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A preparation procedure is presented for the determi-
nation of tyrosinase-catalysed stereo-specific dopa oxi-
dase activity in serum. Purification is obtained by sepa-
ration on a Phenyl-Sepharose hydrophobic interaction
column, followed by Con-A-Sepharose chromatogra-
phy. Five out of seven sera from patients with wide-
spread melanoma metastases were found to contain
detectable quantities of tyrosinase. There was no tyros-
inase activity in seven sera from patients with other
malignancies, nor in six other control sera from indi-
viduals without malignancies. One serum which
showed high tyrosinase activity was processed as above
and studied by SDS-PAGE. A dopa-reactive band with
an apparent MW of 66 kD was present in the gel, i.e.
at the same place as that of the soluble tyrosinase of
cultured human malignant melanoma cells. The pro-
tein was found to have the same pl at isoelectric focus-
ing, and eluted in the same way from the preparation
columns used, as did soluble tyrosinase. Key words:
Cysteinyldopa; Dopa; Tumour marker.
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With the advancement of cancer therapy, markers for
the early detection of malignancy have become of
increasing importance. There are only a few tumours
where we have a chemical marker for metastases,
widespread malignant melanoma being one of them.

It has long been known that the urine of patients
with advanced melanoma darkens on standing. The
reason for this is the presence of large amounts
of indolic melanin precursors, as described by
Thorméhlen (1). A procedure described by him for
the determination of these compounds in urine was
for a long time widely used as a marker for melanoma
metastases. For many years Duchon and his collabo-
rators have extensively studied and characterized the
indolic substances in urine from melanoma patients
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(2). In their experience these analyses have been
shown to monitor the progress of the disease.

The presence in urine of another group of sub-
stances, dopa and dopa-derivatives has also been used
to screen for melanoma metastases. The compounds
are however produced in large quantities in the ner-
vous system and therefore the contribution of these
compounds from melanoma is easily obscured by the
normal variations (3).

The important melanin precursor, 5-S-cysteinyl-
dopa, has been demonstrated in normal urine and
increased concentrations have been observed in the
urine of patients with malignant melanoma (4). Stud-
ies have shown that determination of urinary cystein-
yldopa can detect a metastatic mass of about 1 g (5).
Initially 5-S-cysteinyldopa was determined by fluo-
rometry (6), later by HPLC and electrochemical detec-
tion (7). The way the excretion of this amino acid in
urine varies with the season, medication, UV-light
exposure, ‘and hormonal influence has been studied
(8-11).

A substance that is excreted mainly from malig-
nant melanocytes should be a clinically useful mark-
er. Tyrosinase, the enzyme catalysing the initial steps
in melanin synthesis and present exclusively in mela-
nocytes, could well be such a substance.

In 1969 Sohn et al. reported tyrosinase activity in
serum from a patient with melanosis due to dissemi-
nated melanoma (12). Del Vecchio & Burnett studied
melanoma patients and isolated a serum protein,
which on immunoelectrophoresis showed some anti-
genicity in common with mouse tyrosinase (13). Ni-
shioka et al., using the Pomerantz method for assay
(14), found tyrosinase in serum from melanoma pa-
tients, but not in serum from patients with other
malignancies (15). In contrast, Chen & Chavin, deter-
mining tyrosinase activity by detecting the formation
of melanin from labelled dopa, found tyrosinase ac-
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Table L. Sex, age, and clinical data of patients

M = man, W = woman

W/65 Spring 1986, melanoma Clark III, 1.4 mm, with axil-
lary node metastases. Possible liver metastases.
Treatment: Interferon and cimetidine.

1983, melanoma Clark III-IV on back. 1986, metas-
tases to hip region, inguinal nodes excised. Treat-
ment: Vindesine, DTIC.

Spring 1986, melanoma Clark IV, 5 mm, on back.
Later axillary, cutaneous, epipharyngeal and adrenal
metastases. Treatment: Interferon, cimetidine.

Aug. 1976, melanoma Clark III, lower leg. 1984, in-
guinal metastases. 1987, pulmonary metastasis.
Treatment: Interferon, cimetidine, later DTIC, vin-
desine, cisplatin.

