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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 0of 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,” G

expect,” “intend,” “may,”
“plan,” “potential,” “predict,” “project,” “seek,” “should,” “target,” “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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e the initiation, timing, progress and results of our preclinical and clinical studies, and our research and development programs;

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

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

e the timing or likelihood of regulatory filings and approvals for our product candidates;

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

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

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

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

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

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

e our ability to maintain and establish collaborations and licenses;

e developments relating to our competitors and our industry; and

e otherrisks and uncertainties, including those listed under Part I, Item 1 A. 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 1 A. 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.



PART 1

Item 1. Business
Overview

We are a clinical-stage biotechnology company committed to developing potentially transformative gene therapies for severe genetic diseases and
cancer. With our lentiviral-based gene therapy and gene editing capabilities, we have built an integrated product platform with broad potential application in
these areas. We believe that gene therapy for severe genetic diseases 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 clinical programs in severe
genetic diseases include our LentiGlobin® product candidate to treat transfusion-dependent B-thalassemia, or TDT, and to treat severe sickle cell disease, or
severe SCD, and our Lenti-D™ product candidate to treat cerebral adrenoleukodystrophy, or CALD. Our programs in oncology 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. bb2121, our lead product candidate in oncology, is a CAR T cell product candidate for the treatment of
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 four clinical studies of our LentiGlobin product candidate: a Phase I/Il study in the United States, Australia, and Thailand for the
treatment of subjects with TDT, called the Northstar Study (HGB-204); a multi-site, international, Phase III study for the treatment of subjects with TDT and
non-B0/B0 genotypes, called the Northstar-2 Study (HGB-207); a single-center Phase I/l study in France for the treatment of subjects who with TDT or with
severe SCD (HGB-205); and a multi-site Phase I study in the United States for the treatment of subjects with severe SCD (HGB-206). Both TDT and severe
SCD are rare, hereditary blood disorders that often lead to severe anemia and shortened lifespans. 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 both B-thalassemia and SCD. Our
LentiGlobin product candidate was granted Fast-Track designation by the FDA for the treatment of B-thalassemia major and for the treatment of certain
patients with severe SCD. The FDA has granted Breakthrough Therapy designation to our LentiGlobin product candidate for the treatment of transfusion-
dependent patients with B-thalassemia major. The EMA has granted access to its Priority Medicines (PRIME) scheme for our LentiGlobin product candidate
for the treatment of TDT.

We are conducting a multi-site, international, Phase II/III clinical study of our Lenti-D™ product candidate, called the Starbeam Study (ALD-102), for the
treatment of subjects with CALD, a rare, hereditary neurological disorder that is often fatal. Our Lenti-D product candidate has been granted Orphan Drug
status by the FDA and the EMA for the treatment of adrenoleukodystrophy.

We are conducting a multi-site Phase I clinical study in the United States of our bb2121 product candidate for the treatment of subjects with
relapsed/refractory multiple myeloma (CRB-401). bb2121 is the lead product candidate arising from our multi-year collaboration with Celgene Corporation,
or Celgene, for the discovery, development and commercialization of CAR T cell therapies targeting B-cell maturation antigen, or BCMA. We have
exclusively licensed to Celgene the right to develop and commercialize our bb2121 product candidate, and we may exercise our option to co-develop and
co-promote this product candidate in the United States. The FDA has granted Orphan Drug status to bb2121 for the treatment of patients with
relapsed/refractory multiple myeloma.

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
hematopoietic stem cells, or HSCs, in the case of our LentiGlobin and Lenti-D product candidates, or the patient’s own isolated white blood cells which
include T cells, in the case of our bb2121 product candidate. 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.

Utilizing our gene therapy platform, we are developing product candidates comprising the patient’s own gene-modified HSCs and T cells. 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.
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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 that are derived from HSCs,
such as microglia (useful for CALD), red blood cells (useful for TDT and SCD) or other cells, or from T cells (useful for cancer and immunology).

We also have discovery research programs utilizing our cell signaling technology and gene editing technology platform across our pipeline. For instance,
we are exploring applications of our CAR and TCR T cell technologies in combination with novel proteins based on synthetic biology. These technologies
may potentially allow our future T cell-based product candidates to detect the tumor microenvironment or, in the case of future CAR T cell product
candidates, to be regulated by small molecules. In addition, 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 edit or insert genetic components to potentially treat a variety of diseases.

Our gene therapy platform and proprietary lentiviral vectors

Our gene therapy product candidates for severe genetic diseases and in cancer 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 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.



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 in severe genetic diseases (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 TDT and severe 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.

