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Interleukin-2-secreting Mouse Fibroblasts Transfected with Genomic DNA from
Murine Melanoma Cells Prolong the Survival of Mice with Melanoma'
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Abstract

A retrovinis was used to introduce a provinis (pZipNeoSVIL-2) con
tahulag the gene for interleuldn-2 (IL-2) along with a neor gene (confers
resistance to G418) Into LM cells, a mouse cell line expressing defined
rn*jor histocompatibility complex class I antigens (11.2k)@After initial

selection in growth medium containing G418, IL-2 secretion was con
firmed, and the cefls were then cotransfected with genomic DNA from
B16F1 or B16FiO melanoma cells, along with DNA from a plasmid (pHyg)
that confers resistance to hygromycin. After a second round ofselection in
growth medium containing sufficient quantities of hygromycin to kill
100% of nontransfected cells but without further modification, the san
fractionated populations of transfected cells were tested for their immu
notherapeutic properties in C57B116 mice W-25') with established B16
melanomas (H-2â€•).Animals with melanomas treated with either of the
transfected cell populations survived significantly (P < 0.01) longer than
untreated mice or mice treated with Irradiated (5000 reds) B16F1 mela
noma cells. The animals also survived longer (P < 0.05) than mice with
melanoma treated with IL-2-secreting LM cells transfected with genomic
DNA from MOPC-315 cells, a nonimmunologicaily cross-reactive murine
tumor. As determined by the capacity of monoclonal antibodies to T-cell
subsets to inhibit the antimelanoma response in a 51Cr release assay, the
antimelanoma immunity in mice immunized with cells transfected with
genomic DNA from either B16F1 or B16F1O cells was mediated primarily
by Lyt.2.2' T-cells. These data raise the possibility that a generic, live cell
tumor vaccine can be developed that can be modified to provide specificity
for the neoplasms of individual patients.

Introduction

Most progressively growing neoplasms do not provoke antitumor
immune responses that are capable of controlling the growth of
malignant cells, in spite of the fact that the cells form tumor-associ
ated, T-cell epitopes (1). One possibility is that the cells are poorly
immunogenic.

As a means of augmenting the immune recognition of malignant
cells, genes for cytokines have been transferred and expressed in a
variety of tumor cell types. Immunizations with neoplastic cells
modified to secrete IL-23 (2, 3), y-interferon (4), granulocyte
macrophage colony-stimulating factor (5), among others (6, 7),
resulted in the generation of CTLs with specificity toward both the
cytokine-secreting and nonsecreting tumor cells. Experimental an
imals with established neoplasms treated with the cytokine-secret
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ing cells survived for prolonged periods, although in most in
stances, tumor growth eventually recurred.

These fundamental observations led to an immunotherapeutic
strategy involving the introduction of cytokine genes into autolo
gous neoplastic cells of cancer patients. The cytokine-secreting
cells are returned to the patient as a therapeutic â€œvaccineâ€•(8). One
major advantage of this approach is that it avoids certain forms of
the toxicity associated with the systemic use of cytokines. Cancer
patients receiving soluble IL-2, among others, experience poten
tially life-threatening side effects that limit the total amount that
can be administered.

To investigate a possible alternative approach toward the genera
tion of cytokine-secreting, cellular immunogens, we first introduced
the gene for IL-2 into a cell line with strong but nontumor-specific
immunogenic properties. To provide immunologic specificity for the
tumor, we then transfected genomic DNA from the neoplastic cells
into the cytokine-secreting cells. An unfractionated population of the
cytokine-secreting, transfected cells was tested for its immunothera
peutic properties in mice with established neoplasms. We reasoned
that undefined genetic events might have taken place in malignant
cells, leading to the formation and expression of tumor-associated
antigens. We reasoned further that a small proportion of cells trans
fected with genomic DNA from the neoplasm might express tumor
associated epitopes. The number of cells specifying the relevant
tumor-associated antigens in the population of transfected cells used
for immunization could be sufficient to induce an antitumor immune
response in the tumor-bearing animals.

