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GROWTH OF S-91 CLOUDMAN MURINE MELANOMA
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Summary

Zinc inhibited the colony formation of Cloudman S-91 murine
melanoma cells in a dose dependent manner with an IDgqg of 3.4 ug/ml.
Total inhibition of the melanoma colony-forming units occurred at a
zinc concentration of 4.42 ug/ml. In the presence of dexamethasone
the ID., for zinc inhibition was reduced by 49% and total inhibition
of ancﬁgrage—independent growth occurred at the achievable in vivo
zinc concentration of 3.0 ug/ml. Dexamethasone and zinc in combina-
tion effected a greater than additive inhibition of the murine
melanoma colony-forming units. Statistical evaluation of these
results showed that zinc and dexamethasone interacted synergistically
to inhibit the formation of murine melanoma colonies.

Zinc is an essential dietary trace element (1) and zinc deficiency as
well as zinc supplementation have both been shown to modulate the in vivo
growth of varjous transplantable rodent tumors (2-6). Zinc deficiency Tow-
ered the growth rate of carcinoma, ascites and other tumor types (2-4). High
zinc diets reduced tumor initiation by sarcoma 180 cells (6). Supplemental
zinc inhibited the in vivo growth of L1210 Teukemia cells, but not solid BMW
5147 lymphatic tumors (5). Melanin containing tissues have a high zinc con-
tent (7). Harding-Passey, B-16 and Cloudman S-91 murine melanomas preferen-
tially and actively incorporated zinc over other tissues and the zinc was
localized to the melanosome (8,9). Zinc at a concentration of 7 ug/ml was
cytotoxic on the anchorage-dependent growth of $-91 Cloudman murine melanoma.
Similar concentrations of zinc were noncytotoxic to guinea pig keratinocyte
and human lung fibroblast cell 1ines (10). The proliferation of fibroblasts
was not affected by zinc up to a concentration of 17 ug/ml (11). These
studies suggest murine melanoma is preferentially sensitive to zinc toxicity.

Glucocorticoids stimulate zinc uptake and amount bound to metallothionein
in various cell types (12-16). Rodent melanoma cell growth was sensitive both
in vitro and in vivo to inhibition by glucocorticoids (17-20). Because
murine melanoma is an adrenocorticoid-responsive and zinc-sensitive transform-
ed cell type, this study was designed to investigate the interaction of zinc
and dexamethasone on the anchorage-independent growth of murine melanoma cells.

Materials and Methods

Zinc acetate was obtained from MCB. Dexamethasone, biotin, vitamin B 2
and vitamin coenzyme B o were purchased from Sigma Chemical Co, Du]becco'é
Modified Eagle's Mediu%, penicillin/streptomycin and fetal calf serum
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or;ginated from GIBCO Laboratories. Horse serum was obtained from KC Biologi-
cal, Inc.

Cloudman S-91 3960 (CCL 53.1) melanoma cells were routinely cultured in
our laboratory by a combination of serial transplantation in syngeneic (DBA/
2J) mice followed by less than ten subcultures on plastic. In vitro monolayer
cell cultures were maintained in Dulbecco's Modified Eagle's Medium supple-
mented with 0.1 ug/Titer biotin, 1.3 ug/liter B,, and coenzyme B,, as well as
containing 100 IU penicillin and 100 ug strepto$§cin per m11111i%gr.

A bilayer agar system was used as previously described (21). A bilayer
of agar with Dulbecco's Modified Eagles Medium supplemented with ten percent
horse serum and two percent fetal calf serum was constructed in 35 mm diameter
Falcon petri dishes, with five thousand cells plated into the 1 ml, 0.3% agar
overlayer. Colonies were counted after ten days of incubation (37~ C, 5% CO,,
95% air) based on a colony diameter of greater than 60 microns, utilizing thg
Omicon FAS-II (Bausch and Lomb), an optical image analyzer (22).

A sterile stock solution of one gram Zn acetate-2H,0/100 m1 distilled
H,0 (pH 5.5-6.0) was maintained and 300 to 400 ul of th%s stock was added to
160 ml medium (7 to 9 ug/ml} from which dilutions were made. Samples of all
media and stock solutions were assayed for zinc by flame atomic absorption
spectroscopy (Hitachi model 180-70; standard conditions; integrated standard
curve}. Zinc containing medium was used to construct both agar layers.
Dexamethasone was added with the cells in the top later.

Statistical Analysis: Quantitation of in vitro inhibitions was deter-
mined by the methods of Drewinko et al (23). Briefly, the observed minus
expected surviving fractions, yields an estimator which when divided by the
square root of the estimator's varijance is a standard normally distributed Z
statistic with corresponding p-values of a two-tailed test. A completely
additive effect would yeild a Z statistic of zero. Synergistic inhibitory
responses are indicated by a negative Z value, and antagonistic responses
yield a positive Z value, as observed survival is greater than expected. A Z
score was computed for each of the results across the zinc dose-responses
curves for both dexamethasone concentrations and was averaged for purposes of
dose comparison (average Z). The end of the dose response curves was defined
to be the first point at which less than 5% of the control population survived.

