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SUMMARY

A human malignant melanoma cell strain, UCLA-SO-M14
(M14), was adapted to grow in serum-free, chemically de-
fined medium (CDM). The 3 m KCl extract prepared from the
CDM-grown cells (M14-CDM) was assayed against leuko-
cytes from melanoma patients, patients with other cancers,
and normal donors by leukocyte migration inhibition (LMI).
The leukocytes from 15 of 27 (56%) melanoma patients
tested were LMI positive. In contrast, 4 of 18 (22%) other
cancer patients and 5 of 30 (17%) normal donors’ leuko-
cytes were LMI positive. One of 14 melanoma patients’
leukocytes were LMI positive for a control 3 M KCI extract
from autologous muscle. Comparative studies were per-
formed with the M14-CDM extract and a 3 m KCI extract
from a freshly biopsied tumor specimen from the donor of
the M14 cell strain. Seven of 12 (58%) melanoma patients’
leukocytes were LMI positive to the M14-CDM extract, but
only 2 of 12 (17%) were LMI positive to the autologous
melanoma tissue extract. Furthermore, only 100 to 300 ug
protein of M14-CDM extract were required to educe delayed
cutaneous hypersensitivity response in 6 of 8 (75%) mela-
noma patients and 0 of 5 lung cancer patients, but 500 ug
protein from biopsied autologous melanoma tissue extract
were needed to produce delayed cutaneous hypersensitivity
response in 24 of 42 (57%) melanoma patients and 7 of 28
(25%) nonmelanoma cancer patients. These data suggest:
(@) the M14-CDM cells synthesized melanoma-associated
antigen(s) (MAA) in CDM; (b) the 3 m KCI extraction proce-
dure effectively removed the MAA from the M14-CDM cells;
(c) the M14-CDM cells were a more potent source of MAA
than the surgical autologous mejanoma specimen; and (d)
the M14-CDM cells provided a continuous source of stand-
ard MAA.

INTRODUCTION

Investigations with experimental animals have provided
unequivocal in vivo evidence that tumors possess unique
tumor-associated antigens that are absent on normal ani-
mal adult tissues and that these tumor antigens evoke an
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immune response that can influence tumor growth (9, 10,
22, 23, 28, 32).

A limited number of experiments with tumor autografts
suggest that human tumors are immunogenic in the host
(35), but for obvious ethical reasons, most investigations of
human cancer immunology have been conducted with in
vitro techniques. The data from these studies, generated by
several laboratories, show a considerable degree of dis-
crepancy (5, 6, 8, 13, 14, 18, 24-26, 29, 36, 39, 40). One of the
most critical factors associated with these inconsistencies
is the lack of reference tumor antigens with a high degree of
activity (25). Surgical and necropsy tumor specimens vary in
their activity and specificity (15) and are usually contami-
nated with extraneous tissues such as supporting mesen-
chymal and vascular tissues, blood cells, and plasma pro-
teins that depreciate the quality of the tumor antigens pre-
pared from these sources.

Tumor cells propagated in vitro offer a potential solution
to the problem. However, recent evidence indicated that
tumor cells cultured in medium supplemented with fetal calf
serum acquire a heterologous membrane antigen that can
be mistaken for a tumor-associated antigen (19, 20).

This report describes the successful adaptation to CDM?
which synthesized MAA. Verification for MAA was demon-
strated in an in vitro assay, LMI, and by in vivo DCHR in
melanoma patients and in patients with other neoplasms.

MATERIALS AND METHODS

Cell Strain. A human malignant melanoma cell strain,
UCLA-SO-M14, hereafter called M14, in its 18th passage,
was obtained from Dr. H. L. Sulit, Division of Oncology,
Department of Surgery, University of California, Los Ange-
les, Calif. The original culture was derived from an amelan-
otic lesion metastatic to the buttock of a 33-year-oid patient.
Tumorigenicity of the M14 cells was established by growing
the cells in the cheek pouch of an immunodepressed Syrian
hamster. Morphological characteristics in tissue culture
(Fig. 1) and by electron microscopic examination (Fig. 2)
identified the cell strain as melanoma.

