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Malignant melanoma is a growing problem. In
1997 there will be in excess of 40,000 cases of
malignant melanoma in the United States, with
7300 deaths occurring (1). The incidence has
been increasing by 5% per year for the last 40
years. Interestingly, the survival rate has also
improved by almost 5% per year (2). The overall
survival rate has gone from 60% to over 80%
during this period. The prognostic variables that
predict for a high likelihood of relapse among
patients with primary cutaneous melanoma or
regional lymph nodes recurrences are well estab-
lished (3). Thus, there are well-defined groups of
patients who can be targeted for biological ther-
apy and gene therapy to prevent relapse. The
immunological characteristics of malignant mel-
anoma have been studied extensively and can be
used to develop approaches to immunotherapy
(4). Tumor-associated or tumor-specific antigens
have been described at the molecular level (5).
These can induce specific cytotoxic T cell (CTL)
and antibody responses. This natural immune
reactivity has provided the foundation for bio-
logical and gene therapy of melanoma. There is
also abundant data that both general immuno-
competence and specific immune reactivity to
melanoma predict for a good prognosis (6). Re-
cently, molecular mechanisms have been de-
scribed that explain how melanoma and other
cancers evade the immune response and why
anti-tumor host defense mechanisms fail. These
provide additional targets for biological and gene
therapy of melanoma.
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TUMOR ANTIGENS IN
MELANOMA

Tumor antigens have been studied intensively in
malignant melanoma since the mid-1970s. Mel-
anoma-associated antigens (MAA) were initially
defined by reactivity of melanoma patients’ sera
against autologous and allogeneic melanoma cell
lines. Through these studies, pioneered by Lloyd
Old and co-workers, individual specific tumor
antigens, common melanoma-associated anti-
gens, and antigens cross-reactive with other tu-
mors were recognized (7-9). Subsequently, mu-
rine (10) and human (11) monoclonal antibodies
were used to identify both cell membrane and
cytoplasmic MAA. The development of CTL lines
manifesting MHC class I-restricted cytotoxicity
to autologous and allogeneic melanoma cells
(12) led to the definition of a group of MAA, to
the cloning of their genes, and to their use in
active specific immunotherapy and gene therapy
experiments (13). MAA have been defined as
lineage-specific, that is, they are limited to me-
lanocytes and their precursors; to tumor progres-
sion antigens detected mainly in metastatic
rather than primary melanomas, thus indicating
a poor prognosis; and to T cell-recognized anti-
gens, also referred to as cancer regression anti-
gens (14). Tyrosinase (15), gp-75 (16), high mo-
lecular weight MAA (HMW-MAA, gp-250, or
chondroitin sulfate proteoglycan) (17) have been
defined as lineage-specific. Progression antigens
include MHC class II (HLA-DR) (18), epidermal
growth factor (EGF) receptor (19), transferrin
receptor (P97) (20), the integrins a583 (21), and
Muc 18 (22).

Since 1991 a growing number of MAA have
been defined by cloning the genes for antigens
recognized by CTL lines. This strategy, initially
developed by Boon and colleagues (12) and ex-
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panded by Rosenberg and colleagues (23), is im-
portant since these tumor rejection antigens can
be exploited for biological and gene therapy.
These antigens fall into several groups, including
the MAGE, BAGE, and GAGE antigens, which
are also found in other cancers (24,25); tyrosi-
nase (15,16), gp100 (26), MelanA/MART-1 (27),
and pMell7; and CDK4, MUMI, BCatenin,
GNT-V, and P15 (28). Another strategy to define
MAA is to extract immunogeneic peptides from
the MHC proteins of tumor lines, to characterize
these by tandem mass spectroscopy and chroma-
tography, and to test CTL reactive against T2 cells
charged with the resultant peptides. This strategy
has been carried out successfully (29).

With this plethora of antigens, a variety of
strategies for biological and gene therapy have
been attempted (30). These include (I) active
specific immunotherapy with antigen or immu-
nogeneic peptide alone, with adjuvant, or as an
immunoconjugate to a carrier protein; (2) immu-
nization with plasmid DNA expressing the im-
munodominant peptide; (3) immunization with
viral constructs expressing the peptide; (4) in
vitro or in vivo-in vitro generation of CTL fol-
lowed by in vitro expansion and adoptive immu-
notherapy; and (5) gene therapy with activated T
cells transduced with the antigen-specific T cell
receptor (TCR).

