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Abstract. Calorie restriction prevents mammary tumor (MT)
development in rodents. Usually, chronic calorie restriction
(CCR) has been implemented. In contrast, intermittent calorie
restriction (ICR) has been less frequently used. Recent studies
indicate that when a direct comparison of the same degree
of CCR vs. ICR was made using MMTV-TGF-a mice which
develop MTs in the second year of life, ICR provided greater
protection than CCR in delaying MT detection and reducing
tumor incidence. Adiponectin and leptin are two adipocyto-
kines secreted from adipose tissue which have opposite effects
on many physiological functions, including proliferation of
human breast cancer cells. A recent study indicated that a low
adiponectin/leptin ratio was associated with breast cancer.
We evaluated the relationship of adiponectin and leptin to
MT development in MMT V-TGF-a calorie-restricted mice at
several ages. Mice were enrolled at 10 weeks of age and sub-
jected to 25% caloric reduction implemented either chronically
or intermittently. Mice were euthanized at designated time
points up to 74 weeks of age. Serum samples were collected
to measure adiponectin and leptin concentrations. Both CCR
and ICR mice had significantly reduced MT incidence. For
the groups studied, serum leptin increased over time, while
there was a trend for an increase in serum adiponectin levels
in ad libitum and ICR mice, with no change in CCR mice
between 10 and 74 weeks of age. The adiponectin/leptin ratio
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was significantly reduced as mice aged, but this ratio in ICR
mice was significantly higher than that for ad libitum and CCR
mice. No correlation was noted between serum adiponectin
and leptin. These findings demonstrate that intermittent calorie
restriction delays the early development of MTs. This delay
was associated with reduced serum leptin levels following the
restriction phases of the protocol. Additionally, serum leptin
levels correlated with body weight and body fat in the groups
studied.

Introduction

Breast cancer is a leading world-wide health problem, with
millions of women succumbing to this disease each year.
Animal studies have shown that calorie restriction is one of
the most effective ways for the prevention of mammary tumor
(MT) development, significantly decreasing both spontaneous
and carcinogen-induced tumor incidence and tumor size (1-4).
In this context, it has been reported that a 20-40% reduction
in calorie intake resulted in significant decreases (up to 95%)
of MT incidence (4-8). Two major types of calorie restric-
tion protocols have been applied in mammary tumorigenesis
prevention: chronic calorie restriction (CCR) and intermittent
calorie restriction (ICR), which refer to the application of
periods of ‘on’ and ‘off” caloric restriction. Although CCR has
been studied extensively, ICR has been less well studied (9,10).
Additionally, in these studies direct comparisons of the two
restriction methods (CCR vs. ICR) were not made.

We directly compared the roles of the two calorie
restriction interventions on MT development in long-term
longitudinal studies and found that ICR was more effective
than CCR for MT prevention in two different transgenic mice
strains, MMTV-TGF-a and MMT V-neu (5,6,11). In particular,
MMTV-TGF-a mice that were fed ad libitum had MT incidence
in the range of 80%, while the MT incidence rate was ~44% in
CCR mice which consumed 75% of the calories of ad libitum
(AL) mice. However, MT incidence was only between 3 and
15% in ICR mice restricted to a similar overall degree, but
in an intermittent fashion (5,6). The protocol used was that
ICR mice were provided with 50% of the caloric intake of the
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AL group during restriction periods, followed by ad libitum
access to food during refeeding periods. On the other hand,
CCR mice were provided daily with reduced amounts of food
to equal the caloric and nutrient intake of ICR mice for each
restriction/refeeding cycle.

Despite numerous studies describing the protective effect of
calorie restriction, the exact mechanism(s) has yet to be deter-
mined. Nor is it clear whether the protection conferred by the
two types of calorie restriction is mediated through the same
mechanism. However, a number of circulating proteins such as
IGF-I, IGFBPs, estrogen and insulin, have been studied exten-
sively as possible mediators of the effect of calorie restriction
(12-15). Recently, two other proteins, leptin and adiponectin,
were also considered as growth factors for MTs (16-21). These
two adipocytokines (adipokines) are secreted from adipose
tissue and thus potentially provide a direct link of body weight/
body fat to mammary tumorigenesis. Breast cancer subjects
have been reported to have lower adiponectin levels than unaf-
fected controls, and in other studies leptin levels have been
reported to be higher in breast cancer patients (16,22-24). Of
particular interest was a report that breast cancer subjects had
areduced serum adiponectin/leptin ratio compared to controls
(16). With respect to leptin, when MMTV-TGF-a mice were
cross-bred with either leptin-deficient or leptin receptor-defi-
cient mice no MTs were detected (25,26). Furthermore, in vitro
studies indicated that while the addition of leptin stimulated
human breast cancer cell proliferation, adiponectin inhibited
it (18,19,27,28). In vitro studies with breast and prostate cancer
cell lines and preneoplastic colon cells further suggest that the
ratio of adiponectin/leptin was important in cell proliferation
(29-31).

