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The Cancer Genome Atlas; TPM: transcript per million; UM: urine medium; VOCs: Volatile

organic compounds.



Abstract

While urine has been considered as a useful bio-fluid for health monitoring, its dynamic changes
to physical activity are not well understood. We examined urine’s possible anti-tumor capability
in response to medium-level, loading-driven physical activity. Urine was collected from mice
subjected to 5-min skeletal loading and human individuals before and after 30-min step aerobics.
Six cancer cell lines (breast, prostate, and pancreas) and a mouse model of the mammary tumor
were employed to evaluate the effect of urine. Compared to urine collected prior to loading,
urine collected post-activity decreased cellular viability, proliferation, migration, and invasion of
tumor cells, as well as tumor weight in the mammary fat pad. Detection of urinary volatile
organic compounds and ELISA assays showed that the loading-conditioned urine reduced
cholesterol and elevated dopamine and melatonin. Immunohistochemical fluorescent images
presented upregulation of the rate-limiting enzymes for the production of dopamine and
melatonin in the brain. Molecular analysis revealed that the anti-tumor effect was linked to the
reduction in molecular vinculin-linked molecular force as well as the downregulation of the
Lrp5-CSF1-CD105 regulatory axis. Notably, the survival rate for the high expression levels of
Lrp5, CSF1, and CD105 in tumor tissues was significantly lowered in the Cancer Genome Atlas
database. Collectively, this study revealed that 5- or 10-min loading-driven physical activity was
sufficient to induce the striking anti-tumor effect by activating neuronal signaling and repressing
cholesterol synthesis. The result supported the dual role of loading-conditioned urine as a

potential tumor suppressor and a source of diagnostic biomarkers.



Introduction

Ancient European and Asian texts prescribed therapeutic application of urine for a wide
spectrum of life-threatening illnesses (1-3). In the early 20" century, a collection of anecdotal
records, “The Water of Life: A treatise on urine therapy” came to be considered the founding
document of the field (4, 5). Since cancer in many cases requires agents that induce life-
threatening side effects, the possibility that a simple substance such as one’s own urine could
serve as a cancer treatment sparked interest (6-9). However, the existing body of scientific

literature does not describe the therapeutic role of any specific components in urine.

While urine is a highly dynamic mixture (10), our particular focus is the effect of physical
activity. Physical activity has been documented to induce multiple remedial effects and is
recommended for innumerable health conditions (11-13). Several studies show that moderate
exercise can selectively improve a cancer patient’s prognosis by limiting tumor growth and
preventing metastasis (14-16). Physical activity-conditioned serum from human patients was
shown to decrease tumor cell viability and inhibit tumorigenesis in breast cancer cells (17-19). If
physical activity induces anti-tumor properties in serum, a logical question is whether urine, a
direct product of bloodstream filtration, may act as an anti-tumor agent. We also aimed to

understand the role of physical activity in cancer progression.

Urine can be obtained noninvasively in significant amounts. Physical activity is known to alter
lipid metabolism (20), and activate Wnt signaling in the skeleton and neuronal signaling in the
brain (21-23). As specific urinary components, we first focused on cholesterol, dopamine, and

melatonin, in which cholesterol is linked to lipid metabolism and dopamine and melatonin



neuronal signaling (24-28). We hypothesized that mechanical stimulation alters lipid metabolism
and neuronal signaling, and induce anti-tumor effects in the urine. In searching for the potential
mechanism of differentiating unconditioned urine medium (UM)from loading-conditioned UM,
we examined the role of Lrp5 and Lrp6, co-receptors of Wnt signaling (29). We also evaluated
the role of macrophage colony-stimulating factor 1 (CSF1), which is linked to bone homeostasis

and the progression of many cancers (30).

Volatile organic compounds (VOCs) were also analyzed before and after physical activity.
Focusing on the samples collected after skeletal loading, we examined whether VOCs could act
as potential stimulators of synthesis of dopamine and melatonin. To evaluate the migratory
capability of tumor cells, we evaluated tensile forces at focal adhesion sites of individual tumor
cells using a FRET (fluorescence resonance energy transfer) -based vinculin tension sensor (31,
32). To evaluate the role of the key regulatory genes in cancer patients, we conducted
bioinformatics analysis using TCGA (The Cancer Genome Atlas) and GTEx (Genotype-Tissue

Expression) datasets.



