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ABSTRACT

Monoclonal antibodies (MoAbs) 225.28, 657.9, and 902.5 recognizing
distinct epitopes of the human high molecular weight melanoma associ
ated antigen (HMW-MAA) were used to investigate the molecular and
cellular heterogeneity of the HMW-MAA synthesized by human mela
noma cells. Sequential immunodepletion and immunoprecipitation exper
iments showed that not all HMW-MAA molecules synthesized by a
melanoma cell line express the antigenic determinants recognized by the
three monoclonal antibodies. The majority of the HMW-MAA molecules
expressed the epitope defined by MoAb 657.9 since this monoclonal
antibody depleted the melanoma cell lysate of all antigen molecules
recognized by the other two monoclonal antibodies. Depletion with MoAb
902.5 resulted in the removal of a large proportion of the HMW-MAA
molecules precipitated by MoAb 657.9. The MoAb 225.28 depleted the
cell lysate of only a fraction of the HMW-MAA molecules recognized
by MoAb 657.9 and 902.5. Two-dimensional gel electrophoresis and
peptide mapping analysis did not detect any significant difference among
the HMW-MAA immunoprecipitated by the three monoclonal antibod
ies. The heterogeneity of the epitopes recognized by the three monoclonal
antibodies is, at least partly, due to glycosylation of the antigen molecule,
since treatment of melanoma cells with glycosidases differentially affects
their ability to bind the three anti-HMW-MAA monoclonal antibodies.
Fluorescent activated cell sorting analysis of the melanoma cells showed
that the heterogeneity exhibited by the HMW-MAA is not due to the

presence of different cell clones in the culture but reflects a differential
distribution of epitopes on the HMW-MAA expressed on the surface of
individual cells. Immunohistochemical staining of surgically removed
benign and malignant lesions of melanocytic origin, of normal tissues,
and of malignant lesions has shown a differential tissue distribution of
the determinants recognized by the three monoclonal antibodies. Staining
of melanoma cell lines and of surgically removed melanoma lesions with
combinations of the three monoclonal antibodies did not cause any-

significant change of the percentage of stained cells but markedly in
creased the intensity of staining. These results indicate that combinations
of monoclonal antibodies to distinct determinants of HMW-MAA can
markedly increase the sensitivity of immunohistochemical techniques to
detect melanoma cells.

INTRODUCTION

Through the use of monoclonal antibodies a number of
human melanoma associated antigens (i.e., antigens expressed
on melanoma cells but not detectable on resting melanocytes)
with distinct structural profile and tissue distribution have been
identified (for review, see Refs. 1 and 2). Among them the
HMW-MAA3 has attracted much attention, since it has unusual

structural properties and appears to be a useful marker to image
metastatic lesions in patients with melanoma. Immunochemical
studies have shown that the HMW-MAA consists of two non-
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covalently associated subunits with the molecular weights of
approximately 250,000 and greater than 450,000 which share
the polypeptide moiety (3-7). Injection of radiolabeled anti-
HMW-MAA monoclonal antibodies into patients with mela
noma has resulted in the imaging of about 70% of metastatic
lesions (8-10).

A number of monoclonal antibodies to the HMW-MAA have
been developed (3-7, 11). Immunochemical studies have shown
that the corresponding determinants have a heterogeneous dis
tribution on the pool of HMW-MAA synthesized by cultured
melanoma cell lines (12-14). Furthermore, testing of monoclo
nal antibodies to distinct determinants of the HMW-MAA with
a limited number of melanoma lesions has identified differential
distribution of the corresponding determinants in autologous
mÃ©tastasesremoved from different anatomic sites (15). No
information is available about the structural relationship among
subpopulations of HMW-MAA defined by monoclonal anti
bodies, about the distribution of determinants of HMW-MAA
in normal tissues and in malignant lesions, and about the
efficacy of combinations of anti-HMW-MAA monoclonal an
tibodies to increase the sensitivity of immunohistochemical
staining of melanoma lesions. Therefore in the present investi
gation we have compared the molecular profile of subpopula-
tions identified by MoAbs 225.28, 657.9 and 902.5 to distinct
determinants of the HMW-MAA. Furthermore we have inves
tigated the expression of the three determinants in benign and
malignant lesions of melanocytic origin, in normal tissues, and
in malignant lesions other than melanoma. Finally we have
assessed the usefulness of combinations of anti-HMW-MAA
monoclonal antibodies to stain surgically removed melanoma
lesions.

