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ABSTRACT Recognition of self is emerging as a theme for
the immune recognition of human cancer. One question is
whether the immune system can actively respond to normal
tissue autoantigens expressed by cancer cells. A second but
related question is whether immune recognition of tissue
autoantigens can actually induce tumor rejection. To address
these issues, a mouse model was developed to investigate
immune responses to a melanocyte differentiation antigen,
tyrosinase-related protein 1 (or gp75), which is the product of
the brown locus. In mice, immunization with purified synge-
neic gp75 or syngeneic cells expressing gp75 failed to elicit
antibody or cytotoxic T-cell responses to gp75, even when
different immune adjuvants and cytokines were included.
However, immunization with altered sources of gp75 antigen,
in the form of either syngeneic gp75 expressed in insect cells
or human gp75, elicited autoantibodies to gp75. Immunized
mice rejected metastatic melanomas and developed patchy
depigmentation in their coats. These studies support a model
of tolerance maintained to a melanocyte differentiation anti-
gen where tolerance can be broken by presenting sources of
altered antigen (e.g., homologous xenogeneic protein or pro-
tein expressed in insect cells). Immune responses induced with
these sources of altered antigen reacted with various pro-
cessed forms of native, syngeneic protein and could induce
both tumor rejection and autoimmunity.

Most antigens defined on human cancers are expressed both by
malignant and normal cells (1–4). Studies of immune recognition
of human cancer have shown that differentiation antigens (5),
expressed by malignant cells and their normal cell counterparts,
comprise a major group of tumor antigens recognized by the host
(3). Thus, immunity against cancer in humans might be directed
against self molecules. The question then arises how a host might
convert from a state of immune tolerance or ignorance to
immune response, to differentiation antigens on cancer, and
whether such an immune response would be capable of rejecting
tumors.
The central work in the immune response to human cancer has

been done inmelanoma. A set ofmelanoma antigens is expressed
both on malignant cells and normal melanocytes or related
neuroectodermal cells (6–9). Three of these antigens are mela-
nosomal membrane glycoproteins [tyrosinaseyalbino protein, ty-
rosinase-related protein 1 (or gp75ybrown protein), and the
gp100ypMel 17ysilver protein], and one is an uncharacterized
melanocyte-specific protein (MelanAyMART-1 antigen) (10–
23). Thus, one dominant set of antigens recognized on human
melanoma are melanocyte differentiation antigens.
Products of the brown locus expressed by melanocytes and

melanoma are recognized by autoantibodies and T cells of
persons with melanoma and are relevant tumor autoantigens (21,
23). We have established a syngeneic model in C57BLy6 mice to

investigate immunogenicity of the brown locus protein and po-
tential sequelae of autoimmunity (24). We show that (i) there is
apparent tolerance to syngeneic gp75, supporting previous studies
in allophenic mice that demonstrate that mice are tolerant to
cutaneous melanocytes (25); (ii) autoantibodies to gp75 can be
actively induced by altering the source of antigen; (iii) active
immunization against gp75 can lead to tumor protection; and (iv)
active immunization against gp75 can induce manifestations of
autoimmunity.

MATERIALS AND METHODS

Mice, Tumors, and Antibodies. C57BLy6 (6- to 8-week-old
females) were obtained from the Jackson Laboratory. B16F1 and
B16F10 are mouse melanoma cell lines of C57BLy6 origin kindly
provided by Isaiah Fidler (M. D. Anderson Cancer Center,
Houston) (26). B78H.1 is a variant of B16 melanoma that does
not express the gp75 antigen (from Anthony Albino, Memorial
Sloan–Kettering). JBRH is a melanoma fromC57BLy6 provided
by P. Livingston (Memorial Sloan–Kettering), and TIB88 is a
gp752 skin fibroblast cell line derived from C57BLy6 mice
(American Type Tissue Collection). Sf9 insect cells from Spo-
doptera frugiperda were obtained from Invitrogen. The human
melanoma cell lines have been described previously (7). All cell
lines were tested routinely for mycoplasma contamination. Rab-
bit polyclonal peptide antibodies PEP-1, PEP-7, and PEP-8,
which recognize gp75, tyrosinase, and TRP-2, respectively, were
provided by Vincent Hearing (National Cancer Institute; ref. 27).
The mAb TA99 specifically recognizes gp75 (21).
Plasmid and Baculovirus Constructs. For construction of

