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ABSTRACT

Immune cytokines have been shown to play important roles in regu
lating immune cell functions. Interleukin-4 (IL4), originally described as
a B-cell growth factor, is known to activate and differentiate other immune
cells. 114 has been given as an immunotherapeutic to tumor-bearing
hosts. In this report, we set out to determine whether IL4 can directly
modulate growth and expression of surface antigens on human melanoma
cells. The effect of recombinant I1.-4 alone and in combination with
recombinant "Hnterferon (IFN) or recombinant Â»-iuniornecrosis factor

(TNF) on melanoma cell lines was examined. 11.4significantly inhibited
cell growth of all cell lines examined at 100-500 units/ml; but a dose-
dependent differential response to individual cell lines occurred. The
effect of IL4 was augmented by combination with IFN or TNF. Mela
noma-associated ganglioside antigens (GM3, GD3, GM2, GD2) and
human leukocyte antigen class I and DR on the cell surface of melanoma
cells were assessed by flow cytometry and/or a radiometrie binding assay.
IL4, IFN, or TNF alone enhanced human leukocyte antigen class I, DR,
and /?2-microglobulin antigen expression. 11.4 alone and in combination
with IFN or TNF increased the GM3/GD3 ratio expression. GD2 was
enhanced significantly by 114, IFN, and TNF. Pretreatment of melanoma
with 114 or with other cytokines prior to stimulation with peripheral
blood lymphocytes significantly enhanced mixed lymphocyte tumor re
action activity as compared with non-treated melanoma used as stimula
tors. These studies demonstrate that II.4 alone or in combination with
IFN and TNF can modulate melanoma growth activity and surface
antigen expression to a more differentiated and immunogenic phenotype.

INTRODUCTION

There are recent studies demonstrating that immune cyto
kines can modulate immune functions as well as neoplastic
cells. The modulation of neoplasms by cytokines such as IFN3

and TNF have been reported as growth inhibition and expres
sion of MHC and tumor-associated antigens (2-13). The iden
tification of cytokines with these multiple pleiotropic effects on
immune and neoplastic cells has very important implications
in tumor immunotherapy. There are certain human neoplasms
that are more immunogenic than others and more responsive
towards immune interventions (14, 15). Several of these neo
plasms, such as melanoma, also are susceptible to modulation
by immune cytokines (2-4, 7, 9-13). A majority of studies on
the cytokines on neoplastic cells have been focused on modu
lation of glycoprotein antigens that include carcinoembryonic
antigen (11), melanoma-associated antigen (8, 12), and MHC
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type I and II antigens (3, 5, 7, 9, 11, 16). Modulation of tumor
cell surface antigens can be used as a strategy to modulate
tumor cell properties and immunogenicity. The modulation or
enhancement of MHC antigens has been shown to reduce
tumorigenicity, enhance immunogenicity, and decrease the met-
astatic potential of neoplastic cells (17-24). Tumor antigens
can also be modified by cytokines and affect tumor cell prop
erties and immunogenicity. The degree of modulation of MHC
and tumor antigens by cytokines varies between neoplasms of
different histological origin.

Cytokines can also have antiproliferative effects and/or in
duce differentiation of neoplastic cells (10, 13, 25). There is a
great advantage if a cytokine as an adjuvant can inhibit neo
plastic cell growth, enhance immunogenicity, and augment
immune cell functions. IL4 was of special interest in that it
could significantly affect growth, differentiation, secretion, and
enhancement of MHC class II antigens of immune cells (26-
34). IL4 originally was described as a B-cell stimulatory factor
1, A/r 20,000 glycoprotein, which induced B-cells to proliferate
and secrete antibodies (26). The cytokine is derived primarily
from CD4+ T-cells and has differential effects in different
species (26, 35). Studies have shown that IL4 can affect growth,
induce differentiation, and augment antigen specificity of T-
cells (32, 34-37). The action of IL4 on immune cells is through
binding of IL4 receptors (26, 31). IL4 has pleiotropic effects
on many types of immune cells of different histological lineages,
inducing differentiation or functional activities. IL4 has been
used in immunothÃ©rapies to enhance immune responses to
wards both mouse and human tumors (38). Because IL4 can
modulate cell surface antigens and phenotype, we examined its
effect on human melanoma. We have experience with this
neoplasm with regard to cell and immunogenic properties (14,
15), and wanted to pre-evaluate the direct effect of IL4 to
determine its potential in immunotherapy.