QOur therapeutic approach in severe genetic diseases

The delivery of a gene therapy product in HSCs for the treatment of severe genetic diseases 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. Asample of HSCs is extracted from the patient 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 isolated and collected from the patient’s blood. HSCs may also be
extracted directly from the patient’s bone marrow, particularly as in the treatment of severe SCD.

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.

Our therapeutic approach in oncology

The delivery of modified T cell products in oncology requires several steps that are similar to our therapeutic approach in severe genetic diseases with
HSCs. Importantly, our approach seeks to leverage cell transplant procedures and infrastructure already widely used in the clinic for autologous and
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. Forthe treatment of cancer, a sample of the patient’s 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.
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Our product candidate pipeline

We are developing our LentiGlobin product candidate to treat patients with TDT and severe SCD. We are conducting four clinical studies of our
LentiGlobin product candidate: a Phase I/Il study in the United States, Australia, and Thailand to evaluate its safety and efficacy in the treatment of subjects
with TDT, called the Northstar Study (HGB-204); a multi-site, international, Phase III study to evaluate its safety and efficacy in the treatment of subjects with
TDT and a non-B0/B0 genotype, called the Northstar-2 Study (HGB-207); a single-center Phase I/Il study in France to evaluate its safety and efficacy in the
treatment of subjects with TDT or with severe SCD (HGB-205); and a multi-site Phase I study in the United States to evaluate its safety and efficacy in the
treatment of subjects with severe SCD (HGB-206). In addition, in 2017 we intend to initiate our planned Phase III study of our LentiGlobin product candidate
for the treatment of subjects with TDT and a $0/B0 genotype, called the Northstar-3 Study (HGB-212).

We are developing our Lenti-D product candidate to treat patients with CALD. We are currently conducting a Phase II/Ill clinical study of our Lenti-D
product candidate in the United States, which we refer to as the Starbeam Study (ALD-102), to examine the safety and efficacy of our Lenti-D product
candidate in subjects with CALD.

We are also pursuing opportunities to apply our gene therapy platform technologies in cancer by genetically modifying a patient’s own T cells to target
and destroy cancer cells. Our collaboration with Celgene focuses on CAR T cell product candidates directed against BCMA, a protein expressed on the
surface of multiple myeloma cells, plasma cells and some mature B cells. We are conducting a multi-site Phase I clinical study in the United States to evaluate
the safety and efficacy of our bb2121 product candidate, the lead product candidate from this collaboration, in the treatment of subjects with
relapsed/refractory multiple myeloma (CRB-401). We have exclusively licensed to Celgene the right to develop and commercialize our bb2121 product
candidate, while we have retained an option to co-develop and co-promote this product candidate in the United States. In addition, we anticipate initiating in
2017 a Phase I clinical study in the United States to evaluate the safety and efficacy of the next anti-BCMA CAR T cell product candidate arising from our
collaboration with Celgene. We are also collaborating with Kite Pharma, Inc. in the research and development of second-generation TCR product candidates
directed against an antigen relating to certain cancers associated with the human papilloma virus, and with Medigene AG, through its subsidiary Medigene
Immunotherapies GmbH, in the research and development of TCR product candidates directed against up to four antigens for the treatment of cancer
indications.

Our LentiGlobin product candidate opportunity
fB-thalassemia
Overview

B-thalassemia is a rare hereditary blood disorder caused by a mutation in the B-globin gene resulting in the production of defective red blood cells, or
RBCs. Genetic mutations cause the absence or reduced production of the beta chains of 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 f-
globin. Genetic mutations that impair the production of f-globin can lead to a relative excess of a-globin, leading to premature death of RBCs. The clinical
implications of the a-globin/ f-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 a range of multi-systemic
complications, including but not limited to 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
that result in no functional B-globin production (B0) and those that result in decreased functional B-globin production (B+). TDT refers to any mutation
pairing that results in the need for chronic transfusions due to severe anemia, and is the clinical finding in most patients with B0/ 0 genotypes as well as
many patients with other genotypes resulting in abnormal B-globin production, such as the $0/B+ and B*/p+ genotypes. Affected patients produce as little as
one to seven g/dL of hemoglobin (in contrast, a normal adult produces 12-18 g/dL of hemoglobin). Hemoglobin E (BE), which is another f-globin mutation
and is usually asymptomatic, can also result in TDT when paired with B0 or f+ mutations.

Limitations of current treatment options

In geographies where treatment is available, patients with TDT receive chronic blood transfusion regimens. These regimens consist of regular infusions
with units of packed RBC, or pRBC, usually every three to five weeks, which are intended to maintain hemoglobin levels and control 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
significant morbidity and mortality through iron-



associated heart and liver toxicity. To help prevent iron overload-associated risks and resulting complications, 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 f-thalassemia today is allogeneic HSCT. However, complications of allogeneic HSCT include a risk of
engraftment failure in unrelated human-leukocyte-antigen, or HLA, matched patients, a risk of life-threatening infection, and a 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
only a fraction 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.