plasma of murine gp75, a 1.8-kb EcoRI fragment from the
plasmid pHOMERB2 (kindly provided by S. Shibahara, Sendai,
Japan), which contains the full-length cDNA for murine gp75
(28), was cloned into the expression vector pcEXV-3 (29). 3.27
cells are B78.H1 melanoma cells, and TIB88ygp75 are TIB88
fibroblasts transfected with the gp75 cDNA and selected for high
expression of gp75 based on immunofluorescence staining and
immunoprecipitation with mAb TA99. For construction of mu-
rine gp75 in baculovirus expression vector, a recombinant bacu-
lovirus containing full-length murine gp75 protein was con-
structed and isolated in collaboration with Charles Tackney
(Imclone, New York) using methods reported in ref. 30.
Purification of gp75. The gp75 antigen was purified from

B16F1 melanoma grown in C57BLy6 mice or from gp75ySf9
insect cell lysates using a protocol described previously (31).
Briefly, TA99 was conjugated to Affi-Gel-10 (Bio-Rad). Purified
gp75 protein was eluted with 0.1M glycine (pH 2.5) and collected
into 1 M Tris (pH 8.3). Purified gp75 protein was analyzed by gel
electrophoresis and silver staining and was .90% pure. Lysates
of 13 106 and 53 106 gp75ySf9 cells contained 14 mg and 70 mg
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of gp75, respectively. Protein content of gp75 in B16 melanoma
cells and Sf9 cells expressing gp75 was determined by Western
blots against standard purified gp75, measured using digitization
with a CCD-72 series video camera (Dage–MTI, Michigan City,
IN).
Peptides of Murine gp75. Mouse gp75 peptide sequences

representing potential B-cell determinants were selected by using
a hydrophobicity plot of the amino acid sequence (32). Three
strongly hydrophilic peptides were chosen and synthesized using
an Applied Biosystems model 431A peptide synthesizer and
standard fluorenylmethoxycarbonyl chemistries. The peptides
span amino acids 69–89, 221–245, and 517–537 of mouse gp75
(28). Bovine serum albumin was conjugated with glutaraldehyde
tomurine gp75 peptides in a one-step procedure using a standard
methodology (33).
Immunization and Tumor Protection Experiment.Mice were

injected intraperitoneally (i.p.), intravenously (i.v.), intradermally
(i.d.), or subcutaneously (s.c.) with cells, lysates, or purified
protein or peptide as indicated. Protein or cells were injected in
PBS or with one of the following adjuvants: complete and
incomplete Freund’s adjuvant (Sigma), QS21 (Cambridge Bio-
tech), or Detox (Ribi Immunochem). Mouse gp75 purified from
melanoma cells or baculovirus-infected insect cells was emulsified
in complete Freund’s adjuvant for the initial injection and in-
complete Freund’s adjuvant for subsequent immunizations. Mice
were injected with 10–12 mg of purified gp75 per injection. Sf9
cells infected with wild-type or recombinant gp75 baculovirus
were harvested by scraping and then were freeze–thawed three
times prior to injection. Human melanoma cell lines freeze–
thawed three times were injected i.p. in PBS or in Freund’s
adjuvant. Irradiated melanoma cells were treated with 900 cGy.
B16F10 melanoma cells transduced with the cytokines interleu-
kin 2 and interferon g (IFN-g) have been described (24). B16F10
melanoma cells that secrete mouse granulocyteymacrophage
colony-stimulating factor (GM-CSF) were stably selected after
transfection of plasmid pcEXV-3 that expresses cDNA formouse
GM-CSF (courtesy of David Golde, Memorial Sloan–Kettering
Cancer Center), and secreted 200–500 units in 24 h. Booster
injections were given at 10- to 14-day intervals, andmice were tail
bled '1 week after each immunization. For B16F10 melanoma
lungmetastases, C57BLy6mice were injected i.v. through the tail
vein with B16F10 melanoma cells in sterile saline. To assess lung
metastases, mice were killed at 14–20 days after tumor challenge,
and surface lung metastases were scored and counted as black
nodules under a dissecting microscope. Surface lung metastases
were detected by day 4–5 under a dissecting microscope and by
day 5–8 by eye. For histologic evaluation, tissues and tumors were
fixed in formalin solution, blocked in paraffin, and stained with
hematoxylinyeosin. Statistical analysis of tumor growth was per-
formed using the Bonferroni two-sided t test, a conservative
analysis to allow for multiple comparisons. (All animal experi-
ments were in accordance with institutional and National Insti-
tutes of Health guidelines.)
Immunoprecipitation with [35S]Methionine, Glycosidase Di-

