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Induction of Mouse Anti-melanoma Cytotoxic and Suppressor T Cells in vitro by

an Artificial Antigen, GM3-lactone
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We investigated the ability of GM3-lactone liposomes to induce anti-melanoma T cell responses in
mice. GM3-lactone liposomes, like murine B16 melanoma cells, induced anti-melanoma cytotoxic T
cells (CTL) and also suppressor T cells (Ts). A small dose of GM3-lactone (0.0003 g2g/ml} was enough
to generate CTL in the in vifro primary response, whereas relatively large amounts of the antigen
(0.03-0.3 pg/ml) were required for anti-melanoma Ts induction. As the epitope for anti-melanoma Ts
is NeuAc but not NeuGe residue on GM3, and anti-melanoma CTL ave effectively induced by either
GM3(NeuAc) or GM3(NeuGce)-lactone liposomes, GM3(NeuGe)-lactone or GM3(NeuGce) liposomes

have potent activity as an artificial melanoma antigen to induce anti-melanoma CTL in vitro.
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It has recently been established that carbohydrate
moieties serve as tumor antigens in the syngeneic immune
system. In fact, Irie et al have successfully established
tumor-specific monoclonal antibodies from patients with
melanoma and the antigens recognized by these anti-
bodies were found to be GM2 or GD2 gangliosides."?
Thus, in human, epitopes on GM2 and GD2 seem to
be immunodominant and to act as tumor antigens. Simi-
larly, our previous biochemical and physicochemical
analyses of mouse melanoma antigen using anti-murine
melanoma monoclonal antibody (M2590) raised by syn-
geneic immunizations have also shown that melanoma
antigen in mice is GM3 and its primary structure is the
same as that of normal GM3, even though the mono-
clonal antibody reacts only with melanoma but not
normal cells expressing GM3 on the surface.*® The
tertiary structure of GM3 on melanoma cells is thus
considered to be distinct from that on normal cells. We
have further demonstrated that the density of GM3 is
critical for generation of melanoma antigenicity because
the monoclonal anti-melanoma antibody (M2590) recog-
nizes GM3 with a density of more than 10 mol%, while
no reactivity was observed toward GM3 at a low density
(less than 7.5 mol%).” Thus, it is possible that a local
increase of density causes GM3 with normal primary
structure to undergo conformational changes, resulting
in the generation of melanoma antigenicity.

In addition to the above evidence, Nores et al”
reported that minute amounts of GM3-lactone are pre-
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? Abbreviations: CTL, cytotoxic T lymphocytes; Ts, suppressor
T lymphocytes; MMC, mitomycin C; GM3(NeuGe), NeuGe-
a2-3Gal31-4Gle; GM3(NeuAc), NeuAca2-3GalB1-4Gle.
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sent in melanoma cells. Nores et al> and Dohi et al®
have also demonstrated that the lactone form of GM3 is
more immunogenic than GM3 itself. Moreover, the
affinity of anti-melanoma M2590 antibody for GM3-
lactone is about 10 times higher than that for GM3.%
Therefore, lactone-like conformation of GM3 or GM3-
lactone itself is suggested to have melanoma antigenicity.

Based on the above evidence, we investigated the mel-
anoma epitopes important in the responses of T cells,
such as anti-melanoma CTL? and Ts, involved in the
positive and negative regulation of tumor cell growth, In
this paper, we demonstrate that GM3-lactone has potent
activity to induce anti-melanoma CTL and Ts,

MATERIALS AND METHODS

Animals Specific pathogen-free (SPF) C57BL/6 mice,
7-8 weeks old, were purchased from Shizuoka Experi-
mental Animal Co. Ltd., Hamamatsu.

Preparation of GM3 conjugates GM3 was exiracted
from dog erythrocytes and purified by DEAE-Sephadex
chromatography as previously described.” GM3-lactone
was prepared by treating GM3 with glacial acetic acid.
Then, GM3 and GM3-lactone were incorporated into
liposomes, which were composed of 2 gmol of dipalmy-
toylphosphatidylcholine, 2 ymol of cholesterol and 80
nmol of diacetylphosphate in 1 ml of phosphate-buffered
saline.

