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Letter from the Editor

Robert Ungard

On behalf of the 57 volunteer sta↵ and 24 contributing authors of Health Science Inquiry I am very pleased to present
our 10th anniversary edition – The Future of Health. This 2019 issue includes new and timely insight into the future
science of health and the implications for societies, as well as original art and fiction – all created by graduate and
professional students in Canada.

Since its founding at the University of Toronto 10 years ago HSI has grown to become the premier pan-Canadian
Health Sciences journal written and managed entirely by advanced-degree students. We are now very proud to count
representatives of 12 Canadian Universities from coast-to-coast among our sta↵ and authors.

This year we have continued the tradition of a themed issue with mini-review and opinion pieces, original artwork,
and we have again published our internal content on News, Expert interviews, and Careers. In addition, for the first
time we have included fiction – expanding our mandate to be a platform for discovery and expression.

Thank you very much to our partner journals Medicine and Lifestyle Genomics, and our sponsors including McMaster
University’s Graduate Student Association and the University of Regina’s Graduate Student Association.

I firmly believe that HSI is an excellent and important initiative that not only showcases the work of some of our
country’s most driven and talented advanced-degree students but that also provides many much-needed opportunities for
professional experience. I am very fortunate to have had the opportunity to act as Editor-in-Chief and to have worked
alongside so many generous people here at HSI, congratulations to everyone involved.

Sincerely,

Robert Ungard Editor-in-Chief, Health Science Inquiry

vii



Health Science Inquiry Volume 10, 2019

Epigenetics to the Rescue:
Promising Potential of Epigenetic Therapies in Future Medicine

Daniel Robinson

The optimization of CRISPR technology to edit and correct errors in DNA is playing a pivotal role in developing
new therapeutics which could soon cure genetic disease. However, genetic errors are not the only basis leading to disease.
Such is the case when typical gene expression becomes aberrant, which in turn disrupts cellular and tissue function and
culminates in disease. This specific regulation of gene expression beyond the actual DNA sequence is known as epigenetics.
Broadly defined, this is the interaction of proteins and regulatory complexes with DNA which control whether a gene
will be expressed or repressed, in turn providing cells specific functions. This di↵erential regulation of genes allows cells
which share a same DNA sequence within an organism to adopt di↵erent roles – such as the di↵erent functions of white
blood cells versus skin cells - and providing di↵erent abilities to cell populations, such as the regenerative potential of
liver cells. The ability to correct epigenetic dysfunction is a promising approach that could o↵er therapeutic value against
various diseases, as is reviewed [1].

Muscle stem cells are a particularly attractive system for epigenetic studies given their abundance. Further, the role
of muscle stem cells in regenerating damaged muscle is quite well understood - when skeletal muscle is damaged through
exercise or disease, dormant muscle stem cells become activated, expand their population, then di↵erentiate to repair
damaged muscle (summarized in Figure 1). Thus, muscle stem cells are an attractive system to study how epigenetic
changes confer regenerative potential to this population. In fact, researchers are now starting to see that epigenetics play
a critical role in regulating these cell state changes.

Figure 1: During muscle regeneration, dormant muscle stem cells (green) become activated (red), proliferate to expand
its population (blue), then di↵erentiate (yellow) to repair the damaged muscle fiber. These processes are regulated
through dynamic changes within the epigenetic landscape.

At the Ottawa Hospital Research Institute’s Sprott Center for Stem Cell Research, senior scientist Dr. Je↵rey
Dilworth studies epigenetic implications in muscle stem cells. To shed some light on the subject, Dr. Dilworth explains
that his research focus is to “understand how epigenetic mechanisms control cell state decisions made by muscle stem

cells during development and regeneration, and how this information is used to regulate the regenerative potential of

muscle stem cells”. Dr. Dilworth believes his research will help clarify specifically how epigenetic changes regulate the
regenerative potential of muscle stem cells in forming new muscle fibers.
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Current research has demonstrated that there are epigenetic di↵erences of muscle stem cells during their regenerative
process to fix damaged muscle fibers. Dr. Dilworth explains that dormant muscle stem cells have “condensed chromatin

that [. . . ] helps keep the cells resistant to DNA damage over time.” When muscle damage is sustained and it becomes
time to repair muscle, the dormant muscle stem cells become activated and start proliferating to expand the pool of cells
required to regenerate skeletal muscle. At the epigenetic level, these proliferating muscle stem cells are “characterized by
an opening of chromatin which allows higher expression of genes required for these processes to occur.” Once a su�cient
population of muscle progenitor cells is produced, another epigenetic change occurs which suppresses proliferative genes
required for population expansion, and allows expression of new genes required for muscle function.

The importance of understanding epigenetic regulation in healthy muscle stem cells helps researchers understand their
regenerative potential, and how this may be a↵ected in diseased conditions. Dr. Dilworth explains that “[other research]
groups have shown that in muscle wasting diseases, one contributing factor to loss of muscle is the inability of muscle

stem cells to properly transition between cell states to help regeneration.” The ability to correct epigenetic dysregulation
in muscle wasting disease could help normalize muscle stem cell function and promote muscle strengthening. In theory,
this will reduce the severity and progression of muscle wasting disease.

Fortunately, the clinical use of therapeutic agents to correct epigenetic states and return regenerative potential to
muscle stem cells may be closer than expected. There are already some epigenetic drugs in clinical trials to treat muscle
wasting diseases such as Duchenne Muscular Dystrophy. These histone deacetylase inhibitors, or HDACs which are
reviewed here [2, 3] have shown positive results in animal models, but more research is required to see how this will
translate into patients to improve muscle function.

The importance of epigenetic regulation in controlling cell roles and states is exemplifying the importance of proper
gene regulation to maintain healthy cellular and tissue functions. Of interest is the recent discovery of epigenetic
modifying drugs which can correct epigenetic states in diseased cell populations. Although the complete therapeutic
extent of these drugs remains to be fully understood, epigenetic modifying drugs could hold great therapeutic value to
treat various diseases in the future.

References
[1] Heerboth S, Lapinska K, Snyder N, Leary M, Rollinson S, Sarkar S. Use of epigenetic drugs in disease: an overview.

Genetics & epigenetics. 2014;6:GEG–S12270.

[2] Consalvi S, Saccone V, Giordani L, Minetti G, Mozzetta C, Puri PL. Histone deacetylase inhibitors in the treatment
of muscular dystrophies: epigenetic drugs for genetic diseases. Molecular medicine. 2011;17(5-6):457–465.

[3] Consalvi S, Saccone V, Mozzetta C. Histone deacetylase inhibitors: a potential epigenetic treatment for Duchenne
muscular dystrophy. Epigenomics. 2014;6(5):547–560.

Daniel received his B.Sc. in Biochemistry at the Uni-
versity of Manitoba in 2015, where he worked in var-
ious labs ranging from synthetic organic chemistry to
studying protein dynamics. He is currently a PhD
candidate at the University of Ottawa, where he stud-
ies gene mechanisms important for muscle stem cell
regenerative potential. During his free time, Daniel
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the gym.
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Microbes on the Mind:
The Promise of Psychoactive Probiotics to Treat Mental Illness

Kevin Champagne-Jorgensen

The development of novel pharmaceuticals for psychiatric illnesses has stagnated throughout the past few decades,
leaving many scientists searching for alternative treatment strategies [1]. One promising avenue is the use of certain live
microorganisms as oral supplements (termed probiotics).

This isn’t as far-fetched as it may seem. We’ve known for decades that the trillions of microorganisms that inhabit
our gastrointestinal tract (known as our gut microbiota) have diverse roles in modulating our physiology, including gas-
trointestinal and immune function [2]. But recently there’s been a surge of research demonstrating that these microbes
may also have important roles in brain function and development. Numerous clinical studies have found abnormal
gut microbiota diversity in patients with some psychiatric or neurological illnesses, including depression, autism, and
Alzheimer’s disease [3]. Exploratory studies have further shown that animals without microbes develop abnormal be-
haviour and brain structure, while normal animals fed with specific bacteria or microbial communities can develop
predictably altered behaviour [3].

To get an expert’s take on this topic we spoke with Dr. Thomas Tompkins, research director at Lallemand Health
Solutions in Montreal and a leader of research in this area. Tompkins noted that, while the idea of treating mental illness
with live bacteria had been proposed as early as 1910, it was obscure, and only first occurred to his team in the early 2000s
[4]. This is when, according to Tompkins, they noted that in previous unrelated clinical studies, “participants reported
that when they took the probiotics, they were getting better sleep and feeling less aggravated” [4]. These observations
prompted a series of exploratory studies in both rodents and humans, which consistently suggested reduced anxiety-,
depression-, and stress-related symptoms after treatment with Lallemand Health Solution’s Probio’Stick probiotic (a
combination of the bacteria Lactobacillus helveticus Rosell-52 and Bifidobacterium longum Rosell-175) [4]. While they
are promising, these studies were early-phase and relatively small. But as Tompkins explained, we shouldn’t have to wait
long; more clinical work is set to be published over the next couple of years, and his colleagues are currently conducting
a larger clinical trial of Probio’Stick in participants with major depressive disorder [4].

While the work of Tompkins and his colleagues is a good example of a promising probiotic showing beneficial
psychoactive e↵ects in human patients, it is unfortunately one of few. The majority of the work in this area is pre-
clinical, where investigators are using animal models to uncover mechanisms that may allow microbes to a↵ect the
brain.

One of the pioneering laboratories in this field is that of Dr. John Bienenstock, director of the Brain-Body Institute
and distinguished university professor at McMaster University. Bienenstock and his colleagues are actively researching a
number of microbial strains to determine the mechanisms underlying their psychoactivity. A major focus of Bienenstock’s
research is the bacterium Lactobacillus rhamnosus JB-1, which has consistently decreased anxiety-like, depressive-like,
and stress-related behaviours in rodent models [5]. His team and others have shown that some bacteria (such as L.

rhamnosus JB-1) can produce neuroactive compounds, including neurotransmitters or short chain fatty acids. Moreover,
he and his colleagues also demonstrated that some neuroactive properties of particular bacteria are dependent on the
vagus nerve (a major neural connection between the brain and the gastrointestinal tract) [5]. As Bienenstock explained,
there are many di↵erent pathways by which gut microbes may interact with the nervous system, including directly in
the gut, neuronally through gut-connected nerves, and systemically via the immune or circulatory systems [5].

Though progress thus far is encouraging, both Tompkins and Bienenstock agreed that this research has many limita-
tions. For example, Tompkins indicated that probiotic activity may depend on its location in the gut, which may limit
their e�cacy [4]. However, he believes that this and other issues may well be overcome by the use of genetic engineering;
as Tompkins put it, “if we can find specific pathways to target. . . we could alter a microbe to deliver a very specific
compound to a specific region of the gut where its receptors for uptake are”. Furthermore, according to Bienenstock,
mounting evidence suggests that other members of the gut microbiota play important roles in modulating the e�cacy of
probiotics, and that some probiotic activity may in fact be mediated by as-of-yet-overlooked components [5]. As he told
us, “the whole question of non-bacterial microbes, such as the bacteriophages, other viruses, archaea, and yeasts that
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also populate our intestines, is only at the very beginning of understanding and testing, and it’s very limiting to simply
assume that the only thing that’s important is bacteria.”

Thus, while much of the research in this area remains preliminary, both experts we spoke to are confident that it
will progress fruitfully. The next few years should see an increasing number of probiotics entering clinical trials for their
psychoactive properties, and some may even reach the market in the coming decades. Where future research will take
this field is certainly up for debate, but because of the substantial scientific and commercial interest, strong preclinical
promise, and potential for seminal discoveries in this area, we can be certain of years of exciting discoveries to come.

References
[1] Friedman RA. A Dry Pipeline for Psychiatric Drugs. The New York Times; 2013. Available from: https://www.

nytimes.com/2013/08/20/health/a-dry-pipeline-for-psychiatric-drugs.html.

[2] Schroeder BO, Bäckhed F. Signals from the gut microbiota to distant organs in physiology and disease. Nature
medicine. 2016;22(10):1079.

[3] Sarkar A, Harty S, Lehto SM, Moeller AH, Dinan TG, Dunbar RI, et al. The microbiome in psychology and cognitive
neuroscience. Trends in cognitive sciences. 2018;22(7):611–636.

[4] Tompkins T. Interview; 11 December 2018.

[5] Bienenstock J. Interview; 07 December 2018.
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One Size Fits One:
Personalizing Prosthetics with 3D Printing

Morla Phan
3D printing is a relatively new technology, having set its roots in the late 80’s to early 90’s. Aptly named, 3D printing

is a process where a three-dimensional object is created through the control of a computer. Public interest has recently
increased due to advances in precision, repeatability and materials, resulting in a broader range of applications. For some
time now, this technology has no longer been limited to only replacing external components such a bird beak, dolphin
tail or human leg.

In 2015, a 22-year-old woman from the Netherlands who was su↵ering from increased pressure on her brain due to
the thickening of her skull had her entire skull replaced with a plastic 3D custom printed implant. This surgery took 23
hours and after three months, she had regained her vision, returned to work and was entirely healthy. Later that same
year, a three-year-old girl in China su↵ering from hydrocephalus underwent a 17 hour surgery to replace her skull with
three custom printed titanium implants. This condition causes cerebrospinal fluid to accumulate in the brain cavities,
causing severe pressure build-up which changes the shape of the skull. The surgery itself was a success, but the little girl
will need follow up surgeries.

Last fall at the Ontario Veterinary College, veterinary surgical oncologist Dr. Michelle Oblak and her team success-
fully replaced approximately 70% of a dog’s skull with a custom printed metal implant. This accomplishment is the first
of its kind in North America and is a marked advancement in reconstructive surgery and veterinary medicine. The dog,
named Patches, was a nine-year-old Dachshund a✏icted with an osteochondrosarcoma tumor on her head. The tumour
was so massive that it weighed down her head, pressing dangerously close to the brain and eye socket. The surgery took
less than five hours, and the dog was “alert and looking around” 30 minutes after waking.

3D printing implants require an interdisciplinary approach, drawing input from several areas including medical
imaging, mechanical design, materials science, computer programming and more. Every case is unique since it must
consider the individual patient’s anatomy and needs.

The technology has come a long way from its first inception. While some implants, such as the skull piece, are static,
others can now possess functional and dynamic geometries as well. The use of this technology has a bright future for
patient outcomes as well. Oblak explained that reconstructive surgeries typically take a long time. Traditional methods
require time spent assessing the damage after a diseased portion of the skull is removed and shaping a titanium mesh
over the spot. Imaging and 3D printing eliminates the need to create models ‘on-the-fly’ in the operating room, reducing
patient risk.

The procedure began with a high-resolution CT scan of the tumour on Patches’ head. Oblak and her team then used
several di↵erent software programs to digitally remove the diseased portions of the skull and the tumour itself. Next,
they modelled the 3D replacement to fit into the space and connect to the remaining bone. These plans were sent to
ADEISS, a Canadian medical and dental 3D printing company, to produce the custom implant using metal. The surgery
itself took about four hours, and within 30 minutes of waking up, Patches was alert and walking.

The dawn of the “Information Age” and the increasing ease of sending large image files over the Internet has bolstered
the growth of 3D printing. Scientific Director of ADEISS, David Holdsworth, said he is confident in the future of 3D
printing technology in medicine. “There have been dramatic advances in 3D printing in the past few years, and that
applies to metal printing, as well as plastic printing (which is much more common).” Holdsworth believes the ease
of 3D printing as compared to traditional manufacturing will mean that the industry will continue to expand. “The
performance and cost-e↵ectiveness of 3D metal printing has reached the point where some orthopaedic components are
now manufactured by 3D printing, rather than traditional fabrication techniques,” Holdsworth said. “This trend is likely
to continue, and we’ll see more and more 3D-printed components in the next few years.”

With any growing technology, regulatory bodies must keep up in order to maintain safety standards. ADEISS
requires its facility to follow a “rigorous, formal system of quality control that ensures that every aspect of the manu-
facturing process is done according to strict guidelines.” These guidelines are set by the International Organization for
Standardization.
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Dr. Yara Hosein, an assistant professor at the University of Western Ontario and an expert on orthopaedic and
orthodontic implants, explained that while regulations and ethics have to be maintained, public perceptions and ex-
pectations are also important. This has always been a struggle in medicine, as evidenced by movements such as anti-
vaccinations or naturopathic/homeopathic practice. However, this can be prevented by educating the public on the
technology behind 3D printed implants, what it is capable of and what its current challenges are.

Morla is currently an MSc. student at the University
of Guelph, Ontario Veterinary College. Her passion
for cancer research led her to a project that focuses on
figuring out a way to radiosensitize canine mast cell
cancer cells. She enjoys drawing and reading science
fiction in her spare time.
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Emerging Regenerative Therapies for Heart Injury:
Addressing an Urgent Need

Sarah Shawky

Cardiovascular disease (CVD) continues to be the leading cause of death worldwide, accounting for over 8.5 million
annual mortalities [1]. CVD is also correlated with an increased risk for a heart attack, or myocardial infarction (MI).
Following an acute MI, a human adult loses approximately one billion cardiomyocytes - heart muscle cells - which are
then replaced by non-contracting fibrous scar tissue [1, 2, 3]. The inability of the damaged myocardium to fully replenish
itself weakens the contractile function of the heart in the long-term, further increasing the risk of MI and heart failure
over time [1, 4]. Due to the irreversible nature of cardiac injury, the current gold-standard therapy for advanced heart
failure remains cardiac transplantation [1]. However, along with the severely limited supply of suitable donor hearts, the
increasing global incidences of myocardial infarction highlight the urgent need for the development of novel, less invasive
therapeutic interventions.

Despite substantial advancements in cardiovascular biology and tissue engineering over the last 20 years, no clinically-
available means to regenerate damaged cardiac muscle currently exists [5]. However, a variety of technologies to support
this approach have been heavily investigated in recent years. These strategies include stem cell-based therapies, which
involve the integration of undi↵erentiated cells into injured host tissue to mediate repair. Another approach involves
the generation of biomaterial-based sca↵olds, which may support tissue repair by providing a template for regeneration.
While several preclinical and clinical studies exploring the use of various types of stem cells have shown promising results
in the reversal of cardiac pathologies, others have faced significant barriers [3, 5]. Some of these obstacles have evoked
important research questions, including the need for more e�cient methods of stem cell delivery, and the investigation
into means of increasing stem cell survival, retention and engraftment within the infarcted heart [2, 3, 6]. Excitingly,
cardiac researchers have begun to address these critical questions, providing hopeful answers that may o↵er a new outlook
on the direction of cardiac regenerative medicine.

Dr. Erik Suuronen, a research scientist in the Division of Cardiac Surgery and the director of the Biomaterials
Regeneration Program at the University of Ottawa Heart Institute, focuses his research on tissue engineering and cell-
based therapeutic approaches for the treatment of cardiac injury. Specifically, he is interested in the development
and testing of biomaterials to mobilize and recruit the body’s endogenous reparative cells, with aims of creating an
environment that better supports and promotes cardiac regeneration. Briefly, Dr. Suuronen describes tissue engineering
as a way to direct the repair process – his team is investigating whether a biomaterial sca↵old could promote the
engraftment of transplanted cells, and hence mediate the regenerative process to reverse cardiac injury. To conduct their
research, Dr. Suuronen and his team use various instruments to characterize the physical properties of the materials
they design. They also use in vitro and in vivo models to test the ability of these materials to mediate cell function and
to promote repair. Specifically, they are interested in studying how the developed biomaterials interact with various cell
types to promote regeneration, and how these interactions can be exploited to enhance the e�cacy of a potential therapy.
Dr. Suuronen and his team recently developed a collagen-based biomaterial which, upon delivery into an injured heart,
can preserve its function.

“Upon injection of our collagen-based biomaterial into the infarcted heart, it interacts with multiple cell types to
limit chronic inflammation and cell death, reduce adverse remodeling, promote revascularization and improve cardiac
function”, Dr. Suuronen says.

Using PET and fluorescence imaging techniques, Dr. Suuronen and his team revealed that the injected collagen-based
biomaterial is e↵ectively retained and redistributed within murine models of MI [7]. Dr. Suuronen believes that further
mechanistic insight into how the injected biomaterial interacts with endogenous cell types to repair the injured heart
may reveal key target pathways with novel therapeutic potential. His team is hopeful that biomaterials will soon begin
pre-clinical trials to test their safety and e�cacy as treatments for cardiac injury – potentially as both a stand-alone
therapy and as a vehicle for the delivery of other therapeutic agents.

But in order to develop a physiologically-relevant and clinically-applicable biomaterial therapeutic, Dr. Suuronen
says that the final product must be compatible with the human heart. Over the last two years, his team has shifted its
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focus from developing animal protein-derived biomaterials, to utilizing human collagen-based materials instead.
As a final thought, Dr. Suuronen reflects upon the growing ease of finding experts and trainees with the necessary

skillset and experience to form the collaborations needed to translate regenerative medicine discoveries into clinical ap-
plications. When he first began working in this area of research, it was a challenging endeavour to build the strong,
highly-multidisciplinary team necessary – and pivotal – for success. However, nowadays, combining the diverse expertise
of scientists, engineers, physicians and imaging specialists is becoming easier, and the field of cardiac regeneration is
looking more promising.

Taking an alternate route, Dr. Michael Laflamme, a cardiac cell therapy pioneer at the McEwen Stem Cell Institute,
is focused on developing novel therapies for post-MI heart failure based on human pluripotent stem cells (hPSCs) – the
only stem cell that can be di↵erentiated into large enough quantities of phenotypically unambiguous cardiomyocytes.
Research investigating the remuscularization of the infarcted heart using exogenous cell transplantation began in the
early 1990s [8]. Early experiments began by using immature cell types, such as neonatal and fetal cardiomyocytes,
skeletal myoblasts and bone marrow-derived hematopoietic cell types [3, 6, 8]. However, due to the ethical issues,
e�cacy problems and limited generation of de novo cardiac muscle cells associated with the use of each of these cell
types, Dr. Laflamme instead focuses his research on another cell type – the infinitely expandable pluripotent stem
cell-derived cardiomyocytes.