gestion, and Peptide Mapping. Cell lines were labeled with
trans-[35S]methionine and lysed as described (31, 33). For pulse–
chase experiments, cells were labeled at 5–10 min and chased in
media containing cold methionine. For each immunoprecipitate,
3–10 3 106 cpm trichloroacetic acid-insoluble precipitate in 200
ml lysis buffer was incubated withmouse sera or control antibody,
followed by the addition of 50 ml protein A-Sepharose. Proteins
were analyzed by 9% SDSyPAGEN-glycosidase F (N-glycanase)
and endo b-N-acetylglucosaminidase H (Endo H) were obtained
from Genzyme. Glycosidase digestions were performed as re-
ported (33). Peptide mapping was performed as described by
limited proteolysis with Staphylococcus aureus V8 protease (34).
ELISA, Western Blot Analysis, and Cytotoxic T Lymphocyte

(CTL) Assays. For ELISA, B16F10 melanoma cells (gp751) or
B78H.1 melanoma cells (gp752) were used as target cells as
described (25). Serially diluted serum or positive control mAb

TA99 was added for 1 h, and a 1:500 dilution of alkaline
phosphatase-conjugated goat anti-human Ig or anti-mouse IgG
(Sigma) was subsequently added. p-Nitrophenyl phosphate (1
mgyml; Sigma) in 0.25 M MgCl2 and 10% diethanolamine (pH
9.8) was added. Optical density at 405 nm was measured on a
FisherBiotech microkinetics reader (Fisher Scientific). Western
blots were performed as described (35). Horseradish peroxidase-
conjugated goat anti-mouse Ig (Sigma) was used for detection
and visualized using ECL detection reagents (Amersham). Cell-
mediated cytotoxicity was assessed in vitro by a 51Cr release assay.
Spleen mononuclear cells from immunized mice were stimulated
for 5–7 days with irradiated B16F10 melanoma cells treated with
IFN-g at 200 unitsyml to induce class I and II major histocom-
patibility antigens. Approximately 1 3 105 to 1 3 106 IFN-g-
treated B16F10 target cells were labeled with 100 mCi (1 Ci5 37
GBq) of 51Cr (NewEnglandNuclear). Stimulated splenic effector
cells were added at various effector-to-target ratios up to 100:1,
and lysis assays were performed in triplicate. Spontaneous release
was measured by incubating target cells in medium alone, and
maximum release was obtained by adding 1% (volyvol) Nonidet
P-40 to target cells. The spontaneous release of target cells was
,20% of maximum release.

RESULTS

Immunization with Syngeneic gp75 Does Not Induce Autoan-
tibodies to gp75. The brown locus encodes the type I membrane
glycoprotein gp75, known as tyrosinase-related protein 1. This
protein is a melanosomal protein, but is also expressed at the cell
surface (24). The b allele of the brown locus is expressed in
melanocytes and melanomas of C57BLy6 mice. Autoantibody
and CTL responses to the b locus protein were assessed in
syngeneic C57BLy6 mice after immunization with gp75 antigen
in both cell-associated and purified forms (Table 1).
C57BLy6 mice were immunized with (i) syngeneic gp751 B16

melanoma cells (which express a nonmutant b locus protein); (ii)
syngeneic B16 cells expressing interleukin 2, GM-CSF, and
IFN-g; (iii) syngeneic gp752 B16melanoma variant, B78H.1, and
syngeneic fibroblasts transfected with cDNA expressing the
mouse b allele; (iv) hydrophilic peptides of gp75 conjugated to
carrier protein; and (v) full-length gp75 glycoprotein purified
from syngeneic melanoma cells (Table 1). Cells, purified glyco-
protein, or peptides were combined with adjuvants, including
Freund’s, a mixture of bacterial cell wall skeletons and an
endotoxin derivative (Detox), and a saponin component (QS21).
Immunizations were tested by i.p., s.c., and i.d. routes. After
immunizations, mice were assessed for antibodies against gp75 by
ELISA, immunoprecipitation. andWestern blots and for CTL to
B16 as described. No antibodies or CTL against gp75 were
detected after any of these immunization strategies, supporting
the notion that C57BLy6 mice maintain tolerance to the gp75
glycoprotein.
gp75 Expressed in Insect Cells Induces Autoantibodies.

