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Allele: one of two or more versions of a gene located at the
same place on the chromosome that is inherited from each
parent. Hemophilia is an allele that is passed down from
parent to offspring.²¹

Adeno-Associated Virus (AAV): A single-stranded DNA virus
that has not been found to cause disease in humans. This
virus is most frequently used in gene therapy, including
gene therapy for hemophilia A and B.⁸

Adeno-Associated Virus Vector: Viruses used as vehicles for
genes, whose core genetic material has been removed and
replaced by the (F) VIII- or (F) IX- gene in gene therapy for
hemophilia A or B.⁸

Adenovirus: A member of a family of viruses that is also
used in other gene therapies, primarily for cancer-related
illnesses.⁴

Amino Acids: organic compounds that are the building
blocks of all proteins. Twenty-two amino acids make up the
genetic code of all life.

Antibody: a protein produced by our immune cells that
responds to a foreign molecule. Antibodies act by binding
to the molecule to make it inactive or to destroy it. Those
that have antibodies against Adeno-Associated Virus (AAV)
may not be candidates for gene therapy for hemophilia
because AAV is used to get gene therapy in the body.²

Antigen: a marker on a molecule or cell in the body that the
immune system recognizes as friendly or harmful. Harmful
markers initiate an immune response. In gene therapy, it is
important that the body’s immune system recognizes the
antigens as friendly.

Autophagy: the body’s means of removing old cells or those
that are working by consuming damaged parts. The liver’s
process of autophagy can impact how effective gene
therapy is in the body.¹⁹

Baculovirus: family of viruses that
commonly infect insects and are 

Capsid: the protein shell of a virus that surrounds the genetic
material. In gene therapy for hemophilia, the AAV capsid is
what brings the genetic material to the liver.⁸

Chimeric: tissue that contains cells with different genes than
the rest of the person, organ, or tissue. This may happen
because of a mutation (genetic change) that occurs during
development, or as a result of a transplant of cells, organs, or
tissues.³⁵

Chromosome: a chromosome is a string of DNA wrapped
around proteins that contains the genetic material of a
person. A chromosome is like a book, carrying a specific group
of genes. Hemophilia is passed down from parent to child
through the chromosomes that determine sex.⁷

Cell: Cells are the basic building blocks of all living things. The
human body is composed of trillions of cells. They provide
structure for the body, take in nutrients from food, convert
those nutrients into energy, and carry out specialized
functions. Cells also contain the body’s hereditary material
and can make copies of themselves.⁴⁵

Cellular Therapy: Another type of treatment where “donor”
cells are collected and transplanted into the body to produce
the missing factor. Cell therapy is different from gene therapy
in that gene therapy infuses genetic material as the therapy,
but cell therapy uses actual cells as the therapy.¹²

Blood Brain Barrier: the blood brain barrier is a natural,
protective membrane that protects our central nervous
system (the brain and spinal cord) from any toxins or foreign
materials that could be in our blood.⁴⁶

considered resilient. Baculoviruses can live outside of a
host and have been used for gene therapy, similar to
AAV.¹⁷
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Clinical Trials: clinical trials are research studies where
researchers test treatments to determine how well the
treatment works and how safe the treatment is before it can
be used by the general public.

Clinical Trials Phase: The stage of a clinical trial studying a
new treatment. The phase is based on the study’s plan for
the treatment, the number of people that are part of the
clinical trial testing, and other characteristics. There are five
phases: Early Phase 1 (formerly Phase 0), Phase 1, Phase 2,
Phase 3, and Phase 4. “Not Applicable” is a term used to
describe trials that do not have FDA-defined phases, an
example would be a trialfor behavioral interventions.

Codon: a code in our DNA that tells our cells to build
specific parts of our body. A codon is made up of three
building blocks, called nucleotides.

