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We have previously reported high immunoreactive �-MSH (IR-�-MSH) concentrations in melanoma

patients' plasma, as well as signi®cant amounts in melanoma metastases and cells grown in culture.

Necrosis within the melanoma tumour leads to a massive proteolysis of intracellular proteins and

release of cell content: this might signi®cantly contribute to the elevated IR-�-MSH plasma levels

measured in melanoma patients. To test this hypothesis, we studied the necrosis-related release of

MSH from human melanoma cells, using a speci®c radioimmunoassay. The studies of ®ne-needle

biopsies indicated that most of the human melanoma tumour exudates tested contained very high

MSH concentrations (> 500 pg/ml; 14/15), while plasma levels were generally normal (� 25 pg/ml; 10/

15). The level in an exudate from a non-melanoma tumour type was < 40 pg/ml. In vitro studies showed

that release of the IR-�-MSH was time- and temperature-dependent, and related to cell death. # 1998

Elsevier Science Ltd. All rights reserved.

Key words: �-melanocyte-stimulating hormone, �-melanotropin, necrosis, malignant melanoma

Eur J Cancer, Vol. 34, No. 3, pp. 424±426, 1998

INTRODUCTION

a-Melanotropin or a-melanocyte-stimulating hormone (a-

MSH) is a neuropeptide derived from adrenocorticotropic

hormone (ACTH), a cleavage product of the larger precursor

molecule pro-opiomelanocortin (POMC) [1]. POMC and its

derived peptides are mainly synthesised in the pituitary, but

they are also present in other normal tissues and in many

tumours [2]. POMC gene expression and the occurrence of

MSH-related peptides have been previously reported in

human melanoma cell lines and tumours [3±7]. The mela-

nocortins (MC; MSHs and ACTH) appear to play a key role

in the regulation of proliferation and diVerentiation of normal

and malignant melanocytes, through binding to speci®c G

protein-coupled MC-1 receptors [8, 9].

We have found strong evidence pointing to the occurrence

of a speci®c autocrine regulatory loop operating in human

melanoma cells and involving the MC-1 receptor and an

immunoreactive MSH-like peptide (IR-a-MSH) [10]. This

autocrine loop might have important implications in the

biology of the tumour.

In addition to an active and physiological release of IR-a-

MSH by melanoma cells, necrosis occurring in situ within

melanoma tumours might lead to massive proteolysis of

intracellular proteins and release of cell content. This process

might signi®cantly contribute to the elevated IR-a-MSH

levels detected in melanoma patients [3, 11, 12]. Moreover, a

massive release of IR-a-MSH might lead to very high local

concentrations of this peptide in the proximity of melanoma

cells. This may modulate the proliferation and/or melano-

genic status of the malignant cells.

To this aim, we tested whether cell death can lead to the

release of IR-a-MSH from human melanoma cells, both in

situ and in vitro.

MATERIALS AND METHODS

Exudate and plasma collection

Samples were obtained from 15 melanoma patients with

regional (stage III) or distant metastasis (stage IV) (num-

bered 1±15) and from one non-melanoma patient with a
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leiomyoblastoma (16). 4a and 4b refer to diVerent samples

from the same patient. Tumour samples were obtained by

®ne-needle aspiration at surgery and blood samples collected

at the same time; both were centrifuged.

In vitro conditions: cell culture, incubation and viability

The human melanoma cell line HBL (established in our

laboratory) was cultured in HAM-F10 medium supple-

mented with 10% fetal calf serum as previously described

[10]. These HBL cells were harvested by trypsin/EDTA

treatment, washed 3 times with Dulbecco's phosphate-buf-

fered saline (PBS) and maintained in suspension (50.106/ml)

for subsequent incubations in PBS (at 37�C or 4�C, from 0 to

24 h). Cells were ®nally centrifuged (10 000 g, 10 min) to

obtain supernatants for a-MSH determination. The number

of viable cells was measured by the trypan blue dye exclusion

method [13]. The cell pellets were further mechanically dis-

rupted at 4�C in phosphate buVer with protease inhibitors

(Complete, Boehringer), centrifuged, and supernatants were

collected for MSH determination.

�-MSH radioimmunoassay (RIA)

a-MSH immunoreactivity was assessed as previously

described [10]. Brie¯y, standard a-MSH and samples were

incubated overnight with speci®c anti-a-MSH antiserum in

phosphate buVer at 4�C. The cross-reactivity of this anti-

serum was below 0.001% with other POMC-derived peptides

(b-MSH, g-MSH, ACTH4±10, ACTH5±10, ACTH17±39,

ACTH1±24, ACTH1±39, b-Endorphin). In the second step,
125I-NDP-MSH (125I-[NLe4,D-Phe7]a-MSH) was added

and incubated at 4�C for an additional 6 h period. The

separation of antibody-bound radioactivity was achieved

using charcoal/dextran procedure. All determinations were

performed in duplicate, with a coeYcient of variation less

than 10%.

RESULTS

IR-�-MSH quantitation in human tumour exudates and

corresponding plasma

a-MSH immunoreactivity was determined in tumour exu-

dates and plasma from cancer patients. As shown in Table 1,

exudates from most melanoma tumours contained very high

IR-a-MSH concentrations (> 500 pg/ml for patients 1±14)

when compared with the level in the leiomyoblastoma

(< 40 pg/ml for patient 16). These high IR-a-MSH con-

centrations could also be repeatedly found in exudates from

samples obtained within an interval of 2 weeks from the same

melanoma patient (4a and 4b). In contrast, they were not

associated with concomitant high a-MSH concentrations in

plasma. These were within the normal range (� 25 pg/ml) for

10 out of 12 melanoma patients.

