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ABSTRACT

A cytoplasmic glycoprotein, originally identified by the monoclonal
antibody 465.12S in melanoma tumors, is significantly increased in
epithelial cells of different histotype following transformation. In the
present study we show that the cytoplasmic melanoma associated antigen
(cyt-MAA) is drastically enhanced in lymphoid cells by polyclonal and
allogeneic stimulation, as well as by transformation.

Normal I -cells with helper and suppressor phenotype are far more
susceptible than B-cells to this enhancement. However, among trans
formed lymphoid cells, the expression of the cyt-MAA does not correlate
with lineage, but rather with stage of differentiation. Acute lymphoblastic
leukemias represent the only exception, since in these lymphoid malig
nancies cyt-MAA levels are highly heterogeneous even within groups of
phenotypically similar lesions.

Thus, the expression of the cyt-MAA is shared by cells of distant
embryological origin in early stages of their differentiation and/or during
proliferation. Quantitation of the cyt-MAA may provide useful informa
tion for the classification of some lymphoid malignancies.

INTRODUCTION

A number of unexpected cross-reactions among cells of dif
ferent embryological origin have been found by applying mono
clonal antibodies to the phenotypic characterization of human
neoplasms (for review see Ref. l). Specifically, cells of lymphoid
and nonlymphoid origin share molecules such as the transferrin
receptor (2), the B2 antigen of the OK series (3), the so called
epithelial membrane antigen (4), and a number of other mole
cules defined by MoAbs3 (5-7). Melanoma cells have been

shown to inappropriately express the Thy 1 antigen (8), class
II products of the major histocompatibility complex (9,10), the
CALLA (11) and, within the same group of lymphoid malig
nancies, a distinct antigen identified by MoAb BA-2 (12). Even
though the functional relevance of most of these reactivities
remains unclear, sharing of some epitopes is of interest in that
it might represent a common denominator for normal as well
as pathological processes in different cell lineages.

In the course of the analysis of the reactivity pattern of MoAb
465.12S, we unexpectedly found that this antibody consistently
cross-reacts with lymphoid cells in long term culture, although
it binds only to a very limited extent to freshly isolated normal
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lymphoid cells. We therefore compared the molecular profile
of the cyt-MAA synthesized by lymphoid cells with that of the
cyt-MAA synthesized by melanoma cells. Furthermore, we have
investigated whether the cyt-MAA can be upregulated in normal
lymphocyte subpopulations by poly- and oligo-clonal activation
and characterized its distribution in T- and B-cell malignancies.

MATERIALS AND METHODS

Monoclonal Antibodies. MoAb 465.12S is secreted by a hybridoma
developed with splenocytes from a BALB/c mouse immunized with
cultured human melanoma cells (13). Monoclonal IgG2a immunoglob-
ulins were purified from ascitic fluid by affinity chromatography on
SpA (14). Immunoglobulin molecules were labeled by the chloramine
T method (IS) at a specific activity of 5 Â¿iCi/Mg.Protein concentration
of the I25l-labeled monoclonal antibody solution was measured by the

Lowry method (16). MoAb OKT4 and OKT8 recognizing helper/
inducer and suppressor/cytotoxic T-cells, respectively, and MoAb
OKB-cALLA to the CALL antigen, were purchased from Ortho Diag
nostics (Raritan, NJ).

Human Cell Lines. The T-lymphoid cell line Molt-4; the B-lymphoid
cell lines HL-76, JY, LB-1, and LG-2; the lymphoid cell line WI-L2
with characteristics of B- and T-cells (17); the myeloid cell line U-937;

the erythroleukemic cell line K562; and the melanoma cell line Colo
38 were grown in suspension in RPMI 1640 medium (GIBCO, Grand
Island, NY) added with 10% fetal calf serum, and 2 mM L-glutamine.

Normal and Neoplastic Lymphoid Cells and Tissues. Normal and
neoplastic lymphoid cells were obtained from the peripheral blood of
healthy donors and of patients with leukemia, respectively. Normal
lymphoid tissue was obtained from uninvolved lymphoid organs of
patients with solid tumors and of patients undergoing diagnostic biopsy
evaluation. Neoplastic lymphoid tissue was obtained from lymph nodes
of patients with malignant lymphoma. Lymphoproliferative diseases
included eight T-cell malignant lymphomas, two cases of Sezary's

syndrome, three thymomas, two T-chronic lymphocytic leukemias, four
T-acute lymphocytic leukemias, 13 B-cell malignant lymphomas, 20 B-
chronic lymphocytic leukemias, one hairy cell leukemia, two myelomas,
and 19 lymphoid malignancies lacking classical T-lymphocyte markers
and SIg. All SIg" malignancies presented clinically as ALL. Some of
these cases have been previously described (18). Ten cases of Hodgkin's

lymphoma and four acute myeloid leukemias were also included in the
panel.