MATERIALS AND METHODS

Cell Lines and Tissues. Cultured human melanoma cells Colo 38,
IR6, and LI were grown at 37Â°Cin Dulbecco's modified Eagle's medium

supplemented with 10% fetal calf serum, 2.0 IHML-glutamine, and 10
Mg/ml gentamicin sulfate. All cell lines were Mycoplasma free.

Cells were labeled with either [35S]methionine as previously described
(3) or with I2SIusing the lactoperoxidase technique (16). Melanoma

cell membrane ghosts were prepared as described (6). One volume of
packed washed cells was incubated for 30 min at 4"( ' in 5 volumes of

PBS, pH 7.4, added with 1% Triton X-100-1 mM phenylmethyl-
sulphonyl-fluoride-1 HIM ethylenediaminetetraacetic acid-0.02% so
dium azide (referred to as lysis buffer). The lysate was centrifugea at
10,000 x g for 10 min. The supernatant was passed twice through a
0.2-fim filter and stored at â€”70Â°Cuntil used. The supernatant from
cultures of [35SJmethionine labeled melanoma cells was also passed
through a O.I-^m filter and stored at â€”70Â°C.

Tissues were obtained from patients who underwent surgery. Imme
diately after removal the tissue was divided into two parts. One was
fixed in formaldehyde and processed for conventional histopathological
examination, and the other one was snap-frozen in liquid nitrogen.
Cryostat sections, 4 /un thick, were cut and fixed for 10 min in cold
absolute acetone. Sections were either stained within 60 min or stored
at -30Â°Cuntil used.

Monoclonal Antibodies and Conventional Antisera. The anti-HMW-
MAA MoAbs 225.28, an IgG2a, and 657.9 and 902.5, both IgGl, and

2474

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/9/2474/2431355/cr0470092474.pdf by guest on 19 M

ay 2023



HETEROGENEITY OF HUMAN HMW-MAA

the anti-02 microglobulin MoAb NAMB-1, an IgGl, were prepared
utilizing methodology described elsewhere (3, 17). Monoclonal anti
bodies were purified from ascitic fluid by caprylic acid precipitation
(18). Affinity purified rabbit anti-mouse Ig antibodies (heavy and light
chain specific) and fluorescein isothiocyanate conjugated anti-mouse Ig
xenoantibodies were purchased from Cappel Laboratories (West Ches
ter, PA). Antibodies were labeled with 125Iusing the lodogen technique
(19). Avidin-biotin-peroxidase staining reagents were purchased from

Vector Laboratories (Burlingame. CA).
Reagents. Staphylococcus aureus Protein A-Sepharose 4B was pur

chased from Pharmacia Fine Chemicals (Piscataway, NJ). Neuramini-
dase (type VI), a-mannosidase (jack beans), and Â«-glucosidase(brewers'

yeast) were purchased from Sigma Chemical Co. (St. Louis, MO).
Immunoprecipitation. Immunoprecipitation was performed as previ

ously described (7). Immobilized MoAbs 225.28,657.9, and 902.5 were
prepared by sequential incubation at 4Â°Cfor 2 h of 100 M!Protein A-

