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Serum Tyrosinase in Malignant Disease, Its Activity, and the
Electrophoretic Patterns of the Enzyme as Carried by lmmunoglobulins1
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needed to bring about 60% saturation must be accurately
calculated. The serum protein fraction salted out at 50 to 60%
saturation with the salt was dissolved in deionized water and
diluted with large volume of 1 m@phosphate buffer (monobasic
and dibasic sodium phosphates; Mallinckrodt Chemical Works,
St. Louis, Mo.) pH 6.8; desalted against the same phosphate
buffer to remove ammonium sulfate; and concentrated by ultra
filtration (Amicon, PM 10; 0â€”4Â°).The ammonium sulfate-free
serum fraction thus obtained was especially useful for assay of
tyrosinase activity. However, the serum fraction which was not
ammonium sulfate free could be used as such for electropho
resis. The serum fractions with and without ammonium sulfate
were frozen until use.

The tyrosinase activity in the serum tyrosinase fraction was
determined by formation of [14C]melanin from L-j14C]tyrosine
(4, 5). The electrophoretic patterns of serum tyrosinase were
obtained by acrylamide disc gel electrophoresis of the serum
tyrosinase fraction, followed by incubation of the gel sample
with L-dopa (1 60 @ig/ml; Nutritional Biochemical Corp. , Cleve
land, Ohio) at room temperature overnight (7, 9). In the previous
studies (7, 9), 5% sucrose (w/v) was added to a portion of
serum tyrosinase fraction prior to electrophoresis in order to
eliminate enzyme diffusion during electrophoresis. However,
7.5% sucrose (w/v) was used in the present study. The lipase
(porcine pancrease; Schwarz/Mann, Orangeburg, N. V.; spe
cific activity, 66.9 units/mg) digestion of the serum enzyme
preparation to free tyrosinase followed procedures previously
described (1, 7, 9). Protein localization of the gel sample after
electrophoresis was performed by staining for 1 hr with 0.25%
Coomassie Brilliant Blue (16) and destaining in 7% acetic acid
(1 1) until clear protein bands appeared. Both enzymic and
protein bands were preserved in 7.5% acetic acid (1 1) and
scanned at 540 nm in the same solution using a densitometer
(Gilford Instrument Model 2400 5 spectrophotometer) to reveal
corresponding peaks. Bromphenol blue was used for dye front
during electrophoresis. With known information of gel length
and dye front at the end of electrophoresis and of gel length
and band position after incubation or staining, the RF's of the
enzymic and protein bands (or peaks) were calculated.

Since peroxidase may also play a role in melanogenesis
(15), it is necessary to differentiate tyrosinase activity from
peroxidase enzymic activity or vice versa. In the present study,
the serum enzymic activity in melanin formation has been
experimentally shown to be controlled by tyrosinase. The evi
dence has been presented in â€˜â€˜Results and Discussion.â€•

After separation of the serum tyrosinase fraction from the
ammonium sulfate fraction, a supernatant was obtained. The
presence of tyrosinase inhibitors in the supernatant was dem
onstrated by ultrafiltration of the supernatant into different
fractions with different molecular weight ranges and by testing
their inhibitory effect separately on mushroom tyrosinase (Nu
tritional Biochemical Corp.). The advantages of using mush

SEPTEMBER 1979 3485

ABSTRACT

Serum tyrosinase activity in many persons with metastatic
diseases was found to be significantly higher than activity in
normal persons. The highest activity was observed in mela
noma and breast carcinoma. The electrophoretic patterns of
serum tyrosinase, resolved by electrophoresis of a serum ty
rosinase fraction followed by incubation of the gel sample with
L-dopa, and represented as sets of RF'sof melanin bands, were
characteristically different in melanoma, breast carcinoma, and
certain other diseases. The RF's of melanin and protein bands
in the serum enzyme preparations from melanoma patients

were concisely defined. Further, some potent serum fractions
inhibiting tyrosinase melanogenic activity have been obtained,
and the presence of tyrosinase inhibitors in the serum enzyme
preparation has also been demonstrated. More detailed ex
ploration of these serum tyrosinase parameters may provide
more specific and sensitive detection for certain malignant
diseases.

INTRODUCTION

Serum tyrosinase in normal people and patients with 8 ma
lignant diseases has been evaluated previously (7). In order to
study such more extensively over a wide spectrum of malignant
diseases, sera of specimens from 11 normal persons and 320
patients covering 55 malignant diseases, including the 8 malig
nant diseases studied before, have been utilized for more
detailed investigation. Further, the preparation of serum tyro
sinase fraction and the assay of serum tyrosinase activity were
improved, and the electrophoretic patterns of serum tyrosinase,
the enzymic bands, and the serum tyrosinase carriers were
precisely defined. The difference in serum tyrosinase activity
between normal and diseased people was greatly enhanced
and more pronounced than the finding previously reported (7).