Isolation of Normal and Neoplastic Lymphoid Cells from Peripheral
Blood and Tissues. Normal and neoplastic lymphoid cells were isolated
from peripheral blood by Ficoll-Hypaque (Lymphoprep, Oslo, Norway)
density gradient centrifugation, and were either cytocentrifuged at 100
x g for immunohistochemistry or solubilized by nonionic detergent
lysis within 2 h from isolation for double determinant immunoassay
testing, as described below. Alternatively, prior to solubilization, cells
were cryopreserved in liquid nitrogen in the presence of 10% dimeth-
ylsulfoxide, using the Cryomed programmed freezing system. The
viability of cryopreserved cells after thawing was greater than 85%, as
judged by trypan blue exclusion, and the cell surface membrane proteins
and cytoplasmic enzymatic activities were intact by comparative anal
ysis before and after cryopreservation.

Normal and neoplastic tissues to be processed for immunohisto
chemistry were snap frozen in liquid nitrogen, then 4-Mmthick cryostat
sections were cut and fixed for 10 min in cold absolute acetone. Sections
were either stained on the same day or stored at -20Â°Cfor a maximum

of 3 months. For DDIA testing, tissue was teased apart in RPMI 1640

5175

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2428900/cr0470195175.pdf by guest on 19 M

ay 2023



ANTIGEN SHARING IN MELANOMA AND LYMPHOID TUMORS

medium until cells were separated from the connective tissue stroma
and filtered through a Tinenet gauze. Then, a mononuclear suspension
of greater than 95% viability and free from contaminating erythrocytes
was prepared by Ficoll-Hypaque density gradient centrifugation. Cry-
opreservation was performed as above.

Nonionic Detergent Solubilization of the cyt-MAA. Solubilization of
the cyt-MAA was performed by incubating normal and neoplastic cells
at a concentration of I x 10*/ml in phosphate (0.01 \i| buffered (pH

7) saline (0.15 MI solution containing 1% Renex 30 (Atlas, Houston,
TX) and 100 MMphenylmethylsulfonyl fluoride at 4Â°Cfor 45 min. The

extracts were cleared by centrifugation at 7000 x g for 5 min. In the
case of cultured melanoma and lymphoid cells, Solubilization was
performed at a concentration of 1 x 107/ml.

Isolation of Normal (,ninnino tes. Platelets, Monocytes, and Purifi
cation of Lymphocyte Subsets. Peripheral blood mononuclear cells were
isolated from healthy donors by differential centrifugation on a Ficoll-
Hypaque gradient. Granulocytes were recovered by lysis in Tris-NH4Cl
(0.17 M, pH 7.2) solution of erythrocytes present in the pellet formed
during Ficoll-Hypaque centrifugation of PBMCs. Platelets were ob
tained by differential centrifugation from mononuclear cells after Ficoll-
Hypaque centrifugation. Monocytes were isolated by Percoli gradient
flotation as described (19). Lymphocytes were separated into E* and
E~ populations by sequential rosetting with sheep red blood cells treated

with 2-aminoethylisothiouronium bromide hydrobromide (AET; Sigma
Chemical Co., St. Louis, MO) on a Ficoll-Hypaque gradient followed
by ammonium chloride lysis of sheep red blood cells (20). Monocytes
contaminating the E~ fractions were removed by adherence to plastic

dishes for 1 h. Selection of T-cell subsets was obtained with indirect
panning either on MoAb OKT4 or on MoAb OKT8 bound to polysty
rene 6-well plates precoated with affinity purified goat antibodies to
mouse Ig, as described (21). Cells were incubated at a concentration of
1.5 x 10'/ml for 70 min and detached from MoAb-activated dishes by
means of 10% heat-inactivated normal mouse serum.

