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ABSTRACT

Serum antibodies from melanoma patient FD were previously shown
to detect a unique antigenic specificity (FD) expressed only on the
autologous tumor cells (SK-MEL-131) in culture. The FD determinant
is carried by a M, 90,000 glycoprotein (gp90) that binds to concanavalin
A but not to lentil lectin or wheat germ agglutinin. After treatment with
endo-/V-acetylgIucosaminidase II. the antigen no longer bound to conca
navalin A. These and other properties indicate the gp90 carries mainly
high mannose or hybrid N-linked carbohydrate chains. gp90 was partially
purified from a detergent-solubilized membrane preparation by chroma-
tography on DEAE-Sepharose, hydroxylapatite, chelating Sepharose,
and lei iii]-agarose columns. Two-dimensional electrophoresis of the final
preparation revealed three major components, one of which was identified
as the FD antigen since it was specifically removed by precipitation with
serum from patient FD. Immunization with the partially purified antigen
preparation elicited anti-gp90 antibodies in two of four mice as demon
strated by sequential radioimmunoprecipitation experiments. Absorption
experiments demonstrated that the mouse antibodies could, unlike human
FD serum, be absorbed by a number of different cell types. Based on
these results it is proposed that gp90 in SK-MEL-131 cells has two
distinct epitopes, one, unique, detected by autologous FD serum, and
another, common epitope or epitopes, detected by the polyclonal mouse
sera. The common epitope(s) is present on gp90 in a variety of cells,
including allogeneic melanomas and I I>-li cells. These findings, which
are compared with those on mouse tumor rejection antigens, have clear
implications for the understanding of the nature of tumor antigens.

INTRODUCTION

Characterization of human or animal tumor-specific antigens
has remained an elusive goal. The best documented examples
of tumor-specific antigens in the mouse are the individually
distinct transplantation antigens of chemically induced sarco
mas originally described by Foley (1) and Prehn and Main (2).
Because these antigens are defined by an approach that is not
possible in humans, it is uncertain whether human tumors
express comparable antigens. Our laboratories have focused on
the analysis of the antibody responses in cancer patients to
autologous tumor cells. A large number of patients with mela
noma, astrocytoma, renal carcinoma, and leukemia have been
examined [reviewed by Old (3)] and a number of restricted
antigens were detected. Unique, Class 1, antigens were defined
as being present on only the autologous tumor cell line and not
on allogeneic tumors of the same histolÃ³gica! type or on au
tologous normal cells; six melanoma Class 1 antigens have been
identified. Biochemical characterization of Class 1 antigens has
been impeded by the fact that they were not detectable in
immunoprecipitation experiments. Recently, with a sensitive
radioimmunoprecipitation procedure utilizing cell extracts la-
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beled with I25I,two antigens recognized by autologous sera have

been detected. One is pigmentation-associated antigen, a differ
entiation antigen present only in pigmented melanoma cells
and in normal melanocytes (4, 5). The second antigen to be
immunoprecipitated is the Class 1 antigen FD, an antigen
confined to SK-MEL-131 cells (6), which was identified as
gp90.' We describe here its further biochemical characteriza

tion, a partial purification scheme that has been developed for
its isolation, and the production of mouse polyclonal antisera
detecting this antigen.

MATERIALS AND METHODS

Cell Lines. Melanoma cell lines SK-MEL-131 and other tumor cell
lines were cultured as described (6, 7) in minimal essential medium
with 7.5% fetal bovine serum. SK-MEL-131 cell line was cloned and
FD* (1.36) and FD~ (3.44) variants isolated (6); clone 1.36 was further

subcloned to give the 1.5 I l> variant used in this study.
Serological Assays. Anti-mouse immunoglobulin assays were per

formed as reported previously (8). Briefly, cells cultured on Falcon
3040 Microtest II plates (Falcon Labware, Oxnard, CA) were incubated
with serial dilutions of antibody for l h at room temperature. After
three washes with phosphate-buffered saline containing 1% -y-globulin-
free fetal bovine serum, cells were incubated with a 0.2% suspension of
O red blood cells previously conjugated to anti-mouse immunoglobulin.
Rosettes were observed under the microscope. Absorption tests were
carried out as described previously (6).

