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Abstract Cultured human melanoma cells were found to secrete TGF-P mostly in latent biologically inactive form 
but in addition five of six melanoma cell lines studied produced in conditioned culture medium active TGF-p in the 
range from 370 to 61 0 pg per 1 O6 cells per 24 h. A distinct characteristic of these melanoma cell lines is that they form 
active surface-bound plasmin by the activation of plasminogen with surface-bound tissue-type plasminogen activator. 
The present study was performed to assess the role of plasmin in the process of latent TGF-P activation in the melanoma 
cell lines. No direct correlation was found between cell-associated plasmin activity and the amount of active TGF-P 
present in the conditioned medium of individual cell lines. The melanoma cell lines exhibited diverse responses to 
exogenous active TGF-PI; three cell lines were growth-stimulated, two were growth-inhibited, and one had a very low 
sensitivity to the growth factor. The active TGF-P produced by the melanoma cells was found to inhibit the natural killer 
cell function of peripheral blood lymphocytes, suggesting that it may have an immunosuppressive effect and a role in 
the development of melanomas. o 1996 Wiley-Liss, Inc. 
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I NTROD UCTl ON 

Transforming growth factor-ps (TGF-p) com- 
prise a highly conserved family of multifunc- 
tional cell-regulatory peptides considered to play 
significant roles in various pathological pro- 
cesses including carcinogenesis [Roberts and 
Sporn, 1990; Lyons and Moses, 1990; Lahm and 
Odartchenko, 19931. Until now, five TGF-P iso- 
types have been identified. Three of these iso- 
forms, TGF-P1, -p2, and -03, with similar but 
not identical biological activities, have been found 
in mammalian cells [Massague, 199Oj. Earlier 
studies, analyzing TGF-p either at mRNA or 
protein level, have reported the presence of the 
growth factor in human melanoma cells 
[Derynck et al., 1987; Lizonova et al., 1990; 
Rodeck et al., 19911. In a more detailed study it 
has been shown that cultured human melanoma 
cells express constitutively all three TGF-P iso- 
forms [Albino et al., 19911. 
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The action of TGF-P is mediated through 
binding to specific cell membrane receptors. 
TGF-ps bind to at least three different receptor- 
like molecules [Massague, 19921. TGF-P recep- 
tors are ubiquitously expressed on different cell 
types [Wakefield et al., 19871 including melano- 
mas [Rodeck et al., 19941. 

In general, TGF-P is produced and secreted in 
a biologically inactive high molecular weight 
form (L-TGF-p) by many types of cultured cells, 
both transformed and nontransformed [Pircher 
et al., 1986; Miyazono et al., 19881 but the 
physiological relevance of the TGF-P appears to 
rest on regulation of its activation [Laiho and 
Keski-Oja, 19891. Activation of L-TGF-P in vitro 
can be achieved by a variety of physicochemical 
treatments such as transient acidification, alka- 
lization, heating, or exposure to certain chao- 
tropic agents, including SDS and urea [Pircher 
et al., 1986; Miyazono et al., 1988; Lyons et al., 
1988; Brown et al., 19901. Although acid activa- 
tion has provided information regarding the pro- 
duction and secretion of TGF-p from a variety of 
cell types, it is unlikely to be a physiological 
mechanism. Several potential physiologic mecha- 
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nisms for activation of the latent form have been 
investigated. Cell-associated proteases were con- 
sidered likely to be involved in the activation 
since the cDNA sequence indicated that the 
natural TGF-P homodimer is derived proteolyti- 
cally from a longer precursor polypeptide which 
is secreted [Derynck et al., 19851. Based on 
several studies, the broad spectrum serine prote- 
ase, plasmin, and the aspartyl protease, cathep- 
sin D, have been proposed to be physiological 
activators of L-TGF-f3 from human platelets 
[Lyons and Moses, 19901, in fibroblast-condi- 
tioned medium [Lyons et al., 19881, or from 
Chinese hamster ovary cells transfected with 
TGF-P cDNA [Lyons et al., 19901. However, 
other reports have denied such a physiological 
role for plasmin [Miyazono and Heldin, 1989; 
Brown et al., 1990; Huber et al., 19911. 

