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ABSTRACT

Gene therapy for cancer is being tested in clinical trials using tumor-

infiltrating lymphocytes (TIL) or tumor cells modified by the insertion of
genes coding for interleukin 2 or tumor necrosis factor a. In the present
study, we investigated the feasibility of transducing human tumor cells
with genes coding for y-interferon (IFNy) or a-interferon (IFNa), which

are two other cytokines that can enhance host antitumor immune re
sponses.

Tumor cells from 12 melanoma and 2 renal cell carcinoma patients were
transduced with retroviral vectors containing the gene for IFNy. Northern
blot analysis showed IFNy transcripts only in the IFNy gene-transduced
cells. In both IFNy-secreting and non-secreting tumor lines, the cell sur

face expression of HLA class I and class II molecules increased following
transduction. However, the magnitude of the increase in HLA expression
appeared to be greater in tumor lines secreting IFNy.

Two melanoma cell lines were successfully transduced with an IFNa
retroviral vector. Melanoma cells transduced with the IFNa gene con
tained IFNa RNA transcripts and secreted large amounts of IFNa. In
contrast to cells transduced with the IFNy gene, the expression of HLA
class II molecules was not increased in the IFNa gene-transduced cells.

Finally, we tested the ability of HI.A.DK' melanoma cells, which had

been transduced with the IFNy gene, to stimulate specific cytokine release
by autologous CD4* TIL. Specific secretion of cytokine by TIL occurred

when the TIL and IFNy gene-transduced tumor cells were cultured to
gether but not when TIL were cultured alone or with control nontrans-

duced tumor cells. These results suggest that molecules newly expressed on
the transduced cells promoted antigen presentation and T-cell responses

against the transduced tumor cells. The insertion of the IFNy gene into
melanoma cells may be useful either for active immunization against
melanoma or for the generation of TIL to be used in adoptive immuno-

therapy.

INTRODUCTION

Immunotherapy with IL-2 ' alone or in conjunction with the adop

tive transfer of immune lymphocytes can mediate objective tumor
regression in selected patients with metastatic cancer (1-3). Extensive

efforts to improve the effectiveness of immunotherapy have focused
on attempts to increase the immune recognition of cancer cells. Sev
eral studies in murine tumor models have demonstrated increased
antitumor responses to tumor cells transduced with cytokine genes,
including IFNy (4-Â«),IL-4 (7), IL-2 (8,9), IL-6 (10), IL-7 (11), TNFa

(12, 13), and granulocyte CSF (14). Clinical trials have recently been
initiated using TNFa gene-modified TIL or, more recently, melanoma
cells transduced with TNFa or IL-2 genes (3).

An important property of IFNs is their ability to up-regulate the

expression of HLA molecules, which play a central role in immune
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1The abbreviations used are: IL. interleukin; IFN. interferon; TIL. tumor-infiltrating
lymphocytes; LAK, lymphokine-activated killer cells; RCC, renal cell carcinoma; NeoR.

neomycin phosphotransferase; MHC. major histocompatibility antigens; TNFa. tumor
necrosis factor a; ATCC, American Type Culture Collection; cDNA. complementary
DNA; LTR. long terminal repeat; ELISA, enzyme-linked immunosorbent assay; mAB.
monoclonal antibody; rIL-2, recombinant interleukin 2; FACS, fluorescence activated cell
sorter; CSF, colony-stimulating factor; NV cells, sham-transduced cells.

responses (15). In mice, injection of IFNy gene-transduced tumor
cells gives rise to an increased cytotoxic T-lymphocyte response
against tumor-associated antigens. Restifo et al. (6) studied a murine

sarcoma that had very low MHC class I expression and gave rise to no
detectable immune response. Following retroviral transduction with
the IFNy gene, class I expression on the tumor was significantly
increased and tumor-infiltrating lymphocytes could be derived that

successfully treated established lung mÃ©tastasesfrom the parental
unmodified tumor. In an attempt to extend this therapeutic approach to
the treatment of human cancers, we have transduced a series of human
tumors with retroviral vectors containing human IFNy and IFNa
genes and have demonstrated a significant up-regulation of surface

MHC antigens. Moreover, we show that melanoma cells that have
been transduced with the IFNy gene and express HLA.DR are able to
stimulate cytokine release when cocultured with autologous CD4+
TIL. Nontransduced tumor elicited no immune reaction from CD4+

TIL.

MATERIALS AND METHODS

Culture of Tumor Cell Lines. Most of the human melanoma cells or RCC
cells used in the present study were previously established from tumor biopsies
in the Surgery Branch, National Cancer Institute, NIH, as described elsewhere
(16). SK-mel-2 and RPMI 7951 were obtained from ATCC (Rockville, MD).
SK-mel-23 was kindly provided by Dr. T. Boon (Ludwig Institute for Cancer

Research, Brussels, Belgium). Melanoma and RCC cells were maintained in
"culture medium," either RPMI 1640 or Dulbecco's modified Eagle's medium

supplemented with \Wc heat-inactivated fetal bovine serum, glutamine (2 imi),

penicillin (100 units/ml), and streptomycin (100 fig/ml). All media reagents
were from Biofluids Inc. (Rockville. MD).

