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Abstract

Background: Breast cancer is widespread in Iran and exercise training is an adjuvant strategy for managing this illness. 
Objectives: The aim of this study was to investigate the effects of aerobic training on tumor growth and its relationship with 
changes in adiponectin, leptin, and ghrelin in mice with breast cancer.
Materials and Methods: In this animal experimental study, which was conducted during year 2016 in Iran, 20 female BALB/c mice 
were randomly divided to two groups: Tumor Control (TC) and Exercise (E). The MC4L2 cancer cells were injected in the mice. The 
E group then performed progressive aerobic training for six weeks. Tumor volume, food intake, weight, and muscle endurance of 
all mice were measured weekly. At six weeks, the mice were sacrificed and tumor, gastrocnemius muscle, and heart weights were 
measured. Level of cytokines/hormones were quantified using the Enzyme Linked Immunosorbent Assay (ELISA) methodology in 
tumor, serum, muscle, and adipose tissue.
Results: Aerobic exercise training was associated with a significantly decreased growth rate and final weight of the tumor (1.11 versus 
2.74 g) compared to the TC group (P < 0.05). Exercising mice also had greater food intake, muscle endurance, heart weight (0.12 
versus 0.09 g), and muscle weight (0.078 versus 0.045 mg) when compared with the TC group (P < 0.05). In addition, the E group 
had significantly increased adiponectin in all sites except the tumor, decreased leptin in all sites, and increased ghrelin in serum 
compared to the TC group (P < 0.05).
Conclusions: Aerobic exercise training in mice with breast cancer attenuated tumor burden and cachexia, and improved appetite, 
muscle size and function and fitness relative to non-exercising controls.
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1. Background

Cancer cachexia is defined by an ongoing loss of skele-
tal muscle mass with or without loss of fat mass, associ-
ated with progressive functional impairment. Loss of mus-
cle mass leads to lower strength, which in turn leads to de-
creased mobility and quality of life and increases mortality
by 25% to 30% in patients with cancer (1). Since cachexia
is a multifactorial syndrome, effective treatment strate-
gies must be multifaceted as well; there is some evidence
that regular physical activity by itself can be an effective
therapeutic strategy for cancer cachexia (2, 3). Cachexia

is characterized by a negative protein and energy balance
driven by a variable combination of reduced food intake
and abnormally high metabolism (4). Food intake and
metabolism are regulated by hormones, neuropeptides,
and cytokines, including, ghrelin, leptin, and adiponectin
(5). These cytokines, which are involved in the regulation
of feeding, may play an important role in both general and
cancer cachexia (6).

Ghrelin, a 28-amino acid peptide, is produced in the
stomach, stimulates food intake and growth hormone se-
cretion, suppresses inflammation, reduces energy expen-
diture, and attenuates muscle catabolism (7). These func-
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tions suggest that ghrelin could improve cachexia. In
this regard, it has been shown that ghrelin injection in
mice with cancer (8) led to increased food intake and body
weight and improved cachexia compared to control mice.
Another way to increase endogenous ghrelin levels ap-
pears to be via modulation of physical activity levels. For
example, ghrelin levels in the circulation increased follow-
ing moderate-intensity aerobic training in healthy adults
(9). However, there are no studies investigating the effect
of exercise training on ghrelin levels in animal or human
models of cancer (including mice with breast cancer).

Leptin, an adipocytokine secreted mainly by adipose
tissue, acts to suppress food intake and stimulate energy
expenditure (5), and plays an important role in breast
cancer development through a variety of pathways. Li
et al. (2016) showed that leptin significantly increased
tumor volume, lung metastases, and tumor-associated
macrophage markers in xenograft tumor-bearing mouse
models (10). Del mar Blanquer et al. (2016) showed a role
for leptin in metabolic reprogramming (i.e. an enhanced
use of glucose for biosynthesis and lipids for energy pro-
duction). Unlike most normal tissues, cancer cells tend to
“ferment” glucose into lactate even in the presence of suf-
ficient oxygen to support mitochondrial oxidative phos-
phorylation (the Warburg effect). The metabolic adap-
tations induced by leptin may enhance Michigan Cancer
Foundation-7 (MCF-7) tumor growth and may underlie the
reverse Warburg effect (11). Notably, energy expenditure
through exercise, independent of energy intake, may ben-
eficially modulate leptin levels. For example, four weeks
of aerobic training that lowers adiposity has been shown
to concomitantly reduce circulating leptin concentrations
in obese individuals (12). Aerobic exercise has been shown
to be an effective adjuvant therapy in females with breast
cancer, yet the role of leptin modulation in these benefits
is largely unknown, as there is limited evidence to date as-
sessing the effects of exercise on leptin levels within tumor
tissue, adipose tissue and/or circulation in either animal
models or human patients with cancer.

