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ABSTRACT

Immune cytokines have been shown to play important roles in regu
lating immune cell functions as well as neoplastic cells. Interleukin-4
(IL4), primarily known as a B-cell growth factor, can also activate and

differentiate other immune cells. This cytokine has recently been shown
to have immunotherapeutic benefit in tumor-bearing hosts. The present

study assessed the effect on human renal cell carcinoma cell lines of
recombinant IL4 alone and in combination with recombinant 7-interferon
(IFN) or recombinant a-tumor necrosis factor (TNF). IL4 inhibited cell
growth of all lines at 250-500 units/ml in a differential manner. Expres

sion of 11,4 receptors was demonstrated on renal cell carcinomas. Overall,
IFN (500 units/ml) alone inhibited cell growth; however, TNF (500 units/
ml) was not as strong an inhibitor. When 114 was combined with IFN or
TNF there was a significant augmentation of cell growth inhibition and
modulation of cell morphology of the cell lines. Tumor-associated
ganglioside antigens (NeuAca2-3Gal/Jl-4Glq31-l'Cer, NeuAca2-8Neu-

Aca2-3Gal/81-4Glc01-rCer, GalNAc^l-4(NeuAca2-3)Gai,81-4Glc-
01-1'Cer, and GalNAc/?l-4(NeuAca2-8NeuAca2-3)Gall81-4Glc/31-
1'Cer) HLA class I, HLA-DR, and ft-microglobulin on the cell surface

of renal cancer lines were assessed by flow cytometry and radiometrie
binding assay. 11,4 alone or in combination with other cytokines modu
lated HLA class I and HLA-DR expression. 114 and IFN consistently
enhanced NeuAca2-8NeuAca2-3Gal(91-4Glc/91-rCer and GalNAc/31-
4(NeuAca2-8NeuAca2-3)GalÂ¿31-4Glc/31-l'Cer expression on individual

cell lines. The study demonstrated that 114 alone or in combination with
other cytokines can significantly inhibit growth, and modulate the expres
sion of surface major histocompatibility and tumor-associated antigens

of renal cell carcinomas.

INTRODUCTION

During the last several decades there has been an increasing
incidence and mortality due to renal cell cancer in the Western
hemisphere (2, 3). Further understanding of its biological prop
erties is needed to develop successful treatments. There have
been cases reported of spontaneous regressions of renal cancer
(4) and responsiveness to immune cytokine therapy (5-7). Im-
munotherapy toward renal cell carcinoma compared to other
therapeutic modalities, although still at its early stage, has
shown promising results. The majority of renal cancer immu-
notherapy has been focused on interferon therapy (3). Although
clinical studies with recombinant interferon have shown good
therapeutic effect, there is a suggestion that an individual cy
tokine alone is not sufficient. Combination of cytokines or
cytokines plus other biological agents may be more efficient.

Recent studies have demonstrated that cytokines can have
immunomodulating effects on immune cells as well as on
neoplastic cells. Identification of cytokines with multiple pleio-
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tropic effect, particularly in augmenting immune cell activity
and inhibiting tumor cell growth, permits the development of
important adjuvant strategies in immunotherapy. Cytokines
that have strong growth inhibitory, differentiation, and cell
surface antigen modulatory effects have the greatest potential
(8-10). The modulation of cell surface antigens can alter tumor
cell properties and immunogenicity. The enhancement of the
MHC3 antigen expression has been shown to reduce tumori-

genicity, enhance immunogenicity, and decrease the metastatic
potential of neoplastic cells (11-13). Cytokines can also mod
ulate tumor-associated antigens as well (8, 12, 14). There are
limited studies in these areas on renal cell carcinoma.

IL4, released from CD4-f cells, can induce differentiation of
T-cells, macrophages, and B-cells by binding through IL4 re
ceptors on the cells (15). IL4 treatment of tumor-bearing hosts
has shown promising therapeutic benefits (16,17). Because IL4
has many pleiotropic effects on immune cells, we examined its
effect on neoplastic cells. Recently, we determined that IL4
modulated cell surface MHC antigens and ganglioside-associ-
ated tumor antigens on melanoma (18). Both melanoma and
renal cancer have been shown to be more responsive to cytokine
therapy than have other malignancies. Recently, Tungekar et
al. (19) reported the presence of IL4 receptors on squamous
cell carcinomas and adenocarcinomas of the lung. These obser
vations prompted us to investigate the IL4 direct effect on renal
cell carcinomas.