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, vaso-occlusive pain crisis (a common complication of SCD in which
there is severe pain due to obstructed blood flow in the small blood vessels of the body), cumulative damage to multiple organs, 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.

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 SCD and is recommended for patients with recurrent episodes of acute pain or specific frequencies of painful crises. Not all SCD patients
respond to hydroxyurea however, or are able to tolerate the cytotoxic effect of reduced white blood cell and platelet counts. A significant number of patients
with severe 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 sickle hemoglobin below 30% to 50%, which decreases sickling of RBCs, reduces the
risk of recurrent stroke, and decreases the incidence of associated co-morbidities. 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 severe 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 only a fraction of eligible patients undergo transplant.
In light of these factors, we believe that severe 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 RBCs in patients. Importantly, this codon variant, referred to as T87Q, also serves as a distinct biomarker used to
quantify expression levels of the functional B-globin protein in patients with TDT and severe SCD, while also providing anti-sickling properties in the
context of severe SCD. We refer to the cells that have undergone our ex vivo manufacturing process resulting in genetically modified HSCs as the final
LentiGlobin drug product, or our LentiGlobin product candidate.



We are conducting three clinical studies of our LentiGlobin product candidate to evaluate its safety and efficacy in the treatment of subjects with TDT. In
December 2013, we announced that the first subject with TDT had been treated in our HGB-205 study, which also includes the enrollment of subjects with
severe SCD. In March 2014, we announced that the first subject with TDT had been treated in our Northstar Study (HGB-204). We presented interim results
from both our Northstar Study and our HGB-205 study at the American Society of Hematology Annual Meeting in December 2016. We also announced in
December 2016 that the first subject had been treated in our Northstar-2 Study (HGB-207), which evaluates the safety and efficacy of our LentiGlobin
product candidate in the treatment of subjects with TDT and non-B0/B0 genotypes. In addition, we intend to initiate in 2017 our planned Phase III study of
our LentiGlobin product candidate for the treatment of subjects with TDT and a f0/B0 genotype, called the Northstar-3 Study (HGB-212). In October 2014,
we announced that the first subject with severe SCD had been treated in our HGB-205 study. We are also conducting our HGB-206 study to evaluate the
safety and efficacy of our LentiGlobin product candidate in the treatment of subjects with severe SCD. In 2016, we amended the protocol of our HGB-206
study to expand enrollment and to incorporate several process changes, including our updated drug product manufacturing process. In February 2017, we
announced that the first subject has been treated under this amended protocol. We will be using our updated drug product manufacturing process with the
objective of increasing the vector copy number and the percentage of transduced cells in the LentiGlobin drug product in our ongoing Northstar-2 Study, our
HGB-206 study under the amended protocol, and our planned Northstar-3 Study.

If successful, we believe that data from the ongoing Northstar Study and Northstar-2 Study could form the basis for a biologics licensing application, or
BLA, submission for our LentiGlobin product candidate in the United States for the treatment of patients with TDT and non-30/B0 genotypes. In addition, if
successful, we believe the data from our planned Northstar-3 Study, together with data from our ongoing Northstar Study, Northstar-2 Study and HGB-205
study, could be sufficient to form the basis for a BLA supplement submission for our LentiGlobin product candidate for the treatment of patients with TDT
and a B0/B0 genotype.

Our LentiGlobin product candidate has been granted Orphan Drug status by the FDA and EMA for both B-thalassemia and SCD. Our LentiGlobin product
candidate was granted Fast-Track designation by the FDA for the treatment of B-thalassemia major and for the treatment of certain patients with severe
SCD. The FDA has granted Breakthrough Therapy designation to our LentiGlobin product candidate for the treatment of transfusion-dependent patients with
B-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 that it is possible to seek conditional approval for LentiGlobin for the
treatment of TDT on the basis of the totality of the clinical data from our ongoing Northstar Study and HGB-205 study, assuming these studies demonstrate
acceptable efficacy and safety, respectively, and in particular a reduction in transfusion requirements. We believe that conversion to full approval would be
subject to the successful completion of our ongoing Northstar-2 Study and our planned Northstar-3 Study, supportive long-term follow-up data and “real-
world” 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. In addition, the EMA has granted access to its Priority Medicines (PRIME) scheme for our LentiGlobin product candidate in the
treatment of TDT.

