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Estrogens Influence the Natural History of Sinclair Swine Cutaneous Melanoma1
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ABSTRACT

Initial results (Cancer Res., 48: 1708-1711, 1988) suggest that ovar-
iectomy alters the proliferation of congenital exophytic melanoma in
Sinclair swine. In order to provide a phenotypic basis for this effect,
histopathological staging of 375 exophytic melanomas from 236 intact
male and female Sinclair swine was compared with 114 lesions from 51
gonadectomized (6 weeks of age) and 90 lesions from castrated swine
receiving s.c. silastic implants of estradici during the first year of life. A
rapid progression from actively proliferating tumor cells (Stages I III)
to regressive lesions (Stages IV-V) was virtually complete by 16 weeks
of age in intact swine of both sexes. Bilateral ovariectomy reduced (/' <

0.02) tumor volume over time compared with intact animals. Replacement
of estradici in gilts increased tumor volume to that in intact animals. In
contrast, neither bilateral orchidectomy nor estradiol replacement altered
tumor volume in boars. Ovariectomy significantly reduced the tumor
macrophage, keratinocyte, and fibroblast invasion that normally replaces
tumor cells and expands tumor volume (Stages IV and V) with increasing
age. Chronic exposure to estradiol reversed this process. Orchidectomy
and estradiol replacement did not significantly affect histopathological
stage in boars with increasing age. A significant number (20 of 41; 49%)
of Stage III lesions (>75% tumor cells) in swine of both sexes contained
low but reproducibly measurable amounts of receptor for estrogen deter
mined radiometrically and by enzyme-linked immunosorbent assay. These
results suggest that reproductive steroids influence the natural history of
these heritable lesions, and that the effect may be via alteration of host
immune status.

INTRODUCTION

The development of congenital SSCM' proceeds through

stages histopathologically similar to human junctional and
compound nevi and malignant cutaneous melanoma (1-4).
Tumor growth is also represented by histologically distinct
stages of progression (Stages I-III), at which occur tumor cell
proliferation and regression (Stages IV and V), the latter accom
panied by a significant decrease in tumor cell number and an
invasion of the tumor by macrophages, keratinocytes, and fi-
broblasts. This invasion by macrophages, etc., can in turn
continue to produce significant increases in overall tumor vol
ume through Stage IV (<50% tumor cells) (3-5).

Primary, exophytic tumors and metastatic lesions that do not
produce mortality during the first 6 weeks postpartum generally
show initial signs of regression (macrophage invasion) at ap
proximately 6 weeks of postnatal life (5). As a significant
incidence of tumor regression occurs prior to puberty at ~5
months of age (5), when plasma gonadal steroid levels are
relatively low (6), it suggests that reproductive steroids may not
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initiate or modulate this regression. Bilateral ovariectomy im
mediately post-weaning at 6 weeks of age significantly decreases
SSCM volume, however (5). This reduction in overall tumor
volume is not observed in orchidectomized boars and may be
related to a reduction in the number of macrophages, keratin
ocytes, etc., invading the tumor (5). A mechanism(s) for this
change in tumor cellular composition associated with increasing
age or the significant ovariectomy-induced loss in tumor volume
is not presently defined. This study reports that the incidence
of Stage III lesions (>75% tumor cells) represents less than
20% of all tumors by 16 weeks of age in swine of both sexes,
and that the ovariectomy-induced reduction of tumor volume
was associated with a significant decrease in the overall inci
dence of Stage V or fully regressed lesions relative to intact
gilts. Estrogen replacement appeared to reverse this process.

MATERIALS AND METHODS

Reagents. Radiolabeled estradiol 17/J[2,4,6,7-'H]estradiol (90-101

Ci/mmol) was obtained from Dupont New England Nuclear (Cam
bridge, MA). Radioinert estradiol. Tris, EDTA, dithiothreitol, HAP,
and sodium molybdate were obtained from Sigma (St. Louis, MO).
ER-EIA kits containing a monoclonal antibody generated against the
human estrogen receptor were purchased from Abbott Laboratories
(North Chicago, IL).