The activation of L-TGF-P by cultured cells 
has been reported in several cases. These in- 
clude keratinocytes [Glick et al., 19891, mono- 
cytes/granulocytes [Grotendorst et al., 19891, 
endothelial cells cocultured with pericytes 
[Antonelli-Orlidge et al., 19891, breast cancer 
cells [Knabbe et al., 19871, and glioblastoma 
cells [Huber et al., 19911. Here we present evi- 
dence that human melanoma cells also generate 
active TGF-P. We have shown previously that 
human melanoma cells are able to  form active 
surface-bound plasmin by the activation of plas- 
minogen with surface-bound tissue-type plas- 
minogen activator [Bizik et al., 19901. There- 
fore, the present study was carried out to  analyze 
whether there is a relationship between the 
capacity of individual melanoma cell lines to 
generate surface-bound plasmin and their abil- 
ity to activate L-TGF-P as estimated by the 
amounts of active TGF-P present in conditioned 
medium. The conditioned media from the mela- 
noma cells growing in medium with plasmino- 
gen-depleted fetal calf serum or parallel cultures 
growing after addition of purified human plas- 
minogen were assayed for active TGF-P and 
compared. The results provide no clear evidence 
for an involvement of plasmin in the activation 
of L-TGF-P in the melanoma cell cultures. 

MATERIALS AND METHODS 
Cell Cultures 

The human melanoma cell lines MIDo, M2Ge, 
M3Dau, M4Be were originally provided by Dr. 
J.F. Dore, Centre Leon Berard, Lyon, France 
[Jakubovich et al., 19851. The Bowes cell line 
was a gift from Dr. D. Collen, Katholieke Univer- 

siteit, Leuven, Belgium. The HMB-2 cell line 
was kindly supplied by Dr. J .  Svec, Cancer Re- 
search Institute, Bratislava, Slovakia [Siracky 
et al., 19821. The mink lung epithelial MvlLu 
cells (CCL-64) were obtained from the American 
Type Culture Collection (ATCC, Rockville, MD). 
Stock cultures of cell lines were maintained in 
Eagle’s minimal essential medium (MEM) 
supplemented with 2 mM glutamine, 1% nones- 
sential amino acids, 5% fetal calf serum (FCS), 
and antibiotics. All of these cell lines were moni- 
tored for mycoplasma contamination and were 
found to be negative. 

Assay for TGF-P Activity 

TGF-P activity was monitored as inhibition of 
growth of MvlLu mink lung epithelial cells us- 
ing a [3H]-thymidine incorporation assay as de- 
scribed earlier [Ikeda et al., 1987; Brown et al., 
19901 with a slight modification. MvlLu cells 
were seeded in 24-well 2 cm2 tissue culture 
plates at a density of 3 x lo4 cells/cm2 in MEM 
supplemented with plasminogen-depleted 1% 
FCS. After 24 h of incubation, the medium was 
replaced with fresh serum-free MEM for 4 h. 
After this period the medium was aspirated and 
the cells were incubated with the indicated 
samples for 24 h. During the last 4 h the cells 
were pulse-labeled with 0.5 pCi/ml of [3H]- 
thymidine (80 pCi/mmol; Amersham, UK) and 
the incorporated radioactivity was measured. 
The percentage proliferation of MvlLu cells was 
calculated as follows: % proliferation of MvlLu 
cells = 100 x l3HI-thymidine uptake in experi- 
mental sample/ L3HI-thymidine uptake in serum- 
free MEM. The lower detection limit of the 
bioassay was 30 pg of TGF-p/ml. 

Lysine Thioesterase Activity 

Parallel flasks of the analyzed melanoma cell 
lines cultured in the presence or absence of 
human plasminogen (Kabi-Vitrum, Stockholm, 
Sweden) were washed three times with phos- 
phate-buffered saline (PBS). The cell-bound plas- 
minogen/plasmin fraction was eluted with 10 
mM tranexamic acid in PBS for 15 min. The 
eluate was cleared by centrifugation in a mi- 
nifuge. Samples (50 ~ 1 )  to  be assayed for serine 
proteinase activity using Z-lysine thiobenzyl es- 
ter as a substrate [Stephens et al., 19871 were 
added to microtiter plate wells in triplicate, to- 
gether with 200 ~1 of an assay solution contain- 
ing 200 mM potassium phosphate (pH = 7.3,  
200 mM KC1, 0.1% Triton X-100, 220 KM 
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Z-lysine thiobenzyl ester (Peninsula, Belmont, 
CAI and 220 FM 5,5'-dithiobis(2-nitrobenzoic 
acid) (Sigma, St. Louis, MO). 50 ~1 aliquots of 10 
mM tranexamic acid in PBS (with assay solu- 
tion) were used as blanks. The samples were 
incubated for 3 h at 37"C, and the absorbance 
were recorded in a Labsystems Multiscan MCC/ 
340 plate-reader at 405 nm. 

