GENE
THERAPY
AND YOU
Understanding genetic disease
and potential treatment

The cells in your body work
1-4
like tiny machines
Each cell carries out jobs that allow our bodies to function properly.
For example, lung cells make oxygen available to your body by absorbing it into
your blood, and liver cells process nutrients, medication, and harmful substances.
One way cells complete their tasks is with the help of proteins.
Cell

Different types of proteins have different functions5-9
Ultragenyx is studying diseases that result from a deficiency in
two types of proteins: transport proteins and enzymes.
Transport proteins move molecules throughout the body
In Wilson Disease, cells are unable to produce enough transport proteins that eliminate copper
in the body. As a result, copper builds up in the body.

Enzymes carry out chemical reactions; these can include breaking down substances
Ornithine transcarbamylase (OTC) deficiency and glycogen storage disease type Ia (GSDIa) are two
diseases that are a result of an enzyme deficiency. In these diseases, cells may not produce enough
of an enzyme necessary to break down specific compounds in the body.

Did you know?

Nucleus

Liver cells help our body keep what’s good and eliminate what’s bad. The liver carries out over 500 functions in the
body and produces many types of proteins. Many genetic diseases impact proteins that affect liver function.2,10
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Cells get their instructions from DNA11,12
Every cell in your body contains DNA. DNA is the manual
that tells cells how to do their jobs by producing the right proteins.

Gene
A gene is a small section of DNA that contains the instructions
for a single task in your body.

Chromosome
Groups of genes are bundled into a structure called a chromosome.
We all have 23 pairs of chromosomes.

Genome
Together, your full set of chromosomes is called your genome.

All of this material is genetic, or hereditary, meaning you inherit it from your parents.

Did you know?
Your genome is what
makes you you !11,12
It’s long
Your genome has between
20,000 to 25,000 genes

Chromosomes are
in pairs
In a pair of chromosomes,
you get one from each of
your parents

99.9% of all human
genomes are the same
Only less than 1% of your
genome is responsible for
the differences between you
and the person next to you

Each cell in your body contains your full genome. However, individual cells only have some
genes turned on and others turned off. Gene expression is when a gene is turned on.
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Changes in DNA can cause
genetic diseases11
Changes in DNA can result in altered genes called mutations. Most of the time, mutations do
not affect your body because the mutated DNA isn’t expressed, or turned on. When a mutation
causes problems in how a cell produces proteins, it may result in a disease.

Monogenic disease13
There are different types of genetic disease.
A mutation in a single gene is called a monogenic disease.

Did you know?
Did
you know?
It is possible to have a hereditary
mutation
and not have the disease it causes

9,12,14-16

You have
two copies ofmutation
each gene:and
one from
each parent.
It is possible to have
a hereditary
not have
the disease it causes
Autosomal recessive
Examples: glycogen storage disease type Ia (GSDIa) and Wilson Disease
In autosomal recessive diseases, one mutated copy of the gene will not affect the body. People who have
these diseases have two mutated genes—one mutation from each parent. The parents only have one
mutation, and typically do not show signs and symptoms of the disease themselves.
X-linked
Example: ornithine transcarbamylase (OTC) deficiency
The last pair of chromosomes we inherit determine our sex. These chromosomes are called X chromosomes
and Y chromosomes. Men have XY chromosomes and women have XX chromosomes.
In X-linked diseases, the gene that is mutated is a gene found on the X chromosome. Women have
two X chromosomes, meaning they have two copies of X-linked genes. Men do not have a second set of
X-chromosome genes. So, if one is mutated, the body does not have a way of producing the normal protein.
For this reason, diseases that are X-linked are more common in men.

Mutated gene
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Gene therapy is being studied as a potential
treatment for genetic diseases17
Gene therapy is designed to deliver a fully functioning copy of a gene to cells with the gene
mutation. This allows the cell to read the new gene and produce the enzyme or protein properly.

How?17,18
Gene therapy is usually a single dose that delivers the working copy of a gene inside a vector.
Vectors are carriers that are designed to deliver genetic material. In gene therapy, vectors are able
to enter cells to deliver a functioning gene. The cell can now produce the working proteins.
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Did you know?5,7,8,17,18
New genes can function two different ways in cells:
In the gene therapies that
Ultragenyx is studying, the gene
goes into the cell but does not get
inserted into the chromosome

Some other types
of gene therapies
may get inserted into
the chromosome

In both cases, if the treatment is successful, proteins called enzymes will
read the new DNA and produce new, functioning proteins.
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There are different types of vectors17
Certain vectors are made from the outside part of a virus.
Viral vectors used in gene therapy use only a virus casing to get
into the cell. The genes that make a virus harmful are removed.