C57BLy6 mice were immunized with lysates of insect Sf9 cells
expressing either syngeneic gp75 in a baculovirus vector (gp75y
Sf9) or wild-type baculovirus (wtySf9). Mice immunized with
gp75ySf9, with or without Freund’s adjuvant, developed autoan-
tibodies to gp75 (145y148 mice), but none after immunization
with wtySf9 lysates (0y46 mice) (Fig. 1). No CTL response was
observed in five mice immunized with gp75ySf9. Autoantibodies
appeared after two to four immunizations, lasted greater than 4
months after the last immunization, and reacted with gp75
expressed in syngeneic melanocytic cells (B16F10 and JBRH
melanomas). Although autoantibodies were detected after im-
munization with gp75ySf9 lysates alone (25y28 mice), antibody
responses were consistently stronger when Freund’s adjuvant was
included (120y120 mice). Autoantibodies were observed consis-
tently after immunization with lysates of 13 106 (Fig. 2) and 53
106 gp75ySf9 cells (Fig. 1) per immunization, both with and
without Freund’s adjuvant. Antibodies were IgG class, based on
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reactivity with rabbit anti-mouse IgG and protein A and copu-
rification of antibody reactivity with IgG fractions from sera (data
not shown).
The difference in immunogenicity between gp75ySf9 and

mouse gp75 was not due simply to quantitative differences in the
amount of gp75 in the two preparations; 8 3 106 B16 melanoma
cells contained 20 mg of gp75 (see Table 1) compared with only
14 mg in 1 3 106 gp75ySf9 cells. Also, 10 mg of purified mouse
gp75mixedwith Sf9 lysates did not induce autoantibodies (Fig. 2).
Although Sf9 cells can apparently provide an adjuvant effect (36,
37), these results suggested that other differences between gp75
produced in mouse cells versus insect cells were necessary to
induce autoantibodies.
Induction of Immunity Against an Intracellular, Early Pro-

cessed Form of gp75. In contrast to immunization with gp75ySf9
lysates, immunization with purified gp75 (12 mg) produced in
gp75ySf9 insect cells plus Freund’s adjuvants induced autoanti-
bodies that recognized 68–70 kDa of early processed forms of
gp75 (Fig. 3). The identification of the 68- to 70-kDa bands as
gp75 was confirmed by preclearing of these bands by mAb TA99
before immunoprecipitation with immune sera and showing
identity of peptide maps of these bands and mAb TA99 immu-
noprecipitates of gp75 (data not shown). These autoantibodies
recognized an early processed formof gp75 and did not recognize
mature gp75. This form of gp75 contained only immature, high

mannose N-linked carbohydrates that were sensitive to the gly-
cosidase Endo H and was detected within a 5-min pulse with
[35S]methionine (data not shown). These results localize this gp75
form to the endoplasmic reticulum (or pre-Golgi compartment).
There was no evidence for response against immature gp75 after
immunization with Sf9ygp75 at early time points (e.g., after one
or two immunizations), suggesting that the antibody response to
gp75 did not simply evolve from a response to immature gp75 to
recognition of fully mature gp75. Thus, purified gp75 produced in
insect cells induced autoantibodies that only recognized a seques-
tered, early posttranslational form, although one mouse eventu-
ally developed autoantibodies against mature gp75 after five
immunizations (mouse 2 in Fig. 3). These results led us to mix
purified gp75 from Sf9ygp75 cells with lysates of wtySf9 and

FIG. 1. Mice immunized with gp75ySf9 produced antibodies
against gp75 in syngeneic melanocytic cells. C57BLy6 mice were
immunized with lysates of insect Sf9 cells infected with either recom-
binant baculovirus expressing syngeneic mouse gp75 (gp75ySf9) or wt
baculovirus (wtySf9). Mice were immunized four times subcutane-
ously with freeze–thawed Sf9 cells, 5 3 106 cells per immunization.
Sera from immunized mice were used to immunoprecipitate syngeneic
gp75 from [35S]methionine-labeled B16 melanoma lysates. The mAb
TA99 was used as a positive control (right lane). Results for five mice
in each group are shown (lanes 1–5).

