
WHAT ARE  
VECTORS? 

One of the most important things  
to understand about gene therapy  
is how genetic material (such as  
the DNA that makes up a gene) is  
delivered to the cells of the person  
who is being treated. 

Once the genetic material is delivered, 
it can have the intended therapeutic 
effect (the response that happens after 
treatment) in the person being treated. 

In gene therapy, a vector is used to 
deliver genetic material to the cells. 

FOR MORE INFORMATION 
ABOUT GENE THERAPY, 
VISIT thegenehome.com

UNDERSTANDING HOW 
GENES ARE DELIVERED  
IN GENE THERAPY

bluebird bio and the bluebird bio logo are the trademarks of bluebird bio, Inc. 
© 2020 bluebird bio, Inc. All rights reserved. GT-US-00021 12/20

GENEHOME IS YOUR SOURCE TO  
LEARN HOW GENE THERAPY WORKS  
AND HOW GENE THERAPY IS BEING  
USED TODAY. VISIT thegenehome.com

References: 1. Al-Dosari MS, Gao X. Nonviral gene delivery: principle, limitations, and recent progress. AAPS J. 2009;11(4);671-681. 2. Biology Online. Learn Biology Online. 
Accessed November 12, 2020. https://www.biologyonline.com 3. bluebirdbio. Let’s recode the science. Accessed November 12, 2020. https://www.bluebirdbio.com/our-science/
gene-therapy-techniques#Gene%20Editing 4. Colella P, Ronzitti G, Mingozzi F. Emerging issues in AAV-mediated in vivo gene therapy. Mol Ther Methods Clin Dev. 2017;8:87-104.  
5. Collins M, Thrasher A. Gene therapy: progress and predictions. Proc Biol Sci. 2015;282(1821):20143003. 6. Crystal RG. Adenovirus: the first effective in vivo gene delivery vector. 
Human Gene Ther. 2014;25(1):3-11. 7. Durand S, Cimarelli A. The inside out of lentiviral vectors. Viruses. 2011;3(2):132-159. 8. Escors D, Breckpot K. Lentiviral vectors in gene 
therapy: their current status and future potential. Arch Immunol Ther Exp (Warsz). 2010;58(2):107-119. 9. Guha TK, Wai A, Hausner G. Programmable genome editing tools and their 
regulation for efficient genome engineering. Comput Struct Biotechnol J. 2017;15:146‐160. 10. Flotte TR. Birth of a new therapeutic platform: 47 years of adeno-associated virus 
biology from virus discovery to licensed gene therapy. Mol Ther. 2013;21(11):1976-1981. 11. Food and Drug Administration. FDA continues strong support of innovation in 
development of gene therapy products. Press release. Accessed March 4, 2020. https://www.fda.gov/news-events/pressannouncements/fda-continues-strong-support-innovation-
development-gene-therapyproducts 12. Food and Drug Administration. Testing of retroviral vector-based human gene therapy products for replication competent retrovirus during 
product manufacture and patient follow-up. Guidance for industry. Accessed March 1, 2020. https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-regulatory-
information-biologics/biologics-guidances 13. Food and Drug Administration. What is gene therapy? How does it work? Consumer Updates. Accessed November 13, 2020. https://
www.fda.gov/consumers/consumer-updates/what-gene-therapy-how-does-it-work 14. Henckaerts E, Linden RM. Adeno-associated virus: a key to the human genome? Future Virol. 
2010;5(5):555-574. 15. MedicineNet. MedTerms medical dictionary A-Z list. Accessed December 4, 2020. https://www.medicinenet.com/script/main/alphaidx.asp?p=a_dict  
16. Mingozzi F, High K. Immune responses to AAV vectors: overcoming barriers to successful gene therapy. Blood. 2013;122(1):23-36 17. National Institutes of Health. Genetics 
Home Reference. Help me understand genetics. Accessed March 4, 2020. https://ghr.nlm.nih.gov/primer 18. National Institutes of Health. MedlinePlus. How does gene therapy 
work? Accessed November 12, 2020. https://medlineplus.gov/genetics/understanding/therapy/procedures/ 19. National Institutes of Health. National Cancer Institute. NCI dictionary 
of cancer terms. Accessed March 16, 2020. https://www.cancer.gov/publications/dictionaries/cancer-terms 20. National Institutes of Health. National Human Genome Research 
Institute. Talking glossary of genetic terms. Accessed March 16, 2020. https://www.genome.gov/genetics-glossary 21. News Medical Life Sciences. What are viral vectors? 
Accessed November 13, 2020. https://www.news-medical.net 22. Sheridan C. Gene therapy finds its niche. Nat Biotechnol. 2011;29(2):121-128. 23. STAT Reports. The STAT guide 
to viral vectors, the linchpin of gene therapy. STAT News; 2019. 24. The Free Dictionary. Medical dictionary. Accessed December 4, 2020. https://medical-dictionary.
thefreedictionary.com/ 25. Thomas CE, Ehrhardt A, Kay MA. Progress and problems with the use of viral vectors for gene therapy. Nat Rev Genet. 2003;4(5):346-358.  
21. Walther W, Stein U. Viral vectors for gene transfer: A review of their use in the treatment of human diseases. Drugs. 2000;60(2):249-271. 26. Warnock JN, Daigre C, Al-Rubeai 
M. Introduction to viral vectors. Methods Mol Biol. 2011;737:1-25. 27. Watts JM, Dang KK, Gorelick RJ, et al. Architecture and secondary structure of an entire HIV-1 RNA genome. 
Nature. 2009;460(7256):711-716. 28. Wold WSM, Toth K. Adenovirus vectors for gene therapy, vaccination and cancer gene therapy. Curr Gene Ther. 2013;13(6):421-433.  