Sepharose 4B with 200 Mgof rabbit anti-mouse Ig antibodies and 50 Â¿tl
of ascitic fluid or normal mouse serum in 1 ml of lysis buffer. The
beads were washed four times with the lysis buffer following each step
and stored in suspension in the lysis buffer at 4Â°C.For immunoprecip-

itation, 10 /iI of the packed Sepharose 4B beads were added to the
radiolabeled melanoma membrane lysate (5 x 10' cpm) in 1 ml of the
lysis buffer and incubated at 4Â°Cfor 4 h with shaking. The beads were

washed six times with the lysis buffer and once with 10 m\i sodium
phosphate buffer, pH 7.4, containing 0.5 M NaCl. Packed beads were
resuspended in 100 /il of 1% SDS-5% (v/v) 2-mercaptoethanol and
heated at 100Â°Cfor 5 min. Antigen to be used for peptide mapping was

eluted with 1% SDS without 2-mercaptoethanol.
SDS-PAGE. One-dimensional SDS-PAGE was performed according

to the method of Laemmli (20). 2D-PAGE was carried out as described
by O'Farrell (21). Gels were fixed, dried, and autoradiographed as

described (22). Autoradiograms were scanned using an SLSD-010
Zeineh soft laser scanning densitometer (LKB Instruments, Rockville,
MD).

Peptide Mapping of HMW-MAA. The 125I-labeled HMW-MAA
immunoprecipitated with monoclonal antibodies was cleaved by incu-
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bation at room temperature for 2 h in 70% trifluoroacetic acid contain
ing 100 p%cyanogen bromide. The reaction mixture was lyophilized
and redissolved in 1% SDS-5% 2-mercaptoethanol and heated to 100Â°C

for 1 min. Immunoprecipitated HMW-MAA was also digested with
protease from 5. aureus V-8 strain (Pierce Chemical Co., Rockford,
IL) as described by Cleveland et al. (23) and analyzed by SDS-PAGE

(20).
Serological Assays. All assays were carried out in flexible microtiter

plates. The indirect binding assay was carried out by sequential incu
bation of target melanoma cells with monoclonal antibodies and '"I-
labeled rabbit anti-mouse Ig antibodies (24). Competitive binding assays
with radiolabeled monoclonal antibodies were performed as described
(25).

Indirect immunofluorescence and immunoperoxidase were per
formed as described previously (3, 20). Staining patterns of tissues were
analyzed with a Leitz Ortholux li microscope. Staining of cells was
analyzed with a fluorescence activated cell sorter (FACS 420; Becton
Dickinson FACS Division, Sunnyvale, CA).

Treatment of Melanoma Cells Colo 38 with Glycosidases. Melanoma
cells Colo 38 (4 x IO6) were resuspended in 1 ml of PBS containing

1% bovine serum albumin and 0.1% sodium azide and were incubated
at 37"C for 18 h with either neuraminidase (2 units/ml), a-mannosidase

(4 units/ml), or a-glucosidase (40 units/ml). Cells were then washed
with PBS and tested for their reactivity with monoclonal antibodies in
an indirect binding assay (24).

RESULTS

The MoAbs 225.28, 657.9, and 902.5 immunoprecipitated
the two characteristic components of the HMW-MAA from an
extract of 35S-Iabeled human melanoma cells Colo 38 (Fig. la,
lanes 1-3). The larger component consistently appeared as a

broad band. MoAbs 657.9 and 902.5 precipitated M, 250,000
and 90,000 proteins from the culture supernatant of 35S-labeled

Colo 38 cells (Fig. 1b, lanes 2 and 3). MoAb 225.28 precipitated
a faint 250,000 component but did not precipitate the M,

Fig. 1. SDS-PAGE analysis of components immunoprecipitated by MoAbs
225.28 (lane /), 902.5 (lane 2), and 657.9 (lane 3). and normal mouse IgG (lane
4) from an extract (a) and spent medium (b) of "S-labeled melanoma cells Colo

38. Myosin (M, 200,000), phosphorylase b (M, 92,000), bovine serum albumin
(M, 67,000), ovalbumin (M, 43.000). and carbonic anhydrase (M, 30.000) were
used as molecular weight markers.

