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GENE THERAPY IS an emerging medical
modality in which genetic diseases

will be corrected by transfer of a normal
version of the relevant gene into a pa-
tient’s somatic cells. Gene transfer into
the hematopoietic stem cells (HSC) of
patients with hemoglobinopathies, con-
genital immune deficiencies and lysoso-
mal storage diseases followed by their
autologous transplantation could provide
the same benefits as allogeneic trans-
plantation, without the immunologic
complications of graft rejection, graft
versus host disease, and post-transplan-
tation immunosuppressive therapy.
While the use of gene therapy to treat
blood diseases is logical, this vision re-
mains unfulfilled, primarily due to the
inadequacies of the tools used for gene
transfer and expression. Despite cycles
of rising hope and sinking despair in the
field of gene therapy, the techniques for
gene transfer, gene expression, and he-
matopoietic stem cell manipulation have
steadily improved.

There have been clinical trials of gene
therapy since 1990. The first attempt to
treat a disease targeted a form of severe
combined immune deficiency (SCID) due
to defects in the gene encoding adenosine
deaminase (ADA). SCID was chosen be-
cause of evidence from three decades of
experience with allogeneic bone marrow
transplantation for SCID which demon-
strated that a modest number of genetically
normal bone marrow HSC can develop
into a protective immune system (1).

The first trial of gene transfer for
ADA-deficient SCID actually used pe-
ripheral blood T lymphocytes, rather
than bone marrow (HSC). Prolonged
survival of the gene-corrected T lym-
phocytes over nearly a decade has been
documented (2). But, it is not possible
to determine whether the patients had
any clinical benefit as a result of the
gene transfer, because they continue to
be treated with enzyme replacement
therapy, by weekly intramuscularly in-
jections of a modified form of ADA

protein. Subsequent clinical trials of
gene transfer for ADA-deficient SCID
have produced modest results, (3),
without incontrovertible evidence of
clinical benefit.

A recent report by Cavazzana-Calvo
et al. (4) validates the concept of SCID
as a favorable model disease for early
gene therapy studies and represent the
first demonstration of a significant
clinical benefit from gene therapy.
Gene therapy for the X-linked form of
SCID (XSCID) was attempted in two
infants. XSCID is due to genetic de-
fects of an X-linked gene encoding a
component of the cell surface receptor
for five different growth factors in-
volved in lymphocyte development
and activation, the common cytokine
receptor gamma chain or gc.

Bone marrow was collected from the
infants and exposed to a retroviral vector
carrying a normal copy of the human gc
gene. The marrow cells were returned to
the infants by intravenous infusion. Over
the subsequent months, both infants de-
veloped normal numbers of T lympho-
cytes and natural killer (NK) cells, which
showed evidence of immunologic func-
tion. Both infants have remained in good
health, free of opportunistic infections,
growing and developing without protec-
tive isolation. Initial evidence suggests
they have also developed B lymphocyte
function with the presence of protective
levels of antibodies, although the num-
ber of B lymphocytes remains low.

The tempo at which T lymphocyte
numbers and function developed is es-
sentially identical to the response to
transplantation of genetically normal
hematopoietic stem cells from the bone
marrow of a healthy, HLA-matched
sibling donor. There was near-normal-
ization of T cell numbers within 2 to 3
months, which reflects the minimal
time it takes for a human HSC or

lymphoid progenitor to enter the thy-
mus, undergo maturation and enter the
periphery, based upon observation of
SCID patients who receive T cell de-
pleted bone marrow transplant.

This is a landmark paper. It clearly
represents the most significant physio-
logic response achieved in any clinical
gene transfer study to date. While the
duration of follow-up is still quite short
(1 year) the findings meet all expecta-
tions for initial success in the treatment
of this disorder.

Since the initial trials of gene ther-
apy for ADA-deficient SCID, almost
400 clinical trials of gene therapy have
been performed for a broad array of
conditions (cancer, cardiovascular dis-
ease, AIDS, cystic fibrosis, Gaucher
disease), involving more than 3,000
subjects. There have been only hints of
potential efficacy in a few. Therefore,
the study in XSCID provides, at last,
proof of principle for gene therapy.
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