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ABSTRACT

Indirect immune-fluorescence staining with a large battery of

monoclonal antibodies of primary and autologous metastatic
lesions removed from seven patients with melanoma has de
tected heterogeneity in the expression of various types of mel
anoma-associated antigens (MAAs), of distinct determinants of
the high molecular weight melanoma-associated antigen (HMW-

MAA), of the two subunits of Class I HLA antigens, and of the
gene products of the HLA-D region. Among the 10 MAAs tested,
the HMW-MAA had the highest frequency and the M, 87,000
MAA the lowest. Furthermore, the HMW-MAA displayed the

lowest heterogeneity. These findings, in conjunction with the
restricted tissue distribution of the HMW-MAA, its lack of sus
ceptibility to antibody-mediated modulation, and the high affinity
of the available anti-HMW-MAA monoclonal antibodies, indicate

that this antigen may be a useful marker for radioimaging and
immunotherapy in patients with melanoma. The common acute
lymphoblastic leukemia antigen was detected only in five lesions.
Class I HLA antigens were detected in a larger number of lesions
than HLA-DR antigens, which had a significantly higher frequency
than HLA-DQ antigens. The degree of antigenic heterogeneity

did not appear to correlate with the histopathological features of
the lesions and/or with the clinical course of the disease. The
results of the present study indicate that immunodiagnostic and
Â¡mmunotherapeutic approaches to melanoma should rely on the
use of combinations of monoclonal antibodies to distinct MAAs.

INTRODUCTION

Human melanoma cells, like other types of tumor cells in
humans and in other animal species (for review, see Refs. 18,
36, and 43) are heterogeneous for a variety of phenotypic traits,
including morphology, growth properties, drug resistance, met
astatic potential, oncogene expression, and antigenic profile (1,
2, 5, 6, 7, 24, 29, 30). Heterogeneity in the expression of tumor-

associated antigens and of histocompatibility antigens has at
tracted the interest of tumor immunologists since it has theoret
ical and practical implications. It can account for the escape of
tumor cells from immune destruction because of the crucial role
played by these 2 types of antigens in the generation and
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outcome of immune responses against tumor-associated anti

gens. It may play a role in the organotropism of metastasizing
cells, since expression of determinants recognized by MoAbs3

appears to be necessary although not sufficient for mÃ©tastases
to occur in certain organs (39). It has to be taken into account
when using MoAbs to develop and apply in vitro and in vivo
immunodiagnostic and immunotherapeutic approaches to mela
noma.

Melanoma represents the type of human tumor in which the
hybridoma methodology has been most successfully applied to
develop MoAbs to a variety of MAAs with distinct structural and
tissue distribution characteristics (for review, see Ref. 28). The
high discriminatory power and the high degree of specificity of
these reagents have greatly facilitated the application of immu-

nohistochemical techniques to analyze the antigenic profile of
surgically removed melanoma lesions. In a previous study (30),
we have shown that the membrane-bound HMW-MAA defined

by the MoAb 225.28S, the Mr 115,000 MAA defined by the MoAb
345.134S, the M, 100,000 MAA defined by the MoAb 376.96,
the cytoplasmic MAA defined by the MoAb 465.12S, Class I HLA
antigens, and HLA-DR antigens are heterogeneous in their

expression in autologous mÃ©tastasesfrom patients with mela
noma. Since a number of MoAbs to distinct MAAs and to the
gene products of the HLA-D region have recently become avail

able to us, in this study we have characterized the extent of
antigenic heterogeneity of primary and metastatic lesions from
patients with melanoma using MoAbs to various MAAs, to dis
tinct determinants on the HMW-MAA, to the 2 subunits of Class
I HLA antigens, to HLA-DR and to HLA-DQ antigens.

MATERIALS AND METHODS

Tissue Samples. Biopsies from 2 primary lesions and from multiple
mÃ©tastases were obtained from 7 patients with melanoma who under
went extensive excisional surgery before hyperthermia treatment (10) or
combined chemotherapy and adjuvant therapy. At the time of biopsy,
patients were either free of treatment or under chemotherapy. The clinical
stage of melanoma lesions was evaluated according to the method of
Sugarbaker and McBride (40). A portion of each specimen was snap-
frozen in liquid nitrogen. A 4-/Â¿m-thicksection was fixed in cold absolute

acetone for 10 min and then used as a substrate in indirect immunoflu-
orescence.