Fig. 2. Two-dimensional gel electrophoretic analysis of components immu
noprecipitated from a "S-labeled lysate of Colo 38 cells by MoAbs 225.28 (a),
902.5 (b). and 657.9 (c), and of a mixture of components immunoprecipitated by
MoAbs 225.28 and 902.5 (</) and 225.28 and 657.9 (e). The direction of
isoelectric focusing is from right to left. SDS-PAGE was performed from top to
bottom.
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Fig. 3. Peptide mapping of HMW-MAA immunoprecipitated from 125I-la-

beled melanoma cells Colo 38 by MoAbs 225.28 (lane I), 902.5 (lane 2), and
657.9 (lane 3) following digestion with cyanogen bromide (a) and V-8 protease
(b). Phosphorylase Ã (̈92k), bovine serum albumin (67k), ovalbumin (M, 43,000),
carbonic anhydrase (M, 30,000), soybean trypsin inhibitor i.U, 21,000), and
lysozyme (M, 14,000) were used as molecular weight markers.

90,000 component (Fig. 1Â¿>,lane 1). The latter was not detect
able even when the autoradiogram was exposed for 3 weeks.
The relatedness of the components precipitated by the three
monoclonal antibodies was investigated by 2D-PAGE and by
peptide mapping. When analyzed by 2D-PAGE, the HMW-
MAA precipitated with MoAb 225.28, 902.5, or 657.9 resolved
as a single major spot with an isoelectric point of approximately
5.5 (Fig. 2). The trailing nature of the spot in the 2D-electro-
phoretograms is likely to be due to the degree of glycosylation
of the protein which impairs binding of SDS (26). Coelectro-
phoresis of the HMW-MAA precipitated with MoAbs 225.28
and 657.9 or MoAbs 225.28 and 902.5 showed a single undi
vided spot on the autoradiograms (Fig. 2) suggesting that the
components precipitated by the three monoclonal antibodies
are not different in charge and molecular weight. Peptide map
ping of the '"I-labeled HMW-MAA with cyanogen bromide or
protease from 5. aureus V-8 strain showed identical patterns
irrespective of the monoclonal antibody used to precipitate the
HMW-MAA (Fig. 3).

Competition binding assays with i:5I-labeled MoAbs 225.28,

657.9, and 902.5 showed that the three monoclonal antibodies
recognize distinct and spatially distant determinants on the
HMW-MAA. Coating of melanoma cells Colo 38 with an
excess of either MoAb 225.28, 657.9, or 902.5 inhibited the
binding of the homologous radiolabeled monoclonal antibody
but did not affect that of the other two antibodies (Fig. 4).

The binding of MoAbs 225.28, 657.9, and 902.5 appeared to
be largely dependent on the presence of sialic acid on the HMW-
MAA molecules, since following incubation with neuramini-
dase, melanoma cells Colo 38 reacted with none of the three
anti-HMW-MAA monoclonal antibodies (Fig. 5). This effect

Fig. 4. Mapping of determinants defined by MoAbs 225.28,902.5, and MoAb
657.9. Melanoma cells Colo 38 (1 x lO'/well) were incubated for 2 h at 20'C

with MoAbs 225.28 (A). 902.5 (B), and 657.9 (C). Cells were then tested for
their ability to bind '"Mabeled MoAbs 225.28 (â€¢),902.5 (â€¢),and 657.9 (O). Cell
bound radioactivity was measured in a gamma-counter.

-MOA"i.'Â¿maÂ¡^t'nnm1^1

iC]ii\IiÂ«TU*liÂ¡iÂ»>kI?1115^;Ã¯;iii

Fig. 5. Reactivity in the binding assay of control (column 1) and neuraminidase
(column 2), a-mannosidase (column 3), and a-glucosidase (column 4) treated
melanoma cells Colo 38 with the anti-HMW-MAA MoAbs 225.28, 902.5, and
657.9 and with the anti Â¡irmicroglobulin MoAb NAMB-1. Bars, SD.

does not appear to result from proteolysis (due to contamina
tion of the enzyme with proteases), since melanoma cells Colo
38 treated with neuraminidase did not change significantly in
their reactivity with the anti-fo-microglobulin MoAb NAMB-1
(Fig. 5). The reactivity of the latter had been previously shown
not to depend on the presence of sugar moieties (27). Treatment
of Colo 38 cells with a-mannosidase did not affect the binding
of MoAbs 225.28 and 657.9 to cells but diminished the binding
of MoAb 902.5 by 85% (Fig. 5). The binding of MoAbs 225.28,
657.9, and 902.5 was reduced by 50, 85, and 90%, respectively,
when melanoma cells were incubated with a-glucosidase (Fig.

