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Abstract

A positive association of obesity with breast cancer incidence and mortality is well established.

Recent reports indicate that adipose stromal cells (ASCs) play an important role in breast cancer

development and progression by producing estrogens and tumor-promoting cytokines.

Furthermore, circulating ASCs have been uniquely detected in obese individuals, which is likely

due to increased tissue remodeling and cell mobilization. The number of circulating ASCs is even

more prominent in obese patients with colon and prostate cancers, both of which are exacerbated

by obesity. To determine whether a similar association exists for breast cancer, we collected blood

samples from a cohort of breast cancer survivors and enumerated circulating ASCs by flow

cytometry on the basis of the previously established ASC-associated immunophenotype (CD34+/

CD31−/CD45−). We found significantly higher levels of circulating ASCs (p < 0.001) in breast

cancer survivors with body mass index (BMI) ≥ 30 kg/m2 than their non-obese counterparts (BMI

< 30). We also compared circulating ASCs before and after exercise of only the obese subjects

enrolled in a 6-month individualized exercise program, but found no statistically significant

difference, likely due to limited number of subjects in the study. Our findings suggest that

circulating ASCs can serve as a potential biomarker for future studies of the impacts of obesity

and physical activity on breast cancer recurrence and survival.
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INTRODUCTION

Breast cancer is the second leading cause of cancer-related death among women in the

United States (1). Cancer survival is associated with significant decrements in health status

and an increased risk of death from non-cancer causes (2). The “burden” of survival includes

an increased risk of morbidity and mortality related to comorbid chronic diseases, such as
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type 2 diabetes and cardiovascular disease (3). According to the American Cancer Society, a

cancer survivor is any person who has been diagnosed with cancer, from the time of

diagnosis through the balance of life. In practice, the concept of survivorship is often

associated with the period after active treatment ends (4). Epidemiological studies have

shown that obesity increases breast cancer incidence and mortality, predominantly in

postmenopausal women (5-7). Approximately 30-50% of breast cancer deaths may be

attributed to excess body weight (overweight and obesity) (8). Excessive adiposity also

contributes to deteriorated health of breast cancer survivors (9-13). According to the Centers

for Disease Control and Prevention, the population of obese adult women has increased

dramatically in the United States from approximately 16% in 1962 to 48% in 2008 (14). The

dramatic increase in the prevalence of obesity, combined with the fact that over 75% of new

cases of breast cancer occur in postmenopausal women (1), poses a pressing challenge on

breast cancer prevention, treatment, and survival.

There is strong evidence that modifiable behavioral risk factors can influence the health of

cancer survivors. In particular, physical activity is associated with diminished treatment-

related side effects, enhanced quality of life (15, 16), and reduced risk of cancer recurrence

and comorbidity (17-20). On the other hand, it is estimated that excess body weight and low

physical activity together may account for one quarter to one third of all breast cancer cases

(21). Though the benefits of exercise have been well documented, less than half of U.S.

adults meet the recommendations for physical activity and a fourth report no activity at all

(22, 23). Inactivity is even higher for women, as nearly 65% of women in the United States

do not obtain sufficient amounts of physical activity (24). Substantial epidemiologic

literature on physical activity and breast cancer (25, 26) supports a “probable” cancer-

preventive role of physical activity in postmenopausal women, whereby habitual activity

may lower risk by approximately 20% (27).

Reduced levels of fitness, loss of strength, treatment side effects, and the stressors of the

cancer experience can make it more difficult for survivors who may want to increase their

activity (28). A number of studies have examined the therapeutic value of exercise during

primary cancer treatment (29-31). The evidence supports the paradigm that exercise is not

only safe and feasible for cancer survivors, but it also can significantly improve physical

functioning (29, 31-36). This applies to longer-term quality of life outcomes for survivors as

well (33, 37-39). Increasing physical activity is perhaps the most easily modifiable and

inexpensive method of ameliorating obesity (40) by increasing the expenditure side of the

energy balance equation.

In evaluating obesity it is important to look at other variables beside body mass index

(BMI). Using BMI has been criticized because BMI does not always reflect true adiposity

(body fatness) (41-43). A safe, non-invasive way to assess body fatness is through the use of

skinfold assessment (44). In this study we measured body composition both with BMI and

body fatness estimates from skinfold assessments (42). It is important to account for body

fatness, as small changes in composition of body fatness without corresponding changes in

weight can do much to reduce risk as well as increase basal metabolism rate thereby

increasing the energy expenditure (45).
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Obesity is accompanied by expansion of white adipose tissue (WAT), which exerts a direct

effect on tumor development and progression (46, 47) as a potent endocrine organ (48-50).