DNA Synthesis Measurement 
in Melanoma Cell Cultures 

DNA synthesis in semiconfluent cultures of 
melanoma cells was measured by incorporation 
of ["]-thymidine into trichloracetic acid (TCA)- 
insoluble material. The melanoma cell lines were 
seeded at 2.0-5.0 x lo4 cells per 2 cm2 well 
depending on growth characteristics [Lizonova 
et al., 19901 in 24-well plates in MEM containing 
5% FCS and cultured for 48 h. The cells were 
rinsed twice and the medium replaced with fresh 
serum-free MEM, then 48 h later, different con- 
centrations of active TGF-pl (R&D System, Min- 
neapolis, MN) were added for 24 h of incubation. 
The cells were exposed for the last 4 h to  L3H1- 
thymidine (1.0 FCiiml), which was added di- 
rectly to the control and treated wells. The cells 
were rinsed twice with PBS and then extracted 
with 10% TCA at +4"C for 60 min and solubi- 
lized with 1N NaOH, 0.5% SDS. The L3H1- 
thymidine incorporation was measured with a 
Beckman scintillation counter. 

Preparation of Cell Conditioned Media 
and Heat Activation of Latent TGF-P 

The melanoma cells were seeded at appropri- 
ate densities [Lizonova et al., 19901 and culti- 
vated in MEM supplemented with plasminogen- 
depleted 5% FCS for 72 h. Then the cells were 
washed three times with serum-free MEM and 
incubated with fresh medium for 2 h. This me- 
dium was discarded and replaced by fresh me- 
dium. After a further 24 h incubation, the condi- 
tioned serum-free medium was harvested and 
centrifuged at 3000 x g for 15 min to  sediment 
detached cells. Aliquots of media were adjusted 
by addition of serum-free MEM so as to  repre- 
sent the same number of cells per ml of condi- 
tioned medium for each cell line. 

The thermal activation of L-TGF-P present in 
conditioned media was performed by incubating 
the aliquots of conditioned media over a range of 
temperatures between 37°C and 80"C, or at  80°C 
for 5 min [Brown et al., 19901. The samples were 
chilled on ice and before the experiments were 

incubated at 37°C for 15 min. Commercial poly- 
propylene tubes were used to prevent loss of the 
growth factor during incubation and thermal 
treatment. 

RESULTS 
Production of Active Versus Latent TCF-P 

by Human Melanoma Cell Lines 

Our previous study [Lizonova et al., 19901 
revealed that the human melanoma cell lines 
used in our panel uniformly expressed TGF-p 
mRNA. The TGF-P transcripts were identified 
using a mixture of two partially overlapping 
synthetic oligomers corresponding to regions of 
TGF-p1 and TGF-p2. Densitometric quantita- 
tion was performed to control for differences in 
mRNA expression of TGF-P in our set of six 
melanoma cell lines. This demonstrated that 
more TGF-P mRNA was expressed in Bowes and 
HMB-2 cells and relatively less in MBDau and 
M2Ge cells. 

In the paper by Albino et al. [19911, they 
detected the transcripts of TGF-(31, TGF-p2, 
and TGF-f33 after PCR amplification of the des- 
ignated gene in all samples of 19 human mela- 
noma cell lines involved in the analysis. Based 
on this study, where a statistically significant 
number of human melanoma cell lines was used, 
it is possible that melanoma cells express all 
three TGF-P isoforms. For this reason the desig- 
nation TGF-p below refers to all three TGF-f3 
isoforms, unless otherwise indicated. 