EVASION OF HOST CONTROL

Melanoma cells are poor antigen-presenting
cells. The majority of primary melanomas ex-
press HLA class I antigens but about half of met-
astatic melanomas lose this antigen expression
(31). In murine B16 melanoma, tumor-infiltrat-
ing lymphocytes (TIL) isolated from class I-nega-
tive tumors do not lyse tumor cells and have no
therapeutic activity compared with TIL from
class I-positive tumors (32). Upregulation of
class I by interferon y (IFN-v) is a therapeutic
strategy based on such findings (33). Melanoma
cells and other solid tumors fail to express the
costimulatory molecule B7.1 which is necessary
for effective antigen presentation and stimula-
tion of CTL responses. Transfection of B7.1 into
murine melanoma results in increased immuno-
genicity, loss of tumorigenicity, and resistance to
subsequent rechallenge with wild-type tumor
(34). Interleukin 10 (IL-10) is a negative regula-
tory cytokine produced by a variety of cells (35).
It promotes TH2 cell activity and down-regulates
the TH1 response necessary for the generation of

CTL. Several human melanoma cell lines and
fresh melanoma cell preparations express IL-10
mRNA and secrete IL-10 protein (36,37). Fur-
thermore, elevated IL-10 levels have been iden-
tified in the blood of patients with metastatic
melanoma (37). Thus IL-10 is a possible target
for IL-10 antibody, antisense, or ribozyme ther-
apy. Many tumors also secrete transforming
growth factor B (TGF-B). It promotes angiogen-
esis and extracellular adhesion, and it inhibits
mitogen and cytokine-induced T cell prolifera-
tion, the antibody response, and generation of
cytotoxic lymphokine-activated killer (LAK) and
CTL cells (38). We have shown that murine
breast cancer cells transduced with TGF-B anti-
sense have reduced TGF-B production and tu-
morigenicity. Mice that have rejected such trans-
formed cells are resistant to subsequent
challenge with wild-type cells (39). Another sub-
stance secreted by melanoma cells and other tu-
mors is SPARC (secreted protein, acidic and rich
in cysteine), a glycoprotein involved in wound
healing (40). It is a counteradhesive molecule
that promotes matrix metalloproteinase action
and angiogenesis. Recently, human melanoma
cells transduced with antisense to SPARC were
shown to lose their tumorigenicity when im-
planted in athymic mice (41).

Tumors also evade host control by exploiting
the fas system, a regulatory system for lympho-
cytes proliferation. CTL and natural killer (NK)
cells use this as one mechanism of target cell
killing (42). Activated lymphocytes express fas
ligand that interacts with fas on target cells and
triggers apoptotic cell death. This is one of the
three mechanisms for CTL killing, the others be-
ing release of perforins and granzymes (43) and
TNF-a plus IEN-y (44). Tumor cells may also
express fas ligand and its expression may be up-
regulated by chemotherapy (45). Fas ligand ex-
pressing human melanoma cells has been shown
to induce apoptosis in a fas-bearing lymphoma
cell line (46). Fas ligand has been found on hu-
man melanoma (47), in hepatoma, and hepatic
damage (45,48), on colon polyps (49), and on
colon cancer (50). Stromal cells of the eye and
sertoli cells of the testes also express high levels
of fas ligand, which may explain these organs’
immune privileged status (51). Certain tumor
antigens can also induce apoptoses in activated
lymphocytes (DF3Mucl) (52). Growth of fas li-
gand-positive murine melanoma is retarded in
fas-deficient lpr mice, which suggests that when
the invading CTL cannot be killed by the fas
ligand—fas mechanism, effective CTL-mediated
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anti-tumor immunity is retained (53). Thus, the
fas ligand system provides an attractive target for
gene therapy of melanoma. Antibody antisense,
or ribozymes directed to inactivate fas ligand,
might all be effective in preventing killing of CTL
by tumor cells.

A variety of mechanisms of host defense fail-
ure have been described in cancer patients. Re-
cently in tumor-bearing mice and patients with a
variety of malignancies, including cervical can-
cer, renal cancer, and melanoma, a structural
abnormality in signal transducing zeta chains of
CD3 and CD16 has been reported (54). This is
associated with decreased lymphocyte cytokine
response. Furthermore, survival in melanoma
patients correlates with the level of TCR zeta
chain (55). Impaired T cell function in cancer
patients can also be overcome by IL-12. Long-
term IL-2 treatment increases the number and
activity of NK cells in cancer patients post-trans-
plantation. Another possible mechanism is poor
antigen presentation by dendritic cells. This has
been described in breast cancer and can be over-
come by culturing patient dendritic cell precur-
sors in granulocyte macrophage-colony-stimu-
lating factor (GM-CSF) (56). Thus there are a
variety of approaches to immune modulation
that could be incorporated into future gene ther-
apy experiments.

MELANOMA VACCINES

Work on melanoma vaccines supports the devel-
opment of gene-modified tumor cell vaccines.
Melanoma vaccines have been used in adjuvant
therapy to prevent recurrence after surgery and
to induce regression of metastases. For metastatic
melanoma, the response rate to non-gene-mod-
ified tumor cell vaccines is about 10-15%,
mainly taking the form of partial remissions of
several months’ duration (57). This limited ac-
tivity has been attributed to a large tumor bur-
den, but it could equally be because of weak
immunogenicity or evasion of host control. Mel-
anoma vaccines reported in the 1970s and ’'80s
included autologous tumor cells with various ad-
juvants such as BCG, CFA, or detoxified endo-
toxin plus BCG cell wall skeleton, as well as viral
oncolysates of autologous or allogeneic tumor
cells with Vaccinia or Newcastle disease virus
(57). More recently, Berd et al. reported four
complete and one partial remission in 40 patients
treated with autologous irradiated tumor cells
plus BCG, with one remission lasting 84"