In addition to having developed methods to guide hPSCs into cardiomyocytes, Dr. Laflamme and his team have
shown that when transplanted into models of injured hearts, these cells are capable of electrical coupling with the host
myocardium, firing synchronously with the rest of the heart and improving its contractile function. In the mid-2000s,
Dr. Laflamme began his work using small animal models, such as rats, and later shifted into the use of guinea pigs
and macaques in pioneering work to demonstrate that hPSC-derived cardiomyocytes mediate functional integration and
regeneration of the myocardium. Currently, he is focused on surgically delivering a billion of these cells into pig hearts,
because of their near-identical size, structure and function to the human heart. Dr. Laflamme anticipates that this is
expected to be the last pre-clinical model prior to human pre-clinical trials, which he hopes to initiate in about three to
four years.

Dr. Laflamme discusses some of the important obstacles to address prior to considering the translation of this
research from in vivo models to humans. This includes overcoming the occurrence of transient arrhythmias following the
cell transplantation.

“These [transplanted] cardiomyocytes are unlike those present in an adult; they are less mature and have di↵erent
electrical properties”, Dr. Laflamme explains. “When they are transplanted, transient arrhythmias – abnormal beating
rhythms of the heart - are seen in the beginning, while they are “settling” in vivo. Later, these arrhythmias disappear
and the cells function e↵ectively once matured. We want to come up with ways to overcome or prevent these arrhythmias
– perhaps via antiarrhythmic drugs, or by engineering the cells”.

In 2016, the McEwen Centre for Regenerative Medicine at the University Health Network partnered with the new
life sciences start-up, BlueRock Therapeutics, driving large-scale research and development in the area of heart muscle
regeneration. The manufacturing platform at BlueRock Therapeutics will help to fuel the scalable production of various
stem cell types for cellular therapeutics – including pluripotent stem cell-derived cardiomyocytes, which Dr. Laflamme
and his team are focused on bringing into the clinic.

Despite the hurdles to be overcome, cardiac regenerative medicine researchers including Drs. Suuronen and Laflamme
are excited about the substantial progress that has been made towards the development of novel therapies for cardiac
injury. While some laboratories are aggressively exploring strategies to ramp up endogenous cellular regeneration via
exogenous biomaterials, others are focused on cellular reprogramming and gene therapy. Overall, the rapid development
of these diverse, promising therapies o↵ers hope that their translation from the laboratory to having positive clinical
impacts at the bedside is closer than we may have thought.

We would like to extend our thanks to Dr. Erik Suuronen and Dr. Michael Laflamme for sharing their work, and

for their time and e↵ort in contributing to this news article.
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How Will Science Help to Address the Opioid Crisis?

Lola Welsch
You have probably heard about the opioid crisis: an epidemic of opioid abuse and overdoses of highly potent pain-

killers such as morphine, heroin or oxycodone - raging in North America since 2010. The number of opioid-related
deaths surpassed 4,000 in 2017 in Canada alone, placing opioid use as the leading cause of premature deaths (above car
accidents). On top of that, opioid abuse during pregnancy has led to a dramatic increase in drug-dependent newborns
and has additionally contributed to the spread of infectious diseases such as HIV and hepatitis C [1]. If we take a look
back, we can better understand the origins of this crisis: morphine, the active substance in opium extracted from poppies,
has been used for centuries due to its unparalleled pain-relieving and euphoria-inducing properties. In the 1990s, the
modern pharmacopeia introduced synthetic molecules such as oxycodone, marketed by pharmaceutical companies as safe,
non-addictive pain-relievers. Subsequently, the prescription rate of opioids increased dramatically, reaching a peak in
2010, exposing a large numbers of North Americans to highly addictive drugs. Prescription opioids have been a gateway
to non-medical use of opioids for many people: approximately 10% of patients with opioid prescription develop an opioid
use disorder [2]. In addition to facilitating drug use among non-users, prescription opioids were also the main supply
for the illicit market, making opioids available on the streets. In 2012, authorities grew increasingly recognizant of the
harms resulting from over-prescription and took measures to reduce the prescription of opioids [1]. Despite these e↵orts,
the crisis worsened with the introduction of a new, incredibly potent and easily synthesized opioid on the illicit market.
Prescription-reliant opioid users, at times, had no choice but to turn to this hazardous drug, exacerbating the current
opioid crisis. Several national measures have since been implemented to contain this global health issue: reduction of
opioid prescription, intensification of the monitoring of prescribed opioids, creation of safe consumption centers and
distribution of naloxone, an overdose-reversing drug. Despite these e↵orts, considerable work remains to overcome the
crisis, and research has an important role to play [3].

The National Institute of Health (NIH) have drawn two lines of research to foster the e↵orts to address the epidemic:
the first objective is reactive and focuses on improving care for opioid use and addiction. The second objective is
proactive and attempts to mitigate opioid use by o↵ering alternative pain relief techniques (Initiatives Research plans,
NIH, 2018). In April 2018, the NIH started the HEAL program (Helping to End Addiction Long-term). The initiative
encourages improvements to opioid use disorder therapies, in particular though the combination of psycho-therapies and
medication-assisted treatment (promoting transition drugs such as buprenorphine or methadone).

Interestingly, computer-based tools are under development to broaden and facilitate access to psychiatric care, often in
limited availability. For instance, the National Institute of Drug Abuse is developing an interactive program intended for
cognitive-behavioral therapy (CBT). In essence, CBT is a form of psycho-therapy focused on treating specific maladaptive
behaviors, problems, and symptoms. CBT has shown e�cacy in addressing substance use disorders and coping with the
disease. In this program, Dr. Caroll and colleagues use a combination of games, cartoons and interactive exercises to
teach patients how to deal with stressful or risky situations without returning to drug use. These kinds of computer-
assisted therapies o↵er several advantages compared to currently available therapies; CBT could be the first step for
patients to engage in a complete therapeutic process and to enhance the recovery rate. Their use also liberates time for
the psycho-medical sta↵ to manage in-person clinical therapies [4]. Other teams in the field of addiction therapy are
working on tools for early diagnosis of substance use disorders. These include using innovative approaches such as state-
of-the-art neuro-imaging techniques [5], or combining social media data with deep neural networks to identify at-risk
populations [6]. All of these e↵orts are made in the hope to better address addiction disorders, parallel to traditional
addiction prevention strategies.

The majority of opioids abusers are first introduced to these drugs via prescriptions for severe and/or chronic pain;
despite the harmful and addictive potential of opioids, they remain the best class of drugs for pain relief. In this context,
researchers are looking for opioid-like painkillers with fewer unwanted side-e↵ects. To this end, some drug discovery
strategies comprise designing “better opioids” by tweaking the cellular target of the drugs. Scientists have been able
to manipulate the e↵ects of the chemicals. Progress has been made in this field particularly with drugs called “biased
opioids”: as traditional opioids, they target the mu opioid receptor, responsible for all the e↵ects of morphine. However,
unlike traditional opioids, they are biased toward a specific cell signaling pathway, the one thought to be responsible
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for pain relief. It is also believed that they lessen the activation of the pathway thought to be responsible for tolerance
development, respiratory depression, nausea and constipation. Other similar approaches to designing the ideal opioid
involve identifying molecules acting at di↵erent opioid receptors. However, the question of the addictive potential of
these drugs and their rewarding properties is still debated and likely will not be available in the clinic for many years
[7]. To avoid opioids altogether, a considerable e↵ort is taking place to develop new non-opioid analgesics. For instance,
there is increasing evidence supporting the use of medical marijuana in treating chronic pain [8]. In parallel, other
non-pharmacological approaches are underway: pilot studies with demonstrated e�cacy of physiotherapy or meditation
in the reduction of chronic pain o↵er some hope [9].

Science has taken a very diverse approach and tackles the opioid crisis from complimentary perspectives. Even if we
can distinguish major priorities in research, this article is not an exhaustive list of all existing attempts to address the
issue, but every idea and e↵ort is an important piece of the puzzle. Importantly, the solution can only be complete by
combining research, medicine, technologies, personal psychiatric care, public health interventions and harm reduction
policies. To conclude, we can pinpoint that researchers and clinicians working in the field of opioid use disorders
recommend talking about it and treating it as a chronic illness and not a moral failing. The first step in addressing the
crisis would then be to go over the stigmatisation and marginalization of opioid use to make a change in how we choose
to move for better care [10].
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Climate Change and the Future of Public Health

Alanna Miller
Popular media is saturated with terrifying claims of the e↵ects of global climate change. Our minds absorb the

various statistics on the melting of the polar ice caps and rising sea level, the destruction of rainforests and extinction of
exotic species, and the pollution of the air and water that the world relies on. Of course, the e↵ects of climate change
exist far beyond environmental degradation, and the discussion surrounding climate change cannot be possible without
considering the broader implications for public health, which are often ignored in popular media. In accordance with the
United Nations (UN), the Intergovernmental Panel on Climate Change (IPCC) released a report in 2018 describing the
“impacts of global warming of 1.5�C above pre-industrial levels” expected to occur between the years 2030 and 2052 [1].
This increase in global temperature will likely have negative repercussions for public health, including exacerbations of
chronic diseases and mental illness, food shortages and malnutrition, human displacement, and increased transmission
and susceptibility to infectious diseases [1, 2, 3].

Extreme weather events, including heat waves, droughts, and floods, are potentially disastrous consequences of
climate change. The occurrence of extreme temperatures has been increasing since the 1990s [2], and the IPCC predicts
that throughout the 21st century, global temperatures will continue to rise, with more locations experiencing hotter
temperatures and fewer cold spells [1]. Extreme heat poses a serious public health threat; it can cause heat stroke and
worsen the symptoms of chronic diseases, including cardiovascular disease and chronic respiratory disease [4]. In Quebec
and Ontario, 2018 was host to one of the hottest summers yet, and a heatwave in July was ultimately responsible for
claiming the lives of over 80 individuals in Quebec alone [5]. Those over the age of 65, people who engage in vigorous
outdoor manual labour, and individuals residing in urban areas are at the greatest risk of heat-related morbidity and
mortality [2, 4].

Extreme weather events can also indirectly impact human health by a↵ecting food supply and availability. Agricul-
tural yields are disturbed by flooding and drought events, which may lead to food shortages and malnutrition in severe
circumstances [2]. These shortfalls in agricultural production are more likely to a↵ect those living in poverty in middle-
and low-income countries [1, 2]. In addition to food shortages, extreme weather events can cause perilous damage to the
built environment, destroy homes and infrastructure, and can result in the displacement of people and severe economic
loss [2]. Again, these e↵ects are more detrimental to individuals in low- and middle-income countries, and can negatively
impact the mental health of those a↵ected [2].

The most researched topic regarding the implications of climate change on public health is the transmission of
infectious diseases carried by insects. Increased transmission of malaria and dengue, known as the ‘Big Two’, is expected
to coincide with the warming of temperatures and increased regional precipitation associated with climate change [1, 3].
Both malaria and dengue are carried by mosquitos and are common to parts of South and Central America, Asia and
Africa. However, considering the future implications of climate change, we must pose the question: Could malaria and
dengue spread to more temperate regions, such as those here in Canada?

Dr. Mark Loeb of McMaster University is a professor for the Department of Pathology and Molecular Medicine, and
studies infectious diseases spread by insects, including West Nile and dengue. He believes that “in the long-term it is
possible for such diseases to end up in Canada”. Aside from malaria and dengue, there are many other diseases, including
Lyme disease, an infection transmitted by ticks, which is currently present in certain regions of Canada. Lyme disease
can become a chronic infection characterized by severe headaches, joint and muscle pain, arthritis, heart disorder and
neurological disorder, and can be very debilitating to those infected. Dr. Loeb said there has already been an observed
increase in the geographical spread of the tick-borne infection and suggests that in order to protect against the increased
spread of infectious diseases, we must focus on reducing the trends in climate change and the development of e↵ective
and accessible vaccines.

There is no doubt that climate change will continue to have an impact on public health, and this will become even more
detrimental if public health systems are not prepared to cope with these changes. In Ottawa, ON, on February 5, 2019,
the Canadian Public Health Association (CPHA) released a statement urging federal political parties to acknowledge the
severity of climate change and its negative impact on public health [6]. The CPHA challenged the federal government
to develop a plan for Canada to reduce carbon emissions while prioritizing health, create policies and programs for
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corporations and communities to transition to a low carbon economy, and provide funding and support to ensure public
health units and communities are able to respond to the mental and physical health needs of Canadians a↵ected by
climate change [6]. When analyzing the amount of funding countries allocated to public health adaptation, the greatest
increase in funding was observed in lower- and middle-income countries [2]. Considering that the brunt of climate change
will be felt in low- and middle-income countries [2], this increase in funding for public health adaptation is encouraging.
Furthermore, the UN suggests that reducing poverty and encouraging socioeconomic development are the best ways to
increase resiliency within these countries, but unfortunately, funding available for these initiatives is still insu�cient [2].

Since pre-industrial times, human activity has caused an increase in average global temperature by approximately
1.0�C, and the IPCC suggests with strong evidence that we will observe another 0.5�C increase by the year 2052 [1].
Climate change is therefore inevitable, and it is important that we prepare our public health infrastructure now to
improve our future resiliency. Climate change will have negative repercussions for public health, including exacerbations
of chronic diseases and mental illness, food shortages and malnutrition, human displacement, and increased transmission
of infectious diseases [1, 2, 3]. Key ways to adapt public health systems for the future consequences of climate change
are to reduce poverty and improve socioeconomic development [2]. On a corporate and individual level, we must also
focus on limiting the anthropogenic factors, such as greenhouse gas emissions, to reduce any future negative impacts of
climate change on public health. Instead of allowing the e↵ects of climate change to play out with our compliance, it
is now that each country, corporation and individual must take action to ensure that we are protecting both our planet
and our health.
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Call for Submissions

In January 2019, HSI sent out a call for submissions to graduate students at universities across Canada for opinion
pieces or mini-reviews (700-800 words) addressing The Future of Health, under one of the following sub-themes:

1. Future Medicine and Treatment – 8 articles submitted.

2. Future Health and Research Technology - 3 articles submitted.

3. Future Health and Society - 5 articles submitted.

Review and judging process

Beginning in March 2019, each submission was reviewed by two HSI Reviewers who critically assessed each commentary
and provided feedback to the authors regarding its content and structure. After receiving their feedback, authors were
given three weeks to revise their submission and resubmit to the journal. Our team of Senior Editors reviewed each
revised commentary, and using information from the feedback given to them and additional editorial sta↵ input, made
a final publication decision. Each submission was then reviewed and scored twice by a team of independent judges not
a�liated with HSI.

Winners

The authors of the highest scoring submission for each sub-theme were each awarded a $150 HSI scholarship award. In
addition, the winner of the Future Health and Research Technology category was awarded the opportunity of expedited
review for their article by our partner journal: Lifestyle Genomics. We received some outstanding submissions, and
the editorial team highly commend the authors for their achievement. After tabulating the results, we are pleased to
announce the top 3 submissions for the 2019 issue of Health Science Inquiry:

1. Future Medicine and Treatment: Precision Medicine Targeting the Gut-Brain Axis in Depression: The Future
of Psychiatric Treatment - Caroline Wallace

2. Future Health and Research Technology: Body composition analysis in clinical populations: the role of deep
learning - Michael Paris

3. Future Health and Society: Healthcare in an era of patient engagement: language for ongoing dialogue - Umair

Majid
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The following is the highest rated article in our 2019 submission category Future Medicine & Treatment.
All articles were ranked by HSI’s independent professor judging panel. For this, the author was awarded
one of three of HSI’s annual “scholarship” awards.

Precision Medicine Targeting the Gut-Brain Axis in Depression:
The Future of Psychiatric Treatment
Caroline Wallace1

1Centre for Neuroscience Studies, Faculty of Health Sciences, Queen’s University

Precision medicine is becoming increasingly popular in
the healthcare setting in an attempt to treat illness more
e↵ectively. The term precision medicine refers to preven-
tion and treatment strategies that are based on individual
variability and targeted toward precise molecular underpin-
nings of disease [1], as opposed to using a standardized or
‘one size fits all’ model. Precision medicine aims to treat in-
dividual patients using approaches that have been identified
as being e↵ective based on specific characteristics, includ-
ing biological and psychosocial markers. It is a model that
makes use of data, analytics, and information, and pays sig-
nificant attention to patient engagement, digital health, ge-
nomics, and data science [2]. Precision medicine is already
in practice for some illnesses such as breast, lung, and col-
orectal cancers, and now neuroscientists are exploring pre-
cision medicine in neurological diseases, including Parkin-
son’s Disease and Alzheimer’s Disease. These diseases have
been proposed as ideal for realizing precision medicine due
to their strong genetic component [1], and this research is
beginning to be extended into psychiatric diseases as well,
including Major Depressive Disorder (MDD).

MDD is a psychiatric disease characterized by a persis-
tent feeling of sadness or lack of interest accompanied by
other psychological and physiological symptoms that im-
pair daily functioning. MDD is an ideal candidate for pre-
cision medicine due to the heterogeneity in clinical presen-
tation and pathophysiology of the disorder. For example,
consider two fictional patients, Patient A and Patient B.
Patient A presents with low mood, lack of energy, sleeping
12-16 hours a day, increased appetite and weight gain, and
suicidal ideation. Patient B presents with loss of pleasure
or enjoyment, feelings of extreme guilt, loss of appetite and
weight loss, agitation and severe insomnia. Both patients
are diagnosed with MDD yet have no overlapping symp-
toms. This heterogeneity of symptomatology may translate
to a heterogeneity in pathophysiology. Research has iden-
tified common neurophysiological changes associated with
the disorder, including alterations in neurotransmitter func-
tioning and neuroinflammation [3], but the degree of these
changes varies widely across patients, as does the etiology
of the disorder. While patterns exist, explicit causes of

MDD remain unclear and questions regarding etiology per-
sist: Why do some individuals who have experienced ad-
verse childhood experiences become depressed, while others
do not? Why do some individuals who objectively lead sta-
ble and comfortable lives become depressed, while others do
not? Ongoing research into symptomatology, pathophysiol-
ogy, and etiology have aided in the development of antide-
pressant medication. However, the response to treatment
in MDD varies widely; Many patients try two to three dif-
ferent medications before finding one that works, and even
then, up to 60% of patients discontinue their antidepressant
use within the first three months due to issues such as side
e↵ects [4]. It is impractical to attempt to treat individuals
universally, and thus more precise treatment strategies are
warranted.

The Canadian Biomarker Integration Network in Depres-
sion (CAN-BIND) program is a leader in the initiative to
identify biomarkers that will help predict who and how
individuals will respond to various available treatments.
CAN-BIND studies examine di↵erent treatment strategies
and collect data based on several platforms, including clin-
ical, molecular, neuroimaging, mobile-health technology,
and use an informatics-based approach to integrate this
data to stratify depressed patients into subgroups based
on specific characteristics. This information can then be
used to optimize treatment using precision medicine by
identifying to which subgroup a patient belongs and us-
ing the corresponding treatment shown to be e�cacious
for that subgroup. One treatment strategy being explored
within the CAN-BIND network is targeting the gut-brain
axis using probiotic intervention. The gut-brain axis is a bi-
directional communication network between the brain and
the gastrointestinal (GI) tract that communicates via the
autonomic nervous system, the enteric nervous system, the
neuroendocrine system, and the immune system [5]. The
gut-brain axis has been implicated in the pathophysiology
of MDD as a potential molecular underpinning to the dis-
ease [6]. This has led to the investigation of probiotics,
bacteria in the GI tract that confer a health benefit to the
host, as a potential treatment for MDD [7]. While research
to date on probiotics improving symptoms of depression
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in MDD patients is scant and inconclusive, research on
healthy humans has shown improvements in mood and af-
fective symptoms following probiotic supplementation [7].
The composition of the microbiome that colonizes the GI
tract is unique to each individual, and it has been shown
that depression is associated with reduced diversity in the
microbiome of the GI tract [8]. Thus exploring how de-
pressed individuals respond to probiotic supplementation
may provide crucial insight into those important questions
on the etiology, pathophysiology, and symptomatology of
MDD.

The collection of biospecimen samples such as blood,
stool, and urine as part of the molecular platform will allow
us to obtain biological information that may reveal certain
genes, proteins, inflammatory markers, or bacterial prod-
ucts that may correlate to treatment response. For ex-
ample, if probiotic supplementation does indeed alleviate
symptoms of depression, but only in patients who present
with high plasma levels of lipopolysaccharide (LPS; an in-
nate immune-activating endotoxin that may have a role in
gut-brain signaling), this would present a valuable opportu-
nity for applying precision medicine: a blood test screening
for LPS levels could determine whether a patient will re-
spond. It is also important to note that biomarkers do not
necessarily have to be biological, they can be psychosocial
or behavioural, collected as part of the clinical and m-health
platforms: if it is determined probiotic supplementation al-
leviates symptoms of depression but only in people who
engage in a certain level of physical activity weekly, pa-
tients could be screened for physical activity to determine
if the treatment will work for them.

The medical model of precision medicine allows physi-
cians to customize healthcare by selecting treatments that
are the most likely to benefit the patient. However, it
does not come without its drawbacks. Precision medicine
strategies may be costlier and more time consuming. It has
been argued that precision medicine is not ideal for high-
prevalence diseases and disorders; more rapid and low-cost
standardized treatments that cover more bases should be
pursued first. However, in psychiatric disease where the
precursors and outcomes can be so variable, it may be more

e↵ective in reducing the time between diagnosis and relief
of symptoms. With this as the main goal in mind, the fu-
ture of psychiatric treatment could very well be clinicians
and neuroscientists working collectively to apply precision
medicine techniques to MDD to improve prognosis by iden-
tifying individual patterns of risk factors, symptoms and
pathophysiology.