Radiolabeling, Immunoprecipitation, and Electrophoresis. Protein
samples (5-20 fig) were 12*I-labeledwith chloramine-T as described (4).
Samples of 1-2 x 10* "protein" counts (precipitated by 10% trichlo-

roacetic acid, not extracted with 95% ethanol) were used for immuno
precipitation. [3SS]Methionine-labeled cell extracts were prepared as
described (7); 0.5-2.0 x 10' cpm of a Con A-Sepharose-eluted fraction

were used for immunoprecipitation experiments. Procedures for im-
munoprecipitation, using Staphylococcus aureus and analysis of samples
by SDS-PAGE and two-dimensional electrophoresis (isoelectric focus
ing followed by SDS-PAGE), have been described (9). Molecular weight
standards used were /i-galactosidase (A/, 116,000), phosphorylase a (M,
97,500), bovine albumin (M, 66,000), ovalbumin (M, 43,000), mouse
IgG (M, 50,000 and 23,000), chymotrypsinogen (M, 25,700), lactoglo-
bin (M, 18,400), and cytochrome c (M, 12,300). Endo H (Miles
Laboratories) treatment of immunoprecipitates was carried out follow
ing the procedure of Albino et al. (10). SDS eluates of immunoprecip
itates (with and without endo H treatment) were also fractionated on
Con A-Sepharose columns as described below.

gp90 (FD Antigen) Purification. Membranes were prepared by nitro
gen cavitation and differential centrifugation and were solubilized with
NP40 as described (6). For a typical batch of cells from 100 flasks (150
cm2), 10 ml of solubilization buffer were used and 35 mg of soluble

membrane protein were obtained. The sample was applied to a Io ml
column of DEAE-Sepharose 6B CL (Pharmacia, Piscataway, NJ). After
a washing with 10 miw Tris-HCl (pH 7.6), 0.1 M NaCl-0.1% NP40
(buffer 1), the antigen was eluted with the same buffer containing 0.2
M NaCI. The pooled eluate fraction was applied to 1.0 ml Con A-

3The abbreviations used are: gp90, aA/, 90,000 glycoprotein; Con A, con
canavalin A; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electropho
resis; endo H, endo-A'-acetylglucosaminidase H; NP40, Nonidet P-40; TRA,
tumor rejection antigen.
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Sepharose (Pharmacia). After a washing, the antigen was eluted with
1.0 M methyl-a-D-mannoside in buffer 1. The flow was stopped and the
column was incubated at 37Â°Cfor 30 min just after running in 1 ml of

the eluting buffer, to allow complete release of bound protein before
continuing the elution. The eluted fractions were pooled and dialyzed
against buffer 1. The sample was then sequentially incubated with 0.1
ml wheat germ agglutinin-agarose (3-5 mg/ml gel; E-Y Laboratories,
San Mateo, CA) and 0.1 ml lentil lectin-agarose (2 mg/ml gel; Phar
macia). After l h at room temperature and l h at 4Â°Cwith rotation,

the unbound material was collected and dialyzed against 0.0125 M
sodium phosphate buffer (pH 7.0)-0.1% NP40. The sample was then
fractionated on a hydroxylapatite column (1 ml; BioGel HTP; Bio-
Rad, Richmond, CA) in the same buffer, and the nonbound effluent
was collected.

The sample was made 0.5 M in NaCI and incubated with 1.0 ml of
chelating Sepharose (Pharmacia Fine Chemicals; Cu2* form) at 4"C

overnight. The gel was then transferred to a column and washed
successively with 10 mM Tris-HCl (pH 8.0)-0.1 M NaCl-0.1% NP40,
50 mM sodium acetate, pH 4.0-0.1 M NaCl-0.1% NP40 and 10 mM
Tris HC1, pH 8.0-0.1% NP40-50 mM EDTA. The antigen was eluted
in the final step. The sample was dialyzed into 0.05 M sodium acetate
buffer, pH 6.0-1 mM CaCl2-0.1% NP40 and incubated with 0.05 IU
neuraminidase (Clostridium perfringens type XA, agarose-bound;
Sigma Chemical Co., St. Louis, MO) at 37Â°Cfor 3 h with rotation.

The supernatant solution was removed and added to 0.3 ml ricin-
agarose (E-Y Laboratories). The sample was incubated overnight at
4'C and the unbound fraction, which contained most of the FD antigen

activity, was isolated. Bound glycoproteins were eluted with 0.2 M
lactose.

