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Therapeutic strategies based on the insertion of cytokine or other immunostimulatory genes into the genome of tumour cells followed by vaccination with the
resulting genetically modiﬁed, cytokine-producing, irradiated vaccines represent a new potential prospect for
the treatment of cancer patients. The vaccines carrying
inserted immunostimulatory genes were, for the ﬁrst
time, designed and successfully utilized in 1988
(Bubeník et al., 1988). Fibroblastoid RAT-1 cells were
in vitro transfected with interleukin (IL)-2 cDNA using
a retroviral vector. The genetically engineered RAT-1
cells constitutively producing IL-2 were capable of inhibiting human tumour xenografts transplanted in congenitally athymic (nu/nu) mice (Bubeník et al., 1988) as
well as Rous sarcoma virus-induced tumours transplanted in syngeneic Lewis rats (Bubeník 1989). As compared with repeated systemic high-dose IL-2 administration required for inhibition of the tumours, which
frequently produces severe adverse effects, a single injection of the IL-2-producing RAT-1 cells could secure
a long-lasting therapeutic IL-2 concentration in the tumour vicinity with a negligible IL-2 concentration in the
peripheral blood and, therefore, with no adverse effects.
These ﬁrst ﬁndings were later conﬁrmed and extended
by other laboratories using various murine tumours,
such as ﬁbrosarcoma (Gansbacher et al., 1990), colon
carcinoma (Fearon et al., 1990), mastocytoma (Ley et
al., 1991), as well as plasmacytoma (Bubeník et al.,
1991) and leukaemia (Bubeník et al. 1995). Insertion of
some other immunostimulatory cytokine genes, IL-4,
IL-6, IL-7, tumour necrosis factor (TNF)-α or interferon
(IFN)-γ into tumour, dendritic or stromal cells also proReceived March 14, 2007. Accepted April 1, 2007.
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vided cellular vaccines with similar tumour inhibitory
effects (for a review, see Bubeník et al., 1996a; 2001). It
has been found that the defence reaction initiated by the
gene therapy continues for some time after administration of the irradiated vaccine or after silencing/segregation of the inserted genes, in other words, for a period
sufﬁcient not only for the rejection of the tumour, but
also for the development of the “protective” immunological memory. The immune reaction induced by the
gene therapy was able to destroy not only the genetically manipulated cells carrying the inserted molecules,
but also the original, parental tumour or other cells (for
a review, see Bubeník 1996b).
In experimental tumour systems the most encouraging results have been obtained with treatment of small
tumours, distant micrometastases, and residual tumour
disease after surgery or chemotherapy (Bubeník et al.,
1999; 2003; Mikyšková et al., 2001; 2004; Indrová et
al., 2003; Bubeník and Šímová 2005). To increase the
efﬁcacy of the genetically modiﬁed tumour vaccines,
various combinations of cytokine-secreting vaccines
with other cytokines or other therapeutic modalities
were examined (for a review, see Bubeník 1996a).
Taken together, the preclinical studies have demonstrated that cytokine genes can be successfully inserted
into the genome of tumour cells, that the genetically engineered tumour cells may secrete therapeutic levels of
cytokines, and that vaccination with the genetically
modiﬁed, cytokine-secreting tumour or other cells can
substantially inhibit tumour growth in a variety of experimental model systems and can induce immunological memory.
Safety studies in preclinical tumour systems indicated
that inactivated rather than live cell vaccines should prospectively be used for treatment of cancer patients although the insertion of cytokine genes substantially decreases the tumorigenicity of the parental tumour cells.
Consequently, γ-irradiation of the IL-2- or IFN-γ-producing tumour vaccines with doses that do not eliminate
cytokine secretion but eliminate tumorigenicity has been
used in human melanoma and renal carcinoma cell lines.
In pilot experiments these cell lines continued to secrete
cytokines in sufﬁcient quantities for several weeks after
irradiation with 50–100 Gy (Gansbacher et al., 1992;
Gastl et al., 1992). A wide range of cancers was exam-
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ined in clinical phase I–II trials (Foa et al., 1994; Sobol
et al., 1995; Nemunaitis 2003; Cunningham et al., 2005;
Kikuchi, 2006; Nemunaitis et al., 2006), including
glioblastomas, non-small-cell lung carcinomas, colon
carcinomas and melanomas. Recently, numerous phase
II–III clinical trials with these carcinomas and pancreatic cancer, prostate cancer, lymphomas and renal cell
carcinomas are in progress. Autologous tumour cells,
allogeneic cells as well as recombinant replication
incompetent vaccinia, fowlpox virus or adenoviruses
engineered to produce CEA, mucin MUC-1 antigen,
GM-CSF, CD40 ligand, IL-2, CD80 or TNF-α are being
carefully tested. Mixed results have been produced,
highlighting both the potential for the gene therapy and
the areas that still need to be perfected before the genetically engineered cancer vaccines can become part of
standard cancer treatment (for a review, see Cross and
Burmester, 2006). Some of the studies are being performed under particular auspices and support of EU Life
Sciences Programme. One example is the European
Network of Excellence Clinigene Project (No. 018933,
EU-FP6, NoE), which was approved with the ﬁnal aim
to produce, at the end of this decade, ﬁrst clinically utilizable GMP products for gene therapy including cellular vaccines for treatment of cancer patients. However,
also in this instance the available vectors, vaccination
protocols and cellular vaccines have ﬁrst to be optimized. At present, the optimal combinations of cytokines
with cellular vaccines, chemotherapeutics and other
therapeutic modalities are being found. The results of
the phase II – III clinical trials (review in Cross and Burmester, 2006) as well as other results (EU FP6, FP7)
have to be carefully evaluated before the deﬁnitive conclusions regarding the actual therapeutic potency of this
novel and promising strategy for the management of
cancer patients can be drawn.

