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FORWARD-LOOKING STATEMENTS

This Annual Report on Form 10-K contains forward-looking statements that involve risks and uncertainties, as well as
assumptions that, if they never materialize or prove incorrect, could cause our results to differ materially from those
expressed or implied by such forward-looking statements. We make such forward-looking statements pursuant to the
safe harbor provisions of the Private Securities Litigation Reform Act of 1995 and other federal securities laws. All
statements other than statements of historical facts contained in this Annual Report on Form 10-K are forward-looking
statements. In some cases, you can identify forward-looking statements by words such as “anticipate,” “believe,”
“contemplate,” “continue,” “could,” “estimate,” “expect,” “intend,” “may,” “plan,” “potential,” “predict,” “project,
“would,” or the negative of these words or other comparable terminology. These forward-looking statements include,
but are not limited to, statements about:
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seek,” “s

the initiation, timing, progress and results of our preclinical and clinical studies, and our research and development

programs;

our ability to advance product candidates into, and successfully complete, clinical studies;

our ability to advance our viral vector and drug product manufacturing capabilities;

the timing or likelihood of regulatory filings and approvals;

the timing or success of commercialization of our product candidates, if approved;

the pricing and reimbursement of our product candidates, if approved;

the implementation of our business model, strategic plans for our business, product candidates and technology;

the scope of protection we are able to establish and maintain for intellectual property rights covering our product

candidates and technology;

estimates of our expenses, future revenues, capital requirements and our needs for additional financing;

the potential benefits of strategic collaboration agreements and our ability to enter into strategic arrangements;

our ability to maintain and establish collaborations and licenses;

developments relating to our competitors and our industry; and

other risks and uncertainties, including those listed under Part I, Item 1A. Risk Factors.
Any forward-looking statements in this Annual Report on Form 10-K reflect our current views with respect to future
events or to our future financial performance and involve known and unknown risks, uncertainties and other factors
that may cause our actual results, performance or achievements to be materially different from any future results,
performance or achievements expressed or implied by these forward-looking statements. Factors that may cause actual
results to differ materially from current expectations include, among other things, those listed under Part I, Item 1A.
Risk Factors and elsewhere in this Annual Report on Form 10-K. Given these uncertainties, you should not place
undue reliance on these forward-looking statements. Except as required by law, we assume no obligation to update or
revise these forward-looking statements for any reason, even if new information becomes available in the future.

This Annual Report on Form 10-K also contains estimates, projections and other information concerning our industry,
our business, and the markets for certain diseases, including data regarding the estimated size of those markets, and
the incidence and prevalence of certain medical conditions. Information that is based on estimates, forecasts,
projections, market research or similar methodologies is inherently subject to uncertainties and actual events or
circumstances may differ materially from events and circumstances reflected in this information. Unless otherwise
expressly stated, we obtained this industry, business, market and other data from reports, research surveys, studies and
similar data prepared by market research firms and other third parties, industry, medical and general publications,
government data and similar sources.
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PART I

Item 1. Business
Overview

We are a clinical-stage biotechnology company committed to developing potentially transformative gene therapies for
severe genetic and rare diseases and in the field of T cell-based immunotherapy. With our lentiviral-based gene
therapies, T cell immunotherapy expertise and gene editing capabilities, we have built an integrated product platform
with broad potential application in severe genetic and rare diseases and in oncology. We believe that gene therapy has
the potential to change the way these patients are treated by correcting the underlying genetic defect that is the cause
of their disease, rather than offering treatments that only address their symptoms. Our gene therapy clinical programs
include our LentiGlobin® product candidate to treat transfusion-dependent -thalassemia, or TDT, which we previously
referred to as  -thalassemia major, and severe sickle cell disease, or severe SCD, and our Lenti-Iproduct candidate to
treat cerebral adrenoleukodystrophy, or CALD, a rare hereditary neurological disorder that we previously referred to
as childhood cerebral adrenoleukodystrophy, as patients affected with this disorder are often young boys. Our
oncology programs are built upon our leadership in lentiviral gene delivery and T cell engineering, with a focus on
developing novel T cell-based immunotherapies, including chimeric antigen receptor (CAR) and T cell receptor
(TCR) T cell therapies. Our lead oncology program, bb2121, is a CAR T cell product candidate targeting B-cell
maturation antigen, or BCMA, in multiple myeloma. We also have discovery research programs utilizing
megaTALs/homing endonuclease gene editing technologies with the potential for use across our pipeline.

We are conducting three clinical studies of our LentiGlobin product candidate in a variety of rare, hereditary blood
disorders that often lead to severe anemia and shortened lifespans: a global Phase I/II study, called the Northstar
Study, for the treatment of TDT; a single-center Phase I/II study in France (HGB-205) for the treatment of TDT and
severe SCD; and a Phase I study in the United States (HGB-206) for the treatment of severe SCD. Our LentiGlobin
product candidate has been granted Orphan Drug status by the U.S. Food and Drug Administration, or FDA, and the
European Medicines Agency, or EMA, for the treatment of both -thalassemia and SCD. Our LentiGlobin product
candidate was granted Fast-Track designation by the FDA for the treatment of -thalassemia major in January 2013 and
for the treatment of certain patients with severe SCD in May 2014. In January 2015, the FDA granted Breakthrough
Therapy designation to our LentiGlobin product candidate for the treatment of transfusion-dependent patients with
-thalassemia major.

We are conducting a Phase II/III clinical study, called the Starbeam Study, of our Lenti-D product candidate, to
evaluate its safety and efficacy in pediatric and adolescent subjects with CALD. We are also conducting an
observational study of subjects with CALD treated by allogeneic hematopoietic stem-cell transplant (ALD-103). Our
Lenti-D product candidate has been granted Orphan Drug status by the FDA and the EMA for the treatment of
adrenoleukodystrophy.

In February 2016, we initiated a Phase I clinical study in the United States (CRB-401) of our bb2121 product
candidate for the treatment of relapsed/refractory multiple myeloma. bb2121 is the lead CAR T cell-based
immunotherapy product candidate from our collaboration with Celgene Corporation, or Celgene. The collaboration
has focused on applying gene therapy technology to genetically modify a patient’s own T cells to target and destroy
cancer cells. T cells modified to express a CAR have been shown by academic and corporate researchers to have
beneficial effects in human clinical trials for patients with a variety of lymphomas. We have licensed to Celgene the
right to develop and commercialize our bb2121 product candidate following the completion of the ongoing Phase I
clinical study, and we may exercise our option to co-develop and co-promote this product candidate.
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In June 2014, we acquired Precision Genome Engineering, Inc., or Pregenen, a privately-held biotechnology company
headquartered in Seattle, Washington. Through the acquisition, we obtained rights to Pregenen’s gene editing
technology platform and cell signaling technology, and have integrated these technologies and research team and
expanded our related discovery research efforts. We are focused on utilizing homing endonuclease and megaTAL
gene editing technologies in a variety of potential applications and disease areas, including for oncology and
hematology. Homing endonucleases and MegaTALs are novel enzymes that provide a highly specific and efficient
way to modify DNA sequences to silence, edit or insert genetic components to potentially treat a variety of diseases.

Our gene therapy platform is based on viral vectors that utilize a modified, non-replicating version of the Human
Immunodeficiency Virus Type 1, or HIV-1, that has been stripped of all of the components required for it to
self-replicate and infect additional cells. HIV-1 is part of the lentivirus family of viruses, and we refer to our vectors as
lentiviral vectors. Our lentiviral vectors are used to introduce a functional copy of a gene to the patient’s own isolated
blood stem cells, called hematopoietic stem cells, or HSCs, which reside in a patient’s bone marrow and are capable of
differentiating into a wide range of cell types. HSCs are dividing cells, thus our approach allows for sustained
expression of the modified gene as we are able to take advantage of a lifetime of replication of the gene-modified
HSCs. Additionally, we have developed a proprietary cell-based vector manufacturing process that is both
reproducible and scalable. We believe our innovations in viral vector design and related manufacturing processes are
important steps towards advancing the field of gene therapy and in realizing its full potential on a commercial scale.
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Utilizing our gene therapy platform, we are developing product candidates comprising the patient’s own gene-modified
HSC:s. Clinical proof-of-concept already exists for allogeneic hematopoietic stem cell transplant, or HSCT, an
approach of treating a patient with HSCs contributed by a donor other than the patient that contain the properly
functioning copy of the gene whose mutation has caused the underlying disease. However, this approach has
significant limitations, including difficulties in finding appropriate genetically-matched donors and the risk of
transplant-related rejection, graft-versus-host disease, or GVHD, and mortality, and is therefore typically only
available on a limited basis. Our approach is intended to address the significant limitations of allogeneic HSCT while
utilizing existing stem cell transplant infrastructure and processes. Also, because our approach has the potential to
drive sustained expression of the functional protein encoded by the gene insert after potentially a
single-administration, we believe the value proposition offered by our product candidates for patients, families, health
care providers and payors would be significant.

Although our initial focus for HSCs is in TDT, severe SCD and CALD, and for T cells is in oncology, we believe our
gene therapy platform has broad therapeutic potential in a variety of indications. We believe that our vectors can be
used to introduce virtually any gene into a cell and have the potential to be manufactured on a commercial scale
reproducibly and reliably, as each new vector is produced using substantially the same process. We also take
advantage of lentivirus’ ability to transduce HSCs more efficiently than other vectors, such as those derived from
another virus used in gene therapy approaches, called adeno-associated virus, or AAV, which gives us the potential to
address diseases in a variety of cell lineages beyond those that are derived from HSCs, such as microglia (useful for
CALD), red blood cells (useful for B-thalassemia and SCD), T cells (useful for cancer and immunology) and others.

Our gene therapy platform and proprietary lentiviral vectors

Our gene therapy product candidates for severe genetic and rare diseases and in oncology are being developed based
on a simple notion: to genetically modify a patient’s own cells to fundamentally correct or address the genetic basis
underlying a disease. Although the notion of gene transfer to a patient’s own cells is simple, the processes of
developing viral vectors capable of delivering the genetic material and inserting gene sequences safely into a patient’s
target cells is highly technical and demands significant expertise, experience and know-how. Leveraging our
extensive expertise in viral vector design and manufacturing and transduction, we have developed a gene therapy
platform that we believe is broadly applicable in a variety of indications with significant unmet medical need.

The success of a gene therapy platform is highly dependent on the type of delivery system used. Our platform is based
upon an ex vivo viral delivery system whereby a certain type of virus delivers the DNA that it is carrying into a cell
and inserts this DNA into the cell’s genome. We have developed significant expertise in designing a particular type of
vector delivery system employing a lentivirus for use in gene therapy and have also developed and in-licensed
relevant intellectual property, including know-how, related to lentiviral vectors. Our lentiviral construct design
includes only the minimal viral components of HIV-1 required to enable the vector to undergo one round of
replication within the cell during manufacturing and subsequently to enter the target cells and deliver the gene that it is
carrying.

We believe that our lentiviral vectors are particularly well-suited for treating a number of diseases and have certain
advantages over other viral vectors used in developing gene therapy products, including:

-Sustained expression—Unlike other vectors based on viruses such as AAV, lentiviral vectors are capable of integrating
the functional gene they carry into the DNA of the target cell’s genome. As such, they are well-suited to introduce a
sustained therapeutic effect in dividing cells because the gene sequence introduced by the lentiviral vector will be
replicated with the rest of the cell’s chromosomal DNA and subsequent dividing cells will also carry the newly
inserted gene sequence. Other vector platforms that take advantage of different viruses introduce genes into cells but
they don’t actively integrate into a cell’s DNA and require many viral events to transform a cell.

-Potentially Improved Safety—In clinical studies of gene therapy product candidates conducted by other entities, earlier
generations of integrating viral vectors based on a mouse gamma-retrovirus were shown to preferentially integrate



Edgar Filing: bluebird bio, Inc. - Form 10-K

into certain regulatory regions of genes (such as the promoter regions) and in some instances inappropriately activate
the cell to divide uncontrollably, leading to cancer through a process called insertional oncogenesis. These genetic
alterations have led to several well-publicized adverse events, including several reported cases of leukemia, and
highlighted the need to develop new gene therapy vectors with potentially improved safety profiles. Next generation
lentiviral vectors, unlike gamma retroviruses, have a distinct pattern of integrating into regions that provide
instructions for making proteins rather than preferentially integrating into regions that can lead to cell proliferation
and cancer. We believe this difference in integration patterns is a critical factor in potentially improving the safety
profile of the vector, and distinguishes them from earlier generations of integrating viral vectors.

-Carrying capacity—Unlike AAV, the lentivirus is able to carry large therapeutic gene sequences (up to 8,000 base
pairs) into a host cell. This may limit the utility of AAV in some diseases where the required gene sequences will be
too large to fit into an AAV construct. In this regard, lentiviral vectors offer more flexibility.
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Hematopoietic Stem Cells (HSCs)

Our gene therapy platform takes advantage of lentiviral vectors’ ability to stably integrate into the target cell’s genome
by focusing on diseases we can treat through genetic modification of HSCs, which when reintroduced back into the
patient, differentiate into numerous other cell lineages, as depicted below. We believe our initial clinical
indications—CALD, TDT and severe SCD—can all be treated by introducing a specific functional gene into HSCs taken
from the patient to correct the gene defect responsible for the disease.

HSCs are dividing stem cells that are permanently found in a patient’s bone marrow and are an ongoing replacement
source of mature cell types as they die off. HSCs produce progeny cells, called progenitors, that differentiate into all
of the cellular elements that compose the blood, including red blood cells (useful for B-thalassemia and SCD),
microglia (useful for CALD), T cells (useful for cancer and immunology) and others. As such, all progenitors derived
from a single gene therapy-modified HSC will carry the same corrective genetic modification, which we believe gives
our approach the potential to deliver life-long clinical benefits based on a single therapeutic administration.

Our therapeutic approach in HSCs

The delivery of a gene therapy product in HSCs requires several steps. Importantly, our approach seeks to leverage
cell transplant procedures and infrastructure already widely used in the clinic for allogeneic HSCT.

1. We produce our lentiviral vector by co-transfecting a packaging cell line with multiple plasmids that
separately encode the various components of the virus as well as the functional gene sequence the viral
vector will carry. The use of multiple plasmids is an important safety step designed to further prevent the
resulting lentiviral vectors from being able to replicate and cause infection on their own.

2.For the treatment of severe genetic and rare diseases, a sample of the patient’s own HSCs is extracted and isolated
through a standard process known as apheresis, where HSCs are first mobilized into the blood stream from the
bone marrow using a routinely-used pharmaceutical agent and then collected from the patient’s blood. In some
cases, such as for the treatment of severe SCD, HSCs are extracted directly from the patient’s bone marrow.

3.The lentiviral vector is mixed with the patient’s isolated HSCs ex vivo. This leads to the insertion of the functional
gene into the HSCs’ existing DNA, thus creating a pool of the patient’s own, or autologous, gene-modified cells. The
cells are then washed to remove any remnants of the viral vector or culture media. These gene-modified cells are
the therapeutic drug product that is delivered back into the patient.

4.Prior to administering our drug product, the patient undergoes a standard myeloablation procedure (also used in
allogeneic HSCT) to remove endogenous bone marrow cells. The modified HSCs are then re-infused back into the
patient (approximately one to two months after initial extraction of the patient’s HSCs) and begin re-populating a
portion of the bone marrow as permanently modified HSCs in a process known as engraftment. The engrafted
HSCs will go on to give rise to progenitor cell types with the functional gene.