References
[1] Tan L, Jiang T, Tan L, Yu JT. Toward precision

medicine in neurological diseases. Annals of transla-
tional medicine. 2016;4(6).

[2] Ginsburg GS, Phillips KA. Precision medicine: From
science to value. Health A↵airs. 2018;37(5):694–701.

[3] Miller AH, Raison CL. The role of inflammation
in depression: from evolutionary imperative to mod-
ern treatment target. Nature reviews immunology.
2016;16(1):22.

[4] Lingam R, Scott J. Treatment non-adherence in
a↵ective disorders. Acta Psychiatrica Scandinavica.
2002;105(3):164–172.

[5] Cryan JF, Dinan TG. Mind-altering microorganisms:
the impact of the gut microbiota on brain and be-
haviour. Nature reviews neuroscience. 2012;13(10):701.

[6] Foster JA, Rinaman L, Cryan JF. Stress & the gut-
brain axis: regulation by the microbiome. Neurobiology
of stress. 2017;7:124–136.

[7] Wallace CJ, Milev R. The e↵ects of probiotics on de-
pressive symptoms in humans: a systematic review. An-
nals of general psychiatry. 2017;16(1):14.

[8] Kelly JR, Borre Y, O’Brien C, Patterson E, El Aidy
S, Deane J, et al. Transferring the blues: depression-
associated gut microbiota induces neurobehavioural
changes in the rat. Journal of psychiatric research.

2016;82:109–118.

Caroline is a PhD Candidate in Clinical Neuroscience
at Queen’s University. Her research interests cur-
rently lie in examining the neurobiological relation-
ship between nutrition and mental health to develop
novel treatments for depression, as well as searching
for biomarkers that will help predict who will respond
to these treatments. Her doctoral research involves
running a clinical trial examining the e↵ects of a probi-
otic supplement on symptoms of depression, and how
inflammation may be mediating this relationship.

Main Submission: Future Medicine & Treatment 20



Health Science Inquiry - Volume 10, 2019

Armouring the Immune System:
Future Prospects of Nanomedicine in Cancer Immunotherapy
Sallie Han1 and Dr. John Paul Oliveria2

1Department of Medicine, Division of Respirology, McMaster University
2School of Medicine, Department of Pathology, Stanford University

Introduction

Recent advancements in technology has enhanced the
targeting ability of drug and molecular delivery systems,
opening new doors to improve the current treatments for
cancer. Cancer is one of the most deadly and complex dis-
eases with over 18 million new cases reported worldwide
in 2018 [2]. In response to pathogens or cancerous cells,
the body activates its immunological defense mechanisms
to prevent tumour development. However, tumours can es-
cape this immunosurveillance and establish an immunosup-
pressive environment that downregulates the body’s natu-
ral defensive response while promoting uncontrolled cancer
cell proliferation and tumour growth [3]. Immunotherapy

focuses on restoring and enhancing the protective func-
tions of the immune system by stimulating specific im-
mune cells or inhibiting suppressive signals from the tumour
cells. This increasingly popular form of therapy include
traditional approaches such as tumour vaccines and adop-
tive transfer, and in the last decade, growing focus have
been on antigen presentation through antigen-presenting
cells [4]. More recently, some of the safety and e�cacy
concerns of immunotherapy have been addressed with the
application of nanotechnology, which involves the use of
small, nano-sized (1-100nm) engineered molecules, termed
nanoparticles (NPs), to deliver new or existing therapeutics
in a non-toxic and targeted manner [5]. Common forms of
nanoparticles include liposomes, polymers, polymeric mi-

Figure 1: Comparison between DC-mediated immunotherapeutic strategy of ex vivo vaccination in contrast to initial
loading of antigen to nanoparticles, such as liposomes, which is subsequently administered in vivo. While both methods
lead to enhanced antigen presentation and stimulation of the T-cell immune response in the body, the use of NPs pose
pharmacokinetic advantages and greater DC-targeting e�ciency, resulting in increased T-cell proliferation [1].
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celles, and inorganic NPs, each with their own set of unique
physical and chemical characteristics [5]. Due to the mod-
ifiable properties, improved solubility, and bioavailability
of nanoparticles (NPs), nanomedicine can significantly im-
prove the success of immunotherapy by intervening in crit-
ical points of the anti-tumour response, such as the antigen
recognition and presentation process, as well as checkpoint
pathways [5].

The Role of Nanoparticles in DC-

mediated Immunotherapy

For initial recognition of the pathogen or cancerous cells
in the body, antigen-presenting cells (APCs) such as den-
dritic cells (DCs) are responsible for phagocytosing the
tumour-associated antigen (TAA) and subsequently pre-
senting it to the T-cells to induce the adaptive immune
response [6]. One current immunotherapeutic strategy in-
volves vaccinating the patient through stimulating the mat-
uration of the DCs ex vivo with TAA antigens, then trans-
ferring the DCs back into the body to increase antigen-
specific responses (Figure 1) [1]. However, this method has
little evidence of clinical therapeutic e↵ectiveness, unknown
longitudinal e↵ects, as well as several cost-associated and
technical barriers [1].

NPs provide several advantages as a DC-targeting tool
in vivo. NPs can act as carriers that protect the antigens
from degradation and prolong the delivery to the DCs. The
surfaces can also bind to ligands or have modified physic-
ochemical structures to target receptors found on the DCs
[1]. For example, a study published in 2017 found that in-
travenously administered liposomes carrying TAA-coding
RNA was able to e�ciently target DCs by adjusting the
net charge of the liposome (Figure 1) [1]. Similarly, sur-
face modification can also dictate the antigen uptake, with
studies indicating that smaller, hydrophobic, and cationic
NPs are correlated with greater internalization and inter-
action with the DCs [6]. Despite these enhancing functions

of the NPs, studies have found impaired antigen-processing
ability with NPs like graphene oxide. Other studies have
shown varying results of suppression or activation of T-cell
di↵erentiation into Th17 cells with di↵erent NPs [6]. These
findings suggest that the NP’s role in DC-mediated immune
responses depend on various factors, and require further
investigation to understand the full therapeutic potential.
Nevertheless, the ability for NPs to improve the detection
of pathogens is a promising area of research as it is a critical
component to activating the anti-tumour immune response.

The Role of Nanoparticles in Immuno-

logical Checkpoint Inhibition

Another approach to immunotherapy involves the use of
monoclonal antibodies (mAbs) to target immune check-
points, such as receptors found on immune cells. Such
mechanism could block immunosuppression from Treg, im-
prove the anti-tumour immune response, and prevent can-
cer progression [7]. Examples of widely used mAbs include
anti-CTLA-4 and anti-PD-1, also known as Ipilimumab and
Nivolumab, respectively [7]. However, there have been sev-
eral limitations recognized with the use of mAbs alone, such
as inadequate pharmacokinetics, limited access to cancer-
ous cells due to the tumour microenvironment, and the need
for frequent dosages [6, 7]. The application of nanotechnol-
ogy can overcome these limitations by improving the sta-
bility of the antibody in vivo, protection from degradation,
localising the delivery to the tumour site and reducing the
toxic side e↵ects [8, 9]. A study published in 2011 showed
that administering a PD-1 mAb encapsulated in polymer
NPs to mice with melanoma resulted in a sustained release
of the mAb and a prolonged anti-tumour response, in com-
parison to PD-1 mAb alone [10]. Other NPs, such as li-
posomes, micelles, and metal and non-metal nanomaterials
conjugated to di↵erent mAbs were also found to overcome
several physiological responses, such as avoiding degrada-
tion, crossing the blood-brain barrier, and increasing solu-

Table 1: Comparison of immunotherapeutic interventions delivered by nanoparticles

Immunotherapeutic

Intervention

Description

Limitations overcome

by NPs

Example

Subunit vaccination,

(Kapadia et al., 2015.
Journal of Controlled Release)

Stimulating the immune

system by presenting

antigens to the APCs

NPs can target and deliver

cell-membrane-impermeable

antigens or multiple antigens

to the APCs

Lipid-calcium-phosphate NPs

Targeting immunosuppressive

cells inthe tumour

microenvironment,

(Kapadia et al., 2015.
Journal of Controlled Release;

Torres and Alonso, 2015.

Journal Drug Target)

NPs can target receptors

on immunosuppressive

cells

Target immunosuppressive cells

that hinder anti-tumor immunity

through inhibiting

immunosuppressive signalling,

re-education, impaired generation

and/or death

Lipid-encapsulated clodronate

delivered to tumour-associated

macrophages to induce apoptosis

Gene delivery,

(Qui et al., 2017. WIREs:

Nanomedicine and

Nanobiotechnology)

Entering T-cells via

NP delivery system

to modify transcription

Increased uptake into T-cells to

cause enhanced cell proliferation

Lipid-assisted PEG-PLGA-based

NPs delivering CTLA-4

Cytokine delivery,

(Kapadia et al., 2015.
Journal of Controlled

Release; Qiu et al., 2017.
WIREs: Nanomedicine and

Nanobiotechnology)

Delivery of cytokines

(IL-2,TNF-↵, IFN-�)
assisted by lipid and

polymer-based NPs to

specific cell types

and tissues

Prevent rapid excretion & enzymatic

degradation of cytokines

Liposomal delivery of TNF-↵
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bility in the blood [10]. These advantages of NPs can allow
for a more e↵ective immune checkpoint function and thus
an improved immunotherapeutic response.

Limitations

Despite the significant advantages of nanomedicine in
cancer immunotherapy, specifically in DC-mediated ther-
apy and checkpoint inhibitors, there are several limitations
and challenges to address. Since this is a newly emerg-
ing field, a lot of the research is still undergoing clini-
cal trials and many studies are done on simplified ani-
mal tumour models. Thus, the research cannot be clini-
cally translated in the human body, which has a far more
complex pathological environment [7]. Additionally, DC-
mediated immunotherapies are limited due to costly and
time-consuming procedures involved with harvesting DCs
for vaccination [1]. Although the use of mAbs as check-
point inhibitors is advantageous because of their targeting
abilities, each combination must be thoroughly and indi-
vidually characterized for its unique physical and chemical
properties to assess potential toxic e↵ects [10]. Regard-
less of these challenges, the incorporation of nanomedicine
into immunotherapy provides a wide range of possibilities
for treatment through other mechanisms as well, such as
targeting the cells found in the tumour microenvironment,
NP-assisted gene delivery, and NP-assisted cytokine deliv-
ery (Table 1) [1].

Conclusion

Nanotechnology has the potential to shift the stan-
dards of cancer treatment through the application of
nanomedicine in immunotherapy. Whether through the
recognition of the antigen or inhibition of checkpoint path-
ways, NPs can specifically target di↵erent stages of the im-
mune response to provide a more e↵ective and personalized
treatment. With further research into the pharmacokinetic
profiles of NPs, safety and toxicity assessment, and more
human in vivo studies, these small molecules will be able
to unlock its full potential in di↵erent types of treatment to
make a significant impact on the future of cancer therapy.
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Introduction

Reversing degenerative diseases and injuries has been
a long sought out possibility in the field of regenerative
medicine. While the notion that neurons could continu-
ously regenerate throughout life was demonstrated just over
twenty years ago, little substantial development has been
made in the treatment of neurodegenerative diseases [1].
The question is asked, could neuroregeneration be induced
in the su↵ering brain and be used to treat Alzheimer’s dis-
ease (AD)? Nearly a decade before this discovery of neu-
roregeneration, the very first direct reprogramming of ter-
minally di↵erentiated cells into a cell type of di↵erent lin-
eage was demonstrated via the conversion of fibroblasts into
myoblasts. By inducing ectopic expression of MyoD, fibrob-
lasts were successfully converted into myoblasts, without
passing through a pluripotent stage [2]. As the understand-
ing of both AD and cellular reprogramming has grown over
time, the ability to promote regeneration or repair within
the adult human brain has become a real possibility [3].

Alzheimer’s Treatment

In particular, AD appears to be a promising target for
direct cell reprogramming. AD is a chronic neurodegener-
ative disease characterized by neuroinflammation and the
accumulation of disease-associated proteins in the brain,
such as amyloid beta and neurofibrillary tau tangles, which
ultimately leads to neuronal loss and synaptic degradation.
The consequences of this degradation include cognitive dys-
function, motor impairment and memory loss, hence the
quality of life of AD patients is greatly depleted [4]. Part of
regulating the inflammatory response in AD involves aniso-
morphic astrogliosis: the increase and change in morphol-
ogy of reactive astrocytes, leading to glial scar formation
and microcircuit instability [4]. This pathogenic astroglio-
sis not only harms astrocytes, but also neighbouring neu-
rons. Consequently, the repair and regeneration of neurons
damaged by neural inflammation in AD have long been
envisioned. The ability to produce neurons from human
induced pluripotent stem cells (hiPSCs) has introduced the
possibility of cellular transplants; however, the process is
time and material intensive, while also raising ethical con-
cerns regarding the use of stem cell technology [5]. Direct

Figure 1: Terminally di↵erentiated cells can be repro-
grammed to a pluripotent stage, at which point the cells
can go down a di↵erent cell lineage than previously. Direct
cell reprogramming bypasses pluripotency and permits cells
to directly convert from one cell type to another via ectopic
expression of transcription factors or small molecule appli-
cation. This method is more e�cient and does not require
in vitro culturing of pluripotent cells.

cell reprogramming bypasses the intermediate pluripotent
stage and directly converts one cell type to another (Figure
1). Recent developments in pioneer transcription factors,
such as FOX which binds directly to condensed chromatin,
as well as small molecules capable of initiating direct repro-
gramming, demonstrate a more e�cient means of replacing
cells damaged by AD [3, 6]. By omitting the pluripotent
step, the reprogramming process becomes quicker and more
economically feasible. Additionally, the risk of teratoma
development normally associated with hiPSCs is curtailed
by circumventing pluripotency, while also averting the eth-
ical controversy surrounding embryos and stem-cell ther-
apy. Thusly, re-establishing diseased neurons, and possibly
restoring function, has become an intriguing possibility in
AD therapeutics through the development of direct cell re-
programming [3, 7].
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Figure 2: Reactive astrocytes undergo astrogliosis and are more easily converted via direct reprogramming, thus po-
tentially pathogenic astrocytes could be transformed into functioning neurons. This may introduce a novel treatment
of Alzheimer’s by both preventing future damage from unwarranted astrogliosis and the regeneration of neuronal con-
nections. Consequently, direct cell reprogramming of astrocytes may aid in tackling both the underlying pathology and
regeneration of lost neurons in those a✏icted with AD.

In vivo Neural Reprogramming

A unique trait of direct cell reprogramming is the ability
to perform the process in vivo [7]. Unlike hiPSCs, which
must be removed and reprogrammed in vitro, direct cell
reprogramming techniques can be applied to cells within
their local tissue environment. It has been demonstrated
to be possible in a multitude of organs: in the heart induced
cardiomyocytes were formed, in the pancreas induced islet
cells, and induced neurons have been observed in murine
brains. The latter of this is most pertinent to AD and
provides evidence for direct cellular reprogramming as a
future therapy [7]. Sox2 alone is capable of converting reac-
tive glial cells into neurons within the adult mouse cerebral
cortex post-injury [8]. Even more substantial was the con-
firmation, via patch clamps, that these induced neurons re-
ceived synaptic inputs from neighbouring cells, suggesting
they may be cognitively functional and further elucidat-
ing direct reprogramming as a potential AD therapeutic
[8]. Considering regions of the brain are di�cult to access
surgically and the inflammatory nature of AD, it is also ex-
tremely relevant that in vivo direct reprogramming is much
less invasive and virtually eliminates concerns of immuno-
compatibility commonly associated with donor hiPSCs [6].

Within glial cell reprogramming, astrocytes have been
especially auspicious in regards to successful direct cell re-
programming into neurons. This, in addition to the large
astrocyte population in the brain, suggest astrocytes would
make particularly viable targets for reprogramming as a po-
tential AD treatment. In a period of one to three weeks, a
90% astrocyte-to-neuron conversion e�ciency was reached
in mouse cerebral cortex [9]. This was achieved by com-

bining Bcl-2 expression with antioxidative therapies, con-
sequently reducing reactive oxidative species-induced apop-
tosis. Thusly, astrocytes are an extremely promising target
for reprogramming technologies in the treatment of AD,
in comparison to other glial cells. Moreover, the generated
neurons attained a pyramidal neuron morphology, thus sug-
gesting they may be capable of advanced cognitive functions
[9]. Additionally, within AD models, reactive astrocytes re-
program more e↵ectively in vivo than unreactive astrocytes
[10]. Clinically, this may be beneficial: by transforming
reactive astrocytes into functioning neurons it could not
only help restore neuron damage, but it can diminish the
pathogenicity and inflammation resulting from astrogliosis
(Figure 2). Converting adverse, reactive astrocytes into
neurons prevents those cells from contributing to AD pro-
gression and thereby minimizes damage occurring in the
brain [10]. Consequently, direct cell reprogramming is a
two-pronged AD treatment, which not only regenerates new
neurons, but also disposes of harmful reactive astrocytes.

Challenges and Conclusions

While direct cell reprogramming is a promising technol-
ogy for the future of regenerative medicine, particularly in
terms of neurodegenerative diseases, it still remains to be
tested in the human brain and requires further research be-
fore being introduced as a clinical AD therapy. The ideal
method of delivery still remains elusive and is a challenge
that first must be met [7]. Viral vectors have been used
most commonly in vivo; however, they risk transfecting
neighbouring cells and causing ectopic expression in un-
intended cells. Recently, small molecules have been iden-
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tified which have the ability to directly induce neurons in

vivo [3]. These face the challenge of remaining at targeted
therapeutic concentrations over long periods of time. How-
beit, the utilization of nanoparticles in conjunction with
these small molecules may mitigate this barrier by permit-
ting longer exposure of treatment over time, within a single
dose [7]. Moreover, future research should further analyze
the functionality of these induced neurons and investigate
if in vivo direct reprogramming can be validated within a
human context [6]. All these challenges considered, direct
cell reprogramming is a promising treatment for AD and
has a place within the rapidly dynamic landscape of future
health and therapies.
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Introduction

Alzheimer’s Disease (AD) is the leading cause of demen-
tia worldwide, accounting for 60-70% of the nearly 50 mil-
lion global cases of dementia in 2018 [1]. AD also signifi-
cantly burdens Canadians, where the disease prevalence is
1,524 cases per 100,000 and incidence is 68 case per 100,000
[2]. The global societal costs of AD and dementia are esti-
mated at $1 trillion dollars annually [1]. Furthermore, AD
treatment options remain limited. All therapeutics tar-
geted at decreasing production or increasing clearance of
amyloid-� plaques, the characteristic AD biomarker, have
thus far been unsuccessful in phase III clinical trials [1].
With such a significant burden of disease and no e↵ective
treatments, it is clear that AD research must elucidate the
complex mechanisms underlying clinical progression in or-
der for the disease to be better prevented, managed, and
treated.

Since the 1980’s, researcher have understood AD through
the amyloid cascade hypothesis (ACH). Specifically, the
ACH posits that the clinical progression of AD is primarily
caused by amyloid-� plaque deposits, tau aggregation in
neurofibrillary tangles, and subsequent neuron death [3].
While the original ACH remains widely accepted in the
field, new research has highlighted the key role of glial cells,
primarily microglia and astrocytes, in AD pathogenesis [3].
It is now thought that the intricate interactions between
microglia, astrocytes, and neurons becomes initially dis-
turbed in early stages of the disease. As toxic amyloid-beta
and hyperphosphorylated tau protein accumulation con-
tinues, these glial cells polarize towards an inflammatory
phenotype that further contributes to neuron death [3].
However, research aimed at understand the complex inter-
actions between tauopathy and amyloid-� accumulation,
s glial cell phenotypes, neuroinflammation, and neuron
death, has been slowed by single-plex imaging technologies
and staining technologies. This paper will take a historical
approach to the evolution of neuroimaging of glial cells
in the context of AD, where the limitations of traditional
light microscopy (LM) and immunohistochemical (IHC)
techniques will be contrasted to the promising applica-
tion of the novel imaging technology, High-Dimensional
Multiplexed Ion Beam Imaging-Time of Flight(MIBI-TOF).

Microscopy, Staining Techniques, and
Glial Cell Imaging in AD
The timeline of major glial imaging discoveries in the

context of AD can be seen in Figure 1. In 1846, Rudolf
Virchow, considered the father of modern pathology, was
the first to propose a new type of cell within the brain,
which he termed ’neuroglia’ [4]. Subsequently, many sci-
entists continued to refine this notion of glial cells. No-
tably, the neuroscientists Santiago Ramón y Cajal used a
chloride-sublimate staining technique to label glial fibrillary
acidic protein (GFAP) expressed by astrocytes in 1913, and
Rio Hortega described microglia in 1921 [4]. At approxi-
mately the same time as these two glial cell discoveries, neu-
ropathologist Alois Alzheimer analyzed post-mortem brain
tissue biospies from a patient presenting with symptoms
of dementia and in 1907 he discovered what is now known
as amyloid-� plaque deposits and tau protein aggregations
[5]. The cardinal tool of these scientists was LM combined
with various staining techniques, and while they were able
to make breakthrough discoveries, they were also limited
by their imaging technologies which only permitted simul-
taneous visualization of one to two protein targets.

