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Enzyme Release from Cultured Human Melanoma Cells
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The lysosomal enzyme P-hexosaminidase and the
melanocyte specific enzyme tyrosinase were exam-
ined in human melanoma cell cultures. The B-hexosa-
minidase activity of the medium was approximately
40% of the total cellular activity after 24 h, while
after 48 h the activity in the medium was twice that of
the cells. The tyrosinase activity in the medium was
5% and 19% of the total cellular activity after the 24
h and 48 h incubation, respectively. The low level of
lactate dehydrogenase activity in the medium after 24
as well as 48 h of incubation indicated that the release
of f-hexosaminidase and tyrosinase was not due to
membrane injury. The data suggest, that 1) f-hexo-
saminidase may be a candidate for tumor markers in
malignant melanoma, and 2) the tyrosinase activity
found in sera of melanoma patients may be due, at
least partly, to enzyme release by living cancer cells.
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Biochemical and immunochemical tumor markers
are of potential importance in the diagnosis and
management of cancers. An increasing number of
human tumors has been shown to contain elevated
levels of the lysosomal enzyme, B-hexosaminidase
(EC. 3.2.1.30) (1-3). Studies of B-hexosaminidase
have proved the existence in most tissues of two
major isoenzymes which are referred to as the A and
B forms for their respective acidic and basic proper-
ties (4). Both isoenzymes have N-acetyl-f-glucosa-
minidase and N-acetyl-B-galactosaminidase activity.
In human colonic carcinomas the B isozyme was
found to be increased in relation to the A isozyme
(3) and a functionally atypical, variant form was
demonstrated in metastatic tumor tissue of human
liver (5).

Besides the higher tissue levels, elevated activity
of p-hexosaminidase was reported in the gastric juice
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in the case of gastric carcinoma (6) and in the urine
of patients with lung carcinoma (7). Furthermore,
studies of cancer patients with different primary sites
and metastatic involvement suggested that serum
B-hexosaminidase may be a useful marker for mon-
itoring the progression of malignant disease (8).
However, there is no specific information about f3-
hexosaminidase in correlation with malignant mela-
noma.

On the other hand, the role of tyrosinase (EC.
1.14.18.1.) as a marker of malignant melanoma is
relatively well established (9-11). This enzyme catal-
yses the initial steps in melanin synthesis and it has
its origin exclusively in melanocytes. Tyrosinase ac-
tivity was reported by Sohn et al. (9) in serum of a
patient with melanosis due to disseminated melan-
oma. Nishioka et al. (10) found tyrosinase in sera
from melanoma patients but not in sera from pa-
tients with other malignancies. Agrup et al. (11)
have shown detectable quantities of tyrosinase in
five out of seven sera from patients with widespread
melanoma metastasis, but not in patients with other
types of cancer.

The source of tyrosinase and elevated [-hexosami-
nidase activities in the sera may be the necrotizing
tumor tissue, but the elevation may also be due to
release from living cancer cells. In the present study
tyrosinase and f-hexosaminidase releases were ex-
amined in the culture of a cell line of malignant
melanoma (IGR 1). Lactate dehydrogenase (EC.
1.1.1.27.) was assayed in order to detect enzyme
leakage due to membrane defect.

MATERIALS AND METHODS

Culture

Cultures of a pigment producing melanoma cell line (IGR
1) were obtained from Dr. Christian Aubert, Marseilles,
and have been kept since March, 1982 in culture at the
Tornblad Institute, University of Lund using methods pre-
viously described (12). The medium used was Eagle’s mini-
mal essential medium (MEM) with 15% fetal calf serum.
About 0.75 x 10° cells were seeded in 5 ml medium in
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Fig. 1. Time-related changes of the total f-hexosaminidase
activity in cultured melanoma cells and in the medium. [:
cells, O0: medium. (Mean * S.D. of 5 samples).

polystyrene culture flasks, volume 50 ml. Cells were al-
lowed to attach and grow for 24 and 48 h, respectively. The
doubling time was approximately 24 h.

Enzyme assays
Before harvesting, the media were removed and the flasks
were washed twice with a phosphate buffered saline solu-
tion, pH 7.2. For the f-hexosaminidase and lactate de-
hydrogenase assays cells were collected in the same buffer
using a rubber policeman. After centrifugation (180 x g, 10
min), the pellets were stored at —20°C until analysis, when
they were homogenized in 1 ml 10 mM sodium phosphate
buffer, pH 6.0, containing 100 mM sodium chloride in an
all-glass Potter Elvehjem homogenizer.