Adiponectin (also known as ACRP30) is another mem-
ber of the adipocytokine family, which may be impor-
tant in cancer prognosis. It is induced during adipocyte
differentiation, and its secretion is stimulated by in-
sulin and Insulin-like Growth Factor-1 (IGF-1). Like leptin,
adiponectin is involved in metabolism and inflammation
yet in a reverse manner (5). Adiponectin serum levels are
inversely associated with body weight, adiposity, and in-
flammation. Thus, low adiponectin levels are found in obe-
sity and metabolic syndrome (13), and high levels are found
in anorexia nervosa (14) and during weight loss (15). How-
ever, results are heterogeneous in cancer-related adipos-
ity and weight changes in cancer cohorts. For example,

reduced levels of serum adiponectin have been reported
in patients with breast cancer (16) compared to healthy
controls. However, in another study, no correlation was
observed between weight loss and adiponectin levels in
patients with breast and colon cancer (6). Finally, in an-
other report, in contrast to increased adiponectin, gen-
erally observed after weight loss in healthy individuals,
adiponectin levels decreased after weight-loss in advanced
lung cancer (17). Exercise can also modulate leptin and
adiponectin levels in healthy adults and animals (18). Most
commonly, higher adiponectin has been associated with
higher levels of physical activity or exercise interventions
(18), especially when exercise is associated with weight loss.
Fewer studies are available in cohorts with cancer, and as
with leptin, the results are mixed. Theriau et al. (2016)
showed that Conditional Media (CM) created from the adi-
pose tissue of High Fat Diet (HFD)-fed animals caused an
increase in the proliferation on MCF7 cells compared to
cells exposed to CM prepared from the adipose of lean
chow diet-fed counterparts (19). However, physical activity
ameliorated these proliferative effects of HFD-CM on MCF7
cells, by increasing adipoR1 and p27T198 by AMPK, reduc-
ing pAktT308 in a manner that depended on the volume of
physical activity exposure. High volumes of physical activ-
ity (> 3 km/day) completely abolished the adverse effects
of HFD feeding on cancer cell proliferation (19).

Thus, evidence to date about ghrelin and adipokines
and exercise in healthy cohorts or those with can-
cer/cachexia is incomplete and not consistent within
or across species. No study to date has investigated the
levels of adiponectin, leptin, and ghrelin in muscle, tumor,
adipose tissue, and serum, simultaneously, in relation to
exercise in either human or animal models of cancer
cachexia. Therefore, the novelty of this study is assessing
these cytokines at four sites and also measuring functional
variables and determining the correlation between them.
Therefore, the aim of this study was to investigate the
effects of exercise training on cachexia and the major
cytokines potentially linked to cancer cachexia: ghrelin,
leptin, and adiponectin, in mice with breast cancer. It was
hypothesized that six weeks of aerobic exercise training
would maintain or improve body weight and muscle
function, attenuate tumor growth rate, increase ghrelin,
decrease leptin, and increase adiponectin in mice with
mammary breast cancer, relative to sedentary control
mice. It was further hypothesized that the improvement
or maintenance in body weight and muscle function after
exercise and the attenuation of tumor growth rate would
be significantly related to these beneficial adaptations in
ghrelin and cytokines.
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2. Materials and Methods

This study was an animal experimental study, which
was conducted at Tarbiat Modares University, Tehran, Iran.

2.1. Cell Line

The MC4-L2 cells that are Estrogen Receptor-positive
(ER+) breast ductal carcinoma were used. The process
of cell culture was done as reported previously (3, 20).
The cells were cultured in T75 flask in DMEM/F-12 medium
containing 100 µg/mL penicillin,15 mM HEPES, 100 µg/mL
streptomycin, glutamine, and 10% Fetal Bovine Serum
(FBS). By using 0.025% trypsin, the cells were detached
from the bottom of flasks, and after rinsing with Phos-
phate Buffered Saline (PBS) and enzyme neutralization us-
ing 10% FBS, all content of the flask were emptied into Fal-
con tubes and centrifuged at 1200 rpm for four minutes.
The supernatant was decanted and the cell plate dissolved
in the medium containing 10% FBS. Hemocytometer and
Trypan blue were used to determine cell count and cell vi-
ability, respectively.

