
(CANCER RESEARCH 51.5123-5128. October 1. 1991]

Dietary Restriction Permits Normal Parturition and Lactation but Suppresses
Mouse Mammary Tumor Virus Proviral Transcription Even after Mammary
Involution1
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ABSTRACT

Dietary restriction of C3H/Ou mice prevents development of sponta
neous mammary adenocarcinoma by suppressing mammary expression
of the mouse mammary tumor virus (MMTV) via a mechanism which
may involve prolactin. In the present study, dietary restriction of 40%
was imposed for 16 weeks on nulliparous C3H/Ou mice, interrupted by
ad libitum consumption at mating and continued only during pregnancy
and lactation, with 40% energy restriction reimposed at the end of
lactation. The results show that mammary MMTV mRNA expression
levels of chronic energy intake restricted (CEIR) mice and ad libitum fed
mice are similar and elevated during early lactation, when all mice of
both groups are being fed ad libitum energy levels. In spite of this, and
in marked contrast, when CEIR dams are returned to 40% dietary
restriction following the weaning of litters, mammary MMTV transcrip
tion is supppressed to levels 4-5-fold less than those measured in

mammary glands from ad libitum fed controls. Within the 38 weeks of
study, 73% of ail libitum fed uniparous mice at risk and 11% of CEIR
uniparous mice at risk developed mammary tumors, yet mice of both
dietary groups delivered and weaned healthy litters with comparable
efficiency. When dietary restriction is maintained in CEIR mice during
pregnancy and lactation, efficiency of conception and litter size are
reduced, and MMTV transcription is suppressed even during lactation.
Mean serum prolactin levels were not significantly different among
dietary groups. These findings show that the level of MMTV transcrip
tion is rigorously influenced by dietary energy level, and that 40% dietary
restriction of C3H/Ou mice not only suppresses mammary MMTV
transcription and prevents mammary tumor development in uniparous
mice, but also permits normal conception, gestation, lactation, and the
production of healthy litters as long as the nutritional demands of
gestation and lactation are met.

INTRODUCTION

CEIR-1 delays aging, extends maximum life span, and de

creases the incidence of malignant and autoimmune disease in
inbred strains of mice (1-5). The C3H mouse is a model strain
for investigating mechanisms by which dietary restriction con
fers protection from spontaneous mammary tumors. Elevated
mammary expression of the type B retrovirus, mouse mammary
tumor virus, frequently with reinsertion of MMTV provirus
near and activation of the Wnt-l (int-1) locus, are proposed
precedents for tumorigenesis in the C3H strain (4, 6). Dietary
restriction imposed on nulliparous C3H mice delays onset and
reduces intensity of mammary MMTV mRNA expression,
delays activation of Wnt-l (int-1), reduces appearance of type
A and B retroviral particles in the mammary gland, and abro-
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gates mammary tumor development (4, 5, 7-9).
Transcription of MMTV and C3H mammary tumorigenesis

is hormone responsive. In mammary tumor-derived cell lines,
MMTV mRNA expression is regulated by elements within the
long terminal repeat region of the retroviral genome which bind
receptors for glucocorticoid and progesterone ( 10). More rele
vant to mammary development, and perhaps more crucial to
the process of tumorigenesis, is that PRL affects MMTV
expression both in vivo and in cultured normal mammary
epithelium. Physiological concentrations of prolactin in vitro
induce significant MMTV mRNA expression in normal mam
mary explants (11). Supraphysiological levels of serum PRL in
adenohypophyseal engrafted mice correlate linearly with ele
vated levels of mammary MMTV mRNA measured in engrafted
mice, and risk for tumorigenesis is significantly increased (12,
13). Conversely, the pharmacological lowering of serum PRL
reduces both mammary proviral mRNA expression and tumor
incidence (12, 13).