WHAT IS GENE THERAPY?
GENE THERAPY IS A TREATMENT THAT USES GENETIC 
MATERIAL TO CHANGE THE COURSE OF A DISEASE

Gene therapy is an option that is being 
investigated for the treatment of 
multiple diseases. Although many gene 
therapies are currently in early stages of 
research or clinical trials, some have 
already been approved by the US Food 
and Drug Administration (FDA).  

The goal of gene therapy is to change 
the course of a disease by treating the 
disease at the source. Usually, the source 
of a genetic disease is a change (or 
mutation) in a person’s DNA that causes 
the disease.

Overall, there are 2 types of gene 
therapy being studied: gene addition 
and gene editing, and there are different 
approaches within these types. 

Regardless of the type or approach,  
a gene therapy needs a way to deliver  
the genetic material to the target cell.

Genetic material consists of molecules 
(called DNA or RNA) that store 
information and provide instructions 
to the cell on what to do. For example, 
it may provide instructions for making 
a specific protein. 

• What is gene therapy?

•  What is a vector and how is it used in gene therapy?

•   What role do viruses play in delivering gene therapy?

–  Can viral vectors cause viral infection?

– How are viral vectors used in gene therapy?

ALL GENE THERAPIES USE A VECTOR AS A DELIVERY 
METHOD. THIS BOOKLET WILL HELP TO ANSWER  
THE FOLLOWING QUESTIONS:

LEARN MORE ABOUT CELLS AND DNA 
AND THE ROLES THEY PLAY IN GENE 
THERAPY AT thegenehome.com

DNA TREATED  
BY GENE THERAPY
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WHAT IS A VECTOR AND HOW 
IS IT USED IN GENE THERAPY?

There are 2 types of vectors:

 1.  Viral vectors are engineered from 
scratch using the blueprint of a virus. 
Viruses are used as blueprints to create 
vectors because they are naturally 
good at entering the nucleus of a cell 
and delivering genetic material. The 
rest of this brochure talks specifically 
about viral vectors 

2.  Non-viral vectors use other methods, 
either physical (such as a needle that 
goes into the cell) or chemical (which 
are created in a lab), to deliver genetic 
material to the cell 

A viral vector is like a microscopic 
delivery truck that can transport and 
deliver a specific package (genetic 
material) directly to a target location  
(the nucleus of a cell). Like any delivery, 
the genetic material is packaged and 
loaded into the vehicle (the viral vector) 
for delivery. 

Viral vectors (microscopic delivery trucks) 
have information to help guide them to  
a specific type of cell (target cell). 