2.2. Sample

Animals, purchased from the Pasteur Institute of Iran,
were kept under 12-hour dark and light cycle, at temper-
ature of 23 ± 2°C and suitable humidity, with free access
to food and water. The sample size was selected on the
basis of similar studies and statistician experts. For the
Tumor sample, female BALB/c mice (n = 20) were anes-
thetized using a suitable dose of Ketamine and Xylazine,
and then one million MC4-L2 cells were injected subcuta-
neously into the right upper thigh of each mouse. Healthy
control female BALB/c mice (n = 10) were recruited for com-
parison of muscle endurance. This study was approved by
the Animal Ethics Committee of Sport Sciences Research
Institute, during year 2016. The registration number was
IR.SSRI.REC.1395.129.

2.3. Study Design

The tumor sample (n = 20) was randomly divided to
two groups: Tumor Control (TC) and Exercise group (E). The
exercise group performed progressive aerobic training for
six weeks. Prior to the initiation of the exercise training,
the mice were exposed to treadmill familiarization for five
days. Familiarization was done with gradually increasing
speeds (10, 12, 14, 16, and 18 m/minute) at 0% inclination.
Following the acclimation, the progressive aerobic train-
ing protocol began at 16 to 18 m/minute, 0% incline, 10 to
14 min/session, five days/week for five weeks (21). Weekly in-
creases in running speed during the training period were
used as a guide to assess adaptation to exercise training.

No electrical stimulation was performed. The mice were
encouraged to run by a gentle tap on the tail or hindquar-
ters. The TC group was placed on a switched-off treadmill
during the 5-week training period for the exact same time
as the training group. The exercise group animals stopped
training 48 hours before being sacrificed. All outcome test-
ing was done by non-blinded assessors.

2.4. Food Intake, Body Weight and Tumor Volume and Weight
Measurements

Food intake was estimated by subtracting residual
weekly food weight/cage from initial food weight dis-
pensed to each cage every week to the nearest 1.0 gm. All
animals were weighed at baseline and weekly with a dig-
ital scale. Tumor size was measured in two dimensions,
weekly, during six weeks. The larger tumor dimension was
considered as length (L), and the other (at 90 degrees) as
width (W). After appearance of the tumor, the length and
width of the tumor were measured by a digital caliper once
a week. Tumor volume was then estimated using the tu-
mor volume formula: [V = π/6 (W × L2)]. After sacrific-
ing, the entire tumor and gastrocnemius muscle were dis-
sected and the final tumor weight and gastrocnemius mus-
cle were measured. The degree of precision for tumor and
muscle weight was 0.0001 g.

2.5. Muscle Endurance Measurement (Kondziela’s Inverted
Screen Test)

Mice were placed in the center of the wire mesh screen,
a stopwatch was started, and the screen was rotated to an
inverted position over two seconds, with the mouse’s head
declining first. The screen was held steadily 40 to 50 cm
above a padded surface. The time when the mouse fell off
was noted, or the mouse was removed if the criterion time
of 120 seconds was reached. The test was scored as paper of
Deacon (22).

2.6. Blood and Tissue Sampling

The mice were euthanized 48 hours after the last exer-
cise or sham exercise session. During the euthanasia pe-
riod, blood (1.5 ml) was withdrawn. Blood samples were
then centrifuged for 15 minutes at 4000 rpm, serum was
collected and then serum and tissues were stored at -80 °C
for further analysis.