In light of the hormonal mediation of MMTV transcription,
it follows that expression of provirus is also influence by parity.
Proviral transcription, though undetectable in young nullipa
rous mice, gradually increases with nulliparous age (7, 11, 14).
It rises abruptly during the last trimester of pregnancy, peaks
in early lactation when MMTV transmission to nurslings oc
curs, and falls precipitously in late lactation, apparently due to
the nature of mammary secretion (11, 14). Basal MMTV
mRNA expression is higher in the involuted gland of parous
mice than levels measured in mammary tissue of nulliparous
mice, and the parous glands are substantially more responsive
to induction of MMTV mRNA by PRL (11, 14). Normal
mammary expiants from parous mice respond with substantial
MMTV expression to nonpregnant, nonrelational, physiolog
ical concentrations of PRL in vitro, but expiants from nullipa
rous mice do not (11). Both the elevation of MMTV transcrip
tion in involuted mammary tissue and its greater induction by
PRL are thought to contribute to the increased mammary
tumor risk of parous mice ( 11, 14, 15).

Although either pharmacologically lowered serum PRL or
dietary restriction can reduce mammary MMTV transcription
and lengthen the latency to mammary tumor development, it is
not clear whether the suppression of MMTV expression by
dietary restriction is mediated by lowered serum prolactin (12).
Although mammary levels of MMTV mRNA tend to parallel
those of serum PRL, that is, both are lower among CEIR mice
and higher among ad libitum fed mice (12), and mean serum
and pituitary PRL levels as well as the percentage of pituitary
mammotropes are all reportedly lower in CEIR mice (5, 8, 9,
12), differences in the serum PRL levels of ad libitum fed and
dietarily restricted mice do not always possess statistical
strength (4, 5, 7-9, 12).

Dietary restriction has been variously reported to delay pu
berty and reproductive senescence, to delay mammary matura
tion, and to result in prolonged anestrus or to have no signifi
cant effect on the estrous cycle of mice (4, 8, 9). No studies to
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date, however, have addressed whether protection from mam
mary tumorigenesis is afforded CEIR mice without significant
untoward effects to mammary, gonadal, and pituitary develop
ment and function as revealed in the ability of the female CEIR
mice to conceive, gÃ©state,and lactate, or whether dietary restric
tion of nulliparous mice provides protection from elevated
MMTV transcription and risk of tumorigenesis even after
parturition.

In the present study, we show that dietary restriction of 40%
imposed for 16 weeks on nulliparous C3H/Ou mice, interrupted
by ad libitum consumption at mating and continued only during
pregnancy and lactation, with 40% energy restriction reimposed
at the end of lactation, not only suppresses mammary expres
sion of MMTV mRNA and prevents mammary tumor devel
opment in the parous mice, but also permits normal conception,
gestation, lactation, and the production of healthy litters which
are comparable in size to those of controls.

MATERIALS AND METHODS

Animals. Fifty-six 6-week-old nulliparous C3H/Ou female mice
(Jackson Laboratory, Bar Harbor, ME), maintained in accordance with
the principles of the Animal Welfare Act and as described in USPHS/
NIH publication 86-23, were separated into two experimental groups.
Mice of group A (full fed) consumed a semipurified diet ad libitum at
16-18 kcal/day (1 calorie = 4.184 J) in which calories were derived
principally from carbohydrates. Group BF (CEIRâ€”but full fed only
during pregnancy and lactation) mice consumed a proportionally sim
ilar complete semipurified diet but were restricted 40% in calories
consumed (10-11 kcal/day), were fed ad libitum when C3H/Ou males
were introduced for mating and throughout pregnancy and lactation,
and then were returned to 40% energy restriction at weaning of their
litters. All group A and BF mice were bred when 22 weeks old after 16
weeks of consuming diets which differed 40% in energy level.

In another experiment, mammary tissue of eight other C3H/Ou mice
was assessed for proviral expression during their first week of lactation.
Four of these eight were group A mice fed ad libitum throughout life,
and four were CEIR mice maintained on 40% calorie restriction
throughout life, including during pregnancy and lactation. These four
CEIR mice were designated group B. These eight mice were selected
from group A and B mice mated to C3H/Ou males when 14 weeks old
after 8 weeks of ad libitum (group A) or CEIR (group B) feeding.