The expression of cell surface gangliosides (sialic acid con
taining glycoshingolipids) has been shown to be related to the
differentiation state and progression of neoplastic cells (20-
22). The composition of renal cell carcinoma cell surface gan
gliosides are modulated and new gangliosides are expressed
compared to normal kidney." Gangliosides are a major com

ponent of the outer plasma membrane bilayer (22). Previously,
it was shown that the level of certain tumor-associated ganglio
sides on melanoma cells relate to immunogenicity (23) and
pathological states (18, 24). Four tumor-associated ganglio
sides, GMJ, GM2, GDJ, and GD2, that are immunogenic in man
can be used as targets for in vivo immunotherapy and immu-
nodiagnosis (25-27). Modulation of these surface antigens
could play a significant role in the biological properties and
immunogenicity of renal carcinomas in the host. There are
reports suggesting that renal cell carcinomas express tumor-

associated antigens of which some are shared by other neo
plasms (28). In this study we focused on the ganglioside tumor-

associated antigens that are immunogenic in humans.
We demonstrate that renal cell carcinomas express IL4 re

ceptors and 1L4 has antiproliferative activity that can be aug-

'The abbreviations used are: MHC, major histocompatibility complex; GM2,
GalNac01-4(NeuAca2-3)Gal/Jl-4Glc/31-l'Cer; GM3, NeuAco2-3Gal/31-4Glc/31-
1'Cer; GD2, GalNAc/31-4(NeuAcn2-8NeuAcn2-3)Gal/Jl-4Glc/31-rCer; GD3,
NeuAca2-8NeuAca2-3Gal/31-4Glc/31-l 'Cer. [The nomenclature used for the gan
gliosides is from the system of Svennerholm (1).] IFN, recombinant -y-interferon;
IL2, recombinant interleukin-2; IL4. recombinant interleukin-4; TNF, recombi
nant Â«-tumornecrosis factor; RCL, renal carcinoma cell line(s).

4 D. Hoon. unpublished data.
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mented when combined with IFN or TNF. IL4 alone or in
combination modulated ganglioside tumor-associated antigens
and MHC antigens.

MATERIALS AND METHODS

Cell Lines. Human renal cell carcinoma cell lines, Romero, Pastor
(from Dr. deKernion, University of California, Los Angeles, Los An
geles, CA), SK-RC6, SK-RC7, SK-RC9 (Dr. Old, Sloan-Kettering, New
York), and 786F4 and 769PF2 (Dr. Vessella, University of Minnesota,
Minneapolis, MN) were cultured in RPMI 1640 medium (Flow Labo
ratories, Inglewood, CA) plus 10% fetal calf serum (heat-inactivated)
(Gibco, New York) and antibiotics. Cells were cultured at 37Â°Cin a 7%
('(>:â€¢humidified incubator.

Cytokines. Human recombinant IL4 was the kind gift of Sterling
Drug, Inc. (Malvern, PA). Recombinant human -y-IFN and Â«-TNFwere

purchased from AMGEN (Thousand Oaks, CA).
Monoclonal Antibodies. Mouse monoclonal antibodies W6/32 IgG2a

(Accurate Chemical, San Diego, CA) to the framework determinant of
HLA class I antigen, HLA-DR (IgGl) (Becton-Dickinson, Mountain
View, CA), and B1G6 IgG2a to fo-microglobulin (AMAC Inc., West-
brook, ME) were used to detect the expression of cell surface antigens.
The human IgM monoclonal antibody L72, specific to the ganglioside
GDI (26), and a human IgM monoclonal antibody L612, specific to the
melanoma-associated ganglioside GM3antigen (27), were used to detect
cell surface antigens. The L612 antibody reacts to G\,, on the melanoma
cell surface but not normal human tissues. Mouse monoclonal antibod
ies to ganglioside GD3(IgG3; R24) (Signet Laboratories, Dedham, MA)
and ganglioside GM2(IgM; a kind gift of Konica, Tokyo, Japan) were
used to detect cell surface antigens.