Production of Mouse Antisera. Mouse antisera were obtained by
immunization with 25-50 #igprotein emulsified with an equal volume
of complete Freund's adjuvant. Each BALB/c mouse was given s.c.

injections in the flanks and in the hind footpads, and sera samples were
taken after 1 month. The mice immunized with the partially purified
FD antigen were reimmunized after 6 months as above, but in incom
plete Freund's adjuvant, and sera samples were taken. The sera (1:50
or 1:100 dilution) were preabsorbed with an equal volume of FD" (3.44)

cells. Their specificities were analyzed after further absorptions with
equal volumes of a variety of cultured cells as described below.

sition was supported by the lectin-binding properties of FD
antigen; it bound to Con A but not to lentil lectin (which
requires fucosylated complex chains) or to wheat germ agglu-
tinin (which binds to terminal sialic acid residues) and only
partially to ricin after neuraminidase treatment (which would
result in binding through exposed galactose residues). Treat
ment of the immunoprecipitated FD antigen with endo H
produced a consistent, although slight, decrease in the size of
immunoprecipitated antigen (Fig. 1). The immunoprecipitated
FD antigen, with and without enzyme treatment, was also
fractionated on Con A-Sepharose. As shown in Fig. 1, the
untreated antigen mostly bound to Con A-Sepharose while endo
H-treated FD antigen appeared predominantly in the effluent
fraction. Taken together, these results indicate that the major
part of FD antigen bears high-mannose chains or "hybrid"

carbohydrate structures.
gp90 (FD Antigen) Purification Scheme. Optimal conditions

for antigen solubilization were initially determined by immu-
noprecipitation with FD serum. The FD antigen was not pres
ent in the cytosol released from frozen-thawed cells nor was it
released from membrane preparations by 3 M KC1 or by 10 mM
EDTA extraction. FD antigen, however, was extracted with the
detergents NP40 (0.5%) or sodium deoxycholate (0.5%).

NP40 extracts of SK-MEL-131 cell membranes were first
fractionated sequentially by DEAE-Sepharose and Con A-
Sepharose chromatography (Fig. 2). Using the original NP40
extract, the immunoprecipitated FD antigen band was always

Endo H Endo H

RESULTS

gp90, the glycoprotein carrying the unique FD determinant,
was initially identified biochemically by immunoprecipitation
of I25l-labeled membrane preparations of SK-MEL-131 with

FD serum (6). The fractionation procedures outlined below
were first tested on iodinated samples using this immunopre
cipitation procedure. The fractionation scheme developed,
which makes extensive use of lectin affinity chromatography,
was then applied to unlabeled preparations. No anti-FD anti
bodies were detected in sera from a large number of mice
immunized with whole SK-MEL-131 cells, with Con A eluate
fractions, or with the hydroxylapatite eluate. The antiserum
from mice immunized with the hydroxylapatite fraction (anti-
serum 1) did, however, react strongly with many contaminating
proteins and immunoprecipitation with this antiserum was
useful in detecting contaminants that were strongly Â¡mimmo
genie in mice. Subsequently, immunizations with more purified
antigen preparations (after the ricin fractionation) elicited an
tibodies recognizing FD antigen (antisera 2 and 3).

Glycosylation Characteristics of gp90 (FD Antigen). We pre
viously reported that FD antigen could be detected by immu
noprecipitation with FD serum using extracts of SK-MEL-131
which had been labeled with [3H]mannose but not from samples
labeled with [3H]glucosamine (6). These results suggested that
FD antigen contains high-mannose carbohydrate chains or
related structures that would be rich in mannose. This suppo-
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NHS FD FD EFF EL EFF EL

Con A fractions
Fig. 1. Effect of endo H treatment on size and Con A-binding properties of

immunoprecipitated FD antigen. 12*I-labeled extracts of partially purified FD
antigen were immunoprecipitated with 7 /.I of normal human serum (NHS) or
FD serum. Left, immunoprecipitated FD antigen eluted from S. aureus pellets;
one aliquot was treated with endo H (+) and the other was treated identically in
the absence of enzyme (â€”).The samples were analyzed by SDS-PAGE. Right,
two other solubilized immunoprecipitates treated with (+) or without (â€”)endo H
and fractionated on Con A-Sepharose as described in "Materials and Methods."