1963, melanoma shoulder. Spring 1987, mental
symptoms (tumour in right cerebral hemisphere). Au-
tumn 1987, cutaneous melanoma metastases. Treat-
ment: Interferon, cimetidine.

1976, melanoma thigh. 1980, 1983, local relapse.
1984, relapse. Since 1986, several metastases excised,
the latest in May 1988. Treatment: Interferon, raniti-
dine.

Spring 1985, melanoma Clark IV, 3.7 mm on back.
Autumn 1986, axillary node metastasis. Autumn
1987, growing metastases. Treatment: Interferon.
Spring 1985, melanoma Clark III, 0.95 mm on back.
Spring 1987, metastases in liver from malignant tu-
mour with low differentiation. Death in Oct 1987. At
autopsy, gastric cancer with widespread metastases,
no melanoma.

Jan. 1987, pancreatic cancer with metastases to
lymph nodes and spine.

Spring 1986, ascites, primary hepatic cancer.

Dec. 1986, prostatic cancer with metastases to skele-
ton.

W/66

M/62

W/64

M/64

W/57

M/70

W/70

W/67

M/62
M/72

W/51 Jan. 1986, rectal cancer, progressive.

W/51 Spring 1984, mammary cancer with progressing me-
tastases.

M/66 Spring 1987, small-cell bronchial cancer with pro-
gress.

W/45 1985, non-Hodgkin lymphoma in abdominal and pel-
vic nodes.

tivity in serum not only from melanomas, but also
from other malignancies (16). Vachtenheim et al. re-
cently published a study on the detection of tyrosi-
nase in serum from melanoma-bearing hamsters, us-
ing a radio-immunoassay. Using rabbit polyclonal ty-
rosinase antibodies, they could also detect tyrosinase
protein in control hamsters, but failed to show tyrosi-
nase in melanoma-bearing mice or men (17).

The assay of tyrosinase activity in serum is fraught
with several sources of error. The non-enzymatic oxi-
dation of dopa by, for instance hemoproteins (18),
must be considered when evaluating tyrosinase activi-
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ty, as this non-specific oxidation is quantitatively im-
portant compared with the levels of tyrosinase activi-
ty that can be present in serum, even in patients with
a large tumour mass.

We describe here a rather simple purification of
serum, which allows the detection of pathologically
increased stereospecific dopa oxidase activity in cer-
tain melanoma patients, using a method where the
non-specific oxidation is taken into account (19).

MATERIALS AND METHODS

Sera from 8 patients with melanoma and from 7 patients with
other malignancies were obtained from the Oncological Clin-
ic at the General Hospital, Malmo, Sweden. Relevant data
regarding the clinicopathological findings of the patients are
given in Table I. Six sera from members of the staff or from
patients with non-malignant, non-hyperpigmented dermato-
ses at the Dermatological Clinic, University Hospital, Lund,
Sweden served as further controls. All sera were drawn in
August—November 1987, except for one patient (Woman/64)
from whom serum was collected in March 1988.

Cultured human melanoma metastasis cells (IGR 1) were a
gift from Dr C. Aubert, Marseille, and have been kept in
culture since 1982 at the Tornblad Institute, University of
Lund, by methods described previously (20).

Sample preparation

Solid ammonium sulphate was mixed with crude serum to a
final concentration of 1 M and the sample was centrifugated
at 30000 g for 30 min. The supernatant was then passed
through a small column (50 X 5.5 mm) containing Phenyl-Se-
pharose (Pharmacia, Sweden), equilibrated with 1 M
(NH,),SO4, 20 mM KH,PO,, pH 7.0. After washing the col-
umn with 25 ml of 1 M ammonium sulphate, adjusted to
pH 7.0, elution was performed with 10 ml 20 mM KH,PO,
pH 7.0. The eluate was then passed through a column
(20 5.5 mm) containing Concanavalin-A—Sepharose (Phar-
macia, Sweden) in 4 mM KH,PO,, | M KCl, pH 7.0. The
column was washed with 5 ml 4 mM KH,PO,, 1 M KCI, pH
7.0 and 5 ml 4 mM KH,PO, pH 7.0, then eluted with 0.5 M
methyl-alfa-pD-mannopyranoside, 4 mM KH,PO,, pH 7.0, in
1-ml fractions. The eluates were analysed for tyrosinase activ-
ity.