Lymphocyte Activation. PBMCs or T-lymphocytes (1 x 106/ml) in

RPMI 1640 medium (Flow Italia, Settimo, Milano, Italy) containing
10% fetal calf serum, 2 mM glutamine, gentamycin, (10 Mg/ml) were
stimulated in plastic culture flasks (Falcon, Labware, Becton and Dick
inson, Grenoble, France) (1 x 107/flask) with either PHA-P (Difco,

Detroit, MI) or PWM (Sigma Chemical Company, St. Louis, MO) at
a final concentration of l Mg/ml. B lymphocytes were stimulated by
SpA (Pharmacia, Uppsala, Sweden) at a final concentration of 20 Â¿ig/
10* cells/ml. Incubation with mitogens was for 96 h at 37'C. At the

end of the incubation, cells were washed three times with RPMI 1640
medium containing 0.5% methyl-D-mannoside in order to reduce cell
agglutination. After centrifugation at 100 x g in a cytocentrifuge they
were fixed with cold absolute acetone for 10 min and used for III.
Alternatively, they were solubilized by nonionic detergents in order to
be tested for cyt-MAA content by DDIA. Unidirectional MLRs were
performed by culturing PBMCs in plastic culture flasks at a concentra
tion of 1 x 106/ml with an equal number of irradiated allogeneic

PBMCs in a total volume of 10 ml of RPMI 1640 medium supple
mented as described above. Control MLRs include coculturing of
irradiated stimulator and autologous responder cells. Cells were incu
bated for 6 days at 37Â°Cand then processed as above in order to be
submitted to III and DDIA. Incorporation of [3H]thymidine (specific

activity, 19 Ci/mmol; Amersham, the Radiochemical Centre, UK) was
monitored in micromethod during mitogen activation and MLR stim
ulation as well, by 18-h pulses with 0.5 /iCi/2 x IO5cells per sample,

in triplicates.
Serological Assays. Indirect immunofluorescence on cryostat sections

was performed as described (9). Cell surface and cytoplasmic determi
nants reactive with monoclonal antibodies were demonstrated by either
III or the avidin/biotin/peroxidase three-layer technique (22), using
fluorescein-conjugated I (ah' ), antibody fragments of affinity purified,
(AB* Kir ) human red blood cell absorbed rabbit antimouse IgG anti

bodies (Cappel, Cochranville, PA), and the Vectastain ABC Kit (Vector
Laboratories, Burlingame, CA), respectively. Double labeling proce
dures were performed by sequential staining with the ABC kit (surface
markers) and MoAb 465.12S followed by rabbit antimouse Ig antibody
conjugated to horseradish peroxidase. The DDIA for the quantitation

of the cytoplasmic MAA in soluble extracts and culture supernatants
was performed as described (23) using MoAb 465.12S both in the solid
phase and as a radiolabeled tracer. Either 50 P\ of soluble cell extract
(corresponding to 5 x IO6cells), or 200 /Â¿Iof tissue culture supernatant

were tested in duplicate in the DDIA.
Radiolabeling of Cells and Immunoprecipitation. Cultured T lymph-

oid cells MOLT-4 and melanoma cells Colo 38 were suspended at 4 x
106/ml in leucine-free RPMI 1640 medium, supplemented with 10%
dialyzed fetal calf serum and 2 HIML-glutamine. After 2 h incubation
at 37Â°C,cells were washed once with Hanks' balanced salt solution and
resuspended at a concentration of 4 x 106/ml in medium containing
[3H]leucine (25 fiCi/ml). At the end of 18 h incubation at 37*C, cells
were washed three times with Hanks' balanced salt solution and solu
bilized at a ratio of 1 x 107/ml, by incubation in a solution containing

nonionic detergent as described above. Cell extracts were incubated for
2 h at 4Â°Cwith 10 /il of packed SpA sepharose 4B beads precoated

with 10 Mg of monoclonal antibody. After extensive washings with
buffer at pH 7.4 containing 1% Renex 30, 50 IHMTris, 150 mM NaCl,
5 mM EDTA, 0.03% NaN3, and 1% bovine serum albumin, antigens
were eluted with 150 mM Tris buffer (pH 6.8) containing 2% SDS and
2% 2-mercaptoethanol. SDS-PAGE was performed in a 7.5% polyac-
rylamide gel in reducing conditions utilizing the discontinuous buffer
system described by Laemmli (24). Gels were fluorographed as de
scribed by Bonner and Laskey (25).