In this study, we have focused on examining the effect of IL4
alone or in combination with IFN and TNF on cell growth,
surface tumor-associated ganglioside antigens, and HLA class
I and HLA-DR expression on melanoma. The gangliosides
(sialic-acid containing glycosphingolipids) are a major compo
nent of the outer plasma membrane bilayer (39, 40). We and
others have found significant correlations with the cell surface
expression of particular gangliosides to tumorigenicity (40),
immunogenicity (41), differentiation (42, 43), and sensitivity to
cytolysis by effector killer cells (44,45). Compared with normal
melanocytes, ganglioside expression on melanoma cells is sig
nificantly enhanced at individual and overall levels (39, 42).
Cell surface ganglioside expression plays an important role in
cell transformation and progression towards the malignant
state. Four major gangliosides including GM3, GM2, GD3,
and GD2, which are expressed on melanoma cells, are immu
nogenic in humans (15, 41, 45). These antigens are used as
targets for in vivo immunotherapy and immunodiagnosis (15,
41). The modulation of these surface antigens will play a
significant role in the melanoma cells' intrinsic properties and

immunogenicity in the host.
In this report, we demonstrate that IL4 has antiproliferative
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IL4 MODULATION OF HUMAN MELANOMA

activity that can be augmented when combined with IFN or
TNF. IL4 alone or in combination with IFN and TNF can up-
regulate HLA, DR, and ^-microglobulin antigens, and modu
late the expression of melanoma-associated ganglioside

antigens.

MATERIALS AND METHODS

Cell Lines. Melanoma cell lines UCLA SO-MK, MB, MM, 10, 14,
15, and 24, which were established and characterized in the Division
of Surgical Oncology, University of California at Los Angeles, were
used in the studies. Studies were carried out on cell lines less than 25
passages. Epstein-Barr virus-transformed lymphoblastoid cell lines
UCLA SO-L14 and L24 were used as controls. The K562 (erythroblas-
toid) cell line was also used in the study. All cell lines were cultured in
RPMI 1640 (Flow Laboratories, Inglewood, CA) plus 10% fetal calf
serum (heat-inactivated; Gibco, Grand Island, NY) and antibiotics.
Cells were cultured at 37Â°Cin a 7% COz humidified incubator.

Cytokines. Human recombinant IL4 was the kind gift of Sterling
Drug Inc. (Malvern, PA). Recombinant human 7-IFN and Â«-TNFwere
purchased from Amgen (Thousand Oaks, CA).

Monoclonal Antibodies. The mouse monoclonal antibodies W6/32
IgG2a (Accurate Chemical, San Diego, CA) to the framework deter
minant of human HLA class I antigen, HLA Dr (IgGl; Becton-
Dickinson, Mountain View, CA), and B1G6 IgG2a to ft-microglobulin
(AMAC Inc., Westbrook, ME) were used to detect expression of cell
surface antigens. The human IgM monoclonal antibody L72 specific to
the ganglioside GD2 (46) and a human IgM monoclonal antibody
L612, specific to the melanoma-associated ganglioside GM3 antigen
(45), were used to detect cell surface ganglioside antigens. The latter
monoclonal antibody reacts to GM3 on the melanoma cell surface, but
not normal human tissues (45). Mouse monoclonal antibodies to gan
glioside GD3 IgG3 (R24; Signet Laboratories, Dedham, MA) and
ganglioside GM2 IgM (a kind gift of Konica, Japan) were used to
detect cell surface gangliosides.

Flow Cytometry. For flow cytometry analysis, affinity-purified fluo-
rescein isothiocyanate-conjugated goat anti-mouse or -human antibod
ies (Tago, Burlingame, CA) were used as indicators. In each assay,
several respective nonspecific human and mouse isotype antibodies at
equivalent concentrations were used as controls. As a control, specific
mouse monoclonal antibody (IgGl) to CD3 was used. For direct
staining with mouse monoclonal antibodies, fluorescein isothiocyanate
conjugated appropriate isotype-matched fluorochrome-conjugated an
tibodies were used as controls for background fluorescence. Cells were
stained as described previously (47). The stained cells were analyzed in
an EPICS C flow cytometer (EPICS, a division of Coulter Electronics,
Inc., Hialeah, FL) equipped with an argon laser tuned at 488 nm run
to 350 mW of power. In analyzing the cells, each sample was gated on
forward light and right-angle scatter to exclude cell debris, clumps, and
nonviable cells. Density of antigen staining was determined by a pro
gram described previously (47).