Semipurified Diets. The preparation and composition of the two
semipurified diets used has been described in detail (5, 7) and is shown
in Table 1). All dietary constituents were obtained from ICN Biochem-
icals (Cleveland, OH). Both diets were low in dietary fat (approximately
6% of total calories) but differed by 40% in the level of total caloric
energy available; the diets were otherwise comparable. The amounts of
essential dietary constituents added to each diet were determined with
regard to the gram and calorie consumption of ad libitum fed mice. As
shown in Table 1, diet prepared for CEIR mice was further enriched so
that although the CEIR diet contained 40% fewer calories, equivalent
amounts of vitamins, minerals, essential fatty acids, and 30% of calories
as protein were consumed by all mice. Approximately 60% of total
calories in both diets were derived from carbohydrates. Al mice were
fed twice weekly and weighed weekly.

Enzyme Immunosorbent Assay of Prolactin. Standard mouse prolac-
tin (AFP-6476-C) and rabbit anti-mouse prolactin antibody (AFP-
131078) were provided by Albert F. Parlow (Pituitary Hormones and
Antisera Center, Harbor Medical Center, University of California, Los
Angeles, CA). Methods described by Shrivastav et al. (16) were used.
The EIA for prolactin is as sensitive as the radioimmunoassay and has
the advantages of being faster and requiring smaller amounts of both
reagents and serum (16).

Purification and Analysis of Proviral mRNA. Mammary gland was
excised and homogenized using a single-step method of RNA isolation
by acid guanidinium thiocyanate/phenol/chloroform extraction (17).

Table 1 Composition of diets'

Ad libitum

Constituent kcal

40% CEIR
i"" kcal

SucroseGlycerolCaseinMethionineSafflower

oilAIN
vitaminmixAIN
mineralmixInositolCholine

IntaniateTotalEnergy,

kcal/gProtein/total
kcalCHO'/total
kcalFat/total

kcal47.25

189.016.0
64.029.4

117.60.6
2.42.0
18.01.0
3.953.5
1.650.05
0.20.2

0.8100.0
397.63.980.3020.6360.04526.51

106.058.98
35.9117.64
70.560.36
1.442.0
18.01.0
3.953.5
1.650.05
0.200.2

0.860.24
238.563.960.3020.5950.075

" 1 cal = 4.184 J.
* CHO, carbohydrates.

Mammary RNA (10 /ig/lane, amount determined by spectrophotome-

try) was applied to a 1% agarose gel and stained with ethidium bromide.
The RNAs were transferred to nylon filter (Hybond N; Amersham,
Arlington Heights, IL) by using a blotting apparatus (2016 Vacugene;
1KB Pharmacia, Piscataway, NJ) and fixed by using UV irradiation
(UV Stratalinker 1800; Stratagene, LaJolla, CA). The RNAs were
hybridized to 32P-labeled pMTV-1, which includes all of the MMTV
genome except for a 1-kilobase fragment within the gag gene (18);
pMTV-1 was provided by M. R. Stallcup (University of Southern
California). The murine a-casein probe was provided by J. M. Rosen
(Baylor College of Medicine) (19). The pMTV-1 probe was labeled with
32P by using a random priming kit (Boehringer Mannheim, Indianap
olis, IN). The filters were incubated with IO7cpm of radioactive probe

in a mixture of 50% (v/v) formamide and 5x SSC (IX SSC is 0.15 M
sodium chloride/0.015 M sodium citrate, pH 7), 50 HIM phosphate
buffer, pH 7.0, salmon sperm DNA at 50 Â¿ig/ml(Sigma, St. Louis,
MO), yeast RNA at 50 Â¿ig/ml(Sigma), 0.04% Denhardt's solution (Ix
Denhardt's solution is 0.02% polyvinyl pyrrolidone, 0.02% Ficoll, and