Acknowledgements
The editorial help of Dr. J. Šímová and Dr. Š. Takáčová is gratefully acknowledged.

References
Bubeník, J., Voitenok, N. N., Kieler, J., Prassolov, V. S.,
Chumakov, P. M., Bubeníková, D., Šímová, J., Jandlová, T.
(1988) Local administration of cells containing an inserted
IL-2 gene and producing IL-2 inhibits growth of human
tumours in nu/nu mice. Immunol. Lett. 19, 279-282.
Bubeník, J. (1989) Local immunotherapy of cancer with
interleukin 2. Immunol. Lett. 21, 267-274.
Bubeník, J., Lotzová, E., Indrová, M., Šímová, J., Jandlová, T.,
Savary, C. A. (1991) IL-2 gene transfer in immunotherapy of
cancer: local administration of IL-2-activated lymphocytes
and X63-m-IL-2 cells constitutively producing IL-2 inhibits
growth of plasmacytomas in syngeneic mice. Nat. Immun.
Cell Growth Regul. 10, 247-255.
Bubeník, J., Šímová, J., Bubeníková, D., Zeuthen, J., Indrová,
M. (1995) Interleukin-2 gene therapy of residual EL-4

Vol. 53

leukaemia potentiates the effect of cyclophosphamide
pretreatment. J. Cancer Res. Clin. Oncol. 121, 39-43.
Bubeník, J. (1996a) Cytokine gene-modiﬁed vaccines in the
therapy of cancer. Pharmacol. Ther. 69, 1-14.
Bubeník, J. (1996b) Gene transfer for immunotherapy of
cancer. Gene Ther. 3, 944-945.
Bubeník, J., Šímová, J., Hajková, R., Sobota, V., Jandlová, T.,
Šmahel, M., Sobotková, E., Vonka, V. (1999) Interleukin 2
gene therapy of residual disease in mice carrying tumours
induced by HPV 16. Int. J. Oncol. 14, 593-597.
Bubeník, J. (2001) Genetically engineered dendritic cell-based
cancer vaccines (Review). Int. J. Oncol. 18, 475-478.
Bubeník, J., Mikyšková, R., Vonka, V., Mendoza, L., Šímová,
J., Šmahel, M., Indrová, M. (2003) Interleukin-2 and
dendritic cells as adjuvants for surgical therapy of tumours
associated with human papillomavirus type 16. Vaccine 21,
891-896.
Bubeník, J., Šímová, J. (2005) Minimal residual disease as
the target for immunotherapy and gene therapy of cancer
(Review). Oncol. Rep. 14, 1377-1380.
Cross, D., Burmester, J. K. (2006) Gene therapy for cancer
treatment: past, present and future. Clin. Med. Res. 4, 218227.
Cunningham, C.C., Chada, S., Merritt, J. A., Tong, A., Senzer,
N., Zhang, Y., Mhashilkar, A., Parker, K., Vukelja, S.,
Richards, D., Hood, J., Coffee, K., Nemunaitis, J. (2005)
Clinical and local biological effects of an intratumoral injection of mda-7 (IL24; INGN 241) in patients with advanced
carcinoma: a phase I study. Mol. Ther. 11, 149-159.
Fearon, E. R., Pardoll, D. M., Itaya, T., Golumbek, P.,
Levitsky, H. I., Simons, J. W., Karasuyama, H., Vogelstein,
B., Frost, P. (1990) Interleukin-2 production by tumor cells
bypasses T helper function in the generation of an antitumor
response. Cell 60, 397-403.
Foa, R., Guarini, A., Cignetti, A., Cronin, K., Rosenthal,