Clinical development of our LentiGlobin product candidate
The Northstar Study (HGB-204) — Phase I/l clinical study in subjects with TDT

Our Northstar Study is a single-dose, open-label, non-randomized, multi-site Phase I/Il 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.

Eighteen adults and adolescents have been enrolled in the study. To be eligible for enrollment in this study, subjects were 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 were also eligible for allogeneic HSCT. In September 2016, we announced that our Northstar Study has been fully
enrolled.

Efficacy will be evaluated primarily by the production of>2.0 g/dL of hemoglobin A containing pA-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 0of>2.0 g/dL of hemoglobin A containing pA-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.

The HGB-205 study — Phase I/II clinical study in subjects with TDT or with severe SCD

Our HGB-205 study is a single-dose, open-label, non-randomized, Phase I/l clinical study at a single site in France 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 our HGB-205 study and in
October 2014 we announced that the first subject with severe SCD had been treated in our 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.

The primary objective of our HGB-205 study is to determine the safety, tolerability and success of engraftment of the LentiGlobin drug product. The
secondary objectives of the study are to quantify gene transfer efficiency and expression, and to measure the effects of treatment with the LentiGlobin drug
product on disease-specific biological parameters and clinical events. In the case of subjects with TDT and SCD, this means the volume of pRBC
transfusions, and for subjects with SCD, it also means the number of vaso-occlusive crises and acute chest syndrome events in each subject, compared with
the two-year period prior to treatment.

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.

The HGB-206 study — Phase I clinical study in subjects with severe SCD

Our 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 29 adults will be enrolled in the study. Study subjects must be >18 years of age with a diagnosis of sickle cell disease, with either 3S/BS or S/B0
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. 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.

In October 2016, we announced that we have amended the protocol for our HGB-206 study to incorporate several changes with the goal of increasing
production of anti-sickling B-globin, such as increasing the percentage of transduced cells through manufacturing improvements, increasing target busulfan
area under the curve, introducing a minimum period of regular blood transfusions prior to stem cell collection, and exploring an alternate HSC procurement
method, with the goal of increasing transduced cell dose. Enrollment has begun under this amended protocol and in February 2017, we treated the first
subject under this amended protocol.

The Northstar-2 Study (HGB-207) — Phase III study in subjects with TDT and a non-p0/ 0 genotype

Our Northstar-2 Study is an ongoing single-dose, open-label, non-randomized, international, multi-site Phase III clinical study to evaluate the safety and
efficacy of the LentiGlobin product candidate to treat subjects with TDT and a non-0/B0 genotype.
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Approximately 23 subjects will be enrolled in the study, consisting of at least 15 adolescent and adult subjects between 12 and 50 years of age at
enrollment, and at least eight pediatric subjects less than 12 years of age at enrollment. To be enrolled, subjects with TDT and a non-B0/B0 genotype must
have received at least 100 mL/kg/year of pRBCs per year for the past two years. All subjects must be eligible for allogeneic HSCT, but without a matched
sibling allogeneic HSCT donor.

The primary endpoint of this study is the proportion of treated subjects who achieve transfusion independence, defined as hemoglobin levels >9.0 g/dL
without any pRBC transfusions for a continuous period of at least 12 months at any time during the study after treatment. The secondary endpoints of this
study are to quantify gene transfer efficiency and expression, and to measure the effects of treatment with the LentiGlobin drug product on transfusion
requirements post-transplant and clinical events. Each subject will remain on study for approximately 24 months from time of consent.

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 in our Northstar-2 Study will be treated with our LentiGlobin product candidate manufactured using our updated drug product manufacturing
process with the objective of increasing the vector copy number and the percentage of transduced cells. In December 2016, we announced the first subject
had received treatment with our LentiGlobin product candidate.

The planned Northstar-3 Study (HGB-212) — Phase III Study for TDT in subjects with TDT and a 0/ 0 genotype

We have discussed with the FDA and the EMA the design of our planned international, multi-site Phase III study of our LentiGlobin product candidate for
subjects with TDT and a f0/B0 genotype, called the Northstar-3 Study (HGB-212), which we expect to enroll up to 15 adult, adolescent, and pediatric
subjects. We anticipate that the primary endpoint of our planned Northstar-3 Study will be transfusion reduction, which is defined as a demonstration of a
reduction in the volume of pRBC transfusion requirements in the post-treatment time period of months 12 to 24, as compared to the average annual
transfusion requirements in the 24 months prior to enrollment. We intend to initiate this study in 2017.
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Interim clinical data in subjects with TDT — The Northstar Study and the HGB-205 study

Interim clinical data from the Northstar Study

In December 2016, we presented interim clinical data from our Northstar Study at the Annual Meeting of the American Society of Hematology, or ASH.
All data presented at ASH Annual Meeting and summarized below from our Northstar Study are as of the data cut-off date of September 16, 2016. As of the
data cut-off date, ten subjects with non-B0/B0 genotypes and eight subjects with B0/B0 genotypes had undergone infusion with LentiGlobin drug product in
our Northstar Study. The median follow-up period was 17 months (with a range of 6.3 to 29.8 months). Two subjects had completed the two-year primary
analysis period. Below is a table summarizing the interim clinical data from our Northstar Study presented at the ASH Annual Meeting.