0.02% bovine serum albumin), and 0.2% sodium dodecyl sulfate at
42Â°Covernight. Filters were washed twice with 2x SSC and Ix SSC
at 55"C, dried, and exposed to X-ray film (Kodak, X-Omat; Sigma)
with intensifying screens at â€”¿�80Â°Covernight. The density of MMTV

and a-casein mRNA bands were semiquantified by using laser densi-

tometry (Ultrascan XL; LKB Pharmacia). MMTV viral RNA detected
in this manner includes a small proportion of viral genomic RNA, is
principally viral messenger RNA, and is referred to here as MMTV
mRNA.

Experimental Plan. Four mice each of group A or BF were euthanized
when 26, 28, 31, and 35 weeks old to assess mammary proviral and <Â»-
casein transcription levels and serum PRL levels during the first and
third weeks of lactation and 2 and 6 weeks postweaning. Mice were
euthanized between 0900 and 1000 h at each interval of evaluation, so
as to minimize variations attributable to circadian rhythms. Lactating
mice were separated from litters prior to euthanasia to minimize the
effect of nursing on serum prolactin levels. Serum PRL levels rise 5-
10-fold with nursing in C3H mice but return to basal levels within 30

min after separation of the dam and litter (20). We measured basal,
unstimulated PRL levels at every interval of assessment as a means of
normalizing between dams pituitary stimulation from nursing and for
this reason separated the dams from their litters prior to euthanasia.

The additional eight mice of groups A and B were fed as described
above until 14 weeks of age and then mated to male C3H/Ou mice.
Energy restriction was maintained throughout gestation and lactation
for the four mice group B mice so that they consumed 10-11 kcal/day,

whereas the four group A mice were maintained on ad libitum feeding
(16-18 kcal/day). A single assessment of serum PRL, a-casein, and

proviral mRNA expression in the lactating mammary tissue of these
eight mice was made during the first week of lactation, when the mice
were 18 weeks old.
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RESULTS

Physical Parameters. Nulliparous mice fed the semipurified
diets either ad libitum or restricted 40% in calories gained
weight. As in our prior studies, calorie restricted mice weighed
approximately 20-25% less than ad libitum fed controls and
had little body fat (Fig. 1) (5). Nulliparous mice in the present
study maintained on 16 weeks of dietary restriction but fed ad
libitum at mating and continued only during gestation and
lactation (group BF) conceived normally, delivered healthy
litters of similar size as controls, and responded with full
lactation to term pregnancy. They produced approximately the
same number of pups as mice fed ad libitum throughout life.
Of the 28 mice in each group (A and BF), 27 group A females
(96%) and 25 group BF females (89%) delivered litters, with
mean litter sizes of 4.3 pups and 5.8 pups per litter in group A
and BF, respectively. Mice subjected to 40% calorie restriction
throughout life including during pregnancy and lactation (group
B) could establish and maintain pregnancy and lÃ¡clatebut did

BF
i r
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Fig. 1. Mean body weights of group A (D), group B (A), and group BF (O)
mice. â€¢¿�the four group A mice which were mated (M) when 14 weeks of age.
Group BF mice were fed ad libitum only from the time of mating (A/) when 22
weeks old through lactation (slashed bar).

l.Â£0cocoLU

DC0.8XLUZceE
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Fig. 2. Mean mammary MMTV mRNA expression of 20 group A, 16 group
BF, and 4 group B mice during lactation (/ ) and postweaning (/') as influenced
by dietary energy level. Each column represents mean Â±SD (bar) of four individual
mice, determined twice at each interval (i.e., each column represents a mean of
eight separate determinations). Ordinate, arbitrary units of MMTV mRNA
expression determined by measuring bands of major MMTV transcripts with a
laser densitometer. Abscissa, the condition and age of mice when assessments
were made during the first (/,/) and third (L3) weeks of lactation and 2 (/'_') and
6 (/''<) weeks postweaning of litters. Open bar, group A ad libitum fed mice; solid

bar, group B CEIR mice; slashed bar, group BF CEIR mice fed ad libitum at
mating and continued only during pregnancy and lactation.