To test this possibility, mouse LM cells, a fibroblast cell line of
C3H origin (H@2@c),were transduced with a retroviral vector carrying
an expression-competent gene for IL-2. Afterwards, the IL-2-secret
ing LM cells were transfected with genomic DNA from B16 mouse
melanoma cells (H-2@').The unfractionated population of transfected
cells was then administered as a therapeutic vaccine to mice with
melanoma. The tumor-bearing mice treated with the genetically mod
ified cells survived significantly longer than mice in various control
groups. The antimelanoma responses were mediated predominantly
by Lyt-2.2@ (CD8@) T-lymphocytes. The data raise the possibility
that a live, generic cell tumor vaccine can be developed that can be
modified to provide immunologic specificity for the neoplasms of
individual patients.

Materials and Methods

Cell Lines and Experimental Animals. B16F1 (T@2b)is a highly malig
nant cell line derived from a melanoma occurring spontaneously in a C57BL16

mouse (H-2@').B16F1O is a derivative selected for its metastatic properties.
Both cell lines, obtained originally from I. Fidler (M. D. Anderson Hospital,
Houston, TX), were maintained by serial passage in histocompatible C57BL,/6
mice (The Jackson Laboratory, Bar Harbor, ME)or at 37Â°Cin a humidified 7%
C02/airmixturein Dulbecco's modifiedEagle's mediumcontaining10%fetal
bovine serum and antibiotics (growth medium; Gibco BRL, Grand Island,
NY). MOPC-315 cells (H-2â€•),a mineral oil-induced plasmacytoma of BALB/c
mouseorigin(H-2â€•;fromM. Mokyr,Universityof Illinois,Chicago, IL)were
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maintained by serial passage in BALB/c mice. LM cells (H-2â€•)were obtained
from the AmericanType CultureCollection (Rockville, MD). The cell lines
were maintained at 37Â°Cin a humidified 7% C02/air atmosphere in growth
medium. IL-2-dependent C1'LL-2 cells (from A. Finnegan, Rush Medical
College, Chicago, IL) were maintained in RPM! 1640 supplemented with 10%
fetal bovine serum, 2 mMglutamine, 0.5 mMsodium pyruvate, 15 mM4-(2-
hydroxyethyl)-i-piperazineethanesulfonic acid, 5 X 10_2@ 2-mercaptoetha
nol, and 100 units/mIIL-2 (Genzyme, Cambridge,MA).

Eight to 12-week-old pathogen-free C57BL16mice (The Jackson Labora
tory), highly susceptible to the growth of passively transferred B16 melanoma
(minimum lethal dose, 5 X 10@cells), were used in all experiments. The
animals were maintained and treated according to NIH Guidelines for the Care
and Use of Laboratory Animals.

Preparation of IL-2-secretiag LM Cells. IL-2-secreting LM cells were
prepared by transducing the IL-2 gene into the cells with the retroviral vector
pZipNeoSVIL-2(fromM. K. L. Collins,Instituteof CancerResearch,London,
England;Ref. 9) packaged in the viral replication-defectivepackagingcell
line, GP+env AM12 (from A. Bank, ColumbiaUniversity,New York, NY;
Ref. 10). The retroviralvector containedthe humanIL-2 gene and the ned
gene, both undercontrolof the Moloney leukemiavirus long terminalrepeat.
The@ gene conferredresistanceto the aminoglycoside antibiotic, G418
(11). For use as controls,aliquotsof the suspensionof LM cells were tram
ducedwith a plasmidpZipNeoSV(X)(originallyfromR. Mulligan,Whitehead
Institute for Biomedical Research, Cambridge, MA). It was also packaged in
GP+env AM12 cells. Like pZipNeoSVIL-2, pZipNeoSV(X) specified the ned
gene butlackedthegene forIL-2.Virus-containingsupernatantsfromGP+env
AM12 cells transfected with pZipNeoSVlL-2 or with pZipNeoSV(X) were
added to LM cell cultures, followed by overnight incubation at 37Â°Cin growth
medium containing 5 p@g/mipolybrene. The infected cells were maintained for
14 days in growth medium containing 1 mg/mI G418 (0418 growth medium).
One hundred%of noninfectedLMcells maintainedin 0418 growthmedium
died within this period. Colonies of cells proliferating in the selection medium
were pooled for later,additionalmodification.