WAT is composed of heterogeneous cell populations that include mature adipocytes,

infiltrated monocytic cells, and perivascular adipocyte progenitors, which are also known as

adipose stromal cells (ASCs). Among all the cell types in adipose tissue, ASCs serve as the

major source of adipose tissue-derived estrogens (51, 52), a primary underlying factor for

obesity-associated breast cancer risk among postmenopausal women (53, 54). Furthermore,

recent studies have shown that WAT expansion is associated with ASC proliferation (55),

and that number of ASCs per gram of WAT increases in obese individual (56, 57). ASCs

share several common features with mesenchymal stem cells (MSCs) (58-61), such as the

multipotent potential and the ability to produce a number of tumor-promoting cytokines and

growth factors (51, 62-65). Indeed, several animal studies indicate that ASCs can home to

tumor sites and promote tumor growth (47, 66-68).

Bellows et al. recently reported that a circulating cell population that shares the same

immunophenotype as adipose tissue-derived ASCs was uniquely detected in the blood

circulation of obese individuals (69, 70). This obesity-associated circulating cell population

expressed high levels of the hematopoietic cell-specific marker (CD34+), but low levels of

the endothelial- (CD31−) and macrophage/monocyte-specific (CD45−) markers.

Intriguingly, the abundance of circulating ASCs was found to be even higher in obese

colorectal and prostate cancer patients than their cancer-free obese controls (69, 71). Thus,

circulating ASCs may not only serve as a novel biomarker for obesity-related pathological

progression but also play an active role in cancer progression and metastasis. In light of the

well-documented association of obesity with breast cancer, we compared in the current

study the abundance of circulating ASCs in obese and non-obese breast cancer survivors.

Although there is published work on the effect of exercise on circulating endothelial cells

(72) and hematopoietic progenitor cells (73), similar studies on circulating ASCs have not

been reported. Therefore, we sought to assess the impact of exercise on circulating ASCs

among the obese breast cancer survivors.

MATERIALS AND METHODS

Recruitment

The subjects involved in the current report were part of a 6-month longitudinal study aimed

at examining the impact of exercise on breast cancer survival. Upon approval of the protocol

by the Institutional Review Board (IRB), participants were recruited with assistance from

the Deriving Inspiration and Vitality through Activity (DIVA) Program from the

ThriveWell® Cancer Foundation in San Antonio, Texas. The DIVA program is a self-

referral program that offers support services for breast cancer survivors. Potential

participants who called in to register for the DIVA program were screened for inclusion

criteria. In addition, DIVA flyers advertising the study were distributed to local oncology

clinics and relayed on radio and television announcements. Participants responding to these

notices called the DIVA center to express interest and were screened for eligibility by

research staff. Inclusion criteria were: female 18 years of age or older, history of breast

cancer (invasive or ductal in situ), post treatment (chemo, radiation, surgery or combination)
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for at least 2 months, free of any absolute contra-indications for exercise testing as stated in

the American College of Sports Medicine (ACSM) Guidelines for Exercise Testing and

Prescription (42), able to read/write in English, and able to provide informed consent. Any

subjects who had breast cancer relapse and/or new cancer diagnosis during the period of the

study were withdrawn.

If interested in participating in the research, participants were asked to complete the Physical

Activity Readiness Questionnaire (PAR-Q), as detailed in the ACSM's Guidelines.

Physician's clearance for participating in an exercise program was required for any

participants who answered “yes” to any of the seven questions listed on the PAR-Q prior to

scheduling a “pre” intervention baseline appointment. Participants who answered “no” to all

questions or had received physician's clearance to exercise were scheduled for an

appointment at the South Texas Oncology and Hematology Center (START Center) DIVA

location in San Antonio Texas. After providing informed consent, participants completed

“pre” intervention baseline assessments in one session at the START Center location. A

total of 130 potential participants expressed interest in the study, and 121 met the inclusion

criteria. Of the ones who met the inclusion, 94 provided informed consent and completed the

“pre” intervention baseline assessments. The first 12 obese and non-obese participants who

had the baseline assessments were involved in the study of obesity-associated circulating

ASCs (Table 1 and Fig. 1). Of the 94 participants who initially enrolled in the parent study,

72 completed one of the three 6-month exercise regimens as described below. Thirteen

participants who completed the exercise program were obese, and had their pre- and post-

exercise readings of circulating ASCs analyzed in this exercise-ASC study (Table 2 and Fig.

