curving of the spine, is a relatively common condition

that develops in early adolescence. Whilst there are surgical

options to neutralise the curve, there is no solid evidence for its

long-term impact. Dr Hans-Rudolf Weiss is an expert in scoliosis
treatments and has dedicated his research to improving the care

of scoliosis patients. Through his back brace innovations and

novel exercise therapies, he has developed ground-breaking new
standards of care for patients. Additionally, through his Schroth

Best Practice program, he is educating a new generation of doctors

and physiotherapists on his non-surgical methods.

Scoliosis: Symptoms and Treatments

Scoliosis is a curving of the spine that
usually appears in young adolescence
and can become more severe as a child
grows. As the spine curve becomes
more prominent, the space within

the chestis reduced, and this can
impact the function of the lungs and
create breathing difficulties in a small
proportion of patients. Other scoliosis
symptoms include uneven shoulders
and waist, one shoulder blade or hip
appearing more prominent than the
other and one side of the rib cage
being obviously pushed forward. This
is because the condition usually causes
rotation of the spine in addition to the
curve.

The exact causes of scoliosis are unclear
but as it sometimes runs in families, it
may be a hereditary disease. However,
some types form as a result of birth
defects, injuries and neuromuscular
conditions like cerebral palsy. X-ray or
magnetic resonance imaging scans

can be used to definitively diagnose
scoliosis and to determine the severity

of the spinal curve. For some children,
the condition may be mild enough to
not require treatment but others will
need help to straighten their spine in
order to prevent severe back pain and
other complications in the future.

Some children are provided with a
back brace, which, according to current
standards and qualities, usually does
not reverse the curve but can stop it
from getting worse and is worn until
they stop growing. For severe scoliosis,
surgery may be performed. Spinal
fusion surgery involves connecting
some of the spinal bones (vertebrae)
and using a metal rod to keep the pieces
still to allow them to fuse. Alternatively,
in a procedure called vertebral body
tethering, screws and a flexible cord

is attached to the spine which can be
tightened to straighten the spine.

Investigating What We (Think We)
Know

Although these treatments are
frequently used for scoliosis patients,
the long-term effectiveness of surgery is
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not well-evidenced and more research
is needed to improve care. Dr Hans-
Rudolf Weiss is an orthopaedic surgeon,
physical medicine practitioner and
chiropractor in addition to serving as
Senior Consultant at Koob Scolitech
GmbH in Neu Bamberg, Germany. In
his research, he leads an innovative
team to build upon our understanding
of scoliosis treatments and to develop
exciting new treatment methods.

Dr Weiss is the grandson of Katharina
Schroth, who developed the ‘three-
dimensional scoliosis treatment
according to Schroth’ which utilises
patient-customised exercises to de-
rotate, elongate and stabilise the spine.
Through this method, the spine is eased
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into a more neutral position in its three-dimensional plane. This
renowned family background inspired Dr Weiss to build upon
existing knowledge and push forward the field of scoliosis care.

Along with Professor Tugba Kuru Colak, Dr Weiss put together
a special issue of the South African Journal of Physiotherapy,
which covers their broad and in-depth range of scoliosis
research. It includes topics such as assessing the reliability of
established deformity classification methods and looking into
the effect of specific styles of back braces. The issue also has an
explorative study into using vision-based augmented reality to
educate physiotherapy students on the spine and its possible
deformities. It was shown to be a great success, with students
demonstrating a significantly higher understanding of spinal
anatomy, function and pathologies than control groups.

Anotherimportant paper in this issue is the critical appraisal
conducted by Dr Weiss into what evidence is available to
demonstrate the long-term effectiveness of scoliosis surgery.
He carried out a comprehensive review of the available
scientific literature surrounding spinal surgery and discovered
that there is no evidence to support the claim that surgery is
the best treatment option. This means that long-term variables
and possible complications are unknown and therefore,
doctors recommending surgery should carefully consider each
patient’s case and risks. In addition, though, Dr Weiss says

that a wider systematic review of spinal surgery patients is
necessary to be able to confidently recommend it as a safe and
effective treatment.
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Even methods that are considered ‘conservative’ and less
invasive (like back braces) are not fully backed by evidence.
Back braces can be physically uncomfortable and even painful,
which may lead to psychological discomfort and distress.
Additionally, methods of brace application and selection are
not standardised so patients may not be receiving equitable
care. Thisisin part due to an incomplete consolidation

of the scientific literature that could provide a more solid
grounding for patient care. According to Dr Weiss, ‘too many
contemporaries advertise their own methods without any
scientific proof and ultimately cause their patients more
disappointment than the joy of a successful treatment.

As aresult, in a narrative review of the literature for the special
issue of the South African Journal of Physiotherapy, Dr Weiss
found a wide range of success rates for the wide range of
different brace applications. Nonetheless, he concluded there
is sufficient evidence that back braces can stop curvature
progression, improve spine and trunk appearance, and reduce
the number of patients needing surgery. He subsequently
provided recommendations for proper brace application

and maintenance using appropriate information from each
individual patient and a standardised computer-aided design. If
implemented correctly, this should result in a less stressful and
more safe treatment experience, with the best possible patient
outcomes. Results should reflect a considerable proportion

of patients demonstrating improved curves and significantly
improved clinical results (cosmetics).