Materials and Methods

Animal model and urine collection

8-week-old female C57BL/6 mice (Envigo, Indianapolis, IN, USA) were housed in standard
rodent housing at a constant temperature, humidity, and a 12-hr light/dark cycle. The
experimental procedures were approved by the Indiana University Animal Care and Use
Committee. All experiments and methods were performed in accordance with relevant guidelines
and regulations. Tibia loading was applied to 20 C57BL/6 female mice using an ElectroForce
device (TA instruments, New Castle, DE, USA). Tibia loading has been frequently used as a
load-bearing modality to study mechanotransduction of bone (33). Based on our previous study,
loads were given to the left tibia with 5 N (peak-to-peak) at 2 Hz for 5 min (34). The control

group was anesthetized and received sham loading without dynamic loads. Urine was collected
before and 1 h or 2 h after tibia loading. In the mouse model of breast cancer, mice (12/group)
received an injection of EO771 mammary tumor cells (3 x 10° cells in 20 ul PBS) to the
mammary fat pad. Mice received diluted urine (20% dilution in 20 pul PBS) every other day as

s.c. injection to the mammary fat pad, while mice in the control group received PBS.

Human urine collection

The use of human urine was approved by the Indiana University Institutional Review Board.
Written informed consent was obtained from 10 healthy participants with no history of cancers
(5 male and 5 female; average age, 28 + 7 years in the range of 18 to 41), and urine samples were
collected before and 1 h after 30-min step aerobics. The procedure included 10-min warming up
at 80 beats per minute (bpm), 10-min core step aerobics at 120 bpm, and 10-min cooling down at

80 bpm.



Cell culture

EO771 mammary tumor cells (CH3 BioSystems, Amherst, NY, USA) (35), 4T1.2 mammary
tumor cells (36), MDA-MB-231 breast cancer cells (ATCC, Manassas, VA, USA), MDA-MB-
231-derived cell line, TMD cells (37), PC-3 human prostate cancer cells (ATCC) (38), PANC-1
human pancreatic cancer cells (ATCC) (39), and GnRH mouse hypothalamic neuronal cells
(GT1-7; Sigma, Saint Louis, MO, USA) were grown in DMEM (Corning, Inc., Corning, NY,
USA). The culture media were supplemented with 10% fetal bovine serum and antibiotics (50

units/ml penicillin, and 50 pg/ml streptomycin, Gibco, Logan City, UT, USA).

MTT, EdU, invasion, and scratch assays

Cellular viability was examined using an MTT assay (Invitrogen, Carlsbad, CA, USA) with the
procedure previously described (40), as well as an EdU assay with a fluorescence-based cell
proliferation kit (Thermo-Fisher, Waltham, MA, USA). A Transwell invasion assay and a

wound-healing scratch assay were conducted as described previously (41).

Western blotting, sShRNA transfection, ELISA, and protein array analysis

We used antibodies against AANAT (ab3505), CD105 (ab54338) (Abcam, Cambridge, MA,
USA), Lrp5 (5731s), Lrp6 (3395T), Runx2 (8486s), Snail (3879s) (Cell Signaling, Danvers, MA,
USA), CSF1 (sc-365779), MMP9 (sc-393859), PPARY (sc—7273) (Santa Cruz Biotechnology,
Dallas, Texas, USA), Tyrosine Hydroxylase (NB300-109, Novus Biologicals, Centennial, CO,
USA), and B-actin (A5441, Sigma, Saint Louis, MO, USA). We employed RNA interference to

reduce the expression of Lrp5 and Lrp6 using shRNA (sc-149050-V, sc-149050-V, Santa Cruz).



The levels of cholesterol, dopamine, and melatonin in mouse urine were determined using
ELISA kits (MyBioSource, San Diego, CA, USA), and their concentrations were normalized per
unit urinary volume. We also employed a proteome profiler human XL cytokine array kit (R&D
Systems, Minneapolis, MN, USA) and determined expression of 105 cytokines and chemokines

in human urine samples.

FRET imaging

To evaluate tension force at a focal adhesion and migratory capacity of tumor cells, a plasmid
expressing a vinculin tension sensor (VinTS, #26019, Addgene, Watertown, MA, USA) was
transfected and the fluorescence efficiency images were acquired by a custom-made microscope
built on a laser scanning confocal microscope (FluoView 1000, Olympus; Center Valley, PA,
USA) (32). Of note, an elevation in the tension force of the vinculin sensor implies a decrease in

FRET efficiency.