Antibody Binding Radiometrie Binding Assay. Reactivity of monoclo
nal antibodies to cell surface antigens was examined using a sandwich
antibody-binding radiometrie assay (6). Briefly, 10' melanoma cells

were added in 50 n\ of 2% fetal calf serum (heat-inactivated) RPMI
1640 to 96-well polyvinyl flexible microtiter plates (Clarke, VA). To
duplicate wells, 100 /.Â¡\of monoclonal antibody was added at various
dilutions and incubated for l h at 4Â°C.The microtiter plates (on ice)

were washed 3 times with 150 n\ of RPMI 1640. Then 100 M!of diluted
125I-labeledanti-mouse F(ab')2 immunoglobulin or anti-human F(ab')Ã®-

labeled antibody (Amersham, Arlington, IL) were added to cells, and
plates were incubated for l h at 4Â°C.The cells were then washed 4

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

Treatment of Cell Lines with Cytokine. Cells were grown in T75-cm2

tissue culture flasks (Corning, NY) and treated with specific cytokines.
In each cytokine study, control cells were grown in culture medium
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Fig. 1. Dose effect of IL4 and IFN on melanoma cell lines. Cell lines were
treated with 25 (â€¢),100 (Â®),250 (S), and 500 (D) units/ml 1L4 or IFN and effect
on growth was measured by the [3H]thymidine proliferation assay in triplicate.
Bars, percent inhibition of mean from mean of controls (I â€”treated cells/control
cells x 100). M24(IL4) control (25,264 Â±37 SEM) compared with 25 to 250
units/ml IL4 (P < 0.01) and 500 units/ml IL4 (P < 0.005) was significantly
different. MK(IL4) control (25.677 Â±837 SEM) compared with 100, 250, and
500 units/ml (IL4) was significantly different (P < 0.05). M24(IFN) control
(19.810 Â±1,543 SEM) compared with 100, 250, and 500 units/ml IFN (P <
0.05) was significantly different. MK(IFN) control (13,736 Â±541SEM) compared
with 100 units/ml IFN (P < 0.01) and 250 and 500 units/ml (IFN) (P < 0.05)
was significantly different. IL4 and IFN experiments were run separately. These
are representative experiments of 7 lines studied.

alone of the same passage. Cells were passaged, treated with the
designated cytokine 24 h later, cultured for 48-72 h, treated again with
the same cytokine concentration, and then harvested 48-72 h for cell
surface antigen analysis. In initial experiments, cells were treated with
drugs 48-72 h, harvested, and analyzed. Each cell line has its own
growth rate, therefore, cells were seeded so that control cells would be
80-90% confluent on the day of harvest.

To analyze 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-bottomed well microplates (Costar,
Cambridge, MA) (48). Cells were seeded in wells at either IO4 or 5 x
IO4 cells/well in 200 ^\ of culture medium. Analysis of cytokines at

different dilutions was done in triplicate. Cells were cultured for 72 h
and pulsed with pH]thymidine 6 h before harvesting. Microplate wells
were harvested using a PHD harvester (Cambridge Technology, Inc.,
Cambridge. MA), and scintillation fluid was added to the tubes and
counted in a Beckman scintillation counter as described previously (48).

Mixed Lymphocyte Tumor Reaction Assay. A MLTR assay was set
up as described previously (47). PBLs from melanoma patients were
isolated by Ficoll-Hypaque (Pharmacia, Piscataway, NJ) gradient,
counted, and resuspended in 10% human AB (heat-inactivated) (Sci
entific, Irvine, CA) AIMS V medium (GIBCO). PBLs were seeded in
96-well plates with irradiated (10,000 rad) melanoma cells at a 20/1
ratio in medium containing 10 units/ml recombinant interleukin-2
(Amgen). Melanoma cells were treated for 5-6 days (twice with cyto
kines) prior to co-culture with PBL. Cells were cultured in a standard
5 day MLTR assay, pulsed with [3H]thymidine on day 5, and harvested

18 h later with a PHD cell harvester (Cambridge Technology, Inc.,
Cambridge, MA) and counted.