The Schroth Best Practice Program

Dr Weiss sought to find additional solutions to what he felt
were insufficient treatment options, and describes how
‘confronted again and again with frightened, disappointed
and misinformed children, adolescents and their parents, |

felt the desire to change something’. So, he improved upon
existing guidance and built a guidebook for patients and family
members to help them help themselves, explaining that ‘these
experiences became the driving force behind my efforts to
significantly improve non-surgical treatment measures and

to make evidence-based information available to patients’
The guidelines include a therapy for patients to learn

postural awareness, thus helping them avoid behaviour that
exacerbates the curving of their spines.

In addition to this therapy, Dr Weiss innovated a new back
brace concept to overcome the issues that he had experienced
as a doctor. This brace adopts a Chéneau style, which is
asymmetric to accommodate the curved spine. It also utilises
computer-aided design, which removes the need for traditional
plaster casting and provides a highly patient-specific brace
design. A patient’s trunk is scanned in 3D and their clinical
measurements are input to the computer to create a brace
model that is a perfect fit. Dr Weiss named this the Gensingen
brace after the place in which it was designed and it has proven
to be a success. Patients have described it as comfortable to
wear, spine corrections have been achieved and they have
contributed to a wider-spread improvement in treatment
standards, especially for kyphosis and chronic back pain.

Collating his substantial research and progressive ideas, Dr
Weiss created the Schroth Best Practice Program in 2010.

This brings together his guidelines for scoliosis patients, his
modernised exercise treatment and his novel brace designs
to form a state-of-the-art teaching program through the
Schroth Best Practice Academy. Dr Weiss is a Senior Instructor
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and Consultant at the Academy, founded in 2010 from small
beginnings as a non-profit organisation to become the basis for
the training of thousands of international therapists working in
the treatment of patients with spinal deformities and making
modern treatment techniques available worldwide.

The impact of this original approach can be seen in another
paper included in the special issue of the South African

Journal of Physiotherapy. In this case report, a young girl

had developed severe scoliosis and was at high risk for her
condition to significantly progress. Normally, she may have
been referred for surgery, but in this case, her parental figures
declined. Instead, she received a Genisngen brace and intensive
treatment according to the Schroth Best Practice program. After
18 months, her treatment had prevented the curve of her spine
from worsening and she maintained an improved cosmetic
result. By turning down surgery, the patient also avoided the
risk of a stiff spinal deformity that can happen as a result.

Although Dr Weiss says more long-term research is needed to
corroborate these promising results, he believes this type of
high-impact, conservative treatment should be implemented
before surgery is considered. In this way, both known and
unknown future complications may be avoided.

Dr Weiss’s extensive experience and research have led to
ground-breaking new methods including the introduction of
extracorporeal shockwave therapy to the treatment of scoliosis,
and a new exercise programme aiming at the mobilisation

of the spinal cord which might be tethered in certain forms

of scoliosis. With positive results and an ongoing, thriving
education program, his work has and will continue to change
the landscape for what is the best practice for scoliosis patients
and their care. This is sure to make a demonstrably positive
impact in the lives of those developing and living with spinal
irregularities, and their families, all around the world.
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Dr Hans-Rudolf Weiss
Koob Scolitech GmbH
Neu Bamberg
Germany

Dr Hans-Rudolf Weiss studied for his medical doctorate across
Germany in Regensburg, Mainz and Frankfurt. His medical
work includes serving as an orthopaedic surgeon, a physical
medicine practitioner and also a chiropractor. He is the former
Medical Director of the Katharina Schroth Spinal Deformities
Rehabilitation Center in Bad Sobernheim, Germany and also
of the Spinal Deformities Rehabilitation Clinic in Gensingen.
Currently, Dr Weiss serves as a Senior Consultant for Koob
Scolitech GmbH in Neu Bamberg where he oversees quality
management of computer-aided brace designs for his

innovative spinal braces created for patients around the world.

Additionally, he is Senior Instructor and Senior Consultant for
the Schroth Best Practice Academy.

KEY COLLABORATORS

Schroth Best Practice Academy:
Maksym Borysov, Ukraine
Dr Marc Moramarco, USA
Nan Xiaofeng, China
Dr Budi S. Widjaja, Indonesia
Ass Prof Tugba Kuru Colak, Turkey
Dr Stanley Chik, Hong Kong
Prof Sang Gil Lee, South Korea
Fariba Taheri, Canada
Lisa Elliott, Denmark
Pernille Winslow Wied, Denmark
Amy Elizabeth Heller, USA
Chiiko Ishihara, Japan
Dr Yosuke Shiraishi, Japan
Dr Huiling (Wonderful) Du, China
Luo Liping, China
Shaopeng Gong, China
Dr Regina Varani, Indonesia
Ass Prof Burgin Akgay, Turkey
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Dr Yhossie Suananda, Indonesia
Dr Daniel Comerford, Australia

Dr Julian Wang, Taiwan

Deborah Turnbull, UK

Nicos Tournavitis, Greece

Christa Lehnert-Schroth, Germany
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PIONEERING

UNDERSTANDING OF CELL
MEMBRANE COMPONENTS

Cell membranes are critical for cellular life. The effective extraction

of proteins and lipids from cell membranes is a necessity for

research, but traditional methods may damage the membrane
components and limit the accuracy of data. Dr Youzhong Guo
at Virginia Commonwealth University has recently developed a

revolutionary method for the extraction of membrane components

in the format of native cell membrane nanoparticles to allow in-
depth structural studies of membrane proteins whilst preserving

functionality and limiting damage to vital mechanisms. This exciting

work is driving forward the understanding of the structure, function
and protein-lipid interactions of membrane protein.