Vector Constructs. Three retroviral vectors were used for transducing
cells. Human IFNy cDNA (0.6 kilobase) with a deletion at the 3'-untranslated

region, which is responsible for the destabilization of the transcript, was cloned
into either pLXSN or pLNCX retroviral plasmid vectors (17), generating
pLIySN (LlySN). and pLNCIy (LNCIy), respectively. LlaSN vector was
generated by cloning human IFNa2 cDNA (560 base pairs) into pLXSN. The
unmodified LXSN vector, which inserts only the NeoRy (neomycin phospho

transferase) gene for subsequent selection of transduced cells, was used as a
control. In both the LlySN and the LlaSN retroviral vectors, the IFNy or the
IFNa gene was driven by the 5'-LTR; the NeoR gene was driven by the 5'-LTR

and the SV40 promoter. In the LNCIy vector, the IFNy gene was driven by
both the 5'-LTR and the internal cytomegalovirus promoter and the 5'-LTR

promoted the Neor gene.

A cloned packaging cell line. Gp 1.2. which produces an amphotropic virus
with the IFNy gene (LlySN). was generated by a micro-ping-pong method

with minor modifications (18). pLIySN was constructed and provided by
Michael Kriegler (Cytel Co., San Diego, CA). Both IFNy (LNCIy) and IFNa
(LlaSN) retroviral vectors were kindly provided by William Jacob and Yaoan
Chang (Genetic Therapy, Inc.. Gaithersburg, MD). Viral titers of the retroviral
supernatants ranged between 5 x IO4 and 2 X IO6 colony-forming units/ml,

when assayed for their ability to confer neomycin resistance to NIH 3T3 cells.
Retroviral Transduction. Melanoma and RCC cells (0.5-1 X IO6) were

cultured overnight in T80 flasks (Nunc, Roskilde, Denmark). Retroviral su
pernatants (8-20 ml) supplemented with Polybrene (8 fig/ml; Aldrich.

Milwaukee, WI) were added to each flask. Twenty-four h later, medium was

replaced with fresh viral supernatant supplemented with Polybrene. On the
following day, cells were harvested and seeded at 5 x lOVflask in the culture
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medium. Approximately 48 h after removal from the viral supernatant, cells
were fully selected by the neomycin analogue, Geneticin (G418; Gibco, Grand

Island, NY). The concentrations of G4I8 used for the selection ranged from
4(X) to 1200 fig/ml (active dose), depending on the sensitivity of each cell to

the toxic effects of G418. NV cells were cultured with or without the same
concentration of G4I8 as controls. All the NV cells cultured with G418 were
dead after 7 to 10 days. The selected, transduced cells were cultured with G418
throughout the study.

Clones of 888 mei were isolated by using cloning cylinders (BÃ©licoGlass,

Inc., Vineland. NJ) following transduction with either the IFNy gene or the
Neor gene and selection with G4I8.

Assay of IFN Secretion by TUmor Cells. Tumor cells were harvested,
washed, and adjusted to 1 X 10'' cells/ml in culture medium. One million cells

in I ml were seeded in 6-well plates (Costar. Cambridge. MA) and incubated

for 24 h. Then supernatants were harvested, centrifuged, aliquoted, and frozen
at -20Â°C. Thawed aliquots were tested by ELISA for IFN-y (Genzyme Co.,

Boston, MA) and IFNa (Biosource International Inc., Camarillo, CA) or by a
cytopathic effect inhibition assay with minor modifications (19). Briefly, hu
man fibroblasts (Hs68; ATCC) were cultured with serial dilutions of test
samples or standard IFNa (Biosource International) overnight. Then cells were
challenged with encephalomyocarditis virus and cultured overnight. The IFNa
titer was calculated as the reciprocal of the dilution that protected 50% of the
monolayer cells from the cytopathic effects of the virus.

Northern Blots and Hybridization. Total RNA was extracted by a guani-

dinium isothiocyanate/cesium chloride ultracentrifugation method (20) and
was electrophoresed on a 1% agarose/2.2 M formaldehyde gel. RNA was
transferred to nylon membranes using positive pressure, UV-cross-linked, and
hybridized with <:P-labeled probes (Du Pont. Boston. MA) at 68Â°Caccording

to the Quikhyb protocol (Stratagene, La Jolla. Ca). The IFNy and the IFNa
probes used for hybridization were the inserted cDNA fragments in the IFNy
and the IFNa vectors, prepared by enzymatic digestion of pLIySN and
pLIaSN. respectively. The NeoK probe was made from pLXSN by enzymatic

digestion. The ÃŸ-actinprobe, obtained from Oncor Inc. (Gaithersburg, MD).

was used as a control to ensure equal loading of the samples. Membranes were
washed twice for 15 min each at room temperature with 2x standard saline-
citrate/O.I x sodium dodecyl sulfate and once at 60Â°Cfor 30 min with 0. IX

standard saline-citrate/0.1 x sodium dodecyl sulfate. Filters were autoradio-
graphed with Kodak XAR-5 films at -70Â°C with intensifying screens. Alter

natively, the filters were analyzed on a Betascope 603 Blot Analy/.er (Belagen
Co., Waltham, MA).