MATERIALS AND METHODS

Blood from normal humans and patients with metastatic
cancers prior to or after therapy was permitted to clot and
centrifuged (600 x g, 30 mm, 0â€”4Â°).The serum thus obtained
was fractionated by the ammonium sulfate technique. The
serum tyrosinase fraction containing proteins salted out at 50
to 60% saturation of ammonium sulfate (Fisher Scientific Co.,
Fair Lawn, N. Y.) was utilized for assay of serum tyrosinase
activity and for localization of enzymic and protein bands after
electrophoresis. The amounts of ammonium sulfate actually
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Table1Effect
of saturation of ammonium sulfate at 60% or over on humanbreastcarcinoma

serum tyrosinaseactivitySerum
specimens diluted with 3 volumes of deionized water weresaturatedwith

ammonium sulfate at 50%. More ammonium sulfate was added tothesupernatant
to obtain saturation at 60% (A) and 62% (B). The tyrosinaseactivityin

the protein fractions thus salted out wasdetermined.Serum

tyrosinase activitya (cpm/ml)
% of activity

Sample A B (A/B x100)1

342Â± gb 165Â± 72072
970Â±11 295Â± 53293
264Â± 8 150Â± 41764
330Â± 9 280Â± 61185
315Â± 8 240Â± 7i316
497Â±10 486Â± 91027
507Â± 9 425Â± 91198
1128 Â±15 720 Â± 61579
473Â±12 478Â± 99810
695 Â± 12 228 Â± ii 305

of the en

Effects of ultrafiltered melanoma patient serum fractions on tyrosinaseactivitySupernatant
obtained by saturation of a 1:3 (v/v) deionizedwater-dilutedserum

with 50 to 60% ammonium sulfate was ultrafiltered (Amicon;membraneswith
different pore size to obtain 3 fractions). An aliquot of each fractionobtainedfrom
0.2 ml serum was utilized to test its effect on tyrosinaseactivity.Melanogenic

activitya of mushroom ty
Category rosinase(cpm)Cb

4483Â±c+i
431Â±9C+ll
272Â±4C+lIl

2070Â±38

V. M. Chen et a!.

room tyrosinase are many3: the enzyme is commercially avail
able; the test is easily and sensitively performed within a short
period; and the enzyme can be incubated at 0Â°for a longer
period to produce a high yield of melanin; thus, the thermolabile
inhibitor(s) will be more stable during the testing period. Fur
ther, 3 tyrosinase inhibitors contained in the serum tyrosinase
preparation of certain diseases were demonstrated as colorless
wide bands on the gel after electrophoresis of the enzyme
preparation and incubation with L-dopa.

RESULTS AND DISCUSSION

The saturation of ammonium sulfate at 50 to 60% is important
for obtaining a serum fraction containing major tyrosinase
activity. However, the addition of more ammonium sulfate to a
saturation of 50 to 60%, but not over 60%, with the salt is very
critical for the determination of serum tyrosinase activity (Table
1). The serum fraction obtained at 50 to 60% had considerably
higher tyrosinase activity than that obtained over 60%.

During ammonium sulfate fractionation, the 4-times diluted
serum was saturated with ammonium sulfate at 50%. To the
decanted supernatant, more ammonium sulfate was added to
obtain 60% saturation. Due to the retention of some of the
supernatant by considerable amounts of the protein salted out
at 50% saturation, the amounts of ammonium sulfate calculated
from known information (1 2) gave a saturation actually higher
than 60%. Exact amounts of ammonium sulfate to bring about
60% saturation can be evaluated as follows.

V2Y=Xx
V1

in which X is calculated amounts of ammonium sulfate needed
from table, Y is the exact amounts of ammonium sulfate
needed, V1 is the volume of diluted serum after addition of
ammonium sulfate at 50% saturation, and V2is the volume of
decanted supernatant obtained at 50% saturation of ammo
nium sulfate.

The saturation of ammonium sulfate at 62% to cause the
tyrosinase activity to decrease considerably is probably due to
the salting out, together with the same amounts of tyrosinase,
of the tyrosinase-inhibitory proteins contained in the superna
tant obtained at 60% saturation.3 The potent inhibitory actions
on mushroom tyrosinase of 3 fractions ultrafiltered from such
a supernatant from melanoma patients have been observed
(Table 2). The potency of inhibitory action was stronger in
Fractions 1 and 2 than in Fraction 3. The presence of these
potent tyrosinase inhibitors in the serum may explain why the
serum tyrosinase activity cannot be detected by using the
whole serum for assay.