Membrane Proteins: Critical for
Cellular Life

Cell membranes are an essential
constituent of living organisms. Not only
do cell membranes protect and organise
cells, but they underpin a range of

vital functions ensuring survival across
species. For example, in humans, cell
membranes in the brain are responsible
for memory and consciousness,
underscoring their importance to life
itself. Given the critical role of cell
membranes, it is unsurprising that
research in this field is captivating to the
scientific community and beyond, as
evidenced by the history of Nobel prizes
awarded to researchers elucidating the
crucial and fascinating ways in which
cell membranes work.

Research into the components of
membranes, and the interactions
between these components, provides
critical insight into their structure

and function. The two fundamental
elements of cell membranes are
proteins and lipids, which form a
diverse and complex system connecting
the membrane to the wider cell.
Additionally, native lipid environments

are vital in the maintenance of protein
structure and function.

Traditionally, detergents have been
used in the extraction of membrane
proteins and lipids. However, these
can induce structural damage and
alter functionality which may hinder
meaningful research. Protein-lipid
interactions are critical in many
biological systems, including targeted
drug delivery and the development
of vaccines - key concerns in medical
science. Effective study of these
interactions is dependent upon the
presence of membrane proteins. The
destruction of cell membranes by
detergents may result in the removal
of protein-associated lipid molecules,
thus methods that successfully
solubilise cell membrane proteins
whilst retaining the lipid components
are needed. Extraction of membrane
proteins into lipoprotein particles using
membrane-active polymers offers a
possible substitute for detergent-based
procedures and is now emerging as
an important, viable alternative in the
study of membrane protein function
and structure.
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Structure of plasma membrane of cell

Lipid bilayer
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Revolutionising the Extraction of
Membrane Proteins in Native Lipid
Environments

Recently, Dr Youzhong Guo and his team
atVirginia Commonwealth University’s
Department of Medicinal Chemistry in
Richmond, USA, have revolutionised
the extraction of cell membrane
components using detergent-free
processes and developed a unique
technique to produce native cell
membrane nanoparticles (NCMN).

In addition to the novel membrane co-
polymer system invented by Dr Guo, a
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series of complementary linked libraries have been developed,
comprising a comprehensive polymer library, a library of
tailored preparation and extraction protocols, and a library of
analysis protocols. This system has resulted in the production
of detailed high-resolution structural models of various
membrane proteins complex from bacteria, fungi, plants and
animals and humans, contributing to the knowledge of protein-
lipid interactions and allowing the overall functionality of cell
membranes to be elucidated.

Discovery of a Structurally Preserved Lipid Bilayer

In order to accurately determine the structure of a membrane-
embedded multidrug exporter, and to investigate its
mechanism of active transport, Dr Guo and colleagues
employed their ground-breaking detergent-free extraction
protocol to prepare proteins for biochemical analysis, resulting
in the discovery of a distinct lipid bilayer within the exporter
structure.

Following extraction, the membrane proteins were purified
and snap-frozen for analysis using electron microscopy. A

3D reconstruction of the resulting images revealed that each
structural unit exists in one of three states, namely, ready for
binding (loose), substrate-bound (tight) or substrate-released
(open). Further analysis revealed that the transmembrane
region was surrounded by a disordered lipid belt, and the

central cavity of the structure contained an organised lipid

bilayer with a hexagonal pattern and triangular double-layered
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shape. The layers were comprised of an inner and outer leaflet
with distinct molecular patterns; the inner leaflet contained
tightly packed lipid molecules with straight tails, whereas those
in the outer leaflet were more loosely packed with curvier tails.
Furthermore, several specific protein-lipid interactions were
identified within the central cavity, including via protrusions
and bonds.

Itis recognised that, as proteins undergo conformational
changes, lipid bilayers can adapt due to their fluid nature.

Dr Guo proposed that the central lipid bilayer structure has
an important role in the mechanism of action of multidrug
exporters by acting as a mediator of these conformational
changes and promoting drug extrusion via the transmembrane
transporter, as well as providing structural support. The
optimal environment for membrane proteins is most certainly
within the native membrane, and the completely detergent-
free extraction method developed by Dr Guo does appear to
facilitate the preservation of this environment, which confers
several advantages over other methods.

Characterisation of Membrane Protein Channels and
Assembly of Nanodevices

A particularly challenging aspect of membrane protein research
includes the characterisation and reconstitution of integral
components such as channels and transporters, especially
when protein-degrading detergents are used in the process

of extraction. Regardless of whether the membrane protein
structure is maintained, functionality is often compromised,
and reconstitution of the proteins into proteoliposomes is
required if functional characteristics are to be determined.
Proteoliposomes mimic the cell membrane environment,
which not only allows the study of membrane protein structure
and function, but also analysis of the mechanisms of drug
delivery devices.

Using the previously described NCMN system, Dr Guo and
colleagues studied a number of integrated membrane protein
channels which aid in the rapid expulsion of molecules from
within the cell. The researchers found that NCMN particles can
be used to directly reconstitute the channels into liposomes,
suggesting that this method may be a feasible option for the
routine production of functional channel proteins for use in
membrane research.