10
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Our therapeutic approach in T cell-based immunotherapy

Similarly to our therapeutic approach in HSCs, the delivery of modified T cell products requires several steps.
Importantly, our approach seeks to leverage cell transplant procedures and infrastructure already widely used in the
clinic for allogeneic bone marrow transplant.

1.We produce our lentiviral vector by co-transfecting a packaging cell line with multiple plasmids that separately
encode the various components of the virus as well as the tumor-targeting protein the viral vector will carry.
2.For the treatment of cancer, a sample of the patient’s own white blood cells is extracted and isolated through a
standard process known as leukapheresis, in which white blood cells are separated from the remaining fractions of
the patient’s blood.
3.The lentiviral vector is mixed with the patient’s white blood cells, which include T cells, ex vivo. This leads to the
insertion of the gene encoding a CAR into the T cells’ existing DNA, thus creating a population of modified T cells
expressing a CAR or TCR. The cells are then washed to remove any remnants of the viral vector or culture media
and expanded to increase the number of modified T cells to the required dosage. These modified T cells are the
therapeutic drug product that is delivered back into the patient.
4.Prior to administering our drug product, the patient undergoes a standard lymphodepletion procedure to reduce the
number of T cells that may compete with the modified T cells. The modified T cells are then re-infused back into
the patient.
Our product candidate pipeline

We are developing our LentiGlobin product candidate to treat patients with TDT and severe SCD. We are conducting
two Phase I/II clinical studies in the United States, Australia, and Thailand and in France, called the Northstar and
HGB-205 studies, respectively, of our LentiGlobin product candidate to evaluate its safety and efficacy in subjects
with TDT and severe SCD. We have initiated a Phase I clinical study in the United States, called the HGB-206 study,
to evaluate the safety and efficacy of our LentiGlobin product candidate in subjects with severe SCD. We are
developing our Lenti-D product candidate to treat patients with CALD, the most severe form of ALD. We are also
currently conducting a Phase II/III clinical study of our Lenti-D product candidate in the United States, which we refer
to as the Starbeam Study, to examine the safety and efficacy of our Lenti-D product candidate in preserving
neurological function and stabilizing cerebral demyelination in subjects with CALD.

We are also pursuing opportunities to apply our gene therapy platform technologies in the field of immunotherapy in
oncology by genetically modifying a patient’s own T cells to target and destroy cancer cells. Our collaboration with
Celgene focuses on CAR T cell therapy, which has been shown by academic and corporate researchers to have
beneficial effects in clinical trials for patients with a variety of lymphomas. Our collaboration with Celgene is focused
on product candidates directed against BCMA, a protein expressed on the surface of multiple myeloma cells and
plasma cells. In February 2016, we initiated a Phase I clinical study (CRB-401) to evaluate the safety and
effectiveness of our bb2121 product candidate, the lead product candidate from this collaboration, in the treatment of
relapsed/refractory multiple myeloma. Celgene has exercised its option to exclusively license our bb2121 product
candidate, while we have retained an option to co-develop and co-promote this product candidate. We are also
collaborating with Kite Pharma, Inc. in the development of a second-generation T cell receptor, or TCR, T cell
therapy against HPV-16 E6 antigen, which is related to certain cancers associated with the human papilloma virus.

Our LentiGlobin product candidate opportunity
3-thalassemia
Overview

B-thalassemia is a rare hereditary blood disorder caused by a genetic abnormality of the 3-globin gene resulting in
defective red blood cells, or RBCs. Genetic mutations cause the absence or reduced production of the beta chains of
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hemoglobin, or B-globin, thereby preventing the proper formation of hemoglobin A, which normally accounts for
greater than 95% of the hemoglobin in the blood of adults. Hemoglobin is an iron-containing protein in the blood that
carries oxygen from the respiratory organs to the rest of the body. Hemoglobin A consists of four chains—two chains
each of a-globin and -globin. Normally existing at an approximate 1:1 ratio, genetic mutations that impair the
production of B-globin can lead to a relative excess of a-globin, leading to premature death of red blood cells. The
clinical implications of the a-globin/B-globin imbalance are two-fold: first, patients lack sufficient RBCs and
hemoglobin to effectively transport oxygen throughout the body and can become severely anemic; and second, the
shortened life span and ineffective production of RBCs can lead to other complications such as splenomegaly, marrow
expansion, bone deformities, and iron overload in major organs.

The clinical course of B-thalassemia correlates with the degree of globin chain imbalance. Nearly 200 different
mutations have been described in patients with B-thalassemia. The clinical presentation varies widely, dependent
largely upon the type of inherited mutation. Mutations can be categorized as those which result in no functional
B-globin production (3°) and those which result in decreased functional B-globin production (3+). TDT refers to any
mutation pairing that results in the need for chronic transfusions due

4
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to severe anemia, and is the clinical finding in most patients with 3°/8° genotype as well as many patients with other
genotypes resulting in abnormal B-globin production, such as the B°/8+ and B+B* genotypes. Affected patients produce
as little as one to seven g/dL of hemoglobin (while a normal adult produces 12-18 g/dL of hemoglobin). Hemoglobin
E (BE), which is another B-globin mutation and is usually asymptomatic, can also result in TDT when paired with the
3° or B+ mutations.

3-thalassemia is concentrated in populations of Mediterranean, South and Southeast Asian and Middle Eastern
descent. It has been estimated that about 1.5% (80 to 90 million people) of the global population are carriers of
3-thalassemia, with about 60,000 symptomatic individuals born annually, the great majority in the developing world,
while the condition is considered rare in the United States and Europe. According to Thalassemia International
Federation, about 288,000 patients with TDT are alive and registered as receiving regular treatment around the world,
of which it is estimated that about 15,000 live in the United States and Europe. Due to the rarity of this disease in the
United States, published research on the prevalence of -thalassemia in the United States is limited.

Limitations of current treatment options

In geographies where treatment is available, patients with TDT receive chronic blood transfusion regimens. These
regimens consist of infusions with units of packed RBC, or pRBC, every three to five weeks, the timing of which is
aimed at maintaining hemoglobin levels and controlling symptoms of the disease. While chronic blood transfusions
can be effective at minimizing the symptoms of TDT, they often lead to iron overload, which over time leads to
mortality through iron-associated heart and liver toxicity. To prevent iron overload-associated risks, patients must
adhere to therapeutic iron chelation regimens to reduce the iron overload. Poor compliance with chelation regimens
remains a key challenge; it is estimated that with typical compliance, the overall life expectancy for a patient with
TDT is significantly reduced compared to the general population. Even patients who are compliant with transfusion
and iron chelation regimens can experience a reduced quality of life due to the burden and side effects of therapy and
the fluctuating levels of hemoglobin on a month-to-month basis.

The only potentially curative therapy for B-thalassemia today is allogeneic HSCT. However, complications of
allogeneic HSCT include a 10-30% risk of engraftment failure in Human-Leukocyte-Antigen, or HLA, matched
patients, a 12-16% incidence of life-threatening infection, and an approximately 30% risk of GVHD, a common
complication in which donor immune cells (white blood cells in the graft) recognize the cells of the recipient (the
host) as “foreign” and attack them. As a result of these safety challenges, allogeneic HSCT can lead to significant
mortality rates, particularly for patients treated with cells from a donor who is not a matched sibling, and in older
patients. Consequently, transplants are offered primarily to pediatric patients with a matched sibling donor, which
occurs in less than 25% of all cases. In addition, because of the need for immunosuppression following allogeneic
HSCT, there is a risk of opportunistic infections and other serious side effects associated with immunosuppressive
drugs. Overall, TDT remains a devastating disease with an unmet medical need.

In many developing countries where B-thalassemia is more prevalent, such as Thailand, the lack of readily available
chronic blood transfusions and optimal iron chelation regimens represents a significant societal challenge. In these
countries, children with TDT have a poor prognosis and experience growth retardation, hepatosplenomegaly, or
enlargement of the spleen, and skeletal deformities resulting from extra-medullary hematopoiesis. Ultimately,
premature death is not uncommon. We believe that alternative therapies, such as those represented by our gene
therapy approach, could offer a potential solution to the challenges of treating 3-thalassemia patients across the world.

Sickle cell disease
Overview

Sickle cell disease, or SCD, is a hereditary blood disorder resulting from a mutation in the B-globin gene that causes
polymerization of hemoglobin proteins and abnormal red blood cell function. The disease is characterized by anemia,
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vaso-occlusive pain crisis (a common complication of SCD in which there is severe pain due to obstructed blood flow
in the bones, joints, lungs, liver, spleen, kidney, eye, or central nervous system), infections, stroke, overall poor
quality of life and early death in a large subset of patients. Under low-oxygen conditions, which are exacerbated by
the RBC abnormalities, the mutant hemoglobin aggregates causing the RBCs to take on a sickle shape (sickle cells),
which causes them to aggregate and obstruct small blood vessels, thereby restricting blood flow to organs resulting in
pain, cell death and organ damage. If oxygen levels are restored, the hemoglobin can disaggregate and the RBCs will
return to their normal shape, but over time, the sickling damages the cell membrane and the cells fail to return to the
normal shape even in high-oxygen conditions. Additionally, the sickle-shaped RBCs tend to rupture more easily, often
resulting in damage to the blood vessels and iron overload that can ultimately lead to organ failure and death.

SCD is concentrated in populations of African, Middle Eastern and South Asian descent. The global incidence of SCD
is estimated to be 250,000-300,000 births annually, and the global prevalence of the disease is estimated to be about
20-25 million. In the United States, where SCD is a standard part of many states’ newborn screening procedures, the
incidence is more than 1,600 births annually with an estimated prevalence of 100,000 individuals.

5
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Limitations of current treatment options

Where adequate medical care is available, common treatments for patients with SCD largely revolve around
management and prevention of acute sickling episodes. Chronic management may include hydroxyurea and, in certain
cases, chronic transfusions. Hydroxyurea is currently the only medication approved for the treatment of severe SCD
and is recommended for patients with recurrent episodes of acute pain or specific frequencies of painful crises or
life-threatening complications. Not all severe SCD patients respond to hydroxyurea however, or are able to tolerate
the cytotoxic effect of reduced white blood cell and platelet counts. Thus, a significant number of patients with SCD
find it difficult to adhere to hydroxyurea treatment, and for most patients there is no effective long-term treatment.

RBC transfusion therapy can be utilized to maintain the level of sickling hemoglobin below 30%, which decreases
sickling of RBCs, increases their oxygen-carrying capacity, reduces the risk of recurrent stroke, and decreases the
incidence of associated co-morbidities. While standard blood transfusions are often used to achieve this goal,
especially during acute episodes, exchange transfusions offer better control of blood volume and viscosity while
decreasing the risk of transfusion-related haemochromatosis and iron overload in the chronic setting. While
transfusion therapy can be critical in the management of acute disease, and can be vital in preventing some of the
chronic manifestations of severe SCD, it does not provide equal benefit to all patients.

Similar to TDT, the only potentially curative therapy currently available for SCD is allogeneic HSCT, however
because of the significant risk of transplant-related morbidity and mortality, this option is usually offered primarily to
pediatric patients with available sibling-matched donors. It is particularly difficult to find suitable donors for
individuals of African descent, and it is estimated that approximately 10% of eligible patients do so. In light of these
factors, we believe SCD is a devastating disease with a significant unmet medical need.

Our LentiGlobin product candidate

We are developing our LentiGlobin product candidate as a potential one-time treatment for both TDT and severe
SCD. Our approach involves the ex vivo insertion of a single codon variant of the normal -globin gene using a
lentiviral vector into the patient’s own HSCs to enable formation of normally functioning hemoglobin A and normal
RBC:s in patients. Importantly, this codon variant, referred to as T87Q, also serves as a distinct biomarker used to
quantify expression levels of the functional 3-globin protein in patients with TDT and severe SCD, while also
providing anti-sickling properties in the context of SCD. We refer to the HSCs that have undergone gene modification
ex vivo as the final LentiGlobin drug product, or our LentiGlobin product candidate.

We are conducting two Phase I/ clinical studies of our LentiGlobin product candidate, to evaluate its safety and
efficacy in subjects with TDT. In December 2013, we announced that the first subject with TDT had been treated in
our French study of our LentiGlobin product candidate, called the HGB-205 study, which also permits the enrollment
of subjects with severe SCD. In October 2014, we announced that the first subject with severe SCD had been treated
in the HGB-205 study. In March 2014, we announced that the first subject with TDT had been treated in our other
study of our LentiGlobin product candidate being conducted in the United States, Australia and Thailand, called the
Northstar Study. We presented interim results from both the HGB-205 study and the Northstar Study at the American
Society of Hematology Annual Meeting in December 2015.

We have initiated a Phase I clinical study in the United States, called the HGB-206 Study, to evaluate the safety and
efficacy of our LentiGlobin product candidate in subjects with severe SCD. Additionally, we are in discussions with
the FDA regarding our planned Phase III clinical studies for the treatment of TDT in subjects who do not have the
3°/6° genotype. We believe that data from these studies, together with data from the ongoing Northstar and HGB-205
studies could form the basis for a biologics licensing application, or BLA, submission for our LentiGlobin product
candidate in the United States. These planned clinical studies could support an accelerated approval, with
post-approval confirmatory evidence to be provided with longer-term follow-up of these studies.
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Our LentiGlobin product candidate has been granted Orphan Drug status by the FDA and EMA for both -thalassemia
and SCD. Our LentiGlobin product candidate was granted Fast-Track designation by the FDA for the treatment of

-thalassemia major in January 2013 and for the treatment of certain patients with severe SCD in May 2014. In
January 2015, the FDA granted Breakthrough Therapy designation to our LentiGlobin product candidate for the
treatment of transfusion-dependent patients with -thalassemia major. We are participating in the EMA’s Adaptive
Pathways pilot program (formerly referred to as Adaptive Licensing), which is part of the EMA’s effort to improve
timely access for patients to new medicines. Based on our discussions involving the EMA, European Health
Technology Assessment agencies and patient advocacy organizations as part of this program, we believe it is possible
to seek conditional approval for the treatment of adults and adolescents with TDT on the basis of the totality of the
clinical data, in particular reduction in transfusion need, from the ongoing Northstar study and supportive HGB-205
study, assuming these studies demonstrate acceptable efficacy and safety. We believe that conversion to full approval
would be subject to the successful completion of our planned Phase III clinical studies, supportive long-term
follow-up data and “real-life” post-approval monitoring data. Whether or not our clinical data are sufficient to support
conditional, and ultimately full, approval will be a review decision by the EMA.

6
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Clinical development of our LentiGlobin product candidate
The HGB-205 Phase I/II clinical study for TDT and severe SCD

The HGB-205 study is a Phase I/II clinical study to examine the safety and efficacy of our LentiGlobin product
candidate in up to seven subjects with a diagnosis of TDT or severe SCD. Study subjects must be between five and 35
years of age with a diagnosis of TDT or severe SCD. In December 2013, we announced that the first subject with TDT
had been treated in the HGB-205 study and in October 2014 we announced that the first subject with severe SCD had
been treated in the European HGB-205 study. To be enrolled, subjects with TDT must have received at least 100
mL/kg/year of pRBCs per year for the past two years. Those with severe SCD must have failed to achieve clinical
benefit from treatment with hydroxyurea and have an additional poor prognostic risk factor (e.g., recurrent
vaso-occlusive crises or acute chest syndromes). All subjects must be eligible for allogeneic HSCT, but without a
matched sibling allogeneic HSCT donor.