MoAbs and Conventional Antisera. The MoAb 465.12S to a cyto-

3The abbreviations used are: MAA, melanoma-associated antigen; &-M, &-

microglobulin; CALLA, common acute lymphoblastic leukemia antigen; FITC, fluo-
rescein isothiocyanate conjugated; HMW-MAA, high molecular weight melanoma-
associated antigen; MoAb, monoclonal antibody; PBS, phosphate-buffered saline.
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plasmic MAA (42), the MoAb 225.28S to a HMW-MAA (42), the MoAb

345.134S to a M, 115,000 MAA (22), the MoAb 376.96 to a M, 100,000
MAA (23), the MoAb 140.72 to a M, 95,000 to 100,000 MAA (26), the
MoAb 140.240 to a M, 87,000 MAA (25), and the MoAb R24 to a GD3
MAA (12) were developed using splenocytes from BALB/c mice immu
nized with cultured human melanoma cells. The tissue distribution of the
determinants recognized by the MoAb 465.12S, 225.28S, 345.134S,
376.96, and R24has been described elsewhere (12, 22, 23, 29, 32). The
determinant defined by the MoAb 140.240 is expressed by melanoma
lesions, nevi of intradermal, junctional, compound, Spitz's and Spindle

cell types, and sweat glands, but has not been detected in a variety of
normal tissues and malignant tumors. The tissue distribution of the
determinant defined by the MoAb 140.72 is being investigated. The
MoAb M2590 to a M, 31,000 MAA shared by murine and human
melanoma cells was developed using splenocytes from a C57BL/6
mouse immunized with cultured murine melanoma B16 cells (41). The
tissue distribution of the determinant defined by the MoAb M2590 has
been described elsewhere.4 All these antigens but the one recognized

by the MoAb 465.12S are membrane bound. All the above-mentioned

MAA are glycoproteins except for the one recognized by the MoAb R24,
which is a GD3 ganglioside (37).

The MoAb M111 is secreted by a hybridoma constructed with splen
ocytes from a BALB/c mouse immunized with cutaneous melanocytes
(21). The molecular structure and the chemical nature of the MAA
recognized by this antibody have not been described.

The MoAb 657 and the MoAb 902 have been developed using
splenocytes from a BALB/c mouse immunized with paraffin-embedded

melanoma tissue. Before injection, the tissue was deparaffinized in xylene
overnight and rehydrated through decreasing concentrations of ethanol.
Tissue was then placed in PBS, finely chopped, and run through a 20-

gauge needle. The MoAb 657 recognizes a determinant expressed on a
subpopulation of the HMW-MAA identified by the MoAb 225.28S. This

determinant has been detected on melanomas, nevi, and skin carcino
mas. The MoAb 902 recognizes a determinant expressed on a subpop-
ulation of HMW-MAA. This determinant has been detected on melano

mas, nevi, breast carcinomas, and prostate carcinomas. The MoAb
CL203 has been developed using splenocytes from a BALB/c mouse
immunized with recombinant immune interferon-treated melanoma Colo

38 cells. The MoAb CL203 recognizes a M, 100,000 MAA expressed on
melanoma and endothelial cells. This antigen has not been detected in

nevi.
The anti-CALLA MoAb A12 was developed with splenocytes from a

BALB/c mouse immunized with the non-B, non-T human leukemia cell
line NALM-1 (8). The MoAb Q5/13 to a monomorphic determinant of
HLA-DR+DP antigens and the MoAb B2 to a monomorphic determinant
of HLA-DQ antigens were developed and characterized as described
elsewhere (11, 38). The MoAb W6/32 to a determinant expressed on
the heavy chain of HLA-A,B,C antigens (4) was secreted by a hybridoma

kindly provided by Dr. P. Parham, Department of Structural Biology,
Stanford University Medical School, Palo Alto, CA. The MoAb NAMB-1

to human ÃŸz-pwas developed using splenocytes from a BALB/c mouse

immunized with purified human ÃŸrn(33).
FITC-conjugated rabbit antimouse immunoglobulin antisera (Meloy

Laboratories, Springfiled, VA) had a fluorescein:protein ratio of 3 and
was used at a protein concentration of 1.5 mg/ml. Before use, the
antiserum was sequentially absorbed with packed AB, Rh+ erythrocytes,
insolubilized (3) human serum, and packed cultured human melanoma
M10 cells to absorb contaminating antibodies to human cells that could
cause false-positive reactions. The adsorbed FITC-labeled reagent did

not stain normal tissue substrates.
Indirect Immunofluorescence. It was performed as described (29).