Median (range) (years)

Genotype
BO/B0 genotypes Non-B0/B0 genotypes
(n=8) (n=10)
Genotype 8 10
PE/BO - 6
Other (B+/f0, B+/B+, Bx/B0) — 4
Age at the start of regular transfusions 00-7) 6 (0—26)
Median (range) (years)
Age at enrollment 23 (12 -35) 19.5 (16 —34)

Transfusion requirements prior to study entry
Annualized median (range) (mL/kg/year)

184.9 (128.7-261.3)

146.3 (117.0 —234.5)

Splenectomy 3 3

LentiGlobin drug product VCN 1 0.7(03-1.5) 0.8(0.3-1.1)
Median (range) (c/dg)

LentiGlobin drug product cell dose 11.0 (6.1 —18.1) 7.1(52-13.0)
Median (range) CD34+ cell count (x106/kg)

In vivo VCN at six months of follow-up 0.3(0.1-1.0) 0.4 (0.1-0.9)

Median (range) (c/dg)

1 VCN is a measurement of the mean number of viral vectors in a population of cells, or vector copies per diploid genome. In the case of LentiGlobin drug product VCN, the
measurement is prior to infusion of the study subject. If more than one lot of drug product was manufactured for a subject, the VCN of each drug product lot was quantified and
the cell count is combined.

All five subjects with non-B0/B0 genotypes that had at least twelve months of follow-up have been free from the need for transfusions, as of the data cut-
off date. The median BA-T87Q production for these five subjects was 11.7 g/dL, with a range 0f 9.5 to 12.5 g/dL. At the last follow-up, the median total
hemoglobin ofall ten subjects with non-$0/p0 genotypes was 10.3 g/dL, with a range 0of 7.2 to 12.5 g/dL. The median follow up for these ten subjects was
14.7 months, ranging from 6.3 to 29.8 months. Subjects with a 0/B0 genotype and at least twelve months of follow-up had a median reduction in annualized
transfusion volume of 63% (ranging from 47 to 78%), and median reduction in annualized transfusion frequency of 65% (ranging from 31 to 81%),
calculated based on their transfusion requirements from month 6 to the data cut-off date. The median follow-up for the eight subjects with a f0/B0 genotype
was 17.3 months, ranging from 6.7 to 25.4 months. Hemoglobin fractions at month 12 showed consistent production of BA-T87Q across genotypes in subjects
with at least 12 months of follow-up.

A correlation between VCN and BA-T87Q production was observed as of the data cut-off date. In our Northstar Study, the safety profile of 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 the data cut-off date.

It should be noted that these data presented above are current as of the data cut-off date, are preliminary in nature and our 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 in subjects with TDT, including this
study, our ongoing HGB-205 study, our Northstar-2 Study, or our planned Northstar-3 Study. It is possible that subjects for whom transfusion support has
been reduced or eliminated may receive transfusion support in the future.

Interim clinical data from the HGB-205 study

In December 2016, we presented interim clinical data from our HGB-205 study in subjects with TDT at the ASH Annual Meeting. All data presented at
the ASH Annual Meeting and summarized below from our HGB-205 study are as of the data cut-off date of
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September 9,2016. As of the data cut-off date, four subjects with TDT had undergone infusion with LentiGlobin drug product in our HGB-205 study. The
subjects with TDT had between 11.6 and 33.5 months of follow-up. Three subjects with TDT and the B0/BE genotype have remained free of transfusions since
shortly after infusion with the LentiGlobin drug product. As of the data cut-off date, these three subjects have been free from the need for transfusions for
33.1,29.9 and 11.5 months, respectively. The subject with TDT and homozygosity for the severe B+ mutation IVS1-110 had been free of transfusions for 11.6
months (since approximately 3 months after receiving treatment with the LentiGlobin drug product). In these subjects with TDT, treatment with our
LentiGlobin product candidate has been well tolerated, with no drug product-related adverse events as of the data cut-off date. Below is a table summarizing
the interim data from our HGB-205 study in subjects with TDT that were presented at the ASH Annual Meeting.