Our study shows serum adiponectin and leptin levels and
the adiponectin/leptin ratio obtained at specific time points
between 10 and 74 weeks of age for MMTV-TGF-a female
mice in relation to MT development. The ratio was obtained
in association with two caloric restriction interventions, CCR
and ICR. Additionally, we utilized controlled refeeding in
this protocol because in previous studies mice in the ICR
group sometimes consumed more food during the refeeding
periods than AL-fed mice (5,11). Thus, in the present study,
food intake of the ICR mice during the refeeding periods was
capped at 100% of what AL-fed mice consumed during the
corresponding time period. Fat pad weights, serum leptin
and adiponectin, as well as MT development were assessed.
Correlations between the serum adipokines, as well as the
correlation between body weight and serum adipokines in the
MMTV-TGF-a mouse model were determined.

Materials and methods

Animals and study design. MMTV-TGF-a (C57/BL6)
female mice, originally developed in the laboratory of
Dr Robert J. Coffey, were used (32). These mice overexpress
human TGF-a, a part of an epidermal growth factor receptor
(EGFR)/ErbB cascade which is known to play an important
role in the development of human breast cancer (32-36).

The mice were obtained from a colony maintained at the
Hormel Institute using the breeding protocol and genotyping
assay previously described (6). At 10 weeks of age female
MMTV-TGF-a mice were randomly assigned to three different
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experimental groups ad libitum, chronically calorie restricted
(CCR) to 75% of AL-fed mice, or intermittent calorie restricted
(ICR) implemented by 3 weeks of 50% restriction compared
to the AL-fed group. This restriction was followed by 3 weeks
of controlled refeeding (100% of the AL-fed group) resulting
in 75% of caloric intake of AL-fed mice. Although the present
study was similar to previous studies (5,6), there are a few sig-
nificant differences. In the current study, mice were euthanized
at different time points. Mice in the ICR group were given
only 100% of calories consumed by the AL-fed mice during
refeeding periods, whereas in previous studies mice in the ICR
groups had unlimited access to food during refeeding.

Diet composition. The mouse diets were purchased from
Harlan Teklad (Madison, WI, USA). The diet compositions
for each group were the same as those used in previous
studies (5,11,37). Briefly, mice in AL-fed groups were fed the
AIN-93M diet (5,11,37). Mice in the CCR group were fed a
custom diet formulated to be isocaloric with the control diet
with 25% increases in protein, vitamin, mineral and fat content
(38,39). This diet was given at 75% of age-matched ad libitum
consumption. Mice assigned to the ICR group were provided
with a 50% restriction diet during each three-week restriction
period with 2-fold increases in protein, vitamin, mineral and
fat content. The restriction diet was isocaloric compared to
the control diet. Following each restriction period, ICR mice
were provided with the control diet at 100% of age-matched
ad libitum consumption for three weeks. All mice had free
access to water throughout the study. Diets were rendered
isocaloric by adjustment of cellulose.

Mice were euthanized at designated ages: 10 (baseline),
13, 14; 25, 26; 37, 38; 55, 56 and 73, 74 weeks of age. ICR
mice were euthanized to correspond to the end of restriction
periods at 13, 25, 37, 55 and 73 weeks of age and were further
designated as ICR-restricted or ICR-refed following one week
of refeeding at 14, 26, 38, 56 and 74 weeks of age. Since there
were no differences in body weights of AL-fed and CCR mice
for the one-week differences, the data were combined at each
time point. Over the course of the experiment, weekly body
weights and daily food consumptions were measured. At
euthanasia, terminal blood samples were obtained from mice
5 h after introducing fresh food in the morning. Suspected MT
or mammary tissue from the back of the neck, the location
where MTs first form, was removed in addition to parametrial,
retroperitoneal and mammary fat pad (MFP) tissues, and were
weighed. A portion of these and any suspicious tissues were
preserved in formalin and sent to the Department of Pathology
and Laboratory Medicine, Mayo Foundation, Rochester, MN,
for histopathological analyses to determine malignancy status
in a blinded fashion. The remaining tissues were stored at
-80°C until used for future analyses. This study was approved
by the University of Minnesota Institutional Animal Care and
Use Committee in an AAALAC accredited facility.