2.7. Training Effectiveness

The Heart Weight to Body Weight (HW/BW) ratio was
used as an indicator of the effectiveness of training (23). Af-
ter sacrificing, the heart weight was measured and the ra-
tio was calculated using the final body weight.
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2.8. Cytokine Measurements

Serum and muscle, fat and tumor tissue were removed
and frozen (-80°C) immediately after the mice were sacri-
ficed. Fresh-frozen tissues (100 mg) were homogenized.
The homogenates were immediately centrifuged at 12000
g for 20 minutes at 4°C, and the supernatant was removed
as the detergent-soluble fraction. Protein concentrations
were determined using the Bio-Rad Protein Assay with BSA
for the standard curve. The samples were stored imme-
diately in aliquots at -80°C for subsequent ELISA analysis.
Assays of ghrelin (Code number RAB0207, Sigma Aldrich
USA, Intra-Assay: CV < 10%, Inter-Assay: CV < 15%, Detection
Range: 0.1 - 1,000 ng/mL), leptin (SEA084mu, cloud-clone
corp. wuhan USA, Intra-Assay: CV < 10% Inter-Assay: CV <
12%, Detection Range: 0.156 to 10 ng/mL), and adiponectin
(ab108785 Abcam USA, Intra-Assay: CV < 4.8% Inter-Assay:
CV < 7.1%, Detection Range: 0.78 ng/mL to 50 ng/mL) were
performed by ELISA kits. All assays were measured in dupli-
cates and the mean was reported.

2.9. Statistical Analysis

All data are preented as mean ± Standard Deviation
(SD) after ascertaining normality of distribution visually
and statistically. Independent t-tests were used to assess
the main effects of exercise training for outcomes mea-
sured only once at the conclusion of the study (tumor
weight, heart weight, and heart weight/body weight ratio).
Repeated measures Analysis of Variance (ANOVA) was used
to assess the main effect of Time and Group x Time interac-
tion for outcomes measured repeatedly across the exper-
iment (body weight, food intake, muscle endurance, and
tumor volume during six weeks, as well as cytokine levels).
It should be noted that all repeated measurement assump-
tions were checked. When the Group x Time interaction
was significant in the ANOVA model, post-hoc t tests of Bon-
ferroni were used to ascertain the specific time points, at
which the change over time differed between groups. Re-
lationships between changes in variables of interest (e.g.
change in adipokines and change in tumor size) were ana-
lyzed via linear regression models and Pearson correlation
coefficient. All analyses were performed using the SPSS sta-
tistical software Ver. 19(IBM, Chicago, IL, USA) with the sig-
nificance level set at P < 0.05.

3. Results

3.1. Body Weight and Food Intake

The mean body weight and food intake between the 2
tumor groups is shown in Table 1. Body weight did not dif-
fer significantly between TC and E groups across six weeks
(P = 0.189). However, the E group had a significantly higher

food intake than TC (P = 0.042). Unexpectedly, there was a
negative correlation between food intake and body weight
during the six weeks in TC (r = -0.93, P = 0.008), which was
not seen in the E group (r = 0.68, P = 0.134).

3.2. Muscle Weight

As expected, gastrocnemius muscle weight was higher
in E (0.0787 ± 0.012 mg) compared to the TC group (0.045
± 0.009 mg; P = 0.001) after sacrificing at six weeks.
The mean difference between the two groups for muscle
weight was 0.033 mg (CI: 0.016, 0.045).

3.3. Tumor Size and Tumor Weight

As hypothesized, the final tumor weight after sacrifice
was significantly lower in the E group compared to the TC
group (P = 0.001), Figure 1. The mean difference between
the 2 groups for tumor size was 1.625 g (CI: 0.064, 2.33). Con-
sistent with this finding, the rate of tumor growth was at-
tenuated in the E group compared to the TC group over six
weeks (P = 0.001, ES = 0.78). This E effect was not observed at
week 1 (P = 0.63; mean diff 2.55g CI: -8.77, 25.25) or week 2 (P
= 0.24; mean diff 27.92g CI: -30.99, 144.82), yet the 2 groups
were significantly different from week 3 to 6 (week 3: P =
0.001; mean diff 166.99g, CI:73.35, 345.49; week 4: P = 0.001;
mean diff 326.33g, CI:14.45, 576.58; week 5: P = 0.001; mean
diff 777g, CI:141.5, 1317.51; week 6: P = 0.001; mean diff 1327g,
CI:302.22, 1945.22).

