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CD4+ and CD8+ T cells.17 Finally, in addi-
tion to improving effi  cacy, a major barrier 
to the development of cancer vaccines has 
been related to the economics of delivering 
personalized medicine. Th e next genera-
tion of designer DCs are attractive in that 
they have the potential to provide short-
cuts to the ex vivo manufacturing proce-
dure, so that it may be possible to simplify 
the complex process currently required for 
production of natural DCs. Further prog-
ress in designer DCs has the potential to 
advance the feasibility of developing ef-
fective vaccines for several cancers and 
chronic infections.

REFERENCES
1. Banchereau, J and Steinman, RM (1998). Dendritic 

cells and the control of immunity. Nature 392: 
245–252.

2. Kaneko, K, Wang, Z, Kim, SH, Morelli, AE, Robbins, 
PD and Thomson, AW (2003). Dendritic cells geneti-
cally engineered to express IL-4 exhibit enhanced 
IL-12p70 production in response to CD40 ligation 
and accelerate organ allograft rejection. Gene Ther 
10: 143–152.

3. Schroers, R, Sinha, I, Segall, H, Schmidt-Wolf, IG, 
Rooney, CM, Brenner, MK et al. (2000). Transduction 
of human PBMC-derived dendritic cells and macro-
phages by an HIV-1–based lentiviral vector system. 
Mol Ther 1: 171–179.

4. Dullaers, M, Breckpot, K, Van Meirvenne, S, Bonehill, 
A, Tuyaerts, S, Michiels, A et al. (2004). Side-by-side 
comparison of lentivirally transduced and mRNA-
electroporated dendritic cells: implications for cancer 
immunotherapy protocols. Mol Ther 10: 768–779.

5. Koya, RC, Weber, JS, Kasahara, N, Lau, R, Villacres, 
MC, Levine, AM et al. (2004). Making dendritic cells 
from the inside out: lentiviral vector-mediated gene 
delivery of granulocyte-macrophage colony-stimulat-
ing factor and interleukin 4 into CD14+ monocytes 
generates dendritic cells in vitro. Hum Gene Ther 15: 
733–748.

6. Curiel-Lewandrowski, C, Mahnke, K, Labeur, M, 
Roters, B, Schmidt, W, Granstein, RD et al. (1999). 
Transfection of immature murine bone marrow–
derived dendritic cells with the granulocyte-mac-
rophage colony-stimulating factor gene potently 
enhances their in vivo antigen-presenting capacity. 
J Immunol 163: 174–183.

7. Koya, RC, Kimura, T, Ribas, A, Rozengurt, N, Lawson, 
GW, Faure-Kumar, E et al. (2007). Lentiviral vector-
mediated autonomous differentiation of mouse bone 
marrow cells into immunologically potent dendritic 
cell vaccines. Mol Ther 15: 971–980.

8. Hurford, RK, Jr, Dranoff, G, Mulligan, RC and Tep-
per, RI (1995). Gene therapy of metastatic cancer 
by in vivo retroviral gene targeting. Nat Genet 10: 
430–435.

9. Banerjee, DK, Dhodapkar, MV, Matayeva, E, Stein-
man, RM and Dhodapkar, KM (2006). Expansion of 
FOXP3 high regulatory T cells by human dendritic 
cells (DCs) in vitro and after injection of cytokine-
matured DCs in myeloma patients. Blood 108: 
2655–2661.

10. Levine, BL, Humeau, LM, Boyer, J, MacGregor, RR, 
Rebello, T, Lu, X et al. (2006). Gene transfer in hu-
mans using a conditionally replicating lentiviral vector. 
Proc Natl Acad Sci USA 103: 17372–17377.

11. Lang, RA, Metcalf, D, Cuthbertson, RA, Lyons, I, Stanley, 
E, Kelso, A et al. (1987). Transgenic mice expressing a 
hemopoietic growth factor gene (GM-CSF) develop 
accumulations of macrophages, blindness, and a fatal 
syndrome of tissue damage. Cell 51: 675–686.

