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A new study in a mouse model
shows that in situ corrective gene
transfer can restore T-cell develop-
ment in a form of severe combined
immunodeficiency (SCID) but will
this approach translate into safer
gene therapy for human T-cell defi-
ciencies?

Gene transfer ex vivo into hemato-
poietic progenitor cells using vectors
based on gamma-retroviruses has
been shown to be a successful
therapeutic option for SCID.1–4 The
occurrence of insertional oncogen-
esis events in one trial,5,6 however,
has indicated the need to explore
other gene transfer vectors and
approaches.

Lentiviral vectors have been pro-
posed as a safer alternative for a
number of reasons including their
reduced tendency to target gene
transcriptional start sites,7,8 and their
amenability to being produced in
‘self-inactivating’ configurations.9,10

Current gene therapy approaches
for SCID involve in vitro culture
and transduction of hematopoietic
progenitors. Although this practice
has resulted in long-term (6+
years) engraftment of multilineage
progenitors,1–4 ex vivo manipula-
tion can be expected to cause some
loss of the critical cells with pluri-
potent hematopoietic stem cell
characteristics.11,12

In the August issue of The Journal
of Clinical Investigation, Adjali et al.13

reported results relevant to both the
above issues. These investigators
used direct intrathymic injection of
a lentiviral vector to correct a mouse
model of the form of SCID due to
deficiency of ZAP-70, the T-cell
receptor z-chain-associated signaling
kinase specific to T and NK cells
(reviewed in Roifman,14). Following
intrathymic injection, functional T
cells appeared in about a quarter of
the treated mice, indicating reversal
of the thymocyte differentiation

block characteristic of ZAP-70 defi-
ciency as well as a selective advan-
tage for corrected T-lineage cells.13

ZAP-70 deficiency is an exceed-
ingly rare form of SCID in humans
and is unique, in that nonfunctional
CD4+ T cells are found in the
circulation, although CD8+ T cells
are absent.14 An obvious question
that arises is whether direct intrathy-
mic injection of a corrective vector
could be exploited for the more
common gene defects causing SCID,
such as X-linked SCID (X-SCID) and
deficiencies of JAK3 kinase, adeno-
sine deaminase (ADA), recombinase
activating genes (RAG1, RAG2), or
Artemis.

The histology of the thymus dif-
fers markedly in ZAP-70 deficiency,
in which there is a relatively late
blockage of T-cell receptor signaling,
compared to these more typical
forms of SCID, in which thymi have
developmental arrest at the prethy-
mic or early preproliferative thymic
stages.14 In both murine and human
ZAP-70 deficiency, the thymus is of
normal size and contains a full
complement of cortical thymocytes
as well as abundant medullary thy-
mocytes of the CD4 lineage. More
typical human SCIDs, such as the gc-
deficient X-SCID case illustrated in
Figure 1, have extremely small thy-
mi, generally o1 g, which are made
up of vestigial, empty stromal tissue
virtually devoid of thymocytes.
Thus, even if the thymic stromal
remnant could be localized and
injected, very few to no T-lineage
cells would be available for gene
correction of X-SCID or other typical
SCIDs. Indeed, transduction of thy-
mic stromal cells would be the
expected outcome of vector injection
into the thymi of such patients, a
phenomenon noted in the experi-
ments of Adjali et al.13 The potential
consequences of insertion into stro-
mal cell genomes of vectors contain-

ing the CD4 enhancer used by Adjali
et al. are unknown.

As pointed out by these authors,
the clinical improvement of an
X-SCID patient with spontaneous
in vivo reversion of his mutation
indicated that correction of perhaps
even a single T-cell precursor can
result in amelioration of the clinical
phenotype due to the strong selec-
tive advantage of cells with intact
gc.15 So it might be possible that gene
transfer into even a scarcely popu-
lated thymus could afford some
prospect of meaningful T-cell pro-
duction. Eventually, however, the
revertant T-cell population that had
emerged in the cited X-SCID patient
exhausted itself, necessitating bone
marrow transplantation treatment.
So the logical next question is: what
could be the expected longevity of
thymic T-cell precursors after in situ
gene correction?

Mice that the authors treated
retained gene corrected thymocytes
as long as 52 weeks after gene
transfer,13 approximately half the life
expectancy of the average labora-
tory mouse. However, converting
mouse years into human years
remains a questionable proposition;
the intrathymic procedure might
have to be undertaken repeatedly
in humans. Moreover, achieving
a fully diverse repertoire of correc-
ted T cells could require multiple
gene injections, since this did
not happen after the single intrathy-
mic injection given to the ZAP-70
knockout mice.13

The results by Adjali et al.13 offer
a potential new strategy for gene
therapy of ZAP-70 deficiency and
perhaps other selected T-cell immu-
nodeficiencies with conserved
thymic structure and cellularity, such
as deficiencies of the d and e compo-
nents of the CD3 receptor complex.
However, as the authors point out,
to achieve reliable, full correction
of treated animals and reconstitution
of responses to pathogens, the effi-
cacy of intrathymic gene transfer will
need to be improved. Moreover, to
validate the postulated safety fea-
tures of T-cell-specific lentiviral gene
therapy the field needs to assess the
genomic distribution of vector inser-
tions in transduced T lymphocytes,
the potential for the vector’s CD4
enhancer to cis-activate neigh-
boring genes, and any cooperativity
between the ZAP-70 kinase and
endogenous gene products that
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could confer a risk of malignant
transformation.

Gene therapy for forms of SCID
that affect development and/or
function of B and/or NK cells in
addition to T cells will still need to
target pluripotent hematopoietic
progenitors resident in the bone
marrow, rather than limiting the
transduction to T cell progenitors in
the thymus. While current clinical
protocols have been based on ex-vivo
manipulation of such cells, it is
foreseeable that intraosseous admin-
istration of viral vectors could pro-
duce in situ correction in future, as
has already been proven successful
in several animal models, including
Jak3-deficient SCID mice.16–19

An ultimate goal of gene therapy
is the development of safe gene
vectors that can be administered
simply as drugs. The work by Adjali
et al.13 represents an early, but inter-
esting step toward this goal, a step

that could have important implica-
tions for the future treatment options
of ZAP-70 deficiency. Whether this
approach can be beneficial for the
majority of SCIDs with few to no
T-cell targets for correction in the
thymus remains to be evaluated. ’
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