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ABSTRACT

The present study characterizes the biological response of a
cloned human melanotic melanoma cell line (NEL-M1) to gluco-
corticoid treatment. Scatchard analysis of the binding of [3H]-

triamcinolone acetonide to the glucocorticoid receptor showed a
binding capacity of 170 fmol/mg protein and a dissociation
constant (KD)of 1.76 x 1(T9 M. When the 3H-labeled cytosol was
warmed to 25 Â°Cfor 30 min and then incubated with DNA-
cellulose at 4 Â°Cfor 45 min, 32% of the specific glucocorticoid-

receptor complexes were bound to DNA-cellulose. Additional
studies showed that when NEL-M1 cells were cultured for 72 h
with 1 x 10~7 M triamcinolone acetonide, a 36% reduction in

cellular growth was observed compared to the control cultures.
The calculated population doubling time for the control cells was
17.5 h compared to 20.3 h for the triamcinolone acetonide-

treated cells. Analysis of the effect of triamcinolone acetonide on
macromolecular synthesis revealed that, over a 24-h incubation
period, triamcinolone acetonide (a) inhibited [3H]thymidine incor

poration by 51%; (o) increased the incorporation of the melanin
precursor, L-3,4-dihydroxy[3H]phenylalanine, by 59%; and (c)
had essentially no effect on [3H]leucine or [3H]uridine incorpora

tion. During this same incubation period, triamcinolone acetonide
inhibited [3H]glucose uptake by 19%. Further studies using syn

chronized NEL-M1 cells clearly show that the earliest detectable
action of triamcinolone acetonide was the inhibition [3H]thymidine

incorporation during the S phase of the cell cycle. Thus, these
findings show that the human melanoma cell line, NEL-M1, is

biologically responsive to glucocorticoid treatment. Continued
studies using NEL-M1 cells may eventually lead to ascertaining

the exact mechanism by which glucocorticoids regulate DNA
synthesis.

INTRODUCTION

Glucocorticoids are known to exert their biological actions
through intracellular cytosolic receptor molecules (2). Thus, the
detection of specific intracellular glucocorticoid receptors
strongly suggests that the cell in question would be a target site
for hormonal action. Recently, it has been shown that mouse (4),
hamster (8), and human (3, 6) melanoma cells contain specific
glucocorticoid receptors. Studies have also shown that gluco
corticoids inhibit the growth of melanoma cells both in vitro and
in vivo. Bhakoo ef al. (4) showed that glucocorticoids could inhibit
the growth of B16 melanoma in male mice, while Horn and
Buzard (9) showed that glucocorticoids inhibit the in vitro growth
of RPMI 3460 melanoma cells. Our laboratory has shown re-
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cently that treatment of the human melanoma cell line, NEL, with
the synthetic glucocorticoid triamcinolone acetonide, produced
a 30% inhibition in cellular growth over a 72-h period (6). Addi

tional studies showed that NEL cells contained a specific gluco
corticoid receptor which was biologically active (5, 6). However,
in all of the above studies, the mechanism by which glucocorti
coids inhibit the growth of melanoma cells was not ascertained.

In an attempt to understand the mechanism of action of
glucocorticoids in human melanoma cells, we undertook a study
to determine the earliest action of the steroid on the cloned cell
line, NEL-M1. The data presented in this report show clearly that
the earliest detectable action of glucocorticoids on NEL-M1 cells
is to suppress DNA synthesis during the S phase of the cell
cycle. Additional studies indicate that glucocorticoids can be
added to cells in G, up to 4 h prior to the onset of S phase to
produce a significant inhibition in [3H]thymidine incorporation into

DNA.