RESULTS

Expression and Molecular Profile of the cyt-MAA Synthesized
by Lymphoblastoid Cell Lines. DDIA testing of soluble extracts
and tissue culture supernatants of cultured lymphoid cell lines
detected the cyt-MAA only in MOLT-4 and WI-L2, though at
levels much lower than in melanoma cells (Fig. 1, left). Accord
ingly, SDS-PAGE analysis of MoAb 465.12S immunoprecipi-
tates from [3H]leucine-labeled cell extracts shows that MOLT-
4 cells synthesize the cyt-MAA antigen in lower amounts than
do melanoma cells. Cyt-MAA molecules migrate as a broad
smear with an apparent molecular weight of 70,000-to 75,000
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Fig. l. Cell content, shedding, and molecular profile of a cyt-MAA in lymph
oid cell lines. Nonionic detergent Renex 30 soluble extracts (D). in the amount
of SO ill (equal to 5 x 10s cells), and spent media (â€¢).in the amount of 200 ,il.
from cultured melanoma (Colo 38), T-lymphoid (MOLT-4), B lymphoid (WI-
L2, HL-76, LB-1, LB-2, and LG-2), myeloid (U-937), and erythromyeloid (K562)
human cells. Extracts and media were tested for their cyt-MAA content in a
DDIA, using MoAb 465.12S both as catcher and radiotracer. Results are expressed in nanograms of '-'M MoAb 465.12S bound. Entity of radiolabeled

precursor incorporation over a 24-h pulse and molecular profile of the cyt-MAA
were comparatively assessed in Colo 38 melanoma and Molt-4 T lymphoid human
cell lines by SDS-PAGE analysis of MoAb 465.12S immunoprecipitates of soluble
extracts from equal numbers of [3H]leucine labeled cells. Right, fluorography of
the gel: lanes 1 and .'. control immunoprecipitates in absence of specific antibody;
lanes 2 and 4, MoAb 465.12S immunoprecipitates.
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Table 1 Cytoplasmic MAA levels in normal adult and fetal lymphoid tissues

PBMCE*
lymphocytesE~
lymphocytesGranulocytesMonocytesPlateletsTonsilThymusSpleenLymph

nodesFetal
liverBone

marrow<0.056202120115DDIA0>0.05

andsO.504020100000NT"NTX>.500000002000IIP*0/90/20/20/21/20/32/2'0/10/30/50/10/1

Â°ng of bound 125Iantibody/5 x IO6cells.
* Indirect immunofluorescence on cytospins or cryostat sections (number of

positive reactions/total).
' Epithelial portion.
' NT, not tested.

consisting of two subunits which are poorly resolved by the
7.5% reducing SDS-PAGE (Fig. 1, right).

Expression of the cyt-MAA in Normal Lymphoid Tissues and
Cells. Normal adult lymphoid tissues and cells were largely
unreactive with MoAb 465.12S in IIP on cryostat sections and
cytospins, respectively, while DDIA of soluble extracts con
firmed these data. The two assays, in fact, concordantly detected
no reactivity for cyt-MAA (Table 1) except for some slight
positive reactions detectable only by DDIA in four PBMC
samples, and for the low cyt-MAA expression detected by both
IIP and DDIA (0.25 ng/5 x 10" cells) in one of two samples of

human monocytes from healthy donors. Pharyngeal tonsils
from two different individuals were consistently reactive in
DDIA. It should be noted, however, that by means of IIP the
cyt-MAA was localized exclusively in the tonsillar epithelium,
the lymphoid portion of the tonsil being devoid of the antigen.
The mean values Â±SD of unstimulated PBMCs were 0.14 Â±
0.13 ng of MoAb 465.12S bound to 5 x IO6cells in the DDIA.
The confidence limits for these values (t < 0.05) were equal to
the mean Â±0.09 ng.

Induction of cyt-MAA Expression in Lymphocytes Activated
by Mitogens and Allogeneic Stimulation. Preliminary experi
ments showed that permanence in vitro up to 96 h did not alter
the cyt-MAA content of PBMCs. Therefore, PBMCs in toto,

or purified T- and B-lymphocytes, were stimulated in culture
for 96 h with PHA, PWM, or alternatively, with SpA, the
former two mitogens known to be preferentially active on T-
lymphocytes, the latter one on B-lymphocytes (26). Results,
summarized in Table 2, show that IIP on cytocentrifugates and
DDIA on soluble extracts did not detect any or detected only
extremely low levels of the cyt-MAA in unstimulated PBMCs,
E*, and E~ lymphocytes. The cyt-MAA was induced or en

hanced 3- to 4-fold by stimulation with PHA, PWM, and SpA.
These findings were reproducible in at least 14 experiments
with lymphocytes obtained from different donors. The mean
values of cyt-MAA expression in six PBMC samples before and
after activation with PHA were 0.09 Â±0.08 (SD) and 0.48 Â±
0.16 respectively of MoAb 465.12S bound to 5 x 10' cells.
Confidence limits (i < 0.05) were 0.09 Â±0.07 and 0.48 Â±0.14
ng, respectively.