IL-2-secretion by the G418-resistant cells was assayed with the use of the
IL-2-dependent cell-line, CTLL-2 (12). One unit ofIL-2 gave half-maximal
proliferation of CTLL-2 cells under these conditions. Every third transfer,
the LM-IL-2 were routinely passaged in growth medium containing 300

@g/mlG418.
Cotransfection of @4.fl.62 with Genomic DNA from B16F1, B16F1O,

or MOPC-315 Cells and DNA from pllyg. High molecularweight DNA
was isolated from each of three progressively growing tumors, B16F1, B16F1O
and MOPC-315, using techniques described previously (13). The cationic
liposome-mediatedtransfectionmethod(lipofectin;Gibco BRL;Ref. 14) was
used to transfectLM-IL-2cells (1 X i07 cells) with genomic DNA (20 @g)
from either of the melanoma cell lines or from MOPC-315 cells, along with
DNA (1 ILg) from the plasmid pHyg (from L. Lau, University of Illinois,
Chicago, IL), following the supplier's protocol. The plasmid pHyg carries an
Escherichia coli gene encoding a hygromycin B phosphotmansferase (15). As

an additional control, other LM-IL-2 cells were transfected with DNA (1 @.tg)
from pHyg alone. Afterwards, the cells were maintained for 14 days in growth
medium containing 400 g.@g/mlhygromycin. The surviving colonies (more than
l0'@)were pooled and used in the experiments described below. One hundred
percent of nontransfected LM-IL-2 cells maintained in the hygromycin
growth medium died within this period.

Detection of mRNAs Specifying IL-2 by RT-PCR. RT-PCR was used as
a further test of the expression of the IL-2 gene by the transduced LM cells.
TotalcellularRNA was preparedfromthe relevantcell types,accordingto the
method described by Chomczynski and Sacchi (16). The RNA samples were
transcribed into cDNA in a reverse transcription reaction mixture containing
50 m@.iTris-HCI (pH 8.3), 75 mMKCI, 3 mMMgCl2, 10 mMdithiothreitol, 05
mM each of deoxynucleotide triphosphate, 1 unitlpi RNase inhibitor, 2.5

units/@.tlMoloney murine leukemia virus reverse transcniptase (Gibco BRL)
and 0.03 mg/gd oligodeoxythymidylate primer (Gibco BRL). The RT-PCR
amplification of the cDNA was performed in a reaction mixture consisting of
0.4 m@.tof each specific primer for the IL-2 or the neo' gene (Clontech
Laboratory, Palo Alto, CA), 3â€”5ml of the cDNA samples, 1.5 mM MgCl2, and
2.0 units Taq polymerase (Gibco BRL). The sequence of the neo primers was
sense two oligonuleotide 5'-GCTGTGCTCGACGUGTCAC-3' and antisense
two oligonucleotide 5'-CfCVFCGTCCAGATCATCCrG-3'. The reactions

were carried out for 38 cycles of 94Â°C(1 min), 55Â°C(1 min), 72Â°C(1 mm) for
the two gene amplification, and 32 cycles of94Â°C(45 s), 60Â°C(45 s), and 72Â°C
(2 min) for the LL-2 gene amplification using a Perkin-Elmer Cetus thermal
cycler. After amplification,5 @.dof the reaction mixturewas removed and
analyzed by electrophoresis in a 2.0% agarose gel in Tris-borate-EDTA buffer,
followed by stainingof the gel with ethidiumbromide.

Detection ofthe IL-2 Gene by Southeni BlOtting. A Southern analysis of
DNA was performedto confirm the integrationof the IL-2-gene into the
transduced cells as described previously (17, 18). 32P-labeledcDNA for human
IL-2 (from M. K. L Collins) was used as a probe.