5).
Immunodepletion experiments were then performed to ana

lyze the distribution of the epitopes recognized by MoAbs
225.28, 657.9, and 902.5 on the pool of HMW-MAA synthe
sized by melanoma cells Colo 38. To this end, 35S-labeled Colo

38 cells were solubilized, and the lysate was extensively depleted
of the HMW-MAA with one insolubili/ed monoclonal anti
body. The depleted supernatant was subsequently immunopre
cipitated with the other two monoclonal antibodies. The precip
itates were run on SDS-PAGE and the autoradiograms were
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Fig. 6. Scanning densitometric analysis of the M IN
PAGE electrophereiograms of the M, 250.000 component
of the HMW-MAA immunoprecipitated by monoclonal
antibodies. A, a lysate of "S-labeled cells Colo-38 immu

noprecipitated with MoAbs 225.28 (Column 3). 902.5
(Column 4), 657.9 (Column 5) following two sequential
immunodepletions with normal mouse IgG (Columns I
and 2). B, a lysate of "S-labeled cells Colo 38 immuno

precipitated with MoAbs 225.28 (Column 3). 902.5 (Col
umn 4), and 657.9 (Column 5) following two sequential
immunodepletions with MoAb 225.28 (Columns I and 2).
C, a lysate of "S-labeled cells Colo 38 immunoprecipitated

with MoAbs 225.28 (Column 3). 902.5 (Column 4), and
657.9 (Column 5) following two sequential immunodeple
tions with MoAb 902.5 (Columns I and 2). D, a lysate of
"S-labeled cells Colo 38 immunoprecipitated with MoAbs
225.28(Co/umn 3). 902.5 (Column 4). and 657.9 (Column
5) following two sequential immunodepletions with MoAb
902.5 (Columns I and 2).
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scanned. Since the M, > 450,000 subunit of the HMW-MAA
consistently appeared as a broad and diffuse band (Fig. la), the
concentration of the SDS-PAGE gel was chosen so that the M,
450,000 component would not enter the gel, thus eliminating a
serious source of inaccuracy in linear scanning of the autora-
diograms. The M, 250,000 component of the HMW-MAA was
therefore the only one in the autoradiograms which was
scanned. Incubation of the melanoma cell extract with MoAb
657.9 resulted in a complete depletion of the molecules recog
nized by MoAb 225.28 and of those recognized by MoAb 902.5
(Fig. 6). The latter antibody immunodepleted the cell extract
of 95 and 80% of the molecules recognized by MoAbs 225.28
and 657.9, respectively (Fig. 6). Finally, immunodepletion with
MoAb 225.28 reduced only by 15 and 25% the level of HMW-
MAA immunoprecipitated by MoAbs 657.9 and 902.5, respec
tively (Fig. 6).

To determine whether the heterogeneous distribution of the
epitopes recognized by the three monoclonal antibodies re
flected their differential expression on individual melanoma
cells, cultured cells were stained with each anti-HMW-MAA
monoclonal antibody and analyzed with a cytofluorograph.
Each antibody stained a comparable percentage of cells in each
cell line; specifically MoAb 225.28 stained 86 and 92% of cell
lines LI and IR6, MoAb 657.9, 85 and 91%, and MoAb 902.5,
82 and 92%, respectively (results not shown). These data argue
against the presence of multiple cell clones with distinct anti-
genie profiles.