RESULTS

Dose Effect of IL4 on Cell Growth. Melanoma cell lines were
treated with several concentrations of IL4 to determine its effect
on cell growth. A standard 3 day proliferation assay was used
to assess growth of the cells. IL4 was found to inhibit cell
growth of 7 melanoma cell lines tested. Individual cell line
responses varied to different concentrations of IL4. In Fig. 1,
growth inhibition of 2 representative cell lines at concentrations
of 25 units/ml and higher are given. Inhibition of growth was
a dose-dependent effect. The most significant consistent growth

2003

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2002/2446848/cr0510082002.pdf by guest on 19 M

ay 2023
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inhibition occurred at 100-500 units/ml. The concentrations
of IL4 used have been reported to be nontoxic to B- and T-cells
in vitro (34, 36, 37). One cell line treated with 500 units/ml
showed some toxicity. Cells showing toxicity rounded up and
detached from the culture flask. Visual examination of the cells
from several cell lines treated with IL4 showed an adherent
growth pattern similar to that of controls except that the cells
were often more enlarged and "flattened out." This effect was

observed when cells were treated with IL4 at least twice every
3 days. When lymphoblastoid B lines L14 and L24 (data not
shown) were treated with 250 or 500 units/ml IL4, cell growth
was significantly enhanced at the higher dosages. These findings
are concordant with the results previously reported that IL4
stimulates B-cell growth. When K562 cells were treated with
similar concentrations of IL4, there was only a slight decrease
(not significant) in growth (data not shown).

Dose Effect of IFN and TNF on Cell Growth. Interferon >25
units/ml inhibited melanoma cell growth in a dose-dependent
manner (Fig. 1). There was a differential response to IFN by
each cell line (7 cell lines examined). Cells treated with IFN
were "flattened out" with more "dendritic like" phenotypes

similar to melanocytes. Concentrations of 1000 units/ml IFN
were usually toxic to a majority of the cell lines; cells became
nonadherent within 48 h of treatment. Human B-lymphoblas-
toid lines L14 and L24 autologous to M14 and M24 melanoma
lines, respectively, were not inhibited (significantly) when
treated with 250-500 units/ml of IFN (data not shown). In
comparison with IL4, the growth-inhibitory activity of IFN on
melanoma was higher overall.

TNF also had a differential effect on the individual melanoma
cell lines (5 lines tested). Growth inhibition of >40% was seen
on some cell lines at concentrations of 500-1000 units/ml TNF
(Fig. 2). There were no visible morphological changes of the
cells as seen with IL4 or IFN. At these concentrations, there
was no effect on K562 cells (data not shown).

Effect of IL4 plus IFN or TNF on Cell Growth. The additive
effect of IFN or TNF to IL4 was examined to determine if the
growth-modulatory activity of individual cytokines could be
augmented in combination. A checkerboard analysis was done
using 2 optimal concentrations of IL4 (250 and 500 units/ml)
plus IFN (250 and 500 units/ml) or TNF (500 and 1000 units/
ml). Significant additive or synergistic inhibitions were seen
when IFN or TNF was combined with IL4 (Table 1). Optimal
inhibitions were observed with 500 units/ml IL4 plus 500 units/
ml IFN. In comparing M24 or MK controls with respective
500 units/ml IL4 plus 500 units/ml IFN treatments, there was
significant inhibition; P < 0.003 and P < 0.003, respectively.
In comparisons of M24 or MK 500 units/ml IL4 plus 500
units/ml IFN treatment with 500 units/ml IFN alone, there
was significant inhibition; P < 0.007 and P < 0.05, respectively.
The comparisons of M24 or MK 500 units/ml IL4 plus 500
units/ml IFN with 500 units/ml IL4 were significantly inhib
ited; P < 0.05 and P < 0.005, respectively.

The combination of IL4 and TNF consistently showed major
changes in growth compared with the individual cytokines alone
(Table 1). The additive cytokine concentrations used were not
toxic to the cells. IL4 with TNF at optimal concentrations
consistently gave the best inhibition of growth (>85%). Com
parisons of M24, MK, or M14 controls with 500 units/ml IL4
plus 1000 units/ml TNF were significantly different; P< 0.001,
P < 0.01, and P < 0.001, respectively. There was significant
inhibition in comparisons of M24, MK, or M14 with 500 units/
ml IL4 to 500 units/ml IL4 plus 1000 units/ml TNF; P < 0.05,

27000l

18000

M14 M24

Alpha TNF Treatment of Cell Lines

Fig. 2. Effect of TNF on melanoma cell lines M14. M24, and MK. The cell
lines were treated with 0 (â€¢).500 (B). and 1000 (â€¢)units/ml TNF. Bars, mean
cpm of triplicate and SEM. M14 controls compared with 500 and 1000 units/ml
were both significantly different (inhibition of 62 and 73%, respectively); P <
0.01. M24 compared with 500 and 1000 units/ml were significantly different
(inhibition of 37 and 40%, respectively); P < 0.01. MK 1000 units/ml compared
with control was significantly inhibited (43%); P< 0.01. These are representative
experiments of 5 lines studied.