Codon Optimization: a process that scientists use to increase
production of proteins using codons. This process is used in
gene therapy for hemophilia to increase the effectiveness of
the treatment.²

CRISPR: a newer approach to gene editing, the CRISPR
system is a groundbreaking technology that changes the
non-working gene in the body. This is done by changing a
person’s DNA to remove the non-working gene and put in
the correct gene. CRISPR is different than gene therapy due
to the difference in where the gene is located. Gene therapy
inserts a healthy version of the gene but the non-working
gene is still in the body. CRISPR corrects, replaces, and
removes the mutated gene on the DNA level, by completely
removing the incorrect gene from the body. There are
currently no treatments for bleeding disorders that use
CRISPR, however, scientists are researching CRISPR for
bleeding disorders.¹⁰

Phase 1: In this phase, a small group of healthy volunteers
(people who don't have the condition being treated) is
given the new treatment for the first time. The goal is to
find out if the treatment is safe and to figure out the right
dosage.
Phase 2: In this phase, a larger group of people with the
condition being studied is given the treatment. This
phase helps researchers understand if the treatment
works for the specific condition and to further study its
safety.
Phase 3: This is the final and largest phase before a new
treatment can be approved. It involves a much larger
group of people with the condition. Researchers
compare the new treatment to the current standard
treatment to see if it's better, safer, or equally effective.
Phase 4: This phase occurs after the treatment is
approved and is available to the public. It's sometimes
called post-marketing surveillance. In this phase, doctors
and scientists continue to monitor the treatment to
ensure it remains safe and effective in a larger
population.

Cytokines: proteins that send messages throughout the body.
Cytokines are typically associated with regulating the
immune system. Cytokines are also associated with inhibitors
in bleeding disorders when the body incorrectly attacks the
bleeding disorder treatment as an “invader.” ³

D
Dendritic cell: a type of immune cell that acts as a messenger
between the innate immune system and the adaptive
immune system. Dendritic cells are created from bone
marrow and typically are found in the skin, intestines, and
nostril. Dendritic cells play an important role in the
development of inhibitors for hemophilia.⁴²

Deoxyribonucleic Acid (DNA): the molecules inside cells that
carry genetic information and pass it from one generation to
the next.

DNA Backbone: a part of DNA that is a repeated pattern of
sugar and phosphate molecules that join together the
building blocks of DNA, nucleotides, in a sequence which
provides the structural framework.

Dominant: a member of a pair of alleles that expresses the
specific phenotype (trait) while the other remains silent. For
example, Von Willebrand Disease can be a dominant trait,
which means that if two parents are having a child and one
parent has VWD and one does not, it is more likely that the
child will have mild to moderate VWD due to the dominance
of the trait.²²

Dose escalation: the percent increase between dose levels in
treatments.

De novo: the first occurrence of something in science
research also called new mutation or new variant. A genetic
change that is present for the first time in one family member
as a result of a variant (or mutation) in a germ cell (egg or
sperm) of one of the parents, or a variant that happens in the
fertilized egg.³⁶

Double helix: the three-dimensional structure of DNA where
two strands are wound together in a helix pattern. 

E
Endocytosis: the process by which molecules are brought into
a cell. Endocytosis is important in gene therapy because the
Adeno-associated virus with the correct genetic information
is brought into the target cells through endocytosis.⁴⁸

Endothelial Cells: cells that line the blood vessels and are
important in the process of blood clotting and preventing too
much bleeding.¹
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Enzyme: a special type of protein that speeds up reactions
in the body. Blood factors are considered enzymes. Enzyme
replacement therapy is the more technical term for Factor
Replacement Therapy.¹³

Exogenous: introduced from or produced outside the
organism or system

Ex vivo: outside of the living body

Gene therapy: A type of treatment in which foreign or altered
genetic material (DNA or RNA) is inserted into a person’s cells
to prevent or fight disease. Gene therapy has recently been
approved as a treatment for people with hemophilia A or B.³⁸

Genome: All the genetic information of a cell or organism. In
humans, almost every cell in the body contains a complete
copy of the genome. The genome contains all the information
needed for a person to develop and grow. 