Preparation of Spleen CeH Suspensions for Cytotoxicity Determina
tions. Mononuclear cells from the spleens of C57BL16mice immunized with
thevariouscell typeswere usedas sourcesof effectorcells for the cytotoxicity
determinations. C57BL16mice (at least two per group) were injected s.c. and
i.p. respectively with 2 X 10'@cells at each injection site. Two weeks later, cell
suspensionswere preparedandtransferredto 15-nil centrifugetubes(Sarstedt,
Newton, NC). Large clumps of cells and debris were allowed to settle for 1
mm, and the cells remaining in the supernatant were collected, overlaid onto a
FicolllHypaquegradient(Pharmacia,Piscataway,NJ), andcentrifuged(2,000
rpm) for 25 min at room temperature. The viability of the mononuclear cells
at this pointwas greaterthan98%as determinedby trypanblue dye exclusion
(0.4%).Aliquotsof the cell suspensionswere coincubatedin growthmedium
at 37Â°Cfor 5 days with mitomycin C-treated (50 g.@g/mlfor 45 mm at 37Â°C;
Sigma Chemical Co., St Louis, MO) cells of the same type as used to

immunize the mice. After incubation, the population that failed to adhere to the
plastic cell cultureflasks was collected and used as the effector cells for the
cytotoxicity determinations against B16F1 melanoma cells.

Spleen Cell-mediated Cytotoxicity Determinations against B16F1 Mel
anoma Cells. Spleen cell-mediated cytotoxicity measurements against B16
cells were performed in a standard 51Cr release assay. Briefly, 5 X 10@B16F1
cells were labeled with 51Crduring a 1-h incubation at 37Â°Cin growth medium
containing100 @Ciof sodium51Cr(Amersham,ArlingtonHeights,IL). After
three washes with Dulbecco's modified Eagle's medium, i X 10 51Cr-labeled
B16 cells were incubatedfor 4 h at 37Â°Cwith the nonplastic-adherentpopu
lation of spleen cells from the immunized mice at varying effector:target ratios.
Afterwards, the percentage of specific cytolysis was calculated as:

% specific cytolysis =

Experimental 51Crreleaseâ€” spontaneous 51Crrelease
Maximum51Crrelease â€”spontaneous51Crrelease X 100

Determination of the Classes of Effector Cells Activated for Antimela
noma CytotoxiCIty in Mice Immunized with the Cytokine-secreting Cells.
The effect of Lyt-2.2 or asialo Â°M1mAbs on the spleen cell-mediated cyto
toxicity reactionswas used to identifythe predominantcell types activatedfor
antimelanomacytotoxicity in mice immunizedwith the cytokine-secreting,
transfected cells (19). After the 5-day period of incubation, the nonplastic
adherent cells were incubated at 4Â°Cfor 1 h with excess quantities of the mAbs
[anti-Lyt-2.2 (CD8): hybndoma 3.155 (Ref. 20; from M. Mokyr, University of
Illinois, Chicago, IL) or anti-asialo GMI(Ref. 21; Wako Chemical Co., Dallas,
TX)] before the 51Crrelease assay was performed. The antibodies were titered
such thatthe concentrationsusedwere 5 times the amountrequiredto saturate
the binding of the specific cell types from naive C57BL/6 mice as determined
by cytofluorometricanalysesof serially dilutedantibodies.

Statistical Analyses. Life table methods and log rank analyses were used
to determine the statistical differences between the proportion of mice
surviving following the different treatments. The Student t test was used to
determine the statistical differences between cytotoxic activities in mice in
various experimental and control groups. A P value of less than 0.05 was
considered significant.

Results

Preparation of LM-IL-2. The gene for IL-2 was transduced into
LM cells, along with a gene (neor) specifying resistance to the
neomycin analog, G418. The replication-defective retrovirus pZ
ipNeoSVIL-2 packaged in helper virus-free GP+envAMi2 cells was
used for this purpose. After selection in growth medium containing
sufficient quantities of G4i8 to kill iOO%of the nontransduced cells,
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Tablei SecretionofIL-2 bycellstransducedwithpZipNeoSVIL-2carrying
the IL-2geneThe

assay was performedusing the IL-2-dependentcell line, CTLL-2. Thevaluesrepresent
the mean from three differentexperiments.IL-2

