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INTRODUCTION TO

GENE THERAPY AND GENOMIC MEDICINE
During last couple of years the medical community has seen a large and broad wave of new treatments that target
disease through the human genome. Since the genome or the full human DNA sequence was mapped during the
nineties and early new millennia, researchers could identify genes that caused disease when lacking due to
mutations or gone into overdrive and too much of a protein was being produced. However, it took scientists and
drug developers nearly two decades before the technology was considered good enough in order to safely and
effectively deliver genetic material directly into humans. But as the floodgates appear to have opened, we have now
witnessed the first approved genomic drugs and many more are in late-stage development and therefore are one
of the main focuses of Arctic Aurora LifeScience fund.

The basic concepts
Our genes are stored in DNA and a copy of our whole
genome is contained within the nucleus of each living cell in
our body. The information within the DNA tells the cells how
to build up proteins that make up the structure of our bodies
and enzymes that carry out all the biochemical work to make
us function. Traditional medicines are focused at the protein
level, either trying to enhance or inhibit the work that is
carried out by proteins. An intermediate between DNA and
proteins are RNA, molecules with diverse functions but a key
one involves the transfer of the protein blueprints from DNA
out of the nucleus into the molecular machinery that then
translates that information into proteins (figure 1). Modern
genomic therapy is thus focused on DNA and RNA and how
to alter the functions of cells at its most fundamental level.

other hand the molecules are easily taken up by most cells
in the body making it difficult for drugs to act with specificity.
RNAi therapy therefore struggled during a long time with
drug delivery, or how to ‘package’ the RNA molecules so that
they could work as intended.
Alnylam solved the issue through the introduction of a
delivery system that actively guides RNAi molecules into the
liver. This is quite handy as a lot of blood flows through the
liver and can therefore spread the therapeutic effect around
the blood stream, in addition to the obvious advantage when
treating liver diseases. As with most initial

RNA mediated therapy
In evolutionary terms, human cells contain an ancient old
immune response that works completely separately from
the rest of the body’s immune system. This particular
response is triggered by foreign RNA molecules that typically
originates from viruses. Once these foreign RNA molecules
are identified within a cell, proteins picks up that particular
RNA, looks for similar ones and destroys those RNA
molecules. This defense mechanism is utilized in a
therapeutic mode-of-action called RNAi (the “i” stands for
interference), whereby RNA molecules are introduced as
therapy to mimic foreign RNA but actually contain genetic
code that is identical to the body’s own RNA corresponding
to a particular protein. This way the RNAi machinery
identifies the particular code and start degrading that
particular piece of RNA so that the gene is not expressed as
protein, effectively silencing a gene.

The long and winding road for RNAi drugs
Alnylam Pharmaceutical is one of the pioneering companies
in the development of RNAi drugs. Though it should be noted
that the company was founded in 2002 and it was not until
recently that the company saw a late-stage development
breakthrough. The main challenge for RNAi drugs is for the
RNA molecules to reach the intended target cells. On one
hand RNA is readily degraded outside of the cells and on the

Figure 1. Our genetic code is stored in DNA and is copied each
time a cell divides. The code is transcribed into RNA that
transfers the genetic information into the protein manufacturing
machinery in the cells that creates proteins based in the genetic
code. (Image source: Genome Research Limited)

attempts in genomic medicine, biotech companies targets
rare diseases caused by a single genetic aberrations. This is
where unmet needs are typically the largest with none or
poor treatment alternatives and where targeting a specific
gene should in theory have a profound clinical effect. In 2017
Alnylam got its big breakthrough with positive Phase 3
results with an RNAi treatment for a rare disease called
hereditary amyloidosis. The disease arises from a DNA
mutation that encodes for a protein that normally carries
vitamin A around the body. The result is a faulty protein that
cannot carry out its intended role but accumulates in the
body causing damage to virtually every organ and in
particular the heart which lead to a debilitating and often
fatal disease. The drug, now called Onpattro, was approved
in 2018 and finally validated the whole RNAi field of
treatment and Alnylam’s drug delivery platform. Onpattro
plus a promising late-stage pipeline has now earned the
company a near USD 10 billion market value.