The ammonium sulfate precipitation of serum or plasma
protein by classic methods (13, 14) was differently performed
by addition of a definite volume of saturated ammonium sulfate
solution to undiluted serum. Further, for the same percentage
of saturation with ammonium sulfate, the precipitation of serum
or plasma proteins at a single stage (1 3, 14) is different from
that at 2 stages in the present study. Thus, the proteins salted
out in the precipitate, and those remaining in the supernatant
at a second stage of 50 to 60% saturation with the salt are

3 V. M. Chen, unpublished data.

a L-j'4CJTyrosine incorporation into melanin after incubation
zyme preparation with L-('4Cjtyrosine at 30Â°for 16 hr.

b Mean Â± SE.

Table 2

a L-('4C]TyrOsine incorporation into melanin after incubation of the en
zyme preparation with L-['4C]tyrosine at 30Â°for 1 hr.

b c, mushroom tyrosinase (20 pg/assay) was utilized. The specific activity of

i-['4C)tyrosine was 0.329 mCi/mmol: I, serum fraction with range of molecular
weight over 100,000; II, serum fraction with range of molecular weight (50 to
100) x 1 000; III, serum fraction with range of molecular weight (30 to 50) x
1,000.

C Mean Â± SE.

different from those obtained by classic precipitation at a single
stage of 60% saturation. It has been shown that the serum
fraction obtained at the second stage of precipitation (50 to
60%) contained the major tyrosinase activity and that the
supernatant thus obtained contained large-molecular-weight
factors greatly inhibiting tyrosinase melanogenic activity.3

The melanogenic activity evaluated in human sera in the
present study is a characteristic tyrosinase reaction. The con
firmation of tyrosinase but not of peroxidase activity in the
serum enzyme preparation utilized was verified as follows: (a)
heat treatment of the serum enzyme preparation resulted in
loss of melanogenic activity as evidenced by incubation of the
enzyme, either free in solution or on gel after electrophoresis,
with L-['4C]tyrosine; (b) preincubation of the serum enzyme
preparation with diethyldithiocarbamate and dialysis to free
inhibitor showed no recovery of melanogenic activity; (c) in the
presence of added hydrogen peroxide which is an absolute
necessity for peroxidase reaction, no melanogenic activity was
observed in the serum enzyme preparation utilized; (d) a single
tyrosinase released after lipase digestion of the specific serum
fraction showed a much higher RF than those of 5 horseradish
peroxidase (Sigma Chemical Co.) isozymes.3 Further, the se
rum fractions containing melanogenic factors and other inter
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Table4
Serum tyrosinase activity in human sera

Tyrosinase activity in human sera was evaluated from a serum fraction ob
tamed by ammonium sulfate fractionation at 50 to 60% saturation. All diseased
specimens with metastatic cancers prior to therapy were utilized.

Tyrosinase activit?
Category (pmol/mI)

A. Endometrial carcinoma (4)b 2209 Â±2i O@
Carcinoma of larynx (3) 2168 Â±i 94
darcinoma of mouth (4) 2165 Â±195
Lymphosarcoma (4) 2012 Â±i 97
Carcinoma of tonsil 1687
Neurofibrosarcoma (2) 1665
Carcinoma of cervix (9) 1543 Â±142
Polycythemia 1532
Fibrosarcoma (3) 1521 Â±539
Thyroid carcinoma (2) i 503
Salivary gland sarcoma 1500
Lymphoma (4) 1405 Â± 84
Thymoma i 348
Astrocytoma 1330
Carcinoma of stomach (3) 1325 Â± 96
Tumor of left elbow 1288
Lymphadenopathy 1147
Epidermoid carcinoma of tongue (4) 1100 Â± 48
Reticulum cell sarcoma (2) 1076
Parotid gland carcinoma 1070
Lelomyosarcoma 1048
Epidermoid carcinoma of neck and head 990
Seminoma 886
Normal 501 Â± 61

B. Abdominal carcinomatosis (3) 868 Â±110
Multiple myeloma (4) 849 Â± 96
Tumor of right flank 846
Renal tumor 841
Carcinoma of gingiva 834
Rhabdomyosarcoma 797
Vertebral carcinoma 773
Carcinoma of cecum (2) 767
Chondrosarcoma 742
Tumor of scalp 741
Bladder carcinoma 740
Brain tumor 735
Carcinoma of pelvis 718
Sarcoidosis 718
Carcinoma of anus 669
Glioblastoma of brain 629
Squamous cell carcinoma of ear 627
Reticulum cell carcinoma 570
Normal (1 i ) 501 Â± 61

: L-Tyrosineconversionat30Â°for16 hr.
Numbers in parentheses, number of people analyzed.

C Mean Â± SE.

during dialysis and concentration by ultrafiltration. Dialysis
against diluted phosphate buffer is helpful in the prevention of
serum protein precipitation. Inasmuch as potent large-molec
ular-weight tyrosinase inhibitors are present in the serum (Table
2) and appeared to be salted out by ammonium sulfate at
saturation greater than 60%,@the proper adjustment of am
monium sulfate at 60% saturation is critical for the determina
tion of serum tyrosinase activity in the fraction isolated. With
the comparatively large numbers of specimens involved in the
present study, especially for melanoma and breast carcinoma,
together with improved assay of serum tyrosinase activity,
these results substantially confirm and verify the difference in
serum tyrosinase activity of malignant states from normal per
sons observed in the previous study (7).

