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Objective. To gain better insight into the role of glucocorticoids as modulators of cell growth,
as well as to investigate the presence and characteristics of glucocorticoid receptors (GR) in mouse
melanoma cells.

Methods. In two different B16 mouse melanoma cell clones (B16/F10 and B16/C3) the role of
synthetic glucocorticoids (triamcinolone acetonide, TA) as cell growth modulators was investigated.

Results. The inhibitory effect of TA on B16/F10 cell growth after 8 days in culture was ob-
served. The same hormonal treatment applied on B16/C3 melanoma cells also provoked changes
in the cell growth. Dot blot analysis, using monoclonal antirodent glucocorticoid receptor antibod-
ies showed the presence of receptor protein in both cell clones. The analysis of glucocorticoid
receptors in B16/F10 and B16/C3 cell cytosol by Scatchard assay and ion-exchange chromatogra-
phy on DEAE-Sephadex A-50 minicolumn indicated that the changes in melanoma cell growth
may be mediated by glucocorticoid receptors and may relieve changes in the GR itself.

Conclusions. It was found that B16/C3 melanoma cells exhibited different growth pattern un-
der TA treatment when compared to the results obtained with B16/F10 cells. Such differences may
be mediated by glucocorticoid receptors.
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The steroid hormone receptor proteins, in partic-
ular the glucocorticoid receptor (GR), represent one
of the best characterized eucaryotic gene regulating
systems known today. It has been reported that the
glucocorticoid receptor is a member of the steroid/
thyroid receptor superfamily (EVANS 1988; O�MALLEY

1990). The action of glucocorticoid hormones is
mediated by their specific binding to the receptors
located in the cytoplasm. The activated hormone-re-
ceptor complex is then translocated into the nucle-
us. Binding of this complex to specific hormone-
regulatory elements on the DNA and regulation of
gene expression are subsequent events that follow
the activation of hormone-receptor complex
(GUSTAFSSON et al. 1987).

Hormonal treatment is one of accepted form of
therapy for some human malignancies. After the ini-
tial work indicating the role of glucocorticoids in the

treatment of leukemia (SHANBROM and MILLER 1962),
the presence of glucocorticoid receptors was dem-
onstrated in lymphosarcoma cells (KIRKPATRICK et al.
1971), in lymphoma cells (BAXTER et al. 1971), as
well as in hepatoma cells (BAXTER and TOMKINS 1970).

Several epidemiological studies have already sug-
gested that steroid hormone application may affect
the growth of malignant melanoma (CROWLEY et al.
1988; WALKER 1988). It was shown that glucocorti-
coids have an inhibitory effect on melanomas. Sev-
eral authors have described the presence of GR in
human malignant melanoma specimens (BHAKOO et
al. 1981). Although it is not clear what function these
receptors perform in general, in some patients, mel-
anomas have been found to respond to glucocorti-
coids (RISELEY and SHERBET 1983).

Mouse melanoma cells represent a convenient
experimental system to investigate molecular mech-
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anisms of carcinogenesis. It has been demonstrated
that B16 mouse melanoma, like human melanomas,
have in vivo growth characteristics that are modulat-
ed by hormonal factors (PROCTOR et al. 1976, 1981;
LOPEZ et al. 1978; WALKER 1988).

It has been reported that glucocorticoids inhibit
B16 melanoma cell growth in vivo, while such inhi-
bition was not observed in vitro (CROWLEY et al. 1988).
However, the growth inhibition with glucocorticoids
has been shown in human melanoma cell lines (DI

SORBO et al. 1983; OSMAN et al. 1985). A dose relat-
ed glucocorticoid induced inhibition has been report-
ed by BENCKHUIJSEN et al. (1987) and in serum free
media by DI SORBO (1986). It was also observed that
GR agonist triamcinolone acetonide inhibited the
proliferation effect of conditioned media, insulin and
transferrin (DI SORBO 1986).

This study on B16/F10 and B16/C3 mouse mela-
noma cells was performed in order to gain better in-
sight into the role of glucocorticoids as modulators
of cell growth, as well as to investigate the presence
and characteristics of GR in mouse melanoma cells.
It might be expected that these data might later be
extrapolated to human melanoma therapy.