8.9Kb

3.8Kb

Fig. 3. Upper panel, Northern blot analysis of mammary RNA from individual
lactating 26-week-old mice during the first week of lactation (LI-26, as in Fig.
2). Mammary RNA (10 fig) from an individual mouse was loaded on each lane
and hybridized to "P-labeled pMTV-1 probe. Bands of major M MTV transcripts
are designated 8.9 and 3.8 kilobases (Kb). A, ad libitum fed mice; HI'. CEIR mice

fed ad libitum at mating and continued only during pregnancy and lactation.
Lower panel. Northern blot analysis of mammary RNA postweaning from indi
vidual 31-week-old uniparons mice 2 weeks after group BF mice were returned
to 40% dietary restriction at the weaning of litters (P2-31). as in Fig. 2).
Experimental conditions and abbreviations as in upper panel.

so with fewer and smaller litters produced (in our experience 7
of 58 or 12% delivered).

Expression of MMTV and a-Casein mRNA in Mammary
Glands during Lactation. Fig. 2 shows that mean mammary
MMTV mRNA expression levels during the first and third
weeks of lactation of 26- and 28-week-old CEIR mice (group
BF) and age matched ad libitum fed mice (group A) approxi
mated one another at the time when all mice of both groups
were being fed ad libitum energy levels (Fig. 2, L1-26 and L3-
28). Nearly all mice of both groups A and BF exhibited meas
urable proviral expression during the first week of lactation,
some expressing very high MMTV mRNA levels (Fig. 2, Ll-
26; Fig. 3, upper panel). In late lactation, only low levels of
mammary MMTV mRNA were detected in mice of both A and
BF groups (Fig. 2, L3-28). This precipitous fall in viral RNA
observed in both group A and BF mice late in lactation has
been explained as being due in part to the nature of mammary
secretion and the release of virus particles during nursing (14).
a-Casein mRNA expression during lactation and mammary
gland involution followed previously described patterns in both
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dietary groups, A and BF, with very strong expression in early
lactation and weak to barely detectable expression after weaning
of litters (data not shown).

Expression of MMTV and Â«-Casein niRNA in Mammary
Glands Postweaning. In spite of comparable MMTV transcrip
tion during lactation, when all A and BF mice were full fed,
disparate mammary MMTV expression 2 and 6 weeks post-
weaning was found among ad libitum group A and CEIR group
BF mice after group BF dams had again been restricted to 40%
of the calories given group A (Fig. 2, P2-31 and P6-35). All

group A ad libitum fed uniparous mice expressed measurable
levels, and in three of four mice very high levels, of mammary
MMTV mRNA 2 weeks following the weaning of their litters.
In contrast, only one of our CEIR group BF mice had detectable
mammary MMTV mRNA expression, and that one was a weak
expression (Fig. 2, P2-31 ; Fig. 3, lower panel). Furthermore,
when mammary glands from uniparous dams 35 weeks old were
evaluated 6 weeks postweaning, mean MMTV transcription
levels remained elevated in ad libitum fed mice (Fig. 2, P6-35).
Three of four ad libitum fed mice expressed weak to high levels
of proviral mRNA 6 weeks postweaning, whereas only weak to
moderate expression was evident in three of the four CEIR
mice. Thus, seven of eight ad libitum fed uniparous mice
expressed MMTV mRNA postweaning, whereas four CEIR
group BF uniparous mice lacked detectable MMTV mRNA
expression, and four expressed low to moderate levels of pro-

viral mRNA.
Effects of Continuous Dietary Restriction on Mammary

MMTV and a-Casein mRNA Expression during Lactation.
Measurable MMTV mRNA expression was evident during
early lactation in all four ad libitum fed group A mice bred
when 14 weeks old, but only weak expression of MMTV was
evident in two of four CEIR group B mice maintained on 40%
calorie restriction during pregnancy and lactation (Fig. 2, Ll-