Genotoxicity: the ability of a substance to damage the genetic
material in a cell. This is a type of complication that can
happen in gene therapy for hemophilia where the gene
therapy has a genotoxic effect on the body. Many researchers
are looking into what can cause genotoxicity and how to
overcome it.³³

Germline cells: The cells from which eggs or sperm come from,
essentially the sex cells that sexually reproducing organisms
(such as humans) pass down genomes from one generation to
the next. Researchers that focus on gene therapy, study the
effect gene therapy can have on the germline of humans.¹⁵

Glycoprotein: A type of protein that has specific types of sugar
molecules. The key molecules in our innate and adaptive
immune systems are made up of glycoproteins. These immune
systems are vital to understanding how gene therapy affects
the body.⁴¹

Hematopoietic Stem Cells: To understand Hematopoietic stem
cells, it is important to understand stem cells. Stem cells are
considered the “master” cells in the body, all other cells in the
body originally come from stem cells. Hematopoietic stem cells
are stem cells that come from bone marrow and make types of
blood cells. Researchers are currently looking into how
hematopoietic stem cells can be used in gene therapy for
hemophilia, specifically the challenges that inhibitors present in
gene therapy.³²

Hepatocytes: Hepatocytes are liver cells; they make up 80% of
the liver. The liver is an important organ in gene therapy for
hemophilia because the blood clotting factors associated with
hemophilia are located in the liver.¹³

Herpes Simplex Virus (HSV): A type of virus that causes herpes
infections and has DNA as its genetic material. HSV is a type of
virus, similarly to AAV, that can be used for gene therapy.¹¹

Human Embryonic Kidney Cells: Human Embryonic Kidney Cells
(HEK for short) are specific to a cell line called HEK 239 which are
kidney cells from a human embryo back in 1973. What is special
about HEK 239 is that when the cell line was exposed to
adenovirus, the cells rapidly regenerated, and are very stable..
HEK 239 is important to know for gene therapy because these
cells are used to create the gene therapy for hemophilia.³⁴·³⁷

F
Functional gene: A portion of the chromosome DNA that
provides instructions for a specific function. The functional
gene is what is targeted for gene therapy for hemophilia.²

Functional protein: A protein that serves a function in the
body, for example: Coagulation Factors are functional
proteins that help the body clot blood. Gene therapy for
hemophilia generates a functional protein to help with
blood clotting.¹³

G

Gene: Genes act as instructions for the body’s DNA which
tells our body how to make specific things, like proteins.
Clotting factors that allow the blood to clot are created by
specific genes that get passed down from parent to
offspring. Bleeding disorders, like hemophilia, would have a
mutation in the genes that create clotting factors.²⁹

Gene deletion: a type of genetic mutation that results in the
loss of genetic material, such as specific sections of DNA.
This is a common type of genetic mutation that causes
bleeding disorders, such as hemophilia. There is evidence
that large gene deletions in hemophilia patients may have a
correlation to inhibitor development.¹⁴

Gene duplication: a type of genetic mutation that results in
genetic material being copied. This type of genetic mutation
is typically evidence of genetic evolution. An example would
be how dogs can see different color pigments than humans
can, which occurred over time.²⁸

Gene editing: Gene editing is where the gene of a person
gets changed by either adding, deleting, or correcting bits of
DNA. Scientists are currently researching ways that gene
editing can help hemophilia patients beyond gene therapy
or factor replacement therapy.³⁹

Genetic mutation: A permanent change or alteration to the
order of DNA that makes up a gene. Mutations can be good,
bad, or have no impact at all. Certain mutations cause
disease. For example, a genetic mutation is what causes
hemophilia (Factor VIII(8) or Factor IX(9)) deficiency.²¹

H
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In vivo: In the body. The opposite of in vitro.

In vitro: In the laboratory (outside the body). The opposite of
in vivo.