While it has been widely reported in the litera- 
ture that the majority of cultured cells secrete 
TGF-P in an inactive form, our preliminary 
analysis showed that the conditioned media of 
the melanoma cells contained active TGF-P as- 
sayed by the MvlLu growth inhibition assay. In 
order to test the conditioned media from mela- 
noma cultures at optimal cell densities, the 
HMB-2 cells were grown at various cell densities 
and serum-free conditioned media were assayed 
(see Materials and Methods). As can be seen in 
Figure 1, biologically active TGF-(3 was detected 
in untreated samples of culture medium condi- 
tioned by 1.5-2.0 x lo5 HMB-2 cells/ml for a 
period of 24 h. When the same sample of condi- 
tioned medium was heat treated at +80"C to 
activate completely the latent TGF-P, it was 
evident that the concentration of active TGF-p 
present in the sample was just subsaturating for 
this assay. Untreated conditioned medium from 
7.0 x 105 HMB-2 cells/ml inhibited growth of 
MvlLu cells by 90%. The results also showed 
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Fig. 1. Bioassay of conditioned media for active TCF-P from 
HMB-2 melanoma cell line. The cell line was cultured at various 
cell densities for 72 h in MEM containing plasminogen-depleted 
5% FCS. The cell cultures were washed and cultured in serum- 
free MEM for 24 h. The TCF-P activity in the untreated samples 
(0) and heat-treated (80°C for 5 min) samples (0)  was de- 
tected by the MvlLu cell growth inhibition assay. The MvlLu 
cells were cultured for 24 h in the presence of melanoma cell 
conditioned media harvested at the indicated cell densities. 
During the last 4 h the MvlLu cells were pulse-labeled with 
[3H1-thymidine and incorporated radioactive label was deter- 
mined. The background proliferation of M v l  Lu cells in serum- 
free MEM is taken as 100% and represents the reference point 
for growth factor induced changes. Data points are means ? 

S.D. of quadruplicate values. 

that only 3.0 x lo5 cells/ml produced a suffi- 
cient amount of heat activable TGF-p to cause 
complete growth inhibition of MvlLu cells. The 
amount of active TGF-P detected in HMB-2 
conditioned media represented 10-15% of total 
secreted TGF-p. 

The capacity of individual melanoma cell lines 
to produce and generate active TGF-p was fur- 
ther investigated. Based on well characterized 
growth patterns of the melanoma cell lines [Li- 
zonova et al., 19901 the cells were seeded at 
appropriate densities in order to reach equal cell 
numbers per flask after 72 h of cultivation. After 
subsequent cultivation of cell cultures in serum- 
free medium for 24 h the conditioned media 
were analyzed by growth inhibition assay of 
MvlLu cells. Figure 2 illustrates that dilution of 
the conditioned medium from M3Dau, Bowes, 
M,Do, M,Beu, and HMB-2 cells with serum-free 
medium 1:l  or 1:3, respectively, resulted in a 
linear concentration-dependent decrease of ac- 
tive TGF-P in the samples. The MzGe cell line 
was the only exception in the set of melanoma 

P 

1:l 1:2 1:3 

Dilution of conditioned medium 

Fig. 2. Production of active form of TGF-P by the melanoma 
cell lines. The indicated melanoma cell lines were seeded at 
appropriate densities and were grown in MEM supplemented 
with plasminogen-depleted 5% FCS for 72 h. After this period, 
the cells were washed with serum-free MEM and incubated 
with fresh serum-free MEM for 24 h. The serum-free condi- 
tioned media were centrifuged and the aliquots were adjusted 
by addition of serum-free MEM so as to represent the same cell 
number of cells per ml of conditioned medium. The aliquots of 
undiluted (1  : I )  conditioned media (corresponding to 7.5 x lo5 
melanoma cells per ml) and the samples diluted 1 :2 and 1 : 3  
with serum-free MEM were tested for TCF-P activity by the 
Mvl  Lu growth inhibition assay. Proliferation of M v l  Lu cells in 
the presence of various concentration of commercial active 
TCF-PI was estimated in parallel. Data points are means of 
quadruplicate values. 

cell lines, as the MzGe cells expressed only very 
low levels of TGF-P message but the conditioned 
medium from this particular cell line exhibited 
the highest inhibitory activity for growth of 
MvlLu cells. Surprisingly the inhibitory activity 
present in the sample of M,Ge conditioned me- 
dium diluted 1:3 was even stronger than the 
inhibitory activity in untreated conditioned me- 
dium from the HMB-2 cell line (which was the 
most positive for active TGF-PI. The relative 
activities of active TGF-P produced by the mela- 
noma cell lines were characteristic and consis- 
tent for each culture over many experiments. 
The amounts of active TGF-P produced by the 
melanoma cell lines were determined by calibra- 
tion using commercially available TGF-P1 as a 
standard. Each sample was tested in several 
dilutions to obtain values in the linear range of 
the TGF-P 1 standard curve. A distinct character- 
istic of the melanoma cell lines was that five of 
them produced considerable amounts of active 
TGF-p ranging from 370 pg/106 cells (M3Dau) 
to 610 pg/106 cells (HMB-2) per 24 h. 
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Thermal Activation of L-TCF-p Present 
in Melanoma Cell Conditioned Media 

Brown et al. U9901 have studied the pH and 
temperature at which different latent TGF-P 
complexes become active. It was demonstrated 
that although there is only limited sequence 
homology in the latency-associated peptides of 
TGF-P-1, -2, and -3, the latent growth factor 
complexes were remarkably similar in their acti- 
vation profiles. Thermal activation of the latent 
TGF-P complexes proved to be an effective means 
of liberating mature TGF-P, consistently yield- 
ing slightly greater activity than acid activation. 