Measurement of serum adiponectin and leptin levels. Blood
samples were collected 5 h after the mice were given their
daily allotment of food in the morning. Leptin levels were
measured using the Mouse Adipokine LINCOplex Kit 96-Well
Plate Assay, and adiponectin was measured using the Mouse
Single Plex Adiponectin LINCOplex Kit 96-Well Plate Assay
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Table I. The effects of different modes of calorie restriction on the body weights, parametrial and retroperitoneal fat pad (Para
and retro), mammary fat pad (MFP) and total fat (TF) weights at different ages in MMTV-TGF-a mice.

Weeks
10 13/14 25/26 37/38 55/56 73/74

Body weights (g) 20.320.3 (13)

AL 22.3+0.6* (14) 29.0+0.82 (16) 32.5+1.12 (11) 34.9+1.22 (15) 36.0+1.6* (17)

ICR-R 16.2+0.4°> (8) 20.3x1.2°> (9) 20.2+0.5" (7) 21.9+0.6" (8) 22.6+0.4° (11)

ICR-RF 21.3x1.0* (9) 24.7+0.5¢ (8) 23.1£1.0° (8) 24.8+0.7° (7) 26.7+0.6° (11)

CCR 20.3+£0.5* (16) 23.3+0.6°¢ (13) 23.2+0.9° (10) 23.8+0.8° (14) 25.1+0.6° (16)
Para and retro (g) 0.28+0.03

AL 0.48+0.08* 1.39+0.22 2.02+0.222 2.29+0.32 2.4+0.40°

ICR-R 0.05+0.03° 0.31£0.1° 0.25+0.04° 0.2620.1° 0.5+0.07°

ICR-RF 0.53+0.09* 0.72+0.1° 0.71+0.19° 0.62+0.1° 0.9+0.08°

CCR 0.38+0.04* 0.65+0.1° 0.74+0.13° 0.61£0.1° 0.6+0.07°
MFP (g) 0.5+0.04

AL 0.6+0.12> 1.6+0.22 2.0+0.20* 1.9+0.20° 1.8+0.20°

ICR-R 0.4+0.02° 0.6+0.1° 0.6+0.06° 0.5+0.05° 0.7+0.06°

ICR-RF 0.7+0.092 0.8+0.1° 1.0£0.15° 0.8+0.10° 1.1£0.09°

CCR 0.6+0.06b 0.9+0.1° 0.7+0.10° 0.7+0.07° 0.7+0.06°
TF (g) 0.8+0.08

AL 1.1+0.2082 3.0+0.32 4.1+0.42 4.2+0.52 4.2+0.6°

ICR-R 0.4+0.04° 0.9+0.2° 0.8+0.1° 0.7+0.1° 1.2+0.1°

ICR-RF 1.3+0.207 1.6+0.2° 1.7+0.4° 1.4+0.2° 2.1+0.2°

CCR 1.0£0.108# 1.6+0.2° 1.5+0.2° 1.320.2° 1.4+0.1°

Values are presented as means + SEM. Numbers in parenthesis in body weights are ‘n’ values; ‘n’ values for para and retro, as well as MFP and TF are
the same as ‘n’ values in body weights in the same age group. Values with different letters in the same column indicate a significant difference. AL,
ad libitum; ICR-R, ICR-restricted; ICR-RF, ICR-refed and CCR, chronic calorie restriction.

(LINCO Research, St. Charles, MO, USA). Results were read
on the Luminex 100 instrument. For the correlation and ratio
metric analysis, the values from individual animals were
used.

