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The ABCs of
Autoimmunity
A unique type of B cell
appears to play a role in the
development of autoimmune
disorders – and may explain
the disproportionate
prevalence of such diseases in
women
July 2017
“It’s well-known that autoimmune
diseases mostly affect women – in fact,
about 80 percent of all autoimmune patients
are women,” explains Kira Rubtsova, a
researcher and instructor in biomedical
science at National Jewish Health. “At
the same time, the onset of autoimmunity
usually happens during adulthood.” Why
are women so disproportionately affected
by autoimmune issues? Rubtsova and
her colleagues suspected that the female
immune system undergoes changes
with age that lead to the progression of
autoimmunity – changes that the male
immune system does not experience. But
precisely what are those changes? In the
quest to answer that question, Rubtsova’s
group discovered age-associated B cells
(ABCs).
What are ABCs?
“ABCs are a unique subset of B cells that
can be distinguished from other types by
the expression of certain molecules. In
particular, ABCs express the integrins
CD11c and CD11b on their surfaces and
contain high levels of transcription factor
T-bet, none of which is expressed by other
types of B cells.” And when the researchers
compared the gene expression profiles of
ABCs with those of other B cells, they
found hundreds of differentially expressed
genes – indicating that ABCs have a unique

phenotype and likely a unique function (1).
What do ABCs do?
“ABCs are present at high frequency
in lupus-prone mice,” says Rubtsova,
“and their appearance coincides with
the onset of the disease in these animals.”
The team also observed elevated ABCs
in human autoimmune disease patients
– but, at the time, they weren’t sure
whether the appearance of ABCs caused
the development of disease or merely
coincided with it.
In their recently published study (2),
Rubtsova’s team generated mice that are
predisposed to developing lupus-like
autoimmunity, but lack T-bet expression
in B cells (meaning that they cannot
generate ABCs). “We have followed
the health conditions of these mice over
time, comparing them with lupus-prone
mice that can develop ABCs,” she says.
In the absence of ABCs, the lupusprone mice were significantly less likely
to develop disease. “These data led us to
the conclusion that ABCs drive the onset
of autoimmunity.”
Could ABCs be diagnostically
useful?
“The presence of these cells can be
used for diagnostic purposes,” Rubtsova
says. It’s possible that, one day, patients
suspected of autoimmune disorders could
be tested for the presence of ABCs. And
if the cells participate in the disease
process, it’s also possible that people at
risk of developing such disorders might
even be screened using ABCs one day,
allowing doctors to spot autoimmune
diseases before symptoms arise.
But Rubtsova also wants to highlight
the therapeutic potential: “These
cells can be used as targets for the
development of novel therapies that
could cure autoimmunity. Because our
results indicate that ABCs represent the
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pathogenic subset of cells, their removal
may lead to the amelioration of disease.”
One of her team’s next goals is to develop
a drug capable of depleting or inactivating
ABCs.
In the meantime, many questions
remain. How do ABCs promote the
development of autoimmunity? Why
is T-bet expression so critical for the
development of these cells? And why are
females more predisposed to developing
ABCs and autoimmune diseases?
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The Hunt for an
HD Blood Test
Do we finally have an
effective blood biomarker for
studying the progression of
Huntington’s disease?
June 2017
Huntington’s disease (HD) is a
devastating neurodegenerative disorder
with no cure or disease-modifying
treatments. Caused by an expanded
trinucleotide repeat of the DNA bases
cytosine-adenine-guanine (CAG) in
the Huntingtin gene, it is primarily an
inherited disease. Symptoms commonly
arise between the ages of 30 and 50,
but can begin as early as infancy. When
it comes to diagnosis, there are wellestablished clinical and neuroimaging
markers of disease and progression – but