Figure 1. Comparison of Tumor Weight (g) Between Exercise (E) and Tomur Control
(TC) Groups
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Table 1. Body Weight and Food Intake Throughout the Study Period Between the Groupsa , b

Group Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Body weight, g
TC 17.83 ± 0.98 18.03 ± 0.91 18.60 ± 1.12 19.05 ± 1.03 19.66 ± 1.07 20.81 ± 1.22

E 17.75 ± 0.69 17.98 ± 0.77 18.26 ± 0.83 18.61 ± 0.78 19.72 ± 1.03 19.93 ± 1.23

Food intake, g
TC 165.50 166.05 162.82 160.23 155.04 140.62

E 162.90 169.5 166.84 167.33 170.55 172.04

Abbreviations: TC, Tumor Control; E, Exercise; g, grams
aData are presented as Means ± Standard deviation
bFood intake was measured for the whole cage of each group and therefore has only a single mean value for each group.
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Figure 2. Tumor Volume (mm3) Between Exercise (E) and Control (TC) Groups

3.4. Muscle Endurance Test

Kondziela’s inverted screen test was used to determine
muscle endurance of the mice in the healthy control, TC,
and E groups. Healthy mice held on for more than 120
seconds on the device. There was a significant difference
among the three groups (P = 0.001) overall. There were sig-
nificant differences among all three groups from week 3 to
6. The healthy group was the strongest group and E was
stronger than TC, Figure 3.

3.5. Fitness Adaptations

The heart weight to body weight (HW/BW) ratio is an
index of efficiency of training (23), with higher ratios in-
dicating better training adaptation. The HW/BW ratio was
higher in E (0.006 ± 0.001) than in the TC group (0.004 ±
0.001; P = 0.001), as expected. The mean difference between

the 2 groups for HW/BW ratio was 0.002 (95% CI: 0.001,
0.003). The correlation between HW/BW ratio and muscle
weight and tumor weight was r = 0.736 (P = 0.001) and r =
-0.663 (P = 0.005), respectively. The relationship between
HW/BW ratio and the endurance test at the sixth week was
r = 0.621 (P = 0.010).

3.6. Adipocytokine Changes

Adiponectin: As hypothesized, serum adiponectin was
higher in E than TC at the end of the trial (P = 0.001). Simi-
larly, fat adiponectin was higher in E than TC (P = 0.002),
as was muscle adiponectin (P = 0.014). However, tumor
adiponectin was similar between the two groups (P = 0.47),
Table 2.

Leptin: As hypothesized, leptin was significantly lower
in E compared to TC in serum, fat, muscle, and tumor, Table
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Figure 3. The Result of Kondziela’s Inverted Screen Test (sec) Between the Groups (TC: Tumor Control, E exercise, H Healthy)

2.

Ghrelin: Ghrelin was only measured in serum and tu-
mor, and results were mixed, Table 2. It was significantly
higher in serum in the E compared to the TC group, as hy-
pothesized, yet lower in E than TC in presence of tumor.

Table 2. Levels of Adiponectin, Leptin and Ghrelin in Tissues Between the Groupsa

Adipocytokine TC E P Value

Adiponectin, pg/ml

Serum 7.91 ± 1.46 12.16 ± 2.21 0.001

Tumor 35.91 ± 2.41 36.92 ± 3.09 0.471

Fat 23.16 ± 2.38 30.56 ± 4.86 0.002

Muscle 25.21 ± 2.71 29.57 ± 3.47 0.014

Leptin, ng/ml

Serum 3.42 ± 0.38 2.15 ± 0.11 0.001

Tumor 3.67 ± 0.67 2.95 ± 0.32 0.016

Fat 10.41 ± 1.11 5.02 ± 1.14 0.001

Muscle 6.20 ± 2.33 3.91 ± 1.21 0.027

Ghrelin, pg/ml

Serum 1454.40 ± 18.12 1526.41 ± 32.11 0.001

Tumor 1122.20 ± 100.80 1028.11 ± 50.31 0.033

Abbreviation: TC, Tumor Control; pg, picogram; ng, nanogram; ml, milliliter; E,
Exercise
aData are presented as Means ± Standard deviation
bANOVA test, P < 0.05 was considered significant.

3.7. Associations Between Adipokines and Other Variables

Data from E and TC groups were pooled to analyze
these relationships. There were inverse associations be-
tween leptin and adiponectin in tumor (r = -0.846 P =
0.008), serum (r = -0.754 P = 0.031), muscle (r = -0.607 P =
0.110), and adipose tissue (r = -0.892 P = 0.003), as expected.
This study also investigated the relationship between these
factors and the outcomes related to cancer progression
and cachexia.