Statistical analysis. Results are presented as means + SEM.
Tumor incidence data were analyzed by the Chi-square test.
Comparisons among groups were made by ANOVA followed
by Bonferroni's Multiple Comparison Test to determine whether
the differences between specific groups were significant. The
Spearman correlation test was used to determine whether the
correlation between two parameters was statistically significant
or not. As indicated above, since there is no significant differ-
ence between two consecutive time points at weeks 13 and 14,
25 and 26, 37 and 38, 55 and 56, and 73 and 74 for AL-fed and
CCR mice, data from these two time points were combined.
However, for ICR mice these time points were presented sepa-
rately. Statistical significance was set at P<0.05.

Results
Body and fat pad weights (Table I). Body weights of ICR-

restricted mice were significantly lower than those of the other
groups at 13 weeks of age. There were no significant differ-

ences for body weights among AL-fed, ICR-refed and CCR
mice at week 13/14. At 25/26 weeks of age AL-fed mice had
significantly higher body weight compared to the other groups
and body weights of ICR-refed and CCR groups were similar.
At the older ages of 37/38, 55/56 and 73/74 weeks, the AL-fed
group had significantly higher body weight compared to the
other groups, while there were no significant body weight dif-
ferences among ICR-restricted, ICR-refed and CCR mice.

Changes in combined parametrial and retroperitoneal fat
pad weights were similar to those observed for body weight.
Mammary fat pad weights were also measured, and except at
the first time point of 13/14 weeks of age, the two calorie restric-
tion protocols resulted in significant reductions in mammary
fat weight compared to AL-fed mice. Results at 13/14 weeks
of age were statistically significant when comparing ICR-
restricted and ICR-refed mice. When the fat pad weights were
combined, AL-fed mice consistently had significantly higher
values than the other three groups. There was a highly sig-
nificant positive correlation between body weight and total fat
pad weights in the three groups throughout the study (r>0.77,
P<0.0001).

Effects of different modes of calorie restriction on MT inci-
dence and latency (Fig. I). In the present study, MTs were
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Figure 1. The effects of different modes of calorie restriction on mammary tumor development in MMTV-TGF-a mice euthanized at different ages. (A) Age
of mammary tumor detection in ad libitum-fed (AL), intermittent calorie-restricted (ICR) and chronic calorie-restricted (CCR) mice with incidence rates.
(B) Overall mammary tumor incidence for all mice. There were significant differences among the groups (P=0.0005). (C) Tumor grade for mammary tumors.
The numbers in parenthesis are the number of mice that developed mammary tumors/total number of the mice.

detected by histopathological analysis because the design of
the study was such that most mice were euthanized prior to
when MTs would be able to be palpated. Mice were followed
until their assigned endpoint, except when MTs were detected
and reached 20 mm in diameter. No matter how MTs were ini-
tially detected, MT status was confirmed by histopathological
analysis. For the calculation of MT incidence, mice euthanized
either at or before week 26 were not included. Their exclusion
occurred because the earliest age when MTs have been detected
is ~30 weeks, both here and in previous studies (5,6). In the
present study, the earliest age at which MTs were detected
was week 33, 37 and 56 for AL-fed, CCR and ICR groups,

respectively. The MT incidence at specific ages is presented in
Fig. 1A. Even though the presence of MT was obvious in one
of the AL-fed mice at week 33, this mouse was euthanized at
week 37/38 and analyzed with the rest of the mice that were
euthanized at week 37/38. No statistically significant differ-
ences were noted among the groups for MT incidences at week
37/38 (P>0.05) when the three groups were analyzed together.
However, the difference between CCR and ICR groups was
significant when analyzed separately (P<0.05). MT incidence
at week 55/56 was 62.5% (10/16) for the AL-fed group but
was only 7.1% (1/14) and 6.7% (1/15) for CCR and ICR mice,
respectively (AL-fed mice, and both CCR and ICR groups
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Table II. The effects of different modes of calorie restriction on the average of adiponectin, leptin and adiponectin/leptin ratio
levels at different ages in MMTV-TGF-a mice.