Briefly, cryostat sections were incubated for 30 min at room temperature
with MoAb solution (5 to 25 jig/ml) in RPMI Medium 1640 containing

4 P. G. Natali, A. Bigotti, R. Cavaliere, S. Wakabayaski, M. Taniguchi, and S.
Ferrane. Distribution of a cross-species melanoma associated antigen in normal
and neoplastic human tissues, submitted for publication.

10% fetal calf serum. Following a 5-min washing with cold PBS, FITC

antimouse immunoglobulin xenoantiserum was added and incubated for
an additional 30 min. After a final wash with cold PBS, sections were
mounted in PBS-buffered glycerol and observed with a Leitz Ortholux II
fluorescence microscope equipped for phase-contrast microscopy and

with epiillumination. The specificity of the staining was controlled by
testing tissue sections with myeloma protein secreted by the murine
myeloma P3-X63-Ag8 cells. Furthermore, some tissue sections were

stained with antibody preparations from which the antibody activity had
been removed by absorption with cultured melanoma cells. The immu-

nofluorescence staining of lesions was scored as follows: negative, when
no stain was detected even with oil immersion objectives; bare trace,
when the stain was detected only with oil immersion objectives; trace,
when the stain was homogeneous and weak; variable, when the staining
in the lesion ranged from bright to negative; isolated, when only some
areas of the lesion showed a positive stain; 1+, when at least 50% of
the lesion had trace stain; and 2+, when the staining was homogeneously
bright.

RESULTS

Primary and metastatic lesions were removed from Patients I.
T. and F. L. with nodular melanoma. Only mÃ©tastases were
available from Patients T. A. with nodular melanoma, C. O. with
superficial spreading melanoma, B. E. with aerai melanoma, and
S. M. and Z. C. with a primary lesion of unknown histotype.
Information about the clinical stage, the Clark classification, the
anatomic site, and the pigmentation of the lesions is summarized
in Table 1. Lesions were removed at the same time from all the
patients but Patient I. T. In this patient, the set of mÃ©tastases
M1, M2, M3, and M5 and the set of mÃ©tastasesM6, M7, M8,
and M9 were removed 18 and 22 months, respectively, following
the removal of the primary lesion.

Lesions were stained in indirect immunofluorescence with a
battery of MoAbs to MAA, CALLA, and HLA antigens. Repre-

Table 1

Clinical and histopathological information about the melanoma lesions analyzed

MÃ©tastasesClinical

PatientstageT.

A.IVB.

E.IVS.

M. IllABZ.

C.IVC.

0. IllBl.

T.IVIVF.

L. IVPrimary

tumorNodular

melanoma,Clark
V,legAcrai

melanoma,Clark
Vunknown
histotype.legunknown

histotype,thighSuperficial

spreadingmelanoma,
ClarkMl,

legNodular
melanoma,Clark

IV,scalpNodular

melanoma,Clark
IV, perineumM1M2M3M1M2M1M2MSM6M1M2M3M4M1M2MlM2M3MSM6M7M8M9M1M2M3Sitecutiscutiscutiscutiscutiscutiscutiscutislymph

nodelymph
nodelymph
nodelymph
nodelymph
nodelymph
nodelymph
nodelymph

nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph
nodeslymph

nodesPigmenta

tionYesYesYesAchromicAchromicYesYesYesYesYesYesYesYesAchromicAchromicYesYesYesYesYesYesYesYesYesYesYes
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sentative examples of the staining patterns are shown in Figs. 1
and 2. Results are summarized in Tables 2 and 3. The following
points are noteworthy.

1. The antigens tested were detected with different fre
quency in the lesions analyzed. Among the MAAs, the HMW-

MAA has the highest frequency as it is expressed by 27 of the
29 lesions tested. The Mr 87,000 MAA has the lowest expres
sion, as it was detected only in 11 of the 29 lesions. The other
MAAs tested have an intermediate frequency. The CALLA anti
gen had the lowest frequency of all the antigens tested as it was
detected only in 5 of the 26 lesions tested. Among histocompat-

ibility antigens, Class I antigens have a higher frequency than
Class II antigens, as they are expressed in 27 and 17, respec
tively, of the 29 lesions tested. HLA-DR antigens have a signifi
cantly higher frequency than HLA-DQ antigens.

2. With the exception of CALLA and of Class IIHLA antigens,
all the antigens are expressed by at least one of the lesions
removed from the 7 patients. CALLA was detected only in the 2
mÃ©tastasesremoved from Patient C. O. and in the 3 mÃ©tastases
removed from Patient F. L. Class II HLA antigens were detected
neither in the primary nor in the metastatic lesions removed from
the Patient I. T.