Immunohistochemical studies were then performed to ana
lyze the distribution of the determinants recognized by MoAbs
225.28, 657.9, and 902.5 in normal tissues and malignant
lesions. The three determinants were expressed in the malpi-
ghian epidermal layer and in hair follicles but were not detected
in frozen sections of brain, thyroid, thymus, lung, liver, spleen,
ureter, testis, ovary, and peripheral nerves. No marked differ
ence was observed in the staining of nevi as well as primary and

metastatic melanoma lesions with MoAbs 225.28, 657.9, and
902.5 (Fig. 7; Tables 1 and 2). On the other hand the three
antibodies differed in their reactivity patterns with malignant
tumors other than melanoma; MoAbs 657.9 and 902.5 stained
some of the breast, endometrium, and prostate carcinomas and
sarcomas tested, while MoAb 225.28 stained none of them
(Table 3).

Additional experiments were then performed to determine
the effect of the combination of the three anti HMW-MAA
monoclonal antibodies on the staining of cultured melanoma
cells and surgically removed melanoma lesions. Cytofluoro-
graphic analysis of cultured melanoma cells incubated with the
combination of MoAbs 225.28, 657.9, and 902.5 showed a
marked increase of the intensity of staining, without any signif
icant change in the percentage of cells stained. Furthermore
staining of surgically removed melanoma lesions with the pool
of MoAbs 225.28, 657.9, and 902.5 markedly increased the
intensity of staining and changed the pattern from heteroge
neous to homogeneous in the majority of the lesions stained.
Representative results are shown in Fig. 8. Results are sum
marized in Table 4. These changes appear to be specific, since
one primary and one metastatic lesion were stained neither by
MoAb 225.28 nor by the combination of the three monoclonal
antibodies.

DISCUSSION

In recent years analysis of human melanoma cells with mono
clonal antibodies has revealed a significant degree of antigenic
heterogeneity among tumors originated from different individ
uals ( 19), among autologous mÃ©tastasesremoved from different
anatomic sites, among melanoma cells within a lesion, and
among clones derived from a cultured melanoma cell line (12,
14, 15, 28-33). Heterogeneity in the expression of the HMW-
MAA has also been documented, although its degree is lower
than that observed with other types of MAA and HLA antigens
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HETEROGENEITY OF HUMAN HMW-MAA

Fig. 7. Indirect immunofluorescence staining of nonconsecutive 4 uni acetone
fixed cryostat nonconsecutive sections of a metastatic melanoma lesion with
MoAbs 225.28 (top), 657.9. (middle), and 902.5 (bottom), x 1000.

in melanoma lesions (15, 28, 31, 33). In the present investiga
tion immunodepletion experiments have shown heterogeneous
distribution of the determinants recognized by MoAbs 225.28,
657.9, and 902.5 on HMW-MAA synthesized by a melanoma
cell line. Whether this heterogeneity of the HMW-MAA is also
present in surgically removed melanoma lesions could not be
determined, since the amount of tissue available was not suffi
cient to perform immunochemical studies. At any rate our
results do not reflect differences in the affinity of the three
monoclonal antibodies since they have similar affinity con
stants.4 Cytofluorographic and immunohistochemical analysis

of melanoma cell lines and surgically removed lesions has
shown that the subpopulations of HMW-MAA do not have a

Table 1 Expression of determinants recognized by MoAbs 225.28, 657.9, and
902.5 in benign and malignant lesions of melanocyte origin

Four-fitn acetone-fixed cryostat sections of surgically removed lesions were
stained in indirect immunofluorescence with the MoAbs 225.28.657.9, and 902.5.
Staining was scored as follows: negative, when no stain was detected even with
oil immersion objectives; trace, when the stain was weak; If when the stain was
dull.

Patient and type oftissueIntradermal

neviA.
L.B.I.C.E.G.I.G.

0.P.I.Blue

neviM.
A.N.

A.P.E.Primary

melanoma(histotype)A.
C. (nodularmelanoma)C.
E. (nodularmelanoma)D.
A. (superficialspreadingmelanoma)F.

1 . (nodularmelanoma)M.
I. (superficial spreading mel

anoma)R.
O. (lentigo maligna mela

noma)S.
A. (nodularmelanoma)Metastic

melanomaA.
B.CO.C.

T.D.
A.D.
V.F.
T.L.
G.L.
P.T.