The media removed from the cells were centrifuged (180
* g, 10 min) and the supernatants stored in the same way
as the cell samples. Enzyme activities were also determined
in culture media incubated for the same time period with-
out cells. The difference of the values obtained from the
media incubated with and without cells was considered to
be the enzyme activity released from cells.

Determinations of f-hexosaminidase and its isoenzymes
were earlier described (13). Activity of lactate dehydroge-
nase was assayed in accordance with the methods of the
Committee on Enzymes of the Scandinavian Society for
Clinical Chemistry and Clinical Physiology (14).

Tyrosinase was extracted from the cells by adding 3 ml
0.2% Triton-X in 0.5 M phosphate buffer, pH 7.4 to the
flasks. After incubation for 30) min at room temperature the
samples were homogenized and frozen to —20°C. Determi-
nations of the enzyme activity (15) were performed in
aliquots quantifying the amount of 5-S-L-cysteinyl-L-dopa
specifically produced when 2 mM D, L-dopa was incubated
with 3 mM L-cysteine in (.5 M phosphate buffer, pH 7.4,
maintained at 37°C and gently aereated. The contents of
5-S-L-cysteinyl-L-dopa were determined by HPLC with
electrochemical detection. This compound represents
about 80% of the cysteine adducts of dopaquinone besides

24 48 (h)
Fig. 2. Time-related changes of the total tyrosinase activity

in cultured melanoma cells and in the medium. O: cells, O:
medium. (Mean = S.D. of 10 samples).

the 2- and 6-S-cysteinyl isomers. Tyrosinase activity was
calculated by multiplying the quantity of 5-S-L-cysteinyl-L-
dopa by a factor of 1.25.

The enzyme activities were related to total cell content
per flask, to total medium per flask and to mg cell protein,
respectively.

Protein was analysed according to Lowry et al. (16).

RESULTS

The total cellular B-hexosaminidase activity and the
enzyme activities in the medium are shown in Fig. 1.
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Fig. 3. Time-related changes of the total lactate dehydroge-
nase activity in cultured melanoma cells and in the me-
dium, [0: cells, O: medium. (Mean + S.D. of 5 samples).
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Table. 1. Changes in the protein related activities of
B-hexosaminidase, tyrosinase and lactate dehydroge-
nase in cultured human melanoma cells. Values are
expressed as nkat per mg cell protein. (Mean * S.D.
of a=5 and b=10 samples).

Time (h) p-Hexosa- Tyrosinase”  Lactate
aminidase” dehydroge-
nase®
24 1.1£0.05 0.36+0.03 47+11
48 0.8+0.14 0.23+0.03 6d+13

The medium/cell ratio of the enzyme activity was
0.42 (24 h) and 1.98 (48 h). According to the isoen-
zyme determinations the cellular B isozyme activ-
ities at 24 h and 48 h were 15.6 £ 1.5% and 17.8 +
2.6% of the total enzyme activity. In the medium the
isozyme values were not measurable at 24 h, but at
48 h the B isozyme was 29.0 £ 4.1%.

Since the percentage of B isozyme in the media
relative to the cells was found to be increased, we
tested the stability of the two isozymes. Conditioned
media removed after 24 and 48 h of culture were
incubated without cells at 37°C for 4 h. Under these
conditions there was a 60-80% loss of the A isozyme
activity whereas the B isozyme was unaffected.

The total cellular tyrosinase activity and the corre-
sponding values in the medium are shown in Fig. 2.
The medium/cell ratio of the enzyme activity was
0.05 (24 h) and 0.21 (48 h), respectively.

The total cellular lactate dehydrogenase activity
and the enzyme activity in the medium are shown in
Fig. 3. The medium/cell ratio of the enzyme activity
was (.15 (24 h) and 0.09 (48 h).

The enzyme activity of f-hexosaminidase related
to protein weight was 1.1 + 0.05 nkat/mg cell protein
(24 h) and 0.8 £ 0.14 nkat/mg cell protein (48 h),
(mean = S.D of n=5 samples) (Table 1.). The corre-
sponding values of tyrosinase activity were 0.36 +
0.03 nkat/mg cell protein (24 h) and 0.23 + 0.03
nkat/mg cell protein (48 h), (mean = S.D of n=10
samples). The lactate dehydrogenase activity related
to protein weight was 47 £ 11 nkat/mg cell protein
after 24 h incubaton and 64 * 13 nkat/mg cell pro-
tein after 48 h of incubation (mean * S.D. of n=5
samples).
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DISCUSSION

The most striking observation from our study was
the high level of B-hexosaminidase activity in the
medium after 48 h in contrast to the melanoma cells.
The B-hexosaminidase activity found in the medium
after 24 h of culture corresponded to about 40% of
the total cellular activity, while after 48 h the activity
in the medium was twice that of the cells. This very
high release was not due to cell membrane injuries,
since the lactate dehydrogenase release in 48 h of
culture was only about 9% of the intracellular activ-
ity. The pronounced eclevation of f-hexosaminidase
activity in the culture medium is likely to be due to a
preferential release of newly synthetized enzymes.