Flow Cytometry. For flow cytometry analysis affinity-purified fluo-
rescein isothiocyanate-conjugated goat anti-mouse or anti-human an
tibodies (TAGO, Burlingame, CA) were used as indicators. In each
assay appropriate nonspecific human and mouse isotype antibodies at
equivalent concentrations to antigen antibodies were used as controls.
Mouse monoclonal antibody (IgGl) specific to CD3 was used as a
control. For direct staining with mouse monoclonal antibodies, Him
rescein isothiocyanate-conjugated isotype-matched fluorochrome-con-
jugated antibodies alone were used as controls for background fluores
cence. Cells were stained and analyzed on a EPICS C flow cytometer
(Coulter Electronics, Hialeah, FL) as previously described (18).

The expression of IL4 receptor on cells was evaluated by staining
with phycoerythrin-conjugated IL4 (R & D Systems, Minneapolis, MN)
by flow cytometric analysis.

Antibody-binding Radiometrie Assay. The binding of monoclonal
antibodies to cell surface antigens was examined using a sandwich-type
antibody-binding radiometrie assay (14). Briefly, Ml4renal cancer cells
were added to SO ^1 of 2% fetal calf serum (heat-inactivated) RPMI
1640 medium in 96-well polyvinyl flexible microtiter plates (Clarke,
Alexandria, VA). To duplicate wells, 100 Â¿ilof monoclonal antibody
was added at various dilutions and incubated for l h at 4V. Control
isotype antibodies were used as described for the flow cytometric
analysis. The microtiter plates (on ice) were washed three times with
150 ii\ of RPMI 1640 medium. Then, 100 n\ of diluted '"I-labeled anti-
mouse F(ab'). immunoglobulin or anti-human I (ah')rlaheled antibody

(Amersham, Arlington Heights, IL) was added to cells, and plates were
incubated for l h at 4Â°C.The cells were then washed four times with

cold 2.5% fetal calf serum (heat-inactivated) containing phosphate-
buffered saline with sodium azide, transferred to 1-ml centrifuge tubes,
and counted in a Beckman gamma counter (Beckman, Fullerton, CA).

Treatment of Cell Lines with Cytokine. Cells were grown in T-75 cm2

tissue culture flasks (Corning, New York) and treated with specific
cytokines. For each cytokine experiment control cells were grown in
only culture medium of the same passage. Cells were passaged, treated
with the designated cytokine 24 h later, cultured for 48-72 h, then
treated again with the same cytokine concentration, and harvested 48-
72 h later for analysis of cell surface antigens. In initial experiments,
cells were treated with drugs 48-72 h, harvested, and analyzed. Because
each cell line has its own growth rate, cells were seeded accordingly in

order for control cells to be 80-90% confluent on the day of harvest.
To analyze the growth of cells in the presence of cytokines a standard

[3H]thymidine (New England Nuclear, Boston, MA) incorporation
assay was set up in 96-round bottom well microplates (Costar, Cam
bridge, MA) (29). Cells were seeded in wells at either IO4 or 5 x IO4

cells/well in 200 Â¿tlof culture medium. Analysis of cytokines at different
dilutions was done in triplicate. Cells were cultured for 72 h and pulsed
with [3H]thymidine 6 h before harvesting. Microplate wells were har

vested using a PHD harvester (Cambridge Technology, Cambridge,
MA); scintillation fluid was added to tubes and counted in a Beckman
scintillation counter (Beckman, Fullerton, CA) as previously described
(29).

Extraction and Purification of Gangliosides. Cell lines were grown in
culture medium to obtain 500 mg cells. Cells were then washed four
times in phosphate-buffered saline. Gangliosides were extracted and
analyzed by high-pressure thin-layer chromatography as previously
described (20). Fig. 1 shows a thin-layer chromatogram of the ganglio
side profiles of 2 representative renal cell carcinoma lines studied.