months (58). This group also used haptenized
autologous irradiated tumor cell vaccines with
similar results (59). Mitchell and co-workers (60)
reported one complete remission, two partial re-
missions, and three mixed responses in 25 pa-
tients treated with an allogeneic melanoma cell
lysate plus Detox (detoxified endotoxin). Morton
and co-workers have used a vaccine consisting of
a mixture of three irradiated melanoma cell lines
plus BCG to treat patients with stages III and IV
disease rendered free of disease by surgery (61).
Hersey used a Vaccinia viral oncolysate of three
melanoma cell lines to treat patients after re-
moval of positive lymph nodes (62). In both
studies, significant prolongation of survival was
noted in vaccine patients compared with histor-
ical controls. However, controlled clinical trials
confirming these results have not been reported.
Currently, there are three on-going randomized,
controlled trials comparing a-INF (the Federal
Drug Administration [FDA]-approved adjuvant
therapy) with vaccines. The current emphasis on
melanoma vaccine research, exclusive of gene
therapy approaches, is being carried out by the
use of purified melanoma antigens, such as GM2
ganglioslide (63), or specific immunodominant
peptides, such as those derived from the
MAGE-1 MART-1/Melan A or gp-100 antigens
(64). These have been shown to induce specific
CTL responses in melanoma patients, but clinical
benefit is not yet proven.

ANIMAL MODELS

In melanoma studies using animal models the
major focus has been on gene-modified tumor
cells as vaccines—either in the form of in vitro
gene introduction followed by in vivo immuni-
zation (ex vivo-in vivo approach), or the direct
in vivo introduction of genes into the tumor.
Gene therapy of melanoma in animal models has
been effective only for animals with recently in-
oculated tumor and a minimal tumor burden.
The most frequent approach has been to vacci-
nate with syngeneic mouse melanoma cell lines
that have been retrovirally transduced and se-
lected via neomycin resistance to permanently
express the gene of interest. These cells lack tu-
morogenicity compared with wild-type tumor
when inoculated in vivo. The animals that reject
the gene modified cells are resistant to subse-
quent challenge with wild-type tumor. This is
due to the induction of CD8-positive CTL; treat-
ment with anti-CD8 monoclonal antibody per-
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mits growth of the wild-type or gene-modified
tumor. Vaccine administration after inoculation
of wild-type tumor cells becomes less effective as
the time from initial tumor inoculation to vacci-
nation increases and is usually ineffective after 7
to 14 days between inoculation and vaccination.
Anti-tumor immunity can also be overcome by
increasing the dose of wild-type tumor cells on
rechallenge. Thus, the tumor burden is a major
factor in the by 1- to 5-fold efficacy of vaccine
therapies.

Earlier work involving gene therapy of mu-
rine melanoma and other murine tumors has
been summarized in a series of reviews published
in 1994 and 1995 (65-70). More recent work is
summarized below. This has tended to confirm
and extend earlier observations without break-
ing much new ground. Almost all studies have
been done in variants of B-16 melanoma, with
emphasis on the highly metastatic clones. An
important initial report by Dranoff et al. com-
pared a spectrum of potential genes to augment
tumor cell immunogenicity, including IL-2, -4,
-5, and -6, INF-y, ICAM-1, TNF-a, CD-2, and
GM-CSF (71). Animals were vaccinated with ei-
ther nonirradiated or irradiated retrovirally
transduced tumor cells and challenged at 7 to 17
days with wild-type cells. In both instances, ma-
jor slowing of tumor growth was achieved only
by GM-CSF-transduced cells, with slight effects
noted for IL-4 and IL-6. Vaccination with viable
irradiated GM-CSF-secreting cells can induce
CTL in the draining lymph nodes and these can
be expanded in vitro with IL-2. When adminis-
tered at 7 X 107, cells together with systemic
IL-2, they decreased pulmonary metastases after
IV inoculation of wild-type cells (72). Several
studies have focused on the delivery of GM-CSF
in Vaccinia virus constructs either by the intra-
tumoral route (73), vaccination with irradiated
Vaccinia-infected cells (74), or as a viral oncoly-
sate (75). In each study, a wild-type tumor was
established 3 to 10 days prior to a single vacci-
nation. Decreased tumor growth and number of
metastases and increased survival was noted,
which correlated with the generation of CTL and
of activated cytotoxic macrophages producing
TNF-a and nitrous oxide. The immunological ef-
fect was specific and there was no effect in these
animals on transplanted colon tumors. Similar
results have been described for tumor cells ret-
rovirally transduced with the IL-2 gene (76) or
the B-7 gene and used as vaccines (77). One
study suggested that vaccination with B-7-trans-
duced cells acted only if the tumor was immu-