Channels were constructed to optimise protein expression

and function, transformed into cells of interest, and grown

in culture, followed by induction of protein expression,

further culture and cell harvesting. For the preparation of
nanoparticles, the resulting cell membrane proteins were
mixed with NCMN buffer and NCMN polymer to achieve a pre-
determined protein concentration. Following purification of the
sample, analysis using electron microscopy and reconstitution
into proteoliposomes was possible.

ENTIA.GLOBAL

66




For electron microscopy image
acquisition, an aliquot of sample was
absorbed onto a copper grid, followed
by a series of drying and washing
steps. Images were captured and
recorded using a camera attached

to the microscope. Analysis of the
images confirmed the high quality

of the resulting nanoparticles. The
reconstitution of proteins using NCMN
polymers commenced with the drying
of the lipid solution, followed by
rehydration of the lipids in specific
buffers or sucrose solution to form
liposomes. NCMN protein particles were
then added for reconstitution according
to experimental requirements. The
reconstitution of functional channels
using rehydration with buffers was
successful with some polymers,
reinforcing the notion that NCMN
particles are a viable option for the
study of reconstituted membrane
channels. Additionally, in contrast to
detergent-based methods, channel
particles remained stable when
refrigerated and retained functional
viability for several months.

Next, Dr Guo and his team proceeded
to determine whether modified
reconstituted channels might be
assembled into functional nanodevices
which represent gated membrane-
embedded valves with the ability to
deliver specific substances into cells
residing in low-pH environments, such
as within inflamed or malignant tissue.
The simplified reconstitution protocol
described above was utilised, with the
addition of a fluorescent dye to the
mixture. The fluorescent signal of the
solution was monitored for 5 minutes,
the pH was lowered, and the fluorescent
signal monitored for a further 30
minutes. The release of dye from the
nanodevices was confirmed with an
80% increase in fluorescent signal over
the monitoring period, indicating that
functionality was indeed preserved
following assembly. This has the
potential to significantly advance the

development of bespoke drug delivery

nanodevices.

A Comparison of Membrane Protein
Extraction Systems

Recently, Dr Guo conducted a concise
but thorough mini-review evaluating a
selection of the available methods for
the detergent-based and detergent-free
extraction of membrane components.
A comparison of the techniques

with regard to the extent of protein

and lipid survival and successful
reconstruction was made. Interestingly,
the most commonly used detergent-
free extraction methods did not fare
better than detergent-based methods
regarding the preservation of native cell
membrane lipids, or when determining
membrane structure. In contrast, the
NCMN system developed by Dr Guo
and his team demonstrated superior
preservation of native cell membrane
lipids associated with the membrane
proteins and produced particles of
sufficient quality to perform high-
resolution structural analysis.

Building on Success: The Wider
Context

Detergents have indisputably
contributed to advances in the study
of membrane proteins. However,
the associated destruction of the
lipid bilayer may have implications
for both structural and functional
analysis. Research by Dr Guo revealing
the structure of the lipid bilayer
within a multidrug exporter and its
interaction with the surrounding
environment has driven forward the
understanding of mechanisms of
transport across cell membranes,
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while the continual expansion of the
NCMN polymer library has enabled
many more new membrane proteins
and complexes to be investigated and
has permitted the unique properties of
a wide variety of membrane proteins
to be accommodated. Using the

NCMN system in the reconstitution

of proteoliposomes is a relatively
straightforward process and applicable
to a variety of integral membrane
constituents, representing a powerful
new tool in nanobiotechnology.

Detergent-free extraction methods
confer significant advantages over
detergent-based methods in terms of
maintaining stability during longer-term
storage and retention of functionality
upon reconstitution. Whilst the
implementation of detergent-free
protocols for extracting cell membrane
proteins and lipids is still relatively
recent, there is much potential
surrounding the development and
application of the methods employed.

The research carried out by Dr Guo

and his team is revolutionising the
understanding of membrane protein
biology and there is plenty more

to come. Dr Guo has a plethora of
manuscripts awaiting publication
detailing the ongoing work of his team.
This exciting area of biological research
may be in its infancy but holds much
promise for the future of cell membrane
studies. Dr Guo and his laboratory will
undoubtedly be at the forefront with
their pioneering technologies and
insights.
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CAN EATING GREEN
VEGETABLES IMPROVE
EXERCISE PERFORMANCE?

Recent work in humans and rodents suggests that consuming

nutrients rich in nitrate improves exercise performance, although
scientists do not fully understand the mechanisms behind this
phenomenon. Dr. Rosa Keller from Oregon State University in the
USA, worked with colleagues to investigate the effects of nitrate on

muscle function. Unconventionally, the scientists decided to study
the effect of nitrate in zebrafish. They observed that keeping fish in
nitrate-containing water increased their ability to swim for extensive

periods. Analysing chemical changes in the treated animals

provided major novel insights into the inner workings of energy use

during exercise.

The Need for Energy

Any movement by a human or animal
muscle requires energy. Yet, few people
are familiar with the fuel muscle cells
use to allow them to contract. The
immediate source of energy is not sugar
or fats but the universal fuel of life on
Earth, adenosine triphosphate - ATP for
short. As muscle fibres utilise this stored
energy, ATP breaks down. We use a lot
of this stored energy daily - think about
having to replace your own body weight
in ATP in 24 hours!

