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Therapeutic gene causing lymphoma
Insight into risks posed by corrective gene therapy comes from an immunodeficient mouse model.

The development of T-cell leukaemia
following the otherwise successful treat-
ment of three patients with X-linked
severe combined immune deficiency
(X-SCID) in gene-therapy trials using
haematopoietic stem cells1has led to a
re-evaluation of this approach2. Using a
mouse model for gene therapy of X-
SCID, we find that the corrective thera-
peutic gene IL2RGitself can act as a
contributor to the genesis of T-cell lym-
phomas, with one-third of animals
being affected. Gene-therapy trials for
X-SCID, which have been based on the
assumption that IL2RGis minimally
oncogenic3–7, may therefore pose some
risk to patients. 
The syndrome X-SCID is caused by
faulty expression of the -chain of the
interleukin-2 receptor (IL2RG), which
results in diminished lymphoid-cell
survival and proliferation. Gene ther-
apy can restore IL2RG expression and
hence adaptive immunity in X-SCID
patients. The development of leuk-
aemia after this gene therapy has been
attributed to the upregulated expres-
sion of the oncogene LMO2as a result
of vector integration2. 
To investigate the origin of these
adverse events, we expressed IL2RG
inserted into a lentiviral vector (LV) in
a murine model of X-SCID, and followed the
fates of mice for up to 1.5 years post-trans-
plantation. Unexpectedly, 33% of these mice
(n 15) developed T-cell lymphomas that
were associated with a gross thymic mass
(Fig. 1, and see supplementary information).
Lymphomic tissues shared a common lymph-
omic stem cell, with similar vector-integration
sites being evident in the DNA of the thymus,
bone marrow and spleen of individual mice;
however, no common integration targets were
found between mice. 
As expected, T-cell lymphomas were also
detected in positive-control mice transduced
with LMO2in a lentiviral vector (n 12; preva-
lence, 50%; the cell phenotype has been
described8), although none of the mock-trans-
duced mice (n 15) or control-vector-trans-
duced mice (LV-GFP; n 15; Fig. 1) developed
thymomas. These results, generated from inde-
pendent transplant experiments with 76 mice
ranging from 41 to 81 weeks post-transplant,
indicate that insertional mutagenesis was not

the principal cause of lymphoma in our mice.
How has the oncogenicity of IL2RGbeen
overlooked? Worldwide, some 88 mice have
been treated with IL2RGin retroviral vec-
tors3–5,9–11, but these studies were limited by
their duration, which usually did not exceed 
6 months post-transplant. (Our first IL2RG-
induced lymphoma appeared 6 months post-
transplant.) Longer-term analysis did not
reveal leukaemogenesis in dogs, rhesus
macaques or sheep carrying human chimaeric
genes for up to one year post-transplant, but
this may have been attributable to features
inherent in large-animal models6,7. In the
human gene-therapy trials1, leukaemias did
not appear until 2–3 years after treatment.
Lymphomagenesis in our mice may result
from altered signalling through one or more 
of the interleukin receptors that contain the
IL2RG subunit (including those for inter-
leukins 2, 4, 7, 9, 15 and 21, most of which have
been associated with T-cell neoplasias). Alt-
ered cell-survival and/or tumour-suppressor 

functions due to abnormal receptor
expression are known to occur in 
B-cell-receptor signalling, where over-
expression of Btk blocks B-cell devel-
opment but underexpression leads to
B-cell neoplasia12. The long latency
period before lymphomas develop in
our LV-IL2RG-treated mice indicates
that other complementary mutations
may be required for lymphomagenesis.
Our results indicate that preclinical
experimental treatments involving
transgenes should include long-term
follow-up before they enter clinical tri-
als. Moreover, our findings highlight
the need for continued development of
vectors capable of regulated therapeutic
gene expression.
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Figure 1 |Kaplan–Meier statistical analysis showing occurrence in
mice of T-cell lymphomas. Significantly more T-cell lymphomas
developed in animals transplanted with cells transduced with 
LV-IL2RG (triangles) compared with controls that were mock-
transduced or LV-GFP vector-transduced (filled circles and open
circles, respectively). LV-GFP expresses the marker gene for green
fluorescence protein and is used to verify that the principal
lymphomagenic event is neither insertional mutagenesis nor 
the presence of oncogenic elements within the vector backbone.
Crosses indicate positive controls transplanted with LV-LMO2
containing the T-cell oncogene LMO2. We found 33% of LV-IL2RG
mice died within 81 weeks of transplantation with either X-SCID 
or wild-type IL2RG(CD45.1) haematopoietic donor cells. 
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