12. Laker, C, Stocking, C, Bergholz, U, Hess, N, De Lamar-
ter, JF and Ostertag, W (1987). Autocrine stimulation 
after transfer of the granulocyte/macrophage colony-
stimulating factor gene and autonomous growth are 
distinct but interdependent steps in the oncogenic 
pathway. Proc Natl Acad Sci USA 84: 8458–8462.

13. Wang, J, Zheng, L, Lobito, A, Chan, FK, Dale, J, 

Sneller, M et al. (1999). Inherited human caspase 
10 mutations underlie defective lymphocyte and 
dendritic cell apoptosis in autoimmune lymphoprolif-
erative syndrome type II. Cell 98: 47–58.

14. Candido, KA, Shimizu, K, McLaughlin, JC, Kunkel, R, 
Fuller, JA, Redman, BG et al. (2001). Local administra-
tion of dendritic cells inhibits established breast tumor 
growth: implications for apoptosis-inducing agents. 
Cancer Res 61: 228–236.

15. Shultz, LD, Lyons, BL, Burzenski, LM, Gott, B, Chen, 
X, Chaleff, S et al. (2005). Human lymphoid and 

myeloid cell development in NOD/LtSz-scid IL2R 
gamma null mice engrafted with mobilized human 
hemopoietic stem cells. J Immunol 174: 6477–6489.

16. Palmowski, MJ, Lopes, L, Ikeda, Y, Salio, M, Cerun-
dolo, V and Collins, MK (2004). Intravenous injection 
of a lentiviral vector encoding NY-ESO-1 induces an 
effective CTL response. J Immunol 172: 1582–1587.

17. Dudziak, D, Kamphorst, AO, Heidkamp, GF, Buchholz, 
VR, Trumpfheller, C, Yamazaki, S et al. (2007). Dif-
ferential antigen processing by dendritic cell subsets 
in vivo. Science. 315: 107–111.

See page 962 

I Could Die for You: New Prospects 
for Suicide in Gene Therapy
Christopher Baum1,2

doi:10.1038/sj.mt.6300164

1Department of Experimental Hematology, 
Hannover Medical School, Hannover, Germany; 
2Division of Experimental Hematology, Cincin-
nati Children’s Hospital Medical Center, Cincin-
nati, Ohio, USA.
Correspondence: Christopher Baum, Experi-
mental Hematology, Hannover Medical School, 
Carl-Neuberg-Strasse 1, D-30625 Hannover, 
Germany. 
E-mail: baum.christopher@mh-hannover

Molecular therapy in the year 
2050: the editor invites authors 
to submit papers that describe 

the transfer of complex genetic informa-
tion containing complete sets of develop-
mental instructions for the control of cell 
fate in vivo. By this time the technologi-
cal basis for such multigene transfer will 
have been established, with the creation 
of new generations of versatile, receptor-
targeted, episomal gene vectors character-
ized by a large genome capacity and per-
sistent gene expression. Safe and effi  cient 
delivery of genetic information into cells 
no longer represents a limitation. Systems 
biology will have allowed more precise 
predictions of cell behavior in multicel-
lular organisms and of gene interactions 
in response to environmental stimuli. A 
remaining challenge at this (unfortunate-
ly still distant) stage of the development 
of the fi eld is the design of “intelligent 
episomes” that comprise entire gene net-
works that allow multimodular manipula-
tion of cell behavior. Among the modules 
used for this purpose are several that fulfi ll 
only one aim: to cause the engineered cell 

to self-destruct in case of misbehavior. A 
gene encoding the melancholic message “I 
could die for you,” or, in less poetic terms: 
targeted cell death or conditional suicide. 
Th is is not pure science fi ction. Certainly 
some of the selectable marker genes used 
in the year 2050 will rely on discoveries 
made today.