For all subjects, efficacy will be measured by RBC transfusion requirements per month and per year, post-transplant
and the number of total in-patient hospitalization days (post-transplant discharge) at six, 12 and 24 months. For severe
SCD patients only, efficacy will be measured by the number of vaso-occlusive crises or acute chest syndrome events
at six, 12 and 24 months and evaluation of changes in the nature or frequency of the subject-specific main inclusion
criteria.

Safety evaluations to be performed during the study include success and kinetics of HSC engraftment, incidence of
transplant-related mortality post-treatment, overall survival, detection of vector-derived replication-competent
lentivirus in any subject and characterization of events of insertional mutagenesis leading to clonal dominance or
leukemia.

Interim Clinical Data from the HGB-205 Study

In December 2015, we presented interim clinical data from the HGB-205 study at the Annual Meeting of the
American Society of Hematology, or ASH. As of the data cut-off date of November 10, 2015, four subjects with TDT
and one subject with severe SCD had undergone infusion with LentiGlobin drug product in the HGB-205 study. The
two subjects with TDT for which we have at least 12 months of follow up data achieved rapid transfusion
independence with near-normal hemoglobin levels and are producing steadily increasing amounts of BAT87Q-globin,
similar to what may be expected from a successful allogeneic transplant. As of November 10, 2015, these two subjects
had been free from the need for transfusions for 23.4 months and 20.1 months, respectively. An additional two
patients with TDT had been infused, although it was too early to draw any meaningful efficacy conclusions. At their
most recent follow ups, three months and one month, respectively, these patients were producing measurable levels of
B-T87Q-globin. At the twelve-month post-infusion follow up for the subject with severe SCD, the proportion of
anti-sickling hemoglobin accounted for 49 percent of all hemoglobin production, which is above the 30 percent
threshold expected to potentially achieve a disease-modifying clinical effect. Prior to infusion, this subject required
chronic blood transfusions. Since infusion with LentiGlobin drug product, this subject was successfully weaned off of
transfusions and has remained transfusion free for more than nine months. Since infusion, this subject has had no
hospitalizations or acute SCD-related events. In this study, treatment with our LentiGlobin product candidate has
been well tolerated, with no drug product-related adverse events observed as of November 10, 2015. Below is a table
summarizing the interim clinical data from the HGB-205 study presented at the ASH annual meeting in December
2015:

TDT Severe SCD
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Patient
Enrollment age
Genotype

Transfusion requirements prior to study entry
(mls/kg/year)

CD34+ VCN

CD34+ cell count

(x106/kg)

Days to neutrophil engraftment
HbAT87Q/total Hb (g/dL)

Last study follow up visit (months)**

1201 1202 1203 1206 1204
18 16 19 17 13

0/ E 0/ E homozygous o0 E S/'S

IVS1 nt 110 G>A

139 188 176 197 170
1.5 2.1 0.8 1.1 1.2/1.0%*
8.9 13.6 8.8 12.0 5.6
Day +13 Day +15 Day +28 Day +16 Day +37
7.9/10.8 10.3/13.14.3/8.0 2.1/10.6 5.5/11.7
21 18 4.5 1 12

*VCN is an abbreviation for Vector Copy Number, which is a measurement of the mean number of viral vectors in a
population of cells, in this case, of the LentiGlobin drug product prior to infusion of the study subject. If more than
one drug product was manufactured for a subject, the VCN of each drug product lot is quantified and the cell count is

combined.

**Last scheduled study visit for which results were available as of November 10, 2015.

It should be noted that these data presented above are current as of the dates presented, are preliminary in nature and
the HGB-205 study is not complete. There is limited data concerning long-term safety and efficacy following

treatment with our LentiGlobin

7
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product candidate. These data may not continue for these subjects or be repeated or observed in ongoing or future
studies involving our LentiGlobin product candidate, including the HGB-205 study, the Northstar Study or the
HGB-206 study. It is possible that subjects for whom transfusion support has been reduced or eliminated may receive
transfusion support in the future.

The Northstar Phase I/1I clinical study for TDT

The Northstar Study is a single-dose, open-label, non-randomized, multi-site Phase I/II clinical study in the United
States, Australia and Thailand to evaluate the safety and efficacy of the LentiGlobin product candidate in increasing
hemoglobin production and eliminating or reducing transfusion dependence following treatment. In March 2014, we
announced that the first subject with TDT had been treated in our Northstar Study.

Up to 18 adults and adolescents will be enrolled in the study. Study subjects must be between 12 and 35 years of age
with a diagnosis of TDT and receive at least 100 mL/kg/year of pRBCs or greater than or equal to eight transfusions
of pRBCs per year in each of the two years preceding enrollment. The subjects must also be eligible for allogeneic
HSCT.

Efficacy will be evaluated primarily by the production of 32.0 g/dL of hemoglobin A containing BA-T87Q-globin for the
six-month period between 18 and 24 months post-transplant. In order to allow for endogenous hemoglobin production
following transplant, subjects will be transfused with RBCs only when total hemoglobin decreases below 7.0 g/dL.
The rationale for this endpoint is that production of 32.0 g/dL of hemoglobin A containing BA-T87Q-globin represents a
clinically meaningful increase in endogenous hemoglobin production that would be expected to diminish transfusion
requirements, and could result in transfusion independence in TDT subjects.

Exploratory efficacy endpoints include RBC transfusion requirements (measured in milliliters per kilogram) per
month and per year, post-transplant. Safety evaluations to be performed during the study include success and kinetics
of HSC engraftment, incidence of transplant-related mortality post-treatment, overall survival, detection of
vector-derived replication-competent lentivirus in any subject and characterization of events of insertional
mutagenesis leading to clonal dominance or leukemia. Subjects will be monitored by regular screening. Each subject
will remain on study for approximately 26 months from time of consent and then will be enrolled in a long-term
follow-up protocol that will assess safety and efficacy beyond 24 months.

Interim Clinical Data from the Northstar Study

In December 2015, we presented interim clinical data from the Northstar Study at the ASH Annual Meeting. As of
the data cut-off date of October 28, 2015, 13 subjects with TDT had undergone infusion with LentiGlobin drug
product in the Northstar Study. As of October 28, 2015, nine of these subjects had at least six months follow up
following infusion. The median BA-T87Q production range for these nine subjects was 4.9 g/dL, and was 4.9 g/dL
among the five subjects with the non-9/0 genotypes, and was 5.0 g/dL. among the four subjects with the 9/ genotype.
The five subjects with non-%/9 genotypes with at least six months follow up have been free from the need for
transfusions, ranging from 7.1 to 16.4 months of ongoing transfusion independence. The four subjects with the /0
genotype experienced a reduction in transfusion volume from 33 percent to 100 percent. In the Northstar Study,
treatment with our LentiGlobin product candidate has been consistent with autologous transplantation, with no drug
product-related Grade 3 or greater adverse events observed as of October 28, 2015.

It should be noted that these data presented above are current as of the dates presented, are preliminary in nature and
the Northstar Study is not complete. There is limited data concerning long-term safety and efficacy following
treatment with our LentiGlobin product candidate. These data may not continue for these subjects or be repeated or
observed in ongoing or future studies involving our LentiGlobin product candidate, including the HGB-205 study, the
Northstar Study or the HGB-206 study. It is possible that subjects for whom transfusion support has been reduced or
eliminated may receive transfusion support in the future.
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The HGB-206 clinical study for severe sickle cell disease

The HGB-206 Study is a single-dose, open-label, non-randomized, multi-site Phase I clinical study in the United
States to evaluate the safety and efficacy of the LentiGlobin product candidate to treat severe SCD.

Up to 20 adults will be enrolled in the study. Study subjects must be =18 years of age with a diagnosis of sickle cell
disease, with either /5 or /0 genotype. The sickle cell disease must be severe, as defined by recurrent severe
vaso-occlusive events, acute chest syndrome, history of an overt stroke, or echocardiographic evidence of an elevated
tricuspid regurgitation jet velocity, an indicator of pulmonary hypertension, and subjects must have failed to achieve
clinical benefit from treatment with hydroxyurea. The subjects must also be eligible for HSCT.

Efficacy endpoints include changes in the frequency of severe vaso-occlusive crises, acute chest syndrome, and
strokes or ischemic attacks. Pharmacodynamic endpoints include measurements of transgene persistence and
transgene expression.

8
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Safety endpoints include monitoring for laboratory parameters and frequency and severity of adverse events; the
success and kinetics of HSC engraftment; the incidence of treatment related mortality and overall survival; the
detection of vector-derived replication-competent lentivirus in any subject; and the characterization of events of
insertional mutagenesis leading to clonal dominance or leukemia.

Each subject will remain on study for approximately 26 months from time of consent and then will be enrolled in a
long-term follow-up protocol that will assess safety and efficacy beyond 24 months.

Preliminary Clinical Data from the HGB-206 Study

In December 2015, we presented preliminary clinical data from the HGB-206 study at the ASH Annual Meeting. As
of the data cut-off date of November 17, 2015, LentiGlobin drug product had been manufactured for four patients with
severe SCD, and three of the patients had been infused. The two subjects with at least three months of follow-up data
show a gradual increase in hemoglobin A containing BA-T87Q level post-infusion. The safety profile in the infused
patients in the HGB-206 study is consistent with autologous transplantation and no drug product-related adverse
events were observed as of November 17, 2015. Below is a table summarizing the preliminary clinical data from the
HGB-206 study presented at the ASH annual meeting in December 2015.

Patient 1301 1303 1306
Enrollment age 25 42 20
CD34+ VCN 0.6/0.5 1.3 0.6
CD34+ cell count 2.6 2.8 2.1
(x106/kg)

Days to neutrophil engraftment Day +18 Day +16 --
HbAT87Q/total Hb (g/dL) 03/851.0/8.6 --
Last study follow up visit (months)* 3 4.5 <1

* Last scheduled study visit for which results were available as of November 17, 2015.

The safety profile in the infused patients in the HGB-206 Study is consistent with autologous transplantation and no
drug product-related grade 3 or greater adverse events observed as of November 17, 2015.

It should be noted that these data presented above are current as of the dates presented, are preliminary in nature and
the HGB-206 study is not complete. There is limited data concerning long-term safety and efficacy following
treatment with our LentiGlobin drug product. These data may not continue for these subjects or be repeated or
observed in ongoing or future studies involving our LentiGlobin product candidate, including the HGB-205 study, the
Northstar Study, or the HGB-206 study in severe SCD. It is possible that subjects for whom transfusion support has
been reduced or eliminated may receive transfusion support in the future.

Our planned Phase III clinical studies for TDT

We have discussed the designs of two planned Phase III clinical studies of our LentiGlobin product candidate with the
FDA and EMA. Our planned HGB-207 study will be a single-dose, open-label, non-randomized, global, multi-site
Phase III clinical study to evaluate the safety and efficacy of the LentiGlobin product candidate to treat TDT. Our
HGB-207 study is currently planned to enroll up to 15 adult and adolescent subjects. Participants in this study must
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have a diagnosis of TDT and have non-% 0 genotypes. They must also be eligible for HSCT. Efficacy in this study
will be evaluated primarily by 12 consecutive months of transfusion independence. Subjects will be monitored by
regular screening. Each subject will remain in the study for approximately 24 months of follow-up and will then be
enrolled in a long-term follow-up protocol that will assess safety and efficacy beyond 24 months. As required of all
gene therapy clinical trials, we filed the clinical study protocol for our HGB-207 study with the Recombinant DNA
Advisory Committee, or RAC, convened by the National Institutes of Health, or NIH. The RAC notified us that our
HGB-207 study does not require an in-depth review or public RAC discussion. We intend to begin initiating our
HGB-207 study in late 2016.

We are also considering initiating an additional Phase III clinical study in pediatric subjects who have a diagnosis of
TDT, which we have referred to as the HGB-208 study. Based upon the proposed protocol for the HGB-208 study
filed with the RAC, the RAC notified us in 2015 that it recommends delay of the initiation of a Phase III pediatric
clinical study for one to two years. We intend to continue to work closely with regulatory authorities and our clinical
study sites to evaluate our plans for both the HGB-207 study and for studying our LentiGlobin product candidate in
pediatric subjects.

9
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Our Lenti-D product candidate opportunity
Adrenoleukodystrophy

Adrenoleukodystrophy is a rare X-linked, inherited, neurological disorder that is often fatal. ALD is caused by
mutations in the ABCD1 gene which encodes for a protein called the ALD protein, or ALDP, which plays a critical
role in the breakdown and metabolism of very long-chain fatty acids, or VLCFA. Without functional ALDP, VLCFA
accumulate in cells throughout the body, including in the brain, spinal cord and adrenal glands. The build-up of
VLCFAs causes damage to the myelin sheath, a protective and insulating membrane that surrounds nerve cells, in the
brain. This damage can result in decreased motor coordination and function, visual and hearing disturbances, the loss
of cognitive function, dementia, seizures, and other complications, including death. The worldwide incidence rate for
ALD is approximately one in 17,000 newborns.

ALD is divided into various sub-segments with two main phenotypes that impact brain function:

-CALD (Cerebral adrenoleukodystrophy): The most severe form of ALD is CALD. CALD is characterized by
progressive destruction of myelin, leading to severe loss of neurological function and eventual death. About 30-40%
of patients with ALD are young boys affected by CALD. In boys affected by CALD, learning and behavioral
problems are often observed in mid-childhood between the ages of 3 and 15 years (median age 7). In the absence of
intervention, boys affected by CALD typically experience rapid degeneration into vegetative state, and ultimately
death within a decade of diagnosis.

-AMN (Adrenomyeloneuropathy): AMN, which typically develops in adults aged 21 years and older, is the most
common neurological form of ALD. All patients with AMN present with more slowly progressive symptoms
resulting from (non-inflammatory) disruption of the axons (which are a fundamental component of the central
nervous system that allows nerve signals to be transmitted in the spinal cord). Approximately 45-60% of patients
diagnosed with AMN converts to CALD during their lifetime after age 18.

Limitations of current treatment options

There is a clear unmet medical need for patients with the cerebral phenotype of ALD. Currently, the only effective
treatment option for patients with CALD is allogeneic HSCT. In this procedure, the patient is treated with HSCs
containing a functioning copy of the gene contributed by a donor other than the patient. Allogeneic HSCT has also
been shown to have potential clinical benefit in CALD affecting both children and adults.

Allogeneic HSCT is preferably performed early in the course of the disease, ideally using an unaffected matched
sibling HSC donor to minimize complications. However, the majority of allogeneic HSCT procedures for CALD are
carried out with non-sibling matched donor cells, partially matched related or unrelated donor cells including
umbilical cord blood cells because a matched sibling donor is not available in most cases. The difficulty of finding a
suitable sibling-matched donor is one of the primary drawbacks of this approach. Complications of allogeneic HSCT
include a significant risk of morbidity and mortality related to immunosuppressive medications, graft failure, GVHD
and opportunistic infections, particularly in patients who undergo non-sibling-matched allogeneic HSCT.