The increase of B isozyme in the medium relative
to the cells probably depends on the fact that the A
isozyme is more labile as indicated by the loss of its
activity in the conditioned medium. Furthermore,
the lability of the A isozyme indicates that the re-
lease of (-hexosaminidase from the melanoma cells
is in fact higher than the measurable enzyme activity
in the medium.

All lysosomal enzymes examined to date are ini-
tially synthetized in the rough endoplasmic reticu-
lum as precursor polypeptides that are transported
to the Golgi complex (17). The mannose-6-phos-
phate (Man-6-P) recognition marker present on
many lysosomal hydrolases is responsible for selec-
tive and efficient targeting of these proteins to the
lysosomal compartment (18). The marker is added
to oligosaccharides on the precursor in the endoplas-
mic reticulum and Golgi apparatus by a two-step
process that involves transfer of N-acetyl-glucosa-
mine-1-phosphate to mannose residues and conver-
sion of the resulting phosphodiester moieties to
monoester forms (Man-6-P) by removal of the termi-
nal N-acetyl-glucosamine residue. As the phospho-
rylated enzymes move through the Golgi apparatus,
they bind to Man-6-P receptors. This specific ligand-
receptor interaction allows sorting of lysosomal hy-
drolases from other glycoproteins and specific trans-
port of the enzymes to lysosomes where they are
subsequently dephosphorylated and proteolytically
processed to generate lysosomally localized mature
enzymes (17, 18).

Generally a small fraction of the newly synthe-
tized precursors of lysosomal enzymes becomes se-
creted, usually 5-20% (17). But in some cell types
up to 50% of the precursor forms can be secreted to
the medium. A comparison of the secreted activity
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with the total intracellular enzyme activity reveals
that most cell types including fibroblasts secrete
about 5% of the total cellular enzyme per day (17).

Relatively massive secretion of lysosomal enzymes
(predominantly mature forms) occurs in macro-
phages in cell cultures after activation. Thioglycol-
late — elicited macrophages secrete lysosomal en-
zyme corresponding to 25% of the total cellular en-
zyme per day (17). Recent studies have shown that
also under certain other conditions, lysosomal en-
zymes can be secreted in large quantities and that
the secreted enzymes may function extracellularly in
such processes as iron transport, bone resorption,
cell growth and tumor metastasis (19-22).

The invasion of normal tissue by malignant cells is
usually characterized by the destruction of normal
tissue components in the vicinity of the invading
tumor cells. It is well established that lysosomal en-
zymes are important for breakdown of protein and
glycoconjugates and there is growing evidence that
lysosomal enzymes may play a significant role in
tumor invasion (21-22).

Carr (23) has demonstrated that administration of
aldonolactones, inhibitors of B-glucuronidase and f3-
N-acetyl-glucosaminidase, caues regression of tu-
mors (S. 37, Ehrlich tumor and tumor 2146) in mice.
He suggested that aldonolactones, by their effects on
glycosidases, inhibit penetration of intracellular ce-
ment substance by the tumor cells. In accordance
with this Sinowatz et al. (24) suggested that f-hexo-
saminidase activity was greater in more anaplastic,
invasive carcinomas. However, Whitehurst et al.
(25) have found lower activity in poorly differen-
tiated prostatic tumors.

Whatever the function of lysosomal glycosidases
in tumor progression, cultured melanoma cells seem
to release a very high amount of B-hexosaminidase
in culture. It would be of interest to examine the sera
of melanoma patients with regard to (-hexosamini-
dase activity and metastatic involvement, since this
enzyme may prove to be a useful tumor marker.

The tyrosinase activity of the medium in relation
to the intracellular activity was much lower than that
of p-hexosaminidase. However, the increasing me-
dium/cell ratios in comparison with the correspond-
ing lactate dehydrogenase values show that the mel-
anma cells release tyrosinase into the medium. The
data also suggest that the tyrosinase activity found in
the sera of melanoma patients may be due, at least
partly, to enzyme release by living tumor cells.

The release of tyrosinase, just like that of f-hexo-
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saminidase, may be correlated with the tumor prop-
erties of the melanoma cells. But it is possible that
such release of enzymes also occurs in normal mela-
nocytes.
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