Materials and Methods

Cells. In this study B16/F10 and B16/C3 mouse
melanoma cells were used. Cells were maintained in
culture with RPMI 1640 medium supplemented with
10 % fetal calf serum, penicillin/streptomycin and L-
glutamine. 24 hours after plating, cells were treated
with triamcinolone acetonide (TA, 0.5 µM). The via-
ble cell number was estimated in a haemocytometer
with 0.4 % Trypan blue, every day for the next eight
days. For the receptor assay cells were cultured in
medium supplemented with serum pretreated with
charcoal.

The soluble cytosolic protein concentration was
determined according to LOWRY et al. (1951).

Glucocorticoid receptor (GR) assays. Cells were
grown to subconfluence, harvested using rubber-po-
liceman, washed twice in PBS and lysed on ice by
homogenisation in glass-teflon homogeniser in EHG
buffer (0.1 mM EDTA-Na

2
, 20 mM Hepes pH 7.4,

10 % glycerol, 10 mM DTT and 50 mM NaCl) sup-
plied with 20 mM Na

2
MoO

4
 (100 µl EHG buffer/107

cells). Cell cytosol corresponding to 4x106 cells, (ob-

tained by centrifugation of homogenate at 12000 rpm
for 10 min in Eppendorf centrifuge), was incubated
with an increased amount (1-128 nM) of
[3H]triamcinolone acetonide ([3H]TA, SA=14.24 Ci/
mmol, Amersham) in the absence and presence of 100
fold excess of unlabeled TA. Specific binding was
demonstrated by the difference between total binding
([3H]TA alone) and binding in the presence of a 100-
fold excess of unlabeled TA. The number of binding
sites per cell and Kd were calculated according to the
method of Scatchard (SCATCHARD 1949).

Dot blot analysis. B16/F10 and B16/C3 cell ex-
tract (approximately 1.4 x 108 cells) diluted 1:1 in
the sample buffer according to LAEMMLI (1970) were
applied directly to the nitrocellulose membrane us-
ing Manifold filtration apparatus. Dot wells were
carefully washed 3 times with TBST buffer (10
mMTris-HCl buffer, pH 7.4, containing 0.9 % NaCl
and 0.05 % Tween 20). Membranes were incubated
for 1 h in TBST supplied with 1 % BSA, then trans-
ferred to TBST buffer containing 1:500 BuGR mon-
oclonal anti-rat GR antibodies and developed for two
hours at room temperature under constant shaking.
After washing 3 times for 10 min with 20 ml of
TBST buffer, the antigen-antibody complex was vi-
sualized via anti-IgG-alkaline phosphatase conjugate
according to the instruction from ProtoBlot Immun-
oscreening System, Promega.

Steroid labeling of cytosol and ion exchange
chromatography.

The cytosol (1.4-2x108cell/ml) was labeled in vitro by
incubation for 90 min at 4 oC with [3H]triamcinolone
acetonide at a final concentration of 50 nM. The labeled
cytosol was activated by heating for 30 min at 25 oC.
Determination of bound steroid was performed by dext-
ran-coated charcoal assay. The ion exchange chromatog-
raphy on DEAE-Sephadex A50 minicolumn was per-
formed as described previously (MARKOVIC and LITWACK

1980; VUJCIC et al. 1995). A column (1.4x7 cm) of DEAE-
Sephadex A-50 (including dextran-coated charcoal at the
bottom) was equilibrated with 20 mM phosphate buffer
(pH 6.8, containing 10mM dithiotreitole, 10 mM
Na

2
MoO

4
). Chromatography was performed using KCl

gradient for elution. One ml of radioactively labeled cy-
tosol was applied to the column and after passage of 16
ml of buffer (8 fractions, 2 ml each) elution was started
with a linear salt gradient formed from 25 ml 20 mM
phosphate buffer and 25 ml 1M KCl in the same buffer.



111GLUCOCORTICOID RECEPTOR IN MOUSE MELANOMA CELLS

100 fractiones of 0.5 ml each were collected at a rate of
1 ml/min, and aliquots of all fractions were analyzed for
radioactivity and conductivity.