Weeks
10 13/14 25/26 37/38 55/56 73/74
Adiponectin 14.4+1.3 (32)
(pg/ml)
AL 13.1£1.0 (33) 17.4+1.4 (30) 19.8+1.3* (20) 19.1£1.8 (24) 14.6x1.7* (15)
ICR-R 16.1£1.8 (17) 16.6+2.2 (13) 25.9+3.72 (11) 20.2+2.4 (10) 25.1£3.5" ()
ICR-RF 13.8+1.5 (14) 17.7£2.4 (11) 21.2+2.6* (12) 22.0+1.20 (6) 17.5£2.230 (8)
CCR 14.7+1.2 (30) 13.2+1.3 (19) 12.5+1.2° (20) 14.0+1.1 (22) 14.7x£1.22 (11)
Leptin (ng/ml) 0.3+0.04 (36)
AL 0.7+0.20 (34) 3.5+0.6* (30) 5.7£0.8* (21) 6.1+0.7* (29) 4.8+0.7 (16)
ICR-R 0.5+0.08 (18) 1.5£0.3%> (16) 2.3+0.5° (11) 2.0£0.4° (12) 2.6x£0.4 (9)
ICR-RF 0.6+0.20 (15) 0.9+£0.3% (11) 4.4+1.220(12) 3.1+0.7%° (10) 2.9+0.7 (8)
CCR 0.7+0.10 (31) 2.6+0.4%> (20) 3.2+0.4%> (20) 3.7+0.5% (24) 5.4+1.1 (14)
Adiponectin/leptin
(pg/ml in 1000) 11323 (32)
AL 59.4+10.8 (33) 12.32+4.0* (30) 5.2+0.9* (20) 4.7+0.9% (24) 4.4+0.7* (14)
ICR-R 53.7£11.7 (17) 14.7£3.7* (13) 18.5£5.0° (11) 15.2+4.2° (10) 15.5+£5.6" (8)
ICR-RF 46.6x12.9 (13) 45.7+10° (11) 7.8+1.4%(12) 18.4+6.0° (6) 9.8+2.92b (8)
CCR 34.7+5.10 (30) 8.4+2.2*(19) 4.5+0.4* (20) 5.5+0.9 (22) 3.8+0.8 (11)

Values are presented as means = SEM. Numbers in parenthesis are ‘n’ values; values in the same column with different letters indicate a significant

difference. AL, ad libitum; ICR-R, ICR-restricted; ICR-RF, ICR-refed and CCR, chronic calorie restriction.

P=0.0009 for AL-fed vs. CCR; P=0.0006 for AL-fed vs. ICR,
and P>0.05 for CCR vs. ICR). No statistically significant dif-
ferences were noted among the three groups for MT incidences
at week 73/74 (P>0.05) when the three groups were analyzed
together. However, the difference between AL-fed and ICR
groups was significant when analyzed directly (P<0.05). The
overall MT incidences were 45.5% (20/44), 20% (8/40) and
11.5% (6/52) for AL-fed, CCR and ICR groups, respectively,
and differences among the groups were statistically significant
(P=0.0005; Fig. 1B). There was no significant difference
between ICR and CCR groups (P>0.05) when the two groups
were analyzed separately, despite the 100% lower incidence in
ICR mice. This was at least partially attributable to the small
number of mice in each group. Although all MTs were grade 2
for ICR and CCR mice, 18.75% (3/16) of the tumors for AL-fed
mice were classified as grade 3 (high-grade) and the rest were
grade 2 (Fig. 1C).

Effects of different modes of calorie restriction on serum adi-
ponectin (Table 1I). Serum adiponectin concentrations were
not affected by the different modes of calorie restriction at
weeks 13/14, 25/26 and 55/56, but the serum adiponectin level
of the CCR group was significantly lower than the other groups
at week 37/38 (P<0.05). In addition, the ICR-restricted group
had significantly higher serum adiponectin levels than that of
either AL-fed (P<0.01) or CCR (P<0.05) mice at week 73/74.
Overall one week of refeeding after three weeks of restric-

tion had no significant effects on serum adiponectin levels at
any time points (P>0.05). Although age-related changes in
serum adiponectin levels in the AL-fed and ICR groups were
significant, there was no significant change for the CCR group.
Serum adiponectin was not correlated with body weight in
any groups at any age. There were no differences in serum
adiponectin levels in mice which developed MT compared to
mice that did not develop MT in any of the groups at any age.