TDT
Subject 1201 1202 1203 1206
Age at enrollment 18 16 19 17
(years)
Genotype B0/BE BO/BE homozygous BO/BE

IVSI nt 110 G>A

Transfusion requirements prior to study entry 1 139 188 176 197
(mL/kg/year)
LentiGlobin drug product VCN 2 1.5 2.1 0.8 1.1
(c/dg)
LentiGlobin drug product cell dose 8.9 13.6 8.8 12.0
CD34+ cell count (x106/kg)
Hemoglobin AT87Q / Total hemoglobin 7.7/10.9 10.1/13.5 6.7/83 8.6/11.3
(g/dL)
Busulfan area under the curve 4,967 5212 4,670 4,930
Median (range) (WM/min)
Follow up 335 30.3 14.6 11.6
(months)

1 Mean pRBC requirement per year, over the two years prior to consent.

2 VCN is a measurement of the mean number of viral vectors in a population of cells, or vector copies per diploid genome. In the case of LentiGlobin drug product VCN, the
measurement is prior to infusion of the study subject. If more than one lot of drug product was manufactured for a subject, the VCN of each drug product lot was quantified and
the cell count is combined.

It should be noted that these data presented above are current as of the data cut-off date, are preliminary in nature and our HGB-205 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 in subjects with TDT, including this
study, our ongoing Northstar Study, our Northstar-2 Study, or our planned Northstar-3 Study. It is possible that subjects for whom transfusion support has
been reduced or eliminated may receive transfusion support in the future. Furthermore, the LentiGlobin drug product used for the HGB-205 study is
manufactured at the clinical trial site in Paris, and is not manufactured at our third-party manufacturing locations, and does not use our updated drug product
manufacturing process that is being utilized in our Northstar-2 Study.

Interim clinical data in subjects with severe SCD — The HGB-205 study and the HGB-206 study

In December 2016, we presented interim clinical data from our HGB-205 study regarding a subject with severe SCD at the ASH Annual Meeting. All data
presented at the ASH Annual Meeting and summarized below from our HGB-205 study are as of the data cut-off date of September 9, 2016. As of the data cut-
off date, one subject with severe SCD had undergone infusion with LentiGlobin drug product in our HGB-205 study, with 22.9 months of follow up. At the
2 1-month post-infusion follow up for the subject with severe SCD, the proportion of anti-sickling hemoglobin accounted for over 48 percent of all
hemoglobin production, which was above the 30 percent threshold expected to potentially achieve a disease-modifying clinical effect. Prior to infusion, this
subject required chronic blood transfusions to reduce the occurrence of vaso-occlusive crises. Since infusion with LentiGlobin drug product, this subject has
not received a pRBC transfusion for more than 18 months. Since infusion and as of the data cut-off date, this subject had no hospitalizations or acute SCD-
related events. In this subject with severe SCD, treatment with our LentiGlobin product candidate has been well tolerated, with no drug product-related
adverse events as of the data cut-off date.

Also at the ASH Annual Meeting in December 2016, we presented preliminary clinical data from our HGB-206 study in subjects with severe SCD. All data
presented at the ASH Annual Meeting and summarized below from our HGB-206 study are as of the data cut-off date of November 9,2016. As of the data cut-
off date, seven subjects with severe SCD have been infused with LentiGlobin
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drug product under the original study protocol for our HGB-206 study. One subject experienced a steady increase in hemoglobin levels and is producing 2.0
g/dL HbAT87Q with 22.8% overall anti-sickling hemoglobin (HbAT87Q + HbF), even after a substantial drop in VCN measured in the drug product and the in
vivo measurement taken from peripheral blood at latest follow up (from 0.9 c/dg to 0.24 c/dg at nine months follow up). As of the data cutoff, this was the
only subject in our HGB-206 study who received chronic transfusions prior to receiving LentiGlobin drug product. At last follow up, all treated subjects were
producing measureable HbAT87Q, with a range of 0.1 to 2.0 g/dL HbAT87Q. The safety profile in the infused subjects in our HGB-206 study is consistent with
autologous transplantation. As of the data cut-off date, there were ten grade 3 bone marrow harvest-related adverse events that were reported in three subjects,
including one severe adverse event reported for pain/ prolonged hospitalization. Six subjects experienced at least one severe adverse event post-infusion.
There were no drug product-related adverse events reported as of the data cut-off date.

Below is a table summarizing the interim clinical data in subjects with severe SCD from our HGB-205 study and our HGB-206 study that were presented
at the ASH Annual Meeting, and the data summarized below are as of their respective data cut-off dates. All eight subjects have a history of severe SCD in the
two years prior to enrollment, despite hydroxyurea therapy. Among these eight subjects, two had a history of recurrent vaso-occlusive crises, two had a
history of stroke, six had a history of acute chest syndrome, and two had regular pRBC transfusions prior to treatment with the LentiGlobin drug product.

