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that the injection of recombinant TNF can mediate the necrosis
and regression of a variety of established murine cancers. How-
ever, tumor-bearing mice can tolerate up to 400 ug/kg TNF
and these doses are required to mediate tumor regression; the
administration of less TNF is far less effective. In contrast, the
maximum tolerated dose of TNF in humans in both Surgery
Branch, National Cancer Institute, and other studies is approx-
imately 8 ug/kg day (1). Thus when given i.v. injections humans
can tolerate only 2% of the TNF dose required to mediate
antitumor effects in the mouse and this appears to explain why
antitumor effects have not been seen when TNF was adminis-
tered systemically to humans.

We have thus sought means to selectively increase the local
concentration of TNF at the tumor site. Because TIL can traffic
directly to tumor deposits and concentrate at those sites (32,
33) we have hypothesized that TIL that are genetically modified
to produce large amounts of TNF may generate high TNF
concentrations in the local tumor microenvironment and thus
exhibit an increased antitumor effect compared to normal TIL.

The retroviral vector construct selected for insertion of the
TNF gene into human TIL contains the TNF gene promoted
by the murine long terminal repeat and the neomycin resistance
gene promoted by the SV40 early promoter region. The two-
gene retroviral construct was introduced into the PA317 pro-
ducer cell line and the supernatant from this line was used to
transduce the TIL from patients with advanced metastatic
melanoma.

Although it has been relatively easy to express cytokine genes
in tumor cells and demonstrate production of large amounts of
TNEF, difficulties exist in the expression of cytokine genes in
lymphocytes. It has been difficult to achieve consistently high
levels of cytokine production in lymphocytes using these retro-
viral vectors probably because regulatory mechanisms exist for
cytokine transcription, translation, and/or secretion in lympho-
cytes that do not exist in other cell types. We have, however,
been able to achieve the expression of TNF genes in lympho-
cytes from selected patients and have achieved cytokine secre-
tion in excess of 100 pg/10° cells/24 h.

We have begun clinical studies using these TNF gene-modi-
fied TIL in patients with advanced cancer. Increasing numbers
of TNF-transduced TIL are being administered, first in the
absence of IL-2 and then when safely tolerated doses are
achieved, in conjunction with IL-2. To the present time four
patients with advanced melanoma have been treated with the
TNF gene-modified TIL. No side effects have been seen at cell
doses which have ranged up to 10" cells in a single infusion. A
large series of patients treated with gene-modified TIL plus IL-
2 will be required to know whether or not this approach gives
improved results compared to the use of unmodified TIL. We
currently have permission to treat up to 50 patients with TNF
gene-modified TIL utilizing this approach.

Additional genes being studied for insertion into TIL to
improve their antitumor activity include y-interferon, IL-2, IL-
6, and genes for chimeric T-cell receptors.

More recently we have begun studies investigating the use of
genetic modification of tumor cells to increase their immuno-
genicity. We and others have demonstrated that insertion of
cytokine genes can increase the immune recognition of tumor
cells and can lead to the production by the host of cytolytic
cells that are not produced in response to the parental non-
modified tumor (39-43). These experiments have been con-
ducted by a variety of groups and include insertion of genes for
IL-4, IL-2, tumor necrosis factor, y-interferon, and granulo-

cyte-macrophage-colony-stimulating factor. In related experi-
ments we have shown that insertion of the gene for Class I
major histocompatibility antigens can also increase the immu-
nogenicity of tumors and lead to the generation of TIL that
cannot be produced from low MHC-expressing tumors (26).
This approach to gene therapy, by genetically modifying tumors
for use in immunization, holds promise not only for active
immunotherapy but also for the development of immune cells
that might be used in adoptive immunotherapy.

In the last decade biological therapy has been shown to be
capable of mediating the regression of established cancers in
some patients with advanced malignancy. The continued devel-
opment of these biological approaches offers the hope that they
can lead to the development of effective, safe, and practical
treatments for patients with cancer.
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