Effects of different modes of calorie restriction on serum leptin
(Table 11). There were no significant differences in serum leptin
levels among any dietary groups at week 13/14. However, the
AL-fed group had a significantly higher serum leptin level than
that of ICR-refed mice at week 25/26 and of ICR-restricted
mice at week 37/38. At week 55/56, leptin in the AL-fed group
was significantly higher than that of either ICR-restricted or
ICR-refed mice. There were no significant differences among
the groups for leptin at week 73/74. Overall, serum leptin
levels of ICR-restricted mice tended to be the lowest compared
to AL-fed and CCR groups at each time point while values for
the ICR-refed mice were consistently low to a lesser extent.
The change in serum leptin levels for the AL-fed group over
time was statistically significant (P<0.0001) as was the leptin/
body weight ratio (P<0.0001; data not shown). This was pri-
marily attributable to an early increase in serum levels between
13/14 and 25/26 weeks of age. Changes in serum leptin and
leptin/body weight ratio in the CCR mice over the study were
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significant (P<0.0001). In the CCR group, the serum leptin
level was gradually increased from week 10 until the end of
the study at 73/74 weeks of age when it reached the maximum
level at 5.4 ng/ml (Table II). Similar changes were observed
in the leptin/body weight ratio for the AL-fed and CCR
groups (data not shown). No significant differences were
noted between ICR-restricted and ICR-refed mice for either
serum leptin levels or leptin/body weight ratio levels at any
given time point (Table II). Serum leptin levels in mice that
developed MT compared to those mice that did not develop
MT were similar within the AL and CCR groups at weeks
55/56 and 73/74 (P>0.05; data not shown).

Effects of different modes of calorie restriction on serum
adiponectin to leptin ratio (Table II). No significant dif-
ferences were noted among the groups for the adiponectin/
leptin ratio at week 13/14. ICR-refed mice had a significantly
higher adiponectin/leptin ratio than the other groups at week
25/26, whereas the ICR-restricted group had a significantly
higher adiponectin/leptin ratio than the other groups at week
37/38. Moreover, the ICR-restricted and ICR-refed groups had
a significantly higher adiponectin/leptin ratio than either the
AL-fed or CCR groups at week 55/56. At weeks 73/74 the
ICR-restricted and ICR-refed groups had a higher adiponectin/
leptin ratio than either the AL-fed or CCR groups, although
only the differences between ICR-refed and either AL-fed or
CCR mice were significant. In general, there was an initial
drop in the adiponectin/leptin ratio with age. Values were
maintained for each group, but with the overall tendency for
values to be higher for ICR mice. Changes in the adiponectin/
leptin ratio in the dietary groups over the study were statisti-
cally significant (P<0.0001). Serum adiponectin/leptin ratio
levels (in pg/ml) in mice that developed MT vs. those that
were tumor-free was similar within each dietary group at
week 73/74 (in AL-fed group 47524854 vs. 3973+1035; in ICR
group 31954762 vs. 14843+3570 and in CCR group 3490+1436
vs. 2809+815; P>0.05). In addition, serum adiponectin/leptin
ratio levels in mice that developed MT and mice that did not
develop MT were also similar at earlier time points (P>0.05;
data not shown).

Correlation between body weight and serum adiponectin,
leptin and adiponectin to leptin ratio (Table III). There was a
significantly positive correlation (P<0.001, Spearman r=0.77)
between body weight and total fat in all of the groups studied
(data not shown). Therefore, we present results for only one
of these parameters, body weight, in association with serum
measurements. No significant correlations were noted between
body weight and serum adiponectin levels for any groups. In
contrast, body weight and serum leptin levels were positively
correlated at week 10 and at all time points for AL-fed and CCR
mice. However, body weight and serum leptin were positively
correlated only at weeks 37 and 73 for ICR-restricted mice
and at weeks 14 and 26 for ICR-refed mice, although there
was also a positive trend (P=0.08, r=0.67) in the ICR-refed
group at week 74. There was a significant negative correla-
tion between body weight and the serum adiponectin/leptin
ratio for AL-fed mice at all time points. Similar results were
observed for CCR mice except at week 73/74. However, the
negative correlation was observed only at weeks 37 and 73 for
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ICR-restricted mice and at week 74 for ICR-refed mice. There
were few correlations of serum adiponectin and leptin levels in
any of the experimental groups (Table III).