few useful biochemical markers exist.
Lauren Byrne is a researcher at
University College London Huntington’s
Disease Centre who is working on a
blood test that can predict the onset and
progression of HD – and she has personal
reasons for doing so. “I grew up in a HD
family, and have several family members
affected by the disease. I always loved
science and was fascinated by the brain,
so it was a natural progression for me
to get involved in HD research. I find
translational research – for example, the
development of biomarkers of disease
progression that could directly benefit
patients – particularly enticing”, she says.
“The hunt for a blood test has been
going on for decades,” says Byrne. Efforts
began in earnest in the 1990s, after the
causative gene behind HD was identified.
Byrne and her colleagues have been
focusing on neurofilament light protein
(NfL) – a subunit found in neurons that
helps them hold their structure. NfL is
released when neuronal damage occurs,
and is found at increased concentrations
in the cerebrospinal fluid (CSF) of people
with diseases such as Alzheimer’s, ALS,
and dementia; previous studies have
also found raised concentrations in CSF
in individuals with HD. NfL has also
been measured in the blood in several
neurodegenerative disorders, and in the
blood of athletes in high impact sports
like boxing. But this new project is the
first to study the blood of HD patients,
using an ultrasensitive single-molecule
array method.
“We found blood levels of NfL to
be raised in HD and even in HD gene
mutation carriers that were over 10 years
from showing any symptoms of HD.
NfL levels from the first baseline visit
were associated with decline in cognitive
and functional measures as well as global
and regional brain atrophy,” says Byrne.
“Individuals who progressed from
premanifest to manifest HD within
the three years of our study had higher
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levels of NfL at baseline. Most of these
associations survived adjustment for age
and CAG interactions, which are the best
predictors of disease progression currently
available.”
As this is the first blood marker to show
such predictive value for disease onset and
progression, the potential implications for
patients are huge. The research group now
plans to measure NfL in different animal
models, including those treated with
Huntington-lowering therapies, and to
study the marker in larger patient cohorts
at more time points, to better understand
individual variation.
“We have presented the results at
two scientific meetings and had a
great response. Several groups want to
collaborate with us by sending us their
own samples to quantify NfL,” says
Byrne. “And the public have also been
excited. I think researchers and patients
alike understand that this could be very
important for the success of future trials.”
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Leidenfrost
Nanochemistry
Scientists fabricate
anticancer nanoparticles by
recreating deep sea volcano
chemistry
July 2017
Current methods for fabricating
nanoparticles, such as hydrothermal
synthesis, laser ablation, or gel
synthesis, all involve environmentally
unfriendly surfactants, as well as
expensive instrumentation. But what
if fabrication could be achieved simply
with a water bath and hot plate? Inspired
by the way water dances on a hot pan
– the Leidenfrost phenomenon – and
similar chemistry that takes place in
underwater volcanos, Mady Elbahri,
Professor of Chemical Engineering at
Aalto University, Finland, has developed
an environmentally friendly means of
producing ZnO2 nanoparticles (1). What’s
more, Elbahri’s team has also found that
the nanoparticles can kill cancer cells.
Here, she tells us more about Leidenfrost
nanochemistry.
What inspired this work?
Let’s start with the Leidenfrost
phenomenon. When cooking in the
kitchen, you may have noticed that when a
water droplet touches the surface of a very
hot pan, instead of evaporating, it moves
and dances. I observed this phenomenon
– the Leidenfrost phenomenon – in
my kitchen a few years ago, and after
contemplating the mechanisms behind
it, I thought that it could potentially be
useful for nanosynthesis. After some
initial research, I introduced the novel
concept of “Leidenfrost nanochemistry,”
which means synthesis of nanoparticles

using the Leidenfrost effect. To scale up
the process, we sought to recreate the
way underwater volcanos form minerals
through Leidenfrost chemistry using a
hot water bath.
How does Leidenfrost
nanochemistry work?
In the proximity of volcano gates, deep
in the ocean, the dynamic chemistry
taking place is unique in terms of
self-regulation and openness to flow
conservation, which enables simultaneous
chemical synthesis and self-organization
of minerals. Similarly, we were able to
synthesize nanoparticles at the bottom of
a hot bath in an overheated zone at a vaporliquid interface. The particles then erupt
towards the colder region of the liquidair interface – making them increase in
size. This physical separation allows us
to tailor the size of the particles with an
optimum monodispersity. Monodisperse
nanoparticles show uniform properties
and induce similar responses in the cells
they interact with, which is important
in terms of using them for therapeutic
purposes.
How do ZnO2 nanoparticles
kill cancer cells?
I became interested in Z nO2
nanoparticles after reading the work of
Otto Heinrich Warburg, who won the