Fluorescence-activated Flow Cytometry. Tumor cells and TIL were an

alyzed for the expression of cell surface molecules by flow cytometry, as
described elsewhere (16). Briefly. 5 x IO5 cells were stained with fluorescein

isothiocyanate-conjugated mAb. including W6/32 (MHC class I framework),
anti-HLA.DR (MHC class II), and anti-Thy-1.2 (murine T-cell marker, used as
a negative control) for 30 min at 4Â°C,followed by washing with phosphate-

buffered saline supplemented with 2Vc fetal bovine serum and 0.027r sodium
azide. Cells were analyzed with a FACScan instrument using forward light

scatter to exclude dead cells. Propidium iodide was not used, because cell
viability was generally greater than 90Vr.

Assay of IFNy Secretion by CD4* TIL. The secretion of IFNy by CD4*

TIL was measured as described previously in detail (21). Briefly, I X IO6
CD4* TIL were cocultured with 1 x I0h irradiated melanoma cells (30.000
cGy) in I ml of RPMI 1640 with lO'/i heat-inactivated AB* serum (Advanced

Biotechnologies, Inc., Columbia, MD) and 60 lU/ml rIL-2 (kindly provided by
the Cetus Co., Emeryville, CA). Twenty-four h later, culture supernatants were
harvested, centrifuged, and stored at -70Â°Cuntil assayed. As a positive control,

CD4* TIL were cultured in 24-well plates (Costar) coated with anti-CD3 mAb

(OKT3; Ortho Pharmaceuticals. Rariton, NJ) in the presence of rIL-2 (22).

Concentrations of secreted cytokines in the culture supernatants were de
termined using ELISA assays for IFNy (both from Genzyme Co.). CD4* TIL

were positively selected by using tissue culture flasks coated with anti-CD4

mAb (Applied Immune Sciences. Menlo Park. CA) and stored in a liquid
nitrogen (23). Cryopreserved CD4* 888 TIL (kindly provided by S. Topalian.

Surgery Branch, National Cancer Institute. NIH) were thawed and cultured in
RPMI 1640 supplemented with 10% heat-inactivated AB* serum. 6000

units/ml rIL-2. and LAK supernatant for more than 6 days before use. FACS
analysis showed that more than 98% of TIL were CD4*.

RESULTS

Transduction of Melanoma Cells with IFN-y cDNA. Various

melanoma cell lines established in our laboratory or obtained from
ATCC were screened for cell surface expression of HLA molecules.
By FACS analysis, 29 of 30 melanoma cell lines expressed HLA class
I molecules while only 40% of the lines expressed HLA.DR. a MHC
class II molecule (data not shown). Cells from 12 HLA.DR-negative
melanoma lines were transduced with human IFN-y cDNA (LlySN).
The same lines transduced with only the NeoR gene or NV cells served

as controls. Following selection with G418, cells were tested for
secretion of IFNy, the presence of IFNy mRNA, and cell surface
expression of HLA molecules.

As shown in Table 1A, IFNy secretion by melanoma cells trans
duced with the IFNy gene was generally low or below the detection
limit of the ELISA. RPMI 7951 transduced with the IFNy gene
produced high levels of IFNy. Neither NeoR gene-transduced cells nor

NV cells secreted IFNy.
Northern blot analysis showed that all of the IFNy gene-transduced

cells lines transcribed a 3.9-kilobase RNA species. A representative
Northern blot is shown in Fig. \A. Neither the NeoK gene-transduced

cells nor the NV cells had this RNA species when probed with IFNy
cDNA. The amount of RNA transcribed correlated roughly with the
amount of IFNy secreted by the transduced cells.

Typical FACS profiles of HLA staining of the transduced cells are
shown in Fig. 2. The mean fluorescence intensities and percentages of
positive cells are presented in Table 2. The expression of HLA class
I molecules was increased in 6 of 8 cells lines transduced with the
IFNy gene and showed only a slight increase in I (888 mei) of 6 lines
transduced with the NeoK gene. Expression of class II molecules was

significantly up-regulated in 12 of 12 lines transduced with the IFNy
gene and none of 7 lines transduced with the Neo1*gene. The expres

sion of HLA class II molecules was proportionately increased over the
augmentation of class I molecules in IFNy gene-transduced cells.