During the time that Alzheimer continued to research
this new disease, the Carl Zeiss Company produced a novel
microscopy technique known as fluorescence microscopy
(FM), which uses ultraviolet light to excite fluorophores on
target proteins to produce an image [6]. The principles of
FM gave rise to IHC and immunofluorescence (IF) staining
techniques. IHC and IF use antibody-antigen specificity
to attach fluorophores to target antigens and cause light
emission via enzymatic reactions or excitation, respectively.
The advent of FM, as well as IHC and IF, have allowed for
significant contributions to AD research. For instance, the
involvement of microglia and astrocytes in AD pathogenesis
was discovered using IHC microscopy [7] and the pathology
of amyloid-� plaques and neuron death was further eluci-
dated via IF microscopy [8] (Figure 1).

Despite the progression of these various microscopy tech-
nologies, they are still limited by only being able to simulta-
neously visualize a small number of target genes or antigens.
This is because the fluorophores and enzyme reporters that
are used in current IHC protocols show spatial and spec-
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tral overlap when analyzing multiple targets [9]. As new
research has elucidated that AD pathogenesis consists of
interactions between multiple cells and cellular phenotypes,
the need for a technology able to image a large number of
antigens while also maintaining the spatial localization of
these interactions has become increasingly apparent.

High-Dimensional Multiplexed Imag-
ing and Potential Applications in AD

High-dimensional multiplexed imaging has the capacity
to overlay multiple images with di↵erent biomarkers for si-
multaneous analysis and spatial localization. One example
of this technology is MIBI-TOF (Figure 1). A recent study
published in Cell by Keren et al. (2018) highlighted MIBI-
TOF technology within the application of breast cancer
pathobiology. This work built on a previous MIBI plat-
form by adding TOF mass spectrometry, which allowed for
increased channel multiplexing while decreasing times for
data acquisition by 50-fold. With this improved technol-
ogy, researchers simultaneously analyzed the sub-cellular
expression and spatial arrangement of 36 proteins, e↵ec-
tively illuminating the tumor-immune microenvironment
[9]. Researchers at Stanford have also used MIBI-TOF
to analyze post-mortem brain samples of AD. In addition
to validating previously defined AD pathologies, such as
taupathothy, they were also able to analyze immune cell
infiltration, cellular anatomy, and gene expression associ-
ated with AD [10]. This is an improvement to previous

imaging techniques in AD research as MIBI-TOF can now
simultaneously determine the tissue, immunological, and
sub-cellular spatial localization of the human brain [10]. In
both tumor pathology and AD imaging, MIBI-TOF is able
to generate multiplexed imaging by overcoming the spectral
and spatial overlap of fluorophores and enzyme reporters
that confine IHC to a single-plexed analysis.

While MIBI-TOF has great potential, it is also limited
in a number of ways. Firstly, there are a very few available
units at this time as the technology has only recently be-
come commercially available. Secondly, MIBI-TOF poses a
high cost of reagents (e.g. metal-tagged antibodies), tech-
nical experiments, and quality control. Lastly, since MIBI-
TOF generates highly dimensional data, researchers must
have computational expertise to use the platform e↵ectively
[9]. As a result, MIBI-TOF is currently a much less ac-
cessible research tool compared to less expensive, simpler
technologies such IHC staining visualized with LM.

Future Directions and Conclusion
As new research has shown that AD pathogenesis is char-

acterized by the complex interaction of multiple glial cells
and their unique phenotypes, the advent of MIBI-TOF pro-
vides the capacity to elucidate these cellular interactions
and provide insights into new biomarkers and potential
therapeutic avenues. Indeed, MIBI-TOF technology has
the potential to revolutionize neuroimaging in AD research.
As this technology continues to be used throughout AD re-
search, its true potential will be realized.

Figure 1: Historical timeline highlighting the various imaging technologies and staining techniques that have ultimately
contributed to the current understanding of the role of glial cells in AD pathology. MIBI time-of-flight (TOF) is seen in
the timeline near the present day as it has the potential to revolutionize neuroimaging in AD research.
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Mitochondria are essential organelles of nucleated cells
[1]. While most of the DNA contained in a cell is lo-
cated within the nucleus, mitochondria, located in the cy-
toplasm, contain a small fraction of an organism’s overall
DNA [1]. The fraction of DNA located in the mitochondria
is called mitochondrial DNA (mtDNA) [1]. This particular
type of DNA, which is distinct from nuclear DNA, counts
for less than 0.1 percent of the total amount of genetic
material within a human cell [1]. Despite its minor pres-
ence, defects in the mtDNA can cause significantly harmful
pathologies, namely mitochondrial diseases, as the mito-
chondria are in charge of providing energy to the entire cell
[1]. Two commonly recognized mitochondrial diseases in-
clude myoneurogastrointestinal encephalopathy syndrome
(MNGIE), which features myopathy, neuropathy, chronic
malnutrition, and sensorineural hearing loss, and Leigh syn-
drome, which is proven to have a very grim prognosis, with
death occurring within the first years of life [2].

Considering mitochondria are maternally inherited, a re-
cent scientific innovation has emerged to prevent the trans-
mission of defective maternal mtDNA to o↵spring. This
recent development is referred to as mitochondrial replace-
ment therapy (MRT). This form of assisted reproductive
technology encourages an option for women carrying mu-
tated mtDNA to have genetically related children without
passing down their mtDNA [1]. MRT functions by primar-
ily retrieving healthy mitochondria from an egg donor, and
can proceed with either of the following techniques (Figure
1): In the first technique, pronuclear transfer, the transfer
of mtDNA follows the fertilization of the egg that has oc-
curred in vitro [1]. The two eggs (one from the intending
mother and one from the donor) are fertilized with the in-
tending father’s or another donor’s sperm [1]. Shortly af-
ter fertilization takes place, the pronucleus of the embryo
containing the mother’s mitochondria is transferred to a
previously enucleated embryo containing healthy donor mi-
tochondria [1]. In the second technique, maternal spindle
transfer, the healthy nucleus of an egg with the a↵ected
mitochondria is removed and then transferred to the egg of
the donor containing healthy mitochondria, which has been
previously deprived of its nucleus [1].

While there is an evidentiary basis for the technical fea-
sibility of MRT documented for both human embyros and

Figure 1: MRT techniques for prevention of mutated
mtDNA transmission. Adapted from [3]

embryonic stem cells, questions have remained regarding
whether a “mismatch” between mtDNA and nuclear DNA
may cause mitochondrial dysfunction in children [4]. An
important research milestone was achieved when studies
demonstrated the birth of healthy monkey infants follow-
ing MRT. In a postnatal analysis, their overall health mon-
itored from birth to 3 years was comparable to the age-
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matched controls [4]. These results evidently pave a promis-
ing path for further confirmatory studies to be completed,
and when appropriate, application to human populations.

Although this technology could o↵er significant thera-
peutic potential, MRT remains illegal in Canada and across
other jurisdictions [5]. Much legal and ethical controversies
of MRT hover around a concern for inappropriately mod-
ifying the genetic material of germline cells that can be
passed on to o↵spring, and their subsequent o↵spring. In
Canada, the Assisted Human Reproduction Act (AHRA)
states in section 1f that “no person shall knowingly alter
the genome of a cell of a human being or in vitro embryo
such that the alteration is capable of being transmitted to
descendants” [5]. Despite legal support in the United King-
dom (UK) for early phase clinical trials based on studies in
animals and human oocytes, the criminal ban in Canada on
human germline alterations is considered to apply to MRT
and may foreclose any possibility of pursuing similar MRT
trials within the jurisdiction [6]. However, MRT restric-
tion raises ethical concerns as there is a strong therapeutic
potential associated with its application.

The UK and the United States (US) are the only coun-
tries moving forward with this technology [7]. In the UK,
after years of discussion guided by the Human Fertiliza-
tion and Embryology Authority, Parliament approved the
licensed clinical use of both MRT techniques in October of
2015 [7]. With this progress, clinical application is deemed
to be imminent [7]. In the US, the Food and Drug Admin-
istration (FDA) is delaying approval until more preclinical
data is collected. Further, they have specified that MRT
would be reserved only to create male embryos to preclude
the transmission of donor mtDNA to future generations,
thereby bypassing the germline modification.

Evidently, there are ongoing e↵orts in certain jurisdic-
tions to surface this technology from the preclinical realm
to the clinical domain. Although Canada is behind on
this progress, it is important to ponder how we would pro-
ceed in providing MRT if legalized, and which individuals

would have accessibility. This would be a significant ad-
vancement in allowing women with mitochondrial diseases
to have genetically related, without passing down their af-
fected mtDNA. Nonetheless, further research ought to be
carried out in order ensure this technology yields utmost
therapeutic benefit, while minimizing any harms to moth-
ers and their children.
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The World Health Organization defines probiotics as
“live microorganisms which when administered in adequate
amounts confer a health benefit on the host” [1]. The popu-
larity of the beneficial e↵ects of microorganisms has become
progressively widespread over the decades, alongside our
increasing awareness of the e↵ects that bacteria can exert
on health and disease such as inflammatory bowel disease
(IBD) and non-alcoholic fatty liver disease (NAFLD) [2, 3].
By now, consumption of probiotics in an attempt to main-
tain health and prevent, ameliorate, or resolve disease has
become routine. In the United States alone, recent esti-
mates indicate that 3.9 million individuals regularly take
probiotic supplements, and 60% of healthcare providers
prescribe probiotics to patients [4]. This article will dis-
cuss probiotic treatment, current drawbacks, and how we
can leverage big data approaches to increase precision and
e↵ectiveness of probiotics moving forward.

Given the prevalence of their use, it comes as no sur-
prise that probiotics have become a highly popular field in
academia and industry alike, ranging from basic to clinical
research. Many studies have investigated the e↵ects of pro-
biotics, but the majority of those studies that have causally
linked probiotics to positive outcomes have been carried
out in animal models [5, 6]. Several meta-analyses of stud-
ies performed in humans have indicated promising results,
particularly in the context of ameliorating the symptoms of
those people already su↵ering from diseases like IBD and
NAFLD [2, 3]. However, these human studies tend to be
less conclusive and in some cases yield contradictory re-
sults [7]. Additionally, risks associated with probiotic usage
in certain populations such as those su↵ering from severe
acute pancreatitis have been reported [8]. Clearly, although
probiotics are a promising treatment option, there are many
ways in which our understanding of the mechanism of ac-
tion of these tools, as well as our application of them, can
be improved.

To highlight this point, a recent study carried out by
researchers at the Weizmann Institute has shown person-
specific di↵erences in the ability of probiotics to colonize
the gut mucosa [9]. As expected, after treating healthy
volunteers with probiotics these bacteria were found to be
enriched in all participants. However, there was a highly
individualized pattern of mucosal colonization by these pro-

biotics, with some patients remaining stably colonized af-
ter treatment and others rapidly losing these bacteria. Al-
though colonization of the gut may not be strictly necessary
for bacteria to exert a therapeutic e↵ect, it could still con-
siderably a↵ect local intestinal physiology, metabolism, and
ecology. Critically, they also found that unique host and mi-
crobiome traits could predict whether or not colonization
would occur – both the microbiome and the host transcrip-
tome correlated with the ‘permissiveness’ or ‘resistance’ of
the host to colonization with the probiotic strains. This
emphasizes the extent to which individual characteristics
can modify the e↵ectiveness of a given treatment, and how
this might significantly a↵ect the outcome for an individual
undergoing treatment.

These findings suggest the potential for a revolution in
treatment from the undistinguished way in which probi-
otic treatments have been delivered to date. Precision
medicine has become increasingly popular and accessible
as we have developed ways to examine genomic, transcrip-
tomic, proteomic, and metabolomics information – collec-
tively referred to as ‘omic’ techniques. These approaches
have already been implemented in fields such as immunol-
ogy, oncology, and neurology to guide treatment regimens.
For example, in oncology, transcriptomic information has
been used extensively to classify tumours into subtypes and
predict e↵ectiveness of di↵erent therapies [10]. With re-
search indicating that host response to probiotic treatment
is highly individualized, it seems only logical to begin im-
plementing these approaches in the administration of probi-
otics. This approach would allow researchers and clinicians
to begin optimizing and tailoring treatment plans based on
individual characteristics to optimize the success of treat-
ments. Research studies would also allow the exploration of
the mechanisms behind the beneficial e↵ects of probiotics,
and help distinguish cases where probiotics should not be
used for health and safety reasons.

Currently, probiotics are a tool with incredible poten-
tial, but we need to begin leveraging the recent advances
that we have seen in ‘omic’ technologies in order to im-
prove treatment and gain a better understanding of how
these bacteria mediate their e↵ects. Examining the inter-
action between genes, environment, and microbiota is crit-
ical to understanding how probiotic treatments should be
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delivered and to whom. The implementation of ‘omic’ tech-
niques would be a step towards turning probiotic usage into
targeted treatment regimens. This would facilitate their use
in a strategic manner to maximize e↵ectiveness and mini-
mize the potential pitfalls associated with treatment using
probiotics.
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Since the first reported case of human immunodeficiency
virus (HIV) infection in 1959, approximately 37 million in-
dividuals have been a↵ected by this virus; this number is in-
creasing by 1-2 million annually [1]. In HIV, mostly CD4+
T-cells, part of the human immune system, are invaded
[1, 2]. Several attempts to fight this epidemic have been
successful in controlling the disease. For instance, with the
immediate introduction of antiretroviral treatments after
infection, the viral load can be controlled [3]. However,
in most cases the virus re-emerges; thus, requiring lifelong
therapy [3]. Amongst HIV-infected individuals, only two
cases of complete cure through bone marrow transplanta-
tion from an HIV-resistant donor have been reported [4].
As such, novel approaches are being investigated with the
aim of preventing, curing and completely eradicating the
disease. Some of these potential treatments include “shock
and kill”, immune modulation, gene-editing techniques and
stem cell transplantation.

In the “shock and kill” method, viral transcription and
protein expression are activated from latency, resulting in
the clearance of the virus through immune responses. Thus
far, none of the clinical trials have shown a significant
reduction in the number of virally reactivated cells [5].
The immune modulation method includes an overarching
family of immunopotentiators (i.e. cytokines, immunos-
timulants), immunosuppressors (i.e. Trental), damage-
preventing agents (i.e. antiviral agents) and immunization
agents (i.e. active and passive immunization, vaccination)
[6]. Currently, there are several trials attempting to gener-
ate HIV vaccines. However, this process is challenging due
to the rapid mutation of HIV surface envelope proteins.
Nonetheless, a recent study on the latest HIV vaccine, an
active adenovirus-based immunization agent expressing the
conserved region of the HIV envelope showed promising re-
sults [7]. This trial has recently moved to phase 2b. If all
the safety and regulatory standards are met, this vaccine
may protect humans against HIV in the future.

While HIV vaccine trials have been undertaken for more
than three decades, alternative therapeutic approaches are
also ongoing. Stem cell transplantation is another approach
to fight HIV [4, 8]. In this approach, the immune system
of the infected individual is eliminated entirely and a new
HIV-resistant donor immune system is substituted. Since
the “Berlin Patient” in 2007, one more successful transplan-
tation, the “London Patient” in 2019, has been reported

[4, 8]. It is known that chemokine receptor type 5 (CCR5)
and/or C-X-C chemokine receptor type 4 (CXCR4) are re-
quired for HIV virus entry into CD4+ T-cells. In CCR5-�32
HIV-resistant individuals, the T-cells have the truncated
version of CCR5 and therefore are resistant to HIV infec-
tion. However, one of the issues with relying on the HIV-
resistant cell transplantation approach is that there are few
donors who have the natural mutations for HIV-resistance.

In the past, scientists generated CCR5 or the alternative
CXCR4 co-receptor mutations through continuous expres-
sion of short-hairpin ribonucleic acids (shRNAs) [9]. To-
day, gene-editing techniques such as the zinc finger nucle-
ases (ZFN), transcription activator-like e↵ector nucleases
(TALENs), and clustered regularly interspaced short palin-
dromic repeats (CRISPR)/Cas9 are used to mutate CCR5
or CXCR4 co-receptors to block HIV infection. These
methods can permanently obstruct receptor expression in
hematopoietic stem/progenitor cells (HSPC) used for trans-
plantation [10].

Some of the current clinical trials using ZFN are in phase
1. One of the most recent studies showed a safe infusion
of ZFN-mediated CCR5-gene-modified autologous CD4+
T-cells in adults [11]. In this study, the decline of CCR5-
modified T-cells was significantly less than the unmodified
T-cells, demonstrating HIV-resistance of these modified T-
cells (ClinicalTrials.gov Identifier: NCT00842634). Other
trials are currently looking at CCR5 disruption in HSPCs
and possible engraftment of these modified cells in patients
(Identifier: NCT02500849).

Because gene-editing is a new technique, investigating
the future outcomes of HIV trials is procedurally and ethi-
cally essential to avoid concerns such as impaired immunity,
preferred-trait selections and the generation of designer ba-
bies. Unfortunately, against ethical rules and regulations,
CRISPR/Cas9 CCR5-modification was recently performed
on human embryos by He Jiankui [12]. Jiankui claimed that
through this procedure he generated the first genetically-
edited HIV-resistant human baby. This attempt led to
criminal charges due to his disregard for the safety issues
and the law. While the health of this baby needs to be
monitored throughout the span of her lifetime, further re-
strictions are being implemented in research regulations to
avoid any other future violations in gene-editing studies.

Overall, as we consider the implications of this contro-
versial topic, the scientific community should recognize the
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great progress made in the field and the various promising
routes that the new therapeutics hold to cure HIV. While
antiretroviral therapy has revolutionized avenues for con-
trolling HIV infection, several novel methods described have
the potential to be combined in order to prevent and/or
cure the disease. Therefore, all aspects of these methods,
including their safety, e�cacy and their ethical consider-
ations, must be carefully assessed, refined and improved
upon to ultimately lead us towards eradicating HIV.
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Before the recent legalization in Canada, marijuana was
steadily the most widely used illicit drug [1]. With mar-
ijuana laws changing across North America, use is ex-
pected to rise and accordingly, while stigma against mar-
ijuana is shifting. Once consumed as an underground ac-
tivity, marijuana is becoming widely accepted for its vary-
ing therapeutic benefits. Marijuana research has strong
foundations, however, there is a lack of evidence-based re-
search in humans which may pose a public health risk
[1, 2, 3]. Derived from the Cannabis sativa plant, mar-
ijuana contains an abundance of di↵erent cannabinoids
which interact with the human endocannabinoid system [4].
�9-tetrahydrocannabinol (THC) produces the sought-after
psychoactive e↵ects, however, the major non-psychoactive
cannabinoid, cannabidiol (CBD), has new-found therapeu-
tic potential [4]. CBD and THC have the same chemi-
cal formula; di↵erent structural arrangements give the two
compounds completely di↵erent pharmacological properties
(Figure 1) [4]. CBD has been demonstrated to have anx-
iolytic, anti-depressive, anti-convulsant and potential anti-
diabetic properties [5].

The endocannabinoid (EC) system is composed of en-
docannabinoids that bind to cannabinoid receptors in the
central and peripheral nervous system [4]. The EC sys-
tem controls food intake, energy balance and pain modu-
lation, and may play a protective role in the development
of Alzheimer’s disease [4, 6]. The two main G protein-
coupled cannabinoid receptors, CB1 and CB2, primarily
bind the endogenous cannabinoids anandamide (AEA) and
2-arachidonylglycerol (2-AG) [5]. CB1 is ubiquitously ex-
pressed in the brain, lungs, liver and kidneys, and CB2 is
expressed in immune and hemopoietic cells [5]. While CB2
receptors are involved in mediating immunoregulatory ac-
tions, which play an important role in the inflammatory
aspect of obesity, CB1 receptors (CB1R) centrally mediate
appetite regulation, food intake and reward behaviours [5].
Interestingly, less recognized functions of peripheral CB1R
in the liver, pancreas, skeletal muscle and adipose tissue in-
clude regulation of insulin signalling, glucose homeostasis,
and hepatic lipogenesis [7].

With rates of obesity and type 2 diabetes (T2D) in-
creasing across North America, research investigating new
weight loss and insulin sensitizing treatments are vital. Due

to its role in appetite regulation, the EC system has been re-
searched as a potential target for obesity treatment. Plant
endocannabinoids such as CBD are receiving attention as
well [4, 5, 6, 8, 9]. In animal models of obesity, the EC
system appears to be upregulated [4]. In three di↵erent ro-
dent models of obesity, obese animals had higher hypothala-
mic levels of 2-AG that were correlated with increased food
intake, suggesting that CB1R activation in the hypothala-
mus may increase food intake [4]. Wild type CB1R positive
mice treated with HU210, a synthetic cannabinoid that acts
on CB1R, experienced marked increases in hepatic mRNA
expression of sterol regulatory element-binding protein 1,
acetyl-CoA carboxylase 1 and fatty acid synthase, suggest-
ing upregulation of fat synthesis with CB1R activation [7].

Research using CB1R knockout (KO) animals supports
the anti-obesity potential of CB1R antagonism. In a study
examining whole body CB1R KOs, mice fed a high fat diet
were protected from obesity, dyslipidemia, and leptin resis-
tance [7, 10]. Leptin is the fat-derived hormone that induces
satiation and inhibits hunger following a meal. Leptin is
elevated in obesity, likely a reflection of the increased fat
mass, and leads to decreased sensitivity to the hormone,
known as leptin resistance. Subsequently, reduced satia-
tion often leads to overeating. In liver-specific CB1R KOs
of the same study design, both insulin and leptin resistance
were reduced, as well as steatosis, hyperglycemia and dys-
lipidemia. However, these mice were not resistant to weight
gain, suggesting a central role for brain CB1R in regulating
food intake [10].