secretion(units/106cells/48h)Cell

type Original assay Subsequent assay (>6months)LM-IL-2

iO,0009,500LM-ZipNeo
0 0

TUMOR IMMUNITY BY CELLS TRANSFECFED WITH GENOMIC DNA

standard 51Cr release assay was used to detect the presence of spleen
cell-mediated immunity toward B16F1 melanoma in mice immunized
with LM-IL-2 cells transfected with genomic DNA from B16F1 or
B16F1O cells or, for comparison, with LM-IL-2 cells transfected with
genomic DNA from MOPC-3i5 cells. Mononuclear cells were ob
tamed from the spleens of naive C57BL,/6 mice 2 weeks after s.c. and
i.p injections of the IL-2-secreting, transfected cells. Viable cells (2 X
106) were introduced at each injection site. Five days after a period of
coincubation with the same (mitomycin C-treated) cell type as used
for immunization, the spleen cells were tested for their capacity to lyse
51Cr-labeled B16F1 cells. The results (Table 2) indicate that the
specific cytolysis toward the melanoma cells was significantly (P <
0.001) higher in spleen cell populations from mice immunized with
LM-IL-2 cells transfected with genomic DNA from B16F1 or B16F1O
melanoma cells than in spleen cell populations from nonimmunized
mice. An antimelanoma response was also detected in mononuclear
cell populations from the spleens of mice immunized with IL-2-
secreting LM cells transfected with genomic DNA from MOPC-315
cells and in a population of cells from mice immunized with IL-2-
secreting LM cells transfected with DNA from the plasmid pHyg
alone. However, the magnitude of these responses was clearly less
than that present in mice immunized with LM-IL-2 cells transfected
with DNA from B16F1 or B16F1O cells.

The involvement of Lyt-2.2@ and NK/LAK cells in the cell-medi
ated responses toward 51Cr-labeled B16F1 cells was determined by
adding cell type-specific mAbs to the spleen cell suspensions before
the 51Cr release assays were performed. As indicated (Table 2),
treatment of spleen cells from mice immunized with LM-IL-2 cells
transfected with DNA from B16F1 or B16F1O cells with either
Lyt-2.2 or asialo GM1 mAbs alone was insufficient to completely
eliminate the antimelanoma response. A mixture of both mAbs
reduced the response to â€œbackground,â€•that is, the level present in
a population of nonantibody-treated spleen cells from naive
C57BL/6 mice. In an analogous study following immunization
with an IL-2-secreting cellular immunogen, treatment of a spleen
cell population with L3T4 mAbs had no significant effect upon the
antimelanoma response (22).

An analogous approachwas used to determinethe cell types acti
vated for antimelanoma immunity in mice injected with IL-2-secret
ing LM cells transfected with genomic DNA from MOPC-315 cells or
in mice immunized with IL-2-secreting cells transfected with pHyg
alone. As indicated, asialo GM1 mAbs alone reduced the cytolytic

(I)

Fig. 1. The survival of tumor-bearingC57BL/6 mice treated with IL-2-sccreting
allogeneic cells transfectedwith genomic DNA from Bi6 melanomas.C57BL/6 mice
(five mice pergroup)were injecteds.c with5 X iO@B16F1 cells fromin vitroculture.Six
days later, the mice received the first of three weekly s.c. injections of 4 X 10@cells per
injection.Mediansurvivaltime (days): nonimmunized,26.0; irradiatedB16, 26.6; LM
IL-2/Hyg, 38.5; LM-IL-2/MOPO15, 36.0; LM-IL-2IB16F1O, 46.4; LM-IL-2/B16F1,
55.0. P values relative to nonimmunizedmice: LM-IL-2/B16FIO and LM-IL-2/B16F1,
<O.Oi;irradiatedBi6 and LM-IL-2/MOPC,not significant.