When the viral vector reaches the target 
cell, it is able to:

•  pass through the cell membrane, 
thereby entering the cell 

• reach the nucleus 

Once it reaches the nucleus, the vector: 

•    disassembles itself (the package is 
taken out of the delivery truck) 

•  delivers the genetic material (the 
package) into the nucleus

Once in the nucleus, the genetic  
material instructs the cell to provide  
the desired treatment effect to the 
person being treated. 

After the vector enters the cell and 
delivers the genetic material, the cell 
naturally breaks down the vector and  
it is disposed of by the body.

VECTORS ARE USED TO DELIVER GENETIC MATERIAL TO SPECIFIC 
TARGET CELLS SO IT CAN HAVE A THERAPEUTIC EFFECT

VIRAL VECTORS DELIVER GENETIC  
MATERIAL TO THE NUCLEUS OF A CELL

A VIRAL VECTOR IS LIKE A  
MICROSCOPIC DELIVERY TRUCK

genetic  
material

delivery 
mechanism 
(vector)

nucleus

cell membranepackaged  
genetic  
material

viral vector 
containing  

genetic 
material

target cell

HOW VIRAL VECTORS  
WORK IN GENE THERAPY
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WHY ARE VIRUSES USED  
TO DELIVER GENE THERAPY?
VIRUSES ARE NATURE’S WAY OF GETTING GENETIC MATERIAL INTO CELLS.  
VIRAL VECTORS ARE BUILT USING VIRAL BLUEPRINTS SO THEY CAN DELIVER 
GENETIC MATERIAL FOR GENE THERAPY

Scientists have created complete maps  
of the individual genetic parts of many 
different viruses. These maps are called 
genomes and are the blueprints that 
describe the parts of the virus. 

Scientists create viral vectors from 
scratch by using these blueprints to  
build the parts of the virus that are  
good at packaging and delivering  
genetic material. 

Viral genomes are used as the 
blueprints for creating viral vectors 
because viruses are naturally good 
at entering the nucleus of a cell and 
delivering genetic material.

Scientists can choose from different 
types of viruses to create viral vectors. 
The choice of the virus to be used 
depends on the specific needs of the 
disease being treated, such as:

•  The amount of genetic material that 
needs to be delivered 

•  The target cell, or where the genetic 
material needs to be delivered (for 
example: a blood stem cell, liver cell,  
or an eye cell)

•  Minimizing the possibility that the 
vector will trigger an immune system 
response (which is the body’s 
response to something harmful)

Before any viral vector can be used, it needs to 
be reviewed by the FDA. Currently, viral vectors 
are used as the delivery vehicle in FDA-
approved gene therapies.

VIRUS AND ITS GENOME

THE BLUEPRINTS OF SEVERAL DIFFERENT  
VIRUSES ARE USED TO CREATE VECTORS

virus

genome (blueprint)

Then, specific information is added to help 
guide the vector to their target cells or to 
wherever the genetic material needs to be 
delivered. 

Scientists leave out the parts of the viral 
blueprint that may lead to infection. 

VIRAL GENOME STRUCTURE CREATED BY DR GENE

VIRUS ENTERING CELL

target cell

virus delivering  
genetic material  

to host cell

Viruses are not only good at entering the 
nucleus of the cell, they are also good at 
targeting specific types of cells, such as 
stem cells or eye cells.  
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Because scientists only use certain parts 
of the viral genome to create the vector, 
and never use all of the parts, the original 
virus is never recreated. This prevents a 
viral vector from causing the infection that 
would be caused by the original virus. 

In other words, the viral vector is missing  
the parts of the original virus that are 
necessary to replicate or produce the 
infection that the original virus would  
have caused. 

Which parts of the virus blueprint do 
scientists use when creating a vector?