nogenic (78). Animals were vaccinated with ir-
radiated or nonirradiated B-7-transfected tumor
cells, followed by wild-type challenge. Protection
was seen for the RMA, E6B2, P815, and EL-4
tumors but not for MCA-101, MCA-102, AG-
104, or, interestingly, B-16 melanoma; the latter
four were less immunogenic. Other gene deliv-
ery systems have also been effective, including
intratumoral delivery of IL-2 plasmid DNA with
the cationic lipid mixture DMRIE/DOPE. This
greatly retarded tumor growth when applied 24
hr after subcutaneous tumor cell inoculation
(79). When cells transfected with IL-2 in
DMRIE/DOPE in vitro were given 1V, they pro-
duced 75% less pulmonary metastases than
those of wild-type cells, even though only the
minority of cells was transfected. Particle-medi-
ated gene delivery is also effective (80). Mice
vaccinated with 1 X 10 irradiated B-16 mela-
noma cells secreting greater than 100 ng/ml/10°
cells of GM-CSF after transfection by bombard-
ment with plasmid DNA on gold particles with
gene gun showed 60% survival versus 5% sur-
vival for animals vaccinated with control cells.
Efficacy was seen against a challenge of 1 X 10°
and 1 X 10° wild-type cells but not at 5 X 10°
cells. Intratumoral injection of naked DNA can
also effectively transfer a marker gene into tu-
mors (81). These studies also suggest that tran-
sient expression of the transgene may be suffi-
cient for effective vaccine therapy.

A number of investigators have studied the
transfer of genes via the administration of syn-
geneic, allogeneic, or xenogeneic carrier cells. In
one study, allogeneic fibroblasts were cotrans-
fected with B-16 MAA and IL-2. (82). Vaccina-
tion followed by wild-type tumor cell challenge
resulted in 40% long-term survival, compared
with 20% survival in animals vaccinated with
constructs not expressing IL-2 and 0% survival
in untreated controls. This approach has also
been effective in treating animals with estab-
lished tumor (83). An intriguing study in spon-
taneous canine melanoma utilized xenogeneic
Vero cells stably transformed to produce IL-2 and
injected intratumorally at 3 X 107 cells weekly
following surgery and radiotherapy (84). Com-
pared with controls, there were 0/16 versus 6/16
late recurrences and 40% versus 5% long-term
survival.

The hypothesis that combining two genes
(that correct or augment different components of
tumor immunity) may be more effective than
one is also being tested. Combinations reported
to show augmented therapeutic efficacy in mu-
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rine models include IL-4 plus IL-2 (85), B-7 plus
IL-12 (protein or gene) (86), and IFN-vy plus IL-2
(87). In animals with 3-day established pulmo-
nary metastasis of B-16 melanoma, weekly in-
traperitoneal i.p. injection of 2 X 10° inactivated
B-16 cells secreting both IL-2 and IL-6 had 60%
survival at 90 days compared with 10% and 30%
for the two genes administered alone and 0% for
untreated controls (88).

Other recent approaches to gene therapy of
melanoma include transfection with MHC class I
genes to restore MHC expression and reduce
metastatic potential (89), and gene transfer of
TIMP-1 (tissue inhibitor of metalloproteinase),
which showed reduced subcutaneous growth
and reduced lung metastases after IV injection in
B16 melanoma (90). Intracerebral implants of
the human melanoma line SK Mel-2 in nude rats
show marked tumor volume reduction from 72
to 1.2 mm® when the cells were transduced to
express vascular endothelial growth factor
(VEGF) antisense (91). Intratumoral injection of
the H-ras ribozyme in an adenoviral vector re-
sulted in dose-dependent complete regression of
established subcutaneous nodules of the human
FEM melanoma growing in nude mice (92).
Thus, the options for gene therapy of melanoma
are extensive. The challenge is to translate these
observations into meaningful clinical experi-
ments and effective therapy.

IN VITRO STUDIES OF GENE
TRANSFER IN HUMAN CELLS

In most instances, the initial trials of gene ther-
apy have been based not only on animal model
studies but also on in vitro studies of gene trans-
fer to human melanoma cells and carrier cells.
Approaches utilized include retrovirus-mediated
transfer with selection via neomycin resistance,
adenovirus vectors, cationic lipid-mediated plas-
mid DNA transfer, particle-mediated transfer
with the gene gun, and electroporation. Genes
transferred to human melanoma cells include
the cytokines IL-2, IL-4, IL-7, IL-12, INF-vy, and
GM-CSF; the neomycin resistance gene; B-galac-
tosidase; luciferase; the costimulatory molecule
B7.1; HLA-A2, HLA-B7/B82M, and other MHC
class I genes; and the melanoma-associated anti-
gens MART-1 and gp-100. Treated cells include
autologous and allogeneic fresh and cultured
melanoma cell lines, carrier cells, and antigen-
presenting dendritic cells. These studies have ad-

dressed the mechanics of gene transfer, including
transfection or transduction efficiency, level and
duration of expression, and biological activity
and gene expression after freezing, thawing, and
irradiation.