Nobel Prize in 1931 for showing that
cancer can be caused by lack of oxygen
in cellular respiration. I theorized that
peroxide nanoparticles, as a rich source of
oxygen, would be able to kill cancer cells
by delivering oxygen to cancer cells and
inducing oxidative stress. The theory was
tested in a series of experiments, which
went well. Never before has the impact
of ZnO2 nanoparticles on the survival of
cancer cells, as well as normal healthy
cells, been studied. And the result?
ZnO2 nanoparticles have adverse effects
on human cells, cancer suspension cells,
and adherent tumour cells, depending
strongly on the size of the particles and
the cell physiology.
What comes next?
We plan to conduct further research
to discover what size and dose of the
nanoparticles works best for potentially
combating cancer. We also hope to learn
more about the mechanism involved in
the cytotoxic effect of ZnO2 particles on
various cell types. We are also looking for
investment so that we can further expand
the range of applications for Leidenfrost
nanochemistry.
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Beating the
Clock in Brain
Injury
Diagnosing brain injury can
be complex – but is a quick
and simple blood test on the
horizon?
July 2017
Rapidly diagnosing the extent of
a traumatic brain injury (TBI) is no
easy task, but it is crucial to ensure
that the patient receives the right
treatment as fast as possible. Current
tools include the Glasgow Coma
Scale, pupil reactivity and computed
tomography (CT) scans. However,
these approaches cannot always
predict damage that occurs secondary
to the original insult, including sleep
disturbances and memory problems,
which may develop some time after
the initial injury.
“Traumatic brain injury is the
leading cause of death and disability
among young adults and, according
to the World Health Organization,
by 2020 TBI will become the
world’s leading cause of neurological
disability across all age groups,” said
Lisa Hill, first author of the associated
paper (1) and a Research Fellow at
the Institute of Inf lammation and
Ageing, University of Birmingham,
UK, “Early and correct diagnosis of
traumatic brain injury is one of the
greatest challenges facing clinicians.
Being able to detect compounds in the
blood which help to determine how
severe a brain injury is would be of
great benefit to patients and aid in
their treatment (2).”
Hill and her colleagues set out to do
just that, analyzing 92 inf lammation-

associated proteins in serum from
healthy volunteers and from 30
patients diagnosed with mild TBH
and extracranial injury, severe TBI and
extracranial injury, and extracranial
injury only. Samples were taken by
emergency response teams within an
hour of the injury being sustained,
and analyzed using a 32 biomarker
multiplex inf lammation immunoassay
. Three proteins – CST5, A XIN1
and TR AIL – were identif ied as
promising biomarkers for TBI, and
CST5 was further found to be able to
discriminate between severely brain
injured patients and those with mild
or no brain injury.
The researchers plan to study the
three potential biomarkers further,
with a view to creating a test that
could be performed before the patient
arrives at hospital – or even at the side
of a sports pitch. Valentina Di Pietro,
co-author of the study, said “Early and
objective pre-hospital detection of
TBI would support clinical decision
making and the correct triage of
major trauma. Moreover, the correct
diagnosis of TBI, which is one of
hardest diagnosis to make in medicine,
would allow clinicians to implement
strategies to reduce secondary brain
injury at an early stage (2).”
Looking further ahead, the authors
hope that faster diagnosis of TBI could
give a boost to drug development in
this area, as early diagnosis would
allow treatments to be started within
the critical first hour after injury.
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ultra-early inflammatory biomarker of

Credit: Tyler Stradleigh, Nord Lab, UC
Davis Center for Neuroscience.
A recent study has used mice to gain
insight into changes in the brain seen
in autism spectrum disorder (ASD).
The paper from University of California
Davis describes a mutation in the Chd8
gene that causes increased brain size,
or megalencephaly, in mouse cortex, a
condition also present in people with
ASD. Antibodies against Tbr1 (green)
and Ctip2 (red) display distinct laminar
distributions within the cortex and
differential regional expression in the
hippocampus of a juvenile mouse brain.