Table 1 Additive effect oflL4 plus IFN or TNF on melanoma cell growth
Effect of IFN or TNF added with IL4 to melanoma cells. Cytokines were

added at the same time. Growth of cells was determined by the [3H]thymidine
incorporation proliferation assay. The experiments represent the effect on indi
vidual cell lines treated with cytokines at the same time. Cells were cultured in
the presence of the cytokine(s) for 72 h and pulsed for 6 h before harvesting.
Values represent mean cpm of triplicate Â±SEM. Controls for each cell line are 0
IL4 and 0 IFN or 0 TNF. These are representative experiments of studies on 5
melanoma lines.

[3H]Thymidine uptake(cpm)Cytokine

(units/ml)INF02505000250500TNF05001.00005001.00005001,000IL4,Cell line 0units/mlM2411,196Â±

1949,951
Â±5609,024

Â±337MK
33,291 Â±1,3499,521

Â±2547,728
Â±285M2420,704

Â±3109,764
Â±67,599
Â±630MK

20,71 2Â±8431
2,59024412.968

1,253M14
26,0144651

3,06938912,496
672IL4,250

units/ml9,862

Â±7078,425
Â±1427,257
Â±10925,964
Â±1,0009,073
Â±507,028
Â±19911,037Â±

1,4702,167
Â±12,285
Â±14714,236
Â±1,0891,973
Â±1881,638

Â±6212,155
Â±9843,452

Â±1814,296
Â±156IL4,

500units/ml8,526

Â±2557,989
Â±696,025
Â±9823,473
Â±6037,870
Â±1825,967
Â±19010,754

Â±7581,983Â±
1381,545

Â±1911,713
Â±2841,342Â±
1801,174Â±

1551
0,694 Â±1872,385

Â±1123,244
Â±158

P< 0.01, and P < 0.01, respectively. The comparisons of M24,
MK, or M14 1000 units/ml TNF with 500 units/ml IL4 plus
1000 units/ml TNF were significant; P < 0.01, P < 0.01, and
P < 0.01, respectively. The additive inhibitor effects of IL4 plus
TNF were stronger than IL4 plus IFN.

114 plus Cytokine Modulation of HLA Class I and DR Anti
gens. Modulation of cell surface antigen expression was exam
ined to determine if changes occurred concurrent to inhibition
of cell growth by the cytokines. HLA class I and DR antigen
expression was examined on 3 melanoma cell lines after treat
ment of cytokines at optimal dosages, as determined in the cell
growth assay. In these studies, cells were treated with the
cytokine(s) on days 1 and 3 and analyzed on day 5. By flow
cytometry, percent of positive staining cells and density of cell
surface antigens were assessed. To further assess the expression
of HLA class I and DR antigens, a radiometrie binding assay

2004

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2002/2446848/cr0510082002.pdf by guest on 19 M

ay 2023



IL4 MODULATION OF HUMAN MELANOMA

was also performed. The changes in expression of HLA class I
and DR antigens were variable depending on the cell and
treatment. In analyzing HLA class I and DR antigens percent
of positive staining cells by flow cytometry, only the latter
showed enhancement (>10%). Treatment with individual cy-
tokines or with cytokines in combination as described in Table
1 enhanced the number of positive staining DR antigens for all
cell lines from 70-80% to >90%. The density of HLA and DR
expression was not significantly enhanced (<10%) after treat
ment with IL4 or TNF alone as analyzed by flow cytometry.
By flow cytometry analysis, only enhancement of HLA and DR
was observed after IFN, IL4 plus IFN, and IL4 plus TNF
(Table 2). Significant changes were considered at >100%.
Analysis by the radiometrie binding assay indicated that there
was enhancement of HLA class I and DR expression in cells
treated with IL4 or TNF alone depending on the cell line
examined (Table 3). IFN treatment alone significantly enhanced
HLA class I and DR antigen, in which the magnitude was
dependent on the cell line examined (Table 3). Only the M14
cell line showed notable enhancement of HLA class I antigen
expression after cytokine treatment. There was enhancement
of DR antigen expression when cells were treated with IL4 plus
IFN or TNF (Tables 2 and 3). ft>-Microglobulin antigen density
was enhanced to various levels by individual or combinations
of cytokine(s) treatments respective to both HLA class I and
DR (Tables 2 and 3).