RESULTS

Dose Effect of 114 on Cell Growth. RCL were treated with
IL4 at various concentrations to determine its effect on cell
growth. Cell growth was assessed using a standard 3-day pro
liferation assay. IL4 inhibited growth to different levels of all
the RCL tested (Fig. 2A). There was a differential response of
individual cell lines to IL4 treatment. Fig. 1A shows the con
centrations for optimal growth inhibition (500 and 1000 units/
ml). These concentrations of IL4 used have been reported to be
nontoxic to B- and T-cells in vitro (15, 30). Higher concentra
tions to IL4 were toxic to the cells (cells rounded up and
detached from the culture flask). The RC-7 and 786F4 lines
had the strongest response to IL4, whereas RC-6 and Romero
had similar lower responses. Visual examination showed that
cells that strongly responded to treatment with IL4 had a more
"flattened out and enlarged," morphology compared to un

treated cells. This effect was observed when cells were treated
with IL4 at least twice every 2-3 days. Control cells, such as
Epstein-Barr virus lymphoblastoid B-transformed cells or K562
(erythroblastoid cell line), were not significantly inhibited when
treated with IL4 (data not shown).

IL4 Receptor Expression. The expression of the IL4 receptor
on the cell surface was examined on 5 RCL by flow cytometry.
Analysis of RCL showed that there was staining in all lines
with low-density expression (Fig. 3). There were both bright-
and dim-staining subpopulations in the cell lines that varied
from one line to another. For positive control comparisons
phytohemagglutinin-IL2-stimulated lymphocytes and Epstein-
Barr virus-transformed-secreting B-cells were used. Several of
the lines stained stronger (2- to 3-fold) than the lymphoblasts,
however not as strongly as activated lymphocytes.

Dose Effect of IFN and TNF on Cell Growth. IFN inhibited
RCL growth at 500 and 1000 units/ml (Fig. 25). There was a
differential response to IFN by each cell line (7 lines tested).
Cells treated with IFN had a "flattened out, enlarged," mor

phology. Toxicity was not observed at 1000 units/ml. The cell
line RC-6 responded the least; whereas Romero responded the
most to IFN treatment. In comparison, cell lines responded to
IL4 and IFN in a differential manner.

RCL were treated with TNF alone to determine their growth
inhibitory activity. Inhibition of growth was observed at 500
and 1000 units/ml. In general the inhibitory activity was <50%
(Fig. 1C). The cell lines RC-7 and Romero responded the best

in a similar fashion to TNF; whereas 786F4 responded poorly.
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microglobulin, and for HLA-DR the lines were <5% positive.
The changes in the cell lines on treatment with cytokine(s)
varied for each line. No major changes were observed in the
percentage of HLA class I or ft-microglobulin positively stain
ing cells after cytokine treatment (data not shown). There was
no major enhancement in the percentage of positively staining
cells after IL4 (500 units/ml) or TNF (500 units/ml) treatment
alone. A major change in the percentage of positively staining
cells after treatment with cytokine(s) was observed with HLA-
DR. IFN (500 units/ml) alone produced a highly significant
enhancement of HLA-DR expression in the Romero line
(90.2% staining) but a lesser enhancement in the RC-9 line
(34.8% staining). Treatment with IFN (500 units/ml) + TNF

Fig. 1. Representative thin-layer chromatogram of renal cell cancer lines.
Ordinate, ganglioside standards from human and bovine tissues; column A and B,
cell lines 769PF2 and 786F4, respectively.

There were no observable significant morphological changes of
the cell lines when treated with TNF alone.