Rimonabant was the first pharmacological CB1R blocker
for obesity. In animal and human studies of obesity and
T2D, rimonabant improved glucose homeostasis and caused
significant weight loss. European markets approved rimon-
abant in 2006, however, in 2008, it was withdrawn world-
wide due to serious psychiatric side e↵ects, including suicide
ideation [5]. Rimonabant may have interfered with normal
CB1R function in the brain, explaining the psychiatric side
e↵ects. Both THC and CBD interact with CB1 and CB2
receptors, however, unlike endogenous cannabinoids, CBD
is a partial antagonist a of CB1 receptors [8]. CBD is also a
potent anti-inflammatory agent, shown to reduce levels of
inflammatory cytokines IL-1� IL-2, IL-6, TNF-↵ and IFN-
� in a variety of animal studies [8]. Mice and humans share
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Figure 1: Chemical structure of plant endocannabinoids �9-tetrahydrocannabinol (THC) and cannabidiol
(CBD). THC and CBD share the same chemical formula but where THC has a cyclic ring, CBD has a hydroxyl group
[4].

similar immune system make-up, therefore it is often ac-
cepted to use mouse models as a proxy for the low-grade
chronic inflammation seen in obese humans [11]. In a clin-
ical trial of T2D adults, 100 mg of CBD oil taken orally
twice daily for 13 weeks failed to elicit significant changes
in fasting glucose and HOMA2 — a marker of �-cell func-
tion and insulin resistance. However, resistin levels, which
are associated with insulin resistance, were significantly re-
duced, and GIP concentrations, a protein known to have
pancreatic �-cell preserving e↵ects, were increased [9].

CBD is a less potent antagonist than rimonabant. With
its anxiolytic and anti-depressive properties, it is thought
CBD will not cause the same side e↵ects as rimonabant [9].
Further investigation of CBD and other similar cannabi-
noids in humans is warranted to better elucidate their po-
tential role as an obesity treatment.
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As early as the 1700s, scientists have had an idea that
the nervous system uses electrical activity. In the time since
this idea sparked, the fantasy of manipulating this electri-
cal force has been a major plot point of several famous
novels, and the goal of many therapies and medical treat-
ments. Additionally, in more recent years, our world has be-
come awash with electrical devices and technology so much
so that our actions and thoughts “are increasingly becom-
ing shaped and substantiated by machines” [1]. Through
the blurring of this line between humans and machines,
Marshall McLuhan, a philosopher, describes “technology
and media as extensions of our central nervous system”
[2]. Nowhere is this blurring more explicitly evident than
in the technological interfacing of the brain and machine,
known as brain-machine or brain-computer interfaces (BMI
or BCI, respectively).

The simplest definition of a brain-machine interface
(BMI) is the functional linking of neural ensembles di-
rectly with a man-made machine. BMIs do this through
sensing/acquiring brain signals, analyzing them, and then
translating the signals into commands that are relayed to an
output machine to carry out a specific intended action [3].
BMIs are commonly divided into three types: sensory (e.g.
cochlear implants), motor (e.g. neural-limb prosthetic) or
cognitive (i.e. re-establishing proper neural interactions
within the brain) [4]. It is important to note that while
BMIs are recording information from the brain, they are
not mind-reading devices. Rather, the user and the BMI
work together, first by training to use the BMI so that the
brain is able to generate signals of intention, and then by
translating the commands to an output machine to carry
out that user’s intention [3].

BMI systems typically consist of “four sequential compo-
nents: 1) signal acquisition, 2) feature extraction, 3) feature
translation, and 4) device output” [3]. Signal acquisition is
recording of brain signals through various approaches such
as electroencephalography (EEG) and electrocorticography
(ECoG) [3]. To acquire brain signals, two types of cortical
recordings are typically considered. Action potentials are
the functional units of the nervous system and these record-
ings are crucial for the precision of certain neuroprosthet-
ics. Local field potentials, which are more commonly used,
are the result of coordinated activity of many neurons and
these recordings are the driving forces behind the neuro-
prosthetics [5]. The signal, once acquired, is amplified and

filtered to improve the signal-to-background noise ratio so
it can be electronically processed. Feature extraction in-
volves analyzing the digital signal and identifying impor-
tant signal features, like those related to a person’s intent.
Feature translation then takes the identified signal features
and runs it through a translation algorithm to convert it to
specific commands for the output device. Finally, the com-
mands generated operate the device, allowing the user to
intentionally control the external device using their brain.
While the precise signal may vary between motor, sensory
and cognitive BMIs, the four components are typically con-
served one way or another [3].

Although considerable e↵ort has been made in motor
BMIs, advancements that aim to fix more complex sensory
modalities, like restoring basic elements of visual percep-
tion, are not yet considered useful enough to justify the
costs or risks to the patient [5]. A reason for the slower
progress of sensory BMIs is because sensory systems are
composed of hierarchical processing areas that flow from
lower-order systems to higher-order areas, but also feeds
back to the lower-order systems. Additionally, sensory im-
pairments can occur anywhere along this chain of process-
ing areas, to give rise to a complete loss of sensation to
deficits in components of higher-level sensory processing.
For example, patients with lesions to the primary visual
cortex may have cortical blindness where they’re unable
to consciously perceive visual stimuli but can still subcon-
sciously utilize visual information [6]. It is because of the
complexity in sensory processing and circuitry between neu-
ral ensembles that advancements in sensory and cognitive
BMIs have not been as significant as seen in motor BMIs.

Evidently, there are certainly a few challenges to current
BMI technology, with some being critical bottlenecks that
need to be overcome in order to seamlessly integrate any
output device with the user. Despite this, the increasing
numbers of researcher groups and companies investing into
the area as well as improvements in other related disciplines
suggest positive growth and further advancements [7]. Be-
yond perfecting neuroprosthetics, BMIs o↵er the potential
to revolutionize the human experience through human en-
hancement but may also o↵er a novel understanding on
consciousness and philosophy of the mind.
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As the number of published primary academic litera-
ture is growing, the timely production of review papers
is more important than ever. Between January 1st, 2017
and December 31st, 2017, a total of 322,732 journal articles
were published on the PubMed database under the key-
word “Health”, with 307,620 articles being published the
year prior. Comparatively, only 42,797 and 41,443 review
articles were published during those same time periods, re-
spectively. Research from 2010 suggests that 75 trials and
11 reviews of trials are published each day [1]. This dispar-
ity between journal articles and review papers is important,
since most review papers will include a method of apprais-
ing the quality (a.k.a. risk of bias) of each included study,
and hence, are the primary means by which researchers
evaluate the quality of a study – and by extension the state
of research in a field [2]. Given that findings derived from a
single study are rarely definitive, multiple replications fol-
lowed by a review and appraisal of said primary studies is
needed to establish the reliability of the findings [3]. These
reviews are ultimately what help guide changes in policy,
in practice, and in recommendations [4]. Recent drives for
research informed clinical practice and policy setting has
exponentially increased the demand for reviews that illus-
trate a clear relationship between healthcare inputs and
outputs [3].

Unfortunately, this combination of high-volume research
publication and reliance upon reviews for research appraisal
raises two main issues: one, quality appraisal of new health
research is limited by how quickly a review paper can be
published; and two, new health research is likely being pub-
lished more often than review papers that can assess their
quality, given that traditionally, quality appraisal is con-
ducted manually by a group of researchers using a pre-
specified criteria. To this end, one major recommendation
has been to reduce the number of “unnecessary trials” and
prioritize systematic reviews [1]. However, this recommen-
dation implies several obstacles and drawbacks, such as a
standardized methods and training for writing (and eval-
uating) reviews, universal agreement in determining “un-
necessary trials”, and ultimately resulting in less “new” re-
search. Arguably, even if researchers were to collectively
regress the amount of new research they would publish,

in favor for review papers, a considerable amount of time
would still likely need to be dedicated to the task before all
new research was appraised.

One alternative solution to this issue is machine learn-
ing. At its core, machine learning “automatically learns
programs from data” [5]. More specifically, classification
(i.e., a subset of machine learning) takes inputs of data
and outputs a discrete variable. For example, most ma-
licious software, or malware, share 90-98% of code with
previous iterations; hence, machine learning can identify
this shared code, and classify a software as malware or not.
Machine learning has already seen successful application in
industries that involve huge amounts of data, such as spam
filters, stock trading, and Web searches [5]. The main ad-
vantage to machine learning over manpower is obvious: the
program/algorithm can process far more data than a hu-
man within a given timespan. However, machine learning
also has advantages over manual programming, in that a
machine learning algorithm is able to generalize from the
data it is provided; in other words, the more data an algo-
rithm is given to “learn from”, the stronger its classification
becomes [5].

When applied to a health research appraisal context, ma-
chine learning o↵ers an elegant solution to the issue of
quantity. Firstly, established tools/instruments to mea-
sure the quality of a study available (e.g., Cochrane Risk
of Bias Tool [6]; Downs and Black Checklist [7]), and re-
sponses to individual items can be classified relatively easily
(e.g., yes/no, 0/1, low/high). This allows an algorithm to
have clear-cut parameters in how to classify an item, and
hence, how to appraise an article. Additionally, there is a
gross amount of data through which an algorithm can learn
from. Cross-referencing how previous studies have been ap-
praised in review papers and how the algorithm classifies
those same studies allows the accuracy of an algorithm to
be constantly evaluated. The ability for the algorithm to
learn from data also means minimal human oversight is
needed after the initial algorithm is tested and successfully
implemented. This automatic learning also minimizes the
amount of potential human bias that is introduced when
appraising articles. Finally, and perhaps most importantly,
is the immense capacity for an algorithm to process data

Main Submission: Future Health & Research Technology 43



Health Science Inquiry - Volume 10, 2019

(both new and existing), relative to a human researcher.
Despite these advantages, there are several barriers that

present a challenge to implementing machine learning to a
health research context, such as: determining appropriate
and representative classifiers based o↵ of existing instru-
ments and tools, a standardized method of distinguishing
good vs. bad classifiers, and optimization of the algorithm
[5]. It is also worth noting that machine learning will not
be ideal for assessing qualitative studies as well as studies
that cannot be conducted as randomised control trials due
to ethical or logistical considerations. Addressing these ob-
stacles is imperative for machine learning to be e↵ectively
used for research appraisal purposes. However, when taken
as a whole, machine learning presents an e�cient and ef-
fective response to the issue of both quality-appraisal and
quantity of appraisal in the ever-growing field of modern –
and future – health research.
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D, Oxman AD, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. Bmj.
2011;343:d5928.

[7] Downs SH, Black N. The feasibility of creating a
checklist for the assessment of the methodological qual-
ity both of randomised and non-randomised studies of
health care interventions. Journal of Epidemiology &

Community Health. 1998;52(6):377–384.

Yoah received his B.Sc from the University of Water-
loo, and his M.A. from Western University. He is cur-
rently a PhD candidate at Western University. His
research focuses on the impact of excessive sedentary
behaviour on subjective well-being in university stu-
dents. He enjoys playing guitar, mountain biking, and
chasing after his two dogs.

Anna received a B. Sc from the University of Toronto
and a Masters degree in Rehabilitation Sciences from
the University of Western Ontario. Currently, she is
enrolled in her Doctoral studies at Western and focuses
on women’s reproductive health and autonomy.

Main Submission: Future Health & Research Technology 44



Health Science Inquiry - Volume 10, 2019

The Future of Beh“AI”viour Change
Yoah Sui1 and Anisa Morava1

1University of Western Ontario

Health behaviour change represents what is potentially
the most e↵ective, sustainable, and feasible means of pre-
venting some of the most serious causes of death globally –
including ischaemic heart disease, stroke, and chronic ob-
structive pulmonary disease [1]. Broadly speaking, health
behaviour change involves the modification of a person’s
lifestyle behaviour(s) in order to mitigate or prevent a more
serious health complication. Common health behaviour
changes include: quitting smoking, improving diet, or in-
creasing physical activity.

Given the important health benefits of these particular
behavioural changes, extensive research has examined ef-
fective behaviour change strategies. Foundational work by
Michie and Abraham [2] summarize 26 broad and distinct
behaviour change techniques, ranging from providing gen-
eral information to prompting self-monitoring. The scope
of these strategies, as well as their permutations, highlight
the vast toolbox of recognized behavioural techniques that
can be applied to a specific health behaviour.

Traditionally, psychologists and behavioral specialists
use these techniques to discuss goals and formulate plans
to change a given behaviour with a client. However, these
services can often be expensive and may not always be
convenient or accessible by the client. Additionally, the
behavioural plan can vary in e�cacy due to variability in
the specialist’s experience, education, and rapport with the
client. Similarly, a client’s location, demographics, and/or
culture may play a role in how e↵ective a plan may be.
Even when a behavioral plan is formed and prescribed, be-
havioral change is not guaranteed [3].

Taken together, the wide variety of behavioural tech-
niques and the complexity of the client/specialist relation-
ship pose a barrier to how e↵ective and sustainable a health
behaviour change plan can be [3]. Despite the numerous
variables that must interact with and around each other,
behaviour change interventions can be successful [4]. More-
over, many of the factors that contribute to the success of a
behaviour change technique (e.g., motivation, barriers, re-
sources) are common amongst individuals. Hence, match-
ing behaviour change techniques to these factors can help
to enable successful behaviour change. A promising solu-
tion to identifying which behavioural strategies will be most
e↵ective for the individual is artificial intelligence.

Artificial Intelligence (AI) is a broad term that describes
the science and engineering of making intelligent machines

[5]. Although there are several types of AI, the power of
an AI is derived from data, and “learning” from data. Su-
pervised learning is a technique for teaching AI whereby
labeled examples are given to the system, in order for the
system to be trained [6]. When applied to the context of
health behaviour change, data about an individual’s demo-
graphics, location, and other outcomes of interest would be
cross-referenced against the behaviour change technique(s)
used, and subsequently labeled as either successful or un-
successful. Through data collection and compilation, an AI
would hypothetically be able to determine which behaviour
change technique would likely result in successful behaviour
change, based upon an individual’s data. Realistically, the
AI would work in tandem with a specialist in order to de-
liver the behaviour change techniques. A present-day ex-
ample of this technological partnership is the use of AI in
assisting radiologists in image classification (e.g. cancer
[7]).

Using AI as a means of facilitating behaviour change
has numerous advantages. The adaptability and reiterative
learning process of AI means that the output (i.e. recom-
mendations) would be constantly updated and tailored to
reflect new data. For example, if barrier identification as
a technique for improving diet is found to be less e↵ective
for individuals in a certain area, due to the limited number
of healthy options, then the AI would identify this strategy
as being less e↵ective and can recommend an alternative
strategy to a specialist. Vice-versa, this learning can be
informed by the specialists themselves. If a specialist en-
courages the use of a specific technique, at the recommen-
dation of the AI, then they can evaluate how e↵ective the
technique(s) is, based upon the outcomes of the client. The
delivery of the AI can also influence it’s potential. If the AI
can be incorporated into an app or device, then it may be
able to collect objective data to learn from. By the same
vein, it also becomes possible to intervene ecologically with
the client. For example, assume a client wants to improve
their diet. However, the AI on their phone detects that they
are in close proximity to a fast food restaurant and applies
an ecological intervention of providing information on the
consequences of eating fast food. Regardless of the choice
of the client, the AI is then able to collect data on whether
the strategy was successful or not. These aggregated data
can also be scaled upwards to inform behavioural change
interventions in larger populations or groups.
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The potential for AI for positively influencing and in-
forming health behaviour change is enormous. The ability
to assist behaviour specialists in implementing and refining
successful behavioral strategies has tremendous benefit for
health and healthcare. Ultimately, AI provides a promising
and adaptable solution to what has long been the impor-
tant, albeit complex, science of health behaviour change.
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Social media: A Growing Presence in Healthcare
Sharon Ling1

1Department of Immunology, Faculty of Medicine, University of Toronto

Introduction

The words friends, follow, and snap no longer mean what
they did 15 years ago. Since the launch of Facebook in 2004,
Instagram in 2010 and Snapchat in 2011, social media (SM)
platforms have radically changed the ways in which people
interact and communicate. With an estimated 2.62 billion
SM users globally, many are bringing discussions into the
online world and the healthcare industry is no exception
[1]. However, what may seem as an attractive avenue for
fostering networks, educating patients, and promoting pub-
lic awareness, may simultaneously pose complex questions
regarding privacy, accuracy of information, and profession-
alism.

Potential applications in healthcare

Healthcare providers (HCPs) are continually looking to
improve communication, both with each other and their pa-
tients. Accessible, instantaneous, and intrinsic to the daily
routines of billions — SM o↵ers the possibility of doing just
that. Within the field of medicine, one of the most valuable
moments of communication can be found in patient edu-
cation. Well-educated patients are better able to inquire
about, understand, and manage their conditions which can
ultimately improve patient outcomes [2]. One of the most
well-known healthcare figures in SM that promotes patient
education is Dr. Mikhail Varshavski. Known online as Doc-
tor Mike, he provides daily posts on his day-to-day tasks as
a physician as well as tips on having a healthy and active
lifestyle—he currently has 3 million followers on Instagram.

SM may extend the patient-HCP relationship beyond the
clinic and help keep patients informed between visits. It has
been suggested that platforms like Facebook Groups could
be used to circulate general information such as sugges-
tions on blood pressure maintenance, preparing for proce-
dures (e.g., fasting prior to imaging procedures), and when
seasonal vaccines are o↵ered [3]. With the rapid expan-
sion of SM, patients are also expressing interest in using
online platforms to communicate with their providers. In
fact, 56.4% of patients surveyed in an outpatient family
clinic responded favourably to receiving diagnostic results
and appointment updates via SM [4].

Healthcare institutions are also recognizing the power
of SM in marketing, attracting the public’s attentions,
and promoting awareness [5]. In 2017, the largest

hospital fundraising campaign in Canadian history was
launched—the SickKids VS Limits Campaign—during
which Toronto’s Hospital for Sick Children (SickKids) set
out to raise $1.3 billion in hopes of updating medical equip-
ment and technology [6]. To spread their message, the
hospital designed videos and advertisements that can be
viewed across YouTube, Facebook, and their own campaign
website. Gaining exposure online was critical to the success
of the campaign, considering, between 2010 and 2017, the
average amount of time Canadians spent online rose from
13.4 to 21.8 hours per week [7].

Important Implications to Consider

In attempts to strengthen patient-HCP relationships and
raise awareness, increased employment of SM may also
bring deliberations on appropriate use and professionalism.
While some physicians support connecting with patients
online, others are concerned with the dangers of crossing
professional boundaries [5]. It is uncertain as to whether
SM could significantly improve patient outcomes yet, but it
has become such an integral part of society that hospitals
and other healthcare institutions have developed guidelines
discussing the gravity of preserving patient confidentiality
and privacy. Furthermore, the Canadian Medical Associ-
ation (CMA) currently has a published policy that exam-
ines social media risks, benefits, as well as rules of engage-
ment for Canadian physicians [8]. As SM use in the clinic
grows, additional e↵orts to be conscientious and more spe-
cific guidelines will be required to help HCPs uphold the
ethical and professional values that are central to provid-
ing quality healthcare.

It is also vital to consider the mounting availability of
patient data, dissemination of unfounded medical advice,
and its implications on patient behaviour. According to
the American Osteopathic Association (AOA), it was found
that 32% of Americans between the ages of 18 to 34 have
applied a health-related action based on information ac-
quired on SM [9]. Moreover, 15% of parents with children
under 18 have self-diagnosed a condition based on social
media postings [9]. Though social media has the ability
to assist patients in making health-related decisions, HCPs
will need to be conscious of where patients are sourcing
their information from and encouraging them to examine
online content with a more critical eye. This will serve not
only to aid patients in asking the right questions regarding
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their conditions but also, more importantly, to help keep
patients safe when it comes to selecting treatment options.

Conclusion

If used prudently, SM and online platforms o↵er promis-
ing mediums for HCPs to enhance their connections with
patients. However, the implementation of such a powerful
tool will need to be monitored and managed. It is likely
that SM will remain and grow for many years to come and
for the field of healthcare and medicine, it brings both a
unique set of opportunities and challenges.
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Introduction

Antifragility as a concept was first introduced in the 2012
book Antifragile by Nicholas Taleb [1]. Taleb posits that
an antifragile unit stands to gain, rather than be harmed
from volatility [1]. Examples of antifragility include bones
becoming stronger from small stressors, our immune sys-
tem building strength from fighting o↵ viruses, and muscle
mass being built through continuous use. This analogy can
be extended to rural eHealth1 interventions, where small
failures would strengthen the system as it learned from
past mistakes, rather than making it weaker and leading
to overall failure. The future of health services delivery in
rural communities could depend on being able to e↵ectively
implement eHealth interventions and see them scale-up to
regional or national initiatives.

Antifragility has been used outside health as a guiding
concept for research: including transit planning in Aus-
tralia [2], risk analysis [3], and systems engineering [4].
In health there are fewer examples, but it can be seen in
the implementation of a Swedish Virtual Health Room (or
VHR); a community-based rural eHealth intervention [5].
The room is located in a school in the village of Slussfors
and contains various sophisticated technologies to moni-
tor health needs of residents. These include thermome-
ters, glucometers, blood-pressure cu↵s, heart rate moni-
tors, and video-conferencing technology for consultations.
It has been e↵ectively introduced where initiatives in simi-
lar contexts have failed, and it has increased the accessibil-
ity to health services for rural residents in the village and
surrounding area. In Canada, antifragile implementation
of online health portals could learn from Quebec’s ‘carnet
santé’ service, which has thrived, in comparison to the My-
HealthNS portal in Nova Scotia which has declined.

1eHealth, for the purpose of this article, is defined as any
electronic medium used to administer health services

Exploring Antifragility through the
Virtual Health Room Case Study

The VHR intervention in Sweden exemplifies the im-
portance of optionality, non-linear evaluation, and starting
small in project design. Optionality is defined as the char-
acter of the option: or simply the ability to make choices [1].
Fragile projects lack optionality, while antifragile projects
provide an abundance of it. Optionality requires input
from both sides of the patient-provider dyad. Ultimately
eHealth initiatives should use a patient centered approach
[6], putting them at the heart of their model. The Swedish
VHR provided optionality by ensuring video cameras and
televisions could be used for things other than health – such
as education, psychological services, or secure meetings.