In salivary gland sarcoma, thyroid carcinoma, polycythemia,
carcinoma of cervix (Table 4A), Hodgkin's disease, hepatic
carcinoma (Table 3), neurofibrosarcoma, carcinoma of tonsil
(Table 4A), rectal carcinoma (Table 3), lymphosarcoma, car
cinoma of mouth, carcinoma of larynx, and endometrial carci

CategoryMelanogenic
activitya

(pmol/ml)Melanoma

(59)b3i 89 Â±154CBreast
carcinoma (52)2688 Â±223Rectal
carcinoma (15)1 838 Â±49Hodgkins

disease (6)1 590 Â±186Hepatic
carcinoma (8)1 599 Â±113Bronchogenic

carcinoma (6)1 464 Â±65Carcinoma
of prostate (8)1 330 Â±86Testicular

carcinoma (3)1 329 Â±51Colon
carcinoma (28)1 129 Â±75Hypernephroma

(3)1 037 Â±13Leukemia(2)1021Lung

carcinoma (41)978 Â±94Pancreatic
carcinoma (6)91 2 Â±52Ovarian

carcinoma (4)857 Â±135Normal
(1 1)50i Â± 61

Serum Tyrosinase

fering materials have been removed from the tyrosinase-con
taming fraction.3 In general, the serum tyrosinase activity has
been properly assayed.

Serum tyrosinase activity in humans is shown in Tables 3
and 4. The normal individuals showed the lowest serum tyro
sinase activity, whereas patients with malignant diseases
showed significantly higher serum tyrosinase activity. Specifi
cally, patients with melanoma and breast carcinoma had the
highest serum tyrosinase activity (Table 3). Thus, many of the
malignant diseases studied appeared to be associated with
high serum tyrosinase activity.

The serum tyrosinase activities in the previous study (7) as
expressed in L-tyrosine conversion units per 10 ml serum were
1132 Â±17 (S.E.), 1169 Â±15, 942 Â±20, 884 Â±35, 858,
724, 633 Â±13, 549 Â±7, and 489 Â±5 for melanoma, breast
carcinoma, rectal carcinoma, Hodgkin's disease, hepatic car
cinoma, testicular carcinoma, colon carcinoma, hyperne
phroma, and normal, respectively. Inasmuch as the present
serum tyrosinase activities were expressed in the same units
per ml serum, it is obvious that the serum tyrosinase activities
in the present study are greatly increased. The present serum
tyrosinase activities (Table 3) as -fold values of the originals
were 28.2 in melanoma, 23.0 in breast carcinoma, 19.5 in
rectal carcinoma, 18.0 in Hodgkin's disease, 18.6 in hepatic
carcinoma, 18.4 in testicular carcinoma, 17.8 in colon card
noma, 18.9 in hypernephroma, and 10.2 in normal persons.

The greater activities for both normal and diseased people in
the present investigation are attributed to the improved enzyme
preparation by (a) application of the ultrafiltration technique for
both desaltation and concentration, (b) dialysis against diluted
phosphate buffer in ultrafiltration, and (c) proper adjustment of
ammonium sulfate required to raise saturation from 50% to
60%. The presence of ammonium sulfate over certain limits
has been shown to inhibit tyrosinase activity.3 Further, with
small amounts of enzyme preparation, great loss of the enzymic
activity often resulted from dialysis in a dialysis membrane
tube. This loss could be greatly reduced by dialysis using an
ultrafiltration cell. The complete removal of ions may cause the
precipitation of serum protein, thus in turn to lose tyrosinase

Table 3
Tyrosinase activity in human sera from normal and diseased humans

Activity was evaluated from a serum fraction containing major tyrosinase
activity of the serum, obtained by ammonium sulfate fractionation at 50 to 60%
saturation. All diseased specimens with metastatic cancers prior to therapy were
utilized.

aL-TyrOsineconversionat30Â°for16hr.
b Numbers in parentheses, number of people analyzed.