the surviving cells were pooled and assayed for IL-2-secretion (Table
1). The cells were passaged periodically in growth medium containing
300 @.tg/mlG418 to eliminate cells that had lost the neor gene (and, by
inference, the IL-2 gene). Equivalent quantities of IL-2 were formed
after 6 months of continuous culture (Table 1). LM cells transduced
with pZipNeoSV(X)(LM-ZipNeo cells) did not form detectable quan
tities of IL-2. In addition, LM-IL-2 transfected with genomic DNA
from B16F1, B16F1O, or MOPC315 cells, as described in â€œMaterials
and Methods,â€•secreted approximately the same amount of IL-2.
Further confirmation that the genetically modified cells expressed the
IL-2 gene was accomplished by the RT-PCR. In the experiment,
cDNAs for IL-2 or the neor gene were generated from mRNAs
extracted from the IL-2-secreting cells and then amplified as de
scribed in â€œMaterialsand Methods.â€•The results indicated the pres
ence of niRNAs specifying the relevant gene product in the trans
duced cells. An analysis by Southern blotting indicated that two
copies of the IL-2 gene were integrated into the DNAS of the trans
duced cells (these data are not presented).

Survival of Mice with B16 Melanoma Treated with LM-IL-2
Cells Transfected with Genomic DNA from B16 Cells. Mice with
melanoma treated with LM-IL-2 cells cotransfected with pHyg and
genomic DNA from either Bi6Fi or Bi6F1O cells survived signifi
canfly (P < 0.05) longer than mice with melanoma treated with
LM-IL-2 cells cotransfected with pHyg and genomic DNA from
MOPC-3i5 cells, an independently arising mouse tumor.

In the experiment, naive C57BL16 mice were injected s.c. with 5 X
i0@viable Bi6Fi cells. Six days later, the mice received the first of
three injections at weekly intervals of 4 X 106 cells from the popu
lation of IL-2-secreting cells transfected with genomic DNA from
B16Fi or B16F1O melanomas. Other mice with melanoma were
treated with equal numbers of LM-IL-2 cells transfected with DNA
from MOPC-315 cells, with LM-IL-2 cells transfected with DNA
from pHyg alone, with irradiated (5000 rads) melanoma cells, or the
mice were not injected. At the time of the first injection of the
IL-2-secreting cells, the tumor was less than 2 mm in diameter.

The results (Fig. 1) indicate that mice with melanoma treated with
IL-2-secreting cells transfected with genomic DNA from B16F1 (me
dian survival time, 55.0 days) or B16F1O cells (median survival time,
46.4 days) survived significantly longer than mice with melanoma
treated with cells from any of the various control groups. The median
survival of untreated mice injected with B16F1 cells alone was 26
days. Treatment with irradiated Bi6Fi cells failed to prolong the
survival of mice with melanoma. The differences in survival of
untreated mice with melanoma, mice with melanoma treated with
irradiated B16 cells, or LM-IL-2 cells transfected with DNA from
MOPC-3i5 cells were not significant.

The injections were without apparent harm. Neoplasms were not
detected in tumor-free mice injected with viable IL-2-secreting trans
fected LM cells. Like other allogralts, the cells were rejected over a
period of 2 to 3 weeks (these data are not presented).

Lyt-2.2@(CD8@)Cells Were Activated for Antimelanoma Cy
totoxicity in C57B116 Mice Immunized with LM-IL-2 Cells
Transfected with Genomic DNA from Bi6Fi or Bi6F1O Cells. A
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Table 2 Cytotoxicitytowardmelanomain populations of spleen cells frommiceimmunized
with LM-IL-2 cells transfected with genomic DNA from B16cells%

cytolysisEffector

cellsÂ° Treatmentb 100 : 1 200:Immunized

with:LM-IL-2/B16F1
â€” 29.1 Â±2.i 31.2 Â±i.2c

anti-Lyt2.2 9.2 Â±i.4 13.1 Â±03â€•
anti-asialoGMI 23.8Â±0.7 19.4Â±23d

LM-IL-2/B16F1O â€” 27.7 Â±1.4 25.0 Â±4.2canti-Lyt2.2
12.4 Â±1.3 14.7 Â±0.4â€•anti-asialo