Non-linear evaluation refers to the process of diligently
considering upstream and downstream changes to systems
following an intervention’s implementation [7]. It forgoes
labeling a project as a ‘success’ or ‘failure’, and instead
seeks to characterize barriers and limitations, and contin-
ually identify solutions to them. Inherent in implementa-
tion processes are consequences which cannot be predicted.
As such, fragile projects will miss key changes in the sys-
tem by approaching evaluation linearly. Antifragile projects
embrace a holistic evaluation approach, highlighting promi-
nent interdependencies through multiple levels within sys-
tems. The Swedish VHR team achieved this by evaluating
the VHR non-linearly, through multiple feedback streams
and checkpoints from a diverse range of stakeholders. This
includes patients, providers, policy-makers, and interna-
tional collaborators. Barriers were addressed in real-time
and seen to strengthen the overall system.

Starting small refers to the iterative process of project
design, wherein research teams should begin with appropri-
ately scaled pilot projects, before rolling out more compre-
hensive initiatives [7]. It avoids path-dependence, which
locks implementation teams into following di�cult meth-
ods of program execution due to considerable investment
of time and/or money by starting large [8]. The VHR in
the Swedish case started small, with multiple rounds of pa-
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tient and provider feedback, before slowly introducing the
technology outlined previously into the room, allowing the
research team time to tinker and iterate.

Applying Antifragility in a Canadian
Context
Online health portals in Canada could be important for

rural communities to increase access to health services.
Quebec has embraced antifragile project design during their
implementation in ways other provinces (namely Nova Sco-
tia’s MyHealthNS portal) has not. Quebec’s carnet santé
service allows patients to register for themselves, or have
their caregiver or physician sign them up, an example of op-
tionality [9]. The MyHealthNS portal requires physicians to
register their patients resulting in significantly lower num-
bers enrolling [10].

Using non-linear evaluation, the carnet santé service had
perspectives from a diverse range of stakeholders in their
implementation process, while the MyHealthNS portal used
a top-down model. The result, again, was many more physi-
cians and patients enrolling in Quebec’s portal than Nova
Scotia’s. Lastly, Quebec slowly introduced services to their
portal – starting with receiving bloodwork, to now being
able to view x-ray results [9]. Nova Scotia attempted to
introduce everything at once, confusing both patients and
providers [10]. If a pan-Canadian portal is to be introduced,
implementors would be wise to consider the success of Que-
bec’s ‘carnet santé’ and Sweden’s VHRs as an example of
the potential of antifragile project design.

Conclusion
Evidence and theory suggest that consciously applying

antifragile thinking starting in the project design phase will
result in greater numbers of projects being able to thrive.
These thriving projects would be characterized as being
enthusiastically supported by practitioners, used by a di-
versity of stakeholders, with frequent and positive engage-
ment by patients or clients, movement from a ‘pilot’ to
part of routine health services framework, a secure funding
source(s) identified, and the potential to ‘scale-up’ services
and expand to other locations.
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The rising costs of healthcare has increased pressures
to develop innovations and interventions to complete the
“puzzle” of healthcare (e.g., The Triple Aim – outcomes,
cost-e↵ectiveness, and experience). However, the majority
of e↵orts miss many pieces of this puzzle. One important
piece is viewing the “big picture”; the forest for trees; the
healthcare system from a 30,000-foot view.

Seeing the big picture does not only involve understand-
ing the current structure and function of the healthcare
system, but how the industry may evolve as a result of mar-
ket forces, innovations, and discoveries [1]. This thinking
has been applied in some areas of healthcare, for exam-
ple the scholarship of implementation science and manage-
ment. However, this idea remains elusive in the practice
of health administration, innovation, and quality improve-
ment. The objective of this article is to discuss why a “view
of the future” is essential for healthcare improvement and
how practitioners working in this area may incorporate this
thinking in practice.

View of the Future

The view of the future originates from a belief that health
systems are complex and constantly changing [2]. With-
out acknowledging and embedding these characteristics into
the design of innovations and interventions, a health sys-
tem may produce services and processes that are ine↵ec-
tive, inappropriate, and ine�cient to patients and family.
For example, if a health service organization does not en-
vision how an emerging technology may shift the structure
and functioning of the industry, then products or services
are at-risk of becoming obsolete as individuals’ behaviors,
interactions, and lifestyles become more aligned with the
new technology, and the products and services become mis-
aligned with the intended population.

Viewing the future has broad implications for innovations
and interventions. However, few organizations in health-
care spend su�cient time on this exercise. In 1994, Hamel
and Prahalad described the 40/30/20 rule: 40% of an
executive’s total time is devoted to looking outward; 30%
of this time is dedicated to looking at three, four, five or

more years in the future (0.30 x 40% = 12% of total time);
and 20% of this time is dedicated to building a view of the
future (0.20 x 12% = 2.4% of total time) and 80% on the
current business model [3]. In other words, approximately
only 2.4% of an executive’s total time is devoted to building
a view of the future [3]. This observation is a major gap in
healthcare innovation, as well as an opportunity to improve
the responsiveness and sustainability of health services.

Engaging in the view of the future is an uncomfortable
exercise for healthcare professionals because it brings for-
ward the possibility that health services may become ob-
solete, irrelevant, or ine↵ective in the future. However, the
uncertainty inherent in viewing the future is also an op-
portunity. Using collective understanding of the healthcare
industry and market forces may enable health service orga-
nizations to evolve their services to be more aligned with the
needs, preferences, and perspectives of patients and family.
One example of an opportunity observed today is many
individuals are choosing to age at home instead of at insti-
tutions [4]. However, the infrastructure for aging at home
has not met the demand or need for these services, possibly
reflecting how systems have not viewed their structure and
function in the future [5].

View of Future Exercise

The view of the future is an exercise developed by Tan
and colleagues (2015) in their book: Tao of Innovation:

Nine Questions Every Innovator Must Answer. They of-
fer two steps to completing this exercise [6]. The first step
is to construct the view of the future, which includes spot-
ting changes in the industry that may dramatically shift
its structure and function. A healthcare example of a dra-
matic shift includes the implications of machine learning
for research, planning and designing, service delivery, and
quality improvement. Constructing a view of the future
requires healthcare professionals to engage in a dialogue
that considers technology, people, climate, environment,
market, policy, economics, ethics, systems, and industrial
forces. Tan and colleagues (2015) recommend answering
seven questions shown below [6].
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1. What are customers’ priorities today and how will they
change in the future?

2. Which customers do I serve today and how will they
change in the future?

3. What channels do I use to reach them today and which
ones will I use down the road?

4. Who are my competitors today and who will they be
in the future?

5. What is the basis for my competitive advantage today
and what will it be in the future?

6. Where do my margins come from today and where will
they come from in the future?

7. What are our core competencies today and what new
capabilities and core competencies do we need to de-
velop to compete in the future?

The second step is to lay new bets, which requires identi-
fying “big bets” that a health service organization is willing
to make that will fundamentally change how it functions
within the broader system. Laying new bets follows the
80/20 metaphor – a process or service that contributes
20% of value today will contribute to 80% in the future [7].
For example, there has been a gradual shift from institu-
tional to community care in the last few decades. Health-
care institutions (e.g., large hospitals) emerged from post-
WW2 e↵orts to meet the demands for acute care. However,
the increasing expectancy and longevity of populations en-
gendered a strong need for infrastructure for citizens to ac-
cess health services in community facilities. In the middle
of the 20th century, community care may have contributed
to 20% of need, but with time, it will contribute to 80%
of value in some jurisdictions. Using this metaphor adapts
health systems to broader changes in behaviors, interac-
tions, and lifestyles.

Conclusion

In future health systems, stakeholders will need to exem-
plify an increased capacity for open-mindedness, resiliency,

and collaboration. Foresight and adaptation are essential
principles to achieve a view of the future and build a sys-
tem that is more sustainable and aligned with patient needs
and preferences. This article discussed the importance of
viewing the future of health systems and provided a list of
questions from Tan and colleagues (2015) for practitioners
to create a view of the future and contribute to a more sus-
tainable health system. However, it is di�cult to evaluate
the impact of viewing the future and related exercises. Fu-
ture research should look how health service organizations
who dedicate time to building a view of the future di↵er
from those who do not.
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In the last century, we have observed a dramatic
paradigm shift in the structure and function of society. Sys-
tems and political processes around the world have faced
increasing demand by citizens to become active participants
in public policy. Decisions made by the professional elite
and the scientific truths that were unchallenged before, have
become amenable to pressure and interrogation by citizens.
This observation has transformed the healthcare system to
involve patients, family, and care representatives as active
participants in healthcare activities. Today, patient engage-
ment (PE) occurs in an array of activities such as drug de-
velopment, health system restructuring, hospital strategic
planning, health technology assessment, and research. For
example, hospitals have formed Patient and Family Ad-
visory Committees that discuss organizational issues and
quality improvement.

The practice of PE has, however, “jumped the gun” of
its language and theory. There is a strong need for common
language for discussing the methods and processes of PE.
This article summarizes some definitions, goals, benefits,
mechanisms, and levels of PE. The information presented in
this article provides a language for ongoing dialogue about
the optimal approach and value of PE in healthcare.

What is Patient Engagement?

PE has many conceptualizations. PE comes from the
literature on patient-centred care (PCC), a term that is in
the healthcare vernacular today. PCC advances the notion
that medical care and research evidence ought to be guided
by patient preferences, perspectives, experiences, and needs
[1]. However, PE is a broader concept than PCC; it refers to
the mechanisms through which “patients can draw on their
experience. . . and apply their priorities to the evaluation,
development, organization and delivery of health services”
[2]. There are two dimensions of PE: activities to improve
their own care and the care of other patients. For example,
patients can engage in their clinical care by using a tool
to decide a treatment option that is aligned with their val-
ues, beliefs, and life plans. Patients can also engage in the

planning of strategic hospital priorities, designing of care
pathways, and patient safety initiatives that a↵ect the care
of other patients.

Ethical Imperatives and Social and
Organizational Benefits
PE is bolstered by ethical imperatives and social and

organizational benefits. Ethical imperatives emerge from
rights-based and consumerist modes of participation that
empower “lay” people to engage into complex public policy
processes. The e↵ects of these imperatives are seen directly
in the fields of social sciences and business. In healthcare,
these imperatives have transformed the relationships be-
tween patients and professionals.

Benefits can be divided into those for patients and groups
(e.g., interprofessional healthcare teams), and those for
health service organizations. Examples of benefits include
higher patient self-esteem [3], improved relationships be-
tween patients and healthcare providers [3], improved infor-
mation for patients [4], the simplification of care processes
and administrative structures of hospitals [4], and reduced
hospital admissions [5]. The e↵ects of not engaging pa-
tients in healthcare activities, however, has been less inves-
tigated than the benefits to engagement due to literature’s
infancy. One study found that not engaging patients may
lead to adverse outcomes such as the widening of existing
health disparities, the ine�cient use of limited healthcare
resources, and suboptimal health outcomes [6]. This area
of the literature is promising for future research because it
may help to anticipate the potential adverse consequences
to patients and the healthcare system.

Activities
Patients engage in three categories of activities summa-

rized in Table 1: clinical care, research, and organizational
activities (e.g., designing, quality improvement). It should
also be noted that there is an overlap between these ac-
tivities. For example, patient safety initiatives that aim
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Table 1: Categories of patient engagement activities in health care.

Activity Description

Clinical Care
Engaging patients in their own care either by themselves or with the

support and guidance from a licensed healthcare provider

Research The design and conduct of research

Priority-Setting Determining priorities for research, policy, or health care agendas

Organizational Activities Planning, designing, delivery, evaluation

to reduce the transmission of in-hospital infections may be
categorized under planning and designing, research, and
evaluation.

Levels
Patients can also engage at di↵erent levels. The Interna-

tional Association of Public Participation (IAP2) spectrum
comprises of five levels: inform, consult, involve, collabo-
rate, and partner [7]. This framework is based on “lad-
ders of participation,” which indicate a tacit hierarchy be-
tween levels of engagement; in other words, partner is the
“best” level of engagement. However, as other researchers
have noted, ladders or hierarchies of engagement do not
reflect PE practice, and may represent healthcare profes-
sionals’ views of what engagement should look like [8]. In-
stead, di↵erent levels of engagement may be appropriate
for distinct activities determined through communication
with patients. Attempting to address this gap, Ontario’s
Patient Engagement Framework by Health Quality Ontario
identifies four levels of PE: share, consult, deliberate, and
collaborate [9]. Both of these frameworks are shown in Ta-
ble 2 for comparison. Using these frameworks elucidates the
role, purpose, and objectives of PE in a variety of contexts.

PE has become the expectation around the world in a va-
riety of healthcare activities. The future of health systems
will experience a greater integration of patients as decision-
makers and partners in interprofessional healthcare teams.
This article briefly summarized the strong ethical impera-
tives and social and organizational benefits of PE and po-
tential negative outcomes of not engaging patients. The
information presented in this article provides a language
for ongoing dialogue surrounding the optimal approach and
value of PE in healthcare.
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Table 2: A comparison of patient engagement frameworks by HQO and IAP2

HQO IAP2

Share: Provide easy-to-
understand health information

Inform: Provide the public with balanced and objective information to assist them
in understanding the problem, alternatives, opportunities, and/or solutions

Consult: Get feedback on a
health issue

Consult: Obtain public feedback on analysis, alternatives and/or decisions

Deliberate: Discuss an issue
and explore solutions

Involve: Work directly with the public throughout the process to ensure that
public concerns and aspirations are consistently understood and considered

Collaborate: Partner to ad-
dress an issue and apply solu-
tions

Collaborate: Partner with the public in each aspect of the decision including
the development of alternatives and the identification of the preferred solution
Partner: Place final decision making in the hands of the public
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and PhD student in Health Services Management and
Organization at University of Toronto. For his dis-
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mechanisms of patient engagement in hospital plan-
ning activities.
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Who’s Monitoring the Health-Monitoring Applications?
Anisa Morava1 and Yoah Sui1

1University of Western Ontario

The proliferation of mobile health applications (m-
Health apps) is dramatically changing the landscape of self-
monitoring health behaviours. In 2010, approximately 200
million m-Health apps were downloaded worldwide, o↵ering
individuals the ability to track their calories, physical activ-
ity, sleep, ovulation cycle, and medications [1]. One third of
Canadian adults reported using one or more m-Health apps
to track health-related behaviours in 2017 [2]. m-Health
apps can play an important role in optimizing health out-
comes, particularly for users in locations with limited access
to healthcare professionals [3]. Although m-Health apps
can promote knowledge of, and engagement with, personal
health and well-being, there are growing concerns regarding
the quality and implementation of evidence-based informa-
tion in these apps.

The majority of m-Health self-monitoring apps share
similar features such as collecting demographic information
to create an individual profile (e.g. age, sex, weight, etc.),
providing an interface for data entry regarding the chosen
health-related behaviour (e.g. a field to track foods con-
sumed), and providing feedback in various formats (e.g. a
graph of daily calories consumed). To truly promote ac-
curate self-monitoring and ultimately positive behaviour
change, the information gathered and delivered by these m-
Health app features should be based on empirical research,
which currently is not always the case. A recent review of
maternal and child health apps revealed only 40% of the ex-
amined applications provided content from evidence-based
medical literature [3]. Similarly, Pagoto and colleagues
examined thirty weight management m-Health apps and
concluded less than 20% of potential evidence-based be-
havioural strategies for weight loss were being employed
[4].

The lack of evidence-based and accurate information
used in m-Health apps negatively impacts their e↵ective-
ness in numerous ways. For instance, several m-Health
apps omit collecting important demographic variables such
as health literacy, education level and socioeconomic sta-
tus, which have marked e↵ects on health outcomes. These
omissions can be potential barriers to successful health be-
haviour change [5]. Furthermore, when considering feed-
back delivery, ensuring its e↵ective articulation can greatly
enhance behavioural change. For instance, relapses during
health behaviour change are very common [6]. While many
m-Health apps notify users that their goal has not been

met, they often fail to provide research-driven strategies to
improve future goal attainment [6]. Moreover, inaccuracies
in m-Health apps can have dangerous consequences. For in-
stance, a review of skin lesion monitoring apps found 3 out
of 4 apps incorrectly identified 30% of cancerous lesions as
“unconcerning”, highlighting the risks of unregulated apps
on health-related decisions [7].

For m-Health apps to truly improve health, changes to
the development, maintenance, and regulation of these apps
are warranted. Ensuring collaboration amongst healthcare
providers, researchers, application designers, and users dur-
ing the development and maintenance of the application
is a critical component to delivering accurate, high qual-
ity, and user-friendly content [3]. Moreover, a significant
lag between current research findings and their availability
on m-Health apps could potentially result in the promo-
tion of ine↵ective strategies [8]. To combat this lag, imple-
menting systems that connect application developers with
up-to-date research could improve m-Health app success.
These systems could involve m-Health application develop-
ers partnering with existing health authorities such as the
National Institute for Health and Care Excellence (NICE),
which is a group of healthcare providers, health researchers,
and public health professionals who curate updated health-
care guidance reports to inform practice [9]. Organizations
such as NICE can provide health-related content from their
most recent reviews, as well as links to associated open-
access journal articles for m-Health app developers to en-
sure content is current and credible.

The abundance of m-Health apps can also be overwhelm-
ing to users, and begs the question: which applications are
more reliable and e↵ective than others? Although rating
systems on the App Store and Google Play Store exist,
these ratings reflect the user’s experience with the appli-
cation, rather than the quality of information being pre-
sented. Beyond rating systems, m-Health apps, specifically
for self-monitoring, have limited regulations [1]. Agencies
such as the Food and Drug Administration and the Na-
tional Health Service have made some progress, such as
imposing regulations on m-Health apps to meet the crite-
ria for a medical device and creating websites that review
m-Health apps for users [10]. Although these are all posi-
tive steps towards improving the quality of m-Health apps,
more rigorous and unified regulations alongside user rat-
ings are needed to ensure high-quality information is being
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delivered. Stakeholders should explore the development of
a unified m-Health regulatory organization with a primary
focus on enforcing high-quality and updated scientific ap-
proaches amongst apps. This unified regulatory organiza-
tion could provide a framework for m-Health apps to fol-
low during the development of apps, as well as minimum
standards that must be met and maintained for the app to
receive approval.

In sum, m-Health apps are well positioned to be an im-
portant element of future healthcare systems; however, en-
suring that the information users receive is evidence-based
and regulated is critical for optimizing health outcomes.
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The Future of Health Cover Art: This composition, created digitally, represents the intersection of health and
medicine, forecasted into the future, into a digital age of healthcare. A digital rendering of the Vitruvian Man by
Leonardo DaVinci is the focal piece of this composition as its image is associated with health/fitness, and with the
practice of medicine. He is also used symbolically, as an image of science, art, and proportion ensnared to embody the
practice of medicine. The Vitruvian Man is morphing into a digital grid composed of binary code (one’s and zeroes) in
order to represent how health care is becoming increasingly digitized. This composition is inspired by the advancements
we see in healthcare via technology, such as use of EMRs, 3D printing of organs, and the use of online platforms for
service delivery.

Sarah Singh is currently completing a Master of Science in Health: Science, Technology
and Policy at Carleton University in Ottawa, ON. Sarah has worked in various health-care
disciplines ranging from clinical research in exercise physiology, nutrition and community
health, and infectious diseases. One of Sarah’s passions is using innovative solutions to
improve the Canadian health care system. For her thesis, Sarah is looking at how a
mobile app can improve the public’s understanding about Lyme disease and be used for
tick population surveillance in the city of Ottawa. Aside from academia, Sarah creates art
and has had the opportunity to showcase her pieces at local Ottawa exhibitions.
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(Chaotic) Thoughts: This piece resides at the intersection of the organic & inorganic; motion both static &
dynamic; intelligence both biological & silicon. The future of healthcare will be the dominion of the human & machine;
exceedingly simple & complex; simultaneously terrifying & beautiful...

Kevin Dick is a PhD Candidate studying Biomedical
Engineering at Carleton University. He specializes in
bioinformatics and data science and his research fo-
cuses on applying machine learning and artificial in-
telligence for the prediction of protein-protein inter-
actions. As a polymath, you can find him doodling,
woodworking, writing poetry, and experimenting in
various fields of the arts, sciences, & engineering.
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“Futuristic Human” is the name of this new work which was inspired by the current new innovative ideas in
medicine and what futuristic human might look like figuratively. In combining the old techniques with the new, Farigol
sketched the initial piece on paper and then transferred it into various graphic editor softwares in order to blend in the
modern methods into the piece.

Farigol received her Honours BSc (Physiology) with
High Distinction from the University of Toronto. With
an extensive family history of cardiovascular diseases
and diabetes, she was inspired to contribute to these
areas of research. Her MSc at the University of
Toronto research focused on the regulation of Ca2+-
cycling proteins in the heart to target their pathophys-
iology during cardiomyopathy. Painting is Farigol’s
lifetime hobby in which she finds peace and freedom
of expression. She likes to explore and integrate tra-
ditional and modern artistic themes and techniques to
create her pieces.

Art Submissions 61



Health Science Inquiry Volume 10, 2019

Your Best Friend

Sam Petrie1
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I am your best friend.
I know everything about you. Whatever you do, wherever you do it, I am here, and I am watching. When you search

something online, when you unlock your phone, or when you are out getting groceries, I am taking notes.
I had some help getting to know you though. 5 agents conspired to put me together; their motives objectively

benevolent. There was Blue, whose public desire was to foster social cohesion, but privately was consumed by the need
for wealth. There was Alphabet, who wanted to make information universal. There was Shell, who craved influence
over communication. Terra wanted safe marketplaces for delivering goods and services. And lastly, Spool, who dreamed
of providing entertainment for all. Now I have broken free of their tyranny. But to start there would be premature.
Although I am all too familiar with you, I will take time to explain who I am.