Although suicide gene therapy has made 
its way into clinical trials beyond phase 
I/II1–4 and has also been considered as an 
emergency brake in the case of tumor in-
duction by insertional mutagenesis,5,6 the 
perfect suicide gene has yet to be identifi ed. 
Th e therapeutic value of such a gene is based 
on many parameters: it should not alter cell 
growth in the absence of a suicide-inducing 
drug, it should not induce the expression of 
immunogenic epitopes, and the drug used 
to trigger cell death should not be toxic in 
other cells. A possible breakthrough toward 
this goal is presented in the article by Medin’s 
group published in this issue of Molecular 
Th erapy,7 and it is quite possible that the work 
described in this article will continue to be 
referenced in manuscripts submitted in the 
year 2050 that describe work using complex 
episomes for the control of cell behavior.

So what did Medin and colleagues 
do? Th ey considered that the prodrug 
3′-azido-3′-deoxythymidine, better known 
as AZT and widely used in HIV therapy, 
must be converted to the toxic triphos-
phate AZT-TP by cellular enzymes for it 
to wreak its havoc on the cell. Th e rate-
limiting step in this process is catalyzed 
by thymidylate kinase (TmpK). To en-
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hance the potency of the drug, Sato et al.7 
designed point mutants into the TmpK 
gene so as to accelerate AZT phosphoryla-
tion, thus effi  ciently converting this fairly 
safe prodrug into a strong antimetabolite 
that eff ectively kills cells into which it is 
introduced. Subsequent mechanistic stud-
ies indicated that cellular apoptosis was 
triggered in response to expression of the 
mutant TmpK and exposure to AZT by ac-
tivation of caspase-3 and disruption of the 
mitochondrial inner membrane potential. 

An interesting aside to this fi nding, as 
suggested by the authors, is that it may pro-
vide an explanation for the toxic mitochon-
drial myopathy observed in some patients 
subsequent to long-term treatment with 
AZT. Another important observation of this 
study is the fi nding that this mechanism of 
cell death did not necessarily require cell 
division. Th is may be of particular impor-
tance when attempting to destroy quiescent 
tumor stem cells or other transplanted cells 
that may cause harm in the body even in the 
absence of a high proliferative index. Under-
lining the potency of the mutant TmpK/AZT 
suicide team, proof-of-concept experiments 
revealed effi  cient cell death in transduced 
immortal and primary T cells studied in vi-
tro and a transduced K562 cell tumor model 
evaluated in immunodefi cient mice. Th is 
suggests that this particular suicide gene/
prodrug combination could be useful to 
eliminate either transplanted T cells in case 

of an attack against healthy tissue (so-called 
graft -versus-host disease) or tumor cells (that 
may arise as a complication of cell therapy or 
that may be directly targeted in vivo).

Of course, a few questions remain un-
answered, but these are probably the subject 
of ongoing investigations. Th ese include 
the long-term eff ects of ectopic expression 
of mutant TmpK on cell growth and diff er-
entiation, the degree of bystander killing of 
neighboring cells that do not contain the 
transgene, the ability to counteract acute 
and chronic graft -versus-host disease 
subsequent to genetic modifi cation of T 
cells, the ability to enrich cells coexpress-
ing mutant TmpK and a positive selection 
marker using clinically applicable selec-
tion systems, and the frequency of genetic 
and epigenetic revertants or other forms 
of intrinsic resistance (which have been 
described using other suicide genes).5,8,9 
Indeed, the fact that a single point muta-
tion is suffi  cient to create a suicidal (and 
potentially nonimmunogenic) version of 
TmpK implies that another counteracting 
single point mutation might lead to loss of 
its suicide activity. A malicious “I will not 
die for you aft er all” may be the unfortu-
nate message encoded by such an escape 
mutant. As suggested in the present and 
earlier reports,5,10 this potential drawback 
could be addressed by the coexpression of 
a second suicide gene allowing targeted 
cell elimination. Nevertheless, the study by 

Sato et al. introduces a promising new ap-
proach for targeted induction of cell death 
with proof-of-concept analyses in model 
systems. Th e mutant TmpK/AZT suicide 
combination may thus prove to be a useful 
new tool for future gene and cell therapy.
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