In a separate experiment aliquots of the condi- 
tioned media were heat-treated at +80°C for 10 
min in order to investigate the amounts of ther- 
mally activable TGF-P. Four cell lines, M3Dau, 
Bowes, M,Do, and M4Be, in addition to HMB-2 
cells (as shown in Fig. 11, produced significant 
amounts of L-TGF-P (i.e., activable TGF-P), com- 
parable with HMB-2 cells production, which was 
converted into the active TGF-P form by ther- 
mal treatment (data not shown). In the process 
of thermal activation of L-TGF-P present along 
with active TGF-f3 in conditioned media the 
samples exhibited similar profiles of thermal 
activation as shown for HMB-2 cells in Figure 3. 
Conditioned medium from MzGe cells differed 
significantly as the inhibitory activity for MvlLu 
cells decreased drastically over the range of tem- 
peratures from +37"C to +60°C. It is evident 
from the results shown in Figure 3 that the 
conditioned medium became strongly growth- 
stimulatory for MvlLu cells. The analysis of 
complete L-TGF-p activation in the samples of 
conditioned media was also performed by acid 
treatment. The obtained values were nearly iden- 
tical with those obtained after thermal activa- 
tion but reproducibility of results was signifi- 
cantly higher by thermal activation (results not 
shown). 

Activation of Plasminogen on the Surface 
of the Melanoma Cells 

According to studies on cultured cells, human 
tumor cells of different histological origin differ 
in the mechanism of pericellular plasminogen 
activation. Most types of human adherent tu- 
mor cells use urokinase to generate cell-bound 
plasmin [Vaheri et al., 19921. Human melanoma 
[Hoal-Van Helden et al., 1986; Bizik et al., 19901 
and neuroblastoma cells [Neuman et al., 19891 
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Fig. 3. Profiles of thermal activation of latent TGF-P present in 
conditioned media of HMB-2 and M2Ce cell lines. Samples of 
serum-free conditioned media from HMB-2 and MzGe cell lines 
corresponding to 3.0 x lo5 cellsiml were heat-treated for 5 
min at the indicated temperatures and active TCF-P was deter- 
mined by the growth inhibition assay of Mv l  Lu cells. Simulta- 
neously heat-treated samples of serum-free MEM (SF) were 
used as controls. The reference point (100%) for individual cell 
lines represents the value of [3Hl-thymidine uptake by Mv l  Lu 
cells in the presence of untreated sample of the conditioned 
medium or serum-free MEM incubated at + 3 7 T  for 10 min. 
Data points are means ? S.D. of quadruplicate values. 

form an exception among adherent human tu- 
mor cells in that they synthesize and secrete 
predominantly tPA. The melanoma cell lines 
used in our study constitutively secrete tPA and 
binds it to cell surface [Bizik et al., 19931. After 
addition of purified human plasminogen to mela- 
noma cell cultures growing in a medium with 
plasminogen-depleted FCS, plasmin activity 
could be recovered as a bound fraction from the 
cell layer. Parallel flasks of the melanoma cells 
were cultivated in MEM containing 5% plasmino- 
gen-depleted FCS for 48 h and then the cells 
were treated with serum-free MEM for 24 h. 
Human plasminogen (5 pg/ml) was added to one 
set of cell cultures for the 24 h. The conditioned 
media were collected and analyzed for active 
TGF-p by the growth inhibition assay. Plasmin 
generated on the melanoma cell surface during 
24 h was recovered by 1 mM tranexamic acid 
from the cell layers. The eluates from plasmino- 
gen-treated cells and control cells were assayed 
for serine proteinase activity using Z-lysine thio- 
benzyl ester as substrate. Figure 4 shows that 
Bowes and MzGe cell lines were the most effec- 
tive, M,Do and M4Be moderately effective, and 
M3Dau and HMB-2 the least effective in generat- 
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Fig. 4. Activation of plasminogen on the surface of human 
melanoma cells. The melanoma cell lines were grown in MEM 
supplemented with plasminogen-depleted 5% FCS for 72 h. 
Then the cells were washed with serum-free MEM and incu- 
bated with fresh aliquots of serum-free MEM for 24 h. Parallel 
sets of cells were incubated for 24 h with human plasminogen 
(5 bg/ml) in serum-free MEM. The conditioned media were 
harvested and the TCF-P activity was measured in the parallel 
samples by the M v l  Lu cell growth inhibition assay (see Fig. 5). 
The melanoma cell-bound plasmin was eluted from the cell 
surface with 1 m M  tranexamic acid and the activity of released 
plasmin was measured by i ts thioesterase activity. Data points 
are means 2 S.D. of quadruplicate values. 