? The abbreviations used are: COM, chemically defined medium; MAA,
melanoma-associated antigen(s); LMI, leukocyte migration inhibition; DCHR,
delayed cutaneous hypersensitivity response; CEM, Chee's modification of
Eagle’'s minimum essential medium; SCEM, CEM supplemented with 10%
fetal calf serum; PVP, polyvinyl pyrrolidone; M14-CDM, M14 cells adapted to
grow in CDOM.
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Cell Culture. The cells were subsequently grown in a
medium (CEM) (Associated Biomedic Systems, Buffalo, N.
Y.) modified from Eagle’'s minimum essential medium and
supplemented with 10% fetal calf serum, 100 units penicil-
lin, 50 ug streptomycin, and 100 pg kanamycin (SCEM).
Confluent monolayers of the M14 cells grown in plastic T-
flasks (no. 3013; Faicon Plastics, Oxnard, Calif.) were sub-
cultured by discarding the spent medium and adding 0.5 ml
EDTA-trypsin solution, composed of 0.15% tetrasodium
EDTA (Calbiochem, San Diego, Calif) and 0.25% trypsin in
Hanks' balanced salt solution without Ca?* and Mg** (Mi-
crobiological Associates, Bethesda, Md.). The flask was in-
cubated at 37° for 2 to 4 min before the addition of 9.5 ml
SCEM. The cells were dispersed gently by pipetting up and
down, and a 5-ml cell suspension was then placed into each
of 2 Falcon T-flasks. These flasks were incubated in a 37°
incubator with 5% CO,. This regimen was followed for
serially subculturing the M14 cell strain.

Mass Culture. M14 was grown as mass culture in a CR-
111 roller vessel (Forma Scientific, inc., Marietta, Ohio). Six
confluent monolayers of cells in Falcon T-flasks were
treated with EDTA-trypsin solution and pooled into the
roller bottle with 50 ml SCEM. The contents were incubated
at 37° and rolled by a Model CR-5 Cel-Roll (Forma Scien-
tific). The medium was changed weekly until confluency
was reached.

Spinner Culture. Stationary cultures of M14 cells were
adapted to grow as spinner cultures by subculturing the
confluent M14 cells from the roller bottle into a 3-liter Bellco
hanging bar spinner flask (Belico Glass, Inc., Vineland, N. J.)
containing 250 ml SCEM. The culture was gently agitated
with a Bel-Stir magnetic stirrer (Bellco Glass). A volume of
250 mi fresh SCEM was added every 3 to 7 days until a total
volume of 3 liters was obtained.

CDM Spinner Culture. A volume of 1.5-liters of M14 cell
suspension was taken from the spinner culture and centri-
fuged for 30 min. The medium was decanted and the pellet
of cells was suspended in 500 ml CEM containing 1.4% PVP-
360 (Sigma Chemical Co., St. Louis, Mo.) (PVP-CEM) as a
source of macromolecules (21) in a 3-liter spinner flask.
PVP-CEM in volumes of 250 to 500 ml was added weekly.
After adaption to this medium (approximately 8 weeks), the
cells were centrifuged for 60 min, the medium was dis-
carded, and the cells were resuspended in 500 ml CEM
without PVP in a 6-liter spinner flask. CEM (500 ml) then was
added weekly for 11 weeks. At this time, the M14 cells
appeared to be fully adapted in CDM by morphological
criteria. Microscopic examination (Nikon model MS phase-
inverted microscope; Kogaku K.K., Tokyo 100, Japan)
showed the cells as compact and refractile with a central
area of granulation occupying 90% or more of the visible
cell surface. A thin transparent zone surrounded the central
area and a thinner dark margin demarcated the cell periph-
ery. Doublet celis verified cytokinesis. These M14 cells then
were designated as M14-CDM. An aliquot of M14-CDM sus-
pension was removed from the 6-liter volume of cells, and
viable cells were counted by the trypan blue exclusion pro-
cedure. The cell density at this time was 6 x 10* cells/ml.