Moreover, of the approximately 80 boys who are born with CALD each year in the United States and European
Union, we estimate that approximately 50% may have disease so advanced at the time of diagnosis that a beneficial
outcome from treatment would be unlikely. This is attributed to rapid disease progression and difficulty with early
diagnosis, as the initial presentation of the signs and symptoms of CALD are frequently misdiagnosed. Newborn
screening through a simple and inexpensive blood test can enable earlier detection of CALD and is available in
several states. Based in part on the fact that several states have approved or are currently considering universal
newborn screening for ALD, it is our expectation that newborn screening will be broadly adopted in the United States
within the next five years, and potentially elsewhere, providing for the opportunity to identify more boys for proactive
monitoring of disease symptoms and early disease intervention.
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Our Lenti-D product candidate

We are developing our Lenti-D product candidate as a potential one-time treatment to halt the progression of CALD.
Our approach involves the ex vivo insertion of a functional copy of the ABCD1 gene via an HIV-1 based lentiviral
vector into the patient’s own HSCs to correct the aberrant expression of ALDP in patients with CALD. Upon
successful engraftment of our Lenti-D product candidate, we expect that microglia in the brain derived from the
transduced HSCs will correct the metabolic abnormalities resulting from excess VLCFA and stabilize the
demyelination and cerebral inflammation characteristic of CALD.

We treated the first subject in the Starbeam Study in the United States in 2013. If successful, and pending further
discussion with the regulatory authorities, the results from the Starbeam Study could potentially form the basis of a
BLA submission to the FDA and an MAA to the EMA for this product candidate. However, there can be no assurance
that the FDA and the EMA will not require additional studies before the approval of a BLA or MAA, respectively.
The FDA has advised us that the Starbeam Study may not be deemed to be a pivotal study or may not provide
sufficient support for a BLA submission. The FDA normally requires two pivotal
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clinical studies to approve a drug or biologic product, and thus the FDA may require that we conduct additional
clinical studies of Lenti-D prior to a BLA submission. Lenti-D has been granted Orphan Drug status by the FDA and
EMA for adrenoleukodystrophy.

Clinical development of our Lenti-D product candidate
Completed non-interventional retrospective study (the ALD-101 Study)

Due to the rarity of CALD, allogeneic HSCT has historically not been subject to extensive analysis in controlled
clinical studies, so progression of the disease and the efficacy and safety profile of allogeneic HSCT is largely absent
from the current scientific literature. In order to properly design future clinical studies of Lenti-D and interpret the
efficacy and safety results thereof, at the recommendation of the FDA, we performed a non-interventional
retrospective data collection study to assess the natural course of disease in CALD patients that were left untreated,
which we refer to as the untreated group or cohort, in comparison to the efficacy and safety data obtained from
patients that received allogeneic HSCT, which we refer to as the treated cohort. A non-interventional retrospective
data collection study involves an examination of historical clinical records from patients in order to assess the typical
course of the condition and the efficacy and safety of treatment options. In the study, we collected survival, functional
and neuropsychological assessments and neuroimaging data for both treated and untreated patients, as available;
however, given the retrospective nature of the study, we were not able to collect comprehensive data for all subjects.

For this study, we collected data from four U.S. sites and one French site on a total of 137 subjects, 72 of whom were
untreated and 65 of whom were treated with allogeneic HSCT. To our knowledge, the ALD-101 Study is the most
comprehensive study ever conducted to characterize clinical outcomes in untreated and allogeneic HSCT-treated
CALD patient populations.

Three primary clinical measurements of CALD disease progression
The findings from the ALD-101 Study suggest that, although there are a wide number of cognitive, behavioral,
functional and radiological modalities utilized to assess patients with CALD, three are utilized most widely and

consistently:

-The Neurological Function Score (NFS). The NFS is a 25-point neurological function score that assesses fifteen
neurological abnormalities typically caused by ALD. These neurological abnormalities are summarized below:
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Symptoms

Loss of communication*

No voluntary movement*

Cortical blindness*

Tube feeding*

Wheelchair required*

Total incontinence*
Swallowing/other CNS dysfunctions
Spastic gait (needs assistance)
Hearing/auditory processing problems
Aphasia/apraxia

Visual impairment/fields cut

Running difficulties/hyperreflexia
Walking difficulties/spasticity/spastic gait (no assistance)
Episodes of incontinency

Nonfebrile seizures
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Total 25
*Major Functional Disabilities (MFDs)
Among the 15 functional domains in the NFS scale, we consider six to be of particular clinical importance because
when these neurological abnormalities occur, a patient’s ability to function independently is severely compromised.
These particular deficiencies, which we define as Major Functional Disabilities, or MFDs, are loss of communication,
complete loss of voluntary movement, cortical blindness, requirement for tube feeding, wheelchair dependence and
total incontinence.

-The Loes score. The Loes score is a 34-point scale specifically designed to objectively measure the extent of central
nervous system disease burden based on brain magnetic resonance imaging, or MRI, studies. The Loes score
measures the extent and location of brain abnormalities such as the presence of white matter changes, degree of
demyelination and the presence of focal or global atrophy. A Loes score of one-half or more (i.e., the presence of
any such abnormalities) indicates the cerebral form of the disease, and patients with a Loes score of 10 or more
generally are not considered to be good candidates for allogeneic HSCT due to the advanced stage of the disease.

11
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-Gadolinium enhancement. One of the hallmarks of inflammatory disease in ALD patients is the presence of a
compromised blood-brain barrier behind the leading edge of demyelinating lesions in the brain. This can be assessed
using a contrast agent called gadolinium in brain MRI studies. Evidence of gadolinium enhancement in the brain in a
MRI study, referred to by clinicians as a gadolinium positive result, suggests that neuroinflammation is present and
the blood-brain barrier has been compromised, which in published studies has been shown to be a predictive
biomarker of ALD disease progression.

Summary of findings

Key findings from the ALD-101 Study are summarized below:

-Untreated, patients with CALD progress to dismal outcomes. In the untreated cohort, the median overall survival
was 92 months (7.7 years) and the estimated probability of survival at five years was 55%. Although informative,
survival data must be considered in light of the fact that supportive measures may be used to sustain life after
progression to a vegetative state.

-Baseline disease severity, as assessed by NFS and Loes scores, were good predictors of survival. In both the
untreated and treated cohorts, significantly lower mortality rates were seen in patients with lower baseline NFS and
Loes scores than in those with higher scores.

Mortality Rate*
Loes 30.5
NFS£ 1 NFS > 1 £9 Loes>9
Untreated Cohort 42% 85% 449% 76%
Treated Cohort 12% 29% 13% 28%

*Mortality rate determined by the number of deaths that occurred at any time through the observation period
post-CALD diagnosis.

As a consequence of this observation, and consistent with entry criteria that have been used in studies of allogeneic

HSCT, the entry criteria for the Starbeam Study excludes subjects with evidence of advanced disease on NFS and

Loes score to prevent enrollment of subjects whose disease would be expected to progress to a poor outcome despite

treatment.

-MFDs occurred in the majority of the untreated cohort who showed evidence of gadolinium enhancement in brain
MRI. The majority of untreated subjects (67%) had progressive disease resulting in premature MFD or death during
the study period, with 91% (19/21) of gadolinium positive subjects dying or having an MFD during the study period.

-Allogeneic HSCT was associated with disease stabilization. Despite the significant risk of morbidity and mortality
associated with allogeneic HSCT, successful transplantation was shown to provide clinically meaningful benefit to
patients with CALD, particularly those with early-stage disease. Of the subjects who were evaluable at 24 months
post-allogeneic-HSCT, 49% (N=51) of the allogeneic-HSCT cohort remained MFD-free. Allogeneic HSCT was
also associated with resolution of gadolinium enhancement. Of those patients who would meet eligibility criteria for
the Starbeam study (baseline NFS of zero or one, gadolinium-positive prior to allogeneic HSCT, baseline Loes
between 0.5 and nine, inclusive and did not have a matched sibling), four of 17 (24%) patients developed an MFD
within 24 months post-allogeneic HSCT.

-Consistent with published literature, allogeneic HSCT, particularly with unmatched/unrelated donors, was associated
with clinically significant morbidity and mortality.

-Morbidity: Post-allogeneic HSCT, engraftment failure occurred in 12 of 65 (19%) patients, 10 of whom (83%) were
transplanted with unrelated donor cells. Despite prophylaxis, the GVHD rate was reported in 34 of 58 evaluable
subjects (59%), including acute GVHD in 26 (45%) patients and chronic GVHD in 12 (19%) patients. Due to the
requirement for myeloablation prior to HSCT, the occurrence of GVHD and the requirement for immunosuppressive
therapy post-allogeneic HSCT, allogeneic HSCT is associated with a substantial risk of life-threatening infection.
Infections were the most commonly reported serious adverse event, with at least one serious infection reported in 19
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(29%) patients post-allogeneic HSCT. The substantial morbidity associated with allogeneic HSCT for CALD
supports evaluating Lenti-D in the Starbeam Study as an alternative therapeutic option that is expected to avoid the
issues of immune incompatibility seen with allogeneic HSCT.

-Mortality: Post-allogeneic HSCT, the 100-day mortality rate was 8% and the overall one-year mortality rate was
19%. The estimated probability of two and five year survival rates post-allogeneic HSCT were 82% and 74%,
respectively. As anticipated from the published literature, analysis of survival by type of donor (matched sibling
versus other) showed that the proportion of deaths through the observation period post- allogeneic HSCT was lower
in matched-sibling donor cases than in other allogeneic HSCT cases. The majority of allogeneic HSCT patients
(46 patients; 71%) were transplanted with unrelated donor cells given the limited availability of HLA-matched
sibling donors. As a result of this analysis, we determined to exclude patients with a sibling-matched donor from the
Starbeam Study.
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We believe the results from the ALD-101 Study support the proposition that, while the approach of treating a patient
with genetically corrected HSCs can stabilize the progression of disease in patients with CALD, there remains a
significant unmet medical need for safer therapies, particularly for patients without the option of a sibling-matched
donor. We believe that many of the issues that contribute to the mortality and morbidity associated with allogeneic
HSCT could be avoided using a patient’s own gene-modified HSCs. Importantly, the results from this study were also
used to inform the criteria for patient and endpoint selection for our Starbeam Study.

Previous clinical experience with lentiviral gene therapy for CALD (the TG04.06.01 Study)

Between September 2006 and September 2010, four boys with a confirmed diagnosis of CALD were treated in Paris,
France, in a Phase I/II study with autologous HSCs transduced ex vivo with a lentiviral vector carrying a functional
ABCDI1 gene before reinfusion. Short-term clinical data and biological experience with the first two treated boys was
first reported in Science (2009).

The TG04.06.01 Study is sponsored by the institut national de la santé et de la recherche médicale (French Institute of
Health and Medical Research), or Inserm, in Paris, and the lentiviral vector was supplied by a third party company not
affiliated with bluebird bio. We are party to a strategic collaboration agreement with Inserm for the development of
HSC gene therapies in this patient population, pursuant to which we are collaborating with Patrick Aubourg, the
Principal Investigator of the TG04.06.01 Study.

In the TG04.06.01 Study, all four subjects had cerebral demyelinating lesions with Loes scores ranging from two to
seven prior to treatment. Gadolinium contrast enhancement indicated that the lesions were active and inflammatory in
all four subjects. At the time of enrollment, each subject had a normal neurologic examination with NFS equal to zero.

Below is a summary of the efficacy results for each of the four subjects in the TG04.06.01 Study as of March 2013:

-Subject One: Loes score stabilized at month 30 and remained stable through month 75.

-Subject Two: Loes score stabilized at month 30 and remained stable through month 64. Gadolinium enhancement

was initially positive, resolved, reappeared in the parietal area and then resolved and has remained negative.

-Subject Three: Loes score stabilized at month 33 but gadolinium enhancement has persisted. Subject Three had

active, progressive disease post-transplant resulting in the development of significant cognitive deficits with the loss

of ability for new learning consistent with a frontal lobe syndrome, including the loss of spontaneous speech by

month 33 and urinary incontinence. As of 54 months post-transplant, he had no further decline in NFS or Loes

scores since his month 33 evaluation.

-Subject Four: Loes score stabilized at month 16 and remained stable at 24 months. Gadolinium enhancement

disappeared 45 days post-transplant and was still not detectable at month 12.
We believe these efficacy results are consistent with outcomes that would be expected following successful allogeneic
HSCT. All four boys were alive two years or more after treatment, while the ALD-101 Study would suggest an
expected mortality rate of approximately 20% in the same two-year window post-allogeneic HSCT. As assessed by
NFS and brain MRI, Subjects One, Two and Four showed encouraging evidence of disease stabilization. Additionally,
gadolinium enhancement resolved in Subjects One, Two and Four, suggesting a reduction of neuroinflammation.
These results also contrast with the natural history of disease in untreated patients, which is characterized by
continuous and rapid progression of cerebral demyelination in the majority of cases, particularly those with
gadolinium enhancement on brain MRI. All four subjects demonstrated some deterioration of neurologic function
within the second year after transplant, which is expected as it is also seen following allogeneic HSCT. Although
neurologic deficits have occurred in these subjects post-treatment, we are encouraged by the fact that neurologic
disease stabilized in all four subjects.

Importantly, as of March 2013, there were no reported incidents of gene therapy-related safety concerns in the

TG04.06.01 Study. In addition, none of these subjects experienced adverse events due to immune incompatibility
issues typically associated with allogeneic HSCT, such as graft rejection or GVHD.
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We believe the efficacy and safety results of the TG04.06.01 Study provided clinical proof-of-concept, as the
lentiviral vector used in the study shares many features with our Lenti-D vector. In addition, the results of the
TG04.06.01 Study were helpful in informing the design of our Starbeam Study. The design of the Starbeam Study is
built upon the observations made in the TG04.06.01 Study, but will enroll a larger number of subjects, is a multi-site
trial with a different primary endpoint and in consultation with experts in the field, and has a predefined criterion for
clinical success. Additionally, with improvements we have introduced into the vector manufacturing and transduction
processes, we expect to obtain a higher frequency of gene-modified HSCs in subjects treated in the Starbeam Study
compared to what was achieved in the TG04.06.01 Study, which we believe should translate into improved clinical
benefit by virtue of the increased expression of normally-functioning ALDP.
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Phase II/III Starbeam clinical study

In October 2013, we treated the first subject in a Phase II/III clinical study, called the Starbeam Study, of our Lenti-D
product candidate, to evaluate its safety and efficacy in subjects with CALD. In May 2015, we announced that we had
achieved our initial enrollment target for the Starbeam Study with 18 subjects enrolled. The study is designed as a
single-dose, open-label, non-randomized, international, multi-site Phase II/III study to test the safety and efficacy of
our Lenti-D product candidate in preserving neurological function and stabilizing cerebral demyelination in subjects
with CALD. Subjects will be followed for 24 months post-infusion under this protocol. In accordance with applicable
guidance from the FDA and EMA, we will be monitoring study subjects in a separate long-term follow up protocol to
evaluate safety for up to 15 years, and will also monitor efficacy endpoints to demonstrate a sustained treatment
effect. In the study, subjects must be age seventeen years or younger with a confirmed diagnosis of active CALD,
including elevated levels of plasma VLCFA, a brain MRI Loes score of 0.5 to nine, inclusive, evidence of gadolinium
enhancement and an NFS £ one. Subjects with a willing, unaffected 10/10 HLA matched sibling HSCT donor will be
excluded from the study.