RNA targeting drugs can also be used to block out specific
faulty portions of genes to correct for mutations. This is done
with the help of synthetic pieces of DNA or RNA called
antisense oligonucleotides or ASOs. California-based Ionis
Pharmaceuticals is one of the leading developers of ASO
therapies. They teamed up with Biogen to develop a
treatment for a rare congenital disease called spinal
muscular atrophy – a neuromuscular disease that has been
the leading cause of infant death in developed countries. The
result was the drug now known as Spinraza that got
approved in 2016 after clinical trials showed improvement in
all patients treated and more than half of those in the trials
showed improved motor development similar to
development of healthy babies.
In similar vein, another biotech company Sarepta
Therapeutics, focused their ASO efforts in the muscular
disorder Duchenne muscular dystrophy. In Duchenne, an
important structural muscle protein in missing. This leads to
continuous muscle wasting as patients grow up and a vast
majority are wheel chair-bound by the time they reach
teenage. As muscle weakness affects breathing and heart
function, few Duchenne patients live to be 30 years old.
Sarepta was the first company to ever introduce a treatment
targeting the underlying genetic cause of a subset of
Duchenne patients with the introduction of the drug
Exondys 51. The company is now working on other genetic
variants of the disease through ASOs, but as we shall see
they are also venturing into gene therapy.

Gene therapy technology
The emergence of gene therapy has meant a completely new
way of addressing many severe diseases with poor
treatment choices available by means of adding a healthy
gene to patients that through genetic aberrations fail to
produce important proteins themselves. The main challenge
for researchers has been to safely and in a predictable
manner get DNA with correctly encoded genes into cells. For
this purpose, genetically engineered viruses has emerged as
an effective agent to carry out this work.

Figure 2. Around ages 6 to 10, Duchenne muscular dystrophy
patients find it increasingly difficult to walk unassisted and are
subsequently wheelchair-bound for the remainder of their lives.
Figure 3. Exondys 51, when approved in 2016 was the first drug
that treated the underlying cause of Duchenne by utilizing an
antisense approach. (Image sources: Muscular Dystrophy UK
and Sarepta Therapeutics, respectively)

Viruses are tiny vehicles of genetic information and very little
else, much smaller in size than the smallest bacteria known.
In fact viruses are rarely classified as living organisms as they
cannot propagate on their own and they do not have a
metabolism. In order for a virus to multiply they infect host
cells, such as human cells, by entering the cell and release
their genetic code into the host cell nucleus (where the host
cell’s genome resides). As the virus DNA gets implanted it
simply hijacks the host cells capabilities of translating DNA
into proteins and suddenly the host cell find itself
manufacturing the building blocks for new exact copies of
the virus. Sometimes, as with disease-causing viruses, this is
to the detriment of the host organism as the body’s cell can
get severely damaged by the virus infection and an immune
response is triggered.
What researchers in gene therapy did was to remove all but
the essential genes from the virus (including those that make
a virus particularly infectious and bad for humans) and left
only those encoding for the structural shell of the virus. In
theory it was then up to drug developers to put in whatever
DNA that might be handy for a specific treatment, such as a
human protein that might be missing in some patients, and

Figure 4. Schematic overview of gene transfer via a modified virus in a cell (here exemplified with adenovirus, the most
commonly used virus type for in vivo gene therapy). (Image source: U.S Library of Medicine)

then treat the patients with this modified virus. Thereby the
virus infects the host cell but now releases a fully functional
human gene that could replace whatever faulty gene that
was in the patient’s original DNA (figure 4).

First steps in gene transfer therapy
While the genetic replacement theory directly into humans
may sound straight-forward, there has been a few stumbling
block along the way. For example, while the modified viruses
may now be harmless in an infectious sense, the human
immune system may still see the incoming virus particles as
foreign invaders and start attacking them. And when
stripping the viruses of their infectious properties, the rate
at which healthy proteins get expressed in the billions of cells
that the human body contain may be too small for
therapeutic use.
The first commercial steps in the field of therapeutic genetic
transfer where therefore ex vivo, meaning outside of the
organism (read: human). With this approach, target cells are
extracted from a patient and moved to a dish in a laboratory.
The cells are then exposed in high doses of the engineered
viruses, without any safety concerns as the patient
themselves are not exposed to the therapy. Then, cells can
be selected by investigating which ones now are expressing
the desired protein. As a last step, the selected cells can
then, still in the lab, continue to be bred and multiplied to a
desired amount after which they are reintroduced to the
patient. Now that patient has cells that are expressing a
healthy protein in the body while the immune system still
recognizes the reintroduced cells as the body’s own and do
not attack them.