(2017). PMID: 28694499.
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HED Hair
Researchers link hypohidrotic
ectodermal dysplasia and
male pattern baldness by
studying genetic mutations in
humans and mice
July 2017
What do hypohidrotic ectodermal
dysplasia (HED) – a condition that
results in abnormal development of
the skin, hair, nails, teeth and sweat
glands – and male pattern baldness
(MPB) have in common? According
to researchers, the two could be more
closely connected than previously
thought. HED, which affects at least
one in 5,000¬–10,000 people, is most
frequently caused by mutations in
the EDA, EDAR, EDARRAD and

WNT10A genes. WNT10A mutations
are also a frequent culprit in patients
born with missing teeth, but without
other HED characteristics, and are
found in as many as one in 50 people.
“We have been interested for years
in studying the role of the Wnt cell–
cell signaling pathway in controlling
the development and growth of hair
follicles and other skin appendages,”
says Sarah Millar, Director of the Skin
Biology and Diseases Resource-based
Center, University of Pennsylvania,
USA. “About ten years ago, we
discovered that Wnt signaling regulates
some of the genes that are mutated in
HED, and that these HED genes can
reciprocally control Wnt signaling
activity. At about the same time, a
research group in Lebanon described
an HED family whose members have
a mutation in one of the Wnt genes,
known as WNT10A. This provided the

first insight that mutations in the Wnt
pathway itself could result in HED.”
By working with both WNT10A
knockout mice and HED patients
with the WNT10A mutation, Millar
and her team, including lead author
Mingang Xu and clinical collaborators
Emily Chu and John McGrath, were
able to delve deeper into the genetics
of HED (1). They found that the
mutant mice experienced the same
symptoms as HED patients with
severe loss-of-function WNT10A
mutations: miniaturization of hair
follicle structures, and an enlargement
of sebaceous glands – changes also seen
in many balding men.
“By using a genetic mouse model, we
were able to analyze cellular behaviors
at a level that is not possible using
human patient samples. Our recent
study provides def initive genetic
evidence that mutation of WNT10A
causes HED, rather than simply being
associated with it. Markus Nothen
at the University of Bonn, Germany,
together with his collaborators, found
that a variant in the human WNT10A
gene is also associated with increased
incidence of male pattern baldness.
Together, these two findings suggest
a link between the rare condition of
HED, and this much more common
condition,” adds Millar.
Ultimately, Millar and her team hope
that moving between mice and patients
to better understand the genetic
underpinnings of HED could lead to
better treatments for the rare condition
– and possibly even alternative avenues
of therapy for more common conditions,
such as hair loss.
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Good on Paper
As we develop new point-ofcare diagnostics for resourcelimited settings, the humble
sheet of paper has a lot to
offer...
By Andres Martinez, Associate Professor
of Chemistry, California Polytechnic State
University, San Luis Obispo, USA.
July 2017
Approximately 70 percent of all
clinical decisions and therapeutic
treatments are based on the results of
a diagnostic assay, but they account for
only 2.3 percent of the total medical costs
of treating a patient in the United States
(1). Diagnostic assays play an even more
critical role in remote, resource-limited
settings where doctors or other trained
medical personnel are not available (2).
In these settings, a reliable diagnostic
could mean the difference between
life and death; millions of people in
developing countries die every year
from preventable or treatable diseases
because, at least in part, appropriate
assays are not available (3). In resourcelimited environments, most existing
technologies are either too expensive
or not compatible with the extreme
conditions encountered (4). Low cost,
point-of-care tests (POCTs) have the
potential to overcome both of these
challenges if developed appropriately
– and some, such as the rapid test for
malaria, have already had an impact,
leading to a significant reduction in
the burden of disease around the globe
(3). With appropriate design, next
generation POCTs could lead to further
improvements in global health.
A POCT is the combination of assay
chemistry and a platform (i.e. a device)
to support that chemistry. To be useful