We have defined the primary efficacy endpoint in the Starbeam Study as the proportion of subjects who have no
MEFDs, as measured by NFS, at 24 months (+two months) post-infusion. Secondary efficacy evaluations, in each case
measured at 24 months (+two months) post-infusion, capture the key assessments of CALD disease status, including
the change from baseline in NFS and Loes score, resolution of gadolinium enhancement on MRI and determination of
MEFD-free survival and overall survival. The sample size for this study was not determined by formal statistical
methods, but we believe it may be sufficient to demonstrate a robust effect on the binary response endpoint, where a
responder is defined as a subject with no MFD at 24 months (£two months) following treatment with Lenti-D drug
product. Thus, we expect the FDA and EMA will make a qualitative assessment of the efficacy and safety data from
this study to evaluate whether the results are sufficient to support a BLA or MAA filing.

Safety evaluations will be performed during the study and will include evaluation of the following: success and
kinetics of HSC engraftment; incidence of transplant-related mortality; detection of vector-derived replication of the
lentivirus; and characterization and quantification of events related to the location of insertion of the functional gene
in target cells.

If successful, we believe that the results from the Starbeam Study could form the basis of a BLA and an MAA.
However, given the current number of subjects and design of the study and the qualitative/subjective assessment of
the data, there can be no assurance the FDA or EMA will not require one or more additional clinical studies as a
precursor to a BLA application or an MAA, respectively. The FDA has advised us that the Starbeam Study may not be
deemed to be a pivotal study or may not provide sufficient support for a BLA submission. The FDA normally requires
two pivotal clinical studies to approve a drug or biologic product, and thus the FDA may require that we conduct
additional clinical studies of our Lenti-D product candidate prior to a BLA submission.

The ALD-103 observational study

We are also conducting an observational study of subjects with CALD treated by allogeneic HSCT referred to as the
ALD-103 study. This study will collect efficacy and safety outcomes data in patients who are undergoing allogeneic
HSCT in a period that is contemporaneous with ALD-102. We anticipate that our Lenti-D product candidate safety
and efficacy will be evaluated by the FDA and EMA in light of the data collected in the Starbeam Study as well as our
retrospective ALD-101 study and our observational ALD-103 study.

Our Preclinical Research Opportunities in HSCs
We believe our current gene therapy platform will enable us to develop and test new vectors based on similar viral
vector backbones that carry different gene sequences for other severe genetic diseases. In this way, we believe that we

can advance products efficiently through preclinical into clinical development. We may consider research and
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development programs targeting other monogenic, genetic diseases that involve cells derived from HSCs for use in the
ex vivo setting. These programs may involve severe genetic and rare diseases that could be developed and potentially
commercialized on our own.

In addition, we believe our expertise in lentiviral vector production and cell transduction also provides an opportunity
to develop new lentiviral products for use in the in vivo setting. In this case, lentiviral vectors carrying certain gene
sequences would be delivered directly to the disease site (e.g., to the brain, liver or eye) or into the bloodstream of the
patient and, in each case, the vector would need to find the target cell in vivo and deliver the genetic material into
those target cells. Although this represents a less controlled environment in which to transduce cells and deliver
genetic material, we believe it opens up additional rare disease and large market indications where this approach is
more appropriate for the disease and targeted cells.

Our T Cell-Based Immunotherapy Opportunity

We are engaging in the discovery and development of novel, disease-altering gene therapies in oncology. We believe
that our gene therapy platform can be applied to genetically modify a patient’s own T cells to target and destroy cancer
cells by recognizing specific cell surface proteins, in the case of chimeric antigen receptors, or CARs, or by
recognizing specific protein fragments derived from
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either intracellular or extracellular protein, in the case of T cell receptors, or TCRs. Since our collaboration
arrangement with Celgene was announced in March 2013, we have worked collaboratively to discover, develop and
commercialize CAR T cell product candidates in oncology. Our collaboration arrangement with Celgene was
amended in June 2015 to focus on CAR T cell product candidates targeting BCMA, a cell surface protein that is
expressed on normal plasma cells and on most multiple myeloma cells, but is absent from other normal tissues. In
February 2016, we infused the first subject in our Phase I clinical study of our bb2121 product candidate, the first
product candidate from this collaboration. Celgene has exercised its option to exclusively license our bb2121 product
candidate, while we have retained an option to co-develop and co-promote this product candidate. In June 2015, we
announced a strategic collaboration with Kite Pharma, Inc. to jointly develop and commercialize second-generation
TCR product candidates against the human papillomavirus type 16 E6 (HPV-16 E6) oncoprotein using our lentiviral
and gene editing technologies. We are also independently researching and developing other CAR T product
candidates against a variety of targets relevant to both hematologic and solid tumors.

Immune System and T Cells

The immune system recognizes danger signals and responds to threats at a cellular level. It is often described as
having two arms. The first arm is known as the innate immune system, which recognizes non-specific signals of
infection or abnormalities as a first line of defense. The innate immune system is the initial response to an infection,
and the response is the same every time regardless of prior exposure to the infectious agent. The second arm is known
as the adaptive immune system, which is composed of highly specific, targeted cells and provides long-term
recognition and protection from infectious agents and abnormal processes such as cancer. The adaptive immune
response is further subdivided into humoral, or antibody based, and cellular, which includes T cell-based immune
responses.

The most significant components of the cellular aspect of the adaptive immune response are T cells, so called because
they generally mature in the thymus. T cells are involved in both sensing and killing infected or abnormal cells, as
well as coordinating the activation of other cells in an immune response. These cells can be classified into two major
subsets, CD4+ T cells and CD8+ T cells, based on cell surface expression of the CD4 or CDS glycoproteins. Both
subsets of T cells have specific functions in mounting an immune response capable of clearing an infection or
eliminating cancerous cells. CD4+ T cells, or helper T cells, are generally involved in coordinating the immune
response by enhancing the activation, expansion, migration, and effector functions of other types of immune cells.
CD8+ T cells, or cytotoxic T cells, can directly attack and kill cells they recognize as infected or otherwise abnormal,
and are aided by CD4+ T cells. Both types of T cells are activated when their T cell receptor recognizes and binds to a
specific protein structure expressed on the surface of another cell. This protein structure is composed of the major
histocompatibility complex, or MHC, and a small protein fragment, or peptide, derived from either proteins inside the
cell or on the cell surface. Circulating CD4+ and CD8+ T cells survey the body differentiating between MHC/peptide
structures containing “foreign” peptides and those containing “self” peptides. A foreign peptide may signal the presence of
an immune threat, such as an infection or cancer, causing the T cell to activate, recruit other immune cells, and
eliminate the targeted cell.

Although the immune system is designed to identify foreign or abnormal proteins expressed on tumor cells, this
process is either ineffective or defective in cancer patients. The defective process sometimes occurs when cancer cells
closely resemble healthy cells and go unnoticed or if tumors lose their MHC protein expression. Additionally, cancer
cells employ a number of mechanisms to escape immune detection to suppress the effect of the immune response.
Some tumors also encourage the production of cells that suppress the immune response, such as regulatory T cells that
block cytotoxic T cells that would normally attack the cancer.

History of Cancer Immunotherapy
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Cancer has historically been treated with surgery, radiation, chemotherapy and hormone therapy. More recently,
advances in understanding of the immune system’s role in cancer have led to immunotherapy becoming an important
treatment approach. Cancer immunotherapy began with treatments that nonspecifically activated the immune system
and had limited efficacy and/or significant toxicity. In contrast, new immunotherapy treatments can activate specific,
important immune cells, leading to improved targeting of cancer cells, efficacy, and safety. Within the immunotherapy
category, treatments have included cytokine therapies, antibody therapies, and adoptive cell transfer therapies.

In 1986, interferon-a became the first cytokine approved for cancer patients. In 1992, interleukin-2, or IL-2, was the
second approved cytokine in cancer treatment, showing efficacy in melanoma and renal cell cancer. IL-2 does not kill
cancer cells directly, but instead nonspecifically activates and stimulates the growth of the body’s own T cells which
then combat the tumor. Although interferon-a, IL-2, and subsequent cytokine therapies represent important advances
in cancer treatment, they are generally limited by toxicity and can only be used in a limited number of cancers and
patients.

Cytokine-based therapies set the stage for immunotherapy, and antibody therapies represented the next significant
advance, with targeted specificity and a generally better-tolerated side effect profile. Monoclonal antibodies, or mAbs,
are designed to attach to proteins on cancer cells, and once attached, the mAbs can make cancer cells more visible to
the immune system, block growth signals of cancer cells, stop new blood vessels from forming, or deliver radiation or
chemotherapy to cancer cells. The first FDA-approved
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mADb specifically for cancer was rituximab in 1997, and since then, many other antibodies have received approval,
including trastuzumab, bevacizumab, alemtuzumab, cetuximab, and panitumumab. More recently, antibodies have
been conjugated with cytotoxic drugs to increase activity. The first approved antibody drug conjugate was
gemtuzumab ozogamicin in 2000, followed by brentuximab vedotin in 2011 and trastuzumab emtansine in 2013.

The next important advance has been the development of antibodies that target T cell checkpoint pathways, which are
means by which cancer cells are able to inhibit or turn down the body’s immune response to cancer. These treatments
have shown an ability to activate T cells, shrink tumors, and improve patient survival. In 2011, ipilimumab became
the first checkpoint inhibitor approved by the FDA. Recent clinical data from checkpoint inhibitors such as nivolumab
and pembrolizumab have confirmed both the approach and the importance of T cells as promising tools for the
treatment of cancer.

Despite these many advances, a significant unmet need in cancer still persists. We believe that the use of human cells
as therapeutic entities to re-energize the immune system will be the next significant advancement in the treatment of
cancer. These cellular therapies may avoid the long-term side effects associated with current treatments and have the
potential to be effective regardless of the type of previous treatments patients have experienced. We are developing
CAR and TCR-based approaches using our lentiviral vector gene transfer technology and experience in order to
specifically and directly deliver a payload of potent anti-cancer agents to T cells, which may give them the ability to
kill the cancer cells.

Our CAR and TCR T Cell Technologies

Like our programs for HSCs, our T cell-based immunotherapies use a customized lentiviral vector to alter T cells ex
vivo, or outside the body, so that the T cells can recognize specific proteins or protein fragments on the surface of
cancer cells in order to kill these diseased cells. T cells that have been genetically-engineered to make CAR or TCRs
are designed to help a patient’s immune system overcome survival mechanisms employed by cancer cells. CAR T cell
technology directs T cells to recognize cancer cells based on expression of specific cell surface antigens, whereas TCR
T cell technology provides the T cells with a specific T cell receptor that recognizes protein fragments derived from
either intracellular or extracellular proteins.

With both our CAR and TCR T cell technologies, we harvest a patient’s white blood cells in a process called
leukapheresis, activate certain T cells to grow and then the gene sequences for the CAR or TCR construct are
transferred into the T cell DNA using a lentiviral vector. The number of cells is expanded until it reaches the desired
dose. These genetically engineered cells, which will express the receptors that can recognize the specific proteins that
are characteristic of specific cancers, are then infused back into the patient. Our entire T cell engineering process is
rapid (complete in around ten days) and manufactures modified T cells in a sterile closed system. When the
engineered T cell is returned to the cancer patient, it engages the target protein on the cancer cell, triggers a series of
signals that result in tumor cell killing through the production of anti-cancer cytokines, and undergoes multiple rounds
of cell division to greatly expand the number of these anti-cancer T cells. These engineered T cells have the natural
“auto-regulatory” capability of normal T cells and once the tumor cells containing the target antigen are destroyed, the
engineered T cells decrease in number, but with the potential to leave a smaller number of T cells in the body as a
form of immune surveillance against potential tumor regrowth. The genetically-engineered T cells are designed to
supplement a patient’s immune system and can be further engineered to overcome immune evasion mechanisms
employed by cancer cells.

Our CAR and TCR T cell technologies also bring genomic engineering tools to the immunotherapy field. Using our
gene editing technology, we have a number of additional options to manipulate the genome of the cancer patient’s T
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cells to further increase the specificity of the anti-tumor activity and to potentially make these cells even more
potent. Specificity and potency are essential to the development of T cell therapies that can effectively treat solid
tumor cancers such as breast, lung and colon cancer. Our cancer immunotherapy research group is staffed by
scientists drawn from both industry and academic research centers that have pioneered the field of T cell

therapy. This team is focused on the next generation of T cell engineering to discover and develop T cell product
candidates to treat a variety of liquid and solid tumor malignancies.

Our CAR T cell product candidate - bb2121

We are developing bb2121, our first CAR T cell product candidate, as a potential treatment for multiple myeloma by
binding to BCMA, a cell surface protein expressed on cancer cells. Multiple myeloma is a hematologic malignancy
that develops in the bone marrow in which normal antibody-producing cells transform into myeloma. The growth of
the cancer cells in the bone marrow blocks production of normal blood cells and antibodies, and also causes lesions
that weaken the bone. According to the National Cancer Institute, more than 26,000 cases of multiple myeloma are
expected in the United States in 2015. BCMA is expressed on normal plasma cells and on most multiple myeloma
cells, but is absent from other normal tissues. We believe BCMA presents an attractive immunotherapeutic target for
our technology for a number of reasons. In a preclinical BCMA multiple myeloma xenograft model, a single
intravenous administration of bb2121 anti-BCMA CAR T cells resulted in rapid and sustained elimination of the
tumors with 100 percent survival, while a month-long course of anti-myeloma therapy bortezomib only delayed tumor
growth. In December 2015, researchers from the NIH announced promising clinical data in multiple myeloma with an
anti-BCMA CAR T cell therapy that established clinical proof-of-concept for the BCMA target using a
gamma-retroviral vector.
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Our product candidate bb2121 is the result of our multi-year collaboration with Celgene and in February 2016,

Celgene has exercised its option to exclusively develop and commercialize our bb2121 product candidate following

the completion of the ongoing CRB-401 Phase I study. We retain an option to co-develop and co-commercialize this
product candidate, as described more fully below under “Strategic collaborations—Our strategic alliance with Celgene.”

The CRB-401 clinical study for relapsed/refractory multiple myeloma

In February 2016, we treated the first subject in our Phase I clinical study (CRB-401) to examine the safety and
efficacy of our bb2121 product candidate in patients with relapsed/refractory multiple myeloma. The study is a
single-dose, open-label, non-randomized, multi-site Phase I clinical study in the United States to determine the
maximally tolerated dose and recommended Phase II dose. We expect that up to 40 patients will be enrolled in the
CRB-401 study. In order to be eligible for this study, patients must have received 3 prior regimens, including a
proteasome inhibitor (bortezomib or carfilzomib) and immunomodulatory agent (lenalidomide or pomalidomide).
Following screening, enrolled subjects will undergo a leukapheresis procedure to collect autologous T cells for
manufacturing our bb2121 drug product. Following manufacture of our bb2121 drug product, subjects will receive
one cycle of lymphodepletion prior to bb2121 infusion.

