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SUMMARY 

Mice exposed perinatally to various steroid hormones, individually or in combination with other 
hormones, are being used as an experimental model relevant to clinical observations on the occurrence 
of vaginal cancer in the human female exposed during fetal life to diethylstilbcstrol administered 
to the mother. Responses of the vagina and mammary gland of female BALB/cfC3H/Crgl mice to neonatal 
treatments with estradiol, testosterone, progesterone, and estradiol-progesterone combinations are being 
compared. The steroids result in an earlier age of onset and a higher incidence of mammary tumors 
in these mammary tumor virus-bearing mice. If ovariectomy is performed at 40 days of age, no 
mammary tumors develop, thus indicating that ovary-independent alterations are not induced in the 
mammary gland, as they are in the vagina, by high doses of estrogen or androgen administered 
neonatally. Progesterone (100 pg per day for the first five days of life) does not induce ovary-independent 
vaginal cornification and reduces the occurrence of this phenomenon when given simultaneously 
with estradiol. 

INTRODUCITON 

Although there has been an interest in the permanent 
effects of the exposure of neonatal rodents to steroid 
hormones since the* 1930’s (cf. Cl]), it was not until 
the early 1960’s that such exposure was related to 
preneoplastic and neoplastic changes. Then, in the 
early 1970’s several clinical studies, beginning with 
that of Herbst and Scully[Z], were published indicat- 
ing that treatment of mothers with diethylstilbestrol 
for threatened abortion in the first trimester was cor- 
related with early appearance of vaginal cancer in 
their daughters [3-91. These reports underlined the 
potential seriousness for man of fetal and neonatal 
exposure to steroids in regard to longterm conse- 
quences. The possible relevance of the experimental 
studies in mice to human problems, including neo- 
plasia, was indicated by several authors ([IO, 1 i]; see 
also [12-131 on rats). Communication between exper- 
imental laboratory and clinic is regrettably so limited 
in both directions that the purpose of this paper is 
to call attention again to the experimental findings 
which may have bearing on the longterm conse- 
quences of antenatal and neonatal exposure of deve- 
loping human organisms to hormones, especially but 
not only steroids, drugs, and other agents (cf. [14]). 
Diethylstilbestrol, which is only now being examined 
in our laboratory for the longterm effects on mice 
of brief neonatal exposure, is only one agent which 
may give rise to serious consequences. ForsbergClS] 
has reported early changes prognostic of later cancer 
development in neonatally diethylstilbestrol-treated 
mice. Natural estrogens, androgens and even proges- 
tins, alone and in combination, should be considered. 
For example, in the human female, one can well 
afford to be concerned with the longterm conse- 

quences for her offspring, of continued taking of the 
“pill” during the first months of an unrecognized 
pregnancy. 

The neonatal rodent provides an admirable model 
system for the study of the longterm effects of short- 
term exposure to perinatal hormonal stimuli or depri- 
vations. The relative developmental immaturity of the 
mouse and rat reproductive systems at the time of 
birth insures a degree of lability in response to a 
particular hormonal milieu. Persistent vaginal corni!% 
cation (persistent “estrus”) was first observed in 
female rats after neonatal transplantation of testes 
by Pfeiffer[16] and after perinatal estrogenic steroid 
administration by Greene and Burrill[17] and 
Turner[18]. Studies on development of comparable 
changes in the mouse vaginal epithelium treated 
neonatally with steroids, which can be irreversible 
(ovary-independent), have been summarized by Taka- 
sugi, Kimura and Mori[19] in a lucid review that 
is unfortunately not readily available. 

LONGTERM EFFECTS OF NEONATAL EXPOSURE 
OF MICE TO ESTROGEN AND ANDROGEN 

Figure 1 summarizes the known longterm effects 
of neonatal treatment of mice with steroid hormones. 
Effects on the hypothalamo-pituitary complex have 
occupied much attention, and the physiological and 
behavioral consequences and concomitants are many 
(cf. 1201). Low doses of estrogen and androgen 
administered neonatally both cause persistent vaginal 
cornification, apparently equally efficaciously. How- 
ever, ovariectomy abolishes this response, indicating 
that the hypothalamo-hypophysio-ovarian axis has 
been fundamentally affected. However, higher doses 
result in ovary-independent cornification, which may 
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Fig. I. Summary of longterm consequences of neonatal exposure of mice to estrogen and androgen. 
LD, low dosage (~5 #g daily for days l-5); HE), high dosage (ca. 20&g daily for days i-5). 