A therapeutic approach with this method that caught a lot of
attention recently are CAR-T therapy in cancer. Here, a
cancer patient’s immune cells are extracted and in the lab
‘armored’ to both recognize cancer cells and ferociously
start attacking them. Pioneers in this field such as Kite
Pharma (later bought by Gilead), Juno Therapeutics (later
bought by Celgene) and Novartis, managed to show
unprecedented response rates in late-stage patients with
hematological cancers and two of the treatments are now
commercially available. Very recently another cell therapy
specialist company, Bluebird bio, got their first approval in
Europe for a cell therapy in a rare blood disorder. Here
patient’s blood cells are extracted, then ‘injected’ with a
healthy DNA version of hemoglobin, the protein that carries
oxygen around the body which is dysfunctional in this
particular patient group.

‘Real’ gene therapy enters the scene
Philadelphia-based Spark Therapeutics became the biotech
company that in late 2017 received a landmark approval by
the US Food and Drug Administration for a first in vivo (inside
the organism) gene therapy and the subsequent launch of
the drug Luxturna. Spark intended to treat patients with a
rare congenital eye disease called Leber’s congenital
amaurosis (LCA). Through mutation in the DNA, the affected
patients are missing a key gene involved in the correct buildup of photoreceptors in the retina. This means that children
born with this genetic aberration become more and more
vision impaired as they grow up and most are completely
blind once they have reached adulthood.
Spark scientists constructed a virus that contained a healthy
variant of the mutated gene in LCA patient, and in a straightforward fashion, injected it straight into the retina of

patients (Figure 5). Physiologically, the eye has a few
features that makes it uniquely susceptible to gene therapy
compared to other organs. Immune cell concentration is
lower than in most other parts of the body, meaning that the
virus in more unlikely to be attacked by the immune system.
Also, the life span of cells in the eye tend to be relatively
long, so cells that pick up new DNA have a higher probability
of sticking around – making the therapy more long lasting.

In neuromuscular diseases, Sarepta are advancing with their
gene therapy programs. As previously mentioned, the
company has already an RNA-based product on the market
for Duchenne muscular dystrophy. But their gene therapy
program for this disease has the potential to treat a broader
variety of Duchenne patients and early data in a few patients
has so far looked promising.

In the clinical trials that led up to Luxturna’s approval over
90% of the patients that were enrolled showed increased
vision from baseline, when because of their disease they
were supposed to worsen or at best maintain vision. In
addition, the therapy appeared to be very safe. Long-term
follow up of the patients in the clinical trial, for as long as up
to 4 years, has revealed that all patients so far has
maintained their improved vision because of the treatment.

As the gene therapy technologies and their clinical data has
matured so has the interest increased by the large
pharmaceutical companies to get their hands on the most
promising programs and best built technology platforms.
Spark Therapeutics, with their newly launched product and
an intriguing pipeline in hemophilia and other eye diseases,
announced in February 2019 that it has agreed to be
acquired by Swiss pharma giants Roche for around USD 4.3
billion.

Broad gene therapy pipeline
The data was not only a huge win for LCA patients and Spark,
but also for the whole field of gene therapy. For eye diseases
in particular, companies such as Nightstar Therapeutics and
Regenxbio are advancing ocular gene therapy programs into
late-stage development. There is also a sizeable amount of
programs progressing in other therapeutics areas.
Hemophilia has attracted a lot of investor attention, since
this condition, while still being classified as a rare disease has
relatively large patient population and could therefore hold
considerable commercial value. Spark and rare disease drug
specialist Biomarin are currently the two leaders in that
particular race. But clinical results so far have been a little
mixed with some patients showing high levels of gene
transduction and disease status that resembles healthy
individuals, while others only show low levels of healthy
gene expression and some has considerable immune
responses from the therapy. With room for improvement,
other companies such as Uniqure and Sangamo Therapeutics
are playing catch-up.