Antigen Preparation. A modification of the 3 m KCI proce-
dure for the preparation of soluble HL-A antigens was used
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(33) for the extraction of tumor antigen(s) from M14-CDM
cells. A population of 2 x 108 viable cells in 3.3 liters of M14-
CDM celi suspension was harvested by centrifugation for 60
min. The pellet of cells containing viable and dead cells was
resuspended in 3 M KCI-0.15 M phosphate-buffered solu-
tion, pH 7.4. Ten ml of 3 M KCI were added to each 107 viable
cells and the mixture was agitated for 16 to 24 hr at 4°. The
mixture then was spun at 40,000 x g for 60 min at 4°in a
Beckman Model L5-50 ultracentrifuge, and the supernatant
was dialyzed extensively against Dulbecco’s phosphate-
buffered saline [mg/liter: CaCl, (anhydrous), 100; KCI, 200;
KH.PO,, 200; MgCl,-6H,0, 100; NaCl, 8000; Na,HPO,-2H,0,
1150; Microbiological Associates). Protein concentration
was determined by the biuret method. The yield of protein
from 2 x 108 viable M14-CDM cells was 2.0 mg. The extract
was concentrated with an Amicon ultrafiltration unit and
UM 10 membrane, and the concentrated extract was steri-
lized by filtering through a 0.22-um filter (Millipore Filter
Corporation, Bedford, Mass.). Final protein concentration
of the extract was adjusted by the addition of Dulbecco’s
phosphate-buffered saline. Extracts from both a biopsied
melanoma specimen and a skeletal muscle specimen from
the same patient from whom M14 was derived, i.e., autolo-
gous to M14, were prepared by the 3 M KCI extraction
procedure. The specimens were trimmed, minced, and
forced through a 60 mesh stainless steel sieve. Viable cells
were counted by the trypén blue exclusion method and the
cells were processed as described above for the M14-CDM
cells.

LMI Assay. The LMI in agarose gel assay (4) was modified
to test the M14-CDM extracts and M14 autologous tumor
and muscle extracts for their antigenic activity. The proce-
dure was described in a recent paper (2). A migration index
of <0.71 was considered positive. A protein concentration
of 3.5 mg/ml of the M14-CDM extract was established as
optimum and was used routinely in these studies. Extracts
from the autologous tumor and muscle were tested at 8.0
and 10.0 mg protein per ml, respectively. Preliminary data
indicated that at higher concentrations these 2 extracts
gave nonspecific reactions, whereas at lower protein con-
centrations both were consistently negative.

Skin Test. DCHR was used to assay the in vivo activity and
specificity of the M14-CDM and autologous tumor extracts.
M14-CDM extract (100 to 300 ng), or 500 ug of the tumor
extract were injected intradermally into the volar aspect of
the left arm of melanoma patients and of patients with other
neoplasms. After 24 hr, the diameter of the reaction site was
measured. A 10-mm or greater diameter induration was
considered positive (17).

Statistical Method. All data were statistically analyzed by
Student’'s t test.

RESULTS

Relative Activity of 3 m KCI Extract from M14-CDM Cells
Compared to 3 m KCI Extract from an Autologous Mela-
noma Specimen. Seven of 12 (58%) melanoma patients’
leukocytes were inhibited in the presence of the extract
from M14-CDM cells. By contrast, only 2 of 12 (17%) of these
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same patients’ leukocytes were LMI positive with the prepa-
ration made from an autologous biopsy tumor specimen,
although the protein content was at least 2 times greater
than that in the extract from M14-CDM cells.

The difference in reaction between these 2 preparations
was statistically significant, p < 0.0005 (Table 1). These
results suggest that the 3 m KCl extraction technique solubi-
lized antigen(s) from M14-CDM cells and that the antigen(s)
obtained from M14-CDM cells was at least twice as active as
the antigen(s) present in the autologous melanoma tissue
extract.