Animals. Male and female Sinclair swine with a history of exophytic
melanomas (5, 7, 8) were mated. All animals were maintained on 14%
hog chow (Producers Coop, Bryan, TX) and water ad libitum. Standard
vaccinations and routine veterinary health care were provided to ensure
that animals were free of bacterial and parasitic, etc., diseases. At 6
weeks of age (weaning), piglets of both sexes were either bilaterally
gonadectomized or sham-gonadectomized and placed in groups of a
minimum of 10 animals each. Gonadectomy did not alter the growth
rate of either sex.

Tumor Volume. Immediately after farrowing, all piglets were checked
for the presence of exophytic lesions and width, length, and depth
measured on individual tumors. All tumors of each animal placed in a
treatment group were measured at 2-week intervals for 52 weeks, and
tumor volumes were calculated as described previously (5). The prob
lems presented by the wide variation in tumor volumes within and
between animals, irrespective of sex, were solved by assigning a numer
ical value to fixed increments of gains or losses in individual tumor
volumes and designated the proliferarne index or PI (5). Tumor volume
obtained at 6 weeks of age (weaning or gonadectomy when appropriate)
was used as the initial or baseline value. The subsequent volume of
individual tumors measured at biweekly intervals was expressed as a
percentage of the 6-week (initial) volume and an appropriate PI as
signed. Biweekly Pis were than analyzed as a function of swine chron
ological age. and regression coefficients were calculated for each group
within specific time frames over the first year of life.

Silastic Implants. Gonadectomized swine of both sexes were sur
gically implanted s.c. with 2 x 2 x 2 cm silastic capsules containing
250 mg 17/i-estradiol embedded in the silastic matrix as described
previously (9, 10). Circulating estradiol levels determined by radio-
immunoassay (11) remained between 100 and 150 pg/ml. Circulating
estradiol levels are approximately 80-100 pg/ml at estrus in adult gilts
and 250 pg/ml in adult boars. Implants were replaced when serum
estradiol levels fell below 100 pg/ml (3-week intervals).

Histopathological Staging. Biopsy specimens of additional tumors
not incorporated into growth studies were histopathologically staged.
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This eliminated any effect of biopsy on subsequent PI. The biopsy
specimen, which included the tumor-skin interface and an entire cross-
section of each exophytic tumor, was immediately fixed in 10% neutral
formalin:0.9% NaCl solution, dehydrated, cleared, embedded in paraf
fin, cut at 5 urn, stained with hematoxylin, and counterstained with
eosin. An equal number of sections were treated with 10% hydrogen
peroxide for 24 to 48 h prior to staining to reduce interference from
the heavy melanin pigmentation within these cells. Tumors were as
signed to 1 of 4 standardized histopathological stages (1-5), which were
modified to include a quantitative assessment of the number of tumor
cells within each lesion (reviewed in Refs. 4 and 5).

ER Characterization. ER was characterized radiometrically as previ
ously reported for human and hamster melanoma (11-13). Protein was
measured according to the method of Lowry et al. (14). Binding
constants. A"dand maximum binding capacity, were calculated according

to the method of Scatchard (15). with correction for curvilinear data
(16). ER-EIA (ELISA) were performed in duplicate according to the
manufacturer's instructions on 9 individual porcine melanoma cytosols

previously analyzed by RRA using HAP to precipitate ER. The ER-
EIA included sodium molybdate and was sensitive to ~2 fmol ER/ml
at I mg protein/ml.

Statistical Analysis. Growth curves were analyzed using a general
linear model (17), and regression coefficients (r) were calculated.
Tumor volume (PI) was analyzed over the entire 52-week period of the
study for each group. The incidence of a particular histopathological
stage in boars and gilts in different age brackets and treatment groups
was analyzed by \2. Regression analysis was also used to compare the
results of ER-EIA and RRA for ER.