in resource-limited environments,
the device must be cheap, small and
portable; the reagents must be stable
at room temperature; the results of the
assay chemistry need to be accurate and
easy to interpret; the assay should have
minimal power requirements (ideally
the assay should not require electrical
power, but battery-powered assays are an
option); and the assay should be relatively
simple to perform – ideally, user must
only apply the sample to the device and
then read the results. The WHO released
the “ASSURED” criteria to describe the
ideal assay: affordable, sensitive, specific,
user-friendly, rapid, equipment-free and
deliverable to end-users. Paper-based
platforms were developed specifically to
meet the demands of resource-limited
settings.
Paper has many inherent characteristics
that make it well suited as a platform
for POTCs – it is cheap and widely
available, it wicks fluids by capillary
action, it has a large surface-to-volume
ratio, and it provides a white background
that makes color changes easy to see. The
first examples of paper-based devices
were simple dipstick assays (like litmus
paper) that monitored the concentrations
of certain analytes using color changes.
Then came lateral-flow immunoassays,
such as the rapid diagnostic test for
malaria and the home pregnancy test,
which vastly expanded the range of
analytes that could be detected on paper
by relying on antibodies for detection. A
global community of researchers is now
working on the next generation of paper-
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based devices known as microfluidic
paper-based analytical devices, or
microPADs.
MicroPADs are devices made from
paper, or other porous membranes,
patterned with hydrophobic inks to
create hydrophilic channels. Like
conventional microf luidic devices
made from glass or plastic, microPADs
comprise a network of channels that
can be used to process small volumes
of sample and perform multiplexed
assays. Unlike conventional microfluidic
devices, microPADs wick fluids by
capillary action, so they don’t rely on
pumps or other supporting equipment.
The combination of microPADs with
new assay chemistries is leading to
more sensitive and quantitative assays
that should expand the applications and
utility of paper-based tests (4).
Though POCTs for use in resourcelimited settings must be cheap, rapid and
simple, the process of developing these
devices is challenging, expensive and
time consuming. However, the potential
benefits of new diagnostic technologies
easily justify the investment in time and
resources required to develop them.
And who knows – the device originally
developed to use in rural villages could
one day end up serving the populations
of major cities too.
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Why ‘Sexy’
Needs Substance
We need to explain the
context when using ‘grab
bag’ phrases in science and
medicine
By Rajesh Rao, vitreoretinal surgeon,
clinician-scientist, and Assistant Professor
of Ophthalmology and Visual Sciences at
the Kellogg Eye Center, Assistant Professor
of Pathology, and Leslie H. and Abigail S.
Wexner Emerging Scholar at the A. Alfred
Taubman Medical Research Institute,
University of Michigan, USA.
July 2017
We all like to hear things in soundbites
but, in my view, we should also explain
what we mean when we use terms such
as epigenetics, stem cells and precision
medicine.
I’ve been in the stem cell field since 1999,
and in epigenetics since 2008, and I think
the term epigenetics is becoming like
‘stem cell’ in that it means many different
things to different people. Scientists and
clinicians have been expressing their
concerns about how the term epigenetics
can get misused in the media (1) – and
we need to be more cautious with it.
Why? Epigenetics could essentially
mean anything; some of the influences
are outside genetics. My concern is that
using epigenetics as a ‘grab bag’ term is not
helpful for science, patients or clinicians.
Whenever I talk about epigenetics, I
quickly provide context of how I intend to
use the term, stating that I am using it to
refer to chemical modifications that occur
to DNA and histones, and how these
changes link to gene expression. Doing
so brings me to a relatively focused area, so
I can talk about some of the mechanisms
driving the changes.