RMoAb

225.281+I+-1+1

+1
+1+NegativeNegativeNegative1+1

+1+1-t-1+

net*1+1+Not

tested1
+1

+1+HetNot

tested1
+1+1+MoAb

657.91

+1
+1+1+1

+1
+NegativeNegativiNegative1+1+1

+1

+1+het1+1+NegativeNot

tested1
+1+HetNegative1

+1+1+MoAb

902.51

+1+1+1

+1
+1+NegativeNegativeNegative1+1

+1
+1+l+het1+1+Negative1

+1+1+HetTrace1

+1+1+

" bet, heterogeneous.

Table 2 Expression of the determinants recognized by MoAbs 225.28, 657.9, and
902.5 in autologous mÃ©tastasesremoved from different anatomic sites from

patients with melanoma
Four-urn acetone-fixed cryostat sections of surgically removed lesions were

stained in indirect immunofluorescence with MoAbs 225.28, 657.9, and 902.5.
Staining was scored as follows; negative, when no stain was detected; trace, when
the stain was weak; 1+, when the stain was dull; 2+ when the stain was bright.

PatientT.O.B.

0.Z.

A.CO.S.

I.Metastasis

no.123I2313411I256MoAb225.282+Trace1

+2+Trace1

+1+1+2+TraceHetTraceHetTraceTraceMoAb

657.92+2+1+1

+Trace1+2+2+2+1+1+2+1

+1
+Not

testedMoAb

902.52+Het"1+1+1+2+2+2+2+1+Het2+1+1

+Trace

4 Unpublished observation.

* Het, heterogeneous.

clonal distribution but are differentially expressed by melanoma
cells. These conclusions complement results of studies per
formed by us (12, 15, 28, 31) with conventional xenoantisera
and/or different monoclonal antibodies and by Morgan et al.
(14).

The cellular and molecular heterogeneity we have described
is not unique of HMW-MAA, since it has also been observed
with HLA Class II antigens (34, 35) and with carcinoembryonic
antigen (36, 37). Three mechanisms can underly microhetero-
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Table 3 Expression of determinants recognized by MoAbs 225.28, 657.9, and
902.5 in malignant tumors of nonmelanocytic origin

l-niir i/in acetone-fixed cryostat sections of surgically removed lesions were
stained in indirect immunofluorescence with MoAbs 225.28, 657.9, and 902.5.

TumorfromBrainParotidThyroidMammary

glandLungGastrointestinal

tractLiverKidneyUrinary

bladderProstateTestisOvary!â€¢

minim-iliumSkinSoft

tissuesMoAb

225.281/20"1/50/70/300/90/100/100/110/70/70/30/50/74/60/10MoAb657.91/80/50/61/120/50/70/70/70/40/71/40/50/54/61/3MoAb902.52/81/50/64/240/50/70/70/60/42/60/40/42/54/61/3

Â°Number of positive lesions/number of lesions tested.

...

Â»'{â€¢

Fig. 8. Indirect avidin-biotin immunoperoxidase staining of nonconsecutive
4 /un acetone fixed cryostat sections of a nodular melanoma lesion with MoAb
225.28 (A) and with an equivalent amount of the pool of MoAbs 225.28, 657.9,
and 902.5 (B), x 650.

geneity within a family of gene products. At the genomic level,
point mutations, multiple genetic loci, or multiple alÃelesat a
single locus may lead to the appearance of distinct gene prod
ucts. At the transcriptional level, differential splicing of specific
mRNA species may lead to protein heterogeneity (38, 39).
Finally, at the posttranscriptional level cotranslational and
posttranslational modifications of a protein may occur to a
different extent, thus generating antigens with an identical
primary structure but varying degree of processing. The anti-

Table 4 Increase in intensity of staining of surgically removed melanoma lesions
incubated with a pool of MoAbs 225.28, 657.9, and 902.5 to distinct determinants

of HMW-MAA

Four-^m acetone-fixed cryostat sections of surgically removed lesions were
stained in indirect avidin-biotin immunoperoxidase with an excess of MoAB
225.28 or with an equivalent amount of the pool of MoAbs 225.28, 657.9. and
902.5. Staining was scored as follows: negative, when no stain was detected: bare
trace, when a very weak stain was detected only in some areas of the section:
trace, when the stain was homogeneously weak: isolated, when isolated areas of
the section were stained; l+, when the stain was dull; 2+, when the stain was
bright.