The unbound (EFF) and the bound and eluted (EL) fractions were analyzed by
SDS-PAGE.
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Fig. 2. Effectiveness of DEAE-Sepharose and Con A chromatography in

purification of the FD antigen. Autoradiogram of immunoprecipitates of |;"I
labeled antigen preparations analyzed by SDS-PAGE. Left two lanes, total solu-
bilized membrane (MEMB); center lanes, DEAE-Sepharose eluate; right lane,
Con A eluate. Each preparation was immunoprecipitated with 7 n\ normal human
serum (Â¿V)or FD serum. The films were exposed for the number of days indicated
on the abscissa. Right ordinate, migration position of the FD antigen.

weak, so that a 3-week film exposure period was required to
obtain a dark band. After DEAE-Sepharose fractionation, the
FD antigen band was visualized consistently and clearly in
SDS-PAGE analysis after a 5-day film exposure period. After
DEAE-Sepharose and Con A-Sepharose fractionation, the FD
antigen band became very strong and was clearly seen after a
film exposure period of 1 day or less (Fig. 2).

The fraction eluted from Con A-Sepharose was then passed
over columns of wheat germ agglutinin-agarose, lentil lectin-
agarose, hydroxylapatite, and chelating Sepharose in sequence,
as described in "Materials and Methods." The final fraction

was treated with neuraminidase and passed over a ricin-agarose
column and the unbound fraction was again collected. This
appeared to be a very effective purification step (Fig. 3), since
most contaminants (detected with mouse antiserum 1 as de
scribed above) bound to ricin and were eluted with lactose,
while most of the FD antigen was in the effluent fraction. Thus
although there was some loss of antigen in the bound fraction,
there was a large increase in specific antigenic activity in the
effluent fraction.

Following ricin-agarose fractionation, the FD antigen could
be identified for the first time in two-dimensional electropho-
resis of the whole labeled preparation (Fig. 4). Three major
protein species were present and the spot indicated by the arrow
had the same molecular weight and pi as the FD antigen. To
demonstrate its identity, preclearing experiments were per
formed as follows. Samples were incubated with S. aureus
coated with either normal human serum or FD serum. It was
found that FD serum-coated S. aureus specifically removed the
spot corresponding to the FD antigen (data not shown).

A summary of the purification scheme for the FD antigen is
presented in Table 1. At each step, numerous trial experiments
were carried out and the range in yield for each fractionation
step is indicated. Since no quantitative assay for unlabeled
antigen has been developed, we cannot reliably determine the
yield of FD antigen. However, in the final, large scale experi-

-90

FD NM IM ! NH
EFFLUENT !

FD NM
ELUATE

Fig. 3. Effectiveness of ricin-agarose chromatography in purification of the
FD antigen. Autoradiogram of immunoprecipitates of '2!I-labeled antigen prep
arations analyzed by SDS-PAGE. Each antigen preparation was immunoprecip-
itated with 7 ,<lnormal human sera (Mil or FD serum, or 0.5 //I normal mouse
serum i Vl/i. or the immune mouse serum (IM) detecting contaminants (serum
1). Right ordinale, migration position of the FD antigen, M, 90,000. Film
exposure period, S days. Compare the intensity of the contaminants precipitated
by mouse serum 1 in the ricin effluent and eluate fractions.

IEF-*

HI

1

Fig. 4. Autoradiogram of total '"I-labeled effluent from ricin-agarose analyzed
by two-dimensional PAGE. Arrowhead, FD antigen (gp90); IEF, isoelectric fo
cusing.

ment, 1.48 g of membrane protein (derived from 295 ml of
packed cells) yielded about 90 ÃŸgof protein at the final step
(ricin effluent fraction). Of this material no more than 10%
represents FD antigen as judged from the two-dimensional
autoradiogram (Fig. 4).

Production and Analysis of Mouse Antisera to gp90. Immu
nization of four BALB/c mice with partially purified FD anti
gen (ricin effluent and eluate fractions) elicited antibodies that
immunoprecipitated a component with the same molecular
weight as FD antigen (Fig. 5) in two of the mice (antisera 2 and
3). Sequential immunoprecipitation experiments using first the
mouse antisera and then FD serum demonstrated that the
mouse antibodies recognized the same molecule as the human
FD serum (Fig. 6). Extensive absorption of the combined mouse
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Table 1 Purification scheme for FD antigen

Protein recovery (%)

LaststepFractionation

stepMembrane

preparationandsolubilizationDEAE-Sepharose

(0.2MNaCl
eluate)Con

A-SepharoseeluateWheat

germ agglutinin- and len
til lectin-agarose(combined)effluentHydroxylapatite

effluentChelating

SepharoseEDTAeluateRicin

effluent, afterneuramini-dase
treatmentRange3-1710-3727-5412-30Mean8.5(n

=15)2141(n

=3)23(n

=3)26(n=D20(Â»=DCumulative

yield1008.51.80.70.20.040.01

m
1234

Fig. 6. Sequential immunoprecipitation of '"I-labeled SK-MEL-13I mem

brane extracts with mouse antisera and FD serum. Lane I, antiserum 3; Lane 2,
sample precleared with antiserum 3 and then immunoprecipitated with FD serum;
Lane 3, mouse antiserum unreactive with gp90; Lane 4, sample precleared with
unreactive mouse antiserum and immunoprecipitated with FD serum. Arrow,
migration position of gp90. Note successful preclearing in Lane 2.