Analysis of VOCs

From C57BL/6/c mice, 40 urine samples (50 ul) were collected before tibia loading, and 1 or 2 h
after tibia loading. VOCs were analyzed by solid-phase microextraction coupled with gas
chromatography-mass spectrometry (42). Hierarchical heatmap analysis was conducted for six
compounds, which were statistically significant with the lowest p-value (Student’s t-test) in the
two groups before and after loading. Principal component analysis of all samples and the six
VOCs was performed. Box and whisker plots for the two significantly upregulated VOCs were

produced using Origin (OriginLab 2018, Northampton, MA, USA).



Gene expression profiling interactive analysis (GEPIA)

Using a GEPIA server (43) for accessing TCGA (The Cancer Genome Atlas) and GTEx
(Genotype-Tissue Expression) datasets, the correlation coefficient for the mRNA levels in 6 gene
pairs was obtained in the muscle-skeletal system. Data are given on a logarithmic scale (base 2)
with a unit of transcript per million (TPM). Furthermore, the survival rates for patients with
breast, prostate and pancreatic cancers were obtained for the high (top 75%) and low (bottom

25%) levels of the selected genes (Lrp5, CSF1, and CD105).

Statistical analysis

Three or four independent experiments were conducted and data were expressed as mean + S.D.
The sample size for evaluating mammary tumors in the mouse model was chosen to achieve a
power of 80% with p < 0.05. Statistical significance was evaluated using a one-way analysis of
variance (ANOVA). Post hoc statistical comparisons with control groups were performed using
Bonferroni correction with statistical significance at p < 0.05. The single, double or triple

asterisks indicate p < 0.05, p <0.01, p <0.001, respectively.



Results

Inhibitory effects of loading-conditioned urine medium (UM) on tumor cells

Urine samples were collected from C57BL/6 female mice before and 1 h after 5 N tibial loading
(Fig. 1a). The media containing 0.1 to 3% urine, collected prior to tibia loading, did not
significantly alter MTT-based cellular viability (Suppl. Fig. S1a). Hereafter, we employed UM
consisting of 2% urine. While unconditioned UM did not alter cellular viability, loading-
conditioned UM reduced it (Fig. 1b). An EdU assay showed that loading-conditioned UM
decreased tumor cell proliferation but not unconditioned UM (Fig. 1c&d). Cellular invasion and
migration were significantly reduced by loading-conditioned UM (Fig. 1e-h). Furthermore, the
levels of Lrp5, Snail, MMP9, PPARY, and Runx2 were downregulated by loading-conditioned
UM but not by unconditioned UM (Fig. 1i&j). The level of Lrp6 was unchanged by both UMs.
Of note, no significant difference in pH was observed in urine samples (Suppl. Fig. S1b).
Notably, the tumor-suppressing effects of loading-conditioned UM were also observed in human

prostate and pancreatic cancer cell lines (Suppl. Fig. S1c-h).

Loading-driven regulation of cholesterol, dopamine, and melatonin in urine

To investigate the potential mechanism of the tumor-suppressing capability, we conducted an
ELISA assay focusing on cholesterol, dopamine, and melatonin. We observed that, compared to
unconditioned urine, loading-derived urine lowered the level of cholesterol and elevated the
levels of dopamine and melatonin (Fig. 2a-c). We then examined the effect of these three
compounds on proliferation and invasion of EO771 tumor cells. MTT-based cellular viability
and cellular proliferation showed that cholesterol promoted cellular growth, and dopamine and

melatonin inhibited it (Fig. 2d&e). In the invasion assay, cholesterol stimulated invasion of

10



EO771 cells (Fig. 2f), by upregulating Lrp5, Snail, MMP9, PPARY, and Runx2 (Fig. 2g). In
contrast, dopamine and melatonin reduced cellular invasion and downregulated these genes (Fig.
2h-k). We also examined the effect of simvastatin and mevalonate. Simvastatin is an FDA-
approved drug for reducing the risk of heart attack by blocking cholesterol synthesis, while
mevalonate is a precursor necessary for synthesizing cholesterol. Administration of simvastatin
reduced cellular invasion and downregulated Lrp5, Snail, MMP9, PPARY, and Runx2 (Suppl.
Fig. S2a-d). In contrast, the response to mevalonate was opposite, in which cellular invasion was

elevated with an increase in these genes (Suppl. Fig. S2e-h).