Discussion

A number of studies have reported that CCR significantly
reduced MT incidence and delayed tumor latency in rodent
models. Furthermore, our recent studies indicated that ICR
provided a greater degree of prevention than CCR when
applied to two different transgenic mice strains (5,6,11). We
confirm this finding in an analysis of one strain of transgenic
mice, MMTV-TGF-a, examined at different ages. The overall
MT incidence rates were 45.5, 20 and 11.5% for AL-fed, CCR
and ICR mice, respectively. We also show for the first time that
in MMTV-TGF-a mice, MTs were histologically present at an
earlier age than previously reported in longitudinal studies
(Fig. 1A). Although MTs were detected as early as 33 and
37 weeks of age in AL-fed and CCR groups, the first MT was
not detected in ICR mice until 55 weeks of age. In the present
study, a histopathological analysis was used for MT detection
as opposed to palpation. Fifty percent of the MTs in the AL-fed
group developed either before or at week 55/56, while most of
the MTs in ICR and CCR mice were not detected until week
73/74. In addition, calorie restriction significantly affected MT
grade with higher grade MTs detected in AL-fed mice.

The present study is the first to report the effects of controlled
caloric intake during refeeding periods on MT development
in ICR mice. Interestingly, controlled refeeding had a similar
effect to ad libitum refeeding on MT development, as the MT
incidence of 10% was in the range of 3 and 15% previously
reported for ICR mice that were allowed free access to food
during refeeding in two earlier longitudinal studies (5,6).
Additionally, a recently completed longitudinal study using
the controlled refeeding protocol resulted in an MT incidence
rate of 9% for ICR mice compared to 71 and 35% for AL-fed
and CCR mice (40). Integration of these findings suggest that
the periods of severe restriction associated with the intermit-
tent restriction protocol are important for the protective effect
of ICR and that the refeeding aspect of the protocol does not
influence the effect to any great degree.

Adiponectin and leptin have been reported to be important
factors in the proliferation of human breast cancer cell lines
(17-21,27,28). Additionally, measurement of serum levels of
adiponectin and leptin have in some cases been reported to
be associated with breast cancer, i.e., adiponectin levels in
particular have been reduced and leptin increased (16,22-24).
Notably, in one study adiponectin levels were reduced and
leptin levels were elevated leading to a reduced adiponectin/
leptin ratio. We recently found that this ratio can modulate
human breast cancer cell growth in vitro (29), while other
studies have shown an impact of this ratio on pre-neoplastic
colon and prostate cancer cells (30,31). However, whether
involvement of the serum adiponectin, leptin and especially
adiponectin/leptin ratio is associated with MT prevention by
calorie restriction remains unknown, but was investigated in
the present study.

With respect to serum adiponectin, we found no consis-
tent results associated with either calorie restriction protocol.
However, some changes associated with age were noted,
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although these were not the same in all dietary groups. These
observations are similar to previous animal and human
studies. For example, it was reported that two months of
25% calorie restriction did not have any significant effects
on the serum adiponectin level in CD-1 male mice (41). In
another study, plasma adiponectin levels of male C57BL/6J
mice were not affected by different levels of refeeding fol-
lowing alternate day calorie restriction at the end of four
weeks (42). In additional studies, serum adiponectin levels
were similar between fasted and fed mice (43) or high-fat and
low-fat fed mice (44). On the other hand, six weeks of 30%
calorie restriction of five-month-old wild-type C57BL/6J and
transgenic male mice that overexpressed growth hormone,
resulted in significant increases in serum adiponectin (45).
In humans, the plasma adiponectin level was not changed by
six months of fasting-induced weight loss in postmenopausal
women (46), while in another study the adiponectin level was
not affected by 48 h of fasting (47). Some human studies have
reported that large weight loss or calorie restriction resulted
in significantly increased serum adiponectin (48-51). In the
present study, we observed that serum adiponectin levels were
similar among the diet groups at weeks 10 and 74. However,
changes in serum adiponectin levels were significant in
AL-fed and ICR groups over the course of the study, while
there was no significant change in the CCR group from 10
until 74 weeks of age.

Results for serum leptin indicated low initial levels
with increases in all of the groups over time, although ICR
mice appeared to have an age-related delay. Additionally,
the ICR mice usually had reduced values, particularly after
three weeks of caloric restriction compared to AL-fed and
CCR mice which was probably attributable to body weight
status. Interestingly, one week of refeeding did not have any
significant effects on serum leptin. Most published studies
report serum leptin and adiponectin values from either single
or at most two time points (41,42,45,46). Although in some
studies calorie restriction significantly reduced serum leptin
in humans and animals (46-48,52), calorie restriction did not
have any significant effects on serum leptin levels in other
studies (41,45).