IR-�-MSH release associated with cell death in HBL melanoma

cells

To determine whether melanoma cell death could lead to

the release of IR-a-MSH, incubation experiments were per-

formed in vitro, using HBL melanoma cells in suspension in a

balanced salt solution without any addition of growth pro-

moting agents. Figure 1(a) shows the MSH release kinetics

both at 37�C and 4�C. We observed a signi®cant and time-

dependent increase of MSH immunoreactivity measured in

the supernatants from 6 to 24 h at 37�C, while none occurred

at 4�C. After 24 h of incubation, released MSH reached 80±

95% of the total immunoreactivity at 37�C while it was less

than 5% at 4�C (Figure 1a).

In order to investigate the mechanism involved in such a

release, we evaluated cell death/necrosis under these incuba-

tion conditions using dye exclusion. The monitoring of cell

death showed a decrease in cell survival mainly after 6 h at

37�C, while none was observed at 4�C (Figure 1b).

Table 1. IR-�-MSH concentrations in both tumour exudates and

corresponding plasma from melanoma and non-melanoma

patients. Exudates were obtained by ®ne-needle aspiration at

surgery and the IR-�-MSH concentrations determined by RIA

IR-a-MSH levels (pg/ml)

Tissue type Patient Exudate* Plasma

Melanoma 1 >1000 568

2 >1000 25

3 >1000 8

4a and 4b >1000 <6

5 to 10 >1000 <6

11 680 <6

12 575 46

13 550 <6

14 505 ND

15 65 ND

Leiomyoblastoma 16 35 ND

*Corresponding tumour tissue identity was con®rmed by histology.

ND, not done.

Figure 1. (a) Kinetics of IR-�-MSH release from HBL human
melanoma cells and (b) cell survival in isotonic solution. EVect
of temperature. Cells were incubated at 37�C and 4�C in a
balanced salt solution. At diVerent time intervals, (a) super-
natants were collected, cell pellets disrupted and both sub-
mitted to �-MSH RIA. Similar trends were obtained from two
independent experiments; (b) cell survival was measured by

dye exclusion. Bars represent mean � S.D.
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DISCUSSION

We found that the majority of melanoma exudates had high

concentrations of IR-a-MSH. Although there was no appar-

ent correlation between exudate and corresponding blood

MSH contents for most melanoma patients, patient 1 pre-

senting an extensive cell necrosis in melanoma metastasis

(determined by histology) did have an exceptionally high a-

MSH plasma level. It is possible that melanoma IR-a-MSH

drains to the blood. Therefore, variations in circulating levels

of this peptide may occur as a result of the overall volume of

exudates related to melanoma cell death and of the destruc-

tion of tumour vascular endothelium. These factors may also

explain why only a third of melanoma patients display high

plasma IR-a-MSH [11]. Interestingly, high levels of S-100

melanoma-associated protein were also found in melanoma

exudates compared with those of non-melanoma origin and

blood (data not shown). In addition, the fact that S-100 pro-

tein secretion by melanoma cells in vitro has not been repor-

ted, further supports the hypothesis of an in situ release

related to melanoma necrosis. This mechanism was pre-

viously proposed by Cochran [14] for the high S-100 content

in ocular ¯uids from patients with intra-ocular melanoma.

Thus, IR-a-MSH and S-100 protein alike appear to be

released by necrotic malignant melanocytes in vivo.

Further evidence of this necrosis-related release was dis-

played in a series of in vitro experiments, which partially

mimic the in vivo situation except for the in¯ammatory pro-

cess. The a-MSH release kinetic was observed at 37�C in

isotonic conditions, and it was related to the monitoring of

cell death. Moreover, similar release trends were also

observed for S-100 protein in vitro (data not shown). The in

vitro observations suggest that melanoma cell necrosis is the

major mechanism involved in IR-a-MSH release for three

main reasons: (1) high contents of this peptide are typical of

malignant melanocytes [10]; (2) only malignant melanocytes

are present in the in vitro experiments; (3) this release is not

exclusive for a-MSH and concerns another melanoma-asso-

ciated protein. Moreover, even if apoptosis occurs to some

extent in vitro, a `secondary necrosis' will follow. This term-

inal phase of in vitro cell death is characterised by the ultimate

swelling and ®nal lysis of the apoptotic bodies as well as

remaining cell fragments [15]. However, the role and type of

proteases involved in the a-MSH release during cell lysis both

in vivo and in vitro need further investigations. The presence

of conventional protease inhibitors acting eYciently on ser-

ine, cysteine and metalloproteases in a broad range did not

aVect time-dependent IR-a-MSH release at 37�C (data not

shown). Therefore, this release appears to be controlled by

other enzymes, most probably convertases (PC1 and PC2)

reported in the pituitary to process POMC [16]. Future work

will aim to specify their contribution in melanoma cells.

In conclusion, we propose that melanoma cell death might

lead to the in situ release of large amounts of IR-a-MSH, in

addition to the release associated with the autocrine loop

involving IR-a-MSH and the MC-1 receptor in these cells.

Accordingly, this peptide accumulates in exudates, may aVect

tumour biology and also subsequently be drained into the

blood.
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