C Mean Â± SE.
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BandBRFb1

2
3
4
5
6
7
8
9

10
ii
120.009

Â±
0.027 Â±0.002
0.043 Â±0.006
0.050 Â±0.004
0.075 Â±0.004
0.087 Â±0.004
0.100Â±0.004
0.119Â±0.004
0.136Â±0.004
0.159Â±0.005
0.184Â±0.004
0.217 Â±0.004a

Numberofbandstartedfromoriginof sample application going in downward

Serum enzyme preparation, obtained by ammonium sulfate fractionation at50to
60% saturatIon, on acrylamide disc gel after electrophoresis wasincubatedwith

L-dopa at room temperature overnight to develop melanin bands. Thebandswere
scanned by densitometer, and the peaks converted were utilizedforestimation

of RF'sof melaninbands.Bande1

(i)C 0.013Â±2
(2) 0.023 Â±0.0043
(3) 0.043 Â±0.0064
(5 or 6) 0.080 Â±0.0095(9)

0.138Â±0.0076(10)
0.163Â±0.0047(u)

0.188Â±0.003

PatientActivityMelanomaa
(pmol/g wet ti

sue x i .000)s Serumb(pmol/mIserum)115,307

Â±273@5597 Â±724,548Â±
223.126Â±303908Â±
72,538Â±284507Â±
42,146Â±245174Â±

3i,i22Â±23

V. M. Chen et a!.

noma (Table 4A), serum tyrosinase activities were 3- to 4.5-
fold the activity in normal persons. In seminoma (Table 4A),
pancreatic carcinoma, lung carcinoma (Table 3), epidermoid
carcinoma of the neck and head (Table 4A), leukemia, hyper
nephroma (Table 3), leiomyosarcoma, parotid gland carci
noma, reticulum cell sarcoma, epidermoid carcinoma of the
tongue (Table 4A), testicular carcinoma, prostate carcinoma
(Table 3), thymoma, lymphoma (Table 4A), and bronchogenic
carcinoma (Table 3), the serum tyrosinase activities varied from
2- to 3-fold the activity in normal persons. In carcinoma of the
cecum, vertebral carcinoma, rhabdomyocarcinoma, carcinoma
of the gingiva, renal tumor, tumor of right flank, multiple mye
loma (Table 4B), ovarian carcinoma (Table 3), and abdominal
carcinomatosis (Table 4B), the activities showed more than
50% increase over normal values. In all other diseases (Table
4B), the serum tyrosinase activities were greater than but may
not be significantly different from that in normal persons. It
appears that the malignant disease correlates well to the high
serum tyrosinase activities, confirming the results (7, 8) previ
ously reported. The serum tyrosinase activities in diseases with
activities higher than 3-fold the normal value are approaching
those in melanoma and breast carcinoma.

In the cases of melanoma patients, the serum tyrosinase
activity was compared with the corresponding melanoma ty
rosinase activity as shown in Table 5. The tyrosinase activity
level in serum correlated well with that in melanoma. Higher
tyrosinase activity in melanoma causes higher tyrosinase activ
ity in serum, indicating that higher serum tyrosinase originates
from the malignant tissue. A similar correlation of tyrosinase
activity in serum with that in melanoma occurred in mice given
transplants of B-i 6 melanoma (10). Two special cases of
melanomas studied are interesting. One case showed that the
serum tyrosinase activities (units per ml as indicated in Table
3) before and 4 months after removal of melanoma were 2173
Â±59 and 845 Â±12, respectively. The great decrease in serum
tyrosinase activity due to surgery is obvious. In the other case,
the serum tyrosinase activity in recurrent melanoma at an early
stage showed serum tyrosinase activity at the onset value
which is significantly higher than normal values but falls within
the lowest limit in all 59 melanoma patients studied. Serum
tyrosinase activity in melanoma patients has been found to vary
from 1679 to 6155 units.

The electrophoretic patterns of serum tyrosinase in mela
noma and breast carcinoma showed very specific types of
narrow melanin bands at positions of immunoglobulins. These

Table 5
Comparison of tyrosinase activity in melanomas and sera

Tyrosinase activities in melanoma and serum from the same patient were
determined. The total tyrosinase activity in melanoma was represented by the
total activity in melanoma homogenate. The serum tyrosinase activity was that
from the serum fraction obtained at 50 to 60% saturation with ammoniumsulfate.

melanin bands have been shown as scanning peaks previously
(7). The melanin bands in these 2 diseases varied from few up
to more than 10. In general, 7 serum melanin bands occurred.
Although there were no clear melanin bands appearing in the
normal sera, few melanin bands could be clearly demonstrated
in the early stages of these diseases. During metastatic stages
in melanoma, the serum enzyme preparation has been utilized
for the localization of both enzymic and protein bands in order
to see the specific protein bands corresponding to the melanin
bands. Twelve protein bands defined in terms of RF's at many
immunoglobulin positions have been demonstrated (Table 6).
Seven serum melanin bands generally occurring in melanomas
have also been defined in terms of RF's (Table 7). These close
enzymic and protein bands can be seen clearly and can be
more accurately measured by densitometric scanning.