We also report on changes in the adiponectin/leptin ratio
under normal physiological conditions (AL-fed group) and
under the effects of different modes of calorie restriction.
Overall, the adiponectin/leptin ratio drastically decreased
from 10 until 74 weeks of age. Starting at week 25, the adi-
ponectin/leptin ratio of ICR-restricted and ICR-refed mice was
significantly higher than either AL-fed or CCR groups. These
differences were greatest at weeks 55/56 and 73/74. These
data indicate that one of the factors associated with lower MT
incidence of ICR mice may be a higher serum adiponectin/
leptin ratio. As mentioned earlier, a recent study conducted
with human subjects reported that the adiponectin/leptin ratio
was reduced in women diagnosed with breast cancer com-
pared to those without the disease (16). In addition, there was
a significant negative correlation between the adiponectin/
leptin ratio and tumor size (16). The authors suggested that the
serum adiponectin/leptin ratio may indicate the aggressive-
ness of breast cancer independent of BMI. We have also found
higher adiponectin/leptin ratios to be associated with the delay
in prostate cancer detection and death in the TRAMP mouse
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model as a result of the ICR protocol (38,39). The adiponectin/
leptin ratio has also been investigated in a recent in vitro study
where proliferation of estrogen receptor-positive and -nega-
tive breast cancer cells was significantly inhibited at a high
adiponectin/leptin ratio, whereas, when the adiponectin/leptin
ratio level was reduced there was an increased proliferation
(53). These results suggest that individually adiponectin or
leptin levels have no effect, but the balance of adiponectin
to leptin may play important roles in cancer development.
Another recent study reported that the adiponectin/leptin ratio
was significantly lower in obese compared to lean mice, but
there was no association with tumor growth resulting from
implanted human breast cancer cells (54). In the present study,
there were no consistent results for the adiponectin/leptin ratio
for mice with and without MTs. This may be due to the small
numbers of mice at each age and stage of disease. There is
the possibility that mice that were tumor-free when they were
euthanized would have eventually developed MTs if they had
been followed for longer than 74 weeks of age as has been
the case in longitudinal studies. Additionally, the genetic simi-
larity of the mice may preclude serum factors from influencing
mammary tumor development.

We determined correlations of serum leptin and adiponectin
with each other as well as with other measurements. However,
it was difficult to draw any general conclusions based on these
results. Earlier studies have also reported conflicting results for
the correlation between serum adiponectin and leptin levels.
Although Gavrila et al reported no correlation between human
serum adiponectin and leptin levels (47), a negative correlation
between the two parameters was reported in another study
(55). More interesting results were obtained for the correlation
between body weight and serum parameters. Although the
correlation between body weight and the serum adiponectin
level was usually not significant, leptin was positively cor-
related with body weight but negatively correlated with the
adiponectin/leptin ratio. There are also conflicting results
for the correlation between body fat and serum adiponectin
levels in previous studies (56-58). Our results support previous
reports of a positive correlation between body weight and
serum leptin in mice (16,59-62).

In conclusion, we demonstrated the protective nature of
ICR and CCR and found that ICR offers a greater prevention
of MTs compared to an equal degree of calorie restriction
implemented chronically (11.5 vs 20% total MT incidence and
18 weeks delay in MT development with ICR; Fig. 1A and B).
We also demonstrated that the two modes of calorie restriction
may have different effects on serum leptin levels as well as on
the adiponectin/leptin ratio. Some of these effects may also
be mediated by age. Although adiponectin and leptin have
opposite effects on many physiological functions, there was
no correlation between serum adiponectin and leptin levels
in the present study. Finally, for the first time we reported
that the adiponectin/leptin ratio significantly decreased from
week 10-74 regardless of calorie intake. The adiponectin/
leptin ratio in ICR mice was significantly higher than that for
CCR and AL-fed groups, especially after 26 weeks of age.
Further studies will assess MT and mammary fat pad protein
expression levels associated with these adipokines to further
understand the mechanisms of action of the protective effect
of ICR in the prevention of mammary tumorigenesis.
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