3. MAA undetectable in primary lesion may be expressed
with variable intensity by autologous metastatic lesions. The
degree of antigenic heterogeneity among autologous lesions
removed at different times is similar to that among lesions
removed at the same time.

4. Cells within lesions, autologous lesions removed from
different sites from a given patient, and lesions removed from
different patients are heterogeneous in the expression of MAA
and of histocompatibility antigens. The extent of heterogeneity
among autologous lesions appears to be similar to that among
lesions from different patients. The heterogeneity involves the
intensity of staining and its cellular distribution. Specifically, the
staining can range from bright to undetectable. The degree of
heterogeneity in the intensity of staining did not show marked
differences among the membrane-bound MAAs and the cyto-

plasmic MAA recognized by the MoAb 465.12S as well as among
MAAs which are glycoprotein and ganglioside in nature. Class I
and Class II HLA antigens may be detected not only on plasma
membrane but also in cytoplasm.

5. Distinct determinants expressed on a given antigenic
structure may display differential expression in autologous le
sions. In 10 of the 29 lesions tested, the anti-02-^ MoAb NAMB-

1 differed from the MoAb W6/32 to the heavy chain of Class I
HLA antignes in terms in intensity and/or cellular distribution of
staining. Twenty-four of the 29 lesions tested displayed differ
ential reactivity with the MoAb 225.28S, 657, and 902 to distinct
determinants expressed on subpopulations of the HMW-MAA.

6. No absolute correlation was found in the expression of
the various antigens analyzed. No lesion was found which was
not stained by at least some of the MoAbs tested.

7. The degree of antigenic heterogeneity of the lesions did
not appear to correlate with the melanin content, with the histo-

pathological features of the lesions, and/or with the clinical
parameters of the disease.

DISCUSSION

This investigation has extended to a large number of MAAs
with distinct structural and tissue distribution properties our initial

observation (30) that autologous lesions removed from different
anatomic sites from patients with melanoma are antigenically
heterogeneous. Furthermore, the present study has shown for
the first time heterogeneity in the distribution in autologous
lesions of distinct antigenic determinants of the HMW-MAA and
of the gene products of the HLA-D region.

Whether this heterogeneity is only quantitative or is also
qualitative cannot be determined at the present time, since we
cannot exclude that the lack of staining of lesions reflects low
affinity of the antibodies used and/or level of the corresponding
antigens below the sensitivity of the assay system used. How
ever, we believe that at least some of the lesions completely
lack some of the MAAs tested, since in a parallel study we could
not detect the HMW-MAA in certain melanoma lesions even
using an assay as sensitive as the double determinant immu-

noassay (16). Furthermore, changes in the rank of positivity of
the panel of MoAbs used argues against differences in affinity
as the mechanism underlying the results obtained. Lastly, sub-

cloning of cell lines has resulted in the isolation of clones which
lack certain antigens (44).

Another question which cannot be answered conclusively is
whether the phenotype of the lesions is stable or continuously
changes. The former possibility is supported by the identification
of cell lines with stable differences in their expression of MAA (6)
and of the gene products of the HLA-D region (34). On the other

hand, the latter one is supported by the susceptibility of these
antigens to modulation by various agents such as interferons
(15) and cell cycle-related events (7), and by the report of

quantitative changes of MAAs during the serial passage of
melanoma cells in culture (45). Furthermore, in murine melanoma
it has been shown that the stability of phenotypes in a malignant
lesion may be influenced by interactions among clonal cellular
subpopulations (20, 35).

Among all the MAAs analyzed, the HMW-MAAs display the

lowest degree of heterogeneity. This finding in conjunction with
the restricted tissue distribution of the HMW-MAA (31), its lack
of susceptibility to antibody-mediated modulation, and the high
affinity of the available anti-HMW-MAA MoAbs5 indicate that this

antigen may be a useful marker to radioimage lesions in patients
with melanoma and an appropriate marker to develop immuno-

therapeutic approaches to melanoma. Parallel studies to be
reported elsewhere6 have shown that injection of radiolabeled

fragments of the HMW-MAA MoAb 225.28S into patients with

melanoma has resulted in the specific localization of radioactivity
in a large number of metastatic lesions. The heterogeneous
distribution of individual determinants of the HMW-MAA in pri

mary and metastatic lesions which has been shown in the
present study suggests that the sensitivity of radioimaging can
be increased by using mixtures of MoAbs to distinct determi
nants of the HMW-MAA.