Transduction of melanoma cells with the LlySN vector was re
peated several times with similar results. Thus, despite the very low or
absent secretion of IFNy by the transduced cells, up-regulation of

MHC antigens occurred. To examine whether a different vector might
induce higher secretion of IFNy by the IFNy gene-transduced cells,

624 mei and 888 mei were transduced with the LNCIy vector.
In contrast to cells transduced with the LlySN vector, cells trans

duced with the LNCIy vector secreted approximately 500 pg/ml IFNy

Table 1SecretionCell

lineExperiment

1624
mei888

meiExperiment

2501
mei952
meiRPMI
7951SK-mel-2341

mei883
mei928
meiSK-mel-231011

mei888
mei624

meiof

IFNy b\ melanomacell\IFN-y-lransducedh<50'<5084.5<25.()660.5<25.()<25.0<25.0<25.0<25.0<25.0597.7540.0IrariMÃŒHcedwiththepg/mlNeoR-lransduced<50<50<25.0<25.()<25.()<25.()<25.()<25.0<25.0<25.0<25.0<25.0<25.0IFNynene"NV

cells<50<50<25.0<25.0<25.0<25.()<25.()<25.0<25.0<25.0<25.()<25.0<25.0

"Cells (I X IO6) were cultured in 1 ml for 24 h. Cell-tree culture supernatants were
frozen at -20Â°C until assayed. Thawed aliquots were tested by HLISA.

'' Melanoma cells were transduced with the LlySN vector in Experiments I and 2 and

the LNC1> vector except for 888 mei and 624 mei in Experiment 2.
' "<25.0" and "<50" indicate thai the concentration was below the detection limit of

the assay (25 pg/ml).
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Fig. l. Northern blot analysis of melanoma cells
transduced with the IFNy gene (LlySN). Total RNA
was isolated from melanoma cells transduced with
the IFN-y gene (LI-ySN) or the NeoR gene. RNA

from NV cells was used as a negative control. In A,
RNA ( 15 fig) was electrophoresed, transferred, and
hybridized with the 32P-labeled IFN-y probe. Then
the same filter was hybridized with the 0-actin

probe after stripping the filter (B). Kb, kilobases.
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B

from l X IO6 cells over a 24-h period (Table IB). Neither the NeoR
gene-transduced cells nor the NV cells secreted detectable IFN-y.

Northern blot analysis with the IFNy cDNA probe showed two RNA
species in the IFNy gene-transduced cells (Fig. 3). The RNA species
were 4.3 and 1.3 kilobases, corresponding to the 5'-LTR-driven and

the cytomegalovirus-driven RNA, respectively. IFNy RNA was not
detected in NeoR gene-transduced cells or in the NV cells. FACS

analysis showed an increase in the expression of both HLA class I and
class II molecules by LNCIy-transduced cells compared to LlySN-

transduced cells, possibly related to the greater amount of IFNy se
creted from LNCIy-transduced cells (Fig. 2; Table 2).

Actin (2.0 Kb)

Transduction of Melanoma Clones with IFNy Gene. To exam
ine the possibility that heterogeneity in bulk-cultured cells and selec

tion with G418 resulted in the outgrowth of subsets of cells that were
resistant to G418 and expressed HLA.DR, a clone of 888 mei (des
ignated as 888.5 mei) was used for the IFNy gene transduction. 888.5
mei, which was generated from a limiting dilution culture (0.3 cell/
well), was negative for HLA.DR and had a similar growth rate as the
parent 888 mei cells. After transduction with the IFNy gene (LlySN)
and selection with G418, several clones were isolated using cloning
cylinders. IFNy secretion, RNA transcription, and HLA.DR expres
sion of these clones were examined.

A. 624 mei
W6/32

624, Neo" transduced LlySN transduced LNC!/transduced

Fig. 2. Expression of HLA class I and class II
molecules on IFNy gene-transduced melanomas.
624 mei (A ) and 888 mei (fl) transduced with IFNy
gene or NeoR gene were stained with fluorescein
isothiocyanate-conjugated W6/32. anti-HLA.DR
Ab, or Thy-1.2. NV cells were stained with the

same antibody as a control. For the transduction
with the IFNy gene, two vectors (LlySN and LN-
Cly) were used. The FACS profiles of a relevant
(W6/32 or anti-HLA.DR) and an irrelevant anti
body are represented by solid and empty histo
grams, respectively.

Log Fluorescence

B. 888 mei
W6/32

888, NV NeoR transduced Lly SN transduced LNCly transduced

Anti-

HLA.DR

Log Fluorescence
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Table 2 Expression of HLA class 1 and class II antigens on IFNy-transduced cells"

Cellline624

me!8X8

mei341

mei501

mei894

mei952

meiRPM1

7951meiSK-mel-2883

mei928

meiSK-mel-231011

meiTransduced

geneNVNeoIFN-yIFN-y

(LNCI-y)NVNeoIFN-yIFN-y

(LNCI-ylNVNeoIFN-yNVNeoIFN-yNVNeoIFN-yNVNeoIFN-yNVNeoIFN-yNVIFN-yNVIFN-yNVIFN-yNVIFN-yNVNeoIFN-yThy-l

MCN34445643655856345776881065575756556HLA

class I
MCN(%

positive)''89

(99)81
(99)248
(100)242

(97)95

(98)I32IKX))165

(99)419(100)78

(99)68
(99)266
(I(X))392(100)365(100)961

(100)62

(99)49
(99)258(100)159

(99)109
(98)320(100)228

(94)201
(97)238
(98)364(100)383(100)NO

NONDNDNDNDNDNI)NDHLA

class II
MCN

(Ve positive)3

(0.2)4
(0.2)55
(27.2)70

(80. 1)6

(1.4)5
(0.6)22(30.1)52(71.9)3

(0.1)2
(0.1)IO
(9.1)5

(1.4)5
(1.0)319(98.7)2

(0)2
(0)15(14.0)8

(6.2)6
(3.1)186(95.5)6

(0.9)7
(1.2)42(31.2)27(13.4)62(61.1)5

(0.9)83
(80.2)5

(4.1)65
(83.4)5

(0.3)90(96.3)5

(0.3)5
(0.03)95

(96.5)
" Melanoma cells transduced with IFN-y gene (IFN-y) or NeoR gene (Neo) and sham-

transduced NV control cells were stained with fluorescein isothiocyanate-conjugated
anti-Thy-1.2 (Thy-l), W6/32 (HLA class I), or anti-HLA DR (HLA class II).