Using retroviral transfection followed by se-
lection for the transgene, stable lines with 100%
expression can be established from fresh tumor
cells. However, up to 100 days may be required
to establish lines in 30% to 90% of attempts. In
one study, 78 tissue specimens were obtained, 68
fibroblast lines were established, and 21 of these
cell lines were successfully transduced to express
greater than 1000 units of IL-4 for at least 3
weeks (93). With adenovirus transduction, cell
lines need not be established and 50% to 100%
of human cell lines and fresh tumor cells are
transduced and express the gene for 7 to 30 days
in vitro at multiplicity of infection rates (MOIs)
of 10 to 300. In one study, at an MOI of 10 to 20,
B7.1 was successfully transferred to and ex-
pressed in 20% to 94% of the fresh melanoma
cells (94). In our program, at an MOI of 33 to
300, 100% of fresh or early-passage melanoma
cells expressed B-galactosidase for up to 30 days
(95). Human dendritic cells are readily trans-
duced with a variety of genes, including lucif-
erase, B-galactosidase, IL-2, or IL-7 at an effi-
ciency of greater than 95% at the higher MOIs
(96). This has also been accomplished with ret-
rovirus vectors (97). Physical or physicochemical
methods of in vitro gene transfer are also effec-
tive. We have studied delivery of plasmid DNA
containing the IL-2 gene under the control of the
cytomegalovirus (CMV) promoter via the cat-
ionic lipid complex DMRIE/DOPE in fresh mela-
noma cells and cell lines (98). Transfection of
established cell lines with these DNA-lipid com-
plexes (lipoplexes) yielded 10 to 100 times more
IL-2 production (1000 to 10,000 IU/10° cells/24
hr) than did fresh tumor cells. IL-2 expression
was seen in all melanoma cells for 2 to 4 weeks.
IL-2 was active, as measured by the ability of
culture supernatants to stimulate lymphocyte
proliferation and LAK cell generation. Cationic
lipids or other polycationic substances such as
polybrene and protamine also promote more ef-
ficient adenovirus transduction of human tu-
mors in vitro (99). B-galactosidase expression
was increased 2- to 10-fold in UM449 melanoma
cells by the concurrent application of cationic
lipid and adenovirus.

Particle-mediated gene transfer was also rea-
sonably efficient in vitro, although gene expres-
sion lasted only 7 to 14 days. Transfer of INF-vy
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into early-passage melanoma cell lines yielded
50 to 5000 pg/10° cells/ml of INE-y (100). With
particle-mediated transfer of B7.1, 8% to 31% of
cells expressed the gene product. Multiple gene
delivery is easily accomplished with 9% to 33%
of the cells expressing HLA-DR and B7.1 (100)
and 10-17% of cells expressing HLA-A2 plus
B7.1 (100) in two studies. Transfer of tumor
antigens to antigen-presenting Cos cells, B cells,
or dendritic cells has also been accomplished for
MHC class I, MART-1, and gp-100 (101).

These transformed cells are active immuno-
logically. Cells secreting IL-2 induce lymphocyte
proliferation and generate both LAK cells and
CTL (102). They generate MHC-restricted CTL
more efficiently than wild-type cells in vitro
(103). IL-7 transformed cells show increased
sensitivity to lysis by cytokine-induced killer
(CIK) cells (104). For retrovirus-transformed and
-selected TIL, the introduction of the neo-R or
TNF-a genes did not impair their function (105).
B cells transformed with both MHC-1 and tumor
antigen (MART-1 or gp-100) induced antigen-
specific CTL (101) (proving the carrier concept)
and dendritic cells transformed with gp-100 in-
duced patient lymphocytes to produce INF-vy in
vitro (106). Thus, there is ample evidence that
efficient in vitro gene transfer to human cells can
be accomplished with one, two, or even three
genes and that the transformed cells evoke the
desired immunologic function.

CLINICAL TRIALS

Assuming that effective strategies for gene ther-
apy of cancer will be developed, their application
to melanoma will start in the prevention mode.
High-risk patients, including those with prior pri-
mary melanomas, a strong family history, the
dysplastic nevus syndrome, or germ-line tumor
suppressor gene mutations and deletions could
be vaccinated with transformed cells, naked
DNA, or viral vectors containing prevalent
MAAs. Similarly, patients at high risk for recur-
rence after excision of primary tumor or meta-
static tumor could also receive vaccines. Cur-
rently, since gene therapy is in an early stage of
development, only treatment of patients with
metastatic disease is justified. The development
of gene therapy for melanoma is preceding
through animal model studies, in vitro studies
using human cells, and clinical trials in advanced
disease. As progress is made, gene therapy will be
investigated during earlier stages of disease, in

the adjuvant setting, and eventually, as preven-
tion. The strongest rationale for gene therapy of
melanoma is the use of gene-modified tumor
cells or recombinant viral immunogens for active
immunotherapy; this is the only approach that
does not require delivery of the gene to every
tumor cell—a goal we have not yet achieved.
Since the newer approaches to chemo- and bio-
therapy of melanoma have substantially im-
proved remission rates, reduction of tumor bur-
den can also be carried out prior to gene therapy.
Approaches proposed for gene therapy of mela-
noma include (I) replacement of a missing or
mutated gene (such as the P16 tumor-suppressor
gene), (2) introduction of a gene that activates a
prodrug within the tumor (such as HSV-TK for
gancyclovir), (3) introduction of antisense or ri-
bozyme to inactivate an oncogene product (such
as h-ras) or other detrimental tumor cell prod-
ucts (such as TGF-B), and (4) introduction of a
gene to increase the immunogenicity of the tu-
mor cells (such as B7.1 or allogeneic MHC class
I). To date, most studies of melanoma in both
animal models and humans have focused on ac-
tive immunotherapy with gene-modified tumor
cells or viral constructs expressing genes for im-
munogenic antigens because melanoma is im-
munogenic, is under host immune control, and
responds to conventional tumor vaccines to a
limited extent, and because immunization does
not require us to deliver genes to all tumor cells.
This is the current approach of choice.