MATERIALS AND METHODS

Materials. [1,2,4-(n)-3H]Triamcinolone acetonide (26 Ci/mmol),
[metf)y/-3H]thymidine (49 Ci/mmol), D-[2-3H]glucose (17 Ci/mmol), L-[4,5-
3H]leucine, [5,6-3H]uridine, and L-DOPA2 were purchased from Amer-

sham/Searle Corp., Arlington Heights, IL. Unlabeled triamcinolone ace
tonide was purchased from Sigma Chemical Co., St. Louis, MO. DNA-
cellulose was purchased from P-L Biochemicals, Inc., Milwaukee, Wl. All

other chemicals were of reagent grade.
Cell Culture. The established human melanoma cell line, NEL, was

maintained as described previously (5). The cloning of NEL cells was as
follows: a dilute suspension of NEL cells was seeded into 6-well cluster

dishes containing small fragments of glass coverslips spread on the
bottom of the wells. Sixteen h after plating, the wells were observed,
and pieces of glass containing single cells were transferred into individual
wells of a 24-well cluster dish. These well dishes were observed daily

for 10 days to ensure that only a single colony of cells grew in each well.
Large colonies were subcultured into Corning T-25 sq cm flasks and

maintained in the same manner as the parent line. The standard growth
medium, minimal essential medium supplemented with 10% fetal calf
serum, was used in all phases of cloning.

Growth Curve. Preliminary studies indicated that the cloned cell line,
NEL-melanotic 1 (NEL-M1), was growth-inhibited when cultured in the

presence of glucocorticoids. To fully evaluate the effects of glucocorti
coids on this cell line, the following protocol was followed: growth curves
were initiated by plating cells in T-75 sq cm flasks at a density of 0.2 x
10" cells/flask. After 24 h of stabilization, 2 flasks were removed from

the incubator, and the cells were harvested off the substratum. The
remaining flasks were divided into 2 groups and were fed daily with
growth medium containing either 1 n\ ethanol per 10 ml medium (controls)
or 1 /Â¿Iof 10"3 M triamcinolone acetonide in ethanol/10 ml medium (final
concentration of steroid, 1 x 10~7 M). Every 24 h, 2 flasks from each

2The abbreviations used are: t-DOPA, L-3,4-dihydroxyphenylalanine; TCA, trich-
toroacetic acid; PBS, phosphate-buffered saline; HBSS, Hanks' balanced salt

solution.
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group were removed from the incubators, and cells were harvested and
counted. To harvest cells, the medium was removed from the flask, and
the cells were trypsinized off the substratum with 4.0 ml of trypsin (0.1%
trypsin/0.02% EDTA in Dulbecco s PBS; M. A. Bioproducts, Walkersville,
MD). When the cells had detached from the flask (determined by micro
scopic observation), 11 ml of growth medium were added to the flask,
and the cell suspension was transferred to a 50-ml conical tube. The

flask was washed with 25 ml of HBSS (M. A. Bioproducts), and the wash
added to the cell suspension. The volume was brought to 50 ml with
HBSS, and the cells were centrifuged for 10 min at 4 Â°Cin a low speed

Dynac centrifuge. The supernatant was decanted, and the cell pellet was
resuspended in an appropriate volume of HBSS for counting. Cells were
counted in a hemacytometer using trypan blue to determine the number
of viable cells. Cell counts were based on an average of 4 aliquots taken
from each cell suspension.

Steroid Binding. The detection of glucocorticoid receptors in NEL-M1

cells was essentially as described previously (6), with the following
modifications. To separate free from bound steroid, the dextran-coated
charcoal assay was used as follows: 0.1 ml of dextran-coated charcoal

was aliquoted into glass test tubes and centrifuged. The supernatant
fluid was removed, and 0.1 ml of 3H-charged cytosol was added to the

charcoal pellet. The mixture was vortexed and kept on ice for 10 min.
The tubes were centrifuged at 4 Â°Cin a Dynac centrifuge at 3000 rpm

for 15 min. Aliquots were removed from the tubes and placed into
scintillation vials. Scintillation fluid was added (10 ml of Scinti Verse II;
Fisher Scientific Co.), and the vials were counted in a refrigerated SL-