'' Mean fluorescence channel number (MCN) and percentages of positive cells (in

parentheses).
' ND. no! done.

Results of studies of four representative clones are shown in Table
3. Most IFNy gene-transduced clones did not secrete IFN-y. Neither
the NeoR gene-transduced clones nor the NV cells secreted IFNy as
well. However, the 5'-LTR-driven IFNy transcript was present in all
IFNy gene-transduced clones but not in the NeoK gene-transduced

cells or in NV cells. Increased cell surface expression of HLA.DR was
observed in 83% (10 of 12) of the IFNy gene-transduced clones. None
of the Neo gene-transduced clones (0 of 12) expressed HLA.DR (data

not shown).
These results are consistent with those of the previous experiment

in which bulk melanoma cells were transduced with the same vector,
suggesting that the induction of HLA.DR expression is attributable to
the function of the newly introduced IFNy gene.

Transduction of Renal Cell Carcinoma Cells with IFNy Gene.
We next studied two RCC cell lines transduced with the IFNy gene
(LlySN). IFNy secretion, RNA transcription, and the cell surface
expression of HLA are shown in Table 4.

IFNy gene-transduced RCC cells did not secrete measurable

amounts of IFNy. The expression of cell surface HLA.DR increased
in both RCC cell lines transduced with the IFNy gene although little
or no change was seen in the expression of HLA class I molecules.

Transduction of Melanoma Cells with Human IFNa Gene. 624
mei and 888 mei were transduced with the IFNa vector (LlaSN).
Following G418 selection, cells were tested for IFNa secretion by
both ELISA and a bioassay, RNA transcription, and cell surface ex
pression of HLA.

As shown in Table 5. the IFNa gene-transduced cells secreted more
than 2 ng/ml of IFNa from 10'' cells during 24 h. NV cells failed to

secrete detectable amounts of IFNa. Northern blots probed with IFNa
cDNA showed a 5'-LTR-driven RNA transcript (3.9 kilobases) in the

IFNa gene-transduced cells (Fig. 4A) but not in NV cells. The same
Northern blots, when reprobed with NeoR cDNA, showed both 5'-

LTR-driven RNA and SV40-driven RNA (1.6 kilobases) in the IFNa
gene-transduced cells (Fig. 4B). FACS analysis revealed no increase

in the expression of HLA class II molecules in the transduced cells
(Table 5). By contrast, expression of HLA class I was augmented in
one of the IFNa gene-transduced cell lines. Treatment of the non-

transduced melanoma cell lines with exogenous IFNa resulted in a
small increase of HLA class I but not class II molecules in both cell
lines (Table 6). Treatment with IFNy increased expression of class I
and class II in both cell lines.

IFN-y Secretion by CD4+ TIL Stimulated with IFNy Gene-

transduced, HLA.DR-expressing Melanoma Cells. Recent studies
by Schwartzentruber et al. (21) demonstrated that CD4+ human TIL

from breast carcinomas secreted cytokines including IFNy, TNFa,
and granulocyte-macrophage CSF, when these cells were cocultured

with autologous tumor cells. On the basis of this observation, we
asked whether the IFNy gene-transduced melanoma cells that express
HLA.DR can activate the secretion of IFNy by autologous CD4+ TIL.

CD4+ 888 TIL ( 1 X IO6) were cultured with the same number of

irradiated (30.000 cGy), transduced, or nontransduced autologous
888.5 mei in the presence of 60 lU/ml rIL-2 for 24 h and cell-free

culture supernatants were assayed for IFNy by ELISA. Stimulation of
TIL by immobilized anti-CD3 mAb was used as a positive control.

The expression of HLA.DR on the tumor cells and CD4 on TIL were
analyzed by FACS on the same day. FACS analysis showed that more
than 98% of the TIL were CD4* (data not shown).

Data from three independent experiments are shown in Table 7.
CD4+ 888 TIL secreted large amounts of IFNy, when stimulated with
immobilized anti-CD3 antibody. CD4+ TIL secreted more IFNy when

these cells were cultured with the IFNy gene-transduced clones that

expressed HLA.DR than when the TIL were cultured with NV cells,
NeoR gene-transduced 888.5 mei, or 397 mei, which expressed irrel

evant HLA class II molecules. 888.5 cells, which did not express
HLA.DR after incubation with 1000 units/ml IFNy for 3 days in
experiment 3, failed to stimulate IFNy secretion by CD4+ TIL. IFNy

secretion by the tumor cells alone was minimal.