2).

After obtaining informed consent, assessment procedures were explained to the participants

and were conducted in the order listed. The assessments involved: height/weight,

venipuncture, anthropometric measurements, and a comprehensive fitness assessment that

included tests for cardiorespiratory function, muscular strength, flexibility, and body fat

composition. In addition we assessed level of co-morbidity for participants.

Prior to any physical assessments, using responses from the medical history information a

co-morbidity index was calculated with information provided from the participants

regarding previous diagnoses in addition to their diagnosis of breast cancer. The index was

included to assess presence of other health issues that could affect participants’ level of

engagement in exercise, including exercise assessments performed at baseline. The

information, along with results from the exercise tests, was also used to identify any

constraining issues in participating in specific exercises. A total of 17 items were included

(diagnosis of a heart attack, heart failure, heart condition, circulation problems, blood clots,

hypertension, stroke, lung problems, diabetes, kidney problems, rheumatoid arthritis,

osteoarthritis, anemia, thyroid problems, neuropathy, fibromyalgia and hepatitis). The index

was calculated by adding the number of “yes” responses to individual diagnoses (range of

score, 0-17). In addition, participants were asked about any secondary cancers and if they

had been given a diagnosis of lymphedema. The information on secondary cancers and

lymphedema was noted but treated separately from the co-morbidity index. Patients with

lymphedema require specific resistance training protocols (74-78), so this information
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allowed for further tailoring of exercise prescriptions at baseline and during the intervention

period.

Height (cm) and weight (kg) were measured using a wall-mounted Stadiometer (Seca 644

Handrail Scale). This was used to calculate participant's BMI (kg/m2). For body

composition, three-site (triceps, supra-ilium, and quadricep) skinfold assessments (79) (43)

were performed. Measurements were summed, and body density (Db) calculated according

to the ACSM-recommended formula (42):

Population-specific formulas were used for conversion of Db to % body fat. We chose to do

skinfold assessment to estimate body fatness, as BMI does not account for the “quality” of

weight. In some exercise programs, body mass index can remain constant coupled with

gains in muscle mass and loss of adiposity (42). For cardiorespiratory function, a sub-

maximal ramped cycle ergometer test with a Lode Corival Cycle (Groningen, Netherlands)

and a metabolic cart (Parvo True One®, Sandy, UT) was used for measuring VO2 (ml

O2/kg/min). During testing we also employed Borg's rating of perceived exertion (RPE)

6-20 scale (80). We asked participants to especially be aware of when they self-reported

being at RPE level > 12, which corresponds to the anchor between “fairly light” and

“somewhat hard” (~65-70% of maximum effort) (81). To estimate VO2max linear

regression were used regressing 30 second averages of heart rate on VO2 and extrapolating

VO2 to age predicted maximum heart rate (42). Arm and shoulder muscular strength was

tested using a strength dynamometer system with a sensor reporting peak force (kg)

generated during voluntary maximal isometric contraction. The larger peak force measured

of two trials was used as the strength measure. For leg strength, participants performed a

functional timed “sit-to-stand” test (82). The number of times the person could stand and sit

back down in a 30-second time period was used as the measure for leg strength. For

flexibility, participants performed a “sit-and-reach” test that assesses hip and lower back

flexibility were measured using a “sit-and-reach” flexibility box.

Exercise Prescriptions and documentation

After providing informed consent and completing the baseline assessments, participants

were randomized to either: a comprehensive, individualized exercise program (CE) (aerobic,

strength, flexibility), a structured Yoga class (YE), or no specific regimen (C) where

participants could choose their exercise activities. All participants were asked to fill out an

exercise log and a weekly physical activity questionnaire to document their activity. We

used a form of adaptive randomization called “minimization”, which is similar to

stratification in that participant characteristics are used to assign them to the treatment

conditions. For randomization group assignment was based on age, BMI, and result of the

exercise test (estimated VO2max). Regardless of assigned group, participants were

encouraged to exercise 3 times per week for approximately one hour per session, with a

targeted intensity of at least “12” on their RPE scale (80). We instructed participants to

exercise at this level as a threshold for being at an intensity high enough to gain the benefits

of exercise (i.e. moderate-to-vigorous intensity) (42). If participants wished to exercise more
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than three hours, they were neither encouraged nor discouraged to do so, but were asked to

log their activities.