FIG. 2. Purified mouse gp75 mixed with lysates of wtySf9 cells does
not induce autoantibodies to gp75. C57BLy6 mice were immunized
with purified gp75 from B16 melanoma cells (purified gp75), purified
gp75 from B16 melanoma cells mixed with lysates from 1 3 106 Sf9
cells (purified gp75 1 sf9), lysates of 1 3 106 insect Sf9 cells infected
with either recombinant baculovirus expressing syngeneic mouse gp75
(gp75ysf9 cells), or wt baculovirus (sf9 cells). Purified gp75 from B16
melanoma contained 10 mg of gp75, and gp75ySf9 contained 14 mg of
gp75. All immunizations included Freund’s adjuvant. Mice were
immunized four times s.c. Sera from immunized mice were used to
immunoprecipitate syngeneic gp75 from [35S]methionine-labeled B16
melanoma lysates. The mAb TA99 was used as a positive control (left
lane). Results for five mice in each group are shown (lanes 1–5).

Table 1. Immunization against mouse gp75

Source of gp75 Adjuvant
No of
injections Route Dose

AbyCTL
Response

B16 melanoma None 1 s.c., i.v. 50, 00 No response
Irradiated B16 None 5 i.p. 8 3 106 No response
Irradiated B16 F, D, Q 5 i.p. 8 3 106 No response
3.27 tx None 5 i.p., s.c. 8 3 106 No response
3.27 tx F, D, Q 5 i.p., s.c. 8 3 106 No response
TIB88ygp75 tx F 4 i.p., s.c. 5 3 106 No response
B16–IFN-g None 5 s.c., i.v. 8 3 106 No response
B16–IL-2 None 5 s.c., i.v. 8 3 106 No response
B16–IL-2yIFNg None 5 s.c., i.v. 8 3 106 No response
B16–GM-CSF None 5 s.c., i.v. 8 3 106 No response
Purified gp75 F, Q 5 s.c., i.v. 10 mg No response
gp75 peptides F, Q 5 id 100 mg No response

C57BLy6 mice were immunized with gp75 sources as indicated and described in the Materials and
Methods. Dose refers to individual dose per injection, either number of cells per injection or amount of
protein or peptide. One week following the last immunization, sera were tested by immunoprecipitation
and Western blots against lysates of syngeneic B16F10 melanoma and ELISA for antibodies (Ab) to gp75
and splenocytes were tested for CTL responses as described. Under adjuvant, F5 Freund’s adjuvant; D5
Detox adjuvant; and Q 5 QS21 adjuvant. No of injections 5 number of immunizations at 7- to 14-day
intervals. B16–IFN-g, –IL-2 (interleukin 2), and –GM-CSF refer to B16F16 melanoma cells expressing
the designated cytokine. tx, Transfectant. 3.27 are B78 H.1 melanoma cells transfected with gp75, and
TIB88ygp75 are syngeneic fibroblasts transfected with gp75.
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compare immunogenicity with whole lysates of Sf9ygp75 cells,
predicting that the Sf9 lysate would enhance the antibody re-
sponse to mature gp75. Surprisingly, the mixture of exogenous
gp75 from Sf9ygp75 cells mixed with Sf9 lysates did not induce
any detectable autoantibodies to gp75 at 10 mg (0y5 mice) or 50
mg (0y3 mice) individual doses (data not shown). These results
suggest that endogenous expression of gp75 in Sf9 cells was
required for autoantibody responses to fully mature gp75. Thus,
the ‘‘adjuvant’’ effect of Sf9 lysates depended on endogenous
expression of gp75; Sf9 lysates actually inhibited antibody re-
sponse to purified gp75 from insect cells.
Human gp75 Expressed in Human Melanoma Induces Auto-

antibodies in Mice. All mice immunized with the gp751 human
melanoma cell line SK-MEL-19 with Freund’s adjuvants (20y20
immunized mice) developed autoantibodies to gp75 (Fig. 4).
There was no response without adjuvant (0 of 5 mice) (Fig. 4).