Vectors have different traits19,20
Scientists choose vectors based on how they may be able to help a particular disease
Scientists study vectors for:
• Their efficiency at inserting genes into cells
• The size of genes they can hold

• Their safety
• The types of cells they work in

Ultragenyx is studying gene therapy using adeno-associated viruses (AAVs)7,9
AAV vectors are18,21:
One of the most common vectors used in gene therapy
Not known to be a cause of disease in people
Able to be administered once by IV (intravenous infusion) through a vein in the arm
One of the smallest known viruses
Very good at targeting specific cells

Did you know?21
The vectors used in gene therapy today are different than
those used in the past. Through research, scientists have
worked toward the goal of identifying safer vectors to
deliver the gene therapies. However, research is still needed
to understand and minimize remaining risks.
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With every new learning comes a new set
of questions for scientists to answer21

Scientists have been studying
gene therapy for over 50 years19,22-25
1968

1972
Scientists discover
that viruses can
transfer genes

The first gene therapies studied in people did not use AAV vectors. These studies identified
possible severe side effects of gene therapy—including infection and death. The results also led to
advancements in vector selection and therapy development. Scientists continue to build on previous
learnings in their research and study the potential risks of gene therapy.

1988-2003
Scientists first
consider using
gene therapy to
treat disease

Scientists
map the human
genome

1985

1989-1999
Gene-based
treatment is able to
correct a mutation in
human cells in a lab

First in-human
gene transfer
and gene therapy
clinical trials

2012

Did you know?19,26,27
In order for a treatment to be approved by the Food and Drug
Administration (FDA), the European Medicines Agency, or
other regulatory authorities, it must go through clinical trials
to prove that it effectively treats the disease or symptoms,
and that the benefits outweigh the risks of treatment.
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First gene therapy
commerciallyapproved in China

2009
First gene therapy
treatment commerciallyapproved in Europe

2017

2003

First two gene
therapy treatments
commerciallyapproved in the US

Advancements
in developing
AAV vectors

2020
First gene therapy
treatment commerciallyapproved in Brazil

Over 4,000 gene
therapy clinical trials
are ongoing or have
been conducted
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Clinical trials evaluate effectiveness and
side effects of a potential treatment28

Scientists are evaluating the risks, effectiveness,
and dosing of the potential treatment.

There are different phases of clinical trials. Sometimes, trials are
designed to meet the criteria of multiple phases at once.

Phase 1

Phase 2

What are scientists evaluating
in gene therapy clinical trials today?29,30

Phase 3

Does the potential treatment...
What’s tested
in each phase

Safety and
dose

Effectiveness
and safety

Effectiveness
and safety in
more patients

Note: Safety evaluations in clinical trials
include evaluation of risks and side effects.

Did you know?

...offer an improvement over
other available treatments?

…work at the dose
given to patients?

...work as a one-time or
single-dose treatment?

…cause any
unwanted effects?

… target the right cells?

…help the body produce
the proper protein?

…cause an immune
system reaction?

...work in some patients
but not others?

…last for a long time?

People who participate in clinical trials are volunteers and may not always benefit
directly from the treatment. There may be unpleasant, serious, or even lifethreatening side effects of the treatments being tested. The participants receive
regular, close monitoring and care from an experienced research team. The
knowledge gained from volunteer participation may help others in the future.
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Is a gene therapy clinical trial right for you?
If you have a genetic disease, there may be gene therapies being studied for it.
Talk to your doctor if you are interested in gene therapy trials. Gene therapy isn’t right for
everyone; your doctor can help you determine if trying a different treatment would benefit
how you manage your genetic disease. Also, your doctor can help you evaluate the risks involved.

Glossary5,11,12,17,31
DNA
The genetic material that carries all the information and instruction for how
cells should function.
Chromosomes
Tightly packed, long sections of DNA. Humans have 23 pairs of chromosomes.

Potential questions to ask your doctor:
• How is gene therapy different than what I’m doing now to manage my disease?
• Would I be a candidate for a gene therapy trial?
• Are there any potential benefits or risks of gene therapy for me?
• What vector and type of gene therapy are being studied for my condition? What does that
mean in terms of risks?
• If gene therapy does not work for me, can I return to my current disease-management plan?
• If gene therapy works for me, what would change in my life?
• How often and where would I have to go to participate in the trial?
• How long are the trial visits and do I have to stay in the hospital overnight?
• What tests and medications are necessary for the trial?

Gene
A section of a person’s DNA that contains instructions for a single function in
your body.
Genome
The complete set of a person’s chromosomes; all of their DNA.
Gene expression
When a gene is “turned on” and decoded by a cell.
Enzyme
A protein that carries out chemical reactions.
Vector
Genetic carrier that is engineered to deliver a gene.
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Find out about Ultragenyx studies
that are happening

Ultragenyx has clinical trials for the following liver diseases:
• OTC
• GSDIa
• Wilson Disease

Learn more:
https://clinicaltrials.gov/

Contact us or visit our website:
https://ultrarareadvocacy.com

patientadvocacy@ultragenyx.com

Additional gene therapy resources
• https://tinyurl.com/gene-based-medicine
• https://tinyurl.com/ASGT-gene-therapy-basics
• https://tinyurl.com/NORD-resource-center
• https://tinyurl.com/gene-therapy-toolkits
• https://tinyurl.com/medlineplus-understandgenetics
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