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Summary Modulation of tumour cell growth by tumour-infiltrating leucocytes is of high importance for the biological behaviour of malignant
neoplasms. In melanoma, tumour-associated macrophages (TAM) and tumour-infiltrating lymphocytes (TIL) are of particular interest as
inhibitors or enhancers of cell growth. Recruitment of leucocytes from the peripheral blood into the tumour site is mediated predominantly by
chemotaxins, particularly by the group of chemokines.

The aim of this study was to identify peptides released by human melanoma cells with monocyte chemotactic properties. To assure the
presence of biologically active mediators, biochemical purification and biological characterization of peptides was based on a detection
system dependent on bioactive, monocyte chemotactic activity in vitro. Cell culture supernatants of melanoma cells were fractioned by
heparin–sepharose followed by preparative reversed-phase HPLC steps to enrich monocyte chemotactic activity in one single band on a
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) gel. These purified fractions were shown to react with RANTES-
specific antibodies in an enzyme-linked immunosorbent assay (ELISA) as well as in Western blot analysis. Amino acid sequencing of the N-
terminal protein fragment confirmed 100% homology to the RANTES protein. Further analysis showed that four out of eight melanoma cell
lines constitutively expressed and secreted the β-chemokine RANTES as detected by ELISA. The amount of RANTES protein secreted (up
to 50 ng ml–1) was about 5–50 times higher than interleukin 8 (IL-8), determined in the same supernatant samples. Tumour necrosis factor α
(TNF-α), not, however, IL-2, interferon-γ (IFN-γ), or α-melanocyte-stimulating hormone (α-MSH) was able to up-regulate RANTES and
interleukin 8 secretion. Furthermore, higher levels of RANTES secretion in vitro were associated with increased tumour formation upon S.C.
injection of six human melanoma cell lines in nude mice. Our data provide evidence that a subset of melanoma cells express mRNA and
secrete RANTES protein which may be partly responsible for the recruitment of monocytes, T-cells and dendritic cells into the tumours.
However, transplantation experiments in nude  mice suggest that effects of RANTES may also benefit tumour progression. Further studies
are needed to dissect the underlying mechanisms.
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Table 1 Origin and clinical characteristics of melanoma cell lines investigated

Melanoma cell line Source of metastasis Gender Tumour type

KI-MEL-7 Cutaneous Male NM
KI-MEL-13 Cutaneous Female NM
UKRV-MEL-2 Pleural effusion Female SSM
UKRV-MEL-3 Cutaneous Female NM
UKRV-MEL-4 Liver Female Ocular
WM 98-1 Primary melanoma n.k. SSM
WM 1341 Primary melanoma n.k. SSM
WM 115 Primary melanoma n.k. NM

NM, nodular melanoma; SSM, superficial spreading melanoma; n.k., not known.
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Tumour thickness Localization of PT Reference
(mm)

5.0 Neck Schadendorf et al (1996)
7.0 Arm Schadendorf et al (1996)
1.8 Arm Artuc et al (1995)
2.4 Knee Artuc et al (1995)
– Eye Artuc et al (1995)

n.k. n.k. Herlyn et al (1985a)
n.k. n.k. Cornil et al (1991)
n.k. Right leg Herlyn et al (1985b)
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Determination of monocyte chemotactic activity using
a chemotaxis bioassay
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Figure 1 Profile of a RP-8 HPLC chromatogram of melanoma cell culture
supernatant eluted from a heparin–sepharose column. Monocyte-chemotactic
activity was detected in fractions 10–12 by chemotaxis bioassay (black area)
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Figure 2 Purification of melanoma cell-derived monocyte attractant. Micro
RP-18-HPLC analysis of chemotactic fractions from RP-HPLC followed by
MonoS-cation-exchange HPLC is shown. In fractions 15–18 (black area),
strong chemotactic activity for monocytes was detectable
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Figure 3 Identification of RANTES as monocyte attractant. RANTES
Western blot analysis was performed with fraction 17 (lane 3), fraction 18
(lane 4), fraction 12 (lane 2) and 10 ng authentic RANTES (lane 1). Note the
presence of a single band in fractions 17 and 18 at the same position as
authentic RANTES
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Figure 4 Expression of RANTES mRNA in cell lines from human melanoma
metastasis (UKRV-MEL-2, -3, and -4, KI-MEL-7, and -13), as well as from
primary melanomas (WM 115, WM 98–1, and WM 1341) by Northern blot
analysis. (–), Without stimulation; (+), after stimulation with PMA (1 ng ml –1,
16 h)
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Table 2 RANTES immunoreactivity (ng ml–1) of melanoma cell cultures with
or without PMA stimulation