Additive Effect of Cytokines on Cell Growth. The additive
effect of IL4 + IFN or TNF was examined to determine if the
growth modulatory activity of individual cytokines could be
augmented in combination. A checkerboard analysis was carried
out with IL4 (500 and 1000 units/ml) plus TNF (500 and 1000
units/ml) and IFN (500 units/ml) on RC-6, RC-7, and Romero
(Table 1). There was no significant additive effect with IL4 +
IFN for both RC-6 and RC-7, but for Romero there was a
major effect (P < 0.005). However, IL4 + TNF produced a
significant additive effect for all cell lines. Optimal inhibitions
were observed with 1000 units/ml IL4 + 1000 units/ml TNF.
For RC-6, RC-7, and Romero compared with controls, treat
ment with 500 units/ml IL4 + 500 units/ml IFN or 500 units/
ml TNF produced significant inhibition (P < 0.005). An ex
ample of the morphological changes before and after IL4 +
IFN treatment is shown in Fig. 4. For RC-6 and RC-7 compared
with controls, treatment with 500 units/ml IFN + 1000 units/
ml IL4 produced significant inhibition (P < 0.00001). IFN +
TNF showed additive effects of strong growth inhibition (Table
2). For all lines there was significant inhibition (P < 0.005)
when controls were compared to 500 units/ml IFN + 500
units/ml TNF treatment. Inhibition with 500 units/ml TNF +
500 units/ml IL4 was significantly greater (P < 0.05) than 500
units/ml TNF + 500 units/ml IFN for RC-6 and RC-7. Inhi
bition with 500 units/ml TNF + 500 units/ml IL4 was signifi
cantly greater (P < 0.05) compared to 500 units/ml IFN + 500
units/ml IL4.

Cytokine Modulation of HLA Class I, HLA-DR, and 02-
Microglobulin. The modulation of the expression of cell surface
antigens was examined to determine whether changes occurred
concurrently with the inhibition of cell growth by the cytokines.
The HLA class I and HLA-DR antigen expression was exam
ined on two cell lines after treatment with optimal dosages of
cytokines as determined in the proliferation assays. Cell lines
were treated with the cytokine(s) on days 1 and 3 and analyzed
on day 5 by flow cytometry. In analysis of these lines the
nontreated cells were >97% positive for HLA class I and ÃŸ2-
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Fig. 2. The effect of IL4, IFN, and TNF on RCL, RC-6, RC-7, Romero,
769PF2, and 786F4. Cell lines were treated with 500 (â€¢)and 1000 (â€¢)units/ml
IL4 (A), IFN (A), or TNF (C), and effect on growth was measured by
[3H|thymidine proliferation assay in triplicates, liars. % inhibition of mean from

mean of controls

Treated cells

Control cells
x 100

For RC-6, RC-7, Romero, 769PF2, and 786F4 the means of controls (cpm) were
38800 Â±282, 152400 Â±6035, 32529 Â±1089, 121742 Â±4365, and 122797 Â±
3260, respectively. In . I IL4-treated lines at 500 and 1000 units/ml were signifi
cantly (P < 0.01) different compared to controls. In B, all RCL treated with 500
and 1000 units/ml IFN were significantly (P < 0.01) inhibited compared to
controls. In C, RCL treated (except 769PF2 and 786F4) with 500 and 1000 units/
ml TNF were significantly (P < 0.03) inhibited compared to controls. IL4, IFN,
and TNF studies on each line were run simultaneously. These are representative
RCL studied.
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Fig. 3. Representative example of three
RCL (A, Romero; B, 786F4; C 769PF2)
stained with IL4 and analyzed by flow cytom-
etry. Background staining was adjusted. ---
â€”¿�, control fluorescence; - , IL4 binding.

' ""I '

FLUORESCENCEINTENSITY(I <><.â€ž,)

Table 1 Additive effect oflL4 plus IFN or TNF on renal cell carcinoma growth
Effect of IL4 added with IFN or TNF was assessed on RCL growth. Cytokines were added at the same time. Growth of cells was determined by the |'H]thymidine

incorporation proliferation assay. The experiments represent the effect on individual cell lines treated with cytokines at the same time. Cells were treated with
cytokine(s) twice for 72 h and pulsed for 6 h before harvesting. Values represent mean cpm of triplicate Â±SE. Cytokine controls for each cell line are with medium
alone. These are representative experiments of RCL.