Results

In this study we have investigated the role of gluco-
corticoids (triamcinolone acetonide, TA) as modula-

tors of mouse melanoma cell growth. We compared
untreated control cell cultures (B16/F10 and B16/C3
melanoma cells) to TA (0.5 µM) treated cells. The
effect of glucocorticoids on cell growth was observed
following the first eight days in culture. The inhibi-
tion of the B16/F10 mouse melanoma cell growth
obtained with TA showed the same shape as control
cultures, reaching maximum values four days after

Fig. 1 The effects of triamcinolone acetonide (TA) on B16/F10 (A) and B16/C3 (B) melanoma cell growth. Cells were
treated 24 hours after plating.

Fig. 2 Scatchard plot of [3H]triamcinolone acetonide binding to the glucocorticoid receptors of B16/F10 (A) and B16/C3 (B)
mouse melanoma cells. The plot is a mean representation of results from six experiments.
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plating (Fig. 1A). The same hormonal treatment ap-
plied on B16/C3 cells slightly induces cell growth. It
was observed that C3 cells treated with TA have
reached maximal growth 5 days after plating. Untreat-
ed controls have shown maximal growth 48 hours lat-
er, 7 days after plating (Fig. 1B). The obtained results
clearly show that B16/C3 melanoma cells exhibited
different growth dynamics under glucocorticoid treat-
ment in comparison to the B16/F10 clone.

These results suggested that structural characteris-
tics of the glucocorticoid receptor might be different in
the B16/F10 and B16/C3 clones. In order to asses re-
ceptor status in these cell lines, the presence, number
and binding affinity of GR were investigated in both
B16 mouse melanoma cell clones. Scatchard analysis
(SCATCHARD 1949) of the binding data showed that B16/
F10 melanoma has a three times higher number of bind-
ing sites (3000 binding sites per cell) compared to the
B16/C3 clone (1000 binding sites per cell) (Fig. 2). In
order to confirm these data, we used dot blot analysis
to investigate the expression levels of receptor protein.
The blots were developed using monoclonal antirodent
GR antibodies (BuGR; GAMETCHU and HARRISON 1984)
and showed the presence of GR in both cell clones with
higher intensity detected in B16/F10 cytosol (Fig. 3).
These data confirmed the results obtained by the Scat-
chard method (Fig. 2, Tab. 1).

In order to assess the affinity of glucocorticoid re-
ceptor for TA we determined the Kd in both clones.
Similar Kd values were observed (1.21 and 1.53 nM
in B16/F10 and B16/C3, respectively; Tab. 1). These
results showed that melanoma cells have glucocorti-
coid receptor with similar affinity for hormone in both
clones, whereas the F10 clone had a three times high-
er number of receptors when compared to the C3 clone.

It has been described that many cancer cells have
aberrant steroid receptors (KRSTIC 1997). In order to
better understand the different effects that glucocor-
ticoid hormones have on the growth of these cell
lines, we decided to analyze the biochemical char-
acteristics of GR. To characterize further the gluco-
corticoid receptor in both clones of mouse melano-
ma cells, ion exchange chromatography on DEAE-
Sephadex A-50 minicolumn was performed. Acti-
vated receptor obtained by in vitro incubation at 25oC
can be usually eluted, from this column, with 0.2
M KCl, whereas unactivated receptor appears as 0.4
M form (MARKOVIC et al. 1980; VUJCIC et al. 1995).
The elution profiles of binding [3H]TA in B16/F10
and B16/C3 cell cytosols are shown in Fig. 4. The
peak radioactivity was eluted with 0.25 M KCl show-
ing that a specific glucocorticoid receptor in mouse
melanoma cells corresponds to an activated form of
glucocorticoid receptor even when the receptor was
incubated at 4 oC. These findings demonstrated that
receptor in these two melanoma clones is, perhaps,
in already activated form, implying that it is biochem-
ically different from usually observed receptor forms
in normal cells.

Discussion

The main aim of our experiments was to deter-
mine whether glucocorticoid hormone application
affects mouse melanoma cell growth in culture.