Preclearing of immunoprecipitates with mAb TA99 against gp75
showed that the autoantigen was gp75, and identity of the gp75
55-kDa core polypeptides was supported by N-glycanase diges-
tions (data not shown). No antibodies to gp75 were detected in
sera of 12 mice immunized with the gp752 human melanomas
SK-MEL-131 or SK-MEL-37 plus Freund’s adjuvant. Three of
five mice immunized with purified human gp75 (10 mgydose for
five immunizations) with Freund’s adjuvant developed autoanti-
bodies to gp75, although the antibody responses were generally
weaker possibly due to the lower amount of purified gp75 used
compared with the amount of gp75 in SK-MEL-19 lysates (data
not shown). Thus, human gp75 broke apparent tolerance to gp75
in C57BLy6 mice (Fig. 4).
Tumor Protection and Autoimmunity. The in vivo effects of

immune recognition of gp75 were investigated using a syngeneic
tumor model. B16 melanoma cells and normal melanocytes in
C57BLy6 mice express the wt b allele of the brown locus. As
described above, the product of this allele is recognized by sera
from syngeneic mice immunized with mouse gp75 in gp75ySf9
cells and human gp75, but purified gp75 from gp75ySf9 cells
induces autoantibodies preferentially against a sequestered, early
processed form of gp75. We have previously shown that passive
transfer of mouse mAb against gp75 into mice bearing B16F10
tumors leads to tumor rejection (38). Mice immunized with
gp75ySf9 lysates, starting immunization concomitantly with tu-
mor challenge, were protected from lung metastases of B16F10
melanoma (Fig. 5). There was even significant protection when
immunizations were started 4 days after tumor challenge as
metastases became established, although these effects were mod-
est (53% decrease in lung metastases; P 5 0.01). There was no
significant protection in mice immunized with wtySf9 lysates
compared with unimmunized control animals (P. 0.40). Passive
transfer of sera from mice immunized with gp75ySf9 to five
unimmunized mice produced a 68% decrease in lung metastases
compared with mice treated with equivalent amount of normal
mouse sera (P5 0.02), supporting the notion that tumor protec-
tion was at least partly mediated by humoral mechanisms.
Mice immunized against the immature, early processed formof

gp75 (using purified gp75 from gp75ySf9 cells shown in Fig. 3)
were not significantly protected against B16F10 metastases
(366 6 78 metastases in four immunized mice versus 412 6 94
metastases in five unimmunized control mice in one experiment,
which is representative of the three experiments which were
performed). It is worth noting that the one mouse in this group
that went on to develop autoantibodies against mature gp75
(mouse 2 in Fig. 3) was protected against lungmetastasis (only 21

FIG. 3. Mice immunized with gp75 purified from Sf9 cells recog-
nized an early processed form of gp75. Sera from C57BLy6 mice
immunized with purified mouse gp75 (12 mg) produced in baculovirus
were assessed for antibody responses to syngeneic gp75 by immuno-
precipitation of lysates from [35S]methionine-labeled syngeneic B16
melanoma cells or syngeneic gp75-negative TIB88 fibroblasts. The
mAb TA99 was used as a positive control (right lane). Results for five
mice are shown (lanes 1–5) after 3 immunizations (A), after 4
immunizations (B), and after 5 immunizations (C). All mice devel-
oped antibodies to syngeneic gp75 after four immunizations. These
autoantibodies recognized an earlier processed form of gp75 (see
Results), but mouse 2 developed autoantibodies that recognized
mature, fully processed gp75 after four immunizations.

FIG. 4. Mice immunized with human gp75 expressed in SK-
MEL-19 melanoma cells produced antibodies against gp75 in synge-
neic melanocytic cells. C57BLy6 mice were immunized with lysates of
SK-MEL-19 melanoma cells with either Freund’s adjuvant or PBS.
Mice were immunized four times s.c. with freeze–thawed cells, 53 106
cells per immunization. Sera from immunized mice were used to
immunoprecipitate syngeneic gp75 from [35S]methionine-labeled B16
melanoma lysates. The mAb TA99 was used as a positive control (right
lane). Results for three mice in each group are shown (lanes 1–3).