Clinical trials of gene therapy fall into several
broad categories, including cytokine gene ther-
apy, administration of allogeneic histocompati-
bility antigen genes, gene marking studies, and
administration of the HSV-TK gene followed by
gancyclovir and DNA vaccines. Results have
mainly been reported at scientific meetings and
specialized conferences as abstracts; few results
have been reported in peer-reviewed journals.
Most studies are phase I or feasibility studies
involving less than 25 patients with far-ad-
vanced, drug-resistant, metastatic disease. How-
ever, most of these studies have demonstrated
some biological activity with limited numbers of
responses and little data on response duration or
survival. No studies are reported comparing the
efficacy of gene-modified tumor cell vaccines
with conventional tumor cell vaccines. The strat-
egy is to complete pilot and phase I studies and
then to conduct studies with patients with a min-
imal tumor burden because it is unlikely that
major anti-tumor effects will be seen in patients
with a large volume of metastatic disease. A July



642 Molecular Medicine, Volume 3, Number 10, October 1997

1996 compendium of clinical trials reported 39
active protocol with 20 distinct approaches in
melanoma (107). In a June 1997 update of mel-
anoma gene therapy trials there were 11 cyto-
kine immunotherapy trials for advanced cancer
including melanoma, 19 cytokine immunother-
apy trials specifically for melanoma, 3 lympho-
cyte transfer studies, and two HSV-TK/gancyclo-
vir trials (108). There were no clinical trials using
drug-resistant genes or oncogenes, Or tumor-
suppressor gene modification. The TMC Devel-
opment World-Wide Therapy Enrollment Report
from December 1996 reported 37 melanoma tri-
als involving 466 patients with 13 different genes
(109). Certainly, this level of effort should result
in a substantial body of data within the next 2
years.

The first human cancer gene transfer trial
reported by Rosenberg and co-workers utilized
TIL cells from melanoma metastases expanded in
vitro with IL-2, retrovirally transfected with the
neo-R or TNF-« genes, and reinfused with sys-
temic high-dose IL-2. Persistence of the trans-
duced TIL was detected by polymerase chain re-
action (PCR) in blood and tumor tissue (110).
Five patients received up to 2 X 10'! marked
cells (1-11% expressing the neo-R gene). There
were no side effects and circulating cells were
detected for up to 6 months. Three patients had
regression of at least one tumor nodule, which is
consistent with prior results for unmodified TIL
therapy. The study was updated in 1993, report-
ing 10 patients with the same result (111). Ad-
ditional similar studies have been reported (112).
In one study, gene-marked cells were detected in
tumor nodules of 4/8 patients up to 260 days
after four 92 X 10° gene-marked cells containing
1-26% positive cells were transfused (113). The
question still remains as to whether these cells,
which may secrete up to 100 times the usual
level of cytokine such as TNF, will mediate a
more effective therapeutic response than un-
modified TIL cells. Multiple studies have also
been done or are under way in the bone marrow
transplant setting to explore the distribution and
fate of gene-marked stem cells (114,115).

Tumor vaccines with cells modified to se-
crete immunomodulatory cytokines have re-
ceived the greatest attention clinically. Several
studies have used autologous irradiated tumor
cells modified in vitro to secrete GM-CSF. In one
study, 24 patients received three doses of 5 X 10°
or 5 X 107 autologous, irradiated, retrovirally
transformed tumor cells every 21 days for three
doses (116). Toxicity was limited to local eryth-

ema and edema at the injection site. All patients
developed delayed hypersensitivity to skin tests
with unmodified tumor cells after the third in-
jection. No tumor regressions were noted, but
five patients had stable disease. The median sur-
vival at the 5 X 10° cell dose was 16 months and
was not reached at 5 X 107 cells, suggesting a
possible dose response. In another study, pa-
tients were vaccinated with autologous irradi-
ated tumor cells secreting GM-CSF at greater
than 40 ng/10° cells/24 hr (117). Tumor re-
sponses were not mentioned, but 16 out of 25
patients were alive at 4-22 months. There were
increasing local reactions at up to 12 injections.
CTL reacting to autologous tumor were isolated
from the injection sites of several patients.