Previous reports (DJORDJEVIC-MARKOVIC 1990; KANA-
ZIR 1990) demonstrated the importance of the complex-

Fig. 3 The dot blot analysis using monoclonal antirodent-
GR antibodies (BuGR):

 1. B16/F10 mouse melanoma cells
 2. B16/C3 mouse melanoma cells

 3. EHG buffer

Table I Quantitative parameters of [3H]TA binding to GR of B16 mouse melanoma cells

TABLE I Quantitative parameters of [3H]TA binding to GR of B16 mouse melanoma cells

CELL LINE Kd (nM) No binding sites/cell protein conc. (mg/108cells/ml)
B16/F10 1.21 ± 0.49 2778± 422.5 4.72

B16/C3 1.53 ± 0.11 1079± 96.5 5.96
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ity of GR structure and its implications to both gluco-
corticoid and antiglucocorticoid effects. In view of those
findings it was of importance to investigate the effects
and presence of GR in melanoma cell system.

The controversy in the literature data concerning
the role of glucocorticoids in melanoma cell growth
is at least partly due to different model systems ex-
amined as well as varying experimental conditions
(WALKER 1988). In this study the effects of gluco-
corticoids on B16 mouse melanoma cell growth were
studied. B16/F10 mouse melanoma cell growth was
inhibited after glucocorticoid (TA) treatments. After
glucocorticoid treatment B16/C3 mouse melanoma
cells reached a maximal value 24-48 hours earlier
compared to the untreated C3 control (Fig. 1B).

It was previously reported that both glucocorti-
coid and antiglucocorticoid hormones modulate
the mouse melanoma cell growth (RISTIC et al.
1995). The effect of steroids on the mouse mela-
noma cell growth varied in individual melanoma
cell clones (WALKER 1988). In this study, we
showed that glucocorticoid hormones have differ-
ent effects on the growth of these cells. The B16/
F10 clone is more tumorogenic than the C3 clone
and can cause metastasis into the lungs, whereas
C3 does not (J.F. DORE, personal communication).
The C3 clone produces melanin to a greater ex-
tent than the F10 clone (RISTIC et al. 1990; J.F.DORE,
personal communication). It is possible that these
differences in the growth curves caused by gluco-
corticoid hormones originate from different num-
ber of GR molecules, or different affinities for

hormone, or changed characteristics of the recep-
tor in malignant cells. We therefore investigated
these parameters.

The presence of GR was studied through its abil-
ity to bind tritiated TA according to the method by
SCATCHARD (1949) and through recognition by the
antiGR specific rodent monoclonal antibodies
(BuGR; GAMETCHU and HARRISON 1984). The results
obtained by the Scatchard analysis showed that both
cell clones contained specific GR but in different
numbers. B16/F10 mouse melanoma cells have
three times higher number of binding sites � 3200
bd.sites/cell, resembling lymphocyte cells, while the
other cell clone (B16/C3) has 1000 binding sites
per cell, similar to the GR number reported for dif-
ferent brain structures (GUSTAFSSON et al. 1987).

The dot blot analysis, using monoclonal antiro-
dent-GR antibodies BuGR, showed the presence of
specific GR in both cell clones, and data obtained
confirmed the result of the Scatchard analysis. It is
evident that B16/F10 clone has GR and compared to
C3 clone the number of receptor binding sites is ap-
proximately three times higher. This finding is con-
sistent with the results of a study reporting that ex-
perimental melanoma contained significant amounts
of GR (BHAKOO et al., 1981).

Similar Kd values were observed in both clones. The
range of Kd values was the same as previously report-
ed for various typical GR target tissues like liver, thy-
mus, fibroblasts, lymphocytes etc. (BALLARD et al. 1974).

These results suggest that different effects of glu-
cocorticoid hormones on the growth of F10 and C3

Fig. 4 Ion exchange chromatography on DEAE-Sephadex A-50 minicolumn [3H]TA-labeled B16/F10 (A) and B16/C3 (B)
mouse melanoma cell cytosol on 4 oC.
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clones do not originate from different affinities for
hormones, since these parameters do not vary sig-
nificantly between two clones. However, F10 cells
have a three times higher number of receptors and
that may be the cause of a stronger inhibitory effect
of glucocorticoid hormones on these cells. In fact, it
is possible that glucocorticoid hormones will trigger
programmed cell death in the F10 clone to a grater
extent than in the C3 clone, which could be impor-
tant for potential therapeutic applications in human
melanomas. Present experiments which are in
progress will test this hypothesis.

