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a b s t r a c t

Epidemiological evidence shows that physical activity lowers the
risk of developing breast cancer and decreases the risk of disease
recurrence [1,2]. The main hypothesis on the positive effects of
exercise-oncology has focused on lowering the basal systemic
levels of cancer risk factors with exercise training. Recently, the
effects of cancer progression control by components released after
acute exercise bouts have gained attention [3,4]. However, the
evaluation of the antiproliferative potential of a single exercise
bout needs technical improvement.
Here, we present data of a pilot study showing how to evaluate the
anti-cancer potential of single exercise bouts with an in vitro three-
dimensional cell growth assay, using a triple-negative breast
cancer cell line cultured with exercise-conditioned serum.
© 2019 The Author(s). Published by Elsevier Inc. This is an open

access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Specifications Table

Subject Sport Sciences, Therapy and Medicine
Specific subject area Evaluation of the effects of exercise using cancer cell growth assays
Type of data Graph

Figure
How data were acquired MTS assay and soft-agar assay. Statistical analysis has been performed with Prism5

software, using 1-way ANOVA followed by Bonferroni-corrected multiple comparisons.
Data format Raw and analyzed
Experimental Factors Cells were cultured in standard conditions. During the experiments, the standard

culture medium was replaced by Dulbecco's Modified Eagle's Medium without red
phenol, with 0.8/1.2 mg/mL of glucose, supplemented with 5% of human pre- or post-
exercise serum.
Cells were cultured in an anchorage-dependent manner or in anchorage-independent
conditions (soft agar assay) in a 0.3% soft-agar layer.

Experimental features The cell viability was evaluated by the CellTiter 96® Aqueous Non-Radioactive Cell
Proliferation Assay (Promega, Madison, WI, USA) after 72h of incubation with pre- or
post-exercise sera.
The cancer progression control potential was evaluated in anchorage-independent
culture conditions, counting the colonies composed by more than 20 cells, formed in
each well after 18 days of cell incubation with pre- or post-exercise sera.

Data source location Institution: University of Urbino Carlo Bo e Department of Biomolecular Sciences,
Hygiene Unit and Division of Exercise and Health Sciences
City/Town/Region: Urbino
Country: Italy

Data accessibility All data are presented within this article

Value of the Data
� These data show that exercise-conditioned serum could be used in three-dimensional in vitro culture to evaluate the

potential of exercise on cancer progression control.
� The application of three-dimensional cell growth in soft agar offers the possibility to quantify cancer cell growth in

response to exercise-conditioned sera avoiding in vivo models.
� This model could be useful to compare the cancer progression control with different exercise protocols to personalize the

prescription of exercise in terms of FITT principle (Frequency, Intensity, Time and Type).
� Future experiments will be aimed to evaluate the effect of a single exercise bout during adjuvant treatment in breast

cancer patients and in follow-up.
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1. Data

This Data in Brief presents the optimization of methods for the evaluation of triple negative breast
cancer (TNBC) [1,2] cell MDA-MB-231 responses induced by acute exercise-conditioned sera [3,4],
considering also the capacity of exercise-conditioned sera to modulate three-dimensional (3D)
anchorage-independent cancer cell growth. The time schedule of the aerobic exercise session per-
formed by the three subjects is presented in Fig. 1.

The effects of the sera sampled pre- or post-exercise on the capacity of TNBC cell to proliferate were
monitored by exposing MDA-MB-231 cells to 5% of human sera for 72 hours, after which the cell
viability was evaluated by MTS assay (Fig. 2). Data of supplementation of the culture medium with a
physiological or hyperglycemic concentration of glucose (0.80 mg/mL or 1.20 mg/mL) showed a lower
ability of the exercise-conditioned sera (t1 and t2) to induce TNBC cell proliferation than the sera
collected pre-exercise (at rest sera, t0). Interestingly, the inhibition obtained was higher with a
physiological concentration of glucose (0.80 mg/mL), leading to a statistically significant reduction in
the ability of cells to proliferate in two out of three subjects considered (s-02 and s-03). In particular, in
these two subjects, t1 and t2 sera led to a reduction of 5% and 9%, respectively (n.s. and p < 0.05,
respectively). Analyzing the highest concentration of glucose tested (1.2 mg/mL), t1 and t2 sera led to a
reduction of cell proliferation of only 2% and 6% (n.s.), considering the sera of subjects s-02 and s-03.
Raw data are presented as supplementary file “RAW DATA FIG.2”.
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Fig. 1. Details of the acute exercise interventions. The time schedule of pre- (t0) and post-exercise (t1; t2) sampling is shown in the
timeline. Blood samples for in vitro assays were drawn according to protocol exercise at t0, t1 and t2.//, rest period; HRR, heart rate
reserve.
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The effects of exercise-conditioned sera on the tumorigenic potential of MDA-MB-231 cells was
monitored performing the anchorage-independent three-dimensional growth assay (soft-agar), which
is considered one of the most reliable tests to assess the malignant transformation process in vitro [5].
In this technique, TNBC cells were dispersed in the central layer, composed by 0.3% agar and exposed to
0.80mg/mL of glucose and 5% of pre-exercise (t0) or post-exercise sera (t1 or t2). Data of 3D anchorage-
independent cancer cell growth are presented in Fig. 3, expressed as the total number of colonies
formed by more than 20 cells, counted in each well after 18 days of incubation. Data show that all
exercise-conditioned sera (t1 and t2 sera) reduced in a statistically significant manner the ability of
TNBC cells to form colonies in soft agar, in comparison to pre-exercise sera (t0) (p < 0.01; p < 0.001). In
particular, exercise-conditioned sera of the subject s-01 induced a reduction of colony number of 10%
and 14% (t1 and t2, respectively); analyzing the subject s-02, the post-exercise sera induced reduction
was of 6% and 8% (t1 and t2, respectively) and evaluating the subject s-03, the reduction induced by t1
and t2 sera was of 10% and 15%, respectively. Raw data are presented as supplementary file “RAWDATA
FIG.3”.