progress at later ages to the formation of hyperplastic 
and neoplastic lesions [l 1,21]. Takasugi f22-241 has 
offered a cogent expIanation for the histogenesis of 
the ovary-independent, permanently cornified vaginal 
lining, which appears to result from the selection of 
a cell population under steroid influence during a 
critical period of postnatal development. After three 
days of age, the cells capable of giving rise to the 
ovary-independent cornifying epithelium ordinarily 
degenerate. Adequate amounts of neonatal estrogen 
preserve this cell line, which replaces the normal 
epithelium and later gives rise to the dyscrasias asso- 
ciated with the development of vaginal cancer. Fors- 
berg[lSj has offered a similar histogenetic explana- 
tion for the development of abnormal vaginal epithe- 
lium in neona~lly estrogenized mice, but also recog- 
nizes changes reminiscent of those accompanying 
vaginal adenosis and clear-cell carcinoma in women 

1151. 
Testosterone has the same effect as e&radio1 prob- 

ably owing to its conversion to estrogen, a metabolic 
process which would appear to be remarkably efK- 
cient in the neonate. Neonatal vaginae exposed in 

vitro to testosterone do not respond with persistent 
cornification, unlike the response to similar exposure 
to estradiol[25). The higher neonatal doses of estra- 
diol and testosterone also abolish estrogen receptors 
in the vagina [26]. Indeed, there is a consistent corre- 
lation between ovary-independent cornification and 
the loss of vaginal estrogen receptors. 

In this paper, we shall discuss only some aspects 
of the vaginal response and of the mammary gland 
response of mice to neonatal exposure to sex steroids. 
The recent studies in our laboratory have been con- 

ducted on BALB/cCrgl mice, both uninfected with 
the mammary tumor virus arid bearing the virus 
(~ALB/cfC3H/Crgl). 

A. Vaginal changes 

In a new series of experiments (Jones and Bern, 
unpublished), we have determined the influence of 
progesterone alone or in combination with estradiol 
on the neonatal vagina. Persistent fornication in 
the presence of considerable numbers of nucleated 
epithelial cells and leucocytes occurs after treatment 
with 1OOpg progesterone alone daily for five days. 
Ovariectomy at day 40 eliminates this response. These 
results are in essential agreement with those of Taka- 
sugi[27]. Progesterone given with 5 fig or 20 pg estra- 
diol daily for the first five days of life reduces the 
incidence of persistent vaginal wrnification in both 
intact and ovariectamized mice. Progesterone also 
seems to reduce the proliferation of the epithelium 
which results from estradiol treatment alone. In 
general, progesterone alone at the lOO@g daily dose 
does not have the same effect as estrogen or androgen 
and appears to nullify partially the effect of estrogen. 

One additional aspect of the vaginal response needs 
comment here. Vaginal concretions (stones) occur in 
several strains of mice after neonatal estrogen or 
androgen treatment. Stone formation is related to 
abnormaiities in the separation of the urethral and 
vaginal canals and is correlated with the occurrence 
of vaginal downgrowths and neoplasms [19]. A poss- 
ible “promoter” or “co-carcinogenic” contribution of 
these. obviously irritating deposits in the vagina to 
neoplastic development must be considered in eva- 
luating neonatal hormonal effects. 
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B. Mammary changes 
Neonatal exposure to steroids has been claimed to 

have some effects on the mammary gland, although 
in earlier studies the gland was found almost always 
to be inactive in appearance, with no nodules or 
tumors in evidence [l 11. Mori[28,29] reported accel- 
eration of mammary tumorigenesis after neonatal 
estrogenization of C3H/MS mice. The predisposition 
to mammary dysplasias in rats given dimethylben- 
zanthraccne was increased by neonatal estrogeniza- 
tion [30]. Our experiments were designed to see if 
a phenomenon similar to that seen in the develop- 
ment of vaginal cancer in mice following neonatal 
sex steroid treatment, could also be demonstrated 
in the mammary gland. 

The effects of perinatal exposure to sex steroids 
upon subsequent development of mammary tumors 
in BALB/c mice are difficult to assess definitively. 
Two points are evident: any effect is dependent upon 
(1) the presence of the mammary tumor virus (BALB/ 
cfC3H mice show tumors and the virus-free BALB/c 
do not) and (2) the presence of the ovary (ovariectomy 
at 40 days of age completely eliminates any mammary 
dysplasias even in the presence of the virus). In our 
first experimental series reported earlier [31], neo- 
natal exposure of female BALB/cfC3H mice to 
androgen resulted in a mean tumor incidence of 86% 
(42/49), with a mean tumor age of 8.5 _+ @5 months, 
and to estrogen in an incidence of 23% (8/35), with 
a mean tumor age of 11 + O-5 months. None of the 
control (not steroid-treated) groups (n = 40) showed 
tumors. Androgen was significantly more potent than 
estrogen (P < OGOl). 