PMA RANTES-IRa IL-8-IRa

KI-MEL-7 – 50 1.6
+ 40 1.6

KI-MEL-13 – 21.5 <0.1
+ 21.5 <0.1

UKRV-MEL-2 – <0.1 25
+ <0.1 25

UKRV-MEL-3 – 18 n.d.
+ 24.5 n.d.

UKRV-MEL-4 – <0.1 <0.1
+ <0.1 <0.1

WM 98-1 – 5.1 1.3
+ 3.9 1.8

WM 115 – <0.1 n.d.
+ <0.1 n.d.

WM 1341 – <0.1 0.4
+ <0.1 0.4

aRANTES/IL-8 immunoreactivity (ng ml–1; ELISA). +, With PMA stimulation
(1 ng ml–1, 16 h); –, without PMA stimulation. <0.1 = below the detection limit
of ELISA. n.d., not done.

Table 3 Secretion of RANTES and IL-8 protein from human melanoma cells
after stimulation with IFN-γ (100 U ml–1), TNF-α (100 U ml–1), IL-2 (10–8 M),
α-MSH (10–8 M) or medium alone for 24 or 48 h. Immunoreactivity for
RANTES and IL-8 was determined by specific ELISA. Mean of three
independent experiments

RANTES-IRa IL-8-IRa

24 h 48 h 24 h 48 h

KI-MEL-7
IFN-γ 117 240 33 44
TNF-α 200 480 35 84
IL-2 77 177 14 24
α-MSH 98 189 37 30
Medium 180 218 20 47

KI-MEL-13
IFN-γ 95 148 6.8 7.7
TNF-α 140 173 28.5 34
IL-2 57 107 4.9 9
α-MSH 67 107 4.7 7.8
Medium 72 142.5 4.5 7.2

UKRV-MEL-2
IFN-γ <0.1 <0.1 7 7.7
TNF-α <0.1 <0.1 28.5 34
IL-2 <0.1 <0.1 4.9 9
α-MSH <0.1 <0.1 4.7 7.8
Medium <0.1 <0.1 7.8 7.25

UKRV-MEL-4
IFN-γ <0.1 <0.1 3.4 5.5
TNF-α <0.1 <0.1 3 6.9
IL-2 <0.1 <0.1 5 4.6
α-MSH <0.1 <0.1 16.8 13.4
Medium <0.1 <0.1 1.5 2.6

aRANTES/IL-8 immunoreactivity (ng ml–1). <0.1 = below the detection limit of
ELISA.
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Table 4 Tumour growth characteristics and development of metastases
after s.c. administration of 107 cells into the flank. Three mice were injected in
each group. RANTES secretion was determined by ELISA in cell culture
supernatant of 106 cells for 24 h. Mean of three experiments

RANTES Tumour take and metastases
(ng ml–1)

KI-MEL-7 50.0 Massive cutaneous tumours (3/3) and no
metastases after 34 days

KI-MEL-13 21.5 Massive cutaneous tumours (3/3) after 34 
days and liver metastases with ascites (1/3) 
after 100 days

WM 98.1 5.1 3/3 cutaneous tumours, mice alive, no 
metastases

UKRV-MEL-2 <1.0 3/3 small cutaneous tumours, mice alive 
after 100 days; no metastases

UKRV-MEL-4 <1.0 2/3 small cutaneous tumours, mice alive after 
100 days; no metastases

WM 1341 <1.0 3/3 small cutaneous tumours, mice alive after 
100 days; no metastases
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