Isolation of Circulating ASCs

ASCs were collected from the blood samples by following a previously published protocol

(83). In brief, blood samples (16 ml) were collected in blue top tiger tubes (BD Biosciences,

USA) and were stored on ice. The tubes were centrifuged at room temperature for 25 min

with no brake at 1,600 g. Fuzzy layers containing mononuclear cells, which were located

just above the gel barrier, were collected in 15 ml conical tubes. FcR-blocking reagent

(Miltenyi Biotec, USA) was added to the mononuclear cells (MNCs) according to the

manufacturer's recommendation (20 μl per 107 cells) and incubated on ice for 10 min. Each

sample was aliquoted into 5 tubes and various antibodies were added in each tube. After 30

min incubation on ice, cells were washed twice with ice-cold 1XPBS and were resuspended

in a final volume of 400 μl of ice-cold PBS. ASC analysis was conducted with an LSR-II

flow cytometer and the FACSDiva Software (BD Bioscience). Cells were gated to exclude

cell clumps, contaminating polymorphonuclear cells, red blood cells, platelets, endothelial

microparticles, and cell debris. Viable MNCs (>1000,000 per sample) were then used to

enumerate individual populations. For fluorescence-activated cell sorting (FACS) on MNCs,

fluorescein anisothiocyanate–conjugated CD31 antibody (clone WM59) and eFluor–

conjugated CD45 antibody (clone 2D1) were purchased from e-Bioscience, and

phycoerythrin-conjugated CD34 antibody (clone 563), along with appropriate isotype

control immunoglobulin G were purchased from BD Bioscience. Cells with the

immunophenotype of CD34+/CD31−/CD45− were identified as circulating ASCs per

published work (70).

Statistical Analysis

Data presented in each figure represents a mean value of the percentage expression of the

ASCs in the blood in obese vs. non-obese participants at baseline, and % body fat

responders (≥2% body fat loss) vs. non-responders after 6 months of exercise. The mean

values ± standard deviation (SD) and statistical analyses were calculated and plotted using

SPSS (Version 20, 2012, IBM Corp). Due to the small “n” in each comparison group, a non-

parametric approach (Mann-Whitney test) was used to compare continuous variables.

Difference for all tests were considered significant when p < 0.05.

RESULT AND DISCUSSION

To determine a potential association between obesity and circulating ASCs among breast

cancer survivors, we identified a subset of individuals who participated in a larger cohort

study of exercise and breast cancer survivorship (84). All women included in this subset

averaged 56.3 years old (SD=8.1) with a mean time from breast cancer diagnosis to study

entry of 4.7 years (SD=3.7; range 1-12 years; data not shown). The majority (77%) of

participants were ≥24 months post-treatment; 63% had invasive breast cancer, 41% of whom

were diagnosed at Stage II, followed by 24% at Stage 0-I. Over 70% were unaware of their

cancer subtype, and 44% had non-BRCA-1/2-related disease (56% did not know their

BRCA-1/2 carrier status). Therapy regimen frequencies ranged from 79% for radiotherapy
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to 94% for chemotherapy and 100% for surgery, with the majority having received a

combination, and 46% reported receiving hormonal therapy (data not shown).

To determine whether obesity is associated with circulating ASCs among breast cancer

survivors, we first collected baseline blood samples from the women prior to their being

randomized into the exercise programs. We included the first 12 non-obese and 12 obese

participants in the parent study, with ages varying from 42-78 years and a mean age of 56.9

(SD=9.8) (non-obese) and 54.4 (SD=8.8) years (obese) (Table 1). Comorbidity index did not

significantly differ between obese and non-obese participants. The average BMI of the non-

obese subjects was 27.1 (SD=2.5), and that of the obese group was 36.1 (SD=3.2), p <

0.001. Similarly, as expected the participants differed significantly in % body fatness with

the obese participants averaging 37.2% body fat (SD=4.5) to the non-obese 31.5% body fat

(SD = 2.7), p = 0.002. Obese and non-obese participants did not significantly differ with

regards to cardiorespiratory function, shoulder, leg or arm strength, or flexibility at baseline.

To analyze the counts of circulating ASCs, we enumerated the CD34+/CD31−/CD45−

population following an established gating protocol for multiparametric flow cytometry

(83). Representatives of the raw data from one obese and non-obese participant are shown in

Fig. 1A. As shown in Fig. 1B, the mean percentage for the non-obese group (BMI < 30) was

0.004 ± 0.002 %. In contrast, the mean percentage of circulating ASCs in obese subjects

(BMI ≥ 30) was 0.077 ± 0.0017 %. This represents a 19-fold statistically significant increase

(p < 0.001) in the circulating ASCs for the obese individuals. Increased number of

circulating ASCs was first linked to cancer-free obese individuals by Bellows et al. (70).