Integration: The process where new genetic information is
put into the host genome. Integration describes the process
in gene therapy where the genetic information to make the
missing blood clotting factor is put into the viral host
genome, AAV in the case of hemophilia gene therapy.⁴⁰

Inverted Terminal Repeats: Inverted Terminal Repeats (ITR)
are a sequence of nucleotides at the ends of the genome in
Adeno-Associated Viruses. ITRs are the foundation of gene
replication (the process where a gene is copied for new
cells) which is a vital process for gene therapy for
hemophilia.⁶

Immune Response: The activity of the immune system
against things it does not recognize (antigens). The immune
response to gene therapy for hemophilia can determine
how long the therapy continues to improve factor levels in
the body.¹⁶

Neutralizing Antibody: when the immune system determines
that there is a foreign invader in the body, it will send immune
cells to the invaders. One type of cell that gets sent is called a
neutralizing antibody and what it does is to bind to the
invader and prevent that invader from doing any harm in the
body. What makes neutralizing antibodies different and
important is that they can prevent harm from an invader all by
itself instead of having to rely on other immune cells.
Neutralizing antibodies can be good for the body, however, in
the case of gene therapy for hemophilia, some people may
develop neutralizing antibodies towards the Adeno-
Associated virus, preventing the gene therapy from working.²⁶

Nucleus: In biology, the nucleus is the structure in a cell that
contains chromosomes – the building blocks to all the body’s
genes.

Nucleotide: A nucleotide is a chain of molecules called
nucleic acids. Nucleic acids store all the body’s genes, which
makes the nucleotide the main structure of DNA and RNA. 

Non-viral vector: A delivery system in the body that does not
use a virus to get the gene into the body. Gene therapy for
hemophilia uses viral vectors, so there is still a virus being
used to get the functioning gene into the body. Researchers
are trying to find ways to create gene therapy using non-viral
vectors.⁴⁴

Nanoparticle: A particle that is smaller than 100 nanometers
(one-billionth of a meter). In medicine, nanoparticles can be
used to carry antibodies, drugs, imaging agents, or other
substances to certain parts of the body.  

Nucleases: A type of enzyme that breaks apart nucleotides
into smaller pieces, like scissors.

Lentiviral Vectors: A viral vector used in gene therapy that uses
lentivirus as its blueprint. Lentivirus (LV) is the type of virus found
in HIV. Lentiviral vectors are just as effective in gene therapy as
Adeno-associated virus. LV vectors are good for gene therapy
because of how much genetic material the vector can hold and
bring into the body.³⁰

Liposome: A tiny structure in the body that acts as a delivery
system. Liposomes are commonly used in drug delivery for
certain treatments because the liposome can be modified easily.
For example, there have been promising treatments and clinical
trials for people with hemophilia with an inhibitor that use
liposomes to bring concentrated factor into the body. The
outside of the liposome gets changed so that it can stay in the
body for longer, extending its half-life.²⁴·⁴⁷

Placebo: A substance or treatment that looks the same, and is
given in the same way, as the real drug or
intervention/treatment being studied but does not have any
effect on the person taking it. Placebos are important in
clinical trials so that researchers can make sure the drug is
what is affecting the patient and not the placebo.

Monogenic: Traits that are caused by one single gene. Hemophilia
is a monogenic mutation.⁵

Mutagenesis: how genetic mutations are created. 

I Mutation: Any change in the DNA. Mutations may be caused by
mistakes during cell division or may be caused by exposure to
DNA-damaging agents in the environment. Mutations can be
good, bad, or have no impact at all. If they occur in cells that
make eggs or sperm, they can be inherited; if mutations occur
in other types of cells, they are not inherited. Certain
mutations may lead to cancer or other diseases. Hemophilia is
a genetic mutation of the X Chromosome, one of two genes
that relate to biological sex. This makes hemophilia an
inheritable disease.²¹
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Protein: A large molecule in the body that is important to
life. Proteins are directly involved with chemical processes
in the body, such as DNA copying, responding to a stimulus,
and providing structure to our cells.²⁷

Virus: In medicine, a very simple microorganism that infects
cells and may cause disease. Because viruses can multiply only
inside infected cells, they are not considered to be alive.  