HGB-205 HGB-206

(n=1) (n=7)
Age at enrollment 13 26 (18 -42)
Median (range) (years)
Bone marrow harvests 2 2(1-4)
Target daily busulfan area under the curve 4,841 (actual) 5,000 (4,400 —5,400)
Median (range) (uM/min)
LentiGlobin drug product VCN 1 1.0,1.2 0.6 (0.3-1.3)
Median (range) (c/dg)
LentiGlobin drug product cell dose 5.6 21(1.6-5.1)
Median (range) CD34+ cell count (x106/kg)
Follow up 21 11.5@8.1-17.1)
Median (range) (Months)

1 VCN is a measurement of the mean number of viral vectors in a population of cells, or vector copies per diploid genome. In the case of LentiGlobin drug product VCN, the
measurement is prior to infusion of the study subject. If more than one lot of drug product was manufactured for a subject, the VCN of each drug product lot was quantified and
the cell count is combined.

It should be noted that these data presented above are current as of the respective data cut-off dates, are preliminary in nature and our HGB-205 and HGB-
206 studies are 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 in subjects
with severe SCD, including these two ongoing studies. It is possible that subjects for whom complications of severe SCD have been reduced or eliminated
may experience complications of severe SCD in the future. Furthermore, the LentiGlobin drug product used in the HGB-205 study and in the HGB-206 study
under the original protocol and presented above did not utilize our updated drug product manufacturing process that is being utilized under the amended
protocol for the HGB-206 study. In addition, the LentiGlobin drug product used for the HGB-205 study is manufactured at the clinical trial site in Paris, and
is not manufactured at our third-party manufacturing locations.

Our Lenti-D product candidate opportunity
Adrenoleukodystrophy

Adrenoleukodystrophy is a rare X-linked, metabolic disorder caused by mutations in the ABCDI1 gene which results in a deficiency in
adrenoleukodystrophy protein, or ALDP and subsequent accumulation of very long-chain fatty acids, or VLCFA. VLCFA accumulation occurs in plasma and
all tissue types, but primarily affects the adrenal cortex and white matter of the brain and spinal cord, leading to a range of clinical outcomes. The most severe
form of ALD, the inflammatory cerebral phenotype, which we refer to as CALD, involves a progressive destruction of myelin, the protective sheath of the
nerve cells in the brain that are responsible for thinking and muscle control. Symptoms of CALD usually occur in early childhood and progress rapidly if
untreated, leading to severe loss of neurological function and eventual death in most patients. We estimate that a significant proportion of males with ALD
will develop CALD.
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Limitations of current treatment options

There is a clear unmet medical need for patients with CALD. Currently, the only effective treatment option 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 is reserved for patients in the earliest stages of cerebral 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 or partially matched
related or unrelated donor cells including umbilical cord blood cells because a matched sibling donor is not available. The difficulty of finding a suitable
donor is one of the primary limitations of this approach. Complications of allogeneic HSCT include a significant risk of morbidity and mortality related to
graft failure, GVHD and opportunistic infections, particularly in patients who undergo non-sibling-matched allogeneic HSCT.

As the outcome of HSCT varies with clinical stage of the disease at the time of transplant, early diagnosis of CALD is important. Favorable outcomes have
been observed in patients who undergo transplant in the early stages of cerebral disease. ALD can be detected at birth, allowing boys at risk for CALD to be
monitored and identified prior to the onset of symptoms. In the United States, newborn screening for ALD was added to the Recommended Universal
Screening Panel, or RUSP, in February 2016. The RUSP is a list of disorders that are screened at birth and recommended by the Secretary of the U.S.
Department of Health and Human Services for states to screen as part of their state universal newborn screening program. Disorders are chosen based on
evidence that supports the potential net benefit of screening, among other factors. A number of states in the United States have added ALD to their newbom
screening programs.

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 ABCDI 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 deficient ALDP 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. In April 2016, we presented preliminary clinical data from this study at the
American Academy of Neurology Annual Meeting. In December 2016, we announced that we intend to expand the Starbeam Study to enroll up to eight
additional patients in an effort to enable the first manufacture of our Lenti-D product candidate in Europe, and the subsequent treatment of subjects in
Europe, and to bolster our overall clinical data package for potential future regulatory filings in the United States and Europe. We plan to begin treating these
additional subjects in the Starbeam Study in early 2017.