Tyrosine assay
The measurement of tyrosinase activity was based upon the
determination of 5-S-L-cysteinyl-L-dopa formed in the pres-
ence of D,L-dopa and L-cysteine. 0.3 ml of the eluate from
Concanavalin-A (ConA) was added to 0.7 ml of a solution, 1
mM L-dopa, 1| mM D-dopa and 3 mM L-cysteine in 0.5 M of
phosphate buffer, pH 7.4. The mixture was incubated at 37°C
for 2 min under gentle air bubbling. 0.1 ml of the incubate
was then added to 0.9 ml of 0.4 M perchloric acid, and after
centrifugation, the content of 5-S-cysteinyldopa in the super-
natant was determined by means of HPLC and electrochemi-
cal detection (21).

The HPLC-system consisted of a LKB 22150 HPLC pump,
a sampling-valve injector Rheodyne model 7120 (Rheodyne,
Berkley, Calif., USA), equipped with a 100 um loop; the
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Table I1. Tyrosinase activity in serum from melanoma
patients and controls

Numbers in parentheses. Tyrosinase activity given as nmole
5-S-L-cysteinyl-L-dopa formed/min and per ml serum

Tyrosinase
activity

Diagnosis (nmole)

0.65, 0.45, 0.18, 0.17,
0.16, 0.00, 0.00

Melanoma metastases (n=17)

Melanoma without metastases,

widespread adenocarcinoma

metastases (n=1) 0.00
Other malignancies (n=7) 0.00-0.00
Healthy or non-malignant 0.00-0.00

skin disorders (n=6)

column 125X 4.6 mm, used was packed by the upward slurry
method with Nucleosil Cg, 5 um (Machery, Nagel & Co.,
Duren, GFR); mobile phase 6 g methanesulphonic acid, and
3 g phosphoric acid per litre of MilliQ purified water; pH was
adjusted to 3.0. Flow rate, 1.5 ml/h. An external standard
containing a known amount of 5-S-L-cysteinyl-L-dopa was
injected immediately prior to each determination.

Detection. A model LC-10 amperometric detector (Bioana-
lytical Systems Inc., West Lafayette, Ind., USA) was used.
The detector was operated at 0.75 V vs. an Ag/AgCl (3 M
NaCl) reference electrode. The working electrode was pre-
pared from carbon paste, CPO (Bioanalytical Systems Inc.).
Chromatography integrator: SP 4270 (Scandia Metric AB,
Solna, Sweden).

SDS-PAGE. In one case the tyrosinase protein found in the
serum was further characterized. Three eluates from the col-
umn containing ConA were concentrated with Centricon Mi-
croconcentrators (Amicon, Danvers, Mass, USA). MW deter-
mination was performed with SDS-PAGE slab gel (1.5 mm
thick) electrophoresis according to Laemmli, using a Bio-
Rad Electrophoresis apparatus (Bio-Rad, Richmond, Calif.,
USA). Sample preparation: 50 ul of the sample was mixed
with 50 pl of solubilization solution containing 20 % glycerol,
4% SDS, 0.125 M Tris-HCI, pH 6.8, and small amounts of
bromophenolblue. No thiol reagents were added and no boil-
ing was done, in order to preserve the activity of the enzyme.
As a MW marker for the Coomassie Brilliant Blue staining,
we used the Pharmacia Electrophoresis Calibration Kit for
low molecular weight proteins (Pharmacia, Sweden).

Running buffer (upper and lower): 8.3 mM Tris (1/3 of con-
centration used by Laemmli) 0.192 M glycine, 0.1 % SDS, pH
8.3.

Running conditions: 7 mA for 30 min, 25 mA for 51/2 h.

Staining: The gel was split longitudinally into two, one part
stained with Coomassie Brilliant Blue 0.1 %, and the other by
enzymatic staining using 0.08 g L-dopa and 0.05 g L-tyrosine
in 200 ml 0.1 M bisTris, pH 6.5.
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Isoelectric focusing

Isoelectric point determination of the protein with tyrosinase
activity was performed on similar extracts using flat-bed IEF.
The casting was made using the Pharmacia capillary casting
mould (Pharmacia). For creating the pH-gradient, Pharma-
lyte pH 3-10 (Pharmacia) was used.