RESULTS

Tumor Growth. The proliferative indices of intact (sham-
operated) gilts and boars over the first 52 weeks of life was
significantly different than zero (Table 1), again suggesting a
generalized increase in tumor volume over this time period.
The slope of the PI was greater in intact gilts than boars.
Bilateral ovariectomy significantly reduced PI as shown by the
decrease in slope of the PI (increase in volume) curve (Table 1).
Estradiol replacement increased the slope of the PI curve to
that in intact gilts. In contrast, neither bilateral orchidectomy
nor estradiol replacement significantly altered the slope of the
PI curve in boars, although a trend similar to that observed in
female swine was apparent (Table 1).

Histopathological Staging. Fig. 1 illustrates the age- and sex-
related distribution of histopathological stages of SSCM over
the first 52 weeks of life. Irrespective of sex. Stage III (^75%
tumor) lesions (143 of 171; 84%) predominate during the first
6 weeks of postnatal life and remain the majority lesion (31 of
59; 53%) up to 10 weeks of age. By 16 weeks of age, Stage IV
lesions (58 of 85; 68%) predominate, with Stage V lesions
comprising a majority (34 of 60; 57%) after 26 weeks (approx
imate time of puberty). Stage V lesions in boars actually pre
dominate (13 of 18) at and beyond puberty (Fig. 1), forming
>70% of all lesions. The incidence of Stage V lesions in boars
>26 weeks of age is, in fact, greater (72%) than in gilts (50%;
P < 0.1). Ovariectomy significantly decreased (P < 0.05) the
incidence of Stage V lesions compared with intact gilts >26
weeks of age (intact females, 21 of 42; 50% gonadectomized
females, 4 of 18; 22%) (Fig. 2). Estrogen replacement reversed
this trend (gonadectomized females plus estrogen = 9 of 19;
47% versus gonadectomized females = 4 of 18; 22%; P < 0.1)
(Fig. 3). This reversal of the effects of ovariectomy by estradiol
replacement was virtually immediate. The increase in Stage III
lesions induced by GDX (9 of 15; 60%) was also significantly-

reversed by estradiol replacement (P < 0.005) such that there
were fewer Stage III lesions at 6-10 weeks of age (0 of 13) than

Table I Comparison of the slopes of the regression of proliferation indices of
SSCM of intact, gonadectomized. and gonadectomized plus estradiol swine

GroupIF"GdxFGdxFEIMGdxMGdxMEAverage
no.

of tumors20.316.026.014.712.448.2r20.790.580.820.380.850.50Slope0.07880.03280.07190.03090.05210.0246P(versus 0) P (versus othergroups)0.00010.020.00010.030.0010.010.02\0.02'\NS\NS/>NS>NS

" IF, intact females; GdxFE, gonadectomized females plus estrogen; GdxF,

gonadectomized females; IM, intact males; GdxM, gonadectomized males;
GdxME, gonadectomized males plus estrogen.

Fig. 1. Percentage incidence of SSCM stage in intact swine as a function of
swine age and sex.

Fig. 2. Effect of gonadectomy on SSCM stage as a function of swine age and
sex. All values expressed as a percentage.

'

Fig. 3. Effect of chronic estradiol replacement on SSCM stage in gonadecto
mized swine as a function of swine age and sex. All values expressed as a
percentage.
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Table 2 Incidence of ER" lesions" as a function ofSSCM stage*

Stage

III IV

No. of ERVtotal
assayed (%)

20/41(49) 6/27(18) 4/31

" Total number of tumors assayed. 99: total number ER* by Scatchard analysis

using hydroxyapetite to separate bound from free ligand, 30 (30.3%).
4 x2 analysis: Stage III versus Stage IV, P < 0.02; Stage III versus Stage V, P

< 0.02.
c Two lesions had a signficant number of tumor cell foci within the lesions,

and 2 others with significant tumor foci were located in a genital area.