Vector: In biology, a vector is part of a molecule that carries
DNA and is used as a vehicle to carry a specific DNA segment
into a host cell. Vectors are used to carry functional genes into
the liver cells for gene therapy for hemophilia.⁴³

Vector shedding: where the body gets rid of the viral vector
gene therapy products after treatment. Typically, the shedding
occurs through bodily fluids (blood, semen, saliva). 

Replication cycle: In biology, refers to the reproduction cycle of
viruses. A replication cycle begins with the infection of a host cell
and ends with the release of new virus particles. The replication
cycle does not exist in adeno-associated virus, the viral vector for
gene therapy for hemophilia.²⁵

Ribonucleic Acid (RNA): One of two types of nucleic acids made
by cells. RNA contains information that has been copied from
DNA (the other type of nucleic acid). Cells make several different
forms of RNA, and each form has a specific job in the cell. Many
forms of RNA have functions related to making proteins. RNA is
also the genetic material of some viruses instead of DNA. RNA can
be made in the laboratory and used in research studies.  

Retroviruses: type of RNA-based virus that can copy DNA into the
intended cell’s nucleus. Retroviruses were first looked at for
hemophilia gene therapy back in the 1990’s.¹⁸

Recessive: Certain body characteristics (like eye color) will only
be present in offspring when both sets of parents have that
specific trait. In cases where parents have different traits (like
different eye colors) the dominant trait will be present.
Hemophilia is a recessive genetic disease. 

Somatic Cells: Any cell of the body except for sperm and egg
cells. Somatic cells are diploid, meaning they have two sets of
chromosomes, one from each parent. Mutations in somatic cells
can affect the individual, but they are not passed on to offspring. 

Starting dose: The dose chosen to treat the first group of patients
in a phase I clinical trial. 

Systemic administration: A method to deliver medication into the
cardiovascular system so it circulates in the blood and affects the
whole body. 

Titer: A measurement of the amount (concentration) of
something in a solution. It commonly refers to the number of
antibodies found in a person’s blood.²³

Transgene: A gene that has been transferred from the genome
of one species into that of another to produce therapeutic
results. An example of this would be a genetic hybrid of
human and porcine (pig) (F)VIII had higher expression of the
clotting factor than standalone human (F)VIII in viral-vector
gene therapy in 2009. Essentially, the pig (F)VIII had been
genetically engineered (transgene) with the human (F)VIII to
create a more efficient therapeutic for gene therapy.⁹

Transcription: For the body to express a gene, our DNA needs
to be made into proteins. The first step in this process is called
transcription, where DNA is copied (like a copy machine) to
create RNA. After transcription is done, RNA is translated to
make the proteins – called translation. 

Translation: the second part of gene expression where the
RNA that was copied by DNA is then translated to proteins –
the building blocks of life.

TALENs: TALEN (transcription activator-like effector nuclease) is a
new nuclease technique in gene editing where sections of DNA
can be targeted and edited (changed). This technique is precise
and efficient for gene editing and is being studied as part of gene
editing to correct hemophilia. TALEN is similar in mechanism to
CRISPR, a more popular gene editing technique.³⁹

X-linked dominant inheritance: An inheritance pattern where
a genetic condition associated with a disease on the X
chromosome is passed down. Males carrying the mutation will
always have the trait because there is only one X
chromosome. However, in females that have both X
chromosomes, the disease will only be present if both X-
chromosomes carry the mutation. 

X-linked recessive inheritance: An inheritance pattern where a
genetic condition is associated with mutations in genes on the
X chromosome. A male carrying such a mutation will be
affected because he carries only one X chromosome. A female
carrying a mutation in one gene, with a normal gene on the
other X chromosome, is generally not affected.

X
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