Similar observations were reported for obese colorectal and prostate cancer patients (69, 71).

In this regard, our finding of circulating ASCs among obese breast cancer survivors further

validates the previous reports and extends the association between circulating ASCs and

obesity to a women's cancer type that has been long associated with obesity.

The obese individuals in our analysis of circulating ASCs also participated in a larger

randomized controlled exercise study. Therefore, we asked whether these participants

experienced any exercise-associated changes in circulating ASCs. Of the 72 participants

who completed the parent study, a total of 13 obese participants completed one of the three

six-month exercise regimens, and had both pre- and post-exercise readings of circulating

ASCs available (Table 2). For the current study, we did not stratify this group into different

types of exercise programs due to the limited number of obese participants who completed

the parent study. We detected decreases of circulating ASCs in six, and increases in seven

individuals following the exercise program. As a whole, there was no significant difference

between the pre- and post-exercise ASC readings (Fig. 2). However, those with reduced

ASC levels had an average body fat decrease of 2.79 %, coupled with a slight increase in

cardiorespiratory function of 1.22 ml O2/kg/min. Moreover these participants also improved

in functional strength and flexibility fitness tests as well as shown in Table 2. Though the

numbers are too small to generalize any conclusions, our pilot results suggest a potential

interaction between fitness changes (body fatness, cardiorespiratory function) and ASC

changes. We plan to conduct larger, more randomized controlled trials to further address this

question.
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We recognize several limitations in the current study and intend to address them in our

future research. One caveat of the exercise-related study is the small sample size. Due to a

high attrition rate from the obese participants in the parent exercise study, we were unable to

determine any statistically significant exercise-associated changes. Therefore, this part of the

study was underpowered, which precludes us from establishing a definitive relationship

between physical activity and the circulating ASC numbers for the breast cancer survivors.

The issue of high attrition rate could be alleviated by shorter exercise program duration. For

example, instead of 6 months, 12-16 weeks as adopted in other similar kinds of exercise

research (84-87) could be considered for future studies. In addition, as all subjects included

in the study were breast cancer survivors, we were unable to discern whether the past

disease history could contribute to the elevated baseline levels of circulating ASCs in the

obese subjects. Accrual of obese women with no history of breast cancer would shed light

on this important question. Lastly, despite the common immunophenotype shared by

circulating ASCs and their adipose tissue-derived counterparts, it was difficult to pinpoint

the true origin of circulating ASCs as detected in the current and previously published

studies (69-71). Comparison of the gene expression signature between these two sources of

human ASCs, preferably from the same individual, may reveal additional commonality and

potential distinctions between these two cell populations.

In conclusion, our work shows a significant association between circulating ASCs and

obesity among breast cancer survivors. Additional work is needed to validate the notion that

circulating ASCs can be used as a biomarker for exercise-enhanced cancer survival.

Mounting evidence has pointed to the diagnostic and prognostic values of circulating tumor

cells (CTCs) for multiple cancer types including breast cancer (88-90). In this regard,

circulating ASCs could provide a complementary prognostic marker for obese cancer

patients. From the mechanistic perspective, it will be of importance to determine whether

circulating ASCs may serve as an “accomplice” of CTCs by facilitating the latter in

metastasizing to distant organs, as has been suggested by a recent animal study (91).
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Figure 1. Obesity-associated circulating ASCs in breast cancer survivors
(A) Representative raw data from one non-obese (BMI < 30) and one obese (BMI > 30)

participant. Viable MNC (mono nuclear cell) populations (upper right panel) were analyzed

for CD34 intensity (lower right panel), and the gated CD34+ sub-population was further

assessed for CD31 and CD45 (left panel). Abundance of CD34+/CD31−/CD45− cells (% of

total MNC) was numerated in each experiment. (B) Comparison of the abundance of

circulating ASCs (CD34+/CD31−/CD45−) at baseline from the non-obese (n = 12) and obese

(n = 12) breast cancer survivors. Mann-Whitney test was used to find the variability.
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Figure 2. Enumeration of circulating ASCs before and after exercise
Thirteen obese breast cancer survivors who completed one of the three six-month exercise

regimens were assessed for their circulating ASC readings before (pre-) and after the 6-

month programs (post-). Mann-Whitney test was used to find the variability.
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