Autologous irradiated tumor cells retrovi-
rally transduced with IFN-y have also been stud-
ied (118). In one report, 58 melanoma patients
were entered, twelve tumor lines were estab-
lished, and five of these were successfully retro-
virally transduced and used as a vaccine at 2 X
107 cells every 2 weeks for six doses. No re-
sponses were seen, but most patients developed
anti-tumor antibodies. Another group treated 20
melanoma patients with autologous irradiated
tumor cells secreting INF-vy every 2 weeks for 3
months with doses escalating from two 18 X 10°
cells (119). The transduced cells showed in-
creased expression of HLA class I, II, and
ICAM-1. In vitro stimulation of patient lympho-
cytes with these cells produced lytic CTL and NK
cells, and release of TH1 cytokines. Eight of 13
patients tested developed anti-melanoma anti-
bodies and 2 of 20 had complete tumor regres-
sion.

Autologous gene-modified fibroblasts have
also been used to deliver cytokines intratumor-
ally. In one study, retrovirally transformed au-
tologous fibroblasts secreting 10 to 300 ng/10°
cells/24 hr of IL-12 were given intratumorally
weekly for four doses (120). Three of seven
melanoma patients showed partial remission.
In another study, the autologous fibroblasts
transduced to produce IL-4 were injected intra-
tumorally (121). Biopsy at 14 days showed both
IL-4 and Neo-R mRNA proving in vivo gene
expression. No therapeutic data were reported.

Another approach has been to use gene-
modified MHC class I-matched allogeneic mela-
noma cell lines as vaccines. Since these cells
present melanoma-associated antigens in the
context of self MHC, they overcome the need for
removal and in vitro transformation of the pa-
tient’s tumor cells. In one study, patients re-
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ceived four injections of 10 to 50 X 10° cells
producing 40 IU of IL-2/10° cells/24 hr (122).
One of 12 stage IV patients remitted and was
alive and symptom-free at 25 months. Another
group used allogeneic irradiated HLA-A1 or A2
melanoma cells secreting 0.1 mcg of IL-2/10°
cells/24 hr given weekly for three doses (123).
Five of 24 patients with metastatic disease
showed regression of metastatic nodules. There
was an increase in circulating CTL in these pa-
tients. Another group observed three mixed re-
sponses in 12 HLA-A2-positive patients with
HLA-A2 melanoma cell lines modified to secrete
IL-2 with 5 or 15 X 107 cells on Days 1, 13, 26,
and 55 (124). In a minority of patients, increased
recognition of MAA by CTL precursors was ob-
served. Viruses have also been used to directly
transfer genes to tumors in vivo. One study
showed that the Vaccinia E3L gene product was
still expressed in tumors 2 months after intratu-
moral vaccination (125). One of five patients had
a local response. In another study, Vaccinia GM-
CSF construct was injected intratumorally at 10*
to 107 PFU twice weekly for 12 to 15 weeks
(126). One of three patients had a partial remis-
sion, including regression of noninjected metas-
tases. A retroviral construct expressing the INF-y
gene has also been used by direct intratumoral
injection in melanoma (127). The dose was 1.5 X
10® CFU over 5 days into one nodule in three
patients (127). One showed successful gene
transfer.

Another approach to melanoma gene ther-
apy is the use of plasmid DNA complexed with
the cationic lipid complex DMRIE/DOPE (128).
In the initial clinical study, five HLA-B7 negative
patients were treated with multiple intratumoral
injections of less than 1 mcg of HLA-B7 DNA
complexed with DMRIE/DOPE (129). Gene
transfer and expression was documented in bi-
opsies from of all five patients. Anti-tumor CTL
developed in the two patients tested and 1/5 had
a substantial partial remission. This group subse-
quently treated an additional 10 patients (130).
There was one local response in an injected nod-
ule and one partial remission including unin-
jected metastases. The transferred gene was de-
tected in 9 of 10 patients. Increased TIL were
observed in six of seven postinjection biopsies.
Specific CTL were obtained from tumor biopsies
in 2 of 2 patients. Subsequent administration of
in vitro-expanded CTL from the injected nodule
of one of these biopsies induced a complete re-
mission. These investigators also showed an in-
crease in TCR-VB gene family diversity in both

injected and noninjected lesions, which suggests
that a systemic immune effect occurred after
treatment (131).

Our group initiated a formal phase I study of
HLA-B7/B2M/DMRIE/DOPE intratumoral gene
therapy in HLA-B7-negative, stage IV melanoma
patients (132). One to three doses at 2- to 4-
week intervals of 10, 50, or 250 mcg of DNA
were given intratumorally into a single tumor
nodule. Toxicities were limited to mechanical
effects of needle placement and included local
hemorrhage, pain, and minimal pneumothorax
in two patients with lung nodules. Regression of
injected nodules greater than 25% was observed
in 7 of 14 evaluable patients. One patient with a
single site of retroperitoneal disease had a com-
plete remission after three doses. The median
survival of the total group was 8.1 months. Con-
current phase I studies were done with 14 pa-
tients with metastatic colon cancer (133) and 15
patients with metastatic renal cell carcinoma
(134) using an identical experimental design. No
esponses were noted in these two studies. In all
three phase I studies, greater than 80% of pa-
tients had plasmid DNA detected in post-treat-
ment biopsies up to 8 weeks after one dose.
Over 80% of patients also had HLA-B7 protein
detected by immunohistochemistry or flow cy-
tometry, and CD-8-positive T cells infiltrating
the tumor were noted post-treatment in about
80% of patients. About 40% of patients devel-
oped peripheral blood lymphocytes reactive to
HLA-B7 (135,136).