Our TCR product candidate

In collaboration with Kite Pharma, Inc., we are co-developing and, if approved, co-commercializing, second
generation TCR T cell-based therapies directed against an HPV-16 E6 antigen relating to certain cancers associated
with the human papillomavirus, or HPV. HPV is the most common viral infection of the reproductive tract, with two
viral strains, HPV type 16 and HPV type 18, believed to cause 70% of cervical cancers and precancerous cervical
lesions, as well as other urogenital cancers. There were over 500,000 new cases and about 270,000 deaths attributable
to cervical cancer worldwide in 2012. Additionally, HPV infection has become established as an etiologic risk factor
for oropharyngeal head and neck cancers. The incidence of HPV-associated oropharyngeal cancers has been
increasing for at least the past decade, and recent studies show that about 70 percent of oropharyngeal cancers may be
linked to HPV. According to the Centers for Disease Control, there are over 12,000 new cases of oropharyngeal
cancers in the United States a year, of which an estimated 7,500 new cases are attributable to HPV-16. Kite is
currently conducting a Phase I/II study of a gamma-retroviral vector-based first generation TCR gene therapy directed
against an HPV-16 E6 antigen that is not the subject of this collaboration. Our collaboration with Kite will leverage
our lentiviral vector gene transfer platform in combination with gene editing technology. Kite will lead the program in
the United States and we will have the option to lead the program in the European Union. Both companies will share
overall costs, including research and development and sales and marketing expenses, and profits will be equally split
between the companies. Additionally, Kite will have a co-promotion option in the European Union, and we will have
a co-promotion option in the United States.

Our other preclinical research opportunities in T cell-based immunotherapy

We are pursuing multiple programs that leverage the unique properties of lentiviral vectors to target T cells as a
therapy for various cancers. This represents a direct application of our expertise in gene therapy and our capabilities,
know-how and patents associated with lentiviral gene therapy and gene editing for ex vivo applications. We are also
independently researching and developing other CAR-T product candidates against a variety of targets relevant to
both hematologic and solid tumors.

Our Gene Editing Opportunity
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In June 2014, we acquired Pregenen, a privately-held biotechnology company headquartered in Seattle, Washington.

Through the acquisition, we obtained rights to Pregenen’s gene editing technology platform and cell signaling
technology, and have integrated these technologies and research team and expanded its research efforts. We are
focused on utilizing homing endonuclease and megaTAL gene editing technologies in a variety of potential
applications and disease areas, including for oncology and hematology. Homing endonucleases and MegaTALs are
novel enzymes that provide a highly specific and efficient way to modify the genome of a target cell to potentially
treat a variety of diseases.

All of the gene-editing technologies currently being explored by the pharmaceutical industry, including zinc finger
nucleases, CRISPR/Cas9, and TALENS, share common features of a DNA binding domain and a DNA cleavage
domain. They all differ in specificity, size, ease of delivery and as naturally occurring versus engineered

nucleases. Homing endonucleases and megaTALs are based on a naturally-occurring class of DNA cleaving enzymes
that function as monomeric proteins able to bind DNA in a sequence-specific manner and cleave their target site. We

believe there are multiple advantages of homing endonucleases and MegaTALs compared to other gene editing
technologies, most notably: they are highly specific and efficient in cutting DNA and their compact size simplifies

delivery to therapeutically relevant cell types. We are using our gene editing platform, along with collaborations with

multiple academic institutions, to potentially discover and develop next generation versions of our current ex vivo
gene therapy product candidates, and to potentially expand into new disease indications.
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Manufacturing

Our gene therapy platform has two main components: lentiviral vector production and the target cell transduction
process, which results in drug product.

Our lentiviral manufacturing process

Our lentiviral vectors are assembled using a human cell line called HEK293T. The HEK293T cells are maintained in
disposable flasks until sufficient cell mass has been generated to fill approximately 40 ten tray cell factories, or
TTCFs, then transferred and allowed to adhere to the bottom of the trays. Adherent cells are transfected with multiple
plasmids encoding all the genetic material required to assemble the lentiviral vector carrying the functional gene of
interest. The transfected HEK293T cells then assemble our lentiviral vectors packaged with the functional gene of
interest, which bud off into the cell culture media. The media containing the assembled vectors is harvested, purified,
concentrated and formulated prior to freezing for storage. These finished lentiviral vectors are what is ultimately used
to transduce the targeted cells isolated from the patient.

We believe that our lentiviral vectors have broad applicability, since the majority of the viral production system can
remain the same, while we change only the therapeutic gene “cassette” depending on the disease. In other words, the
vector “backbone” stays the same, while only the therapeutic gene and related sequences are changed. If we were to
undertake drug development in an additional indication, we believe we could rapidly move forward using this
lentiviral vector backbone and associated assays, simply by switching the therapeutic gene insert and associated
control elements.

Although we intend to continue manufacturing our Lenti-D vectors in TTCFs, we are adapting our LentiGlobin and
bb2121 vector production technology to scalable production systems with the potential to satisfy an increased number
of subjects per run. So far, we have demonstrated successful production of LentiGlobin and bb2121 vectors on a small
scale and are transferring the new process to a contract manufacturer to accommodate future demand for our drug
candidates, if approved, in their current indications as well as those beyond our initial focus.

Our HSC transduction process—creating the gene-modified HSCs (our drug product)

The ultimate product of our manufacturing processes is the patient’s own gene-modified HSC cells, which we refer to
as our drug product. The process for producing drug product for our HSC-based product candidates is as follows:

1.Selection: We extract HSCs from peripheral blood mononuclear cells obtained from the patient’s blood by apheresis
(or alternatively, by bone marrow harvest) following mobilization via a colony stimulating factor. The process is
carried out using existing hospital infrastructure and standard protocols currently in place for stem cell transplant
procedures, with enhanced controls for extracting the cells to be used for making our drug product.
18
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2.Pre-stimulation: The isolated HSCs are treated with a mixture of growth factors that help enable an efficient
transduction process.

3.Transduction: The isolated, purified and pre-treated HSCs are exposed to our lentiviral vectors containing the
appropriate functional gene and additional proprietary elements for a period of time to facilitate transduction and
insertion of the therapeutic DNA into the genome of the target cells.

4.Final harvest: Once transduction is complete, the gene-modified HSCs are washed and re-suspended into cell
culture media to remove any residual impurities. A portion of the harvested cells is removed for quality control
release testing, which includes ensuring that transduction was successful and the functional gene delivered by the
vector is adequately expressed by the target cells.

5.Formulation and freeze: The remaining cells are appropriately formulated and cryopreserved.

The final step is to return the gene-modified HSCs to the patient.

Our T cell transduction process—creating the gene-modified T cells (our drug product)

The ultimate product of our manufacturing processes is the patient’s own gene-modified T cells, which we refer to as
our drug product. The process for producing drug product for our T cell-based product candidates is as follows:

1.Leukapheresis: We collect white blood cells from the patient’s blood through a process called leukapheresis. The
process is carried out using existing hospital infrastructure and standard protocols currently in place for blood
donation procedures, with enhanced controls for extracting the cells to be used for making our drug product.

2. Activation: The white blood cell mixture, which includes T cells, are treated with proprietary processes to enable
an efficient transduction process.

3.Transduction: The isolated, purified and pre-treated T cells are exposed to our lentiviral vectors containing the
appropriate functional gene for a period of time to facilitate transduction and insertion of the therapeutic DNA into
the genome of the target cells.

4.Expansion: The transduced T cells are then expanded for a period of approximately one week to increase the
number of gene-modified T cells.

5.Final harvest: The gene-modified T cells are washed and re-suspended into cell culture media to remove any
residual impurities. A portion of the harvested cells is removed for quality control release testing, which includes
ensuring that transduction was successful and the functional gene delivered by the vector is adequately expressed
by the target cells.

6.Formulation and freeze: The remaining cells are appropriately formulated and cryopreserved.

The final step is to return the gene-modified T cells to the patient.

We rely exclusively on the use of third party manufacturing organizations to manufacture our LentiGlobin, Lenti-D
and bb2121 vectors and drug product candidates, and do not own or operate any of our own facilities for these
purposes. However, we believe our team of technical personnel has extensive manufacturing, analytical and quality
experience as well as strong project management discipline to effectively oversee these contract manufacturing and
testing activities, and to compile manufacturing and quality information for our regulatory submissions.

Strategic collaborations

Our objective is to develop and commercialize products based on the transformative potential of gene therapy to treat
patients with severe genetic and rare diseases and cancer. To access the substantial funding and other resources
required to develop and commercialize gene therapy products in these diseases, we have formed, and intend to seek
other opportunities to form, strategic collaborations with third parties who can augment our industry leading gene
therapy, T cell immunotherapy, lentiviral vector and gene-editing expertise. To date, we have focused on forging a
limited number of significant strategic collaborations with leading pharmaceutical companies and academic research
centers where both parties contribute expertise to enable the discovery and development of potential product
candidates.
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Our collaboration with Celgene

In March 2013, we announced a strategic collaboration with Celgene to discover, develop and commercialize novel
disease-altering gene therapies in oncology, which was amended and restated in June 2015, and amended again in
February 2016. The multi-year research and development collaboration focused on applying our expertise in gene
therapy technology to CAR T cell-based therapies, to target and destroy cancer cells. Our collaboration now focuses
exclusively on anti-BCMA CAR T product candidates. We advanced our development of our bb2121 product
candidate, the first CAR product candidate from our collaboration with Celgene, into clinical trials in February 2016.
We will also work collaboratively with Celgene on potential next-generation anti-BCMA product candidates under
this collaboration.
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Under the terms of the collaboration, for up to two product candidates selected for development under the
collaboration, we are and will be responsible for conducting and funding all research and development activities
performed up through completion of the initial Phase I clinical study, if any, of such product candidates, provided that
Celgene has agreed to reimburse us a specified amount per patient in the event we and Celgene mutually agree to
expand any Phase I clinical trial for any product candidate under the collaboration beyond a specified number of
patients per clinical trial. This collaboration is governed by a joint steering committee, or JSC, formed by
representatives from us and Celgene. The JSC, among other activities, reviews the collaboration program, reviews and
evaluates product candidates and approves regulatory plans.

On a product candidate-by-product candidate basis, up through a specified period following enrollment for the first
patient in an initial Phase I clinical study for such product candidate, we have granted Celgene an option to obtain an
exclusive worldwide license to develop and commercialize such product candidate pursuant to a written agreement,
the form of which we have already agreed upon. Effective as of February 2016, Celgene has exercised its option with
respect to the bb2121 product candidate, and we have licensed to Celgene the exclusive worldwide license to develop
and commercialize the bb2121 product candidate. We may elect to co-develop and co-promote the product candidate
bb2121 and any other product candidates in the United States, provided that, if we do not exercise our option to
co-develop and co-promote the product candidate bb2121 in-licensed by Celgene under the collaboration, then we will
not be permitted to exercise our option to co-develop and co-promote any future product candidates under the
collaboration.

In connection with its exercise of the option to exclusively in-license the bb2121 product candidate, Celgene will pay
to us an option fee in the amount of $10.0 million. If Celgene elects to exercise its option to exclusively in-license any
additional product candidates, it must pay us an additional $15.0 million per product candidate. In addition to the
applicable option fees, Celgene must pay to us an additional fee in the amount of $10.0 million in the event we do not
exercise our option to co-develop and co-promote that product candidate in the United States. In addition, for each
product candidate that is in-licensed by Celgene, and for which we do not exercise our option to co-develop and
co-promote in the United States, we will be eligible to receive up to $10.0 million in clinical milestone payments, up
to $117.0 million in regulatory milestone payments and up to $78.0 million in commercial milestone payments. We
will also be eligible to receive a percentage of net sales as a royalty in a range from the mid-single digits to low-teens.
The royalties payable to us are subject to certain reductions, including for any royalty payments required to be made
by Celgene to acquire patent rights, with an aggregate minimum floor. Celgene will assume certain development
obligations and must report on their progress in achieving these milestones on a quarterly basis.

If we do elect to co-develop and co-promote the product candidate within the United States, we would share equally in
all costs relating to developing, commercializing and manufacturing the product candidate within the United States
and we would share equally in the United States profits. Additionally, if we elect to co-develop and co-promote a
product candidate, then the milestones and royalties would decrease compared to those described above. Under this
scenario, we would receive per product candidate up to $10.0 million in clinical milestone payments and outside of
the United States, up to $54.0 million in regulatory milestone payments and up to $36.0 million in commercial
milestone payments. In addition, to the extent any of the product candidates licensed by Celgene and co-developed
and co-promoted by us are commercialized, we would be entitled to receive tiered royalty payments ranging from the
mid-single digits to low-teens based on a percentage of net sales generated outside of the United States. The royalties
payable to us are subject to certain reductions, including any royalty payments required to be made by Celgene to
acquire patent rights, with an aggregate minimum floor.

If Celgene does not exercise its option with respect to any product candidate prior to expiration of the applicable
option period, then we have the right to develop that product candidate outside the scope of the collaboration.

Celgene will be solely responsible for all costs and expenses of manufacturing and supplying any optioned product
candidates. Subject to customary “back-up” supply rights granted to Celgene, we have the sole right to manufacture or

have manufactured supplies of vectors and associated payloads manufactured for incorporation into the optioned
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product candidate. Celgene would reimburse us for our costs to manufacture and supply such vectors and associated
payloads, plus a modest mark-up.

We received an initial up-front payment of $75.0 million from Celgene in connection with the collaboration, plus an
additional $25.0 million in connection with the amendment in June 2015. The collaboration term ends in June 2018.
Either party may terminate the agreement upon written notice to the other party in the event of the other party’s
uncured material breach. Celgene may terminate the agreement for any reason upon prior written notice to us. If the
agreement is terminated, rights to product candidates in development at the time of such termination will be allocated
to the parties through a mechanism included in the agreement. In addition, if Celgene terminates the agreement for our
breach, any then- existing co-development and co-promotion agreement will be automatically terminated and replaced
with a license agreement for such product candidate and any amounts payable by Celgene under any then-existing
product license agreements will be reduced.
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Baylor College of Medicine

Simultaneous with entering into the collaboration agreement with us, Celgene entered into a strategic collaboration
with the Baylor College of Medicine, or Baylor, to discover, develop and commercialize CAR T cell products. We are
not a party to this collaboration agreement, although, by virtue of our agreements with Celgene, the joint steering
committee under the Baylor-Celgene collaboration agreement will include representatives selected by us, together
with representatives selected by each of Celgene and Baylor. Under our collaboration agreement with Celgene, we
may develop product candidates covered by the intellectual property rights of Baylor in this field, which intellectual
property rights would be in-licensed by Celgene pursuant to its collaboration agreement with Baylor.

Our collaboration with Kite Pharma

In June 2015, we announced a strategic collaboration with Kite Pharma, Inc. to jointly develop and commercialize
second generation TCR product candidates against the human papillomavirus type 16 E6, or HPV-16 E6, oncoprotein.
The collaboration will apply our gene editing technology and expertise to modify certain genes to enhance T cell
function. In addition, we will explore using lentiviral vectors to optimize delivery of HPV-16 E6 TCRs in patient T
cells. Kite will lead the program in the United States, and we will have the option to lead the program in the European
Union. Both companies will share overall costs, including research and development, and sales and marketing
expenses and profits will be equally split between the companies. Additionally, Kite will have a co-promotion option
in the European Union, and we will have a co-promotion option in the United States.