This, of course, is not practical. Instead
of ‘eating’ large quantities of ATP, our
cells remake it using the energy stored
in food we all recognise: sugars and fats.
However, there is a catch here. While
the breakdown of ATP is instantaneous,
rebuilding it by ‘burning’ sugars and
fats involves a complex process and

is relatively slow. There is another key
difference between the two processes:
while the use of ATP does not require
oxygen, its rebuilding does. This is why
we breathe more heavily during physical
activity.

Supply and Demand

The chemical synthesis of ATP does

not use nitrates, so why would nitrates
affect exercise performance? The oxygen
and nutrients needed to replenish this
critical energy store come from the
blood. When we exercise, we do not
use all muscles equally, so blood and
the oxygen within it, need to reach
those muscles working particularly
hard during a given activity. This is
where nitrates play a role. Released
from the active muscles nitrates make
blood vessels dilate, ensuring adequate
nutrient supply to areas of high
demand. Dr. Keller from Oregon State
University in the USA was intrigued to
find out why nitrate improves exercise
performance.

A Gym for Fish

Working with collaborators, Dr. Keller
devised a set of experiments to study
the effect of nitrates in zebrafish. This
included keeping the fish in normal
water and putting them through
rigorous exercise while measuring their
biological behaviour. After establishing

this baseline performance, the animals
were kept in water containing nitrate
for 21 days. After this ‘treatment’, the
exercise challenge was repeated,
measuring the performance of the same
fish.

Using zebrafish in exercise research

is a relatively new development, as
scientists are just discovering that the
responses of fish and human muscles
to exercise training show some striking
similarities. To study the composition
of the muscles, a tiny sample was taken
from the animals before the exercise,
after the completion of an exhausting
swim against a rapid current of water,
and at a final post-exercise time point.
Then the fish were treated with the
nitrate, repeated the exercise and the
same samples were taken again.
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Chemical Changes

Dr. Keller and her colleagues analysed the chemical
composition of the collected muscle samples using a
sophisticated method called mass spectrometry, allowing
them to detect hundreds of chemicals simultaneously. This
way, the team could assess the concentration of not just ATP
but also various sugars, fats, and protein components and their
breakdown products.

By comparing the amount of these chemical compounds
before, during, and after the exercise - with and without nitrate
treatment - the scientists were able to build a picture of how
muscles changed their behaviour in response to nitrates. In
addition, the scientists also analysed whether the response of
the muscles involved changes in what genes were active before
and after keeping the fish in nitrate-containing water.

More Efficient Swimmers

As Dr. Keller explains, it is possible to measure the level of
oxygen in the water while the fish are swimming. Analysing this
data indicated an unexpected finding. The distance, time, and
speed at which the fish swam were identical before and after
nitrate treatment. Yet, the nitrate-treated fish used less oxygen
during the exercise challenge, suggesting that their muscles
somehow became more efficient at using energy.

When the scientists looked at the chemical composition of
the muscles it became apparent that the treatment increased

the amount of stored ATP, sugars, and fats inside the muscles,

making the animals better prepared for exercise. In addition,
genes associated with energy production from sugars and fats
were also more active after treatment.

An Exciting Theory

Nonetheless, the swim the fish completed was very strenuous,
being both fast and long, so the better performance of the
nitrate-treated fish could not be explained by the increased
amount of ATP and other nutrients stored in their muscles.
Simply put, those stores would have been depleted during the
40 minutes of exercise. Thus, additional mechanisms must
have been at work to make the nitrate-treated muscles more
efficient.

One possible explanation is that the higher nitrate
concentration allowed the treated animals to dilate their
arteries more, providing more efficient nutrient supply to
their muscles via improved blood flow. However, Dr. Keller
has a more interesting theory. She believes that the higher
ATP content in nitrate-treated muscles does not act simply

as an energy source, but also changes the structure of the
muscle, increasing the amount of liquid surrounding muscle
fibres. According to Dr. Keller, this better hydration may be the
mechanism that allows muscle fibres to work more efficiently.
Exploring this theory will be the next important challenge for
the team.
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A PARADOX EXPLAINED:
WHY A SUPER SELECTIVE R1-BLOCKER
WORKS IN ACUTE HEART FAILURE

Ri1-adrenoceptors are found in the heart where they bind neurotransmitters/hormones such as

noradrenaline and adrenaline. The binding of these Ri-adrenoceptors agonists activates a response in

the heart muscle that helps regulate the heart’s beat and contractile force. Drugs that block the action

of these receptors are an established treatment for those suffering from left ventricular dysfunction
due to chronic heart failure. However, their use in the acute setting is controversial. Professor Thomas

Feuerstein of the University Hospital Freiburg in Germany and Dr Giinther Krumpl of the Medical

Research Network in Vienna are challenging these sceptical attitudes through mathematical modelling.

A Global Problem

Heart failure affects at least 26 million
people worldwide and the prevalence

is increasing. Predominantly seen in
those over 65 years old, the incidence
increases with age and is more likely

to be seen in those with conditions
such as diabetes and obesity, which

can lead to narrowed arteries and high
blood pressure. As such, heart failure

is characterised by the reduced ability
of the heart to pump and/or fill with
blood, commonly leading to the pooling
of blood in the left ventricle and the
patient suffering from fatigue, shortness
of breath, nausea, rapid weight gain
because of fluid retention and chest
pain.