3.8. Tumor Size

As hypothesized, tumor size was directly related to lep-
tin in serum (r = 0.94, P = 0.001), adipose tissue (r = 0.83,
P = 0.001), and tumor (r = 0.59, P = 0.016). Similarly, tu-
mor weight was directly related to leptin level in serum (r
= 0.78, P = 0.001) and adipose tissue (r = 0.87, P = 0.001), as
expected. Also, as hypothesized, tumor size (r = -0.67, P =
0.004) and tumor weight (r = -0.87, P = 0.001) were both
inversely related to serum ghrelin. By contrast, tumor size
was directly related to tumor ghrelin (r = 0.72, P = 0.002).

3.9. Body Composition

There was a significant positive relationship between
leptin and body weight in adipose tissue (r = 0.557, P =
0.025) and serum (r = 0.512, P = 0.043), yet not in muscle
(r = 0.468, P = 0.068) or tumor (r = 0.173, P = 0.523). As ex-
pected, muscle weight was inversely related to tumor (r =
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-0.56, P = 0.025), serum (r = -0.84, P = 0.001) and adipose tis-
sue (r = -0.72, P = 0.002) leptin levels, and positively related
to serum ghrelin (r = 0.81, P = 0.001).

3.10. Fitness

As expected, the HW/BW ratio (aerobic fitness index)
was inversely related to leptin in tumor (r = -0.42, P = 0.109),
serum (-0.63, P = 0.008), muscle (r = -0.62, P = 0.010), and
adipose tissue (r = -0.61, P = 0.013). Also, as anticipated, mus-
cle endurance was inversely related to leptin in tumor (r =
-0.62, P = 0.009), serum (-0.82, P = 0.001), and adipose tis-
sue (r = -0.87, P = 0.001), and directly related to ghrelin in
serum (r = 0.78, P = 0.001).

There were no significant relationships between
adiponectin and any of the above variables.

4. Discussion

As hypothesized, aerobic training significantly de-
creased both the growth rate and final weight of the tu-
mor compared to non-exercising controls. Also, as hypoth-
esized, exercising mice had greater food intake, muscle en-
durance, heart weight/body weight (fitness), and muscle
weight than controls. In addition, many of the hypothe-
sized potentially beneficial adaptations to exercise in cy-
tokines were observed, including significantly increased
adiponectin at all sites except the tumor, decreased leptin
at all sites, and increased ghrelin in serum. Finally, as an-
ticipated, the levels of cytokines after training predicted
some of the beneficial physiological outcomes related to
cancer cachexia noted above. Thus, the current data pro-
vides evidence for the beneficial effect of aerobic training
in the modulation of cytokines involved in tumor cachexia
and growth, resulting in attenuation of tumor burden,
greater food intake, increased muscle size and endurance
and better cardiovascular and musculoskeletal fitness in
mice with breast cancer compared to non-exercising con-
trol mice with breast cancer.

4.1. Effect of Exercise on Cachexia and Cytokines

Cachexia is associated with loss of muscle mass as well
as muscle function. On the 3rd week, muscle endurance
declined as tumor volume increased, and both of these
changes were attenuated by concomitant aerobic exercise
compared to sedentary mice. For determine cachexia, ad-
vanced devices must be used to measure the composition
of the mouse body, which was a limitation of the current
study. Other positive adaptations to the exercise interven-
tion included a higher food intake, HW/BW ratio, and gas-
trocnemius muscle size. Therefore, several common fea-
tures of cancer cachexia in mice were mitigated by the aer-
obic training intervention.

The current results are in line with the results of several
animal studies (3, 24), which have shown a reduction in tu-
mor volume after aerobic training. Isanejad et al. (2016)
and Khori et al. (2015) reported a reduction in tumor vol-
ume after aerobic training associated with changing levels
of several miRNAs (miR-21, Let-7a and miR-206) linked to
cachexia and their target genes (3, 25). Reduced tumor vol-
ume after exercise training in animals has also been associ-
ated with reduction in levels of angiogenic cytokines and
inflammation products (20) within tumor tissue. In this
study, for the first time, reduced tumor volume in the aer-
obic training group as well as modification of 3 cytokines
influencing appetite and energy metabolism (leptin, ghre-
lin and adiponectin) were indicated. Notably, in the cases
of ghrelin and leptin, these changes were associated with
some of the features of cancer cachexia measured.