Induction of in vitro primary CTL and assay system The
in vitro primary culture of C57BL/6 spleen cells for
generation of melanoma-specific syngeneic CTL and the
assay for the CTL activity were described previously.” In
brief, 4 X 10 naive spleen cells of C57BL./6 were cultured
alone as a control or together with 8 X 10° mitomycin C
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(MMC)-treated B16 melanoma cells or artificial antigen
(GM3 liposomes or GM3-lactone liposomes) as the stim-
ulating antigen in 5 ml of medium (RPMI1640 supple-
mented with 109 FCS, 5X107° M 2-mercaptoethanol,
20 mM Hepes, I mM sodium pyruvate, 0.3 g/dl L-
glutamine, 0.2 g/liter kanamycin and 1/100 dilution of
MEM amino acids (Gibco Laboratories)) in 6-well plates
(Corning C25910, Corning Glass Works, Corning, NY)
at 37°Cin 5% CO, in air. After 4 days, the lymphoid cells
(4.8X10%) were mixed with 1.2X10" *'Cr-labeled B16
melanoma or EL-4 lymphoma cells (control) (CTL/
target ratio of 40:1) in a final volume of 0.2 ml of
medium in 96-well flat-bottomed microplates (Costar
3599, Costar Corporation, Cambridge). The plates were
incubated for 12 h at 37°C in 5% CO,. The specific *'Cr-
release was assayed as described.”

Induction of Ts and assay system Anti-melanoma sup-
pressor T cells (Ts) were induced by the same method as
previously described.” In brief, naive C57BL/6 spleen
cells (4X107) were cultured in 5 ml of medium in the
presence or absence of GM3 or GM3-lactone liposomes
at various concentrations in Petri dishes (60 mm diame-
ter, Nunclon 1-50326, Nunc Products, Roskild, Den-
mark) for 24 h in 5% CQ, in air. After incubation, cells
were harvested, washed extensively and used as Ts. For
the assay of suppression activity, cells were added to the
in vitro primary CTL induction system using B16 mela-
noma or EL-4 lymphoma as the stimulating antigen at
the start of the culture at the Ts/responder ratio of 1:4.

RESULTS

Induction of anti-melanoma CTL by GM3-lactone Our
previous experiments have indicated that anti-melanoma
CTL recognize the GM3 sugar moiety but could not
distinguish GM3 molecular species.” '™ As the blocking
efficiency of GM3(NeuAc) and GM3(NeuGe) lipo-
somes was similar, the results strongly suggested that
anti-melanoma CTL recognize a common structure be-
tween GM3(NeuAc) and GM3(NeuGc). It was also
demonstrated that GM3-lactone is more immunogenic
than GM3, suggesting that melanoma antigen may have
a “lactone-like” moiety.>'?

Here, we used GM3-lactone liposomes as an artificial
melanoma antigen in the in vitro primary anti-melanoma
CTL response in order to investigate whether GM3-
lactone, like GM3, acts as an antigen for induction of
anti-melanoma T cell responses. In the first experiment,
naive C57BL/6 spleen cells were cultured in vitro with
GM3(NeuAc)-lactone or GM3(NeuGc)-lactone lipo-
somes at various concentrations instead of MMC-treated
B16 melanoma cells as the stimulator under usual condi-
tions. The cytotoxic activity and specificity of CTL in-
duced by GM3-lactone liposomes were assessed by *'Cr-
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Fig. 1. Induction of anti-melanoma CTL by GM3-lactone
liposomes. Various doses of liposomes carrying GM3(NeuAc)-
lactone (#), GM3(NeuGe)-lactone () or GM3(NeuGe)
(E5) at 9 mol% were used as stimulating artificial antigens for
in vitro primary CTL response. B16 melanoma cells (ll), EL-4
lymphoma cells (ll) and liposomes ((CJ) alone were also used
as positive or negative controls. The CTL induced were assayed
on *'Cr-labeled B16 melanoma or EL-4 lymphoma cells. The
columns and bars indicate arithmetic means of 3 cultures and
SD, respectively. a) GM3(NeuAc)-lactone (#%) and GM3-
{NeuGe)-lactone liposomes (&) were used. b) GM3(NeuGe)
(EH) and GM3(NeuGc)-lactone liposomes (&) were used.