Table 3 IFNy secretion. HlA. DR expression, unti RNA transcription in clone* of a
melanoma line tXXH.5) transduced with the It-'Ny gene

Cellline888.5

meiNV888.5
NeoR-transduced888.5
IFN-y-transducedClone

2.13Clone
15.5Clone
15.7Clone

15.16IFN-y

FACS(pg/ml)

Thy-l<I(X)''

5<100

4<100

5<IOO
9<IOO
6<I(X)

9analysis''HLA

class 11RNA'5

(0.4)4
(0)57(82.4)

+100(90.0)
+76(69.2)
+58(70.1)

+
" Secretion of IFN-y by 1 X KP cells during a 24-h period.
h Cells were stained with fluorescein isothiocyanate-conjugated anti-HLA.DR

(HLA.DR) or anti-Thy-l (Thy-l ) and analyzed by FACScan. Mean fluorescence channel
numbers are shown. Numbers in parentheses, percentages of positive cells.

1 Total RNA was electrophoresed, transferred, and hybridized with t2P-labeled IFNy
probe. + or -, presence or absence of 5'-LTR-driven RNA (3.9 kilobases).

''"<l(Xr indicates that the concentration was below the detection limit of the assay.
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Fig. 3. Northern blot analysis of melanoma cell
lines transduced with the IFNy gene (LNCIy). To
tal RNA ( 15 fig), prepared by the method described
in "Materials and Methods," was hybridized with

the IFNy probe (A}. Then the same filter was hy
bridized with the ÃŸ-actinprobe after stripping the

filter (B). CMV, cytomegalovirus; Kb, kilobases.
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DISCUSSION

In the present study, we have shown that human melanoma cells can
be successfully transduced with the genes for human IFNy and IFNa.
Melanoma cells transduced with the IFNy gene transcribed varying
amounts of IFNy RNA and expressed increased amounts of HLA class
I and class II molecules. In contrast to melanoma cells transduced with
the IFNy gene, the expression of class II molecules was not increased
in the IFNa-transduced cells despite their secretion of large amounts

of IFNa.
Both IFNa and IFNy exert multiple antitumor effects that may be

categorized either into direct antiproliferative activity against the tu
mor or into activity indirectly mediated through the host immune
system, including enhancement of MHC class I and class II expres

sion, activation of macrophages and natural killer cells, generation of
cytotoxic T-lymphocytes. and induction of tumor associated antigen

(24). MHC class I and class II molecules fMaya central role in cellular
immunity and tumor surveillance (25, 26). Recent studies have dem
onstrated an association between the loss of MHC class I expression
and tumor progression or metastasis (27). Enhancing MHC expression
by tumor cells may promote antitumor immune responses against
them. Weber et al. (28) and Ostrand-Rosenberg et al. (29) found that

modification of mouse tumor cells with MHC class I and class II
genes, respectively, induced immune activity against syngeneic non-

modified tumor cells in vivo, suggesting that enhancing the expression
of MHC molecules on tumor cells is a potential strategy for tumor-

specific immunotherapy.

Table 4 IFNy secretion, expression of HLA class I and class II antigens, and transcription of IFNy RNA in renal cell carcinoma cell lines transduced with the IFNy gene

CelilineUOK

117.4UOK

123GenetransducedNV

IFNyNV

IFNyIFNy

secretion"

(pg/ml)<50

<50<50<50Thy-16 gg

11FACS

analysis*Class

I Class IIRNA'49(92.4)

7 (1.3)
58 (82.0) 55 (66.7)+10

(1.4) 9 (0.9)
13 (1.6) 145(54.5) +

" IFN-y secretion by 1 X IO6 cells during a 24-h period. "<50" indicates that the concentration was below the detection limit of the assay.
'' IFNy gene-transduced RCC cells (IFNy) or sham-transduced cells (NV) were stained with fluorescein Â¡sothiocyanate-conjugated W6/32 (HLA class I). anti-HLA.DR (HLA class

II), or anti-Thy-1.2 (Thy-1 ). Mean fluorescence channel numbers are shown. Numbers in parentheses, percentages of positive cells.
' Total RNA was probed with 12P-labeled IFNy cDNA. + or -, presence or absence of 5'-LTR-driven RNA (3.9 kilobases).

Table 5 IFNa secretion and expression of HLA class I and class II antigens by melanoma cells transduced Kith the IFNa gene

IFNa secretion" FACS analysis*

Celllines624

mei888

meiGenetransducedNV

IFNaNV

IFNaELISA

(pg/ml)<320600.6

>2100Bioassay

(lU/ml)â€¢cl.fi>3200<l.6

>3200HLAThy-l5

746Class!97(100) 97(90)64(100)

125 (99)Class

II5

(0.5)
7(0.4)4

(0.4)
6(0.7)

" IFNtt secretion by 1 X 10^ cells during a 24-h period. Cell-free supernalants were frozen al -20Â°C until assayed. Thawed aliquots were tested by both ELISA and a bioassay at

the same time.
'* IFNa gene-transduced melanoma cells (IFNa) or NV control cells were stained with FITC-conjugated anti-Thy-1.2 (Thy-1 ), W6/32 (HLA class I), or anti-HLA.DR {HLA class

II). Mean fluorescence channel numbers are shown. Numbers in parentheses, percentages of positive cells.
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i Ã¤ I

5' LTR IFNo

Fig. 4. Nonhern blot analysis of 624 mei and 888 mei transduced with
IFNa gene. Total RNA (15 ng) was electrophoresed, transferred, and
hybridized with the 32P-labeled IFNa probe (A). The same filter was
hybridized with the NeoR probe (fl) or the ÃŸ-actinprobe (C) after

stripping the filter.