|3H]Thymidine uptake(cpm)IL4(units/ml)0

500
10000500

10000500

1000Cell

lineRC6RC7786F4Cytokinecontrol75,258

Â±2,183
17,238 Â±724
13,226Â±26344,384

Â±465
7,088 Â±285
5,806 Â±95152,400

+ 6,036
74,195Â± 5,689
64,962 Â±987IFN

(500units/ml)32,083

Â±4,042
15,679 Â±685
13,677 Â±49714,928

Â±2,578
6,651 Â±234
6,002 Â±1075

1,480 Â±55
46,654 Â±1,800
61,982 Â±413TNF

(500units/ml)51,058Â±

1,663
6,112Â± 19
5,809 Â±39242,051

Â±719
3,450 Â±262
3,263 Â±6590,560

Â±3,896
33,203 Â±928
34,569 Â±95TNF

(1000units/ml)49,531

Â±2,670

1,844Â±13035,969

Â±1,598

1,816 Â±584,753

Â±5,590

27,534 Â±4,283

(500 units/ml) further enhanced HLA-DR expression of RC-9

(84.2% staining) and slightly of Romero line (93%).
A radiometrie binding assay was used to examine the changes

in antigen expression after cytokine treatment. The radiometrie
binding assay is more sensitive and quantitative than flow
cytometric analysis and provides information on total antigen
expression determined by antibody binding. IL4 alone slightly
enhanced HLA class I expression, whereas IFN showed a
stronger response (Table 3). Major changes were considered as
>40% enhancement or inhibition. The effect of IL4 on HLA-
DR expression was more variable. A significant major enhance
ment of HLA-DR expression occurred on IL4 and IFN treat
ment with Romero. There were differential responses to the
other individual cytokines from one line to another. The overall
best cytokine that enhanced HLA was IFN and TNF. The
combination of IFN with IL4 or TNF consistently enhanced
HLA class I and &-microglobulin expression in all the cell
lines.

Modulation of Cell Surface Tumor-associated Ganglioside An
tigens. Recently, we showed that renal cell cancer cells express
an abnormal ganglioside pattern compared to normal kidney.
The RCL used in these studies expressed several major known
tumor-associated gangliosides which include GM3, GM2, GDj,
and GD2(Fig. 1). The cell lines RC-9, Romero, and 786F4 were
examined for cell surface expression of gangliosides with mouse
and human monoclonal antibodies that have been shown to
react with specific tumor-associated ganglioside antigens on
melanoma cells (18, 26, 27). Each of the control cells showed
evidence of reactivity to all the ganglioside monoclonal anti
bodies studied. Individual gangliosides were either up or down
regulated, depending on the cytokine treatment and cell line.
Major changes were considered at >40% enhancement or in
hibition. Overall, there was a consistent enhancement of GD2
in all the cell lines after cytokine treatment (Table 4).

IL4 consistently enhanced GD3and GD2expression in all the
cell lines showing a differential effect. IFN enhanced GD2 and
C>Miexpression in all cell lines and (Â¡,,iin two thirds of the
lines. TNF did not show any major consistent effect on individ
ual gangliosides on the cell lines. IFN + TNF and TNF + IL4
enhanced GD2 expression. There were no major consistent
changes on other gangliosides when cytokines were used to
gether. Overall, cytokine treatment reduced GM2expression.

DISCUSSION

In the last several years there has been increasing evidence
that the immune cytokines originally described for their mod-
ulatory activity on immune cells have pleiotropic effects on
neoplastic cells as well (31-33). The modulation of renal cell
carcinoma growth as well as cell surface antigen expression on
treatment with IL4 alone or in combination with other cyto
kines was demonstrated. IL4 inhibited RCL growth at concen
trations that were not toxic to immune cells as previously
reported. IL4 is known to stimulate growth of B- and T-cells;
therefore, its inhibitory effect on renal cancer cell was interest
ing. However, IL4 is also known to induce differentiation of
cytotoxic T-cells and macrophages (30, 34). With regard to the
role of IL4 on cell growth and differentiation on different cells,
it is still not clearly understood.

We demonstrated expression of IL4 receptors on RCL stud
ied, suggesting that the mechanism of action is via IL4 recep
tors. It is interesting to note that IL4 receptors are found on
other human carcinomas (19). This suggests that it may have
some regulatory role on neoplastic cell growth. Expression of
IL4 receptors on tumors may be a potential target for IL4-toxin
conjugate therapy (35). The differential response by cell lines
to IL4 may be related to the expression of different affinity IL4
receptors (35). Future studies will involve developing methods
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Fig. 4. Representative example of RCL
769PF2 before and after treatment with IL4 500
units/ml + IFN 500 units/ml. Cells were treated
with cytokines on days 0 and 3 and assessed on
day 5. A, control; B, cytokine-treated cell. Bar,
50 urn.