Heart failure can present as either acute
or chronic, and treatments are tailored
accordingly. Insertion of a pacemaker
to restore and correct the heart rhythm,
heart surgery to improve blood flow
and correct valve defects, or medication
are the most used options, alongside
recommended lifestyle changes such

as keeping to a healthy weight and diet,
limiting alcohol consumption, quitting
smoking and keeping active.

Treatment for Heart Failure
One of the mainstay treatments

for cardiovascular issues is the
administration of R-adrenoceptor
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blockers. Approximately 30 million
adults in the United States use these
beta-blockers for cardiovascular
conditions such as angina, heart
failure, atrial fibrillation, heart attacks
and high blood pressure. These drugs
target -adrenoceptors (5-AR) which
are found on the surface of cells and
are subcategorised as R1, 32 and Rz
receptors, depending on their function.

In healthy cardiovascular cells, 31-
receptors represent 75-80% of all

beta receptors while %2-receptors
represent only 15-18%. But when the
heart starts to fail the receptors reach
a 50/50 balance. These receptors work
together to mediate increases in heart
chronotropy (rate), inotropy (power

of contraction), dromotropy (rate of
electrical impulse) and bathmotropy
(influence of a stimulus on excitability).
Therefore, blocking these receptors
can have several benefits for patients
with chronic heart failure, including a
reduction in heart rate and arrhythmia

(abnormal heart rhythm) management.

Though initial studies in patients

with reduced cardiac function raised
concerns about the functionality of
beta-blockers as a treatment for those
with contractile problems, a series of
low-dose studies with several different
beta-blockers found that R1-AR
blockade can improve contractility and
prolong survival when administered

long-term. But despite their acceptance
for use in chronic treatment, their
benefits are not currently acknowledged
in relation to acute heart failure. This is
in part due to their potential to inhibit
the effects of other drugs that are used
to help treat patients experiencing acute
heart failure. It may be thought that
R-blockers inhibit the effects of positive
inotropic agents used intravenously for
the treatment in the acute situation.
With regards to unwanted side effects of
usual B-blockers, their longer duration
of action may also lead to significant
difficulties in acute situations.

Professor Thomas Feuerstein of
University Hospital Freiburg in Germany
and Dr Gunther Krumpl of the Medical
Research Network in Vienna argue that
all the arguments raised in support

of the use of beta-blockers in chronic
treatment also point to their useful
applicability in the acute context. They
argue that what needs to be determined
is the most appropriate dosage, type of
beta-blocker and method of delivery.

Earlier studies have already shown that
extremely short-acting beta-blockers
can provide significant advantages in
patients with acute heart failure by
helping to preserve blood pressure.

This was true despite the absence of a
convincing rationale for the use of short-
acting beta-blockers which are assumed
to actin a negative inotropic fashion
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(i.e. they decrease the force of heart contractions at rather low
concentrations of the endogenous agonists, noradrenaline and
adrenaline, at thel$1-AR in the heart). However, their negative
inotropic effect may be reversed with high concentrations

of endogenous agonists. The condition of highly elevated
concentrations of endogenous agonists is typical for heart
failure.

Currently, Landiolol is the most effectiveldi-blocker given
intravenously for acute heart failure and is now used alongside
so-called positive inotropic agents to increase the force of heart
contractions in intensive care patients.

Building on this work, Professor Feuerstein and Dr Krumpl set
out to provide a rationale as to why al’1--blocker might not
act as a negative inotropic agent but have a positive inotropic
effect in the acute setting.

A Mathematical Approach to Understanding the Effects of
Beta-blockers

Understanding the mode of action for beta-blockers is key for
elucidating theirimpact at different doses. Critically,31-AR have
a receptor reserve, meaning that only a fraction of the existing
receptor population, i.e., 50% in our case, needs to be activated
to produce the maximum response. Also,1-AR occur as
receptors with two identical subunits (protomers) for binding.
Binding only one of these subunits is sufficient to induce the
maximum response from the receptor dimer. Subsequently,

if another agent binds to the second subunit, this can be
negatively influenced by the binding to the first protomer,
decreasing the affinity for the agent to bind to the second
subunit. Note that this negative influence is only true forf31-AR
agonists, like noradrenaline, not for antagonists, like Landiolol.

Basing their work on ‘receptor theory’ of the interaction
between an agonist or antagonist and a receptor, Professor
Feuerstein and Dr Krumpl mathematically modelled the impact
of agonist and antagonist binding tof31-AR in the real world.
The Binomial Distribution describes the occupancy of dimeric
R1-AR best: This distribution reflects the number of successes,
i.e.,, binding to one or two protomer(s), in a sequence of n
independent experiments, each asking a ‘yes-no’ question,
where ‘yes’ means ‘bound protomer’ and ‘no’ means ‘unbound
protomer’. The number n of independent binding events is two
in our case (a dimeris composed of two protomers).