Going back to the stem cell analogy,
some clinics state they are using stem
cells – but don’t truly know if the “stem
cells” they purport to use share defining
characteristics of these cells such as selfrenewal and tissue-specific differentiation
(2). And in some cases, these clinics are
putting patients in danger; take, for
instance, the widely reported case of three
female patients in Florida who suffered
blindness as a result of an untested “stem
cell therapy” (3).
Precision medicine is another grabbag term. But haven’t we always been
doing precision medicine? I am a retina
specialist, and when I see a patient
with macular degeneration or diabetic
retinopathy, I routinely take into account
their medical history such as whether
they smoke and what medications they
take, their A1C, and the findings from
the retinal exam. One could (truthfully)
say, “I’m practicing precision medicine!”
– after all, the treatments are being
tailored to the patient based on the unique
characteristics of their disease. So again,
rather than using ‘precision medicine’ as
a grab bag term, I try to contextualize my
usage: “By precision medicine, I mean
that the patient has particular germline
or somatic genetic changes (mutations or
copy number alterations) or epigenetic
changes (over expression or under
expression of specific genes) – and based
on those genetic or epigenetic alterations,
I can now link the patient’s disease to a
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more tailored diagnosis, treatment, or
experimental intervention being tested
in a clinical trial.”
The bottom line? The moment we
start using specialized terms, such as
epigenetics, stem cells and precision
medicine, we should also define them
and include the context of how we are
using them to describe our patients or
their treatments.
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Rush at Your
Peril
Poor study methods and false
discoveries have plagued
biomarker research for years –
so don’t trust everything you
read
By Eleftherios P. Diamandis, Hold’em for
Life Chair in Prostate Cancer Biomarkers,
Head of Clinical Biochemistry, Mount
Sinai Hospital and University Health
Network; Professor & Head, Division
of Clinical Biochemistry, Department of
Laboratory Medicine & Pathobiology,
University of Toronto.
July 2017
I have now been working in the field
of cancer biomarker discovery for over 30

years. The investment over the last decade
or so has been high – as has the excitement
– but, in my opinion, the actual yield of
new cancer biomarkers has been very poor.
There are many reasons for this, but I
believe there is a major problem that needs
to be tackled: false discovery. All too
often, a group will believe that they have
discovered a new biomarker, and they will
hurry to publish in a prestigious journal.
And all too often, it becomes apparent
that the biomarker is not performing
as expected, and that the results are
unreliable and can’t be reproduced. In
short, the discovery is a false one.
I have previously published papers
highlighting the fact that a great number
of studies describing novel biomarkers
actually suffer from false discovery
(1). Another issue is that a research
group may indeed discover a biomarker
showing a statistical difference between,
for example, a non-cancer group and a
cancer group, but the differences are not
sufficient for the biomarker to be used in
the clinic – the performance is too poor.
Again, we end up with published papers
that contain information on a biomarker
that is not useful; it can never make it to
the clinic. If you were to delve into the
literature and examine 100 or even 1,000
published biomarkers, you would likely
find that half of them are actually false
discoveries, and that the other half are
so poor that they don’t provide clinically
useful information...
Some questions to ask yourself when
setting up this type of study: were your
samples properly collected, processed and
stored? Have you selected your control
groups appropriately? Are you looking
at men, women, or both? What age are
the controls versus the diseased group?
What methods are you using to interpret
your data? These are common areas for
error to creep in – and the responsibility
for making sure that every parameter
is controlled and accounted for in any
project lies with the investigator. It’s also
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important for all of us to remain vigilant
against rushed and inadequate research.
I personally publish a lot of papers
essentially saying “this paper is false, and
this one, and this one.”
Unfortunately, even though the
information on how to avoid false
discovery is out there, many researchers
do not appear to be heeding it. But if
you rush a study, even though you might
get published in a big journal, your poor
methods mean that whatever you publish
will not enter patient care – it will fall into
the cracks and make no real impact.
My recommendation? When you read
that first report on the glorious discovery
of a new biomarker, you should also wait
and see if subsequent validation reports,
especially by other groups, corroborate the
results. With so many biomarkers proving
too good to be true, I would advise a
healthy level of skepticism!
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