to quantitate these IL4 receptors.
TNF was not a strong inhibitor of growth; however, IFN

inhibited the growth of the cells in a similar manner to IL4. Of
the three cytokines studied, only IFN alone produced major
cell morphological changes. Each cell line showed a differential
response to each cytokine. The combinations of IL4 with IFN
or TNF were studied, and overall IL4 + TNF gave the strongest
additive inhibitions followed by IFN + TNF. These additive
effects of the cytokines were more potent than that of the
individual cytokines. IFN + TNF has been shown to have
additive effects on modulating melanoma cells (33). Only re
cently have in vivo and in vitro studies shown that the combi
nation of individual immune cytokines with other cytokines or
chemotherapeutic drugs produces strong additive antitumor
effects (9, 31, 36). TNF has been used in tumor therapy as a
single agent; however, the clinical responses have not been
encouraging. One of the main problems is that the dosage

needed to achieve any significant effect is usually toxic (37).
Using a combination of TNF with cytokines such as IL4 or
IFN may provide a better antitumor response and, at the same
time, should allow lower dosages of each cytokine to be used.

IL4 and other cytokines modulated expression of MHC
antigens at various levels depending on the cell line. The mod
ulation of these MHC antigen expressions on neoplastic cells
will play an important role in T-cell recognition, immunogenic-
ity, and tumor-antigen presentation. Preliminary clinical trials
with pretreatment of renal cancer patients with interferon fol
lowed by adoptive T-cell therapy have shown encouraging re
sults (38). The variable effects of the combination of cytokines
on MHC antigen expression may be due to the cell line or to
the additive and antagonistic effect of the cytokine on genes
regulating the expression of MHC antigens (10, 33).

We have demonstrated that renal cancer cells express tumor-
associated gangliosides GM3,GDj, GMZ,and GD24that are found
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on melanoma (39). Most importantly, we have shown that
monoclonal antibodies specific to these tumor-associated gan-
gliosides bind to the cell surface of renal cancer cells. The level
of ganglioside expression varies from one cell line to another
and can be modulated by cytokine treatment as shown in Fig.
1 and Table 4. The GD2antigen was enhanced most significantly
by all the cytokines. In melanoma cells, Go2 antigen was also
enhanced significantly after cytokine treatment (18). Recent
studies by Gross et al. (40) demonstrated that IFN treatment
enhanced Gm immunogenicity in human neuroblastomas. GD2
is one of the most immunogenic gangliosides in humans (23,
26). Elevated levels of GD2expression may make the tumor cell
more immunogenic and a better target antigen for immune
recognition. The density of ganglioside antigen expression plays
a critical role on antibody binding. Previously, we reported anti-
(in.- antibodies in cancer patients (26). It has been shown that
treatment of melanoma lesions expressing GD2 with human
anti-GD2 antibody induced regressions (41). Treatment of renal
cell carcinoma patients with cytokine(s) followed by specific
anti-ganglioside monoclonal antibody may be a very effective

therapeutic strategy.
IL4 and IFN consistently enhanced GDj expression on most

of the cell lines. The GM} antigen is expressed abundantly on
most normal cells (excluding neural cells), whereas GD3 is
absent or in low levels (27). GM3 expression was enhanced by
IFN. GDJ levels in normal kidney are elevated significantly

Table 2 Additive effect of IFN plus TNF on renal cell carcinoma growth
Effect of IFN plus TNF. Cytokines were added at the same time. Methods as

described in Table 1. The values represent mean cpm of triplicates Â±SE. These
are representative experiments of studies on RCL.

|3H]Thymidine uptake(cpm)IFN(units/ml)0

500
10000500

10000

5001000Cell

lineRC6RC7786F4Cytokinecontrol75,258

Â±2,183
32,083 Â±4,042
24,789 Â±1.03544,384

Â±465
14,928 Â±2,578
14,388 Â±1,242152,400

Â±6,036
5 1,480 Â±55
46,415 Â±1,800TNF(500

units/ml)51,058Â±

1,663
12,183Â±20042,051

Â±719
7,005 Â±80290,560

Â±3,896
47,61 2 Â±3,431TNF

(1000units/ml)49,531

Â±2,670
12,046 Â±48
3,531 Â±16035,969

Â±1,598
6,429 Â±57
2,649 Â±8689,753

Â±5,590
53,077 Â±1,336
35,794 Â±2,887

Table 3 Radiometrie binding assay analysis of HLA class I, HLA-DR, and (32-
microglobulin after cytokine treatment

A radiometrie binding assay was performed on 3 representative RCL. Cells
were treated with cytokines 2x (5d), and analyzed. All cytokines were used at 500
units/ml alone or in combination.