In order to study the properties of the GR in greater
detail, we analyzed the GR from these two different
clones by performing ion exchange chromatography.
Cytosol was isolated from these cells and incubated
with radiolabeled synthetic glucocorticoid TA at 4 oC
and 25 oC. Previous results have shown that unacti-
vated hormone-receptor complex formed at 4 oC
under these conditions elutes at 0.4 M salt, whereas
activated form obtained by incubation at 25 oC elutes
as 0.2 M peak (MARKOVIC and LITWACK 1980). Using
potent synthetic glucocorticoid (triamcinolone ace-
tonide, TA), we have shown a specific [3H]TA-re-
ceptor complex eluted by 0.25 M KCl from ion ex-
change chromatography column in B16/F10 mouse
melanoma cell cytosol, as well as in B16/C3 mouse
melanoma cell cytosol. The receptor complex was
formed by incubation on 4 oC. However, the results
showed an activated form of receptor-hormone com-
plex corresponding to the elution profile obtained
from rat liver and rat kidney cytosol (MARKOVIC et
al. 1980). After heat activation the same profiles were
obtained (results are not shown) in both cell clones.

Our results suggest that in both clones the recep-
tor is activated even when cytosol is incubated with
the hormone at 4 oC and that maybe the sign of re-
ceptor aberrant function. In fact, abnormal forms of
steroid receptors have been often detected in cancer
cells (KRSTIC 1997). For example, GR was found to
be already activated before in vitro activation in cer-
tain control and cancer tissues in kidney malignan-
cies (DJORDJEVIC-MARKOVIC 1990). Furthermore, es-
trogen and progesterone receptors with an increased
affinity to bind to DNA cellulose were observed in
uterine endometrial carcinomas (RIBARAC-STEPIC

1985). Finally, a series of mutant or aberrantly
spliced variants of estrogen receptor have been de-

scribed for the estrogen receptor gene in human breast
cancer (CIOCCA and FANELLI 1997). These changes in
steroid receptor structures can lead to more or less
active receptors or forms that function aberrantly,
such as a dominant negative version of these pro-
teins. Our results suggest that in malignant melano-
ma GR is already activated in both types of cells. It
is possible that this change in activation properties
of receptor is due to mutation in the receptor gene or
in some of the genes encoding receptor associated
proteins. Future experiments will determine the pre-
cise nature of this molecular change.

Acknowledgements

This paper is dedicated to the memory of Profes-
sor Radmila Djordjevic-Markovic.

The B16/C3 clone was generously provided by
Dr.Aleksandar Dujic, Military Medical Academy,
Belgrade, Yugoslavia, whereas the B16/F10 clone
was provided by Dr. J.F.Dore, Lyon, France.

References

BALLARD PL, BAXTER JD, HIGGINS SJ, ROUSSEAU GG,
TOMKINS GM: General presence of glucocorticoid
receptors in mammalian tissue. Endocrinology 94,
998-1002, 1974

BAXTER JD, TOMKINS GM: The relationship between glu-
cocorticoid binding and tyrosine amino-trans-
ferase induction in hepatoma tissue culture cells.
PNAS, USA, 65, 709-715, 1970

BAXTER JD, HARRIS AW, TOMKINS GM, COHN M: Gluco-
corticoid receptors in lymphoma cells in culture:
Relationship to glucocorticoid killing activity.
Science 171, 189-191, 1971

BENCKHUIJSEN C, OSMAN AM, HILLEBRAND MJX: Gluco-
corticoid effect on melphalan cytotoxicity, cell
cycle position, cell size and 3H uridine incorpo-
ration in one of three human melanoma cell lines.
Cancer Res 47, 4814-4820, 1987

BHAKOO HS, MILHOLLAND RJ, LOPEZ R: High incidence and
characterization of glucocorticoid receptor in hu-
man malignant melanoma. J Natl Cancer Inst 66,
21-25, 1981