Thus, statistical analysis shows that the estimated deviations
from the means in unstimulated and PHA activated PBMCs
do not overlap, in that the upper limits of SD and confidence
limits of the former (0.17 and 0.16 ng, respectively), are consis
tently lower than the lower limits of the latter samples (0.32
and 0.34 ng, respectively). This is also true when a larger
number of PBMCs from normal donors is considered, as in the
previous paragraph, in which the normal PBMCs values were
0.14 Â±0.13 ng/1 x IO6cells. It should be noted, however, that
the ranges of values of unstimulated and PHA-activated
PBMCs do overlap. Therefore, the individual variability of
resting PBMC isolates suggests caution in estimating lectin
induced variations of cyt-MAA levels unless pretreatment val
ues are available. The induction (or increase in the levels) of
the cyt-MAA as detected by DDIA, is consistent with HF
testing, which detected no cyt-MAA in unstimulated controls
(Table 2 and Fig. 2, A and B) and moderately intense granular
staining localized to the cytoplasm in 90 and 15% of PHA (not
shown) and PWM (Table 2 and Fig. 2Ã‡)stimulated PBMCs,
respectively. When a E+ lymphocyte population was assayed,

the percentage of positive cells following PHA and SpA stim
ulation rose to 100 and approximately 80%, respectively. Dif
ferently from T-lymphocytes, E~ lymphocytes exhibited scarce

sensitivity to SpA-mediated increase of cyt-MAA expression,
since only 10 to 14% of the cells became reactive in IIP
following stimulation (Table 2). The different efficacy of cyt-

Table 2 Induction or enhancement of cytoplasmic MAA expression by polyclonal and oligoclonal activation of lymphoid cells

Before activation

Case Activation DDIAÂ° HF4

" Nanograms of I25IMoAb 465.12S bound 1 x 10*cells in a double determinant immunoassay.
6 Percentage of positive cells in indirect immunofluorescence.
' ND, not determined.
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After activation

DDIA III

PBMCPBMCE*

lymphocytesE*

lymphocytesE~

lymphocytesPBMC.

vs.PBMCbPBMC.

Â»J.PBMC.12345612121212123412PHAPHAPHAPHAPHAPHAPWMPWMPHAPHASpASpASpASpAMLRMLRMLRMLRControlControl<0.05<0.05<0.05<0.050.100.250.260.38<0.05<0.05NDND0.260.24<0.05<0.05<0.05<0.05<0.05<0.050%0%0%0%NDND0%ND0%0%0%0%0%0%0%0%0%ND0%ND0.230.490.550.620.330.680.901.320.760.84NDNDNDND0.200.20<0.05<0.05<0.05<0.05NDC90%ND90%NDND15%ND100%100%84%80%10%14%20%20%0%ND0%ND
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Fig. 2. Indirect immunofluorescence stain
ing of lymphoid cells with MoAb 465.12S to
a cyt-MAA. Unstimulated freshly drawn
PBMCs were totally unreactive (compare A to
the phase contrast microphotograph of A) over
a range of MoAb 465.12S concentrations.
Only two of the PWM activated (72 h) PBMCs
shown in C displayed a weak granular staining
(arrows). In D, three cyt-MAA positive blasts
(arrows) are seen in a cytospin of responder
PBMCs of a MLR (6 days). One of them (left)
displays an intense granular fluorescence dif
fused to all the cytoplasm, the remaining two
only isolated granules localized to the perinu-
clear area. Three PHA-activated suppressor T-
lymphocytes (E) enriched by panning on pol
ystyrene dishes precoated with MoAb OKT-8
are strongly and diffusely stained by MoAb
465.12S with a peculiar granular pattern. Note
that the photographs A, C, and D are deliber
ately overexposed (five to 10 times exposures
of E) to better visualize negative cells which
under these conditions display a faint fluores
cence with no appearance of granular struc
tures. (Magnification: A and B, x 640; C to E,
x 1000).