% change ofcontrol*Surface

Cell Control IL4 + IL4 +
antigen line (cpm)Â°IL4 IFNTNF IFNTNFHLA

(class I)Romero
786F4

RC-9HLA-DR

Romero
786F4

RC-9loa

Romero
786F4
RC-99,209

28 33 43 47 181
7,957 7 27 -24 54 36

11,142 16 81 44534,632

108246 65 189 45
7,145-56 42 -74 -10 -16
2,286 -I 33 -3917,739

45 73 187 74 107
4,783 83 100 61 96 18
8,702 43 98 53 47IFN

+
TNF61

34
100189-23

285113

109143

" Control cpm represent mean of triplicates (SE <5%).

Treated cell cpm
Percent changes were calculated as:

Table 4 Radiometrie binding assay analysis of ganglioside antigen modulation
by cytokines

A radiometrie binding assay was performed and analyzed as described in Table
3. All cytokines were used at 500 units/ml alone or in combination. Control cpm
represent mean of triplicates (SE <5%).

% change ofcontrolGanglioside

CelllineGMJGMJGD3GD2Romero

786F4
RC-9Romero

786F4
RC-9Romero

786F4
RC-9Romero

786F4
RC-9Control

cpm11,853

4,693
4,2985,405

6,703
5,7364,935

939
4,4603,024

3,628
4,905IL4IFNTNF-22

18
3458

80
45-38

29
-67-53-12
-551944219114514-19

373
80135

13725-26

42
4114-54

79-24

168
157

47
26IL4

+
IFN10

70
11-17

-76
-8-17

231
-6188

58-26IL4

+
TNF-8

-38100-52-38243119

33IFN

+
TNF-25

36
3033-60

-17-18

85-32199

4233

compared to most normal tissue.5 The enhancement of Go3 on

RCL after cytokine treatment may be a modulation toward a
more differentiated cell phenotype. The modulation of glyco-
sphingolipids such as gangliosides by cytokines may also effect
other similar types of antigens. A recent study has shown that
Forssman glycosphingolipid expression on macrophages can be
modulated by IL4 (42).

By modulating ganglioside and MHC antigens, a more im
munogenic cell phenotype may be produced. Renal cancer can
be considered to be an immunogenic neoplasm comparable to
melanoma. The sharing of similar tumor-associated antigens,
immunogenic properties, metastatic properties, response to
cytokines by these two histologically different neoplasms indi
cates that they have many common features. Renal and mela
noma tumor cell vaccines have been used to control and prevent
disease progression in patients (4, 25, 43, 44). The principle of
this active specific immunotherapy is based on the immuno
genic properties of these tumors in the host. Modulation of
tumor-associated ganglioside antigens and MHC antigens by
cytokines may be useful to develop a more immunogenic renal
cancer cell vaccine. In a recent study, a tumor cell vaccine
consisting of neuroblastoma cells treated with IFN was shown
to augment the vaccine immunogenicity and prolong the sur
vival of tumor-bearing mice (45).

Significant modulation of growth and the expression of the
surface antigen of RCL by IL4 and IFN suggests that these
cytokines may have important roles in natural tumor immune
defense mechanisms. Tumor-infiltrating lymphocytes of renal
cancers have been shown to consist of a large population of
CD4+ T-cells (46). When certain CD4 T-subsets are activated
they release IL4 or 7-IFN (47). Cytokine release by the CD4+
T-cells infiltrates in the microenvironment of the tumor may
have significant direct effect on growth and modulation of
antigen expression of tumor cells. Understanding the roles of
cytokines in tumor immune responses should provide oppor
tunities to develop better therapeutic strategies.
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