Intellectual property

We strive to protect and enhance the proprietary technology, inventions, and improvements that are commercially
important to the development of our business, including seeking, maintaining, and defending patent rights, whether
developed internally or licensed from third parties. We also rely on trade secrets relating to our proprietary technology
platform and on know-how, continuing technological innovation and in-licensing opportunities to develop, strengthen
and maintain our proprietary position in the field of gene therapy that may be important for the development of our
business. We additionally rely on regulatory protection afforded through orphan drug designations, data exclusivity,
market exclusivity, and patent term extensions where available.

Our commercial success may depend in part on our ability to obtain and maintain patent and other proprietary
protection for commercially important technology, inventions and know-how related to our business; defend and
enforce our patents; preserve the confidentiality of our trade secrets; and operate without infringing the valid
enforceable patents and proprietary rights of third parties. Our ability to stop third parties from making, using, selling,
offering to sell or importing our products may depend on the extent to which we have rights under valid and
enforceable patents or trade secrets that cover these activities. With respect to both licensed and company-owned
intellectual property, we cannot be sure that patents will be granted with respect to any of our pending patent
applications or with respect to any patent applications filed by us in the future, nor can we be sure that any of our
existing patents or any patents that may be granted to us in the future will be commercially useful in protecting our
commercial products and methods of manufacturing the same.

We have developed or in-licensed numerous patents and patent applications and possess substantial know-how and
trade secrets relating to the development and commercialization of gene therapy products. Our proprietary intellectual
property, including patent and non-patent intellectual property, is generally directed to, for example, certain genes,
transgenes, methods of transferring genetic material into cells, genetically modified cells, processes to manufacture
our lentivirus-based product candidates and other proprietary technologies and processes related to our lead product
development candidates. As of January 31, 2016, our patent portfolio includes the following:

-approximately 183 patents or patent applications that we own or have exclusively in-licensed from academic
institutions and third parties related to lentiviral vectors and vector systems;
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-approximately 70 patents or patent applications that we have non-exclusively in-licensed from academic institutions
and third parties related to lentiviral vectors and vector systems;

-approximately 37 patents or patent applications that we own or have exclusively in-licensed from academic
institutions and third parties, including eight that are co-owned with MIT, related to vector manufacturing or
production;

-approximately eight patents or patent applications that have been non-exclusively in-licensed from academic
institutions and third parties related to vector manufacturing or production;

-approximately 23 patents or patent applications that we own or have exclusively or co-exclusively in-licensed from
academic institutions and third parties related to therapeutic cellular product candidates;

-approximately 117 patents or patent applications that we own or have exclusively in-licensed from academic
institutions and third parties related to oncology product candidates, including CAR T cell vector systems and
manufacturing, T cell manufacturing, and therapeutic T cells;
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-approximately 68 patents or patent applications that we own or have exclusively or co-exclusively in-licensed from
academic institutions and third parties related to gene editing compositions and methods; and
-approximately two patent applications that we have non-exclusively in-licensed from academic institutions and third
parties related to gene editing compositions and methods.
Our objective is to continue to expand our portfolio of patents and patent applications in order to protect our gene
therapy product candidates manufacturing processes. Examples of the products and technology areas covered by our
intellectual property portfolio are described below. See also “—License agreements.”

3-thalassemia/SCD
The 3-thalassemia/SCD platform includes three patent portfolios, described below.

-Pasteur Institute. The Pasteur patent portfolio contains patent applications directed to FLAP/cPPT elements and
lentiviral vectors utilized to produce our LentiGlobin product candidate for 3-thalassemia and SCD. As of January
31, 2016, we had an exclusive license to nine issued U.S. patents and one pending U.S. application. Corresponding
foreign patents and patent applications include pending applications or issued patents in Australia, Canada, China,
Europe, Hong Kong, Israel, and Japan. We expect the issued composition of matter patents to expire from
2019-2023 in the United States, and from 2019-2020 in the rest of the world (excluding possible patent term
extensions). Further, we expect composition of matter patents, if issued from the pending patent applications and if
the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in 2019-2020
(excluding possible patent term extensions). We expect the patents and patent applications in this portfolio other
than composition of matter patents, if issued, and if the appropriate maintenance, renewal, annuity, or other
governmental fees are paid, to expire in 2019-2020 (worldwide, excluding possible patent term extensions).

-RDF. The in-licensed patent portfolio from Research Development Foundation, or RDF, in part, contains patents and
patent applications directed to aspects of our lentiviral vectors utilized to produce our LentiGlobin product candidate
for B-thalassemia and SCD. As of January 31, 2016, we had an exclusive license (from RDF) to seven issued U.S.
patents and two pending U.S. applications related to our lentiviral vector platform. Corresponding foreign patents
and patent applications related to our lentiviral vector platform include pending applications or issued patents in
Canada, Europe, and Israel. We expect the issued composition of matter patents to expire from 2021-2027
(excluding possible patent term extensions). Further, we expect composition of matter patents, if issued from the
pending patent applications and if the appropriate maintenance, renewal, annuity or other governmental fees are
paid, to expire in 2021-2022 (excluding possible patent term extensions). We expect the patents and patent
applications in this portfolio other than composition of matter patents, if issued, and if the appropriate maintenance,
renewal, annuity, or other governmental fees are paid, to expire in 2021-2022 (worldwide, excluding possible patent
term extensions).

-MIT/bluebird bio. The co-owned patent portfolio contains patents and patent applications directed to certain specific
compositions of matter for lentiviral B-globin expression vectors. As of January 31, 2016, we co-owned two issued
U.S. patents and one pending U.S. application, as well as corresponding foreign patents issued in Europe and Hong
Kong. We expect the issued composition of matter patents to expire in 2023 (excluding possible patent term
extensions). Further, we expect composition of matter patents, if issued from the pending patent applications and if
the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in 2023 (excluding
possible patent term extensions). We expect the other patents and patent applications in this portfolio, if issued, and
if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to expire in 2023 (worldwide,
excluding possible patent term extensions). We note that we have an exclusive license to MIT’s interest in this
co-owned intellectual property.

Cerebral Adrenoleukodystrophy (CALD)

The CALD platform includes three patent portfolios, described below.

-Pasteur Institute. The in-licensed Pasteur patent portfolio contains the patents and patent applications described
above directed towards aspects of our lentiviral vectors utilized to produce our Lenti-D product candidate for CALD.
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-RDF. The in-licensed RDF patent portfolio contains the patents and patent applications described above directed
towards aspects of our lentiviral vectors utilized to produce our Lenti-D product candidate for CALD.

-bluebird bio. The bluebird bio patent portfolio contains patent applications directed to compositions of matter for
CALD gene therapy vectors and compositions and methods of using the vectors and compositions in cell-based gene
therapy of adrenoleukodystrophy or adrenomyeloneuropathy. As of January 31, 2016, we owned two U.S. patent
and one pending U.S. application and 17 pending corresponding foreign applications or issued patents. We expect
the issued composition of matter patents for CALD gene therapy vectors to expire in 2032 (excluding possible patent
term extensions). Further, we expect composition of matter patents, if issued from the pending patent applications
and if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in 2032
(worldwide, excluding possible patent term extensions). We
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expect the other patents and patent applications in this portfolio, if issued, and if the appropriate maintenance,
renewal, annuity, or other governmental fees are paid, to expire in 2032 (worldwide, excluding possible patent term
extensions).

Lentiviral platform (e.g., vectors, manufacturing, and cell therapy products)

The lentiviral platform, which is potentially applicable to the B-thalassemia, SCD, CALD, oncology and other
potential programs, includes three patent portfolios, described below.

-Pasteur Institute. The Pasteur patent portfolio contains the patents and patent applications described above.

-RDF. The in-licensed RDF patent portfolio contains the patents and patent applications described above.

-bluebird bio. Another component of the bluebird bio patent portfolio includes the vector manufacturing platform
and is potentially applicable to the CALD, B-thalassemia, SCD, oncology, and other programs. This portion of the
portfolio contains patents and patent applications directed to improved methods for transfection and transduction of
therapeutic cells. As of January 31, 2016, we owned 2 pending U.S. applications and 21 corresponding foreign
patent applications. We expect composition of matter and method patents, if issued from the pending patent
applications and if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire from
2032 (excluding possible patent term extensions). We expect the other patents and patent applications in this
portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to
expire in 2032 (worldwide, excluding possible patent term extensions).

Oncology / T cell-based immunotherapy platform

Our lead T cell immunotherapy product candidate, bb2121, includes three patent portfolios, described below.

-Pasteur Institute. The Pasteur patent portfolio contains the patents and patent applications described above.

-bb2121 Candidate Licenses. We have in-licensed a patent portfolio that contains patents and patent applications
directed to aspects of our oncology platform to produce lentiviral vectors for a CAR T cell therapy product directed
against BCMA. As of January 31, 2016, we had a co-exclusive license to seven issued U.S. patents and three
pending U.S. applications and 28 pending corresponding foreign applications and 36 issued corresponding foreign
patents related to bb2121. We expect the issued patents to expire from 2020-2032 (excluding possible patent term
extensions). Further, we expect composition of matter or methods patents, if issued from the pending patent
applications and if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire from
2020-2032 (excluding possible patent term extensions). We expect the other patents and patent applications in this
portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to
expire in 2020-2032 (worldwide, excluding possible patent term extensions). In addition, as of January 31, 2016, we
have an exclusive license to one pending U.S. application and 19 corresponding foreign patent applications related
to bb2121. We expect composition of matter and methods patents, if issued from the pending patent applications and
if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in 2033 (excluding
possible patent term extensions). We expect the other patents and patent applications in this portfolio, if issued, and
if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to expire in 2033 (worldwide,
excluding possible patent term extensions).

-bluebird bio. One aspect of the bluebird bio patent portfolio contains patent applications directed to certain specific
compositions of matter for generating CAR T cells. As of January 31, 2016, we owned two pending U.S. provisional
applications and six pending PCT applications. We expect any composition of matter or methods patents, if issued
from a corresponding nonprovisional application or national stage application, or corresponding foreign
applications, if applicable, and if the appropriate maintenance, renewal, annuity or other governmental fees are paid,
to expire in 2035 (worldwide, excluding possible patent term extensions). We expect the other patents and patent
applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental
fees are paid, to expire from 2035 (worldwide, excluding possible patent term extensions).

Our oncology research program includes other patent portfolios, described below.
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RDF. The in-licensed RDF patent portfolio described above contains patents and patent applications that are also
applicable to our oncology platform. In addition, the RDF portfolio contains additional patent applications directed
to aspects of our oncology program. As of January 31, 2016, we had an exclusive license (from RDF) to one issued
patent and one pending U.S. applications related to our oncology platform. We expect the issued patent to expire in
2021 (excluding possible patent term extensions). Further, we expect composition of matter or methods patents, if
issued from the pending patent applications and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire in 2021-2022 (excluding possible patent term extensions). We expect the other
patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or
other governmental fees are paid, to expire in 2021-2022 (worldwide, excluding possible patent term extensions).
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-bluebird bio. One aspect of the bluebird bio patent portfolio contains patent applications directed to certain specific
compositions of matter for generating CAR T cells directed against various cancers. As of January 31, 2016, we
owned two pending U.S. provisional applications. We expect any composition of matter or methods patents, if
issued from a corresponding nonprovisional application or national stage application, or corresponding foreign
applications, if applicable, and if the appropriate maintenance, renewal, annuity or other governmental fees are paid,
to expire in 2036 (worldwide, excluding possible patent term extensions). We expect the other patents and patent
applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental
fees are paid, to expire from 2036 (worldwide, excluding possible patent term extensions).

-T Cell Immunotherapy Product Candidate Licenses. We have in-licensed patents and patent applications that are
directed to certain specific compositions of matter for generating CAR T cells directed against various cancers. As
of January 31, 2016, we had a co-exclusive or exclusive license to two pending U.S. provisional applications related
to one particular target antigen. We expect any composition of matter or methods patents, if issued from a
corresponding nonprovisional application or national stage application, or corresponding foreign applications, if
applicable, and if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in
2036 (worldwide, excluding possible patent term extensions). We expect the other patents and patent applications in
this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to
expire from 2036 (worldwide, excluding possible patent term extensions). In addition, as of January 31, 2016, we
have an exclusive license to one issued U.S. patent and ten corresponding foreign patents and two corresponding
foreign patent applications to another particular target antigen. We expect the issued composition of matter patent to
expire in 2036 (excluding possible patent term extensions). Further, we expect composition of matter or methods
patents, if issued from the pending patent applications and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire in 2036 (excluding possible patent term extensions). We expect the other
patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or
other governmental fees are paid, to expire from 2036 (worldwide, excluding possible patent term extensions).

Gene editing platform (e.g., homing endonucleases, chimeric endonucleases, megaTALs, genetically modified cells)

The gene editing platform includes five patent portfolios, described below.

-Pasteur Institute. The Pasteur patent portfolio described above may contain patents and patent applications that are
potentially applicable to our gene editing platform.

-RDF. The in-licensed RDF patent portfolio described above may contain patents and patent applications that are
potentially applicable to our gene editing platform.