ing plasmin on their cell surface. The difference 
between Bowes and HMB-2 cells was nearly 
10-fold. The control eluates from cell cultures 
without addition of plasminogen exhibited only 
background level of proteinase activity. Simulta- 
neously the conditioned media were assayed for 
the presence of active TGF-P. Figure 5 shows 
characteristic values for individual cell lines as 
was outlined in Figure 2. 

Conditioned media from three cell lines 
(M3Dau, M,Do, and HMB-2) contained higher 
concentrations of active TGF-f3 after plasmino- 
gen treatment although the increase never ex- 
ceeded 10% as compared with the respective 
controls. Conditioned media from plasminogen- 
treated Bowes and M,Be cells showed a slight 
decrease in active TGF-P as compared with con- 
trols. The strong inhibition of MvlLu cell growth 
by conditioned medium from M2Ge cells seems 
to be unrelated to TGF-P activity (see Fig. 3) 
and the results are not consistent with the sug- 
gested involvement of plasmin in the process of 
L-TGF-P activation. 

Various proteases including plasmin have been 
previously shown to be mitogenic for different 

WDau Bow- %Ge MiDo M4Be HMB-2 

Cell line 
Fig. 5. Active TCF-P in conditioned media from melanoma 
cells cultured in the presence or absence of human plasmino- 
gen. Serum-free conditioned media from parallel cell cultures 
for each cell line (see Fig. 4) were centrifuged and their final 
volumes were adjusted by serum-free MEM to the same ratio of 
cells per m l  of conditioned medium. Aliquots of conditioned 
media corresponding to 3.0 x 1 O5 cells per ml were tested for 
TGF-P activity by the Mv lLu  growth inhibition assay. Data 
points are means 5 S.D. of quadruplicate values. 

cells. As we have used a growth inhibition assay 
to quantitate content of active TGF-P in condi- 
tioned media it was necessary to test growth of 
MvlLu cells in the presence of plasminogen. It is 
evident, as shown in Figure 6, that human plas- 
minogen is growth-stimulatory for MvlLu cells. 
We chose for use 5 bg plasminogen/ml of cul- 
ture medium as this amount did not stimulate 
growth of MvlLu cells by more than 5%. We 
obtained the same pattern of growth stimula- 
tion when the plasminogen was activated by tPA 
and then added to indicator cells (results not 
shown). We used commercially available stan- 
dard preparations of plasminogen in the whole 
series of experiments. 

Effect of Exogenous TCF-PI on DNA Synthesis 
of Melanoma Cells 

To assay for the growth-regulatory effect of 
exogenous active TGF-P1, the melanoma cells 
were seeded at appropriate densities in MEM 
containing 5% FCS and grown for 48 h then 
kept quiescent in serum-free MEM for 48 h and 
finally exposed to active TGF-P1 (0.1-5.0 ng/ 
ml). As shown in Figure 7, the effects of the 
TGF-pl on proliferation of 5 melanoma cell 
lines were dose-dependent. M3Dau, Bowes, and 
HMB-2 cells demonstrated positive proliferative 
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Fig. 6. Effect of human plasminogen on proliferation of M v l  Lu 
cells. Mvl Lu cells were cultured in MEM supplemented with 
plasminogen-depleted 1% FCS for 24 h and then treated the 
same w2y as in the assay for TCF-P activity (see Materials and 
Methods). Indicated concentrations of human plasminogen 
were added in quadruplicate wells for each concentration and 
stimulation of DNA synthesis was estimated by I3H1-thymidine 
incorporation. The background proliferation of M v l  Lu cells in 
serum-free MEM was taken as 100%. Data points are means 2 
S.D. of quadruplicate values. 

response to  TGF-P1. At the maximum dosage (5 
ng TGF-pl/ml) a stimulation by 40-50% was 
detected in the cell lines. In contrast, at the 
same concentration MIDo and M4Beu cells were 
growth-inhibited by 38% and 58%, respectively. 
For MzGe cells, TGF-P1 was only weakly inhibi- 
tory. Thus, application of exogenous active TGF- 
P l ,  at concentrations which were approximately 
10-fold higher than the average concentrations 
of endogenous active TGF-P detected in the 
respective conditioned media, can have positive, 
negative, or indeed neutral influences on mela- 
noma cell growth, depending on the particular 
cell line tested. Data are summarized in Table I. 