MAA induction in T- and B-cells is not likely to arise from
different intrinsic potencies of SpA on the different subsets,
since ['Hjthymidine incorporation does not differ significantly
in SpA stimulated T- and B-lymphocytes (not shown).

PBMCs were stimulated in MLC by coculturing responder
and irradiated stimulators from unrelated donors for 6 days,
then processed for either IIP or DDIA testing. Control cultures
were set up with autologous irradiated stimulators. While such
controls were scored negative both in IIP and DDIA for cyt-
MAA expression, in two cases of MLR out of 4, 20% of
responder cells were weakly but clearly stained by MoAb
465.12S (Fig. 2D) and showed significant amounts of cyt-MAA
in DDIA (Table 2). Highest levels of cyt-MAA induction, were
found in MLR cultures which displayed the highest stimulation
index (not shown).

Identification of the cyt-MAA in T-Cell Subsets. These exper
iments were done with the aim of establishing whether induc
tion of the cyt-MAA was restricted to T-cell subsets. Thus, T4+
and T8+ subsets were isolated by panning from T-lymphocytes

cultured for 96 h in vitro in the presence of PHA. Cells from
both the immunoselected and unbound populations were cyto-
spun and stained with MoAb 465.12S. More than 90% of T4
as well as T8 positive cells exhibited a moderately intense
granular cytoplasmic fluorescence. The cell population left in
the supernatant after T4 or T8 panning were found to be more
than 96% depleted of cells bearing the antigen immunoselected
for, and were stained with comparable intensity, and in a
percentage higher than 90% by MoAb 465.12S (Fig. IE).
Alternatively to panning procedures, PHA-stimulated T-lym
phocytes were sequentially stained using either MoAb OKT4
or OKT8 in the first step, and MoAb 465.12S in the second
step of a double labeling procedure. One hundred % of OKT4
or OKT8 positive cells were also positive for MoAb 465.12S
(not shown).

Expression of the cyt-MAA in Benign and Malignant Lym-
phoproliferative Diseases. In order to ascertain whether the cyt-
MAA might be induced in proliferative disorders of the hemo-
poietic system, cells were obtained from a variety of benign and
malignant lesions of lymphocytic and nonlymphocytic lineage,
solubili/al by nonionic detergent, and submitted to quantitative
analysis for cytoplasmic MAA content by DDIA. Testing of
benign and malignant lymphoproliferative diseases resulted in
experimental values which ranged from undetectable to 15 ng
of bound antibody per 5 x IO6 cells. In Fig. 3 results obtained

by DDIA testing of normal lymphoid tissues (see Table 1) are
also shown.

Benign lesions (two lymph nodes from patients with toxo-
plasmosis and nine hyperplastic lymph nodes) exhibited levels
of cyt-MAA higher, on the average, than levels found in normal
lymph nodes or PBMCs, and lower, in 10 out of 11 samples,
than 0.50 ng of bound MoAb 465.12S per 5 x IO6cells. Since

this value exceeds that of the mean for normal PBMCs by more
than 2 SD, it was selected as a suitable cut-off level (Fig. 3).

All nine T-cell malignancies displaying phenotypes shown to
represent the more mature stages of T-cell differentiation
(either T3+ T4+ or T3+ T8+) (27), were found to express cyt-

MAA at levels comparable to those found in benign lesions of
lymph nodes. On the other hand, four out of 10 T-cell malig
nancies lacking both T4 and T8 antigens and belonging to
immature phenotypes, exhibited elevated levels (3.5-8 ng of
bound MoAb 465.12S/5 x IO6cells) of cyt-MAA in the DDIA.
Therefore, levels of cyt-MAA significantly higher than cut off
levels are detectable in 40% of the T-cell malignancies of
immature phenotype only.