 Here are some examples: 

•  Parts that help target a specific cell

•  Parts that may help a vector enter  
a cell

LET’S LOOK AT THE DIAGRAM BELOW OF HOW A VECTOR  
IS CREATED FROM THE BLUEPRINT OF A VIRUS

CAN THE VIRAL VECTORS  
USED IN GENE THERAPY  
CAUSE A VIRAL INFECTION?
VIRAL VECTORS CANNOT CAUSE THE ORIGINAL INFECTION  
BECAUSE ONLY A FEW PARTS OF THE VIRUS ARE USED

For this example, we will refer to a  
well-known virus, a lentivirus. Lentiviruses 
have been studied for decades. The  
most well-known lentivirus is HIV, which 
has a natural ability to deliver genetic 
materials into cells, specifically into  
stem cells. 

To create the lentiviral vector, a blueprint 
of the HIV virus is used. HIV is made up 
of 9 genes. To make the lentiviral vector, 
scientists select 3 or 4 different genes 
from the blueprint of the HIV virus to 
increase the vector’s ability to deliver 
genetic material. At this point, other 
genes will be added to create the  
desired therapeutic effect.

Because only a specific few of the  
9 genes from the original viral blueprint  
are used, the genome of the virus is  
not complete and an HIV infection  
cannot occur.

VECTORS ARE ONLY ONE PART OF  
GENE THERAPY. VISIT thegenehome.com  
TO EXPLORE AND LEARN MORE

BULK OF RESEARCH IS DONE IN THE LAB HIV GENOME AND  
LENTIVIRAL VECTOR

3 or 4 different genes from the HIV genome.  
The highlighted genes are responsible for  
the packaging and delivering of genetic  

materials to the cells.

Additional genes  
that help the vector 

reach target cells

lentiviral vector carrying  
genetic material

+ +
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EXAMPLES OF VIRAL VECTORS 
USED IN GENE THERAPY

Lentiviral vectors (LVVs): 
•  Use of this type of vector 

became routine in research 
using mammalian cells in the  
mid-1980s

•  Delivers genetic material into 
the DNA of a cell. This leads  
to a lasting genetic change 
that will be passed along  
to daughter cells during  
cell division

•  Areas of research: blood 
diseases, liver diseases,  
cancer treatment 

The following terms have been defined 
within the context of gene therapy.

Cell membrane: Made up of 2 layers, the 
cell membrane separates the contents of 
the cell from the outside environment, while 
controlling what enters or exits the cell

Clinical trial: A study that measures the safety 
and effectiveness of a medication in humans

Daughter cells: Either of the two cells formed 
when a cell divides; daughter cells are 
genetically identical to the parent cell  

Gene: Instructions made of DNA used to 
create the proteins the body needs to function

Gene addition: Adds functioning genetic 
material to do the work of a faulty gene

Gene editing: The creation of targeted 
double-stranded breaks in DNA, with or 
without repair instructions, to disrupt or 
correct the function of a gene

Gene expression: When the information that 
is part of a gene is expressed as an effect  
or trait

Gene therapy: A method of treating diseases 
at the genetic level (the source or mutation) 
with the goal of changing the course of a 
disease

Genome: The entire set of genetic  
instructions found in a cell nucleus

Lentivirus: A family of retroviruses used as 
vectors for gene therapy. A retrovirus uses 
RNA as its genetic material; when a retrovirus 
infects a host cell, the RNA changes into DNA,  
which then becomes part of the genome  
of the host cell

Non-viral vector: A way to deliver genetic 
material to a cell that is not based on a virus

Viral vectors: A way to deliver genetic material 
to a cell using the blueprint of a virus as a 
guide; it may be used to carry genes and 
change mutated cells to healthy ones

Virus: An infectious agent smaller than a 
bacteria consisting of a small RNA or DNA 
genome surrounded by a protein coat that  
is unable to grow or reproduce outside of a 
host cell

GLOSSARY

Adenoviral vectors (AdVs): 
•  First used for gene delivery  

in the late 1980s

•  Highly effective at creating  
an immune system response

•  Areas of research: treating 
cancer tumors, blood vessel 
treatments, vaccines 

Adeno-associated viral 
vectors (AAVs):
•  Discovered in 1965 with the 

help of electron microscopy

•  Delivers genetic material  
in a way that does not 
permanently merge it into the 
cell DNA. This means that the 
changes cannot be passed 
down to daughter cells 
during cell division

•  Areas of research: functional 
blindness, hemophilia, 
Parkinson’s disease

LVV AdV AAV
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