Because active TGF-P was shown before to 
inhibit NK cell function [Roberts and Sporn, 
19901 we investigated whether active TGF-P 
present in melanoma cells conditioned media 
can inhibit the cytolytic function of this popula- 
tion of immune competent cells. The results 
indicated that the conditioned media of HMB-2, 
Bowes, M4Be, MIDo, and M3Da cells contained 
suppressive agent(s) for cytolytic activity of effec- 
tor cells (data not shown). The inhibition charac- 
teristics for particular melanoma cell lines exhib- 
ited inhibitory effect which was in accordance 
with relative amounts of active TGF-P in the 
respective conditioned media (see Fig. 2). 
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Fig. 7. Stimulation of DNA synthesis by exogenous TGF-PI in 
melanoma cells. Semiconfluent cell cultures were rinsed and 
cultured in serum-free MEM for 48 h. Then aliquots of fresh 
serum-free MEM containing indicated amounts of activeTCF-PI 
were added to  the wells for 24 h. The cells were exposed for the 
last 4 h of the period to  13H]-thymidine. TCA-precipitated 
counts were quantitated in quadruplicate wells for each concen- 
tration point. L3H]-thymidine uptake by the respective cell lines 
in serum-free MEM with no  addition of active TCF-PI repre- 
sents 100%. Data points are means of quadruplicate values. 

DISCUSSION 

In human melanoma cells plasminogen activa- 
tion represents the most significant extracellu- 
lar proteolytic system, and it seems to correlate 
with progression level of the tumor cells Waheri 
et al., 1992; De Vries et al., 19941. We have 
previously shown [Bizik et al., 1990; Bizik et al., 
19931 that human melanoma cells activate plas- 
minogen on their cell surfaces and proteolyti- 
cally active plasmin retains bound to cell sur- 
face. In the view of several contradictory results 
on the significance of plasmin in activation of 
L-TGF-P [Miyazono and Heldin, 1989; Brown et 
al., 1990; Huber et al., 19911 we have decided to 
take advantage of a well-characterized panel of 
human melanoma cell lines and assess the role 
of plasmin in the process. It is widely believed 
that L-TGF-P is activated on the cell surface and 
that spatial orientation of the enzymes partici- 
pating in the process may be critical for the 
activation. Our results presented here indicate 
that 1) TGF-P produced by the melanoma cells 
was mostly in its latent form, 2) active TGF-p 
represents 10-15% of total secreted TGF-P, 3) 
the active form was generated even in cell cul- 
tures propagated for several passages in plas- 
minogen-depleted FCS, 4) when purified human 
plasminogen was involved in the cultures and 
consequently converted to active plasmin no 
significant increase in the amount of active 
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TABLE I. Comparison of Generation of Active TGF-f3, Plasminogen Activation, and 
Responsiveness to Exogenous Active TGF-f3 in Respective Melanoma Cell Lines 

Cell line TGF-B mRNAa active TGF-Pb plasminogend exogenous active TGF-pe 
Generation of Activation of Responsiveness to 