Out of 33 cases of lymphocytic malignancies positive for cell
surface immunoglobulin (SIg+), 19 were found to be negative

and 14 slightly positive (within or just above cut off levels) for
the cyt-MAA. The B-chronic lymphocytic leukemia group ex-
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Fig. 3. Cyt-MAA levels in a representative panel of nonmalignant and malig

nant lymphoid tissues and cells. A DDIA with MoAb 46S.12S used both as
catcher and '"I-labeled radiotracer was used to detect the cyt-MAA in nonionic
detergent Renex 30 soluble extracts (5 x IO6 cells/sample) from normal and

nonmalignant (left) as well as malignant (right) lymphoid tissues and cells. Normal
lymphoid tissues and cells include peripheral blood mononuclear cells from
healthy donors and cells isolated from noninvolved lymph nodes of patients with
malignant tumors (O), isolated normal granulocytes, monocytes and platelets (A)
and cells of a normal thymus (D). Benign lesions of lymph nodes include two
hyperplastic lymph nodes in patients with toxoplasmosis and nine benign hyper-
plasias of undetermined nature. Lymphoid malignancies Â»II cell (eight T-chronic
malignant lymphoma, two Sezary's lymphomas, two thymomas, two T-chronic
lymphocytic leukemia, and four T-ALL) and of B-cell (13 H chronic malignant
lymphoma, 20 chronic lymphocytic leukemia, and 19 ALL) origin, are classified
according to their maturation stage as defined by OKT and SIg markers, respec
tively (see text). Surface Ig~ malignancies included four cases of uALL (â€¢),12
cases of cALL (O), and three cases of pre-B ALL (C). Nonlymphocytic malignan
cies included four acute myelogenous leukemia and 10 Hodgkin's lymphoma
samples. Results are expressed in nanograms of ' '"I labeled tracer antibody bound

to the cyt-MAA insolubilized onto 96-well Polyvinylchloride microtiter plates by
the homologous catcher antibody. Bars and arrows pointing to a bar, respectively,
means Â±SD of independent series. Cut off levels ( ) were established at
0.50 ng of 125IMoAb 465.12S bound. Only one out of 32 cases from either
normal lymphoid tissues and cells (see also Table 1) or lymph node lesions of
benign nature exhibited a higher binding. The lower threshold for cyt-MAA
detection in the DDIA is at 0.05 ng of bound antibody per well: below this value
the cyt-MAA is not detectable (nd). The scale between 0.05 and 0.50 ng is
expanded 2x.

hibited a trend for lower cyt-MAA expression (ranges from
<0.05 to 0.22 ng/5 x IO6cells) as compared to the B-malignant
lymphoma group (ranges from <0.05 to 0.58 ng/5 x IO6cells).
In contrast, levels higher than 0.50 ng/5 x IO6 cells of bound
antibody were detected in 14 of 19 cases of SIg~ lymphocytic

malignancies. All lesions in this latter group presented clinically
as ALL. Therefore, also in the B-cell compartment, triggering
of expression of the cyt-MAA was preferentially associated with
immature phenotypes. ALL were further subdivided into three
groups: pre B-ALL, CIg+ (three cases), common ALL (CIg~,
CALLA*) (12 cases), and unclassified ALL lacking CIg and
CALLA (four cases). Cyt-MAA levels in unclassified ALL
(0.73, 1.88, 2.59, and 8.71 ng of bound MoAb, respectively),
were invariably higher than in the pre-B-group (<0.05, <0.05,
and 0.66 ng respectively); c-ALL were scored from negative to
15 ng of bound I25I MoAb 465.12S, thus encompassing the

whole range of values detected by DDIA in lymphoproliferative
diseases.

Nonlymphoid Malignancies and Hodgkin's Lymphoma. All
four acute myeloid leukemias and five out of 10 Hodgkin's

lymphomas tested exhibited levels of cyt-MAA higher than 0.5
ng/5 x IO6 cells. Furthermore, none of these lesions was cyt-

MAA negative. No correlation was found between histological
subtypes of patients with Hodgkin's disease and cyt-MAA levels

of the neoplastic lesions.

DISCUSSION

The cytoplasmic antigen recognized by MoAb 465.12S, for
merly selected as a marker of human melanoma tumors and
proliferating epithelia (13) has been shown in the present study
to be shared also by lymphocytes, following either mitogen and
allogeneic activation, or malignant transformation. The deter
minant recognized by MoAb 465.12S on the cyt-MAA is carried
by very similar molecules in cells of melanoma and lymphoid
lineage, as suggested by two lines of evidence. Firstly, the
pattern detected in SDS-PAGE analysis of immunoprecipitates
from the cultured T-lymphoid cells MOLT-4 is not obviously
different from that of melanoma cells. Secondly, the antigen
solubilized from lymphoid cells can be detected and quantitated
by a DDIA which relies on the presence of a repetitive deter
minant on the cyt-MAA molecule. Thus, if cross-reactivity
occurred, it would require sharing of more than one region of
homology among unrelated molecules.