Ghrelin plays an autocrine/paracrine role in a num-
ber of processes associated with cancer development, in-
cluding cell proliferation, cell migration, and apoptosis. A
small number of studies have focused on ghrelin, specif-
ically in the tumor tissue of cancer patients. Jeffrey et al.
(2005) showed that ghrelin levels in breast cancer cells are
higher than in normal cells, and ghrelin stimulates pro-
liferation of cancer cells (26). In the present study, it was
shown that aerobic training reduced the levels of ghrelin
in tumor tissue, correlated with a reduction in tumor vol-
ume compared to sedentary tumor-bearing mice. There-
fore, it is possible that reduced tumor growth with exercise
may be related in part to reduced levels of ghrelin in tumor
tissue.

By contrast, consistent with other studies, increased
serum ghrelin levels were observed in the mice after aer-
obic training. Thus, it may be that serum ghrelin acts in
a different manner to ghrelin in tumor tissue, preventing
cachexia, and inhibiting tumor growth. Circulating ghre-
lin has a strong orexigenic effect (27). In tumor-bearing
states, cachectic factors, such as cytokines, can elicit effects
on energy homeostasis that mimic leptin and suppress
orexigenic ghrelin. As shown in Table 1, food intake in the
aerobic training group was higher than the control group.
Although individual levels of food intake and serum ghre-
lin could not be correlated as food intake was measured for
the group as a whole, the findings are consistent with the
possibility that aerobic exercise stimulates food intake via
increased circulating ghrelin. Ghrelin is known to inhibit
leptin and pro-inflammatory cytokine expression by hu-
man monocytes and T cells (28), which could be one mech-
anism by which ghrelin increases appetite. Thus, a benefi-
cial adaptation to exercise training in cancer cachexia may
be modulation of ghrelin and other appetite-regulating
neuropeptides.

Adiponectin and leptin are altered with adiposity and
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exert antagonistic effects on cancer cell proliferation.
Adipokines are bioactive particles that mediate

metabolism, inflammation, angiogenesis, and prolifera-
tion. Leptin and adiponectin represent two adipokines
that elicit generally opposing molecular effects. There
are associations between increased serum leptin levels
and increased tumor growth, while adiponectin exhibits
an inverse, relatively strong correlation with cancer
development. Leptin has been shown to increase pro-
liferation, migration, and invasion of cancer cells (29),
while lower plasma adiponectin levels are associated with
larger tumor size and metastasis in clear-cell carcinoma
of the kidney (30). Adiponectin can also antagonize the
actions of leptin. For example, leptin phosphorylates
and activates the signal transducer and activator of
transcription (STAT)3 and STAT5 and Janus Kinase (JAK)2,
which are involved in cancer development. By contrast,
adiponectin can increase protein tyrosine phosphatase
1B (PTP1B), which then de-phosphorylates STAT3 and JAK2,
thus antagonizing leptin signaling.

In this study, levels of serum adiponectin were higher
and leptin levels were lower after exercise compared to
non-exercising control mice, consistent with studies of
physical activity in humans. Although normally secreted
from adipose tissue, leptin can be secreted from breast
cancer cells. Levels of leptin in tumor tissue and adipose
tissue were significantly lower with exercise, yet levels of
adiponectin were not different in tumor tissue and signif-
icantly higher in adipose tissue after exercise. It is possi-
ble that the exercise training suppressed leptin signaling
and improved cachexia in this cancer model by increas-
ing levels of adiponectin. However, as these regulatory fac-
tors were only measured at the end of training, it is not
possible to ascertain the time course and causal relation-
ships among them. These adaptations to training require
further study with sequential sampling over the full time
course of tumor growth and cachexia development.

In summary, ghrelin, leptin, and adiponectin can mod-
ify energy metabolism and appetite and may have impor-
tant roles in cancer cachexia and tumor progression in
both animals and humans. Aerobic training for six weeks
in a murine model of breast cancer successfully attenu-
ated tumor growth and cachexia, including food intake,
body composition and muscle function/fitness compared
to sedentary mice, and some of these benefits were related
to beneficial cytokine/hormone adaptations in these ani-
mals. Future investigations of the time course and molec-
ular mechanisms underlying these adaptations, optimal
dose-response patterns, and relevance to human cohorts
with breast and other cancers are warranted.
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