in intact gilts (12 of 25; 48%, P < 0.05) (Figs. 2 and 3). This
was accompanied by a significant increase in Stage IV lesions
in gonadectomized gilts receiving estradiol (11 of 13; 85%)
compared with gonadectomized (5 of 15; 33%, P < 0.01) and
intact gilts (9 of 25; 36%, P < 0.05). Bilateral orchidectomy
decreased the incidence of Stage III (4 of 21; 19%, P < 0.01)
and increased the incidence of Stage IV (16 of 21; 76%, P <
0.02) lesions compared with intact boars (19 of 34; 56%, and
14 of 34; 41%, respectively) between 6 and 10 weeks of age
(Fig. 3), but the effect was neither sustainable to 10-16 weeks
nor translatable to an alteration in PI.

Estrogen receptor concentration also correlated well with the
observed changes in tumor histopathology in that the incidence
of ER+ tumors was greatest in Stage III "progressive" lesions

of young animals (<10 weeks of age) (Table 2) were tumor cells
comprise >75% of tumor volume. One of 4 SSCM from 2
boars castrated at 6 weeks and biopsied at 50-52 weeks that
remained Stage III-IV was ER*. Five of 9 (44%) Stage III or

IV SSCM from 4 gilts ovariectomized at 6 weeks and biopsied
at 50-52 weeks were also ER+. The mean binding constant (KA)
was 7.5 Â±1.5 x 10~'Â°M (SE) and content 3.7 Â±0.9 fmol mg/

protein (n = 30) for ER in SSCM from intact swine analyzed
to date. The values are within the range reported for melanoma
in other species (11-13). Nine tumors assayed by RRA using
HAP were also assayed using the ER-EIA (ELISA) assay with
a specific monoclonal antibody for ER, which also recognizes
the porcine protein (18). The r for the single-blind comparison
was 0.90 (r2 = 0.81) over a range of 0 to 9.3 fmol/mg protein

(RRA) and 0 to 7.6 fmol/mg (ELISA), suggesting that receptor
is indeed present.

DISCUSSION

The significant age-related increase in the tumor volume of
SSCM in intact gilts over that of boars previously reported in
a smaller group of swine (5) was confirmed in the present study.
This increase in volume, particularly over the first 6 months of
age (5), is likely due to a rapid increase (P< 0.1 ) in the incidence
of Stage IV lesions in 10-16-week-old gilts and significant
increase (P < 0.01) in fully regressed Stage V lesions in boars
>26 weeks of age. If circulating estrogen(s) is involved in tumor
regression as the ovariectomy-induced decrease in Stage V
lesions suggests (Fig. 3), then the peri- and post-pubertal in
crease in Stage V lesions in boars might also be expected to be
affected by an orchidectomy-induced reduction in the post-
pubertal rise in estrogen secretion in intact boars (6). Whereas
the incidence of Stage V lesions at 26-52 weeks of age is
reduced by orchidectomy, the incidence of Stage V lesions in
boars remains greater than in gilts, possibly because orchidec
tomy does not remove as much estradiol in males (6), or the
mechanism(s) that governs this effect has already been put in
place. This is supported by the observations that GDX signifi

cantly reduced the incidence of Stage III and increased Stage
IV lesions in 6-10-week-old boars, that estradiol induced a
reversal of this effect in gilts, and that there is a lack of effect
of GDX and estradiol replacement in boars at 10-16 and >26
weeks of age. However, from the trends observed in the data
presented, the phenomena observed in gilts may also be present
in boars, and statistical significance may be limited by a small
sample size.