Modulation of Cell Surface Ganglioside Antigens. Ganglioside
antigen changes were analyzed by a radiometrie binding assay.
Individual gangliosides were either up- or down-regulated de
pending on the treatment and cell line (Table 4). Significant
changes were considered at >100% enhancement or >50%
inhibition. The most changes in gangliosides by individual
cytokines or combinations were with GD2. Significant enhance
ment of GD2 occurred. In general, there was inhibition or no
significant change after cytokine treatment on GD3 expression.
Treatment with combination of cytokines either up- or down-
regulated ganglioside expression, compared with individual cy
tokines, and was dependent on the cell line tested. Combination
of cytokines, compared with controls in general, up-regulated
gangliosides. The modulation of GM3 and GM2 depended on
the level of the ganglioside on untreated cells; the lower the
expression, the greater the enhancement on cytokine treatment.

Previously, it has been shown that the in vivo ratio of gan
gliosides GM3/GD3 expression is related to differentiation and
metastatic potential of melanoma (42, 43). The lower the ratio
(<1), the less differentiated and the higher metastatic potential
of the tumor. In normal melanocytes, the GM3/GD3 ratio is
usually >20. It was of particular interest to note that, compared
with untreated cells for M14 and MK, the ratio of GM3/GD3
was increased with IFN and TNF (Table 4). Only the MK
GM3/GD3 ratio was enhanced with IL4 treatment. Individual
cytokines or in combination increased the GM3/GD3 ratio in
both lines. For the MK line, the IL4 plus IFN or TNF increase
in GM3/GD3 was less compared with each individual cytokine
treatment. However, for the M14 line, the effect was opposite.
This is related to the different levels of individual ganglioside
expression by these 2 lines.

Effect of Cytokine-treated Melanoma Cells Â¡na MLTR. To
examine whether the modulation of surface antigens on mela
noma cells by IL4 and other cytokines can enhance the immu-
nogenicity of these cells, we analyzed cytokine-treated mela
noma cells as stimulators in a MLTR assay. It is known that
increasing tumor antigen as well as HLA class I and DR

Table 2 Flow cytometry analysis of HLA class I, DR, and ÃŸi-microglobulin after

cytokine modulation
Cells were treated with cytokines twice (5d), stained with cell surface antigen

markers, and analyzed by flow cytometry. Two representative melanoma cell lines
are shown. Percent change from control was determined as:

(treated cell antigen density/control cell antigen density â€”1) x 100

Surface
antigenHLADR&CelllineM14

M24M14

M24M14

M24Control

density656

850346

444738913%

change ofcontrolIFN86

14455

23736119IL4+IFN113204129237105671L4+TNF20823031454770

Table 3 Radiometrie binding assay analysis of HLA class I, DR, and A-

microglobulin after cytokine modulation

The radiometrie binding assay on controls and treated samples was in duplicate.
Two representative cell lines are given. Percent changes were calculated as:

(treated cell cpm/control cell cpm - 1) x 100

This set of experiments was from passages later than those in Table 2.

Surface
antigenHLADRÃŸiCelllineM14

MKM14

MKM14

MKControl

cpm10,590

11.8923.3367,7923.6027.254%

change ofcontrolIL452

-18124

4417328IFN98

1523172267

100TNF89

25183

3416248IL4+IFN83

16240

10725185IL4+TNF81

-11147

5236564

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

A radiometrie binding assay was performed on cell lines as described in
"Materials and Methods." The analysis was carried out as described in Table 3.

Ganglioside ratio expressed as GM3 cpm/GD3 cpm.

Cell Control
>change of control

GangliosideGM3GM2GD3GD2lineM14MKM14MKM

14MKM

14M
Kcpm67102886151442704259378417362495IL4-69245386-1725538IFN3126418931137447324TNF86324213-12-76-10549408IL4+IFN-1425825334-5549520143IL4+TNF474912932-49-2463933RatiosGM3/GD3M14MK1.580.760.592.101.812.5913.083.583.031.834.581.49