1234 5 6
Fig. 5. Immunoprecipitation of'"[-labeled SK-MEL-131 melanoma extract

by mouse antisera. Lane 1, mouse antiserum unreactive with gp90; Lane 2, mouse
antiserum 2 reactive with gp90; Lane 3, mouse antiserum 3 reactive with gp90;
Lane 4, normal mouse serum; Lane 5, mouse sera 2 and 3 absorbed with ID
(3.44) clone cells; Lane 6, normal mouse serum. Arrow, migration position of
gp90.

sera with cells of the 3.44 FD~ clone resulted in a serum reacting

specifically with gp90 (Fig. 5).
To analyze the specificity of the mouse antisera further, the

combined sera (sera 2 and 3), absorbed first with 3.44 FD~

cells, were further absorbed with a variety of other cell types:
FD+ clone 1.5; other melanoma cell lines (SK-MEL-28, -31,
and -173); two colon carcinoma cell lines (SW 403 and LoVo);
Epstein-Barr virus-transformed B-cells from patient FD; and
B-cell lines from other individuals. The absorbed sera were
analyzed for cell surface reactivity with FD+ melanoma cells

(Fig. 7) and for their ability to immunoprecipitate gp90 from
[35S]methionine-labeled SK-MEL-131 melanoma cell extracts

(Fig. 8). In contrast to the serological result with FD serum (6),
cell lines other than SK-MEL-131 melanoma were able to
absorb the reactivity of the mouse antiserum. Thus, two mela
noma cell lines (SK-MEL-28 and -31), one colon cancer cell
(LoVo), FD B-cells, and B-cells from the other individuals were
all able to absorb or partially absorb (data on B-cell lines not

480 1.920

1/serum dilution

Fig. 7. Absorption analysis of mouse antiserum tested on cultured target cells(SK-MEL-131-1.5). Mouse antisera were preabsorbed with FD~ (3.44) cells and
then with (O) FD* (1.5), (O) SK-MEL-28. (A) SK-MEL-31, (A) LoVo, (â€¢)SK-
MEL-173, (â€¢)SW403, (O) FD~ (3.44). The absorbed antisera were unreactive

with SK-MEL-131-3.44 cells. Rabbit anti-mouse immunoglobulin hemaadsorp-
tion assay.

shown). On the other hand, FD~ (3.44) SK-MEL-131 cells, and

colon cancer cell line SW 403 were not able to absorb the
antibody from the mouse serum. SK-MEL-173 cells were able

to absorb when the residual antibody was tested by immuno
precipitation (Fig. 8) but not when the absorbed sera were tested
by direct serological assays. This single discrepancy might be
due to the fact that absorptions were carried out in different
experiments or that the level of antigen expression in SK-MEL-
173 may be barely enough to be detected. In summary, these
absorption results show that gp90, as detected by the mouse
antiserum, is present on a number of different cell types.
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1 2 567
Fig. 8. Absorption analysis of mouse antiserum [preabsorbed with FD (3.44)

cells] tested by immunoprecipitation of ["Sjmethionine-labeled cell extracts. Lane
I, unabsorbed; Lane 2, absorbed with SK-MEL-131-3.44 (FD~); Lane 3, absorbed
with SK-MEL-131-1.5 (FD*); Lane 4. absorbed with SK-MEL-173; Lane 5,
absorbed with SK-MEL-28; Lane 6, absorbed with SW403; Lane 7, normal mouse
serum. Arrow, migration position of gp90.

DISCUSSION

Our initial studies on the serological response of patients
with melanoma using autologous typing have been limited by
our inability to determine the biochemical structure of the
antigens detected by human antibodies. The identification of
the FD Class 1 unique antigen as a glycoprotein with a molec
ular weight of 90,000 using immunoprecipitation methods has
provided the basis for a more detailed biochemical and immu-
nochemical study of this class of antigen (6).