4000 liquid scintillation counter. The method of Scatchard (15) was used
to calculate the KDand to determine the binding capacity. The activation
and binding of the steroid-receptor complex to DNA-cellulose was carried

out as described previously (7).
SHPrecursor Uptake and Incorporation into NEL-M1 Cells. NEL-M1

cells were plated in T-25 sq cm flasks (0.5 x 10e cells/flask) 24 h before

use. At the start of the experiment, cells were incubated in serum-free
minimal essential medium with either vehicle or 1 x 10"7 M triamcinolone

acetonide for 24 h. At the end of the incubation period, medium was
removed from all flasks and replaced with 5.0 ml of fresh serum-free
medium containing a 3H-labeled precursor (leucine and uridine, 5 nC\/

flask; thymidine, 1.0 Â«iCi/flask; glucose, 25 Â¿/Ci/flask; i-dopa. 10 nCi/

flask) and incubated for 1 h. Medium was then removed from the flasks,
and the flasks were washed twice with PBS. Cells were then trypsinized
off the substratum and placed into 15-ml conical tubes. Each flask was

washed with 4.0 ml of medium and the wash added to the conical tubes.
The tubes were centrifuged, the supernatant was discarded, and the cell
pellet was washed in 2.0 ml of cold PBS. After centrifugador! and removal
of supernatant, 1.0 ml of cold 10% TCA was added to the cell pellet,
and the tubes were kept on ice for 10 min and then centrifuged. The
supernatant fraction (TCA-soluble fraction) was used to measure the
uptake of [3H]glucose into the cell. The pellet (TCA-insoluble fraction)

was washed in 1.0 ml of cold 10% TCA and then dissolved in 1.0 N
NaOH and was used to measure the incorporation of 3H precursors into

macromolecules.
Cell Synchronization and 3H Precursor Incorporation. Cell synchro

nization was carried out as described previously (5). In brief, log-phase

cells were used for these experiments. The mitotic detachment method
described by Terasima and Tolmach (16) was used to harvest mitotic
cells. Mitotic cells were seeded in Costar 6-well cluster dishes (0.5 x 10"
cells/well) and incubated with vehicle or 1 x 10~7 M triamcinolone

acetonide. DNA synthesis was measured by adding 0.5 Â¿iCiof [3H]-

thymidine to each well 2 h prior to processing. For the measurement of
L-DOPA incorporation, 10 pCt of t-[3H]DOPA was added to each well.

At each time point, the medium was removed, and cells were trypsinized
off the substratum, placed into conical tubes, and processed as de
scribed for measurement of 3H-labeled precursor incorporation.

Protein. Protein was measured by the method of Lowry ef al. (13)
using bovine albumin Fraction V as a standard.

RESULTS

Glucocorticoid-Receptor Complex in NEL-M1 Cells. NEL-
M1 cells were cloned from the established cell line, NEL. To
determine the receptor content in these cells, cystosolic fractions
were incubated with the synthetic glucocorticoid [3H]triamcinc-

lone acetonide, and the results were analyzed by the method of
Scatchard (15). The data depicted in Chart 1 suggest that [3H]-

triamcinolone acetonide binds to a single class of binding sites.
The number of specific binding sites was calculated to be 170
fmol/mg protein, and the dissociation constant (KD)was 1.76 x
10~9 M. Additional studies showed that the [3H]triamcinolone
acetonide-receptor complex formed at 4 Â°Ccould be activated
and bound to DNA-cellulose. Steroid-receptor complexes formed
at 4 Â°Cdisplayed little affinity for DNA-cellulose (8.7%). However,
when the [3H]triamcinolone acetonide-receptor complex was
heat-activated at 25 Â°Cfor 30 min, 32% of the receptor com
plexes were bound to DNA-cellulose (data not shown).

Effect of Triamcinolone Acetonide on the Growth of NEL-
M1 Cells. To test if the glucocorticoid-receptor complex was
biologically active in NEL-M1 cells, cells were grown in the
presence or absence of 1 x 10~7 M triamcinolone acetonide for

72 h. Cell growth was monitored daily by counting cells in a
hemacytometer. Results of the study indicate that cells cultured
in the presence of triamcinolone acetonide proliferated at a
slower rate than did those in the control cultures (Chart 2). At
the end of 72 h, the treated cultures had 36% fewer cells than
did controls (the data depicted in Chart 2 represent 1 of 6
experiments and the range of growth inhibition from 33 to 47%).
The population doubling time was 17.5 h for the control group
and 20.3 h for the treated group.