release assay using *'Cr-labeled B16 melanoma or EL-4
lymphoma cells as target cells. As shown in Fig. 1a, both
GM3({NeuAc)-lactone and GM3(NeuGe)-lactone are
potent inducers of anti-melanoma CTL response. Even
low doses of GM3-lactone liposomes (0.003 ¢g/ml), like
melanoma cells themselves, have the ability to induce
specific anti-melanoma CTL, supporting the previous
findings that anti-melanoma CTL recognize the common
structure between GM3(NeuGc) and GM3(NeuAc).*'?
GM3(NeuGe)-bovine serum albumin also acts as a stim-
ulator to induce anti-melanoma CTL (data not shown).

In the next experiment, we compared GM3 and GM3-
lactone as inducers of anti-melanoma CTL. The results
shown in Fig. 1b clearly demonstrated that GM3-lactone
and GM3 liposomes both induce anti-melanoma CTL.
About 20% specific anti-melanoma CTL activity was
observed by cells induced by either GM3-lactone lipo-



somes or GM3 liposomes at concentrations of 0.0003-
0.03 ug/ml in culture. There was no difference in the
ability to induce CTL with anti-melanoma activity be-
tween GM3 and GM3-lactone. Moreover, the CTL-
inducing ability was comparable to that of B16 mela-
noma cells.

The CTL activities induced by the artificial antigen,
GM3-lactone or GM3 liposomes, were found to be spe-
cific for melanoma because control liposomes did not
induce any CTL activity and also because the CTL
induced by GM3 or GM3-lactone could not kill EL-4
lymphoma derived from C57BL/6, which has the same
origin as B16 melanoma cells (Fig. 1).

Induction of anti-melanoma Ts by GM3-lactone Our
previous studies have demonstrated that the Ts epitope is
GM3(NeuAc) but not GM3(NeuGe).” In the present
experiments, we compared the efficiency of GM3 and
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Fig. 2. Induction of anti-melanoma suppressor cells
by GM3-lactone. Various doses of liposomes carry-
ing GM3(NevAc)-lactone (9 mol%) (§5) were used
to induce suppressor T cells. As positive and negative
controls, Bl6 melanoma cells (E3), EL-4 lymphoma
cells (£3) and liposomes alone (M) were used. The
columns and bars indicate arithmetic means of 3
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GM3-lactone as inducers of anti-melanoma Ts. For this
purpose, we used GM3 liposomes and GM3-lactone lipo-
somes as stimulating antigens. Naive C57BL/6 spleen
cells were cultured for 24 h with GM3 liposomes (10 mol
% GM3) or GM3-lactone liposomes (10 mol% GMa3-
lactone). The cells thus cultured were added to the CTL
induction system with MMC-treated B16 melanoma or
EL-4 lymphoma as a stimulator and their suppressor
activity was investigated in terms of the suppression of
CTL responses toward *'Cr-labeled B16 melanoma or
EL-4 Jymphoma. The results are illustrated in Fig. 2.
GMa3-lactone at relatively high doses (0.3-3.0 zg/ml)
successfully induced anti-melanoma Ts (Fig. 2). As our
previous studies have shown that GM3 at a density of 10
mol% could not induce anti-melanoma Ts,'® GM3-
lactone was much more potent for induction of anti-
melanoma Ts. The results in Table I also confirm the
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Table I. Induction of Anti-melanoma Ts by GM3-lactone.
Specific *'Cr release (%) on
Antigen Exp. 1 Exp. 2