BHAKOO HS, PAOLINI NS, MILHOLLAND RJ, LOPEZ RE, ROS-
EN F: Glucocorticoid receptors and the effect of
glucocorticoids on the growth of B16 melano-
ma. Cancer Res 41, 1695-1701, 1981

CROWLEY P, LAI NY, DE YOUNG N, PEARCE P, FUNDER JW,
GILL PG: Inhibition of growth of B16 melanoma



115GLUCOCORTICOID RECEPTOR IN MOUSE MELANOMA CELLS

by glucocorticoids does not result directly from
receptor-mediated inhibition of tumour cells. On-
cology 45, 331-335, 1988

CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, pp. 10.6.1-2,
John Wiley and Sons, New York 1987

DI SORBO DM: Effect of triamcinolone acetonide on the
growth of NEL-M1 human melanoma cells cul-
tured in the presence and abscence of growth stim-
ulatory agents. Cancer Res 46, 3964-3968, 1986

DI SORBO DM, MCNULTY B, NATHANSON L: In vitro growth
inhibition of human melanoma cells by gluco-
corticoids. Cancer Res 43, 2664-2667, 1983

DJORDJEVIC-MARKOVIC R: Structures of glucocorticoid re-
ceptor in cancer tissues, In: Activation of Hor-
mone and Growth Factor Receptors (Eds. Alexis
MN and Sekeris CE), pp. 295-315, Kluwer Aca-
demic Publishers 1990

EVANS RM: The Steroid and thyroid hormone receptor
superfamily. Science 240, 889-895, 1988

GAMETCHU B, HARRISON RW: Characterization of
a monoclonal antibody to the rat liver glucocorti-
coid receptor. Endocrinology 114, 274-279, 1984

GUSTAFSSON JA, CARLTEDT-DUKE J, POELLINGER L, OKRET S,
WIKSTROM AC, BRONNEGARD M, GILLNER M, DONG

Y, FUXE K, CINTRA A, HARFSTRAND A, AGNATI L:
Biochemistry, molecular biology and physiology
of the glucocorticoid receptor. Endocrine Rev 8,
185-234, 1987

KANAZIR DT: Glucocorticoid receptor and hormonal ex-
tragenomic effects. In: Activation of Hormone and
Growth Factor Receptors (Eds. Alexis MN and
Sekeris CE), pp. 295-315, Kluwer Academic Pub-
lishers 1990

KIRKPATRICK AF, MILHOLLAND RJ, ROSEN F: Stereospecific
glucocorticoid binding to subcellular fractions of
the sensitive and resistant lymphosarcoma P1798.
Nature New Biology 232, 216-218, 1971

KRSTIC M: Steroid receptors and their changes in malig-
nant cells. In: Molecular Mechanisms of Cell
Function (Eds. Rakic LJ, Ribarac-Stepic N, Simic
D), pp. 157-164, SANU, Beograd 1997

LAEMMLI UK: Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Na-
ture (London) 27, 680-685, 1970

LOPEZ RE, BHAKOO H, PAOLINI NS, ROSEN F, HOLYOKE ED,
GOLDROSEN MN: Effect of estrogen on the growth
of B16 melanoma. Surg Forum 29, 153-154, 1978

LOWRY OH, ROSEBROUGH NJ, FARR AL, RANDALL RJ: Pro-
tein measurement with the Folin phenol reagent.
J Biol Chem 193, 265-275, 1951

MARKOVIC RD, LITWACK G: Activation of liver and kidney
glucocorticoid-receptor complexes occurs in vivo.
Arch Biochem Biophys 202, 374-379, 1980

MARKOVIC RD, EISEN HJ, PERCHMAN LG, BARNETT CA, LIT-
WACK G: Evidence of a physiological role of cor-
ticosteroid binder IB. Biochemistry 19, 4556-
4564, 1980

O�MALLEY B: The steroid receptor superfamily: More ex-
citement predicted for the future. Mol Endocrinol
4, 363-369, 1990

OSMAN AM, JANSEN PWM, SMETS LA: Glucocorticoid re-
ceptors and cell progression in human melano-
ma cell lines. J Cell Physiol 125, 306-312, 1985