Results

The dose-dependent effect of zinc ions on the anchorage-independent
growth of CCL 53.1 murine melanoma is presented in Fig. 1. Zinc inhibited
colony formation over a concentration range from 0.55 to 4.42 ug/ml. The
number of murine melanoma colonies was reduced 98% by the addition of zinc at
a concentration of 4.42 ug/mi. The ID50 for zinc inhibition of colony forma-
tion was 3.4 ug/ml. 29

The effect of dexamethasone (5X10 ~ M) as a single agent was to reduce
colony formation by 21.8%. When dexamethasone (5X10-9 M) and increasing
concentrations of zinc were added together an enhanced inhibition of colony
formation occurred. The combination results were statistically analyzed and a
series of negative Z_g statistics were generated (Table 1), which indicated
the growth of melanoma colony-forming units. This was also evident by a shift
in the zinc inhibition curve. Dexamethasone (5X1079 M) reduced the zinc IDgg
by 49% (Fig. 1). -8

Dexamethasone at a higher concentration (5X10° " M) reduced melanoma
colony formation by 80% (Fib. 1). Again a greater than additive inhibition
was observed when dexamethasone and zinc were combined. The zinc concentra-
tion needed to inhibit 90% of the colony formation was reduced from > 3 ug/ml
to 1.5 ug/ml at the higher dexamethasone concentration. Almost total inhibi-
tion of colony formation was obtained at a zinc concentration of 3 ug/ml,
which was significantly less than the zinc level needed with the lower dexa-
methasone concentration. Highly significant Z statistics (p < 0.001) were
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Figure 1. The effect of dexamethasone and increasing concentrations
of zinc on the anchorage-independent growth of CCL 53.1 murine mela-
noma cells. Control plates contained 2800 colonies greater than 60
microns in diameter by day 10.

825

TABLE I. Zinc and Dexamethasone Synergistic Inhibition of Colony Formation Z

Statistics
Zinc Dexamethasone (5 nM) Dexamethasone (50 nM)
(ug/ml) z P Vi P
0.09 0.0 1.0 0.0 1.0
0.55 -0.65 .5157 -3.56 .0004
1.73 -8.26 <.0001 -13.29 <.0001
3.00 -24.78 <.0001 -23.73 <.0001
4.40 -2.23 .0257 -—- ---
Average
Z-Stat. -7.18 <.0001 -13.53 <.0001
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obtained (Table 1) in the zinc concentration range of 0.55 ug/ml to 3 ug/ml.
The p values obtained with the higher dexamethasone concentration and zinc
were indicative of a larger synergistic interaction than those p values gener-
ated at the lower dexamethasone concentration. The average Z statistics for
the low and high doses of dexamethasone in combination with zinc were -7.18
and -13.53 respectively and confirm that biological synergism was increased
with a ten-fold increase in dexamethasone concentration.

Discussion

Zinc cytotoxicity of anchorage-dependent murine melanoma cell growth at
zinc levels greater than 7 ug/ml has been observed (10). Evaluation of the
zinc effect on the anchorage-independent growth of CCL 53.1 murine melanoma
cells indicated a similar sensitivity, although total inhibition of colony
formation was achieved at the lower zinc concentration of 4.42 ug/ml. The
soft agar results imply serum zinc levels of 4.4 ug/ml would have to be
achieved before a significant effect on murine melanoma tumor growth would be
observed. Zinc inhibition of the growth of rodent melanoma tumors has not
been achieved (24), although neither the blood or tissue zinc levels were
obtained to verify if effective zinc levels were achieved in situ.

Based upon experimental evidence that glucocorticoids can increase cellu-
lar zinc uptake, metallotionein synthesis and zinc-metallotionein intracellu-
lar storage in other cell types (12-16), we combined dexamethasone and zinc to
see if they could enhance each other's inhibitory effects on the anchorage-
independent growth of murine melanoma. Our data demonstrated that dexametha-
sone synergistically interacted with zinc to suppress the anchorage-independ-
ent growth of these murine melanoma cells. The addition of dexamethasone at
a low concentration (5X 1079 M) shifted the zinc inhibitory dose response
curve into an achievable pharmacological range (25). Glucocorticoid stimula-
tion of zinc uptake by induction of metallotionien may be responsible for the
increased zinc activity. Measurement of metallotionein levels in the presence
of dexamethasone and zinc in this cell line are needed to verify this implied
mechanism. Also, because glucocorticoids decrease zinc-albumin interactions
in vivo (26} dexamethasone could both increase the amount of free zinc ions,
enhance the zinc sensitivity of the murine melanoma cell and exert its own
inhibitory effects on murine melanoma cell growth. Thus the net effect of
using zinc and dexamethasone in combination may be even more promising than
the in vitro results might indicate. Recently human melanoma has been shown
to contain glucocorticoid receptors (27,28) and respond in vitro (19,29).
Investigations with human melanoma cell 1ines should be undertaken to deter-
mine if these cells would be sensitive to reasonable levels of dexamethasone
and zinc in combination.
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