The electrophoretic pattern of serum tyrosinase with narrow
melanin bands also occurred in many other diseases (Tables
8 and 9). Among all diseases with such narrow-type melanin
bands, each set of melanin bands representing one disease
differs completely or partially from any other set of melanin
bands representing other diseases in the number of bands and
RF's. Even with the similar melanin bands in different diseases,
the intensity of the individual melanin band may be different in

Table 6
Electrophoretic pattern of proteins from serum tyrosinase preparation of

melanomapatients
Serum enzyme preparation, obtained by ammoniumsulfate fractionation at 50

to 60% saturation, on acrylamide disc gel after electrophoresis was stained with
Coomassie Brilliant Blue and destained in 7% acetic acid. The protein bands
developed were scanned with a densitometer into peaks which were utilized for
estimation of RF'sof protein bands.

direction.
b Bromphenol blue was used as dye front during electrophoresis.

C Mean Â± SE.

Table 7
Serum melanin bands commonly occurring in serum tyrosinase preparations of

melanomapatients

aNumberofbandstartedfromoriginofsampleapplicationgoingIndownward
direction.

b Bromphenol blue was used as dye front.

C Numbers In parentheses, possible corresponding protein band in Table 6.

d Mean Â± SE.

L-TyrOsineconversion at 30Â°for 16 hr.
b i-Tyroslne conversion at 30Â° for 16 hr.
C Mean Â± SE.

3488 CANCERRESEARCHVOL. 39

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/39/9/3485/2404935/cr0390093485.pdf by guest on 19 M

ay 2023



front.Origin

of seraaR@'s of serum melaninbands@'Melanoma0.013,

0.023, 0.043, 0.080, 0.138, 0.163,0.188Special
case0.063, 0.070, 0.082, 0.098, 0.152, 0.239,0.305Breast

carcinoma0.01 4, 0.023, 0.043, 0.053, 0.i 21, 0.1Si , 0.i88Special
case0.074, 0.103, 0.141 , 0.175, 0.235, 0.281 ,0.314Lung

carcinoma0.025, 0.035, 0.060, 0.102, 0.1 13, 0.130,0.147Colon
carcinoma0.042, 0.062, 0.095, 0.125, 0.169, 0.i96,0.219Special

case0.Oi i , 0.Oi 4, 0.025, 0.047, 0.061 , 0.066,
0.073,0.082.0.096,0.110,0.134,0.18iCould

have only 1 or2of
the followingwidebands:0.134,

0.228, 0.251, 0.265, 0.307, 0.380,0.417Testicular
carcinoma0.025, 0.i62, 0.25i , 0.303, 0.354, 0.523, 0.669

(relatively widerbands)Hepatic
carcinoma0.031 , 0.040, 0.042, 0.053, 0.068, 0.093,

0.134,0.158,0.193Special
caseTwo wide bands: 0.361 . 0.46i(overlapped)Pancreatic
carcinoma0.033, 0.053, 0.066, 0.079, 0.106,0.119Ovarian

carcinoma0.013, 0.025, 0.051, 0.066, 0.079, 0.i 19,
0.132, 0.158,0.272Leukemia0.013,

0.027, 0.047, 0.i2i, 0.148,0.161Special
case0.066 (narrow), 0. i 29 (wide), 0.41 6(wide)Bronchogenic

carcinoma1 or 2 of the following wide bands: 0.094, 0.129,
0.234,0.277,0.376,0.399,0.418Carcinoma

of prostate0.008, 0.045, 0.060, 0.i05, 0.128,0.165Hodgkin's
disease0.027, 0.046, 0.089, 0.127, 0.158,0.226Hypernephroma0.018,

0.034, 0.072, 0.104, 0.160, 0.187,0.693Rectal
carcinoma0.030, 0.069, 0.108, 0.127, 0.149, 0.183,

0.258, 0.284, 0.317

Electrophoretic patterns of serum tyrosinase in humanseraSerum
melanin bands were demonstrated by polyacrylamide disc gel electro

phoresis of serum tyrosinase used in Tables 4A and 4B, followed byincubationof
the gel with L-dopa at room temperature overnight. The melanin bandswerescanned

by densitometer at 540 nm in order to calculate RF'Susingbromphenolblue
as dyefront.Origin

of sera' R@'sof serum melaninbands@'Mouth

carcinoma 0. 117, 0. 199, 0.209, 0.277, 0.367,0.381,0.400,
0.425, 0.462, 0.490, O.5i 2,0.536,0.557,
0.625 (all sharp narrow bands orpeaks)Multiple

myeloma 0.018, 0.024, 0.030, 0.054, 0.103, 0.1 19,0.140Carcinoma
of stomach 0.Oi 9, 0.029, 0.038, 0.055, 0.070,0.078,0.098,

0.112,0.135Carcinoma
of larynx 0.021, 0.030, 0.053, 0.082, 0.094, 0.108,0.138Carcinoma
of cervix 0.023, 0.029, 0.052, 0.075, 0.i04, 0.125,0.145Carcinoma
of tonsil 0.018, 0.026, 0.040, 0.069, O.i33, 0.157,0.182Lymphoma

0.01 7, 0.030, 0.051 , 0.088, 0.093,0.098,0.1
18, 0.142,0.237Lymphosarcoma

0.021 , 0.039, 0.085, 0.1 19, 0.126, 0.316,0.336Thyroid
carcinoma 0.01 0, 0.029, 0.086 (all narrow melaninbands),0.384

(widemelaninband)Carcinoma
of cecum 0.058,0.101Endometrial
carcinoma 0.013,0.040Polycythemia

0.014, 0.042, 0.097,0.117Thymoma
0.015, 0.044,0.103Lymphadenopathy
0.053,0.071Vertebral

carcinoma 0.01 9,0.057a,

b See Table 8, Footnotes a and b.