PROCTOR JW, AUCLAIR BG, STOKOWSKI L: Endocrine fac-
tors and the growth and spread of B16 melano-
ma. J Natl Cancer Inst 57, 1197-1198, 1976

PROCTOR JW, YAMAMURA Y, GAYDOS D, MASTROMATTEO W:
Further studies on endocrine factors and the
growth and spread of B16 melanoma. Oncology
38, 102-105, 1981

RISELEY GP, SHERBET GV: Can the differences in metastat-
ic potential of B16 melanomas be explained in
terms of their glucocorticoid-receptor status? Brit
J Cancer 48, 138, 1983

RISTIC A, MARJANOVIC B, KRSMANOVIC V, IVANOVIC V: Iden-
tification of an autocrine factor in B16/C3 mouse
melanoma cells. Iugoslav Physiol Pharmacol Acta
26, 321-328, 1990

RISTIC A, DJORDJEVIC-MARKOVIC R, PAVLOVIC M, KRSMANOV-
IC V, KANAZIR DT: The effect of glucocorticoid
and antiglucocorticoid hormones on the growth
of mouse melanoma cells. In: Anticarcinogene-
sis and Radiation Protection 2 (Eds. Nygaard OF
and Upton AC), pp. 401-403, Plenum Press, New
York 1991

RISTIC-FIRA A, DJORDJEVIC-MARKOVIC R, RADOJCIC M, RIB-
ARAC-STEPIC N, KANAZIR DT: Glucocorticoid re-
ceptors in mouse melanoma cells. Ann NY Acad
Sci 761, 388-390, 1995

SCATCHARD G: The attraction of proteins for small molecules
and ions. Ann NY Acad Sci 196, 319-321, 1949

VUJCIC MT, DJORDJEVIC-MARKOVIC R, KANAZIR DT, VUJCIC

ZM, JANKOV RM: Partial purification of glucocor-
ticosteroid binder IB by cortexolone affinity ma-
trix. Proc Indian Natn Sci Acad B61, 249-258, 1995

WALKER MJ: Role of hormones and growth factors in mel-
anomas. Seminars in Oncology 15, 512-523, 1988

Corresponding author: Dr. Alexandra Ristic-Fira,
Institute of Nuclear Sciences
�Vinca�
P.O. Box 522,
11001 Belgrade
Yugoslavia
Phone: 381-11-458222
Fax: 381-11-455561



116

BOOK REVIEW

THE IGF SYSTEM, MOLECULAR BIOLOGY, PHYSIOLOGY,
AND CLINICAL APPLICATIONS

Edited by Ron G. Rosenfeld and Charles T. Roberts (Oregon Health Sciences University, Portland), 787
pages, Humana Press

More than 40 yr elapsed from the finding of �sul-
fation factor� by Salmon and Daughaday which has
been later �transformed� into insulin-like growth
factors, the purification and sequencing of which has
been accomplished about 20 yr later. The book pre-
sented by Ron G. Rosenfedl and Charles T. Roberts
and edited by Humana Press may be considered a
true encyclopaedia on the currect status of art in this
rapidly developing field.

The book is divided into four main sections: I.
Molecular biology of the IGF system, II. Biological
actions of the IGFs, III. IGF physiology, IV. Clinical
aspects of the IGFs, each sections containing sever-
al chapters written by a total of 74 well known ex-
perts in this field. Expert editorial work apparently
resulted in handy organisation of the text of each
chapter which follows the unified hierarchy of titles

and subtitles. In addition, each chapter contains the
Introduction and Summary and even the appropriate
cross-references to the other chapters. The average
number of about 150 references included into each
of 31 chapters makes a total of about 5000 referenc-
es which go up to 1997.

Severeal instructive and carefully selected figures
and tables bring convincing evidence on the main
facts and findings described in the text.

Undoubtedly, this valuable book will be useful not
only for those dealing with various aspects of basic
reasearch in this and related fields, but also for those
teaching several premedical disciplines. However,
several clinicians including endocrinologists, pedia-
tricians, gynecologists will find unique and valid in-
formation to enlarge the field of their theoretical basis
as well as their diagnostic and therapeutic skills.

Pavel Langer