SV Neor 3'LTR

3.9Kb

IFNa Probe

B
-s

5'LTR IFNa ÃŒSVNeor 31LTR

3.9Kb

Neo Probe
1.6 Kb

Actin(2.0 Kb) â€¢¿�â€¢I

Expression of HLA class I and class II molecules in freshly isolated
metastatic melanomas was reported to be approximately 90% and
50%, respectively (30, 31). Immunohistochemical staining of meta
static melanoma samples revealed heterogeneity in the levels of
HLA.DR expression but relatively uniform expression of class I mol
ecules (30, 31). The induction or augmentation of HLA class II mol
ecules may be beneficial for tumor immunotherapy. An association of
HLA.DR expression on human melanoma cells with stimulation of
antitumor responses has been reported (32, 33), although increased
expression of HLA.DR in primary melanomas was also reported to be
associated with tumor progression and an increased risk of metastasis
(27). Moreover, in vitro studies have shown T-cell responses against

autologous tumor cells following the induction of HLA.DR expres
sion (34). Successful immunotherapy with IL-2 or LAK/IL-2 has been

shown to be associated with the expression of HLA.DR on the tumor
cells during or after treatment (31, 35). Because of the polymorphism
of HLA and the difficulty in identifying the restriction element in HLA
class II molecules, modification of tumor cells with the IFNy gene has
some practical advantages over transduction with a specific HLA class
II gene for use in cancer immunotherapy.

The cell surface expression of both HLA class I and class II mole
cules was increased in melanoma cells transduced with the IFNy gene,
regardless of whether detectable levels of IFNy were secreted. How
ever, the magnitude of the increase in the expression of HLA mole
cules appeared to be greater in melanoma lines secreting more IFNy
when a high secretor and a low secretor that were generated from
same melanoma lines were compared (Fig. 2; Table 2). This obser
vation is consistent with previous reports that the augmentation or
induction of MHC expression was not always associated with IFNy
secretion by transduced mouse tumor cells (5, 6). Recently,
Gansbacher et al. (36, 37) have reported similar findings of increase
in the expression of HLA molecules in melanoma and RCC lines
following transduction with the human IFNy gene. The amount of
HLA class II molecules expressed on the transduced cells was greater

than that on the nontransduced cells precultured with exogenous IFNy
(Table 6), even though the nontransduced cells were exposed to higher
concentrations of extracellular IFNy than found in the culture medium
of the transduced cells. Considering the inhibitory effect of IFNy on
the proliferation of lymphocytes (38, 39), a nonsecretor may have an
advantage over a secretor for use in immunotherapy because growth
inhibition of immune cells might be circumvented while stimulating
immune response against the tumor.

Increased expression of HLA.DR was also seen in RCC, following
transduction with the IFNy gene (Table 4). RCC is one of the tumors
that respond to immunotherapy using IL-2 and LAK/IL-2, and in this
regard it is similar to malignant melanoma ( 1-3). Cell surface expres

sion of HLA.DR is infrequent in RCC (40). Therefore, RCC appears
to be a good candidate for immunization using the IFNy gene-trans

duced cells.
We tested the ability of the IFNy gene-transduced melanoma cells

that express HLA.DR to stimulate specific cytokine release by auto
logous CD4+ TIL. Release of cytokines such as IFNy, GM-CSF, and

TNFa by autologous TIL has been demonstrated to be a useful indi-

Table 6 Expression of HLA class I and class II antigens h\ melanoma celts cultured
with exogenous ÃŒFNyor IFNa

FACS analysis*

Celllines624

mei888

meiCultured

with"Medium

aloneIFNaIFN-yMedium

aloneIFNaIFN-yThy-1775454Class

1177

(99)210(100)256(100)60

(99)99(100)111

1100}Class

II4

(0.1)5
(0.1)15(14.3)3

(0)4
(0)11

(18.2)
a Melanoma cells were cultured with or without 1000 units/ml of either IFNa or IFN-y

for 3 days.
''Cells cultured with either IFNa or IFN*y were stained with FITC-conjugated anti-

Thy-1.2 (Thy-1), W6/32 (class I), or anti-HLA.DR (class II). Mean fluorescence channel
numbers are shown. Numbers in parentheses, percentages of positive cells.
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Table 7 IFNy secretion b\ CD-/* fiHfi TIL stimulated with autologous melanoma cells transduced with the IFN-y gene

IFNy secretion (^ig/tnl)FACS
analysis

mean channelnumberExpenment

1Culture"TIL

aloneTIL

+ anti-CD3mAbTIL

+tumorNVIFNy-cullurcdNeo

-transducedIFNy-transducedClone

2.13Clone
15.5Clone
15.7Clone

15.16397
meiTumor

aloneNVIFNy-culturedNeoR-transducedIFNy-transducedClone

2.13Clone
15.5Clone
15.7Clone

15.16397
meiExperiment

160.53038.455.0766.4<50.0394.6124.6186.2340.