The IEF gels were 230X 115X 1.0 mm, and for sample
application we used filter papers size 20X 15 mm. 5% acryl-
amide-bis was used for cross-linking.

Running conditions: Prefocusing for 30 min, 150 mA at a
fixed effect of 10 W. Focusing for 90 min, 150 mA at a fixed
effect of 30 W. The tyrosinase band in the gel was visualized
by enzymatic staining with 200 mg L-dopa, in 200 ml 0.1 M
Tris, pH 7.5.

RESULTS

The study showed the presence of tyrosinase activity,
measured as stereospecific dopa oxidase activity in
the sera of 5 of 7 patients with widespread malignant
melanoma. There was no tyrosinase activity in the
sera from patients with other malignancies, nor in the
other control sera.

We were unable to detect any stereospecific dopa
oxidase activity in the sera of 2 of our patients with
malignant melanoma. One of the patients (W/57) had
amelanotic melanoma cells in her tumour. She had
recurrent cutaneous metastases, but was otherwise in
good health. In the other patient (M/70) some of the
cells in the primary melanoma were strongly pigment-
ed; the metastases have not been examined micro-
scopically.

The patient (W/70) with melanoma excised in 1985,
and who later developed gastric cancer, was examined
in spring 1987 with a liver scan because of pathologic
serum transaminase values. The scan suggested me-
tastases. Cytologic examination showed metastasis
from a tumour of low differentiation and of unknown
origin. She died in Oct 1987. At post-mortem exami-
nation, a gastric cancer with infiltration into the large
bowel was found, with metastases to the liver and
with peritoneal carcinomatosis. However, no signs of
malignant melanoma metastases were found.

The serum with the highest tyrosinase activity was
further analysed. SDS-PAGE showed a faint but
clearly visible dopa-stained band with the apparent
MW 66 kD, which corresponds to that of the ‘soluble’
tyrosinase obtained from human melanoma cells. Iso-
electric focusing of the sample also revealed a band
stained with dopa with the same pl, 4.55, as that of
the purified soluble tyrosinase. The protein also elut-
ed in the same way as the soluble tyrosinase on a



phenyl-Sepharose hydrophobic interaction column
(22).

DISCUSSION

The stereospecific dopa oxidase activity found in se-
rum corresponds to a protein with many characteris-
tics of soluble tyrosinase isolated from cultured hu-
man malignant melanoma cells (IGR1).

In our culture of human melanoma cells, we have
found a specific activity of 40 nmole dopa oxidized/
min per mg protein. With a protein content around
10%, this would mean an activity of 4 000 nmole/min
and g cell, wet weight. The level of dopa oxidase
activity found, 0.3 nmole/min/ml/sera, corresponds
roughly to an activity of 900 nmole/min present at
one time in the blood volume. This amount of tyrosi-
nase may be derived from necrosis of melanoma tis-
sue, corresponding to 0.2 g lysed melanoma cells, but
may also be due to a more biologic release from a
larger quantity of melanoma tissue. The high content
of sialic acid of tyrosinase may prevent the trapping
of the enzyme by the mannose receptors present in
liver, with resulting diminished rate of removal from
the plasma.

Untreated serum has a non-specific dopa oxidation
too high for tyrosinase activity to be discernible. Ad-
sorption of tyrosinase to ConA—Sepharose and subse-
quent elution eliminates to a large extent this non-
specific oxidation, but the non-specific oxidation is
still too great to allow a quantification of tyrosinase
activity. This oxidation is probably due to the pres-
ence of hemoproteins. When passing the serum sam-
ple through a phenyl-Sepharose HIC in the presence
of ammonium sulphate, hemoproteins elute earlier
than the protein with tyrosinase activity. Passing the
serum through a phenyl-Sepharose HIC alone, how-
ever, does not diminish non-specific dopa oxidation
sufficiently to allow detection of tyrosinase activity.

Under our experimental conditions the detection
limit for dopa oxidase activity was 0.01 nmole 5-L-
cysteinyl-L-dopa formed/min/ml serum. The absence
of detectable tyrosinase activity in serum from pa-
tients with other malignancies and from other con-
trols may of course be due to levels of tyrosinase that
can be detected only with an assay of greater sensitiv-

ity.
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