Tumor-associated Activity of M14-CDM Extract. The leu-
kocytes of 15 of 27 (56%) melanoma patients were inhibited
by the M14-CDM extract compared to 1 of 14 (7%) assayed
against autologous muscle extract. These differences in
activity were statistically significant at p < 0.005 (Table 2).
These data suggest that M14-CDM cells synthesized tumor-
associated antigens that were removed by 3 m KCl.

Melanoma-associated Activity of M14-CDM Extract. Ta-
ble 3 shows that the M14-CDM extract was melanoma asso-
ciated. The leukocytes of 56% of melanoma patients were
inhibited whereas only 4 of 18 (22%) leukocytes from the

MAA in Chemical Medium

patients with other neoplasms were inhibited. Furthermore,
the leukocytes of only 5 of 30 (17%) normal donors were LMI
positive. The difference in inhibition between melanoma
patients and nonmelanoma cancer patients was statistically
significant at p < 0.0025. Likewise, the reaction of the
leukocytes from melanoma patients was significantly differ-
ent than that of normal donors (p < 0.005).

Melanoma-associated Activity of M14-CDM Extract by
DCHR. Six of 8 (75%) melanoma patients displayed DCHR to
the KCI extracts from M14-CDM cells, whereas 0 of 5 lung
cancer patients reacted positively to the extract (Table 4).
The difference between these 2 populations was statistically
significant (p < 0.005).

The LMl data in Tables 1 to 3 suggest that M14-CDM was a
more potent source of MAA than the fresh surgical mela-
noma specimen autologous to M14-CDM cells. However, it
could be argued that the 3 M KCl extraction procedure failed
to release MAA from the tumor specimen, resulting in bor-
derline activity of the preparation in the LM! assay. This
possibility was excluded by skin testing melanoma patients
and patients with other cancers with the preparation from
the fresh tumor specimen. Twenty-four of 42 (57%) mela-

Table 1

Activities of 3 M KCI extracts from M14-CDM cells and autologous tumor by the LMI test with
leukocytes from melanoma patients

mg protein/ No. of pa- Migration in-
Extract from ml tients tested” No. positive % positive dex?
M14-CDM 35 12 7 58 0.63 = 0.004°
Autologous Tumor 8.0 12 2 17 0.88 = 0.05

* Extract of M14-CDM cells compared with autologous tumor extract, p < 0.0005.
b A migration index of <0.71 is considered positive for all leukocyte samples tested in these

studies.
“Mean + S.E.

Table 2

Tumor-associated activity of the M14-CDM extract by the LMI test with leukocytes from melanoma
patients

mg protein/ No. of pa- Migration in-
Extract from ml tients tested” No. positive % positive dex®
M14.CDM 3.5 27 15 56 0.71 = 0.04°
Autologous Muscle 10.0 14 1 7 0.93 + 0.04

* M14-CDM extract compared with autologous muscle extract, p < 0.0005.
® A migration index of <0.71 is considered positive for ali leukocyte samples tested in these

studies.
‘Mean = S.E.
Table 3
Melanoma-associated activity of the M14-CDM extract by the LMI test
No. of pa-

Leukocytes from tients tested”  No. positive % positive Migration index®
Melanoma patients 27 15 56 0.71 = 0.04 ¢
Nonmelanoma cancer 18 4 22 0.86 + 0.06°

patients
Normal donors 30 5 17 0.84 = 0.03

% Melanoma patients compared with nonmelanoma cancer patients, p < 0.0025; melanoma

patients compared with normal donors, p < 0.005.

® A migration index of <0.71 is considered positive for all leukocytes tested in these studies.

¢ Mean = S.E.
4 Same data as in Table 2.
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Table 4
DCHR of melanoma and lung cancer patients to the M14-CDM
extract®
Melanoma patients Lung cancer patients
Induration Induration
Patient (mm) Patient (mm)y
B. B. 25.0 (+) J. B. 0.0 (-)
D. B. 30.0 (+) W.D. 5.0(-)
G.C. 10.5 (+) F. F. 0.0 (-)
J.F. 10.0 (+) F. M. 4.0 (-)
J. G. 10.0 (+) M. S. 0.0 (-)
R. H. 10.0 (+)
R. L. 6.5 (-)
JoL 45(-)
Positive/total 6/8 (75%) 0/5 (0%)

¢ Melanoma patients compared with lung cancer patients, p =
0.01.