antigens can enhance the immunogenicity of the stimulator cell
line. Three melanoma cell lines were treated twice with individ
ual cytokines or with cytokines in combination at optimal
concentrations of cytokines within 5 days. The controls con
sisted of cells treated with medium alone. Cells were harvested
at the same time and used as stimulators. In Fig. 3, we provide
evidence that IL4 alone can significantly enhance the stimulator
capacity of melanoma cell lines (2 of 3 lines). Similarly, IFN-
(2 of 3 lines) and TNF (1 of 3 lines)-treated melanoma cells
were able to significantly enhance the MLTR compared with
nontreated melanoma cells. The strength of the response varied
depending on the cell line used. The combination of IL4 plus
IFN or TNF treatment significantly enhanced the MLTR for
all 3 cell lines.
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Fig. 3. M LTR with cytokine-treated melanoma cells. Melanoma cell lines were
treated with medium alone (â€¢).IFN 500 units/ml (P), IL4 500 units/ml (â€¢),
TNF 1000 units/ml (D), IL4 500 units/ml plus IFN 500 units/ml (D). and 1L4
500 units/ml plus TNF 1000 units/ml (0). Bars, mean cpm of triplicates with
SEM. MK treated with IFN. IL4. IFN plus IL4. and TNF plus IL4 was
significantly higher than controls: P < 0.05, P < 0.05. P < 0.01, and P < 0.02,
respectively. M14 treated with IFN, IL4, IFN plus IL4. and TNF plus IL4 was
significantiy higher than controls; P < 0.01. P < 0.02, P < 0.05. P < 0.01,
respectively. M24 treated with TNF, IFN plus IL4, and TNF plus IL4 was
significantly higher than controls; P < 0.05, P< 0.005, and P< 0.05. respectively.
These are representative of 3 experiments with different donor PBLs.

DISCUSSION

The list of known biological activities of IL4 continues to
expand. We demonstrate that IL4 alone or in combination with
other cytokines can modulate cell surface antigen expression
and inhibit growth of human melanoma cells. These findings
have important biological as well as clinical implications. There
is increasing evidence that the immune cytokines have pleio-
tropic effects on cells other than the immune system (2, 5, 6,
8-10, 13, 22, 25). Of particular importance is when immune
cytokines can significantly modulate immune cell as well as
neoplastic cell differentiation.

IL4 inhibited growth of melanoma cell lines in a dose-
dependent differential manner at concentrations that were not
toxic to nonmelanoma cells. This growth inhibition was sur
prising in that IL4 is known to promote proliferation of human
B- and T-cells (26, 27, 32-34). We evaluated cell morphology
during treatment and noted that the inhibitory activities of IL4
were not due to toxicity. IL4 effect on cells has been shown to
be through binding of cell surface IL4 receptors (26, 31). The
differential response by cell lines may be due to the level of
expression of IL4 receptors or modulatory activity on the
secretion of other cytokines and autocrine or paracrine growth
factors (30, 33).

This study indicates that IFN alone or in combination with
IL4 has potent antiproliferative activity against melanoma.
There are studies on treatment of tumor cells with IFN at
concentrations in excess of 500 units/ml (5, 7, 11). These
concentrations were consistently toxic to the cells in our study.
Although all of the melanoma lines were inhibited by IFN,
there was definitely differential sensitivity among the lines.
Interferons have been used in combination with other cytokines
and chemotherapeutic drugs to inhibit tumor growth with some
success (2, 7, 9, 13). The mechanism(s) of tumor cell antipro
liferative action by interferons still remains a puzzle.

TNF affected melanoma cell growth activity in a dose-de
pendent manner similar to IFN and IL4. The additive effect of
IL4 plus TNF was significantly more potent than the individual
cytokines or IL4 plus IFN. Studies have demonstrated that
TNF in combination with IFN has additive effects on cell

surface antigen modulation (7, 9). The effect of IL4 plus TNF
may have important potential in tumor immunotherapy. The
latter cytokine, which has been shown to have an inhibitory
activity on selective tumor cells, may be made more effective
with IL4. It was of interest to note that even at lower dosages
of IL4 (250 units/ml) and TNF (500 units/ml), there was strong
antiproliferative activity (>80% inhibition). The mechanism of
action of these 2 cytokines on neoplastic and normal cells needs
further investigation. Individual cytokines that have been un
successful in immunotherapy alone may be more potent when
combined with another cytokine.

We have demonstrated that IL4 can up-regulate the expres
sion of HLA class I and DR antigens. By flow cytometry,
usually only enhancement of percent positive DR expressing
cells was seen, with minor changes in the density of the antigen.
The radiometrie binding assays were more sensitive and con
firmed an increase in HLA class I and DR compared with
controls. IL4 has been shown to enhance DR expression on
human B lymphocytes (26, 33) and macrophages (27, 28),
therefore, it was of no surprise to find enhancement of expres
sion on melanoma cells. Studies have shown predominantly
modulation of DR of the HLA antigens. A recent report showed
that IL4 did not enhance MHC class I or II antigens on murine
fibrosarcomas (5). The differences in our findings may be ex
plained by reason that IL4 has different effects on murine cells
compared with human cells. The histolÃ³gica! lineage of the
tumor plays a major role in response to various cytokines. One
property of human melanoma is the abnormal expression of
HLA antigens and their induction by selective cytokines (7, 12,
49).