Itis important to note that the above-mentioned negative
influence, i.e., that agonist binding to the first protomer
decreases the affinity for the same agent or another
agonist to bind to the second subunit, is not compatible
with the independence of the two binding processes in a
single homodimer. This breach of the binomial principle
of independence of individual experiments through the
biologically most meaningful interaction of two protomers
belonging together had to be modelled. Obviously, such
an interaction may protect the heart muscle from harmful
overstimulation due to massively elevated endogenous
noradrenaline and adrenaline.
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The researchers assumed that, when all homodimers are
doubly bound, this state is just about compatible with the
basic pumping capacity of the heart. However, the basic
pumping capacity does not represent the maximum pumping
capacity of the heart, since a protomer bound by a first agonist
decreases the binding of a second agonist to the partner
protomer, thereby diminishing inotropy. Freeing up only one
subunit via a beta-blocker molecule will then improve the
inotropic condition at one dimeric receptor, as it ensures the
receptor is no longer activated by two stimuli. The benefits of
this displacement will prevail if the addition of beta-blocker
molecules results in more receptors bound with one beta-
blocker and one agonist, versus receptors bound with two beta-
blocker molecules.

Working on this principle, the researchers were able to show
that highly selective and potent, short-acting beta-blockers
such as Landiolol, when administered with other inotropes,
can recruit positive inotropy in acute heart failure when used
atrather low doses. Taking this a step further, they translated
their model to demonstrate the optimum dose for Landiolol
to maximise positive inotropy. They found that their predicted
optimum dose is within the recommended range for the
treatment of acute tachycardic atrial fibrillation (irregular and
rapid heartbeat), which fits with having a positive inotropic
influence on patients suffering from heart failure.

Itis important to remember, however, that the dose will have
to be adapted for clinical treatment according to the level of
cardiac dysfunction seen in the patient and that the ideal dose
range will vary according to the elevated levels of endogenous
catecholamines.

Challenging Sceptic Attitudes Through Data

Overall, Professor Feuerstein and Dr Krumpl’s approach
demonstrated that during the co-administration off3+-receptor
agonists and antagonists (the latter stop the response of the
receptor upon activation by an agonist), the antagonist may,
based on the behaviours laid out in receptor theory, dose-
dependently induce a positive inotropic effect in patients with
acute heart failure. As such, the negative inotropic effect that
has been previously demonstrated with higher doses can be
seen to be converted to positive inotropy at moderate to low
concentrations of 3+ beta-blockers.

In the case of Landiolol, a super-selective 31 beta-blocker

with 4 minutes half-life and specific dose recommendations
for patients with left ventricular dysfunction, support the
individual handling in the clinical setting. Professor Feuerstein
and Dr Krumpl are confident that their work, along with the
already existing clinical evidence, presents a strong case
towards erasing sceptic attitudes towards the use of this R1-AR
antagonist in patients with acute left ventricular dysfunction.
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Feuerstein transferred to the Institute of Pharmacology at the
University of Freiburg and specialised first in pharmacology and
toxicology. On returning to the Neurological University Hospital,
he completed his training as a neurologist and psychiatrist and
then qualified for the state doctorate (Habilitation) in 1988.
After being awarded the Constance Medical Sponsorship in
1989, he worked as Head of Department, Clinical Research
CNS, at the pharmaceutical firm Goedecke AG/Parke-Davis/
Pfizer (Freiburg and Ann Arbor, Michigan) until 1994 when he
was appointed Professor and Head of the Section of Clinical
Neuropharmacology, Neurocenter of the University Hospital
Freiburg. There he continued to pursue his research interests

in local anti-epileptic therapies and endogenous anti-seizure
mechanisms, especially with regard to the meaning of the
transporter-mediated selective GABA release.

E: thomas.feuerstein@uniklinik-freiburg.de
W: https://www.frias.uni-freiburg.de/de/personen/fellows

aktuelle-fellows/feuerstein/#CV
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UNDERSTANDING HOW
RECEPTORS AND GENETIC
MUTATIONS PROMOTE
HYPERTENSION

Hypertension (high blood pressure) is a common health issue in
adults that can lead to numerous co-morbidities. For hypertension
to develop, a pathway called the renin-angiotensin-aldosterone

system needs to be activated, and a vital part of this system

involves the angiotensin 1 receptor. Dr Sudhir Jain from New York

Medical College studies this receptor and how specific groups of

genetic mutations, known as haplotypes, promote hypertension

under different conditions.

Lifestyle Factors and Biological
Mechanisms

Hypertension, also known as high
blood pressure, is an increasingly
common condition. Astonishingly, an
estimated one-half of adults in the USA
have hypertension. Blood pressure is
measured in millimetres of mercury
(mmHg) representing systolic pressure
in the arteries when the heart beats
versus diastolic pressure in the arteries
when the heart rests between beats.

A healthy blood pressure reading for
systolic versus diastolic pressure should
be between 90/60 mmHg and 120/80
mmHg whilst a measurement of 140/90
mmHg or higher tends to indicate
hypertension.

Many factors can increase a person’s risk
of high blood pressure including but not
limited to being overweight, smoking,
being sleep deprived, and being over

65 years old. Because hypertension
increases the strain on blood vessels

as well as organs such as the heart,
kidneys, eyes and brain, it can result in
serious co-morbidities. Heart disease,
attack or failure may occur, and strokes,
kidney disease and vascular dementia
are also potential risks.