Serum Tyrosinase

Table9Table8
Electrophoretic patterns of serum tyrosinase in human sore

Serum melanin bands were demonstrated by polyacrylamide disc gel electro
phoresis of serum tyrosinase used in Table 3, followed by incubation of the gel
with L-dopa at room temperature overnight. The melanin bands were scanned by
densitometer at 540 nm in order to calculate RFSusing bromphenol blue as dye

The wide variety of melanin bands indicates the existence of
a wide variety of serum immunoglobulins as tyrosinase carriers
or serum immunoglobulin-tyrosinase complexes formed . Pre
liminary experiments (2, 3) have indicated the presence of lgG
and 1gM in the serum tyrosinase fraction from melanoma pa
tients. lgG was a major part and 1gM was a minor one as
tyrosinase carrier in the serum enzyme preparation utilized.
The association of serum tyrosinase with immunoglobulins also
occurs in other malignant diseases characterized by narrow
serum melanin bands3 as evidenced by lipase digestion (1, 7).
Whether those wide serum melanin bands observed are free
serum tyrosinase or immunoglobulin-tyrosinase complexes
needs further exploration.

Our very recent immunological experiments have demon
strated the presence of lgG, 1gM,IgA, and lgD in the melanoma
serum fraction containing tyrosinase activity.3 More specifi
cally, the existence of immunoglobulin-tyrosinase complexes
in the specific serum fraction from melanoma has been une
quivocally evidenced by rocket immunoelectrophoresis. A
rocket precipitin was formed by immunoelectrophoresis of the
special serum fraction containing major tyrosinase activity on
agar plate preincorporated with specific goat antisera against
human immunoglobulins. The rocket precipitin became dark
after enzymic stain for melanin formation. A very sensitive and
specific but simple and rapid tyrosinase immunoassay for char
acterization and quantitation of immunoglobulin-tyrosinase
complexes is now under development.

The serum tyrosinase enzyme preparation may contain inhib
itors with RF's different from those of the serum immunoglob
ulin-tyrosinase complexes forming melanin bands. After elec
trophoresis of the serum tyrosinase enzyme preparation and
incubation of the gel sample with L-dopa, 3 colorless wide
bands appeared in many cases (Table 10). These colorless,
transparent, wide inhibitor bands were a distinct contrast to
those black melanin bands on the same gel if enough inhibitory
material was contained in the enzyme preparation. In carci
noma of the cecum, endometrial carcinoma, polycythemia,

aOrderofdiseasesisindecreasingorderofserumtyrosinaseactivity.Special
case is the unusual rare pattern observed.

b Each set of melanin bands defined as RF5 in each disease is in order of

increasing electrophoretic mobility. Band started from origin of sample applica
tion going in downward direction. All values representing wide melanin bands
were specifically noted.

different diseases. However, the intensities of the melanin
bands are not shown in Tables 8 and 9. In carcinoma of the
mouth, 14 sharp and clear narrow serum melanin bands were
formed (Table 9). This is a very peculiar case observed among
more than 300 patients covering approximately 60 different
malignant diseases involved in the previous (7) and present
studies. In addition to the narrow-type melanin bands, wide
type melanin bands occurred in hepatic carcinoma, broncho
genic carcinoma, and testicular carcinoma (Table 8), and com
bined-type narrow and wide melanin bands occurred in leuke
mia (Table 8) and thyroid carcinoma (Table 9). In the case of
multiple myeloma, carcinomas of stomach, larynx, cervix, and
tonsil, lymphoma, and lymphosarcoma (Table 9), their electro
phoretic patterns, the melanin bands, and their RF's were
obviously different from each other and also different from the
patterns in melanoma and breast carcinoma (Table 8). In thy
roid carcinoma (Table 9), the electrophoretic pattern of serum
tyrosinase was different from others by having 3 narrow mela
nm bands with low RF's and a wide melanin band with a high
RF. In the other cases, carcinoma of the cecum, endometrial
carcinoma, polycythemia, thymoma, lymphadenopathy, and
vertebral carcinoma were different from others in having only
few melanin bands with low RF'S (Table 9). They were also
different from each other by the number and/or RF's of the
melanin bands observed. The specific electrophoretic pattern
of serum tyrosinase together with high serum tyrosinase activity
in certain malignant diseases appear to be characteristic cri
teria of the disease.