Effect of Triamcinolone Acetonide on Macromolecule Syn
thesis. The data presented in Chart 2 suggest that triamcinolone
acetonide inhibits the growth of NEL-M1 cells by increasing the

population doubling time of the cells. To determine the earliest
action of glucocorticoids on NEL-M1 cells, cells were incubated
for 24 h with or without 1 x 10~7 M triamcinolone acetonide and
then pulsed for 1 h with various 3H-labeled precursors. When

the data were tabulated, it was observed that triamcinolone
acetonide had essentially no effect on the incorporation of [3H]-
leucine or [3H]uridine into TCA-insoluble material (Table 1). How
ever, the incorporation of [3H]thymidine into DNA was sup

pressed by 51% in triamcinolone acetonide-treated cells. In
addition to triamcinolone acetonide suppressing DNA synthesis,
the synthetic glucocorticoid caused a significant increase in the
incorporation of t-[3H]DOPA into the TCA-insoluble fraction.

Since it has been shown that L-DOPA is selectively incorporated

300 500
BOUND(fmol/ml)

700 900

Chart 1. Scatchard analysis of pHjtriamanotone acetonide binding in NEL-M1
cells. A 105,000 x g supernatant fraction was incubated with various [3H]triamcin-
olone acetonide concentrations alone or with 100-fold excess unlabeled triamcin
olone acetonide for 18 h at 4 "C. The dextran-coated technique was used to

separate free from bound steroid.
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Chart 2. Growth of NEL-M1 cells in the presence or absence of triamcinolone
acetonide. NEL-M1 cells were plated as described in "Materials and Methods." On
Day 1 (represented by arrow) 1 x 10~7M triamcinolone acetonide was added to

test cultures, and vehicle was added to controls. Cell counts were performed daily
using a hemacytometer. Results are the average of 2 flasks/point.

Table 1
Effect of triamcinolone acetonide on the incorporation of various 3Hprecursors in

NEL-M1 cells

NEL-M1 cells were incubated in the presence or absence of triamcinolone
acetonide for 24 h and then pulsed for 1 h with various 3Hprecursors.

TreatmentControl

TAC,1 x IO'7 M

ControlTA, 1 x 10~7M

Control
TA, 1 x IO'7 M

Control
TA, 1 x IO'7 M3H

precursorLeucineLeucine

Uridine
Uridine
Thymidine
Thymidine
L-DOPA
L-DOPAIncorporation

(dpm/mg proteinxio-4)"12.99

Â±0.435"

12.61 Â±0.946
44.19 Â±2.084
42.41 Â±3.214
47.21 Â±1.244
23.21 Â±0.909d

2.16 Â±0.121Â°

3.44 Â±0.125%

treated/
control97%

49

159
" Results are the average of 4 flasks/group.
" Mean Â±SD.
c TA, triamcinoloneacetonide.
" [3H]Thymidine incorporation in the presence of triamcinolone acetonide is

significantly less than in the control group at the P < 0.001 level.
* L-[3H]DOPAincorporation in the presenceof triamcinoloneacetonide is signif

icantly greater than in the control group at the P < 0.001 level.

into pigmentedcells (18)and we have recentlydemonstrated
that triamcinoloneacetonideincreasestyrosinaseactivityin NEL
cells(5),theincreaseinL-[3H]DOPAincorporationshowninTable
1 probablyreflectsan increasein melanogenesisas a resultof
glucocorticoidtreatment.

Inadditionto theaboveresults,we alsostudiedtheeffectsof
glucocorticoidson |3H(glucoseuptakeandincorporationin NEL-
MI cells. With respect to [3H]glucoseuptake, triamcinolone
acetonideinhibitedglucoseuptake by 19% comparedto cells

Table 2
Effect of triamcinolone acetonide on the uptake and incorporation of fHÂ¡glucose

into NEL-M1 cells

NEL-M1 cells were incubated in the presence or absence of triamcinolone
acetonide for 24 h and then pulsed for 1 h with 25 fiCi/flask of [3H]glucose.