A surprising finding of our investigations has been the lack of
reactivity of the anti-CALLA MoAb A12 with most of the lesions

tested, since this antigen has been detected in almost 50% of
the melanoma cell lines tested (9). Our negative finding does not
reflect technical artifacts such as inactivation of the antibody and

5 P. Giacomini and S. Ferrane, unpublished observations.
â€¢G.L. Buraggi, L. Callegaro, G. Mariani, A. Turrin, N. Cascinelli, A. Attui, E.

Bombardieri, G. Temo, G. Plassio, M. Dovis, N. M. Mazzuca, P. G. Natali, G. A.
Scassellati, U. Rosa, and S. Ferrane. Imaging with I31l-labeled monoclonal antibod
ies to high molecular weight-melanoma associated antigen in patients with mela

noma: efficacy of whole Ig and its Fabz fragments, submitted for publication.
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low sensitivity of the assay system, since we could stain some
of our melanoma cell lines with the MoAb A12 in indirect immu-

nofluorescence. Furthermore, detection of CALLA in 5 of the
surgically removed lesions tested argues against the possibility
that expression of CALLA on melanoma cell lines is an in vitro
artifact caused by tissue culture. On the other hand, our negative
findings may reflect differential expression of CALLA in primary
and metastatic lesions, as it has already been described for Thy-

1 antigen. The latter has been found in more than 60% of primary
melanomas, but only in 5% of metastatic lesions (19).

The differential expression of the gene products of the HLA-D

region in mÃ©tastases is not unique for melanoma, since it has
been observed in other types of tumors7 and in a case of hairy

leukemia (13). The phenomenon in melanoma is noteworthy in
view of the recent report (14) that melanoma cell isolated from
mÃ©tastasescannot stimulate autologous lymphocytes although
they express HLA-DR antigens. Our findings can account for
this result, since HLA-DQ antigens have been reported to play a
major role in the proliferation of T-cells stimulated by autologous

cells (17).
The antigenic heterogeneity among multiple melanoma lesions

whether removed from one or from various patients indicates
that immunodiagnostic and immunotherapeutic approaches to
melanoma cannot rely on the use of MoAbs to a single MAA. A
mixture of MoAbs to various types of MAAs is likely to eliminate
false-negative results caused by the antigenic heterogeneity of

tumor cells. Therefore, superficially it would appear that conven
tional antisera being polyclonal in nature are preferable to MoAbs.
However, besides considerations about the specificity of the 2
types of reagents, the major difference between conventional
antisera and mixtures of preselected MoAbs is that in the latter
one can standardize the amounts of the different populations of
antibodies.

The present study shows once more that MoAbs have greatly
facilitated the analysis of surgically removed tissues. The unan
swered questions we have raised in this investigation underlie
the limitations of the study of surgically removed tissues because
of the difficulties to obtain samples from a large number of
patients, of the limited amount of most of the samples available,
and of the ethical restrictions to perform certain experiments. In
spite of these limitations, analysis of surgically removed lesions
is essential to identify clinically relevant MAAs and to assess the
impact of MoAbs on the clinical management of melanoma.
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Fig 2. Heterogeneous expression of Class I and Class II HLA antigens in autologous mestastases removed from patients with melanoma. Acetone-fixed cryostat
sections (4 Mm) of each metastasis were stained with the anti-Class I HLA MoAb W6/32 (A and 8) and with the anti-HLA-DR+DP MoAb Q5/13 (C and D). Class I HLA
antigens are homogeneously expressed in the metastasis shown in A, but are barely detectable in the autologous metastasis shown in B. Class II HLA antigens are
homogeneously expressed on the plasma membrane and in the cytoplasm of cells in the metastasis shown in C, but are weakly and heterogeneously expressed by cells
in the autologous metastasis shown in D. A to D, x 1000.
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Fig. 1. Heterogeneous expression of MAAs in autologous mÃ©tastasesremoved from patients with melanoma. Cryostat sections (4-><m-thick) of each metastasis were
fixed in acetone and stained with the MoAb 225.28S (A and B) with the MoAb 345.134S (C and 0) and with the MoAb 465.12S (E and F).
The HMW-MAA, the M, 115,000 MAA, and the cytoplasmic MAA are homogeneously expressed in the mÃ©tastasesshown in A, C, and E, but are barely detectable in the
autologous mÃ©tastasesshown in B, D, and F. A, x 650; B to F, x 1000.
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