We have previously demonstrated that melanoma-associated
ganglioside antigens play important roles in the immunogenic-
ity and malignant progression (15, 39), and as targets for
immunotherapy (41, 50, 51). Therefore, the modulation of the
expression of the 4 major ganglioside antigens would have
important implications to the above. The higher levels of per
cent GM3 expression on melanoma cells is associated with a
more differentiated and less aggressive tumor cell phenotype
(39, 43). In melanocytes, GM3 in the membrane represents
>90% of total gangliosides, whereas GD3 is only <5% (39, 42),
giving a final GM3/GD3 ratio >19/1. In melanoma lines and
biopsies, this ratio is significantly reduced. As a tumor pro
gresses to a more malignant form, the GM3/GD3 ratio de
creases. IL4 increased the GM3/GD3 ratio of MK, indicating
a reversal of the cell phenotype. The effect on M14 was the
reverse, however, the overall level of ganglioside level was
significantly reduced. GD3 is synthesized from GM3 by sialyl-
transferase (52) or made by degradation of GD2 with B-hex-
osaminidase.4 GM3 and GD3 are precursor gangliosides to

GM2 and GD2, respectively (39, 40), therefore on enzyme
activation (TV-acetylgalactose-transferase) both precursors can
move along this pathway. The cytokines may have a direct or
indirect effect on these ganglioside enzymes. An antagonistic
effect of cytokines in some lines did occur. This has been
reported with TNF plus IFN on modulation of MHC antigen
expression (7).

The up- and down-regulation of ganglioside antigens with
different cytokines varied with cell lines. This can be explained
in some part by the heterogeneity of ganglioside expression in
the melanoma lines (44). Modulation of one ganglioside can
significantly affect the other gangliosides. Major inhibition of

' D. S. B. Hoon, and D. L. Morton, unpublished observations.
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growth and differentiation can modulate ganglioside patterns
(40, 43).

The expression of GD2 was significantly modulated by IL4
and the other cytokines. This is an important finding in that
GD2 is one of the most immunogenic gangliosides of melanoma
and other human tumors (15, 23, 41). Previously, it was shown
that human monoclonal antibodies directed toward GD2 anti
gen on melanoma caused clinical regressions (50). Cytokines
such as IL4 used to enhance immunogenic cell surface ganglio
sides before treatment with antigen-specific monoclonal anti
bodies may improve the efficiently of the latter therapy. Aug
mentation of GD2 antigen in vivo with cytokines may make a
more immunogenic tumor and induce stronger host immunity.
Recently, Gross et al. (23) demonstrated that modulation of
GD2 expression by -y-interferon on neuroblastoma cells en
hanced GD2 immunogenicity and binding by anti-GD2

antibodies.
MLTR assays with cytokine pretreated stimulator melanoma

cells demonstrated that immunogenicity of the cells could be
enhanced. The enhancement of HLA class I, DR, or ganglioside
antigens could contribute to the augmentation of the MLTR,
the former 2 being probably the most influential. The critical
density of MHC antigens on tumor cells plays an important
role for induction of immunogenicity and rejection of tumor by
immunocompetent hosts (18-21). The enhancement of tumor-
associated antigen expression with MHC antigens would serve
as a more attractive target to host antigen-specific immune
effector cells. The former is particularly important where target
tumor-antigens are weakly immunogenic or expressed in low
density on tumor cells. The augmentation of HLA class I can
provide a better target for MHC restricted cytotoxic T-cells.
Using IL4 or in combination with IFN or TNF can offer several
practical benefits to tumor immunotherapy. First, the treatment
of melanoma patients with these cytokines together can enhance
specific effector cells and inhibit tumor growth directly. Second,
the cytokines can be used to modulate melanoma surface anti
gens to make the cells more immunogenic and then be given as
a tumor cell vaccine (53, 54). Recently, in an animal model
system, neuroblastoma cells treated with IFN and given as a
vaccine were shown to enhance the vaccine immunogenicity
and prolong survival of tumor-bearing mice (23). Enhancing
the immunogenicity of vaccine cells by cytokines may provide
a more effective immunogenic vaccine. Future studies will in
volve examining this approach in humans.
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