A mechanistic basis for these effects lies in 1 of 2 alternatives.
Estrogen(s) influences the initiation of regression via a SSCM-
mediated effect directly or by altering some aspect of cell-
mediated immunity. SSCMs appear to have a significant inci
dence of high-affinity, low-capacity ER in Stage III lesions
(Table 2). This is not altogether surprising as target cells for
sex hormones have been reported in normal, adult swine skin,
but appear absent in juveniles (19). Estrogens are known inhib
itors of human and hamster melanoma proliferation (11-13),
possibly through a receptor-mediated mechanism (11-13, 20).
Estradiol also produces a dose-related breakdown in hamster
scrotal skin melanocytes (21). While a similar phenomenon
might induce SSCM breakdown and indirectly stimulate mac
rophage incorporation into the lesion site, and an ovariectomy-
induced reduction in circulating estrogen might obviate this
effect, pharmacological doses of estradiol do not alter SSCM
proliferation in vitro.4 The low capacity of these putatively

functional ERs suggests that estrogen(s) may not alter SSCM
behavior through receptor-mediated processes. Alternatively, a
gonadectomy-induced decrease in cell-mediated immunity may
also be reflected by a decreased macrophage invasion, thereby
increasing the incidence of Stage III lesions or at least reducing
the transition from Stage IV to Stage V lesions. There is ample
evidence of a gonadal-immune system interaction in mammals.
Estradiol decreases an ovariectomy-induced increase in thymic
weights in rats (22), which may be receptor-mediated as ER has
been identified in lymphoid cells (23, 24). The murine major
histocompatibility complex locus appears to influence the level
of ER in the uteri of different mouse strains (25). Estrogen
stimulates immunoglobulin synthesis (26) and increases gran-
ulocyte-macrophage colony formation from peripheral blood
monocytes (27, 28). Macrophages from mature female rats
produce more interleukin-1 than those from mature males or
immature females; ovariectomy causes a reduction that can be
reversed by physiological levels of estradiol (29). Estrogens also
enhance clearance of antibody-coated cells by splenic macro
phages (30). In contrast, whereas receptor for androgen is
present in thymus (31), it has been reported to be absent from
peripheral blood cells (23). Thymus weight and thymocyte
counts are increased by orchidectomy (32) as are immunoglob
ulin levels and humoral and cell-mediated immune responses
(33). In general, therefore, estrogens appear to stimulate im
mune responses in a variety of species, whereas androgens
appear to dampen them (reviewed in Ref. 34).

Several observations from the present study argue against
androgens playing a significant role in mediating the age-related
regression observed in SSCM. (a) There is a clear sex difference
in SSCM proliferation. (Â¿>)Based on observations in other
species of a general decrease in humoral and cell-mediated
immunity in response to androgens, the increase in testosterone
levels associated with pubertal onset in boars should be associ
ated with a decrease or lag in the onset of Stage IV and V
lesions. It is not. (c) Castration of boars prior to puberty might
be expected to increase the overall immune response if andro-

' C. W. Beattie. submitted for publication.
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gens were involved in modulating regression. The transient
increase in Stage IV lesions in gonadectomized males relative
to intact controls is lost by 10 weeks postpartum when circu
lating androgen levels are still low and the incidence of Stage
V lesions in intact boars >26 weeks of age is, in fact, reduced
by castration. These observations argue against a significant
androgen participation in SSCM regression.

The macrophage clearly appears to be the cell most involved
in SSCM regression. There is little to no lymphocytic infiltra
tion from other subsets of the large granular lymphocyte pop
ulation. T-cells, etc. (3, 4), even during the initial stages of
regression (1-3), which precede keratinocyte, fibroblast, and
capillary infiltration and the eventual generalized viteligo that
can accompany the latter stages of SSCM regression (1-4). NK
cell activity, which has been reported to be elevated in tumor-
bearing Sinclair swine (35), does not appear to play a significant
role in SSCM regression. The observation that increasing (phys
iological) levels of estrogen in humans are associated with
suppressed NK cell activity (36) if extended to swine suggests
that increasing levels of estradiol at puberty would decrease NK
activity, reducing any role for NK cells in SSCM regression.

In summary, present results clearly suggest that estrogens
influence the natural history of SSCM by modulating the events
that induce spontaneous regression of these lesions. This mod-
ulatory effect appears to be mediated via the host's cellular

immune system rather than directly on the tumor cell, although
a growth factor-mediated effect cannot, at present, be ruled out.
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