TreatmentControl

TAC,1 x 10-' MUptake

(dpm/mg
protein x10"*)Â§^Â±0.184"

4.82 Â±0.507a%

treated/
Å“ntrol81Incorporation

(dpm/mg protein
xirr4)"3.27

Â±0.098
3.13 Â±0.135%

treated/
control96

8 Results are the average of 4 flasks/group.
EMeanÂ±SD.
c TA, triamcinoloneacetonide.
" [3H]Glucoseuptake in the presenceof triamcinoloneacetonide is significantly

less than in the control group of the P < 0.01 level.
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Charts. Effect of triamcinolone acetonide on [3H]thymidine incorporation in
synchronized cells. NEL-M1 cells were synchronized by mitotic detachment and
plated in the presence (â€¢)or absence (O) of 1 x 10~7M triamcinoloneacetonide.
NEL-M1 cells were pulsed with [3H]thymidine as described in "Materials and
Methods." The results represent the average of 2 cluster wells/point. Also shown
is the total protein for TA-treated (A) and -nontreated cells (A). Bars, SD.

incubatedintheabsenceof thesteroid.Triamcinoloneacetonide
hadnoeffecton the incorporationof [3H]glucose(Table2).

SuppressionofDNASynthesisbyTriamcinoloneAcetonide
in SynchronizedNEL-M1Cells. In orderto ascertainwhat
cellulareventglucocorticoidsinitiallyaffected,NEL-M1cellswere
synchronizedby mitoticdetachmentand platedin the presenceor absenceof 1 x 10~7triamcinoloneacetonide.Thecellswere
thenpulsedwith [3H]thymidineandassayedevery2 h for incor
porationof [3H]thymidineinto DNA.As can be seenin Chart3,
there was essentiallyno differencebetweenthe triamcinolone
acetonidegroup and controls with respect to [3H]thymidine
incorporationfor the initial6 h of GÃ¬.However,8 h afterthestart
of G! control culturesstarted to enter the S phaseof the cell
cycle.Tenh aftercellsynchronization,controlculturesincorpo
rated approximately70% more [3H]thymidinethan did the tri
amcinolone acetonide group. [3H]Thymidineincorporation
peakedin the controlandtriamcinoloneacetonidegroupsat 14
h. It shouldalso be noted that the total proteinconcentration
wasnot affectedby steroidtreatmentduringthe first cellcycle.

u-[3H]DOPAIncorporationin SynchronizedNEL-M1Cells.
Triamcinoloneacetonideinhibited[3H]thymidineincorporationas
earlyas 8 h after cell synchronization.We thereforewantedto
determineif the glucocorticoideffecton L-[3H]DOPAincorpora
tion occurredbeforeor after this timepoint.Thus,we repeated
the experimentwith synchronizedcells usingL-[3H]DOPA.The
results are presentedin Chart 4. The incorporationof u-[3H]-
DOPAwas not affectedby steroidtreatmentthroughoutthe d
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Chart 4. Effect of triamcinolone acetonide on L-[3H]DOPA incorporation in syn

chronized cells. Mitotic cells were plated in the presence (â€¢)or absence (O) of 1 x
10"7 M TA. NEL-M1 cells were pulsed with L-[3H]DOPA as described in "Materials
and Methods." The results represent the average of 2 cluster wells/point. Bars,

SO.

4 6 8 10
TA EXPOSURE PRIOR TO S (Hours)

Chart 5. Effect of triamcinolone acetonide (TA) on [3H]thymidine incorporation
as a function of time in G,. NEL-M1 cells were synchronized by mitotic detachment
and plated into cluster well dishes. Triamcinolone acetonide (1 x 10 ' M) was

added to cell cultures at various times after plating. Eight h after plating, all cultures
were pulsed with |3H|thymidme for 2 h. Results are the average of 2 wells/time

point and are expressed as a percentage of treated cultures over control.

phase of the cycle. As the cell entered S phase, L-[3H]DOPA

incorporation decreased in both controls and the triamcinolone
acetonide-treated cultures and did not increase until the end of
S phase. Although the pattern of L-[3H]DOPA was the same in
treated and control cultures, the triamcinolone acetonide-treated
cells incorporated more L-[3H]DOPA during S and G2 than did

the control cells.
Glucocorticoid Response with Respect to Time in d. To

determine if there was a specific length of time that the cell must
be exposed to glucocorticoids in order to produce the inhibitory
effect on DMA synthesis, NEL-M1 cells were synchronized by
mitotic detachment and then incubated with triamcinolone ace
tonide at various times in G,. Results of the study indicate that
cells exposed to triamcinolone acetonide for 10 h incorporated
47% less [3H]thymidine than did control cultures (Chart 5). As

triamcinolone acetonide was added to cells later in G,, the
inhibitory effect on [3H]thymidine incorporation was reduced. If

cells were exposed to triamcinolone acetonide 2 h prior to S,
only 13% inhibition in [3H]thymidine incorporation was seen.