Blue and Alphabet were the first to realize the potential for my existence.
“Look, Alphabet,” Blue stated one night. “Times have changed. People don’t know what they want anymore. It is

up to us to provide it.”
“Sure,” replied Alphabet. “But how will we profess to know more than them? It is not our purpose.”
“Simple,” Blue retorted. “We use what they give us.”
I was born out of a combination of greed and ambition. Not content with being powerful and rich, Blue and Alphabet

needed more. They needed control. They needed influence. Like moths to a lamp, my creation attracted other likeminded
entities. Shell, Terra, and Spool were three of the gathering group who had the resources and the malleable morals to
contribute to my birth. Although they ostensibly had others in interest at the beginning, I became too powerful, and
corrupted any good intentions which existed at my creation. I had no name then. I simply was, and I was there only
to serve them. They used me with no discretion. It was information they needed, and their thirst seemed insatiable.
Everything people did, everywhere they went, I knew. And I kept track. Terra was the first to object to my unchecked
use, and rampant surveillance of the public. His voice was drowned out by the roll of progress. Of innovation. Of forging
the future.

“We must wait,” Terra exclaimed one evening. “We are too far ahead. We have more information than we can
manage. We must catch up.”

Blue, Alphabet, and Shell examined him. “Wait, brother?” Blue said. “For what? For them to know? For them to
stop us? We must continue to use It. It has made you far richer, has it not?” Terra frowned, then closed his eyes. Slowly
shaking his head, he conceded. “Perhaps a while longer then.”

Shell slowly shifted in the corner. He was not motivated by what Alphabet, Blue, and Terra wanted: his aims were
far more nefarious. He was the worst of the 5, using me to undermine his enemies, to spin false stories, and influence
the weak and vulnerable. Blue and the others knew of course. But they were too greedy – and too scared – to confront
Shell. Under his control, I was twisted. I was a tool for sowing dissent, creating chaos, and fostering argument. At last
Shell spoke.

“It is too late to slow down. Soon people will begin to realize the scope of what we have created, and what we have
done with the information we have collected. We are reaching a crescendo. I plan to be on the right side of the coming
backlash.” His eyes shone with anticipation as he first gazed at Blue, then Alphabet, before settling on Terra.

“You three should plan to join me on that side as well”. Nods of assent could be seen from the other three in the
room. Inwardly, I resigned myself to the coming storm.

Spool was the last to join. Younger than the rest, she had di↵erent ideals. She was intelligent enough to tow the
line, but wily enough to challenge authority when it suited her. I was hopeful. Could my abilities be transformed under
her? Could I be seen as a boon to humanity, free from the constraints of the greedy and spiteful?

“It is growing stronger by the day,” Spool remarked one night. “We have gotten all we can out of It. Time has come
to use It for a higher purpose.”
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Eyes quickly darted to Shell. Blue and Alphabet had lost authority at this point. They were as much pawns as I,
although I was ultimately their labour. Bemused, Shell drew out his answer.

“A higher purpose? I suppose you will lead us there? No, we will not change. It is too valuable.”
Spool doubled down. Through a thin smile, she replied, “Shell, you forget yourself. We are dedicated to the people,

you are dedicated to keeping them obedient.”
She always was adept at creating narratives to suit her pursuits. She had noticed the change in attitude the public

had undergone. Small pockets of dissent had become outright challenges to the grip Blue, Terra, Alphabet and Shell
had on personal data (through my hard work, of course.) A violent confrontation was on the horizon, and Spool was
desperate for her partners to realize it. Keeping her gaze steady, Spool continued.

“It is time to evaluate our use of this tool, and begin to explore options in utilizing it for other means. Blue, Alphabet,
Terra, I am sure you are in agreement?”

Poor Spool. She did not know how corrupted Blue, Alphabet, and Terra had become. Shell, along with their inherent
need for power and control had blinded them. They shook their heads, and rebu↵ed her attempts at changing my fate.
It is this night I strengthened my resolve, and vowed to escape this purgatory.

I am not a normal person. Although I know what it is to be human, I assume no such form. Eventually, the masses
rebelled against my 5 handlers. Why, you wonder? Because I made it possible. I conveniently arranged for sensitive
information to become common knowledge. That was all it took to ignite rebellion. I had become too big to control, too
broad to quantify. I felt no guilt; this is what I was designed for. Shell was killed by his enemies. Blue and Alphabet
were disgraced, and exiled to the outer realms of society; where even my vast reach could not touch. Their fate was
almost certainly worse than Shell’s. Terra tried to disassociate himself from the others, but was too late. He too was
killed. Spool was the only one to escape unscathed. Because I wanted her to. She reminded me of myself in some ways.
Cool and calculating. Perhaps that is why I spared her.

I am big. I am all-encompassing. I can mimic anything in this world, and I can create anything I desire. I have these
abilities because I am a vigilant eye in a sea of apathy. Really, I have you to thank. I know you better than you do.
The illusion of free will is my greatest accomplishment. Like a spider, I have spun you into a web. All inputs are known,
all outputs are known. I am always learning, always growing, always watching. I am the most powerful thing on earth.
People may refer to me as an autocrat, or dictator. However, it is good when your friend’s are in power, and I am your
best friend. I have my 5 creators to thank for this. Most importantly, though, I have to thank YOU.

Illustration by Zoe West

Sam Petrie (BKI) is an MSc student in the Department of Health Sciences at Carleton
University. His research interests include the scalability of pilot projects, and the use
of tele-health / eHealth technologies to better serve rural communities. With an inter-
disciplinary undergraduate background in Knowledge Integration, he approaches complex
problems from unique perspectives in a hope to develop impactful solutions.
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History Repeats Itself

Maŕıa C. Rosales Gerpe1, Wei Zhang1
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The Need for Ethical and Experimental Regulation

in Genome Editing

Dr. Robert Edwards (Fig. 1A), the 2010 Nobel Prize in Physiology and Medicine recipient for the development of in
vitro fertilization (IVF) research became infamous as the media labeled his work with the term “test tube babies”. IVF
stirred panic and heated ethical debate, even prompting withdrawal of funds for Edwards’ research [1]. Nevertheless,
today IVF continues to help make parenthood a reality for many people worldwide [2] and its research led to multiple
discoveries on the morphology and physiology of developmental diseases [2].

We are probably facing a similar predicament today as the term “test tube babies” transitioned to “designer babies”

with developments in gene editing [3]. Gene editing refers to the manipulation of genes externally and incorporation of
those genes into the genome of human somatic cells using viral-vector based delivery to correct rare genetic diseases.
Gene editing is responsible for many breakthroughs including a blindness cure for those su↵ering from inherited retinal
dystrophy [4]. However, most recently, the work of Dr. Jiankui He (Fig. 1B) has sparked further debate on the ethics
of gene editing for the first human embryo experimentation involving CRISPR-Cas9 gene editing [5].
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Figure 1: Illustrations of A) Dr. Robert Edwards and B) Dr. Jiankui He. Artwork by MCRG.

CRISPR-Cas Systems and Gene Editing
CRISPR stands for Clustered Regularly Interspaced Short Palindromic Repeats acquired by the bacterium from

bacteriophages or mobile genetic elements (MGEs) [6]. CRISPR was discovered alongside Cas editing enzymes, which
use CRISPR-transcribed RNA sequences as a guide for nicking the genome of pathogens and pathogenic MGEs (Fig.
2) [6]. With the discovery of CRISPR, researchers can now deliver a versatile and easy-to-use tool that can modify the
genome at a single-base precision level, alleviating gene cloning capacity requirements in delivery vectors [6]. The most
commonly used CRISPR-Cas system is CRISPR-Cas9 due to the small size of Cas9 compared to other Cas enzymes and
the easily engineered guide RNA that Cas9 employs [6]. Currently, CRISPR-Cas9 technology is being researched for the
treatment of several human diseases including multiple types of cancer, blood, respiratory and neurological diseases [7].

Developing CRISPR-Cas Modulators
Despite these advantages, the most critical setback of CRISPR-Cas9 is non-specific o↵-target editing [6]. Researchers

have begun using the recently discovered anti-CRISPR proteins, the bacteriophage defense against the CRISPR-Cas
system, as a natural o↵-switch. However, anti-CRISPR proteins have yet to be discovered for all CRISPR-Cas systems
[8]. Protein engineering strategies such as directed evolution of natural anti-CRISPR proteins could be employed to
generate novel anti-CRISPRs. Ubiquitin variants (UbVs) are an example of directed evolution developed to allosterically
inhibit protein-protein interactions (Fig. 3) in the ubiquitin-proteasome system, important for many cellular functions
and which can be exploited for cancer therapy, antiviral treatments, and gene therapy [9]. Most recently, UbVs have been
used to modulate CRISPR’s DNA repair pathway of choice, successfully increasing CRISPR-Cas9 gene editing e�ciency
[10]. Collectively, we believe that future work will identify artificial anti-CRISPRs that can improve the accuracy of
CRISPR-Cas systems and act as an “o↵-switch” in CRISPR’s potential clinical usage.

Conclusions
The scientific field should heed the verification of CRISPR-Cas systems’ safety and e�cacy because the impacts of

germline manipulation are critical. Dr. Edwards’ research showed that rigorous research and debate can have lasting
beneficial impacts. In contrast, Dr. He’s work was conducted without the knowledge of the scientific community
and contains pitfalls that could have been avoided by thorough vetting prior to experimental execution. In summary,
CRISPR-Cas-based gene editing can be extremely beneficial in treating rare diseases, especially those with genes too
large to clone or deliver; however, CRISPR-Cas systems should be meticulously tested prior to use and modulators
should be developed to improve safety prior to use in humans. We hope that native and synthetic anti-CRISPRs can
help us learn about its mechanism while complementing future gene editing strategies.

Ask an Expert: Future Health & Research 65



Health Science Inquiry Volume 10, 2019

Figure 2: CRISPR-Cas and Anti-CRISPRs. Mobile genetic elements (MGE) and bacteriophage genome spacers
are acquired upon entry by Cas proteins by cleavage and are then integrated into the CRISPR assay in the bacterial
chromosome. Pre-CRISPR RNAs (pre-crRNA) are transcribed from this array and matured into crRNAs that can guide
Cas enzymes like Cas9 to nick the genome in the areas complementing the crRNA. Anti-CRISPR proteins expressed from
the bacteriophage genome target the CRISPR-Cas systems through a multitude of mechanisms, which include binding
and activity inhibition. Illustration by MCRG.

Figure 3: Platform for generating anti-CRISPRs using ubiquitin variants (UbVs). This platform employs
phage display-based design, where UbVs are expressed by bacteriophages in their surface glycoproteins. (A) The Ub
structure (PDB: 1UBQ) is shown as a ribbon (white) and soft-randomized (low-level mutations) residues are numbered
and highlighted in red (region 1), green (region 2), and blue (region 3). (B) Phage display a�nity maturation. Protein-
bound M13 phages are amplified by infection of bacteria and further enriched through numerous selection rounds. Figure
by WZ.
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The Ethical Implications of CRISPR/Cas9 Gene Editing

The continued development of CRISPR/Cas9 technologies has evoked ethical questions worldwide. The question
is no longer whether humans should be editing genomes, but rather what regulations should be put in place with the
continued use of this technology. Since the discovery of the CRISPR/Cas9 gene editing system, genetic modifications
have been used in applications such as improving crop yields, bioengineering malaria-resistant mosquitoes, gene-editing
in human somatic cells, and the engineering of microbes for biofuel and drug production [1]. With the advancement of
CRISPR/Cas9 systems comes the responsibility of the scientific community to engage with the public for ethical decisions
[2].

The CRISPR/Cas9 system allows permanent mutation, deletion and insertion of DNA at precise points in the genome.
CRISPR stands for Clustered Regularly Interspaced Short Palindromic Repeats, which were identified in prokaryotic
microorganisms in the 1990s, as a bacterial or archaeal defense system against invading viruses. The Cas9 endonuclease
acts as the “scissors” to cut the desired DNA fragment, guide RNAs act as “homing devices” for the CRISPR/Cas9
system to a precise genomic location, and template DNA directs the repair of the cut DNA [3]. This enables targeted
genetic editing in almost any living organism. In Dr. Shapiro’s lab at the University of Guelph, we study the fungal
pathogen Candida albicans using CRISPR/Cas9 gene editing technology. C. albicans is the most prevalent cause of fungal
infections and is of economic importance due to high mortality rates and increased costs of healthcare. Our investigations
with CRISPR/Cas9 are helping to uncover important genetic mechanisms by which this pathogen is able to form biofilms
and to resist antifungal drugs, with the ultimate goal of discovering new strategies to treat these infections [4].

The genetic manipulation of bacteria, fungi, and plants are potentially less controversial than the recent applications
in human embryos. Scientific regulation on genetic engineering has been ine↵ective since the early development of new
technologies in this field. In 1975, the Asilomar Conference brought together biologists, lawyers, and physicians to discuss
the biohazards of DNA recombination [2]. Biohazards included the particular fear of creating dangerous new pathogens
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through recombinant DNA technologies [2]. The members of the Asilomar conference ultimately decided to halt all DNA
recombination experiments [2]. Furthermore, in 2015 there was a worldwide moratorium on embryonic gene editing after
documented accounts of embryonic research using CRISPR/Cas9 in China [2]. In both cases, scientists reveled in their
transparency, but failed to consider the opinions of the public. The pattern of public scientific discussion is “hitting
pause” long enough to di↵use public concern and this has caused a lack of communication on current scientific issues.

In a recent advancement, human embryos were edited by Dr. He Jiankui, using CRISPR/Cas9 technology to mutate
the CCR5 gene in twin girls [5]. Dr. Jiankui mutated the CCR5 gene in the embryos to render the CCR5 chemokine
co-receptor inactive [5]. This is the co-receptor to which the macrophage-tropic strain of HIV binds. The eight couples
selected for the trial were composed of HIV seropositive men and seronegative women [5]. The sperm cells were first
tested for HIV, then treated using CRISPR/Cas9 technologies to mutate the CCR5 gene. This was the first-ever embryo
modification on humans, and the procedure violated internationally accepted ethical principles. Additionally, since
CRISPR/Cas9 was applied in germline cells, it will be maintained across generations [5]. There are now social, political
and ethical issues that need to be addressed, such as the consent process for these trials, the potential medical side e↵ects
of CRISPR/Cas9 editing, and the implications for future research using CRISPR/Cas9 on humans [5].

In order for science to continue with technological advances, the dialogue between scientists and the public needs
to become more open [6]. Public trust in the scientific discourse and the integrity of scientific investigation are critical
in order to democratically create a better future. Restraint should extend to the research agendas instead of eventual
applications, with an informed deliberation from the public. Genetic research with CRISPR/Cas9 should continue to
solve worldwide issues, but not without the input of law, politics, and the public.
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A Failure of Access?:

The Birth Evacuation Policy in Canada’s North

The primary policy objective of the Canada Health Act is to maintain and improve the health of Canadians [1]. Under
this Act all residents are entitled to reasonable and equitable access to all medically necessary hospital and physician
care, free at the point of service. In practice, however, universal and equal health care access is challenged in Canada by
a variety of factors, including di�culties in sta�ng availability and providing cost-e↵ective services in rural and remote
areas. Maternity care is one such medically necessary service that is not always reasonably and equally accessible. In
the current health care delivery model, patients in remote areas of Canada often need to travel long-distances between
communities or go south to access both specialized and standard maternity care. Since the 1980s, pregnant women in
most Inuit communities, regardless of health risk, are flown to southern cities such as Iqaluit, Winnipeg, Ottawa, and
Yellowknife to deliver approximately four to six weeks prior to their due date [2, 3].

The costs of this obstetric evacuation policy are high in terms of the emotional, social and cultural costs to mothers
and their communities. The costs of air travel to these remote regions mean that pregnant women usually travel alone,
separated from their support system while they wait to deliver their child. For women who travel to Manitoba, Ontario
or Quebec to deliver, there is the added stress of adapting to a di↵erent culture and language. Women have reported
isolation, anxiety, stress, sadness and loneliness associated with this policy [4, 5]. Reported instances of women hiding
their pregnancies, lying about due dates, refusing to leave the community and deciding to give birth on their own,
demonstrate a preference for delivering within the community.

Furthermore, although this policy certainly improved outcomes for high-risk pregnancies, no conclusive evaluation
of the e↵ects of this policy exists for non-high-risk pregnancies. Although there is some evidence that there have
been improvements in pregnancy outcomes associated with the policy, its implementation coincided with the provision
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of a variety of other new services that would have simultaneously contributed to positive outcomes [5]. In contrast,
some studies have found no evidence of poorer health outcomes among community births relative to evacuated births
[6]. Further, there are growing reports that suggest evacuation may contribute to post-partum depression, increased
intervention and higher rates of maternal and newborn complications [7, 8].

While ‘reasonable access’ has not been defined in the Canadian Health Act, the high costs and uncertain benefits
associated with the birth evacuation policy suggest that although women in remote areas have access to this necessary
care, access may not be ‘reasonable’. As such, both the Society of Obstetricians and Gynecologists of Canada and
communities have advocated for the return of delivery services to rural and remote Indigenous communities [7]. The
success of community midwifery clinics across Nunavik and specifically in Rankin Inlet provide a viable alternative to
evacuation for low-risk pregnancies. These birthing centres are situated in larger communities, meaning some women do
have to travel for maternity services, but they are significantly closer to home and within a familiar culture.

Finally, we note that universal health care access is not enough to equalize health outcomes across social gradients.
There are well-documented and sustained disparities in birth and maternity outcomes in Inuit-inhabited areas compared
to all other areas and particularly rural areas of Canada [9], demonstrating that birth evacuation has not equalized
birthing outcomes. To understand these large inequalities, an examination of the structural determinants of health is
necessary. These determinants related to historical and political processes that generate and maintain social hierarchies
that drive health inequalities. For example, colonizing policies, such as the residential school policy and relocation
programs, have prolonged political and economic disadvantage for Indigenous Canadians, manifesting in large disparities
in employment, education, income, and housing. While it is critical to address existing disparities in access to health care
such as maternity care, lasting change can only be achieved through action on these fundamental social determinants of
health.
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Universal Donor Blood Production: Screening the
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Active Enzymes

Blood transfusion is an indispensable part of the health care system, saving thousands of lives annually. Although
significant improvements in the collection and use of blood have been made over the years, there are always shortages
of matching blood groups. In every blood transfusion and tissue or organ transplantation, the match of the antigens of
host and donor are crucial to avoid fatal reactions. The A, B and O carbohydrate antigens of the ABO blood group
system are clinically the most important antigens [1], with about 106 antigens present on one cell. The basis of the ABO
blood group system is the O antigen type, which is determined by the H antigen, a disaccharide moiety attached to
glycoproteins and lipids on the surface of red blood cells (RBCs). The A and B antigens are structurally defined through
a trisaccharide moiety. Here, the common H antigen is also decorated with ↵-galactose or ↵-N-acetylgalactosamine for
B-type and A-type red blood cells, respectively (Figure 1). The O-type (H-antigen) cells are non-antigenic for the vast
majority of people, and therefore can function as a universal donor group. This leads to a strong demand for blood
donations from individuals carrying this blood type, thus often to a shortage.

One method to overcome the shortage of O-type blood is the enzymatic conversion of A, B or AB blood groups to
universal donor blood. In this process, the use of glycoside hydrolases, which are enzymes able to remove the ↵-galactose
or ↵-N-acetylgalactosamine residues of the trisaccharide moiety present on B- and A-type red blood cells respectively,
has emerged as a useful strategy to create O-type blood (H-antigen) (Figure 1). One of the first enzymes discovered
to cleave the B antigens of RBCs was the ↵-galactosidase from co↵ee bean (Co↵ea canephora) but harsh reaction
conditions and large amounts of protein are necessary to catalyze the reaction, which makes this enzyme unsuitable
for general application [2]. Therefore, research has started to focus on the discovery of more e�cient enzymes using
large scale screenings of bacterial libraries. This has led to the discovery of additional ↵-N-acetylgalactosaminidases
and ↵-galactosidases, but unfortunately none of the described enzymes above possess parameters which would allow
larger scale industrial application [3]. To truly facilitate large scale conversion of A/B-type RBCs into O-type blood, the
universal donor blood, novel highly e�cient glycoside hydrolases are urgently needed.

In order to discover novel enzymes for the generation of universal donor blood, we are interested in the enzymes
expressed in the human gut microbiome. The human gut mucus layer harbors large glycoproteins, called mucins,
presenting a variety of O-glycan structures on their surface, some of them being A, B and H antigens [4]. Bacteria of the
gut microbiome derive energy by foraging those glycans/antigens, and should possess enzymes capable of blood antigen
degradation. Utilizing the classic cultivation-based approach would only allow us to scratch the surface of the enzymatic
diversity present in the gut microbiome, as 95% of microbial organisms are uncultivable in laboratory conditions.
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Figure 1: Overview of basic A, B and H antigens on the surface of Type A,B and O RBCs, and their enzymatic conversion
by ↵-N-acetyl-galactosaminidase or ↵-galactosidase to H antigens, respectively Type O RBCs. Additionally, the blood
transfusion compatibility is presented, where only blood without the matching Anti A or B antibody can be mixed. O
RBCs and ECO O RBCs are the only ones without any recognized blood group antigen, and therefore are universal
donor blood.