F., Gansbacher, B. (1994) Cytokine gene therapy: a new
strategy for the management of cancer patients. Nat.
Immun. 13, 65-75.
Gansbacher, B., Zier, K., Daniels, B., Cronin, K., Bannerji,
R., Gilboa, E. (1990) Interleukin 2 gene transfer into tumor
cells abrogates tumorigenicity and induces protective
immunity. J. Exp. Med. 172, 1217-1224.
Gansbacher, B., Zier, K., Cronin, K., Hantzopoulos, P. A.,
Bouchard, B., Houghton, A., Gilboa, E., Golde, D. (1992)
Retroviral gene transfer induced constitutive expression of
interleukin-2 or interferon-γ in irradiated human melanoma
cells. Blood 80, 2817-2825.
Gastl, G., Finstad, C. L., Guarini, A., Bosl, G., Gilboa, E.,
Bander, N. H., Gansbacher, B. (1992) Retroviral vectormediated lymphokine gene transfer into human renal
cancer cells. Cancer Res. 52, 6229-6236.
Indrová, M., Bubeník, J., Mikyšková, R., Mendoza, L., Šímová,
J., Bieblová, J., Jandlová, T., Jinoch, P., Šmahel, M., Vonka,
V., Pajtasz-Piasecka, E. (2003) Chemoimmunotherapy in
mice carrying HPV16-associated, MHC class I+ and class
I- tumours: Effects of CBM-4A potentiated with IL-2,
IL-12, GM-CSF and genetically modiﬁed tumour vaccines.
Int. J. Oncol. 22, 691-695.
Kikuchi, T. (2006) Genetically modiﬁed dendritic cells for
therapeutic immunity. Tohoku J. Exp. Med. 208, 1-8.

Vol. 53

Gene Therapy of Cancer by Vaccines Carrying Inserted Immunostimulatory Genes

Ley, V., Langlade-Demoyen, P., Kourilsky, P., Larsson-Sciard,
E. L. (1991) Interleukin 2-dependent activation of tumorspeciﬁc cytotoxic T lymphocytes in vivo. Eur. J. Immunol.
21, 851-854.
Mikyšková, R., Bubeník, J., Mendoza, L., Vonka, V., Šmahel,
M., Šímová, J., Jandlová, T. (2001) Local cytokine treatment
of HPV16-associated tumours results in inhibition of their
lung metastases. Clin. Exp. Metastasis 18, 581-587.
Mikyšková, R., Indrová, M., Šímová, J., Jandlová, T., Bieblová,
J., Jinoch, P., Bubeník, J., Vonka, V. (2004) Treatment of minimal residual disease after surgery or chemotherapy in mice
carrying HPV16-associated tumours: Cytokine and gene
therapy with IL-2 and GM-CSF. Int. J. Oncol. 24, 161-167.

73

Nemunaitis, J. (2003) GVAX (GM-CSF gene modiﬁed tumor
vaccine) in advanced stage non small cell lung cancer.
J. Control. Release 91, 225-231.
Nemunaitis, J., Jahan, T., Ross, H., Sterman, D., Richards,
D., Fox, B., Jablons, D., Aimi, J., Lin, A., Hege, K.
(2006) Phase 1/2 trial of autologous tumor mixed with an
allogeneic GVAX vaccine in advanced-stage non-smallcell lung cancer. Cancer Gene Ther. 13, 555-562.
Sobol, R. E., Fakhrai, H., Shawler, D., Gjerset, R., Dorigo,
O., Carson, C., Khaleghi, T., Koziol, J., Shiftan, T. A.,
Royston, I. (1995) Interleukin-2 gene therapy in a patient
with glioblastoma. Gene Ther. 2,164-167.