FIG. 5. Immunization with gp75ySf9 protects against melanoma
lung metastases. C57BLy6 mice, five per group, were immunized with
5 3 106 of gp75ySf9 or control wtySf9 or were not immunized
(Control). Lung metastases of B16F10 melanoma were assessed at day
14 following challenge with 100,000 melanoma cells intravenously. The
mean number of lung colonies 6 SD (error bars) is shown.
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metastases). Overall, these results suggest that antibody recog-
nition of mature gp75, but not early forms of gp75 in the
processing pathway, can lead to tumor rejection.
Mice immunized with human gp751 SK-MEL-19 were also

markedly protected against B16F10 melanoma compared with
unimmunized mice (46 7 metastases in immunized mice versus
275 6 77 lung metastases in control mice; six mice per group).
Although immunization with the gp752melanoma SK-MEL-131
did not induce any tumor protection (data not shown), recogni-
tion of other xenogeneic antigens other than gp75 could not be
critically assessed.
Mice immunized with gp75ySf9 developed depigmentation

over an 8-week observation (5y5 mice), while no depigmentation
was observed in mice immunized with wtySf9 over 5 months of
observation (0 of 5 mice). Depigmentation appeared as patchy
white areas with map-like borders against a black coat back-
ground (Fig. 6). The depigmentation developed after four im-
munizations (after 40 days) without any manipulation of coat
hairs (e.g., depilation). No changes in weight, behavior, or feeding
were noted, and otherwise mice appeared healthy. Histologic
sections of depigmented skin at 1 and 3 months showed depig-
mented hairs, hairbulbs without pigment, and follicles that lacked
pigmented melanocytes. No infiltrates of mononuclear cells or
other inflammatory cells were observed in or around hair folli-
cles. There were no signs in the eyes (choroid and retina) of
changes in pigmentation or pigmented granules, inflammation, or
alterations in cellular morphologies or tissue architecture.

DISCUSSION

T cells and antibodies against autologous melanoma recognize
autoantigens expressed on normal tissues. The most prevalent
autoantigens are differentiation antigens, expressed by melano-
mas and melanocytes or other neuroectoderm-derived normal
tissues. A second class of antigens, represented by the MAGE,
BAGE, and GAGE families, are expressed on melanomas and
other cancers, and in normal testes (4). Little is known about the
function of this set of antigens, but they may represent develop-
mentally controlled molecules that are up-regulated in certain
activation settings. A third set of antigens are prototypes for
unique tumor antigens and are detected in melanomas from
individual patients. These include proteins with point mutations
and mutations leading to alternative reading frames (20, 39, 40).
Thesemutations can lead to new epitopes or aggretopes [capacity
to bind major histocompatibility complex (MHC) molecules].

In mouse models using tumors induced by potent carcinogens,
unique antigens are dominant epitopes that are recognized by the
cellular arm of the immune system. These unique antigens
presumably reflect the effects of carcinogens inducing wide-
spread mutations, a few which will be presented to the immune
system. Tumor rejection in these models appears to be primarily
mediated by immune responses to these unique antigens. How-
ever, immune recognition of human melanoma is directed also
against self molecules. It is unclear at this point whether immune
recognition of these self antigens can induce tumor rejection. It
is not even clear whether these autoreactive B and T cells are the
result of active immune responses to melanoma, are activated by
other host events unrelated to cancer, or simply reflect the
immune repertoire of natural immunity. For instance, autoanti-
bodies to ganglioside antigens can be found in '5% of persons
with metastatic melanoma, but are also detected in a similar
proportion of healthy, nontransfused males (refs. 6 and 41;
A.N.H., unpublished observations). Presence of serum autoan-
tibodies to gangliosides correlates with improved prognosis in
persons with metastatic melanoma, suggesting but not proving
that these autoantibodies provide some protection against pro-
gression of melanoma (42, 43). Despite the suggestion of an
immunological effect against melanoma, there are no autoim-
mune manifestations, even though gangliosides are expressed on
normal neuroectoderm-derived tissues (43).
Given the prevalence of autoantigens on human cancers,

tolerance is emerging as a central theme for immune recognition
of human cancer. There was apparent tolerance to gp75 in
C57BLy6 mice, and tolerance for antibody responses was broken
by immunization with human gp75 or by insect cells expressing
mouse gp75. These results suggest that immunizationwith altered
forms of the self protein may be one strategy to break tolerance.
These observations are reminiscent of the phenomenon of mo-
lecular mimicry, where immune responses against self antigens
can be triggered by structurally homologous molecules expressed
by infectious pathogens.
Immunization with gp75ySf9 lysates induced autoantibodies