® Mean of 2 perpendicular diameters. An induration of >10.0 mm
is considered positive in these studies.

noma patients reacted positively to the extract, whereas
only 7 of 28 (25%) patients with other neoplasms demon-
strated DCHR to the extract. The difference between these 2
groups of patients was statistically significant (p < 0.0005).

DISCUSSION

The present series of experiments was undertaken to test
the hypothesis that M14 cells adapted to grow in serum-
deficient medium synthesize MAA.

The approach used in these studies was to propagate a
human malignant melanoma cell strain M14 in CDM, to
prepare an extract from the COM-grown M14-CDM cells,
and to test the extract by an in vitro (LMl) and an in vivo
(skin test) assay for MAA. The 3 M KCI extraction procedure
was used to elute MAA from M14-CDM cells because of its
simplicity and reproducibility in removing tumor antigens
from animal and human tumors (3, 25-27).

The 3 m KCl extract from the CDOM-grown melanoma cells
was more active in the LMI test than the 3 m KCI extract
obtained from a fresh autologous tumor specimen (Table 1).
Although the extract from the M14-CDM celis contained less
than one-half the protein concentration of the preparation
made from the tumor specimen, 58% of the melanoma
patients’ leukocytes tested were migratory inhibited com-
pared to 7% of the same patients’ leukocytes exposed to the
tumor extract.

There are several explanations for these findings: (a) im-
munoselection of weakly antigenic tumor cells (34) may
have occurred in vivo, resulting in a preparation of low
activity; (b) the tumor underwent antigenic modulation (31)
before the surgical sample was taken; (c) blocking factors
(12) reacted with the tumor antigen(s) and remained com-
plexed to the tumor antigen(s) during the 3 m KCl extraction
procedure and subsequent dialysis of the extract, rendering
the preparation inactive at the concentrations used in this
investigation; (d) inhibitors of LMI factors were present in
the tumor preparations; (e) the tumor antigen(s) was de-
graded by enzymes present in the tumor mass, e.g., autoly-
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sis; (f) the tumor preparation was contaminated with extra-
neous proteins that diluted the tumor antigen(s); (g) the
CDM in vitro environment induced or favored the synthesis
of tumor antigen(s); and (h) the CDM environment selected
highly antigenic M14 variants. None of these possibilities
were or could be excluded in these studies.

The data (Table 2) suggest that the antigen(s) extracted
from the CDM-grown cells was tumor associated. The leu-
kocytes of 56% melanoma patients were inhibited by the
M14-CDM extract, whereas only 7% of leukocytes from mel-
anoma patients were inhibited by autologous muscle ex-
tract prepared by the 3 M KCI procedure. Autologous mus-
cle extract used as control excluded the possibility of histo-
compatability differences as an explanation for these re-
sults.

Autologous muscle might not have been the proper con-
trol. Tissue culture of autologous melanocytes presents an
elusive technical problem and autologous fibroblasts failed
to grow in CDM after repeated attempts (D. O. Chee, unpub-
lished observations). Human neoplastic cells of different
histological types would have provided other appropriate
controls. However, human tumor cells are difficult to propa-
gate in CDM and none were available when these studies
were conducted. Organ- or tissue-specific antigens were
ruled out since they are rapidly lost in tissue culture (7, 38),
and the M14 cells were cultured in vitro for at least 6 months
before these studies were conducted.

Cells grown in vitro for an extended period of time might
have acquired neoantigens by derepression of silent genes
coding for them. These putative antigens were not responsi-
ble for the reactivity observed with the 3 m KCI extract
obtained from the M14-CDM cells (Table 2), since none of
the patients used in this investigation were vaccinated with
tissue culture cells.