-Gene Editing License. We in-licensed patent portfolios that contain patents and patent applications directed to
aspects of our gene editing platform to produce genome modifying enzymes and genetically modified cells that are
potentially applicable to our B-thalassemia, SCD, oncology and other programs. As of January 31, 2016, we had an
exclusive/co-exclusive license to three issued U.S. patents and two pending U.S. applications and two corresponding
foreign patents and nine corresponding patent applications related to our gene editing platform. We expect the
issued composition of matter patents to expire in 2030 (excluding possible patent term extensions). Further, we
expect composition of matter or methods patents, if issued from the pending patent applications and if the
appropriate maintenance, renewal, annuity or other governmental fees are paid, to expire in 2030 (excluding possible
patent term extensions). We expect the other patents and patent applications in this portfolio, if issued, and if the
appropriate maintenance, renewal, annuity, or other governmental fees are paid, to expire in 2030 (worldwide,
excluding possible patent term extensions). In addition, as of January 31, 2016, we had an exclusive license to one
issued U.S. patent and one pending U.S. application and five corresponding foreign patents related to our gene
editing platform. We expect the issued composition of matter patent to expire in 2031 in the United States
(excluding possible patent term extensions) and in 2027 in the rest of the world. Further, we expect composition of
matter and methods patents, if issued from the pending patent applications and if the appropriate maintenance,
renewal, annuity or other governmental fees are paid, to expire in 2027 (excluding possible patent term extensions).
We expect the other patents and patent applications in this portfolio, if issued, and if the appropriate maintenance,
renewal, annuity, or other governmental fees are paid, to expire in 2027 (worldwide, excluding possible patent term
extensions).
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-Academic Gene Editing Licenses. We in-licensed patent portfolios from multiple academic medical centers, each
portfolio containing patents and patent applications directed to aspects of our gene editing platform to produce
genome modifying enzymes and genetically modified cells that are potentially applicable to our B-thalassemia, SCD,
oncology and other programs. As of January 31, 2016, we had an exclusive license to one issued U.S. patent and
three pending U.S. applications and four corresponding foreign patents and four corresponding patent applications
related to our gene editing platform. We expect the issued patent to expire in 2032 (excluding possible patent term
extensions) in the U.S. and 2027-3032 in the rest of the world. We expect composition of matter or method patents,
if issued from the pending patent applications and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire from 2027-2032 (excluding possible patent term extensions). We expect the
other patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity,
or other governmental fees are paid, to expire in 2027-2032 (worldwide, excluding possible patent term
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extensions). As of January 31, 2016, we also had a non-exclusive license to one pending U.S. provisional application
and one pending PCT application related to our gene editing platform. We expect any composition of matter or
methods patents, if issued from a corresponding nonprovisional application or national stage application, or
corresponding foreign applications, if applicable, and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire in 2036 (worldwide, excluding possible patent term extensions). We expect the
other patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity,
or other governmental fees are paid, to expire from 2036 (worldwide, excluding possible patent term extensions). In
addition, as of January 31, 2016, we had an exclusive license to 2 pending U.S. applications and 19 corresponding
pending foreign patent applications related to our gene editing platform. We expect composition of matter or method
patents, if issued from the pending patent applications and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire from 2031-2033 (excluding possible patent term extensions). We expect the
other patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity,
or other governmental fees are paid, to expire in 2031-2033 (worldwide, excluding possible patent term extensions).
As of January 31, 2016, we also had an exclusive license to one pending U.S. application and 18 corresponding
foreign patent applications related to our gene editing platform. We expect composition of matter or method patents,
if issued from the pending patent applications and if the appropriate maintenance, renewal, annuity or other
governmental fees are paid, to expire from 2033 (excluding possible patent term extensions). We expect the other
patents and patent applications in this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or
other governmental fees are paid, to expire in 2033 (worldwide, excluding possible patent term extensions).
-bluebird bio. One aspect of the bluebird bio patent portfolio contains patent applications that are potentially
applicable to certain aspects of our gene editing platform to produce genome modifying enzymes and genetically
modified cells that are potentially applicable to our oncology and other programs. As of January 31, 2016, we
co-owned (with Cellectis) two pending U.S. applications and ten corresponding pending foreign patent applications
related to our gene editing platform. We expect composition of matter or method patents, if issued from the pending
patent applications and if the appropriate maintenance, renewal, annuity or other governmental fees are paid, to
expire from 2034 (excluding possible patent term extensions). We expect the other patents and patent applications in
this portfolio, if issued, and if the appropriate maintenance, renewal, annuity, or other governmental fees are paid, to
expire in 2034 (worldwide, excluding possible patent term extensions).
The term of individual patents depends upon the legal term of the patents in the countries in which they are obtained.
In most countries in which we file, the patent term is 20 years from the date of filing the non-provisional application.
In the United States, a patent’s term may be lengthened by patent term adjustment, which compensates a patentee for
administrative delays by the U.S. Patent and Trademark Office in granting a patent, or may be shortened if a patent is
terminally disclaimed over an earlier-filed patent.

The term of a patent that covers an FDA-approved drug may also be eligible for patent term extension, which permits
patent term restoration of a U.S. patent as compensation for the patent term lost during the FDA regulatory review
process. The Hatch-Waxman Act permits a patent term extension of up to five years beyond the expiration of the
patent. The length of the patent term extension is related to the length of time the drug is under regulatory review. A
patent term extension cannot extend the remaining term of a patent beyond a total of 14 years from the date of product
approval and only one patent applicable to an approved drug may be extended. Moreover, a patent can only be
extended once, and thus, if a single patent is applicable to multiple products, it can only be extended based on one
product. Similar provisions are available in Europe and other foreign jurisdictions to extend the term of a patent that
covers an approved drug. When possible, depending upon the length of clinical trials and other factors involved in the
filing of a BLA, we expect to apply for patent term extensions for patents covering our product candidates and their
methods of use.

We may rely, in some circumstances, on trade secrets to protect our technology. However, trade secrets can be
difficult to protect. We seek to protect our proprietary technology and processes, in part, by entering into
confidentiality agreements with our employees, consultants, scientific advisors and third parties. We also seek to
preserve the integrity and confidentiality of our data and trade secrets by maintaining physical security of our premises
and physical and electronic security of our information technology systems. While we have confidence in these
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individuals, organizations and systems, agreements or security measures may be breached, and we may not have
adequate remedies for any breach. In addition, our trade secrets may otherwise become known or be independently
discovered by competitors. To the extent that our consultants or collaborators use intellectual property owned by
others in their work for us, disputes may arise as to the rights in related or resulting know-how and inventions.

License agreements
Inserm-Transfert

In May 2009, we entered into an exclusive license with Inserm-Transfert, which is a wholly-owned subsidiary of
Institut national de la santé et de la recherche médicale, for use of certain patents and know-how related to the ABCD1
gene and corresponding protein, for use in the field of human ALD therapy. Inserm-Transfert is referred to herein as
Inserm. The Inserm licensed patent portfolio includes one U.S. patent in force. This portfolio has no pending
applications. Inserm retains the right to practice the intellectual property licensed under the agreement for
educational, clinical and preclinical studies purposes.
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Upon commercialization of our products covered by the in-licensed intellectual property, which we expect would
include our Lenti-D product candidate, we will be obligated to pay Inserm a percentage of net sales as a royalty for the
longer of the life of any patents covering the product or 10 years from first commercial sale. This royalty is in the low
single digits. The royalties payable to Inserm are subject to reduction for any third party payments required to be
made, with a minimum floor in the low single digits.

We are required to use all commercially reasonable efforts to develop licensed products and introduce them into the
commercial market as soon as practical, consistent with our reasonable business practices and judgment in compliance
with an agreed upon development plan. We have assumed certain development, regulatory and commercial milestone
obligations and must report on our progress in achieving these milestones on an annual basis.

We may unilaterally terminate the license agreement at any time. Either party may terminate the agreement in the
event of the other party’s material breach which remains uncured after 60 days of receiving written notice of such
breach or in the event the other party become subject of a voluntary or involuntary petition in bankruptcy and such
petition is not dismissed with prejudice within 120 days after filing. In addition, Inserm may terminate the license
agreement in the event that we cannot prove within 60 days of written notice from Inserm that we have been diligent
in developing the licensed products and introducing them into the commercial market.

Absent early termination, the agreement will automatically terminate upon the expiration of all issued patents and
filed patent applications within the patent rights covered by the agreement or 10 years from the date of first
commercial sale of a licensed product, whichever is later. The license grant ceases in connection with any such
termination. The longest lived patent rights licensed to us under the agreement are currently expected to expire in
2016.

Institut Pasteur

We have entered into a license with Institut Pasteur for certain patents relating to the use of DNA sequences, lentiviral
vectors and recombinant cells in the field of ex vivo gene therapy and CAR T cell-based therapy in a range of
indications, excluding vaccinations. This agreement was amended twice in 2012, again in 2013 and most recently in
2015. The Institut Pasteur licensed patent portfolio includes at least 83 U.S. and foreign patents and patent
applications. Any patents within this portfolio that have issued or may yet issue would have a statutory expiration
dates between 2019 and 2023. The license is exclusive for products containing human and non-human lentiviral
vectors. Institut Pasteur retains the right, on behalf of itself, its licensees and research partners, to conduct research
using the licensed intellectual property.

We have the right to grant sublicenses outright to third parties under the agreement. For the first sublicense including
a product targeting -hemoglobinopathies (including TDT and severe SCD) or ALD (including CALD and AMN), we
must pay Institut Pasteur an additional payment of €3.0 million. If we receive any income (cash or non-cash) in
connection with sublicenses for products targeting indications other than -hemoglobinopathies (including TDT and
severe SCD) or ALD (including CALD and AMN), we must pay Institut Pasteur a percentage of such income varying
from low single digits if the sublicense also includes licenses to intellectual property controlled by us, and a
percentage of sublicense income in the mid-range double digits if the sublicense does not include licenses to
intellectual property controlled by us.

Upon commercialization of our products covered by the in-licensed intellectual property, which we expect would
include our LentiGlobin and Lenti-D product candidates, we will be obligated to pay Institut Pasteur a percentage of
net sales as a royalty. This royalty varies depending on the indication of the product but in any event is in the low
single digits. In addition, starting in 2016 we must make under this agreement an annual maintenance payment which
is creditable against royalty payments on a year-by-year basis. If the combined royalties we would be required to pay
to Institut Pasteur and third parties is higher than a pre-specified percentage, we may ask Institut Pasteur to
re-negotiate our royalty rates under this relationship.
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We are required to use all reasonable commercial efforts (as compared to a company of similar size and scope) to
develop and commercialize one or more products in the license field and to obtain any necessary governmental
approvals in respect of, and market the products in license field, if any. Additionally, we have assumed certain
development and regulatory milestone obligations. We must report on our progress towards achieving these
milestones on an annual basis. We may unilaterally terminate the license agreement at any time by sending Institut
Pasteur 90 days prior written notice. Either party may terminate the license in the event of the other party’s substantial
breach which remains uncured after 60 days of receiving written notice of such breach. Institut Pasteur may also
terminate the agreement in the event bankruptcy proceedings are opened against us and not dismissed within 60 days.

Absent early termination, the agreement will automatically terminate upon the expiration of the last licensed patents or
five years after first market authorization of the first product, whichever occurs later. In the event the agreement is
terminated, while the license grant would cease, we would retain the right to manufacture, import, use and sell
licensed products for a certain period of time post-termination. In addition, our ownership stake in certain jointly made
improvements covered by the licensed patents would survive termination of the agreement. The longest lived patent
rights licensed to us under the agreement are currently expected to expire in 2023.
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Stanford University

In July 2002, we entered into a non-exclusive license agreement with the Board of Trustees of the Leland Stanford
Junior University, referred to herein as Stanford, which we amended and restated in April 2012. Under this agreement,
we are granted a license to use the HEK293T cell line for any commercial or non-commercial use for research,
nonclinical and clinical development purpose and human and animal gene therapy products.

We have the right to grant sublicenses outright to third parties under the agreement. For each such sublicense we
grant, we must pay Stanford a fee (unless the sublicense is to a collaborating partner, contract manufacturer or contract
research organization).

Upon commercialization of our products covered by the in-licensed intellectual property, which we expect would
include our Lenti-D product candidate, we will be obligated to pay Stanford a percentage of net sales as a royalty.
This royalty varies with net sales but in any event is in the low single digits and is reduced for each third-party license
that requires payments by us with respect to a licensed product, provided that the royalty to Stanford is not less than a
specified percentage which is less than one percent. Since April 2013, we have been paying Stanford an annual
maintenance fee, which will be creditable against our royalty payments.

We may unilaterally terminate the agreement by giving Stanford 30 days’ written notice. Stanford may also terminate
the license agreement if after 30 days of providing notice we are delinquent on any report or payment, are not using
commercially reasonable efforts to develop, manufacture and/or commercialize one or more licensed products, are in
material breach of any provision or provide any false report. Termination of this agreement may require us to utilize
different cell types for vector manufacturing, which could lead to delays.

Absent early termination, the license will expire in April 2037. We may elect to extend the term for an additional 25
years so long as we have a commercial product on the market at that time and we are in material compliance with the
license agreement.

Massachusetts Institute of Technology

In December 1996, we entered into an exclusive license with the Massachusetts Institute of Technology, referred to
herein as MIT, for use of certain patents in any field. This license agreement was amended in December 2003, May
2004 and June 2011. The licensed patent portfolio includes at least 20 U.S. and foreign patents and patent
applications. Any patents within this portfolio that have issued or may yet issue would have a statutory expiration date
in 2023. This license also has been amended to include a case jointly owned by MIT and us wherein we received the
exclusive license to MIT’s rights in this case. MIT retains the right to practice the intellectual property licensed under
the agreement for noncommercial research purposes.

We have the right to grant sublicenses outright to third parties under the agreement. In the event we sublicense the
patent rights, we must pay MIT a percentage of all payments we receive from by the sublicensee. This percentage
varies from mid-single digits to low double digits.

Upon commercialization of our products covered by the in-licensed intellectual property, which we expect would
include our LentiGlobin product candidate, we will be obligated to pay MIT a percentage of net sales by us or our
sublicensees as a royalty. This royalty is in the low single digits and is reduced for royalties payable to third parties,
provided that the royalty to MIT is not less than a specified percentage that is less than one-percent. In addition, we
make under this agreement an annual maintenance payment which may be credited against the royalty payments.

We are required to use diligent efforts to market licensed products and to continue active, diligent development and

marketing efforts for licensed products during the term of the agreement. We have assumed certain milestones with
respect to raising capital investment and regulatory progress. We must report on our progress on achieving these
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milestones on an annual basis.

We may unilaterally terminate the license agreement upon six months’ notice to MIT. MIT may terminate the
agreement if we cease to carry on our business, or in the event of our material breach which remains uncured after 90
days of receiving written notice of such breach (30 days in the case of nonpayment). In the event the agreement is
terminated, while the license grant would cease, we would retain a right to complete manufacture of any licensed
products in process and sell then-existing inventory. In addition, MIT would grant our sublicensees a direct license
following such termination. With respect to jointly owned intellectual property, any termination would allow MIT to
grant licenses to any third party to such intellectual property, without our approval, unless a sublicensee was already
in place, in which case, MIT would grant our sublicensees a direct license.

Research Development Foundation

In December 2011, we entered into an exclusive license with RDF to use certain patents that involve lentiviral vectors.
The RDF licensed patent portfolio includes at least 25 U.S. and foreign patents and patent applications. Any patents
within this portfolio that have issued or may yet issue would have an expected statutory expiration date between 2021

and 2027. RDF retains the right, on
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behalf of itself and other nonprofit academic research institutions, to practice and use the licensed patents for any
academic, nonclinical research and educational purposes. We have the right to grant sublicenses outright to third
parties under the agreement.

Upon commercialization of our products covered by the in-licensed intellectual property, which we expect would
include both our Lenti-D and LentiGlobin product candidates, we are obligated to pay RDF a percentage of net sales
as a royalty. This royalty is in the low single digits and is reduced by half if during the following ten years from the
first marketing approval the last valid claim within the licensed patent that covers the licensed product expires or ends.

We are required to use commercially reasonable and diligent efforts for a company of our size and resources to
develop or commercialize one or more licensed products, including our first licensed product by 2016 and a second
licensed product by 2018. These diligence efforts include minimum annual royalty payments to RDF, which are
creditable against earned royalties otherwise due to RDF, and payments upon regulatory milestones.

RDF may terminate the agreement in the event of our material breach which remains uncured after 90 days of
receiving written notice of such breach (30 days in the case of nonpayment) or in the event we become bankrupt, our
business or assets or property are placed in the hands of a receiver, assignee or trustee, we institute or suffer to be
instituted any procedure in bankruptcy court for reorganization or rearrangement of our financial affairs, make a
general assignment for the benefit of creditors, or if we or an affiliate or a sublicensee institutes any procedure
challenging the validity or patentability of any patent or patent application within the licensed patents, the agreement
will immediately terminate.

Absent early termination, the agreement will continue until its expiration upon the later of there being no more valid
claims within the licensed patents or the expiration of our royalty obligations on licensed products that are subject to
an earned royalty, if such earned royalty is based on the minimum 10-year royalty period described above. In the
event the agreement is terminated, while the license grant would cease, RDF will grant our sublicensees a direct
license. The longest lived patent rights licensed to us under the agreement are in one U.S. patent currently expected to
expire in 2027.

Competition

The biotechnology and pharmaceutical industries are characterized by intense and rapidly changing c