18; Fig. 4). This is in contrast to CEIR group BF mice whose
MMTV mRNA expression levels during early lactation ap
proximated those of ad libitum fed mice. Measurable a-casein
mRNA expression was detected in all mammary glands, but
mean levels were substantially lower in glands of group B mice
maintained on 40% less energy throughout pregnancy and
lactation, again in contrast to group BF mice. The levels of Â«-
casein and MMTV mRNA expression in individual group B
mice showed no association to one another, with neither a
direct or inverse correlation being evident.

Serum Proludili Levels. Although mean serum prolactin lev
els of CEIR mice at 0900-1000 h, as measured by EIA were
somewhat lower than those of ad libitum fed mice at two of the
three points of assessment when CEIR mice consumed 40%
fewer calories, these differences lacked statistical strength (Fig.
5). Basal PRL levels, unstimulated by nursing, were obtained
during lactation by separating dams from litters prior to
euthanasia.

Effect of CEIR on Mammary Tumorigenesis in Uniparous
Mice. During the 38 weeks of study, of the 56 mice bred when
22 weeks old, 27 of 28 group A mice delivered litters, and 25
of 28 group BF mice delivered litters. Sixteen mice were eu
thanized for assessment of serum PRL and proviral expression
during lactation and postpartum, leaving 11 group A and 9
group BF mice at risk for mammary tumor development. Of
these few mice within the 38 weeks of study, 8 of 11 (73%)
group A mice developed mammary tumors. By contrast, only 1
of 9 (11%) group BF mice developed mammary tumors.

B
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k
Fig. 4. Northern blot analysis of mammary RNA from individual lactating 18-

week-old mice during the first week of lactation (LI-18, as in Fig. 2). Experimental
conditions and abbreviations as in Fig. 3 upper panel, except that B denotes CEIR
mice which were maintained on restricted calorie intake throughout pregnancy
and lactation.
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Fig. 5. Mean serum prolactin levels during lactation (/.) and postweaning (/')
as influenced by dietary energy levels. Each value represents mean Â±SD (bar) of
four determinations. Ordinate, ng/ml of serum PRL as determined by EIA.
Abscissa, the condition and age of mice when assessments were made during the
first (LI) and third (L3) weeks of lactation and 2 (P2) and 6 (P6) weeks
postweaning of litters. Open bar, group A ad libitum fed mice; solid bar, group B
CEIR mice; slashed bar, group BF CEIR mice fed ad libitum at mating and
continued only during pregnancy and lactation.

DISCUSSION

In prior studies, we have shown that onset of measurable
mammary MMTV mRNA expression in nulliparous mice can
be prevented by dietary restriction for up to 10 weeks, and that
full proviral expression can be delayed for as long as 40 weeks
(7). For example, mammary MMTV mRNA levels in CEIR
nulliparous mice when 25 weeks old are 5-fold less than those
of ad libitum fed controls (12).

In these prior studies, we also presented evidence that the
delayed and reduced MMTV transcription in CEIR mice was
associated with impaired mammary tumorigenesis (4, 5, 7).
Although mean tumor incidence among nulliparous ad libitum
fed controls was reached when mice were 46 weeks old and all
had developed tumors when 66 weeks of age, none of the CEIR
mice developed mammary tumors prior to week 77, and only 2
of 27 mice (7.5%) developed tumors in the 84 weeks of study
(5).

Since prior reports have shown that MMTV transcription
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and risk for tumorigenesis are augmented posi partii m (11, 14,
15) and that dietary restriction can modulate M MTV transcrip
tion in mi11Â¡parousmice (7, 9, 12) but may also interfere with
mammary maturation and normal estrous cycles (8, 9), we
investigated whether dietary restriction could extend the
suppression of MMTV transcription postpartum, and whether
this suppression of MMTV by dietary restriction could be
achieved without overtly impairing normal mammary growth,
differentiation, and function.