Involvement of Lrp5 in anti-tumor effects by loading-conditioned UM

To evaluate the potential role of Lrp5 and Lrp6, we employed RNA interference. In response to
the silencing of Lrp35, the cellular invasive capability was reduced in EO771 cells, but the
silencing of Lrp6 did not significantly alter invasive capability (Fig. 3a). Also, the silencing of
LrpS5 decreased Snail, MMP9, PPARYy, and Runx2 (Fig. 3b) and failed to retain the anti-tumor
effects by loading-conditioned UM. Although Lrp6 silencing reduced MMP9 and PPARY, it did
not significantly alter the levels of Snail and Runx2 (Fig. 3c). Furthermore, Lrp5-deleted EO771

cells reduced cell viability and migration, but Lrp6-deleted EO771 cells did not (Fig. 3d&e).

Loading-driven alteration in urinary volatile organic compounds (VOCs)

We next examined any alteration of urinary VOCs due to skeletal loading and found a total of
106 VOCs that were detected in at least 50% of one sample class (loading or control). Fifteen of
the 106 VOCs (about 14%) were identified to be differentially excreted with a p-value < 0.05

between loading and control samples. Among 9 unconditioned and 21 loading-conditioned urine
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samples, hierarchical heatmap analysis highlighted 6 VOCs with the lowest p-values between the
two sample groups (Fig. 3f; Table 1). Utilizing these VOCs were used to separate two groups of
urine samples in a principal component plane (Fig. 3g). Principal component analysis of the six
VOCs separated two ketones (upregulated by loading) and four esters (downregulated by
loading) (Fig. 3h&i). Notably, incubation of hypothalamic neuronal cells with the two loading-
enriched ketones elevated the level of aralkylamine N-acetyltransferase (AANAT) and tyrosine
hydrogenase (TH) (Suppl. Fig. S3a) and reduced MMT-based tumor viability (Suppl. Fig. S3b-
e). Of note, AANAT and TH are rate-limiting enzymes for the production of melatonin and

dopamine, respectively.

Inhibition of tumor growth by loading-conditioned UM

To further examine the effect of loading-conditioned UM, we employed a mouse model of the
mammary tumor and injected loading-conditioned UM into the tumor at the mammary fat pad (N
= 12). Compared to the placebo control and unconditioned UM, loading-conditioned UM

significantly reduced tumor size and weight (Fig. 4a).

Elevated TH and AANAT in the brain after tibia loading

Since a primary synthesis site of these neurotransmitters is the brain, we conducted
immunohistochemistry. Compared to the staining of the placebo samples, the brain section of the
loading group showed stronger staining of TH in the ventral tegmental area and AANAT in the
pineal gland (Fig. 4b-e). Furthermore, Western blotting revealed that the levels of TH and

AANAT were elevated in the brain by tibia loading (Fig. 4f).
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Downregulation of CSF1 by loading-conditioned UM

CSF1 is a secreted cytokine that plays a role in the development of bone-resorbing osteoclasts
and the progression of many cancers including breast cancer. In MDA-MB-231 and EO771 cells,
the level of CSF1 was reduced by loading-conditioned UM (Fig. 4g). Also, the level of CSF1
was elevated by cholesterol, and reduced by dopamine and melatonin (Fig. 4h). Furthermore,
CSF1 promoted the invasion and migration of MDA-MB-231 cells (Fig. 4j) and elevated the

expression level of Lrp5, Snail, MMP9, Runx2, and PPARY (Fig. 4k).

Inhibitory effects of human urine after step aerobics

Here, we also employed human urine collected before and 1 h after 30-min step aerobics. The
result revealed that in 6 cancer cell lines, the urine sample after step aerobics reduced cellular
viability (Fig. 5a&b). While the reduction was statistically significant in all cell lines, the largest
reduction was observed in 4T1.2 tumor cells and the smallest in PC-3 prostate cancer cells. In
response to one human sample (sample B in Fig. 5a) collected after step aerobics, MDA-MB-231
cells showed a decrease not only in MTT-based viability but also in cellular migration (Fig.
5c&d). However, no significant alterations were observed in response to the sample prior to step
aerobics. Furthermore, aerobics-conditioned urine reduced the expression of Lrpt5, Snail,
MMP9, PPARY, and Runx2 and inhibited cellular invasion (Fig. Se&f). No detectable changes

were observed with unconditioned UM.

Elevation of FRET efficiency by weakening tensile force with post-aerobics urine

To examine the effect of cholesterol, dopamine, melatonin, and urine on tensile forces in focal

adhesion sites that are necessary for cellular migration, we used a vinculin tension sensor and
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evaluated molecular forces across focal adhesions. Compared with the control group, cholesterol
in the medium lowered FRET efficiency, while dopamine, melatonin, and aerobics-conditioned
UM elevated FRET efficiency (Fig. 5g). The observed elevation of FRET efficiency by
dopamine and melatonin as well as aerobics-conditioned UM indicates that these agents

weakened tensile forces at focal adhesions.