0M1 20.6 Â±0.4 17.8 Â±i.0
LM-IL-2/MOP@315 â€” 12.1Â±0.6 10.9Â±i.Oeanti-Lyt2.2

11.5 Â±0.4 i4.i Â±1.4anti-asialo
GM! 3.2 Â±0.6 2.4 Â±i.5

LM-IL-2/Hyg â€” 20.1 Â±0.5 18.3 Â±Ã˜7Canti-Lyt2.2
19.6 Â±i3 22.6 Â±2.2

anti-asialo GM! 8.0 Â±0.7 2.3 Â±1.1â€•Irradiated
Bi6Fi â€” 4.8 Â±0.4 6.5 Â±0.8anti-Lyt2.2

0.4 Â±1.1 6.2 Â±0.6anti-asialo
GM! â€”0.7Â±2.8 3.6 Â±0.2Nonimmunized

â€” 0.0 Â±4.2 2.4 Â±0.7anti-Lyt2.2
â€”1.8 Â±3.7 2.4 Â±5.2anti-asialo

GM! â€”1.9 Â±0.1 â€”0.2Â±2.3

TUMOR IMMUNiTY BY CELLS TRAN5FECFED WITH GENOMIC DNA

in C57BL16 mice injected with (nonirradiated) IL-2-secreting B16
cells. Neoplastic cells recovered from the tumors were not IL-2-
secreting and, unlike the cells first injected, the proviral insert spec
ifying the IL-2 gene was absent (23). In contrast, tumors were not
observed in immunocompetent C57BL/6 mice injected with nonirra
diated IL-2-secreting or nonsecreting cells that expressed allogeneic
determinants. Like other allografts, the cells were eventually rejected
by the immunocompetent recipients. Furthermore, allogeneic antigens
expressed by cells chosen to receive the melanoma DNA acted
synergistically with the MAA in generating the cellular antimela
noma response. In prior studies, we found that antimelanoma
immunity failed to develop in C3H mice (H@2k)immunized with
LM cells (H@2k) genetically modified to express MAA under
circumstances in which strong responses developed in mice with b,
5, or d haplotypes immunized with the same cell type (24). Thus,

the coexpression of allogeneic antigens by the cellular immunogen
provided a second level of protection against the proliferation of
the cells in the recipient as it augmented the antimelanoma re
sponse. The secretion of IL-2 by the cell construct further ampli
fled the antimelanoma response in the immunized mice.

We consider two nonexclusive mechanisms to explain the im
proved response against autologous tumor in mice immunized with
the IL-2-secreting allogeneic transfected cells: (a) large numbers of
CrLs with specificity toward tumor-associated antigens expressed by
the neoplasm are generated in the microenvironment of allograft
recognition and rejection. The immunogenic properties of tumor cells
transfected with genes specifying allogeneic determinants is support
lye (25, 26); and (b) allogeneic MHC class I determinants present
tumor-associated T-cell epitopes directly to CTL precursors. The
high, local environment of IL-2, secreted by the genetically modified
cells, further augments the generation of large numbers of CFLs with
antitumor specificity.

Lyt-2.2@ antimelanoma CFLs were predominant in mice immu
nized with cells transfected with genomic DNA from the melanoma
cells. NK/LAK cells were the predominant antitumor cell type in mice
immunized with cells transfected with DNA from MOPC-315 cells or
cells modified for IL-2 secretion alone. It is likely that the activation
of NK/LAK cells reflected the secretion of IL-2 by the modified cells.
We found previously that Lyt-2.2@ cells were the predominant anti
melanoma cell type in C57BL/6 mice immunized with non-IL-2-
secreting LM cells that were selected for the expression of MAA and
that NK/LAK cells were predominant in mice injected with MAA
nonexpressing cells modified to secrete IL-2 alone.4 Thus, the expres
sion of MAA by LM-IL-2 cells transfected with genomic DNA from
the melanoma cells may have been responsible for the activation of
antimelanoma Lyt-2.2@ C1'Ls.

These data raise the possibility that a cytokine-secreting cell line
can be established that may be readily modified to provide immuno
logical specificity for an individual neoplasm. This approach might
provide a reasonable alternative to the modification of autologous
neoplastic cells for tumor immunotherapy.
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