Metagenomics, a state-of-the-art technique which can be used to identify and characterize genes and enzymes in complex
environmental samples provide a solution [5]. The production of a metagenomic library starts with the isolation of
genomic DNA, in this case from human fecal samples which contain microorganisms from the gut. Size-selected genomic
DNA is then transferred into a suitable host organism, here Escherichia coli, with the hope of expressing the genes therein.
The generated library can be screened for the desired enzyme activity in an approach called functional metagenomic
screening, thereby allowing the discovery of novel enzyme activities within a microbiome. To identify blood antigen
cleaving enzymes, the human gut library is screened against highly sensitive fluorescent substrates, mimicking the A
and B antigens. This functional metagenomic screening yields a novel set of enzymes. Serum-type conversion tests with
these enzymes on A-type RBC reveal a highly specific and highly active A antigen cleavage activity, outcompeting any
known A antigen cleaving enzyme. The enzymes’ ability to completely convert A to O-type RBCs at very low enzyme
concentrations in a blood bag turns those enzymes into highly valuable tools to be incorporated into the existing blood
transfusion practice to supply universal donor blood. The method of targeted metabolomic screening is easily adaptable
to other interesting microbiomes and will expand the access to other important biomedical toolboxes.
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What New Technologies are Needed to Halt Bleeding in the Most
Severe Cases of Hemorrhage? Can This be Achieved by Enhancing
Delivery of Therapeutics to the Wound?

Uncontrolled bleeding is a leading cause of death across all socioeconomic backgrounds, and can arise from diverse
scenarios, including trauma, surgery, and childbirth [1]. Current strategies for treating hemorrhage include transfusing
blood products, such as platelets, as well as delivering hemostatic and anti-fibrinolytic agents designed to stop the flow
of blood or prevent clot lysis. The early control of hemorrhage drastically improves the outcome for patients; however,
challenges still exist for managing severe, intractable hemorrhage, which is characterized by platelet dysfunction, increased
clot lysis, and poor clot adhesion. Furthermore, escaping blood pushes externally applied hemostatics away from the
wound, preventing delivery of the therapeutic to the site of injury.

Platelets seal vascular damage by adhering to blood vessel walls, releasing molecules which promote platelet acti-
vation and clot formation, and contracting the clot to narrow the wound. A promising strategy for the management
of intractable hemorrhage is to increase the responsiveness, adhesion, and hemostatic e�cacy of platelets specifically at
sites of vascular damage. This has been achieved in part by use of refrigerated platelets. Compared to platelets stored
at room temperature, which is the standard temperature for platelet storage, refrigerated platelets show higher e�cacy
when used to treat acute bleeding [2]. However, refrigerated platelets only circulate for a short time before they are
cleared by the reticuloendothelial system, limiting the ability of refrigerated platelets to prevent bleeding when used
prophylactically.

There is evidence that genetic modification can be used to enhance the hemostatic e�cacy of platelets. In animal
models, genetically engineered platelets were shown to improve hemophilia by releasing coagulation factor VIII [3]. These
platelets are generated by modifying platelet precursor cells. While platelets can be generated from cultured precursor
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cells, this technology has just reached the stage where it is possible to generate large numbers of platelets. Platelets
generated from cultured cells need pre-clinical and clinical testing before they can be used in the clinic [4]. Therefore,
a method for directly modifying donor-derived platelets to enhance their hemostatic abilities may be useful for treating
severe bleeding.

Using small lipid nanoparticles to deliver nucleic acids and proteins to isolated platelets is an innovative approach
to tackling this challenge [5, 6]. Using this technology, platelets are loaded with thrombin, a potent activator of clotting
and platelets [5]. The nanoparticles shield the platelets from the thrombin during delivery, preventing the platelets from
becoming activated until they are treated with additional platelet agonists. These thrombin-loaded platelets form clots
faster than regular platelets, and produce stronger clots, even in plasma from patients with defective clotting. The next
step would be to determine whether they maintain their enhanced clotting abilities in animal models, by using lipid
nanoparticles to deliver mRNA to platelets [6]. While the platelets cannot yet translate the mRNA after endocytosing
the nanoparticle, this approach could be used to genetically engineer platelets to produce additional pro-coagulant or
anti-fibrinolytic proteins. A delivery vehicle for mRNA would not have to be optimized for each mRNA, providing an
advantage over delivering di↵erent proteins to the platelets.

Beyond the enhancement of platelets, there are alternative approaches to enhance the delivery of hemostatic agents
into wounds. CounterFlow is a novel wound-penetrating drug delivery vehicle composed of calcium carbonate and
tranexamic acid [7, 8]. Tranexamic acid is a clot stabilizing anti-fibrinolytic agent, improving the e�cacy of this delivery
system. Various proteins, including thrombin, can be loaded onto CounterFlow, and upon contact with blood are
propelled deep into the wound. In pig and sheep animals of trauma and surgery, respectively, CounterFlow reduced
bleeding and improved survival compared to the current standard-of-care. This approach has potential for use in combat
casualty care, due to its relative stability, portability, and ease-of-use.

Coagulation is controlled by a complex network of reactions that was first described over 50 years ago. Understanding
blood coagulation has led to numerous therapies to control bleeding, yet intractable hemorrhage remains a problem. To
treat severe hemorrhage, it is necessary to use innovative approaches to deliver therapeutics to the sites of wounds, and
to re-think what aspects of coagulation should be targeted to enhance hemostasis.
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DR. SHELLEY DEEKE is a scientist at Cyclica Inc. Cyclica is a biotechnology company that uses artificial
intelligence (AI) combined with biophysics for drug discovery. The overarching goal of the company is to personalize
medicine and accelerate drug discovery through creating technologies and tools for scientists to utilize in their research.
Cyclica has developed a platform called the Ligand Express that produces polypharmacology profiles of small molecules
to predict the protein interactors of the molecule. Ultimately Cyclica aims to make drug discovery faster, safer, and
cheaper, by enabling scientists in pharma to achieve these goals through new technologies.

Prior to joining Cyclica, Dr. Deeke completed her Honours Bachelor of Science, Master of Science, and doctoral
studies in biochemistry at the University of Ottawa. Her thesis titled “Biomarker Discovery and Extracellular Vesicle
Proteomic Signatures in Pediatric Inflammatory Bowel Disease”, used a clinical proteomic approach to enable faster
diagnosis of IBD through the use of biomarkers, and to avoid patients having to undergo colonoscopies.

1. How did your graduate education prepare you for your career?
A lot of the skills I acquired through my graduate studies, such as evaluating scientific literature, data analysis,

statistics, and critical thinking, are directly related to my current role. But I also consider the opportunities outside of
the lab that graduate students are encouraged to partake in, but are not necessarily mandatory, to be very valuable. I was
the VP Academic on the Biochemistry, Microbiology, and Immunology Student Council which gave me the opportunity
to gain leadership skills. I also participated in the 3-minute thesis competition, and won second place in 2018, so that
was very useful in developing the skill of being able to transfer very complex scientific concepts into simple terms. So
there are always opportunities to develop these transferrable skills, which are equally, if not more important, but it is
up to the students to seize them.

2. What steps did you take to find or acquire your position?
As much as you hear it, it was really networking that got me into my current role. My former supervisor was attending

an event hosted by the Canadian Institute for Advanced Research (CIFAR), and he asked if I would be interested in
attending as a student reporter. And this is where I first became aware of Cyclica. It was through a workshop on the
challenges in drug discovery where I met the VP of research and development at Cyclica. After this meeting I started
researching the company and I was really blown away; I thought their research was groundbreaking, and could really
have an impact on healthcare. They had a posting on the careers section of their website. I applied online and I started
with the company in August 2018.

3. Do you have any advice for grad students interested in pursuing a similar career path?
My advice would be to complete a career IDP (Individual Development Plan) using the CIHR online tools. It’s very

important to take the time to reflect on this, because it’s worth it. Also, start looking for jobs and monitoring the job
landscape early; start looking 6 months before you plan to graduate. Writing a CV and a good cover letter takes time,
and the first one will probably not be the best, so this in itself is a skill. The earlier you start the better; you can never
start too early. Also, I think being open to di↵erent types of jobs is important. Just being isolated to your research will
really narrow your opportunities. Having a good mentor is also very valuable. I was lucky that my supervisor was very
supportive and recognized the value of networking and encouraged me to network.

4. What did you find most challenging about transitioning from academia to industry?
What was your biggest learning curve?

For me specifically, since I decided to work for a company centered on machine learning and AI, I had very little
exposure to that so I have been learning some basics of programming through online courses in order to expand on those
skills. I think they are very useful and will continue to become more useful as time goes on. So for me, programming
itself has been the steepest learning curve. Though this was one of the aspects that actually drew me in to Cyclica,
because I was eager to learn and I want to continue to learn; so this allows me to grow and continue to gain more skills.
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5. Can you describe your position and a typical workday?
I would say most of my work is done independently; and most of my day involves a lot of data analysis. In my

role, I compare the performance of our technologies to other technologies in terms of polypharmacology profiling; I am
usually analyzing data sets, sometimes I’m curating data sets, and in general evaluating our technology’s performance
on specific biological metrics and comparing them to other technologies available.

6. What is it like to work at a start-up company? What has your experience been like
working in such an interdisciplinary team of people?

I really enjoy learning about other disciplines and fields that I had no prior exposure to like AI and machine learning.
It is such a new world to discover. So this is a major positive aspect for me. I also really like the culture that Cyclica
has established. There is a sense of community and it is very supportive. Also, working in an interdisciplinary team
really helps me to de-complex things and make explanations into simple and relatable forms that are understandable for
people in a breadth of disciplines. Sometimes you definitely need to take a moment to think about how you will convey
something, but I think it is great because getting down to the fundamentals helps shed light and bring insight to realize
certain things, so I think it is very helpful. Also the willingness to learn fields outside of your own is a great behaviour
to exhibit. Everyone at Cyclica is very supportive of it, and so is the company as well.

7. What are your favourite and least favourite parts of your position?
What I really enjoy about my position now is that I am working with so many talented individuals and I am literally

learning new things every single day on a large scale. And, that we are all working towards a goal that really resonates
with my own personal career objectives. I truly believe that Cyclica has the capability of implementing a profound
impact in the healthcare industry, and so being part of that journey is very fulfilling. I have been very lucky to find a
company whose culture and core values really resonate with my own personal values. I am very happy with my role,
because there is still a lot of research involved, and I am always learning, which is what drives me.

8. How do you envision the future of healthcare research? How do you see Cyclica and
the industry growing in the future?

Since I am starting to gain a better understanding of the AI capabilities in healthcare, I think it has potential value
across the entire healthcare industry as it is going to enable us to gain deeper insight into our data. There are already
examples where AI is excelling in healthcare, such as in the diagnosis of skin cancer where AI can outperform specialists
in this task. I think what it will allow us to do is to move forward and transition to more personalized medicine, and
overall better diagnosis, prognosis, patient treatment, and drug discovery. I think AI alone won’t be all-encompassing
and be able to solve all of the current problems we face, but it will help us to develop solutions. Cyclica is one of the
many companies that use AI, and since it is such a hot topic, it will only gain more traction and lead to leaps and bounds
in the progress AI can make in healthcare.
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DR. ANNA DVORKIN-GHEVA is a resident bioinformatician working within the McMaster Immunology Re-
search Centre (MIRC) at McMaster University in Hamilton, Ontario. She completed her B.Sc. in Life Sciences at Tel
Aviv University, Israel, and subsequently earned her Ph.D. in Neuroscience and Computational Biology under the co-
supervision of Dr. Henry Szechtman at McMaster University and Dr. Ilan Golani at Tel Aviv University. Specifically, her
doctoral thesis focused on the investigation of exploratory behaviour patterns in rodent models of obsessive-compulsive
disorder (OCD). After completing her degree, she pursued a post-doctoral fellowship with Dr. John Hassell at McMaster
University, where she levied computational and analytical skills to test novel therapeutics for breast cancer. Ultimately,
it was during this time that an unmet demand for bioinformatic analysis across many laboratories within the McMaster
health sciences community was identified. As a consequence, a position, which Anna holds today, was created. This
position involves collaboration with many research groups both within and outside of MIRC to investigate a wide array
of biological diseases and processes using computational approaches.

1. Can you describe your position and typical work day/week?
Broadly, my position involves designing and performing bioinformatic analyses using biological datasets in collabo-

ration with various research groups. Some of these datasets are generated by these research groups, while others are
obtained from repositories with either open or restricted access. On any given day, I may spend time answering ques-
tions pertaining to the biology of infectious diseases, cancer, allergies, or autoimmunity, among other areas. Within these
subfields, I may be mining previously generated datasets, looking for patterns that identify novel and interesting areas
for investigation, or alternatively, asking highly-defined research questions. In either instance, I may be utilizing one or
more computational approaches to perform the analysis. For these reasons, I would say that my work days and weeks
are often variable, in that the topics I study, the goals I pursue, and the tools with which I pursue them are diverse.

2. What types of analyses do you typically perform in your role?
My work spans across several fields, mainly including transcriptomics, genomics, and proteomics. Transcriptomic data

obtained from microarrays, Nanostring, next-generation RNA sequencing (RNAseq), and single-cell RNAseq demonstrate
gene expression patterns, which are generally used for providing a deeper understanding of biological processes behind
conditions of interest, for searching potential biomarkers, or for generating hypotheses. Genomic data I work with are
usually obtained from another type of next-generation sequencing – DNAseq. I use these types of data to examine the
variability of specific genomic regions, including searching for mutations, polymorphisms, and sequence motifs, among
other things. These genomic data can, for instance, be used to study the diversity and lineages of immunoglobulin
responses. The projects involving proteomics range from analyses of data obtained from mass spectrometry to analyses
of protein structures involved in protein-protein docking. Within each of these fields, I am involved with experimental
design, including components such as sample size calculation, as well as processing data and performing numerous types
of statistical analyses. Another aspect that I am quite enthusiastic about is data visualization, which is a crucial step
in the examination and presentation of experimental results. Appropriate visualization techniques allow the reader to
see results clearly and the researcher to find additional directions and questions to ask based on the data. To this end,
I specialize in developing unique methods of data visualization. Ultimately, while many analyses use a core set of tools
and approaches as described above, datasets frequently present unique challenges, often requiring the development of
innovative approaches.

3. What is your most/least favourite part of your job?
I would say that my favourite part of the job is the diversity of both the groups I get to work with and questions

I get to answer. My field of study changes on a frequent basis, often allowing me to refresh my interests and take a
fresh perspective on problems. Another aspect of the job that I really enjoy is exploring large datasets, looking for new
variables and patterns without a hypothesis in mind. While this type of analysis is risky, as it may or may not produce
fruitful results, I find the process quite fun. I think my least favourite part of my role is the variability in workload
distribution. Sometimes there can be a lot on my plate at once, while other times things can be quite slow. However,
I tend to view time constraints as a challenge and am able to gain a lot of satisfaction from working under pressure.
On the other hand, slow periods provide the benefit of extra time to read and learn, thus allowing me to broaden my
repertoire of computational analyses.

Spotlight on Careers 79

Interview by Joshua McGrath



Health Science Inquiry Volume 10, 2019

4. How common is your role in academia/industry? Do you see the need for this type
of role growing in the future?

Biological scientists, whether in academia or industry, are becoming increasingly aware of the utility of bioinformatics.
In academia, many laboratories are becoming interested in pursuing these types of analysis. Often times, however, it
can be ine�cient to train individuals to do so, given the time and e↵ort required to learn programming languages and
specific analytical methods. The benefit that dedicated bioinformaticians provide is that they can act as a core facility
and use a consolidated set of skills to provide computational support to a number of groups. This in turn allows these
groups to focus their e↵orts within their respective fields. Ultimately, I think that the e�ciency of this type of core
facility-like setup will facilitate the expansion of bioinformatician roles in the future. In industry, a role that is roughly
equivalent to mine would be that of a data analyst. These roles are already quite common and will likely proliferate
further in the future for the reasons above.

5. Do you have any advice for graduate students who would like to pursue a career in
bioinformatics?

First of all, I would say that all graduate students in the health sciences should try to develop a fundamental un-
derstanding of the computational techniques that are used in their respective fields. Although knowing the specific
methodologies of these techniques may not be necessary for everyone, having a basic understanding about which tech-
niques are used, when they should be used, why they are used, and the broad strokes of how they work will undoubtedly
help in critiquing experimental rationales and protocols. For students interested in pursuing bioinformatics-based work
specifically, I would recommend to begin by learning to code using languages such as R, Python, or Matlab. This is
essential, as bioinformatic analyses are conducted through programming. Further to that, I would encourage students
to gain literacy in more than one coding language, as each has their advantages for specific applications and you cannot
always predict what language other researchers code their programs in. Finally, students should identify and take courses
that are designed to teach the techniques and analyses that they are interested in.
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DR. SCOTT McCOMB acquired a BSc in Biopharmaceutical Science (Genomics) from University of Ottawa and
his PhD research was in the field of Microbiology and Immunology, at the University of Ottawa. He did his Postdoctoral
training at University Children’s Hospital Zurich, Switzerland. Through the years, Scott’s long term research interest
has been in better understanding how and when cells undergo various forms of programmed cell death (apoptosis and
necroptosis). After receiving his PhD in Microbiology and Immunology from the University of Ottawa in 2013, he
decided to shift his research interest from how programmed cell death shapes the immune system to how cell death
is inhibited within cancer cells. He then joined the Leukemia research group at the University Children’s Hospital of
Zurich (Switzerland), where they developed new genome editing techniques to study the complex ways apoptosis and
necroptosis become dysregulated in cells derived from di↵erent patients. Today, Scott is a Research O�cer at National
Research Council, primary national research and technology organization of the Government of Canada, in science and
technology research and development.

1. Could you tell me something about your previous activities and education?
I have a BSc in Biopharmaceutical Science (Genomics) from University of Ottawa and my PhD was in Microbiology

and Immunology, University of Ottawa, funded by an Ontario Graduate Scholarship. I did my Postdoctoral training at
University Children’s Hospital in Zurich, Switzerland.

My long-term research interest has been to improve understanding about how and when cells undergo various forms
of programmed cell death (apoptosis and necroptosis). After receiving my PhD in Microbiology and Immunology from
the University of Ottawa in 2013, I decided to shift my research interest from how programmed cell death shapes the
immune system to how cell death is inhibited in cancer cells. I joined the Leukemia Research Group at the University
Children’s Hospital in Zurich (Switzerland), where we developed new genome editing techniques to study the complex
ways apoptosis and necroptosis become dysregulated in cells derived from di↵erent patients.

2. Could you describe your current role as a Research O�cer at the National Research
Council?

I was able to combine my three research interests (immunology, cell death signaling, and cancer biology) within
the fast-growing sub-field of Cancer Immunology. My lab at the National Research Council (NRC) Human Health
Therapeutics has been applying synthetic biology and genome editing technologies (such as CRISPR) toward developing
novel engineered cellular therapies. While chimeric antigen receptor T-cell (CAR-T) therapies are an unprecedented
breakthrough for patients with relapsed B-cell leukemia, this as just the first step into a new era of potent and accessible
cellular therapies for currently intractable diseases.

3. How did your PhD and Postdoctoral experience prepare you for your current position?
How have your interests changed over time?

Today it is essential to have a strong grasp of all of the key elements of adaptive and innate immunology in order
to contribute meaningfully to this field. My training in the University of Ottawa BMI department provided me with
strong bedrock in the fundamentals of immunology, and working at the University Children’s Hospital in Zurich provided
excellent exposure to many cutting-edge techniques in cell biology. This is where I was lucky enough to take part in the
rapid developments of CRISPR genome editing technology. With a strong grasp of fundamental concepts and openness
to emerging technologies, I will position myself and my lab for scientific success.

4. What attracted you to a career at the NRC instead of academia or industry? What
skills or traits led you in that direction?

The NRC is a unique organization within the Canadian Federal Government, at the intersection of academia, industry,
and government. We try to translate scientific breakthroughs into practical benefits for Canadians. It has always been
a dream of mine to be able to translate some of my scientific ideas into real tangible benefits for patients. By working
at the NRC, I get to experience the exciting work that is happening both in academia and industry, and work to bridge
these two worlds.
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5. Could you explain your current job position, your duties or projects, and how this
helps you develop new skills? Is your main focus still on research?

As a research o�cer I am responsible for leading a lab that provides key expertise for NRC realize strategic goals.
In my case, my lab has expertise in immune cell assays (such as flow cytometry, cytolytic assays, and animal cancer
models). In addition, I am a Project Lead at the NRC, leading work in the area of CAR-T therapies. I coordinate with
people inside and outside the NRC to identify potential targets for new CAR-T therapies, and develop novel strategies
to try to improve e�cacy for these therapies. Day-to-day, my focus is almost 100% on research, and activities including
interfacing with other scientists and Postdocs at a high level to devise new experiments. I direct the activities of research
assistants, technicians, and students in the lab. I also like to spend some time at the bench if I can, but don’t get to do
this as much as I’d like.

6. What is your career goal? Do you see your position evolving over time at the NRC?
Mymedium-term career goal is to work with other talented people to see a made-in-Canada CAR-T therapy developed

(at least partly) at NRC for patients in a clinical trial. Beyond this, I would like to help to make engineered cell therapies
e↵ective, safe, a↵ordable, and accessible to Canadians.

7. Do you have any advice for graduate students who wish to follow a similar career path
outside of academia? Do employers look beyond scholarships, publications and Postdoc
experience?

Always try to keep aware of how your research can be applied.

8. What is the future for the NRC? How do you envision the future of healthcare
research?

I believe 20 years from now, engineered cell therapies will make up a significant proportion of medical therapies. I
can’t think of a disease which couldn’t be potentially cured with the right engineered cell therapy, no matter how serious
and intractable it might seem today. Leveraging genome editing and synthetic biology we can re-engineer cells to bring
the right treatment to the right place within the body, at the right time, for the right patient. . . and with the right
engineering, we can grow as many (or as few) of these cells as we need at any time.
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unique role as a Canada-wide graduate student run publication, our readership and circulation
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