MsDau 
Bowes 
MzGe 

M4Be 
MIDO 

HMB-2 

+ 
+++++ 

+ 
++ 

+++ 
++++ 

+ 
+ 

+ + + c  

++ 
++ 
++ 

+ 
+++ 
+++ 
++ 
++ 
+ 

~~~~ 

amRNA levels are given in arbitrary units, ( + j  to (+++++) estimated from Northern blots [data adopted from previous 
publication; Lizonova et al., 19901. 
bValues of active TGF-p estimated on inhibition of growth of MvlLu cells by melanoma conditioned media at 1:2 dilution and 
data are expressed as following; inhibition in the range 100-80% (+ + +), 80-60% (+ +), 6040% (+). 
CInhibitory activity present in MzGe conditioned medium is not due to active TGF-p, see Figure 3. 
dAmount of generated active plasmin corresponds to its lysine thioesterase activity measured as absorbance at 405 nm; 
absorbancein therange0.0-0.5 ( + j ,  0.5-1.0 (++), 1.0-1.5 (+++). 
eResponsiveness o f  melanoma cell lines to exogenous active TGF-p is based on evaluation of DNA synthesis as compared to 
control; data exhibited as stimulation ( + I  or inhibition (-1. 

TGF-P was detected. In general, our results 
clearly showed that the human melanoma cells 
have the capacity to convert L-TGF-P to its 
active form but do not confirm the previous 
finding of some laboratories concerning the im- 
portance of plasmin for L-TGF-p activation. 

Surprisingly, the HMB-2 cell line produced 
the highest amounts of active TGF-P. We have 
demonstrated previously [Bizik et al., 1986; Bi- 
zik et al., 19891 that this particular cell line 
secretes significant amount (300 ng/106 cells/ 
24 h) of alpha-2-macroglobulin ( a Z M ) .  There are 
numerous data on the involvement of azM in 
complexing of TGF-P and in this way modulat- 
ing TGF-(3 activity [O’Connor-McCourt and 
Wakefield, 1987; Danielpour and Sporn, 19901. 
In spite of this complexation there is a pool of 
unbound active TGF-P in conditioned medium 
of HMB-2 cells. Moreover, azM is a proteinase 
inhibitor with capacity to inhibit a wide spec- 
trum of endoproteases including plasmin [Borth, 
19921. Based on our data it can be proposed that 
the proteolytic system which is involved in acti- 
vation of L-TGF-p is not inhibited by aZM. Be- 
cause the number of possible L-TGF-P activat- 
ingproteases is here highly restricted we assume 
that the HMB-2 cell line will be a valuable cell 
system in vitro to identify the proteolytic system 
resp. protease which activates L-TGF-p. 

TGF-P was shown to play a fundamental role 
in the growth of both normal and neoplastic 
cells acting as a multifunctional growth regula- 
tor [Roberts and Sporn, 19901. Previously it has 
been discovered that exogenous TGF-P inhibits 
growth of some melanoma cell lines [Roberts et 

al., 19851. However more recent findings indi- 
cate that melanoma derived TGF-P may act as a 
bidirectional growth regulator [Rodeck, 19941. 
Recent report also demonstrated the develop- 
ment of TGF-P resistance during human mela- 
noma progression [MacDougall et al., 19931. In 
our study three melanoma cell lines were mito- 
genically stimulated and the another three were 
inhibited by exogenous active TGF-P1. The first, 
these findings confirmed data of Rodeck et al. 
[1994] that TGF-P can function as bidirectional 
growth regulator for the histological type of 
tumor. The second, the melanoma cells, have 
capacity to respond to the exogenous growth 
factor so it means that TGF-P receptors on the 
cell surface are not fully occupied by endogenous 
active TGF-P. This fact outline a possibility that 
melanoma cells during progression can be still 
regulated by neighboring normal cells produc- 
ing active TGF-P. The cell lines analyzed in our 
panel were established from metastatic melano- 
mas [Jakubovich et al., 1985; Siracky et al., 
19821 and it is evident that the melanoma cells 
from the late stage of progression respond to 
active TGF-P differently. 

In an attempt to better understand the mech- 
anism of active TGF-P action in melanoma cell 
progression, the NK activity of peripheral blood 
lymphocytes was examined in the presence of 
melanoma-produced TGF-P. The inhibitory ac- 
tivity present in respective conditioned media 
was in accordance with the amount of active 
TGF-P as estimated by MvlLu growth inhibi- 
tion assay. Expression of the three TGF-P iso- 
forms has been detected in human melanoma 
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cells, whereas normal melanocytes express 
TGF-p1 and -p3 but not TGF-p2 [Rodeck et al., 
1991; Albino et al., 19911. In human glioblasto- 
mas it was confirmed that TGF-p2 does have 
immunosuppressive effects [Bodmer et al., 19891. 
Taken together, literature data and our results 
on modulation of NK activity by endogenous 
active TGF-p lead as to speculate that induction 
of immunosuppression in hosts by active TGF-P 
and more specifically by the TGF-P2 isoform 
producing melanoma cells may contribute to  
their progression by enabling these tumors to 
escape of immune surveillance. 

The most strikmg finding in our study was 
that L-TGF-P is activated in cell culture in the 
presence of concomitant a2M secretion by the 
same tumor cells. We have detected previously 
a2M in biopsies from melanoma patients. There 
was a tendency for unfavorable prognosis in 
these a,M-positive melanoma cases Waheri et 
al., 19921. This can be interpreted that aaM 
keeps the tumor cells dormant [Bizik et al., 
1989; Lizonova et al., 19901 but they still pro- 
duce active TGF-p which protects them from 
the host immune system. 
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