B16 EL-4 Blé EL-4
B16 22.0%4.89 - 19.1+1.7 -
EL-4 — 22.5+6.9 — 20.4%3.6
GM3 liposomes® 19.8+1.0 154104 16.2£3.7 38.0£9.6
GM3-lactone liposomes® 43+1.0 19.8£2.0 3.5+3.1 27.9£3.7
Liposomes 20.312.0 23.3%1.5 18.1£1.7 22.4716.1

a) GM3 liposomes (9 mol% GM3{NeuAc)) were used at a concentration of 0.3 pg/ml in the culture.
b) GM3-lactone liposomes (9 mol% GM3(NeuAc)-lactone) were used at a concentration of 0.3 pg/ml

in the culture.
¢} Arithmetic means of three cultures SD.
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above data. No significant difference was observed be-
tween GM3 and GMa3-lactone as inducers of anti-
melanoma Ts.

DISCUSSION

It has been well documented that CTL and Ts cells
play a decisive role in anti-tumor immune responses.'''?
However, it is not easy to analyze in detail the mecha-
nisms of anti-tumor immune responses against naturally
occurring tumors, because the tumor antigens are hard to
identify, and also because anti-tumor immune responses
are difficult to induce in an ir vitro primary culture
system.

Despite the above difficulties, we have identified mela-
noma antigen as GM3 ganglioside by the use of mono-
clonal antibody (M2590), anti-melanoma CTL and Ts
systems.”” The structural analysis of melanoma GM3
purified by applying monoclonal antibody M2590 showed
that the primary structure of melanoma GM3 is the same
as that of normal GM3, even though the M2590 antibedy
reactivity was specific for melanoma.” We then found
that the density of GM3 is important for the generation
of melanoma antigenicity. Thus, a certain density seems
to result in some conformational change of GM3, result-
ing in melanoma antigenicity."” In addition, Nores ef al.
have demonstrated the presence of small amounts of
GM3-lactone in the membrane material from B16 mela-
noma.” The GM3-lactone was also found to be more
immunogenic than GM3.>® Therefore, it is likely that a
certain density of GM3 results in the formation of a
(GM3-lactone like conformation. The results shown in
Figs. 1 and 2 as well as those in Table I support the above
notion that GM3-lactone has potent activity to stimulate
T cells involved in anti-melanoma responses. Moreover,
GM3-lactone is much more effective than GM3, espe-
cially in the induction of anti-melanoma Ts responses.
Thus at the T cell level as well as in antibody formation,
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a GM3-lactone-like conformation may serve as the dom-
inant epitope for subsets of anti-melanoma T cells.

GM3 and GM3-lactone were also compared as in-
ducers of anti-melanoma CTL. However, no significant
difference was observed (Fig. 1). GM3-lactone induces
anti-melanoma CTL even at a concentration as low as
0.0003 1 g/ml. Moreover, two molecular species of GM3-
lactone, GM3(NeuAc)-lactone and GM3(NeuGc)-
lactone, as well as B16 melanoma cells, were equally
effective in the induction of anti-melanoma CTL. The
results in Fig. 1 are in agreement with the previous data
demonstrating that the epitope for anti-melanoma CTL
is a common determinant between GM3(NeuAc) and
GM3(NeuGe).”

Another important peint is that a small amount
(0.0003 xg/ml) of GM3-lactone or GM3 liposomes is
effective for induction of anti-melanoma CTL, whereas
higher doses are required for anti-melanoma Ts indue-
tion (Figs. 1 and 2). Moreover, NeuGe residue is not the
epitope for anti-melanoma Ts, but NeuAc is. Thus, both
GM3(NeuGe) liposomes and GM3(NeuGce)-lactone
liposomes in small doses in vitro seem to be able to act as
artificial melanoma antigens in the /n vitro induction of
anti-melanoma CTL because they did not induce anti-
melanoma Ts.
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