StainingwithPatientM.

A.
M. R.
P.A.P.C.

L. A.
M. A.
P.I.
T. R.DiagnosisChoroid

melanoma
Aerai melanoma
Superficial spreading

melanoma
Nodular melanoma
Mestastasis
Metastasis
Metastasis
MetastasisMoAb

225.28Bare

trace
Negative
Trace,heterogeneous1

+. heterogeneous
Trace, heterogeneous
Isolated
1-K homogeneous
NegativeMoAbs

225.28,
657.9, and902.52+,

homogeneous
Negative
2-1-,homogeneous2-K

homogeneous
2-t-, homogeneous
2-K homogeneous
2+. homogeneous
Negative

genie heterogeneity of the HMW-MAA we have described
appears to be, at least partly, due to posttranslational glycosyl-
ation, since binding to the antigen of the monoclonal antibodies
tested strongly depends on the presence of sialic acid, and for
some of them, of mannose or glucose. The presence or absence
of sialic acid or other sugars on the molecules of some cell
surface antigens can have profound effect on the ability of
monoclonal antibodies to bind to the corresponding antigens
(40, 41). In the case of sialic acid, this may be due to its
negatively charged residue contributing a significant portion of
electrical charges which overall determine the binding affinity
of monoclonal antibodies to their corresponding epitopes. The
observed heterogeneity of the HMW-MAA may also reflect
other types of posttranslational modifications which do not
affect its isoelectric point. Furthermore, we do not know
whether the HMW-MAA represents a population of molecules
which are heterogeneous with respect to their amino acid se
quences. Such differences, if they exist, may be revealed by
molecular cloning and sequencing of the gene(s) encoding the
HMW-MAA.

An unexpected finding of our investigations has been the
differential cross-reactivity of the three anti-HMW-MAA
monoclonal antibodies with malignant tumors of nonmelano
cytic origin. Since the limited amount of tissue available did
not allow us to define the molecular basis of these serological
cross-reactions, we do not know whether they represent reaction
of monoclonal antibodies with determinants of unrelated anti
gens or changes in the antigenic profile of HMW-MAA ex
pressed by various types of tumors. The latter possibility is
supported by the differential cross-reactivity of MoAbs 225.28,
657.9, and 902.5 with guinea pig melanoma cells.5

The present investigation has analyzed for the first time the
effect of combinations of monoclonal antibodies to distinct
determinants of the HMW-MAA on the sensitivity of immu-
nohistochemical assays to stain melanoma lesions. The results
we have presented clearly indicate that such an approach can
markedly increase the intensity of staining without significantly
changing the percentage of cells stained. Studies in progress
indicate that the in vitro binding of radioactivity is also in
creased when melanoma cells are incubated with combinations
of radiolabeled monoclonal antibodies to distinct determinants

5S.-K. Liao. J. W. Smith, P. C. Kwong, P. G. Natali. M. Kusama, C. V.
Hamby, and S. Ferrane. Crossreactivity of anti-human high molecular weight
melanoma-associated antigen (HMW-MAA) monoclonal antibodies with guinea
pig melanoma cells, submitted for publication.
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of the HMW-MAA. Our conclusions parallel those obtained
by Krizan et al. (42) who have shown an increase of the in vitro
labeling of melanoma cells which had been incubated with
combinations of monoclonal antibodies to distinct MAA. How
ever, in the latter study and in our own a number of melanoma
cells both in cell lines and in surgically removed lesions re
mained unstained even when combinations of antibodies were
utilized. They will represent the source of false negative results
and failures of immunodiagnostic and immunotherapeutic ap
proaches with anti-MAA monoclonal antibodies. It will be
important to determine whether these melanoma cells have a
poor expression of MAA in general or whether they express
MAA different from the ones identified by the monoclonal
antibodies utilized in these investigations.
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