In the present study, we show for the first time that dietary
restriction imposed soon after weaning on nulliparous C3H/
Ou mice, interrupted at mating and throughout pregnancy and
lactation and reimposed at weaning of litters, permits normal
conception, gestation, parturition, and lactation while providing
protection from elevated proviral transcription and risk for
tumor formation in the uniparous state. It is remarkable that
CEIR group BF uniparous mice at the advanced ages of 31 and
35 weeks had very low mean proviral mRNA expression levels
similar to those we have previously reported in CEIR nullipa
rous mice (12), whereas the MMTV mRNA expression of ad
libitum fed mice remained elevated postpartum.

Whether suppression of MMTV transcription by dietary
restriction is mediated by lowered serum PRL is not clear. This
ambiguity may reflect limitations in the method of assessment.
Multiple molecular forms of PRL exist, and differences in the
immunoassayable and the biologically active levels of PRL in
serum have been reported (21, 22). Discrete differences may
exist in rhythms of PRL secretion, levels of PRL at other time
points, and the PRL-like bioactivity of serum in restricted and
full fed dietary groups, which could impose substantial effect
on MMTV transcription and risk for tumor formation.

In the prior studies of Koizumi et al. (8, 9), it was shown that
perturbations of the pituitary-ovarian axis occurred among
dietarily restricted mice expressed by delayed puberty and mam
mary maturation and prolonged anestrus. Their findings and
our results are not incongruous and may lend credence to the
hypothesis that extension of life span by dietary restriction
evolved due to the selective advantage for females that could
respond to reduced food supply by delaying reproductive senes
cence (23). Dietary restriction has been shown to extend repro
ductive life span. Mice chronically restricted in calories can
become acyclic, but when switched to ad libitum feeding, the
formerly calorie restricted mice cycle regularly, conceive nor
mally, and have been shown to be more fertile at advanced age
than controls which have been fed ad libitum throughout life
(24, 25). Dietary restriction that was continued during preg
nancy and lactation in our group B mice led to impaired
reproductive efficiency and lowered levels of mammary Â«-casein
mRNA during lactation. However, when dietary restriction was
interrupted with ad libitum feeding at mating and throughout
gestation and lactation, as in the group BF mice, healthy litters
of comparable size to those observed in ad libitum fed dams
were produced and weaned. Equivalent lactating mammary
levels of Â«-caseinand the successful nursing of litters by both
group A and BF mice show that long term 40% dietary restric
tion prior to conception did not impair normal lactation in
group BF mice.

Our results show that mammary proviral transcription is
rigorously regulated by calorie intake level, even after the epi
thelial proliferation and differentiation and hormonal stimuli
of gestation and lactation have taken place. Mean mammary
MMTV mRNA levels of group BF mice drop following the
reimposition of dietary restriction, are always lower in dietarily

restricted group B mice, and remain persistently elevated in ad
libitum fed group A mice, even after mammary gland involu
tion. In prior studies, mean mammary levels of MMTV mRNA
among CEIR nulliparous mice were approximately 5-fold less

than those oÃad libitum fed controls (9, 12). Remarkably, these
disparate mammary MMTV mRNA expression levels persist
in uniparous mice. Even after the transient induction of very
high levels of MMTV transcription during early lactation in
both A and BF mice, mean mammary MMTV transcription in
CEIR group BF mice which had been returned to 40% dietary
restriction at the cessation of lactation was again suppressed to
levels 4-5-fold less than those measured among group A ad
libitum fed mice.

These findings that dietary restriction can effectively modu
late mammary proviral expression and impair tumor formation
in uniparous mice while permitting normal conception, gesta
tion, and lactation are unprecedented and show that protection
from elevated MMTV transcription and tumor development is
provided while preserving normal physiological development
and function.
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