Large companies awaken to adapt the technology

Only a couple of weeks later Nightstar Therapeutics, the eye
disease gene therapy specialists, was acquired by Biogen for
approximately USD 800 million. The year before, the other
large Swiss pharma company Novartis paid a whooping USD
8.7 billion in order to acquire gene therapy focused Avexis,
nearly double the amount of the then current market value.
Prior to the acquisition Avexis had presented promising data
in SMA, thus setting themselves up as a future fierce
competitor to Ionis/Biogen’s Spinraza in the same clinical
indication.
These company acquisitions, in addition to several smaller
ones and licensing deals with large pharma have firmly
established gene therapy as a well-recognized integral part
of future medicine. In the next coming years we will learn of
many more registrational studies with gene therapy as well
as other types of genomic medicine with clear potential to
transform patient’s lives.

Figure 5. Spark Therapeutics’ gene
therapy Luxturna is administered
through straight-forward, standard
eye surgery. The solution containing
the engineered viruses carrying a
healthy DNA version of the damaged
protein that is causing the particular
eye disorder is injected directly into
the back of the eye. Here the cells
absorb the virus and the DNA is
transferred. As a result, the patient’s
cells start manufacturing the
corrected protein and for an
overwhelming majority of patient
vision loss is halted and vision even
improves from the time of the
procedure. (Image source: Chemical
& Engineering News)

The future - gene editing and mRNA
While many are still digesting the science-fiction-like
properties of gene therapy even newer technologies are
under development that may further alter the way we
approach medicine. There has already been plenty of talk
about the CRISPR gene editing system. Only discovered and
applied in scientific research a few years ago, this technology
enables precise gene interference with the same
implications as RNAi, but also provides the opportunity for in
vivo gene editing. With ‘traditional’ gene therapy for
example, genes can be added to a host cell to replace a
dysfunctional copy that a person may carry. With gene
editing, the precise machinery can locate damaged genes
inside a living cell and in a copy/paste manner replace it, still
inside the human genome, with a healthy DNA sequence.
The first CRISPR therapeutic programs have just entered
clinical testing, and we are likely to see the first initial data
by the end of 2019. In parallel, Sangamo Therapeutics are
working with another gene editing technology, commonly
referred to as Zink-finger. They were the first to try gene
editing in humans for a clinical trial with patients suffering
from a rare metabolic disorder. While there were some
encouraging signs that gene editing had taken place, the

levels of edited genes were too tiny to have a therapeutic
impact. Sangamo therefore went back to the drawing board
with their technology and are expecting the next clinical
results from an updated gene editing version of their
platform in 2020.
Finally a mention about mRNA, another technology currently
making its way in clinical trials. mRNA stands for messenger
RNA and is essentially the RNA version of a gene that is read
by the protein manufacturing machinery in the cell and
describes exactly how a protein is built up. The idea of
outside introduction of mRNA is an enticing one, as a drug
developer can now exactly decide which protein human cells
should produce – effectively making the body its own drug
factory with a wealth of potential applications. The trick here
is to get the relatively large mRNA molecules into the desired
cells which is not an easy feat (considering the struggles
biotech companies had with introducing the relatively small
RNA molecules involved in RNAi into human cells for
example). This does not stop companies like Moderna
Therapeutics from trying however, and while it might be a
little longer before we see the real mRNA breakthrough, the
promise of this technology is very large.

Norway

Sweden

Arctic Fund Management AS
P.O. Box 1833 Vika
NO-0123 Oslo
Haakon VIIs gt 5, NO-0161 Oslo

Arctic Fund Management AS,
Stockholm Filial
Biblioteksgatan 8
SE-111 46 Stockholm
Tel +47 21 01 31 00

www.arctic.com/afm
facebook.com/arcticfunds
@arcticfunds
Arctic Fund Management