If successful, and pending further discussion with the regulatory authorities, the results from the Starbeam Study could potentially form the basis ofa 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 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)

CALD is a rare disease and as such, data on the natural history of the disease, as well as the efficacy and safety profile of allogeneic HSCT is limited in the
scientific literature. In order to properly design 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
in comparison to the efficacy and safety data obtained from patients that received allogeneic HSCT. 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.
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Starbeam Study (ALD-102) — Phase II/11I clinical study in subjects with CALD

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 this study, we use the neurologic function score, or NES, the existence and number of major functional disabilities, or MFDs, the Loes score, and
evidence of gadolinium enhancement on MRI to evaluate potential subjects’ eligibility for the study, and to evaluate efficacy.

The NFS is a 25-point score used to evaluate the severity of gross neurologic dysfunction by scoring 15 neurological abnormalities across multiple
domains. These neurological abnormalities are listed below. 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 potential subject’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.

Symptoms Score
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

Total
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*  Major Functional Disabilities (MFDs)

The Loes score is a 34-point scale specifically designed to objectively measure the extent of demyelination in CALD based on brain magnetic resonance
imaging, or MRI, studies. Increasing Loes scores indicate worsening disease. 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. CALD can progress rapidly and is associated with severe inflammation and disruption of the blood brain
barrier which can be detected by gadolinium enhancement on MRI. Evidence of gadolinium enhancement in the brain in a MRI study, referred to by
clinicians as a gadolinium positive result, is highly predictive of rapid neurologic decline. However, while pre-transplant gadolinium status is clearly
correlated with rapid disease progression, the kinetics of gadolinium enhancement after clinically successful HCST are not well understood.

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. In December 2016, we amended the protocol of the Starbeam Study to enroll up to eight
additional patients in an effort to enable the first manufacture of our Lenti-D product candidate in Europe and the subsequent treatment of subjects in Europe,
and to bolster our overall clinical data package for potential future regulatory filings in the United States and Europe. We plan to begin treating the
additional patients in early 2017.
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We have defined the primary efficacy endpoint in the Starbeam Study as the proportion of subjects who have no MFDs 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 MFD-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.

Preliminary Clinical Data from the Starbeam Study

In April 2016, we presented preliminary clinical data from the Starbeam Study at the American Academy of Neurology (AAN) Annual Meeting. All data
presented at the AAN Annual Meeting and summarized below from the Starbeam Study are as of the data cut-off date of March 31,2016. As of the data cut-off
date, 17 subjects with CALD had received Lenti-D drug product. All subjects had at least six months of follow up, with eight subjects having between 12 and
24 months of follow up.

Sixteen of 17 subjects had NFS stabilization (change of <3 points and an absolute NFS<4). Two subjects had an increase in NFS from 0 to 1, due to the
occurrence of stuttering in one patient, and episodic urinary incontinence in another patient. One patient had an early, rapidly progressive course and had an
NES of 5, reflecting deficits in speech, vision, difficulty walking and running, and episodes of urinary incontinence. Fourteen of 17 subjects had a stable Loes
score (change of <5 points or an absolute Loes score <9). Sixteen of 17 had resolution of gadolinium enhancement by month six. Reemergence of diffuse
contrast enhancement was seen in five subjects at month 12. Of those five subjects, the two with at least 18 months of follow up showed resolution of
gadolinium enhancement at month 18.

As of'the data cut-off date, the safety profile of treatment with the Lenti-D drug product appears consistent with myeloablative conditioning with one
possibly drug-related serious adverse event (Grade 3 BK-mediated viral cystitis), and one possibly drug-related adverse event (Grade 1 tachycardia). Both
resolved with standard measures. Integration site analyses demonstrated polyclonal reconstitution in all subjects without evidence of clonal dominance, as of
the data cut-off date.

It should be noted that these data presented above are current as of the data cut-off date, are preliminary in nature and the Starbeam Study is not complete.
There is limited data conceming long-term safety and efficacy following treatment with our Lenti-D product candidate. These data may not continue for these
subjects or be repeated or observed in our ongoing Starbeam Study or future studies involving our Lenti-D product candidate. It is possible that subjects who
exhibit NFS stabilization, a stable Loes score, or resolution of gadolinium enhancement as of the data cut-off date may ultimately progress in the future.

The ALD-103 study — Observational study

We are also conducting the ALD-103 study, an observational study of subjects with CALD treated by allogeneic HSCT. This study is ongoing and
designed to collect efficacy and safety outcomes data in subjects who have undergone allogeneic HSCT in a period that is contemporaneous with the
Starbeam Study. 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 in conjunction with our retrospective observational ALD-101 study and our retrospective and prospective observational ALD-103 study.
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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 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 Opportunity in T Cell-Based Therapies for Cancer

We are engaging in the discovery and 