2. Experimental design, materials, and methods

2.1. Subjects

Three healthy and sedentary pre-menopausal women were included in the study. Their median
(range) age, height and weight were 43.3 ± 9.8 yrs, 164.4 ± 4.7 cm and 60.2 ± 5.8 kg, respectively. The
study was carried out according to the Helsinki Declaration for research with human volunteers and all
signed an informed consent form to participate.

2.2. Acute exercise session

On the experimental day, participants performed a single bout of exercise. In particular, the par-
ticipants performed 65 min of moderate to baseline vigorous intensity aerobic exercise on a treadmill.
In the first 20 minutes, subjects ran at a heart rate reserve (HRR; z42%) corresponding to 50% of their
own estimated VO2max, then exercise intensity was increased to 65% of VO2max (i.e., 60% HRR) and
maintained for 45 min [6].

2.3. Blood samples, cell line and cell cultures

Blood samples were collected in venous blood collection tubes (BD Vacutainer, 10mL, no additives)
just before exercise, immediately after and 2 hours post-exercise (Fig. 1). Serum was obtained
centrifuging blood samples at 1�103 x g for 15 minutes at 4 �C, after an incubation of 15e30 minutes at
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Fig. 2. MTS assay. Evaluation of cell viability after 72 hours of incubation with 5% of pre- or post-exercise sera and with culture
medium supplemented with 0.8 or 1.2 mg/mL of glucose. t0: pre-exercise serum; t1: immediately after exercise serum; t3: 2 hours
post-exercise serum. s-01, subject 01; s-02, subject 02; s-03, subject 03. Data are expressed as mean ± SEM of five experiments;
*p < 0.05.
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Fig. 3. Soft-agar assay. Evaluation of MDA-MB-231 colony formation after 18 days of incubation with 5% of pre- or post-exercise
human sera. s-01, subject 01; s-02, subject 02; s-03, subject 03. Data are expressed as mean ± SEM of four experiments;
**p < 0.01, ***p < 0.001, respect to t0.
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room temperature. Sera were aliquoted and stored at �80 �C; before the experiments, sera were heat-
inactivated at 56 �C for 30 minutes, centrifuged at 12.000 rpm at 4 �C for 10 minutes and transferred to
new sterile tubes.

TNBC cell line MDA-MB-231 was purchased from the American Type Cell Culture Collection (ATCC,
Rockville, MD, USA) and cultured in Dulbecco's Modified Eagle Medium (DMEM) high glucose, sup-
plemented with 10% of heat-inactivated Fetal Bovine Serum (FBS), 2 mM glutamine, 0.1 g/L strepto-
mycin, 100 units/ml penicillin, 1 mM Na-pyruvate and 1 � MEM Non-essential Amino Acid Solution.
During the experiments, DMEM high-glucose was replaced by DMEM without red phenol (DMEM-
RPF), supplemented with 5% of heat-inactivated human sera (HS) pre- or post-exercise, 2 mM gluta-
mine, 0.1 g/L streptomycin, 100 units/ml penicillin, 1 mM Na-pyruvate, 1 � MEM Non-essential Amino
Acid Solution and 0.8 or 1.2 mg/mL glucose. All cell culture materials were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Cells were maintained for a maximum of fifteen passages, in a humidi-
fied incubator with 5% of CO2, at 37 �C.
2.4. Anchorage-dependent growth assay

MDA-MB-231 cells were seeded at a density of 2.5�103 cells/well in 96-well plates. After overnight
incubation, the medium was replaced with DMEM-RPF and cells were exposed to 5% of pre-exercise
(t0), post-exercise (t1) or 2-h post-exercise (t2) HS supplementation. Two different concentrations
of glucose (0.80 or 1.2 mg/mL) were tested. After 72 h of incubation, cell viability was assessed by the
CellTiter 96® Aqueous Non-Radioactive Cell Proliferation Assay (Promega, Madison, WI, USA). This
method is a colorimetric assay based on the ability of viable cells to convert soluble tetrazolium salt
(MTS) into a formazan product. Data are expressed as relative viable cells (mean ± SEM of five ex-
periments) compared to cells supplemented with at rest serum (t0).
2.5. Anchorage-independent transformation assay (soft-agar assay)

Soft agar assaywas performed in 12-well plates as reported previously [7]. Briefly,1�103MDA-MB-
231 cells were considered for each well and cultured in the central layer of agar, composed by a 0.5 mL
of 0.3% agar and 0.8 mg/mL glucose-DMEM-RPF solution, supplemented with 5% of t0, t1 or t2 HS. The
bottom layer was composed by a 0.5mL solution of 0.6% agar and 0.80 mg/mL glucose-DMEM-RPF,
supplemented with 5% of t0, t1 or t2 HS and the top layer was composed by 0.8 mg/mL glucose-
DMEM-RPF added by 5% of t0, t1 or t2 HS. After 18 days of incubation, cells were stained with 0.01%
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crystal violet and only colonies formed by more than 20 cells were considered and counted (Supple-
mentary information). Data are expressed as the total number of colonies (mean ± SEM of four ex-
periments) counted in each well.

2.6. Statistical analysis

Data are expressed as mean ± SEM of separate experiments. Data were analyzed with Prism5
software, using 1-way ANOVA followed by Bonferroni's multiple comparison test. Differences were
considered significant at p < 0.05.
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