The cyt-MAA, which is either undetectable or detectable at
extremely low levels in resting normal lymphocytes, is consis
tently upregulated by activation and/or malignant transforma
tion. It displays, however, a distinct pattern of T- versus B-cell
distribution in normal lymphocytes on one hand, and malignant
cells of lymphocyte origin on the other. In fact, by activation
with T- and T-B-cell mitogens such as PHA and SpA (26)
respectively, the cyt-MAA can be consistently augmented in
normal T-cells of helper as well as suppressor phenotype, but
only to a limited extent in B-cells. On the contrary, among
lymphoproliferative diseases, the cyt-MAA was found in con
siderable amounts not only in malignancies of T-, but also of
B-cell origin. In addition, the cyt-MAA was found to be ex
pressed also in nonlymphoid malignancies. This broad distri
bution suggests that this antigen, present at very early stages
on hemopoietic precursors, might subsequently be lost, and, in
terminally differentiated T-lymphocytes, reacquired, at lower
levels, only upon exposure to appropriate stimuli. Therefore,
the differentiation state of the cell, according to this model,
would be mainly responsible for the constitutive expression of
the cyt-MAA. It should be noted, however, that in addition to
differentiation, the process of transformation may have consid
erable relevance in eliciting high levels of this antigen. In fact,
the cyt-MAA was undetectable, by III testing, in adult normal
bone marrow and fetal hemopoietic tissues (Table 1).

From its molecular profile, cellular distribution and the char
acteristics of its functional induction, the cyt-MAA appears to
be an additional marker of cells of the lymphoid lineage. Its
specific value resides in the possibility of detecting by serolog-
ical means activation and/or transformation of lymphoid cells.
In the first instance, it is of some interest that the cyt-MAA
levels detected by DDIA in lymphocytes activated by mitogens
or MLR, correlated with the extent of their [3H]thymidine

uptake. In this context the availability of a DDIA might provide
an additional approach to quantitatively evaluate activation
states of the lymphocyte. A second possible use of MoAb
465.12S to the cyt-MAA is the phenotyping of lymphoid ma
lignancies. While in leukemias and lymphomas most monoclo
nal antibodies define differentiation stages which recapitulate
the normal T- and B-maturation pathways, MoAb 465.12S to
the cyt-MAA recognizes, irrespectively of their lineage, both T-
and B-lymphoid malignancies, provided they are at early mat-
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uration stages, before loss of the T6 marker and SIg+ conver

sion, respectively.
Because monoclonal antibody-defined markers of early B-cell

differentiation are relatively fewer compared to T-cell markers
(28), it is of some interest that phenotyping for the cyt-MAA
can subdivide ALL into groups which do not completely overlap
with the three classically recognized groups of uALL, cALL,
and pre-B ALL. While in uALL the levels of the cyt-MAA were
invariably higher that in pre-B ALL, in cALL the levels of cyt-
MAA ranged from high to undetectable. Therefore, in ALL,
the association between poor differentiation and high levels of
this marker does not seem to completely hold. This finding
raises, therefore, the question as to whether cyt-MAA testing
might provide an additional classification method for c-ALL,
and whether different levels of cyt-MAA might correlate with
certain biological features of malignant lymphoid cells such as
their growth rate, clonogenic potential, and sensitivity to treat
ment.

As for most of the markers thus far identified by monoclonal
antibodies in solid tumors, the function of the cyt-MAA is
unknown. From a general viewpoint, it should be noted that
the enhancement of the cyt-MAA in activated normal lympho
cytes and in malignant lymphoid cells is reminiscent of the
behavior of certain oncogenic proteins in humans and their
homologues specified by murine retroviruses (29). However,
the activation of these latter products is often tissue specific,
reflecting, most likely, the host range of their carriers (30). On
the contrary, accumulation of the cyt-MAA occurs in cells of
very different lineage, thus arguing against any analogy in the
mechanisms of induction and/or maintenance of tumorigenicity
between the insofar recognized protein products of oncogenes
and the cyt-MAA.

Recently, the subcellular localization of the cyt-MAA was
identified as the rough endoplasmic reticulum and the cyto-
plasmic matrix of melanoma cells (31). It is likely, therefore,
that the cyt-MAA might have some basic role related to biosyn
thesis and/or export of proteins, and that its upregulation might
be advantageous to proliferating cells irrespectively of their
commitment to any specific adaptive function.
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