1<50.0<50.0<50.0<50.0<50.0<50.0<50.0<50.0<50.0Experiment

2<5M*1549.9<50.092.2<50.0ND'57.1103.7102.1<50.0<50.0<50.0<50.0ND<50.0<50.0<50.0<50.0Experiment3<25.02887.034.248.4<25.0111.5163.3NDND65.5<25.0<25.0<25.0<25.0<25.0NDND<25.0Thy-184755564HLA.DR624773SO87527f>Experiment

3Thy-164555NDND6HLA.DR610547120NDND31

" CD4* 888 TIL (I X IO6) were cultured with the same number of 888.5 mei transduced with the IFNy gene or the NeoR gene, nontransduced 888.5 mei that had been cultured

with 1000 units/ml IFNy for 3 days, sham-transduced 888.5 mei (NV cells), or irrelevant 397 mei. Supernatants from the culture where TIL were cultured either with coated anti-CD3
or in the medium alone served as positive or negative controls. All the tumor cells were irradiated with 30.000 cGy. Levels of IFNy secreted by these tumor cells were assayed as well.

'' "<25.0" and "<50.0" indicate that the concentration was below the detection limit of the assay.
f ND, not done.

cator of specific tumor recognition and activation (21), and specific
cytokine release by TIL in vitro has been shown to be correlated to the
effectiveness of TIL to eradicate autologous tumor in vivo in mice
(41). In these studies, we used 888 mei clones transduced with the
IFNy gene and autologous CD4* 888 TIL. The results shown in Table

7 suggest that the HLA.DR molecules newly expressed on the IFNy
gene-transduced cells promoted antigen presentation and T-cell re

sponse against the transduced tumor cells.
CD4* TIL lines or clones that recognize autologous tumor cells

have been described (21, 42, 43). These studies strongly suggest the
presence of tumor-specific CD4* TIL inside tumor deposits. Although
most TIL from melanoma patients become predominantly CDS* over
time, early cultures contain CD4* T cells (16). A large proportion of
the cellular infiltrate into a tumor consists of CD4* cells (44), and in
animal models significant therapeutic value of CD4* helper T cells has

been demonstrated (11, 45, 46). It is tempting to hypothesize that
immunization of a patient with the IFNy gene-transduced melanoma

cells, expressing HLA class II molecules, could sensitize and stimulate
CD4* TIL to proliferate and secrete cytokines which could facilitate
the proliferation of primed CDS* antitumor TIL or alternatively can

activate nonspecific immunity. Although most tumor cells express
HLA class I molecules, total or locus-selective loss of the expression

of HLA class I molecules associated with oncogene activation and
tumor progression and restoration by treatment with exogenous IFNy
have been reported (27). These findings suggest that the constitutive
expression of HLA class I molecules on the IFNy gene-transduced
tumor cells may be useful for sensitization or restimulation of CDS*

TIL in tumor-bearing patients.

The amount of IFNy secreted by the melanoma cells transduced
with the LNCIy vector appears to be equivalent to or greater than that
required to protect against challenge with nontransduced tumors in
murine studies (5, 6) and thus suggest that the amount of IFNy
secretion by the LNCIy-transduced tumor cells may be sufficient to

elicit immune responses against nontransduced tumor cells in a pa
tient.

Two melanoma cell lines were transduced with the IFNa gene to
test whether the constitutive secretion of IFNa by the transduced cells

in large amounts might increase the cell surface expression of HLA
molecules. We demonstrated an increase in the expression of class I
molecules but not of class II molecules in the IFNa gene-transduced

cells, even though these cells secreted large amounts of IFNa. The
results were consistent with the data shown in Table 6 and the previous
findings that IFNa enhanced MHC class I expression but had no effect
on the expression of class II molecules (47). Clinical trials with IFNa
alone or in combination with other cytokines, mAb, or chemothera-

peutic agents have shown antitumor responses in patients with some
hematological malignancies such as hairy cell leukemia, non-
Hodgkin's lymphoma, and chronic myelogenous leukemia (48, 49).

Although the immunomodulatory effects of IFNa were less potent
than those of IFNy, secretion of IFNa by tumor cells transduced with
the IFNa gene at a tumor site may augment host immune response
against a tumor, especially in some hematological malignancies that
respond to the systemic administration of IFNa.

In summary, we have demonstrated the successful transduction of
human tumor cells with retroviral vectors containing human IFNy and
IFNa genes. The insertion of IFNy genes into melanoma cells may be
useful either for active immunization against melanoma or for the
generation of TIL to be used in adoptive immunotherapy.
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