SEPTEMBER1979 3489

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/39/9/3485/2404935/cr0390093485.pdf by guest on 19 M

ay 2023



Enzyme preparation was the same serum fraction used for tyrosinaseassayin
Table 4. Inhibitory components of serum tyrosinase preparation wereresolvedas
wide colorless bands on the gel after electrophoresis of the sampleandincubation

with L-dopa. Colorless bands were measured directly, and theirRF'Swere
calculated using bromphenol blue as dyefront.Origin

of sera RFSof inhibitorycomponentsCarcinoma

of cecum 0275a 0.3040.579Endometrial
carcinoma 0.152 0.3100.541Polycythemia

0.166 0.31 10.559Thymoma
0.187 0.316 0.588

Lymphadenopathy 0.1 15a 0.2840.559Vertebral
carcinoma 0.189 0.3210.551Meanb

0.181 Â±0.009 0.308 Â±0.007 0.563 Â±0.006

V. M. Chen et a!.

Table 10

Location of inhibitory components of serum tyrosinase preparation
acidic linkages; (C) specific precipitins showing tyrosinase ac
tivity were obtained from serum tyrosinase fraction reacting
with specific antisera, indicating the presence of immunoglob
ulins carrying tyrosinase3; (d) the serum protein fraction con
taming both tyrosinase and immunoglobulins in complex forms
which are salted out at 50 to 60% ammonium sulfate saturation,
differing from free immunoglobulins which are salted out by
classical ammonium sulfate precipitation at 50% saturation. It
is thus conceivable from the foregoing that the serum melanin
bands represent more properly a variety of the immunoglobulin
tyrosinase complexes rather than a variety of tyrosinase iso
zymes.

Serum tyrosinase activity and its electrophoretic patterns
thus obtained are important for both basic and clinical research
in cancer. The detailed exploration of these will shed light on
cancer detection and/or treatments. In order to establish din
cal application of these serum tyrosinase parameters in a
particular cancer, it is urgent that we define the standard
criteria of the parameters in correlation with clinical and path
ological information in specimens covering the developmental
stages of the disease. Since breast carcinoma has been the
no. 1 cancer killer of American women in recent decades, we
have selected this cancer as the no. 1 target to attack. Very
interestAngly, our preliminary results showed that extremely
high serum tyrosinase activity3 occurred at early stages of
breast carcinoma, indicating that high serum tyrosinase activity
does occur before the metastatic stage of the disease. Thus,
the potential utilization of serum tyrosinase in early detection
of breast carcinoma appears very promising at present.
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thymoma, lymphadenopathy, and vertebral carcinoma, each
contained 3 inhibitory sites with different RF's, and each set
from each disease had corresponding similar inhibitory sites,
i.e. , similar RF's, except that the first inhibitors with the least
RF'S fl carcinoma of the cecum and lymphadenopathy were

different from the other first inhibitors. The mean values of the
3 different inhibitory sites with similar RF'S in each site from
different diseases were statistically calculated. They appear to
be similar sets of 3 inhibitors in many diseases. Obviously, the
presence of inhibitors in the enzyme preparation will interfere
with the assay of tyrosinase activity but not with the Ã©lectro
phoretic resolution of melanin bands formed from serum tyro
sinase.

The elevation of serum tyrosinase level is explicable in some
diseases such as melanoma and breast carcinoma. The high
tyrosinase content in melanoma, especially in highly pigmented
ones, has long been known (6). The breast skin of patients with
breast carcinoma also showed higher tyrosinase levels than
did normal breast skin.3 The high tyrosinase content in mela
noma and breast skin will increase the tyrosinase circulation
level in the blood. What is the cause of high serum tyrosinase
level in the other diseases concerned? A similar answer may
be obtained by assay oftyrosinase activity in the corresponding
malignant tissue concerned.

More importantly, what is the role of high serum tyrosinase
in malignant disease? Does malignant disease cause a high
yield of tyrosinase? Or does high yield of tyrosinase cause
malignant disease? What is the actual mechanism(s) by which
a high tyrosinase level correlates with cancer? Does the tyro
sinase gene become more active in the biosynthesis of the
enzyme during the developmental stages of cancer? Further,
what is the relationship of serum tyrosinase inhibitors to stage
of malignancy? Could they be utilized for identification of
cancer? All these interesting aspects cannot be answered until
a great deal of well-defined experimental approaches are ac
complished.

The involvement of serum immunoglobulins as tyrosinase
carriers can be strongly supported as follows: (a) serum mela
fin bands representing the electrophoretic pattern of serum
tyrosinase appear on gel at positions of immunoglobulins; (b)
lipase digestion of serum tyrosinase fraction causes disap
pearance of the above serum melanin bands and appearance
of a new single free tyrosinase band at a position close to
migrating front (7), indicating the association of a single tyro
sinase isozyme with a variety of immunoglobulins through
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