against mature gp75 and broke apparent tolerance, while purified
gp75 from gp75ySf9 cells induced selective recognition of a
sequestered, early intracellular form of gp75. Mouse gp75 ex-
pressed in insect cells contains branched high mannose sugar
chains, reminiscent of the endoplasmic reticulum form of mam-
malian gp75, compared with the complex sugars on mature
mouse gp75 (33, 44–46). These two glycosylated forms have
different surface charges (e.g., sialic acid residues onmouse gp75)
and conformations (based on recognition by mAbs). The pref-
erential recognition of early processed forms of gp75 after
immunization with gp75ySf9 may reflect the presence of man-
nose-rich residues on both the immunogen, gp75ySf9, and the
target antigen in the endoplasmic reticulum. Although these
results suggest that Sf9 lysates contained an adjuvant effect for
antibody responses, this possible adjuvant effect was not observed
when purified native mouse gp75 or gp75 purified from Sf9 cells
was mixed with Sf9 lysates or a variety of other adjuvants (Table
1 and Fig. 2). In fact, Sf9 lysates actually appeared to inhibit the
antibody response to purified gp75 produced by baculovirus in Sf9
cells. Thus, endogenous expression of gp75 by Sf9 cells was
required to induce autoantibodies, and depended presumably on
how gp75 was packaged by the Sf9 cells. Because proteins
expressed in Sf9 cells can form insoluble complexes, it is possible
that the ‘‘adjuvant’’ effect observed in these studies was due to the
insoluble nature of the antigen produced endogenously in Sf9
cells.
Autoantibodies against the sequestered intracellular form pre-

dictably did not provide tumor protection. However, immuniza-
tion with endogenous gp75 in lysates of Sf9 cells induced an
autoantibody response to mature self gp75, leading to tumor
protection. The mature form of gp75 is expressed in melano-
somes, but a proportion of gp75 also reaches the surface of
melanoma cells, providing one explanation for antibodymediated

FIG. 6. Alterations in coat color of C57BLy6 mice immunized with
Sf9ygp75 but not Sf9ywt cell lysates. Black C57BLy6 mice, five per
group, were immunized with lysates from 5 3 106 Sf9ygp75 or Sf9ywt
cells s.c. with Freund’s adjuvant every 10–14 days for five immuniza-
tions. Depigmentation was observed in coats of all five mice immu-
nized with Sf9ygp75 but no mice immunized with Sf9ywt. Depigmen-
tation appeared without dipilation of the coats. (Right) A represen-
tative mouse immunized with Sf9ygp75. (Left) A control mouse
immunized with Sf9ywt.
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tumor rejection (47). The induction of IgG antibodies suggests
that helper T-cell responses were involved. Recently, Sun et al.
(48) have shown that DNA released from Drosophila cells can
stimulate B lymphocytes and that these activated B cells can
costimulate T lymphocytes, providing one explanation for an
adjuvant effect of insect cells. Also, it is predicted that gp75 may
be presented through the class II MHC pathway to CD4 T cells,
since gp75 contains an endosomal sorting signal (shared by other
melanosomal membrane proteins) (49) that could traffic it near
or through the MHC II compartment within the endocytic
pathway. There is a precedent for this notion since tyrosinase can
be presented through the class II MHC pathway (14). However,
preliminary experiments show that immunization with Sf9ygp75
does not induce proliferative T-cell responses against gp75 pep-
tides that bind class II MHC (data not shown), suggesting that
induction of autoantibodies by Sf9ygp75 may not simply be due
to recruitment of T-cell help against gp75.
These findings also confirm that autoimmunity directed against

tyrosinase-related proteins expressed by melanocytes can influ-
ence coat color in mice. The induction of concomitant tumor
rejection and autoimmunity is relevant to a clinical observation in
persons with metastatic melanoma who develop vitiligo; vitiligo
is associated with an improved prognosis (50, 51). This mouse
model has recapitulated this association, showing that an active
response to a member of the tyrosinase family of proteins can
mediate melanoma rejection and induce vitiligo.
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