In another study, seven patients with meta-
static malignant melanoma (three of whom were
HLA-B7 positive but whose tumors did not ex-
press HLA-B7) were treated intratumorally with
10 mcg of HLA-B7 DNA in DMRIE/DOPE (137).
There were three responses, including two par-
tial remissions, both in patients who were
HLA-B7 positive. This suggests that restoration of
HLA class I expression can induce anti-tumor
immune responses. In these four phase I studies
in melanoma a total of 36 patients were treated
(138). Thirty-six percent had a regression of the
injected nodule and 19% had regression of dis-
ease at distant noninjected sites, which suggests
the induction of generalized tumor immunity.
Another group conducted a phase I study of 10,
20, or 50 mcg of HLA-B7 DNA in DMRIE/DOPE
injected intratumorally every 2 weeks in patients
who had a variety of malignancies including
melanoma, head and neck cancer, and non-
small-cell lung cancer (139). One partial remis-
sion and one mixed response were noted in the
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two patients with lung cancer. HLA-B7, plasmid
DNA complexed with DMRIE/DOPE was also
delivered by the intra-arterial route to a lung
nodule that expressed HLA-B7 DNA and protein
(140). On the basis of these data, phase II studies
of HLA-B7 DNA intratumoral gene therapy are
now being conducted in patients with different
tumor types.

We have also conducted a phase I study of
intratumoral injection plasmid DNA encoding
the IL-2 gene complexed with DMRIE/DOPE in
patients with various malignancies (141) on the
basis of animal studies and data from our labo-
ratory, showing efficient gene transfer to both
fresh and cultured tumor cells. Doses of 10, 30,
100, and 300 mcg of DNA were given to cohorts
of five to nine patients with metastatic malig-
nancy weekly for six doses into the same nodule.
DNA was detected in 75% of the patients, T cell
infiltration in 50% of patients, and IL-2 protein
in 60% of patients. Five of 23 evaluable patients
had regression of the injected nodule. There was
no regression of noninjected lesions.

DISCUSSION

These studies of in vitro and in vivo gene transfer
and gene therapy illustrate the promise and lim-
itations of the currently available technology.
The reader should remember that the basis for
these approaches is that immunization with
gene-modified tumor cells is superior to unmod-
ified cells in the animal models; this remains
unproven in humans. Successful gene transfer,
biological activity, stimulation of immune reac-
tivity, and limited clinical responses have been
observed in patients with advanced, refractory,
chemotherapy-resistant disease—a circumstance
in which the animal studies would have pre-
dicted failure. There have been almost no clinical
and very limited preclinical studies defining op-
timal cell dose, level of cytokine secretion, treat-
ment schedule, and duration. Clearly, more ra-
tional and quantitative designs are needed to
determine whether this approach can be success-
ful enough to result in licensing of these agents.
The current data reinforce the recent recommen-
dations in the Report and Recommendations of
the Panel to Assess the NIH Investment in Re-
search on Gene Therapy (142). These included
the following: (I) focusing on basic aspects of
gene transfer; (2) improving vectors for gene de-
livery for enhancing and maintaining high levels
of expression, tissue specificity of expression, and

regulated expression, and developing vectors for
targeted delivery; (3) developing relevant pre-
clinical models; and (4) maintaining high stan-
dards of experimental design for clinical proto-
cols.

What should our immediate goals and strat-
egies be for the development of gene therapy,
beyond those recommended by the NIH panel?
For the current technology, reasonable animal
models have been established. These studies
should be focused on (I) comparative studies to
determine the most efficient vector for intratu-
moral gene delivery; (2) better definition of the
dose, schedule, and duration of intratumoral
gene treatment; (3) better definition of the dose
schedule and duration of treatment with gene-
modified tumor cell vaccines; (4) testing limits of
tumor burden on efficacy of gene delivery in the
setting of established tumor; (5) further explora-
tion of combinations of genes; (6) exploration of
combining gene therapy with strategies designed
to overcome evasion of host control; and (7)
further development of DNA vaccines. For clin-
ical applications we must develop a gene therapy
product that can be widely used and manufac-
tured as a conventional pharmaceutical. Thus,
for tumor cell vaccines, autologous tumor cells or
fibroblasts, while experimentally interesting, are
not practical. Established tumor cell lines ex-
pressing specific MHC and tumor antigen and
gene product could be FDA approved and mar-
keted. DNA vaccines should also be explored for
this reason. We must define the optimal cytokine
secretion level, cell dose, dose schedule, and
treatment duration for these cellular vaccines.
Treatment must be moved into patients with
earlier-stage disease with limited tumor burdens
or into the adjuvant setting. Trials should begin
with combinations of two genes and with addi-
tional strategies to overcome evasion of host con-
trol. There is reason for optimism that these ad-
ditional strategies, which are all technically
feasible today, will substantially improve the
clinical efficacy of gene therapy.
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