Antigens shared by the M14-CDM cells with fungi, bacte-
ria, and Mycoplasma are not a plausible explanation of
these results (Table 2). The M14-CDM culture was inspected
frequently for fungi and bacterial contamination and tested
periodically for these microorganisms and for mycopfasma
in appropriate microbiologic media. In every instance, the
cultures were negative. Moreover, the patterns of LMI reac-
tivity between melanoma patients and control groups were
inconsistent for contamination with microbiologic agents.
On a random basis, the leukocytes from both experimental
and control groups should have reacted similarly in the LMI
test. Therefore, the data in Table 2 suggest that the M14
cells grown in CDM synthesized a relatively high amount of
tumor-associated antigen(s) which was extracted by the 3 m
KCl procedure.

Further testing revealed that the M14-CDM preparation
contained melanoma-associated antigen(s). Compared to
56% of melanoma patients’ leukocytes that elaborated leu-
kocyte migratory inhibition factors, only 22% of the leuko-
cytes from patients with other neoplasms released LM fac-
tors when incubated with the M14-CDM extract. Addition-
ally, only 17% of normal donors were LM! positive with the
extract from M14-CDM cells (Table 3). These results indicate
that the antigen(s) released from the M14-CDM cells by
treatment with 3 M KCI was melanoma associated.

Evidence to support this concept was obtained by DCHR
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Table 5

DCHR of melanoma and nonmelanoma cancer patients to the extract from a surgical melanoma
specimen autologous to M14-CDM cells

No. of pa-

Population tested tients tested®  No. positive % positive Induration (mm)*
Melanoma patients 42 24 57 109 + 1.3
Nonmelanoma cancer 284 7 25 56 + 1.1

patients

° Melanoma patients compared with nonmelanoma cancer patients, p < 0.005.
® Mean of 2 perpendicular diameters in all patients tested. An induration of >10.0 mm is

considered positive in these studies.
¢ Mean = S.E.

4 Lung carcinoma, 8; head and neck tumor, 5; sarcoma, 5; breast carcinoma, 4; colon carcinoma,

4; renal cell carcinoma, 2.

to the M14-CDM extract in melanoma patients. In a small
number of melanoma patients’ skin tested with the prepara-
tion, 75% demonstrated DCHR, but none of 5 lung cancer
patients was DCHR positive (Table 4).

The greater skin test activity to the extract from M14-CDM
cells than to the autologous tumor extract was an unex-
pected finding. A concentration of 100 to 300 ug protein
from the M14-CDM extract evoked DCHR in 75% of the
melanoma patients tested (Table 4). In contrast, a protein
concentration of 500 ug from the tumor specimen was
required to elicit DCHR in 57% of the melanoma patients
(Table 5). These data support the results obtained with the
LMI assay (Table 1) and refute the suggestion that 3 m KClI
was ineffective for removing tumor antigen(s) from the mel-
anoma specimen. The data also imply that the skin test
response to MAA was more sensitive than the LMl test. This
is understandabile, since the LMI test measures only one or
a few mediators (lymphokines), whereas DCHR involves a
complex series of interrelated reactions resulting in the
production of several mediators and culminating in ery-
thema, edema, and induration.

However, our results do not necessarily imply that the
MAA is tumor specific. Preparations from fetal lung and
fetal colon have been shown to elicit DCHR (16, 39) and
these embryonic antigens have been found to be compo-
nents of neoplastic cells (1, 37). Thus it is possible that the
MAA from the M14-CDM cells are embryonic antigen(s).
Alternatively, the MAA from the M14-CDM cells might be
specific and unique for malignant melanoma. Studies are
underway to determine whether the M14-CDM cells produce
one or both of these melanoma-associated antigen(s).

The M14-CDM cells may serve as a model for the produc-
tion of MAA that could be used: (a) to develop a battery of
standard cellular and humoralin vitro assays, (b) to develop
a sensitive radioimmunoassay for the early detection of
malignant melanoma and to monitor tumor burden, (¢) as a
standard skin test antigen; (d) as a vaccine for immunother-
apy and immunoprophylaxis of malignant melanoma, and
{e) to characterize the biochemical nature of MAA.
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Fig. 2. Electron micrograph of UCLA-SOM-14 cells. Arrows, melanosomes.
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