In a second experimental series, intended to be 
a repeat of the first series, the sesame oil- or saline- 
injected control mice showed a 19% tumor incidence 
(4/21) (the virgin tumor incidence in our BALB/cfC3H 
strain has been increasing). Neonatal treatment with 
5 pg and 20 ,ug estradiol-17/I daily for the first five 
days of life resulted in tumor incidences of 81% (13/ 
16) and 60% (6/10), significant at the OQOl and 0.05 
levels, respectively. All the estrogen-treated groups 
showed a mean tumor incidence of 50% (32/64) and 
the androgen-treated groups 63% (22/35), compared 
with the overall control (not steroid-treated) incidence 
of 21% (g/43), significantly higher (P < @005) at the 
0.01 and 0.05 levels, respectively. The significant differ- 
ence between androgen- and estrogen-treated groups 
seen in the first series was not evident here. Again the 
mean tumor age was lowered from 10-12 months in the 
control groups to 7-9.5 months in the steroid-treated 
groups. The mice were all killed by 12 months of 
age. 

In a third series, the influence of progesterone alone 
(100 pg daily for five days) and in combination with 
estradiol-17fi (5 pg and 20,ng daily for five days) was 
examined. Incomplete data indicate that the low dose 
of estrogen resulted in significantly more tumors than 
in the controls, as did progesterone alone and proges- 
terone with both levels of estrogen. The mean tumor 
age of the steroid-treated mice was 2-3 months less 

than in the controls, significantly lower in all but 
the high estrogen group. 

In all three experiments, it appears that neonatal 
sex steroid treatment results in higher tumor inci- 
dence, or at least in an earlier appearance of tumors, 
so that by one year of age, steroid-treated mice show 
a higher incidence. Whether this is a direct effect 
by changing the sensitivity of the mammary gland, 
or by changing the level of ovarian function, or by 
changing the output of pituitary hormones has yet 
to be determined. 

Inasmuch as ovariectomy at day 40 completely eli- 
minates tumor incidence regardless of neonatal treat- 
ment, no evidence of a permanent selective influence, 
as occurs in the vagina, is evident in the mammary 
gland. It is possible, of course, that the critical period 
for the mammary gland occurs earlier, in antenatal 
life. 

The mammary gland development associated with 
the neonatal steroid treatment is often characterized 
by extensive development of lobules of large alveoli 
and dilatation of the duct system, suggesting secretory 
stimulation. Higher levels of the lactogenic hormones: 
corticoid and/or prolactin, may prove to be involved 
in this response. Basal plasma corticoid levels have 
not as yet proven to be significantly different in our 
neonatally treated mice (Hawkins, unpublished data); 
however, the sensitivity of the adrenal cortex to 
administered ACTH is significantly greater after neo- 
natal estrogenization of male CFI mice [32]. With 
Dr. H. Nagasawa, we are presently determining 
plasma prolactin levels by radioimmunassay, as well 
as undertaking a cytological analysis of the neonatally 
steroid-treated pituitary (with Dr. S. Kawashima). A 
“prolonged stimulative effect” on prolactin synthesis 
and release has been indicated after neonatal estradiol 
injection in rats [33] and a significant increase in 
circulating prolactin levels has also been repor- 
ted [34]. An effect of neonatal testosterone in increas- 
ing prolactin secretion in rats has been shown by 
several workers [35-371. Changes in the hypothala- 
mic aminergic system, visualized as retarded develop- 
ment of fluorescence in the median eminence, have 
been recently observed in our laboratory by Swanson 
and Nishioka in female mice given high doses of 
estradiol neonatally. Such changes may prove to be 
related to changes in the secretion of prolactin, as 
well as that of other pituitary hormones. 

PERSPECTIVES 

By use of the neonatal mouse as a model system 
for studying the longterm effects of perinatal exposure 
to various stimuli, it should be possible to gain infor- 
mation regarding the possible dangers in later life 
of such early exposures of the developing human 
organism. Factors to be considered include not only 
hormones but also drugs, nutrition, viruses, stress, 
radiation, chemical carcinogens, immunosuppressive 
agents, etc. To date, the consequences of neonatal 
administration of only a few steroids: estradiol, tes- 
tosterone and progesterone, have been studied in any 
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detail in regard to obvious target organs such as 
the gonads, uterus, vagina, male sex accessories, and 
mammary apparatus. Experiments with corticoids 
and with other hormones such as prolactin (cf. 
[26,38] have been limited. The effects of estrogen- 
progesterone combinations mimicking the “pill” 
should be studied [39] and the longterm consequences 
of neonatal hormone deficiencies need to be consi- 
dered. For example, hypothyroidism is thought to in- 
crease mammary gland sensitivity to hormonal stim- 
uli, especially prolactin [40] ; neonatal hypothyroidism 
could conceivably prove to be a predisposing factor 
in the development of breast cancer. Despite the pro- 
longed and tedious nature of the experimental 
approach, much broader investigation of factors 
potentially predisposing to the development of neo- 
plasia seems called for. The studies with steroids to 
date have established the value of the neonatal rodent 
as a system both for screening perinatal stimuli and 
for the elucidation of the mechanisms involved in 
the later induction of cancerous changes by such 
stimuli. 
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