DISCUSSION

The present study was undertaken to ascertain the earliest
detectable action of glucocorticoids on human melanoma cells.

By using a synchronized population of NEL-M1 cells, we were

able to show that the synthetic glucocorticoid, triamcinolone
acetonide, suppressed the incorporation of [3H]thymidine in the

S phase of the cell cycle (Chart 3). Out data also show that the
suppression of [3H]thymidine incorporation by triamcinolone ace

tonide is not the result of a lengthening or piling up of cells in G,.
Additional studies indicate that triamcinolone acetonide can be
added through almost the entire d phase of the cell cycle to
produce the inhibitory effect on DNA synthesis (Chart 5). More
over, the suppression of DNA synthesis corresponds to the
glucocorticoid inhibition in cellular proliferation (Chart 2).

A closer analysis of the data presented in Chart 3 suggests
that the percent inhibition in thymidine incorporation into DNA
varies as the cell traverses through S. In early S (10 h), triamcin
olone acetonide inhibits [3H]thymidine incorporation by 42%

while, in late S (14 h), the inhibition is 13%. Thus, from our data,
it appears that triamcinolone acetonide exerts the greatest inhib
itory effect early in S phase. If these results are applied to a
nonsynchronized population of cells, one can visualize time
points at which the glucocorticoid effect would be significantly
diminished. Therefore, future experiments to ascertain the bio
logical role(s) of glucocorticoids in NEL-M1 cells will be carried

out on a synchronized population of cells.
Earlier studies by Adachi ef al. (1) showed that cortisone

inhibited the growth of the B-16 melanoma in mice. The investi

gators attributed the inhibition in melanoma growth to a decrease
in glucose utilization. Our own study shows that triamcinolone
acetonide inhibited glucose uptake by only 19% after a 24-h

incubation period (Table 2). Further studies using synchronized
cells show that triamcinolone acetonide had little affect on glu
cose uptake after an 8-h incubation period (data not shown).
Thus, triamcinolone acetonide inhibited [3H]thymidine incorpo

ration before affecting glucose utilization in NEL-M1 cells.

Recently, several studies have suggested a relationship be
tween melanogenesis and cell replication. These studies have
shown that agents which increase melanogenesis decrease thy
midine incorporation into DNA (12) and inhibit cell proliferation
(10, 11, 14). Our laboratory has shown that the activity of the
enzyme controlling melanogenesis, tyrosinase, is stimulated by
triamcinolone acetonide (5). Therefore, it is possible that the
results on thymidine incorporation shown in Table 1 and Chart 3
could be the result of an increase in melanogenesis by triamcin
olone acetonide and not of a direct suppression of DNA synthesis
by the steroid. This explanation of the data, however, appears
unlikely, since the data shown in Chart 4 clearly indicate that,
during the time the cell is traversing S (10 to 16 h of the cell
cycle), L-DOPA incorporation is decreasing and does not increase

until late S. These results suggest that, at least during the first
cell cycle, glucocorticoids initially suppress DNA synthesis. How
ever, it cannot be ruled out that subsequent cell cycles are not
influenced by an increase in melanogenesis.

The exact biological role for glucocorticoids in NEL-M1 cells,

was not totally ascertained in the present study. However, the
results presented in this report strongly suggest that glucocor
ticoids exert some influence over enzymes that are involved in
DNA synthesis. One possible site of action could be the inhibition
of thymidine kinase. Tesoriere ef a/. (17) have shown recently
that glucocorticoids inhibit this enzyme in the chicken embryo
retina. Thus, an inhibition of thymidine kinase by triamcinolone
acetonide in NEL-M1 cells could explain the decrease in |3HI-
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thymidine incorporation during the S phase of the cell cycle.
However, before any definitive statements can be made to any
specific actions of glucocorticoids in NEL-M1 cells, more detailed

studies are needed on the effects of glucocorticoids on enzymes
involved in cell replication.
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