Fortunately, introducing healthy lifestyle
changes can bring down high blood
pressure and prevent it from becoming
a problem in the first place. Increasing
exercise, reducing salt, alcohol and
caffeine intake, increasing fruit and
vegetable consumption, and stopping
smoking are all key interventions. There
are also a number of drugs, usually in
the form of pills, that clinicians use to try
to control hypertension. ACE inhibitors,
calcium channel blockers, diuretics,
beta-blockers, and angiotensin-II
receptor blockers, are all frequently
prescribed to patients.

In particular, angiotensin Il receptor
blockers target the AT1-receptor, thus
directly blocking the vasoconstrictive
effect of its ligand angiotensin II, which
is a part of the renin-angiotensin-
aldosterone system that regulates
blood pressure. When angiotensin-Il is
activated, it creates vasoconstriction
(the narrowing of blood vessels) which
causes elevated blood pressure. It

also stimulates the release of another
hormone called aldosterone which
encourages sodium retention within the
kidneys, increasing the overall blood
volume and therefore, increasing blood
pressure.
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The angiotensin-Il activation for these
processes to take place comes via
receptors called angiotensin 1 receptors
(AT1R for short). This receptor and the
biological activities it promotes are the
focus of Dr Sudhir Jain’s research at
New York Medical College in the USA.

Utilising Mice Models

Dr Jain studies how genetic differences
(more formally and precisely referred
to as genetic heterogeneity) impact
illness, specifically diseases of the
cardiovascular-renal systems - those
of the heart and blood vessels and the
kidneys. Every human’s genetic makeup
is unique and thisis in part due to
genetic mutations; some of these are
harmless but some result in a higher
risk of disease. This is because our
genes are read by cellular machinery
to produce proteins and a consequent
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wrong amount or wrong types of protein can cause issues. One
of the most common mutations in humans are called single
nucleotide polymorphisms (SNPs - pronounced ‘snips’). These
are characterised by a single nucleotide, a DNA building block,
being altered within the genetic sequence. For example, a
cytosine nucleotide being swapped for a guanine nucleotide.

Dr Jain researches SNPs within the renin-angiotensin-
aldosterone system because they can give insight into how
and why hypertension develops. In turn, this will help him

to identify novel molecular targets within the system which
tailored drugs for hypertension and its co-morbidities could be
aimed towards.

To this end, Dr Jain and his colleagues have genetically
engineered mice models with the human angiotensinogen
gene (the precursor to angiotensin-1l) and human AT1R gene
variants. These mice are used to investigate how SNPs that
are reported in the human population may result in altered
regulation of the renin-angiotensin-aldosterone system and
predisposition to hypertension.

Inducing SNPs in Angiotensin 1 Receptor Genes

One of Dr Jain’s studies built on the evidence that increased
AT1R expression contributes to the onset of high blood
pressure. An increase in a receptor’s expression can be due to
SNPs appearing on the promoter region of the gene. This is a
section of DNA adjacent to the gene of interest to which the
DNA transcription machinery will bind and initiate the process
of protein synthesis. Therefore, Dr Jain chose a promoter region
on the AT1R gene, and its common SNPs, to study in relation to
hypertension.

He discovered two separate sets of four specific SNPs that
always occur together and named them haplotype-I and
haplotype-Il; a haplotype is the name for a set of DNA
variations. Previous research had revealed that haplotype-I
results in increased promoter activity and is associated with
hypertension within the Caucasian population. The mice that
DrJain and his team engineered had either haplotype-I or
Ilin their AT1R genes. They discovered that, in comparison

to mice with haplotype-Il, those with haplotype-I had higher
levels of the mRNA that would go on to aid the synthesis of
AT1R proteins. They also showed an increased expression of
inflammatory markers, high oxidative stress and higher blood
pressure.

Impact of a High-fat Diet

A subsequent study by Dr Jain progressed this research
further to look into how diet may impact the expression of

the ATIR gene. His initial hypothesis was that a high-fat diet
would increase AT1R gene expression via alterations in the
transcriptional environment, dependent on the haplotype
present. As a result of inflammation and oxidative stress, he
predicted that hypertension would occur in haplotype-I mice.
Metabolic syndrome, a combination of obesity and high blood
pressure, is a known consequence of an overactive renin-
angiotensin-aldosterone system. Therefore, Dr Jain set out to
understand how diet-induced metabolic syndrome impacts the
cellular environment for transcription and its effects on AT1IR
expression.

Once again, he used engineered mice with haplotype | or Il
and fed them a high-fat diet for 20 weeks. After this time, their
blood pressure and tissue samples were analysed. In line

with his previous results, Dr Jain found that haplotype-l mice
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showed an increased expression of the AT1R gene, an increase
in inflammatory molecules and suppression of antioxidant
defences, compared to haplotype-Il mice. Although the high-
fat diet increased blood pressure in both sets of mice, these
factors resulted in more severe hypertension in the haplotype-|
mice. This suggests that the presence of the haplotype-I
mutations predisposes the mice, and likely humans as well, to
hypertension, especially under poor diet conditions.

Older Age Is Also a Risk Factor

This time focusing on a different risk factor for hypertension, Dr

Jain carried out a study on the effect of age on AT1R expression.

As we age, many of our biological processes alter in some way,
so Dr Jain hypothesised that this would be another factor that
changed the transcriptional environment for the regulation of
ATIR gene expression. And once again, he believed that the
haplotype present in the AT1R gene would impact the result of
this.

The mice he and the team used for this experiment were

eithe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>