To further study the biochemical properties of gp90 and to
generate xenoantisera, we have partially purified this antigen.
A series of fractionation steps were developed that provided a
partially purified sample in which the antigen could be dem
onstrated as a M, 90,000 component without resorting to
immunoprecipitation techniques. Although the precise yield of
the antigen could not be determined, it is clear that gp90 is a
minor component of the melanoma cell membrane. The key
steps in the fractionation scheme are those that capitalize on
the unusual lectin-binding characteristics of the antigen. In
particular, the inability of the major portion of gp90 to bind to
ricin-agarose after neuraminidase treatment is a valuable step.
The basis for this fractionation procedure is that Con A-binding
glycoproteins possessing complex N-linked chains bind to ricin
after neuraminidase treatment whereas those with high-man-
nose or some hybrid chains do not (11). Although a small
portion of gp90 binds to ricin, the major species of this antigen
has unusual characteristics for a membrane glycoprotein in that
it carries mainly high-mannose or hybrid chains.

In preliminary experiments aimed at obtaining xenoantisera,
a large number of mice were immunized with whole SK-MEL-
131 cells or Con A eluates from solubilized cells using complete
Freund's adjuvant, with or without pretreatment of the animals

with cyclophosphamide (cf. Ref. 12). No antibodies to the FD
antigen were detected in the sera of these animals in sequential
immunoprecipitation assays. These results also suggest that FD
antigen is a very minor cell component and/or that it is a very
poorly immunogenic molecule in mice.

In contrast to these results, immunization of mice with par
tially purified preparations of FD antigen as described here
elicited antibodies to the FD molecule in two of four mice. The
antisera were shown to detect the same molecule (gp90) as FD
serum by sequential immunoprecipitation and absorption ex
periments. These polyclonal antisera also reacted with a related
molecule expressed in a number of other cultured cells, includ
ing lymphocytes of patient FD transformed with Epstein-Barr
virus; allogeneic B-cell lines; allogeneic melanomas SK-MEL-
28, -31, and -173; and colon cancer cell line LoVo. Taken
together these results suggest that gp90 found in SK-MEL-131

cells carries two types of epitopes: one unique (FD), exclusively
expressed on the patients's tumor cells; and another, shared

epitope (or epitopes), present on a variety of autologous and
allogeneic cells.

Key questions to be explored in the future include the bio
chemical difference between gp90 from SK-MEL-131 mela
noma cells and other cell types (as demonstrated, for example,
by peptide mapping), the distribution of gp90 on a wider panel
of normal and malignant tissues, and the function of gp90.
Some of these question could be partially answered using the
absorbed polyclonal serum, but more definitive answers will
come from the use of monoclonal antibodies and eventually
from the cloning of the gene coding for gp90. Nevertheless, the
analyses carried out thus far with the polyclonal antisera and
human sera are clearly sufficient to demonstrate that gp90 is a
common molecule found on a variety of cells and that the
molecule from SK-MEL-131 carries both unique and common
epitopes.

These findings have a wider significance for tumor immunol
ogy. The concept that tumor antigens can arise by alterations
in a normal cell antigen has been widely discussed but this is
the clearest demonstration of such an example in human tu
mors. Five other human Class I melanoma antigens have been
detected serologically (3) but little biochemical data are avail
able on their nature and their relationship to gp90 remains to
be determined. The availability of polyclonal antisera to the FD
specificity (and the possibility of deriving monoclonal antibod
ies in the future) will facilitate studies to determine if these
antigenic systems are biochemically related. A number of
unique antigens have also been demonstrated in experimental
animal tumor systems, both by transplantation (2) and by
serological methods (13, 14). Although biochemical data on the
nature of some of these antigens are available (15, 16), the
origin of the tumor specificity in these systems and their rela
tionship to gp90 are unknown. In two instances, mutated anti
gens of the major histocompatibility complex were shown to
act as transplantation rejection antigens in mouse tumors (17,
18). Whether or not these antigens, or gp90, are directly in
volved in the transplantation process is not yet clear. The TRA
of the Meth A sarcoma has recently been characterized bio
chemically and found to be related to the TRA of another
chemically induced sarcoma CMSS and to a molecule present
on many other malignant and normal cell types (15). The unique
TRAs of Meth A and CMS5 are M, 96,000 glycoproteins that
bind to DEAE columns and to concanavalin A. The similarity
in size and biochemical properties of the mouse TRAs and the
human FD antigen are striking but whether or not there is a
closer relationship between the rodent and human antigens
remains to be determined.
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