Differential expression of CD105 in urine samples before and after step aerobics

Besides cholesterol, dopamine, and melatonin, the protein array analysis revealed that three
molecules (CD105, MIF, and Resistin) were downregulated in the urine after step aerobics (Fig.
6a), of which the change in CD105 was most significant. When MDA-MB-231 and PC-3 cancer
cells were treated with the human urine, the level of CD105 was reduced by aerobics-
conditioned UM (Fig. 6b). In response to treatment with CD105, Lrp5, Snail, MMP9, and Runx2
were upregulated (Fig. 6¢). Consistent with the actions of tumor-stimulating cholesterol, CD105
was elevated by incubation with cholesterol (Fig. 6d). In contrast, dopamine and melatonin
downregulated CD105 (Fig. 6d). Furthermore, the silencing of Lrp5 reduced CD105 and

incubation with CSF1 elevated CD105 (Fig. 6e).

Linkage to transcript profiles and survival rates in TCGA and GTEx datasets

Using a GEPIA server, we lastly consulted with TCGA and GTEx datasets and analyzed gene
expression levels of the key regulatory factors and their influence on survival rates of cancer
patients. The correlation analysis among 7 genes (Lrp5, CSF1, CD105, Runx2, MMP9, PPARY,
and Snail) gave Pearson’s coefficients larger than 0.32 for 6 pairs (Fig. 7a). For instance, the

correlation coefficient was 0.65 for a pair of (Lrp5, CSF1) and (CD105, PPARY). Regarding the
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overall survival rate in patients with breast, prostate and pancreatic cancers, the high levels of
Lrp5, CSF1, and CD105 showed a survival rate significantly lower than their low-level

counterparts (Fig. 7b).
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Discussion

This study presents in vitro and in vivo anti-tumor capability of mouse and human urine after
physical activity. We observed the suppression of tumor progression not only with loading-
conditioned UM in the mouse model but also aerobics-conditioned human UM. In the mouse
model, tibia loading elevated tumor-suppressive dopamine and melatonin in the urine, with a
reduction in tumor-promoting cholesterol. The signaling analysis revealed that dopamine and
melatonin downregulated Lrp5, a co-receptor of Wnt signaling that stimulates tumor progression,
while cholesterol upregulated it. Consistent with the effect of urine on Lrp5, a silencing of Lrp5
inhibited tumor-promoting genes such as Snail, MMP9, and Runx2 in EO771 and MDA-MB-231
cells. Furthermore, urine’s anti-tumor capability was observed not only in breast cancer cells but

also in cells derived from prostate and pancreatic cancers.

The loading-driven regulation of dopamine and melatonin is not well understood. Dopamine is
synthesized in the ventral tegmental area as a neurotransmitter that primarily regulates motor
control and motivation (44), while melatonin is secreted from the pineal gland and acts as an
antioxidant as well as a sleep aid (45). The association of dopamine with physical activity is
reported in rat studies (25, 26), and physical activity is also known to increase melatonin in
serum (27, 28). While an elevated melatonin level in urine is reported to reduce cancer risks in
breast, prostate, and bladder (46-48), the linkage of urinary dopamine to any cancer has not been
reported. In the present mouse study, it is possible that locally applied mechanical stimulation is
transmitted to the brain via neuronal signaling, and/or endocrine signaling through blood

circulation. Further analysis is needed to determine the loading-driven regulatory mechanism to
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the ventral tegmental area and the pineal gland, as well as the most appropriate loading

conditions for regulating dopamine and melatonin.

Urinary VOC analysis via hierarchical clustering and principal component analysis revealed that
tibia loading downregulated volatile esters and upregulated ketones. Interestingly, dibutyl
phthalate, one of the downregulated esters, was reported as a ligand for melatonin receptors (49).
In contrast, ketogenic metabolism was reported to stimulate dopamine synthesis (50, 51). We
also observed that, in hypothalamic neuronal cells, the two loading-enriched ketones elevated
levels of AANAT and TH, the rate-limiting enzymes for the production of melatonin and
dopamine, respectively. This in vitro result complements the urinary VOC analysis, suggesting
that the two ketones may potentially upregulate the production of dopamine and melatonin in

Vivo.

Besides load-driven regulation of dopamine and melatonin, ELISA revealed the involvement of
cholesterol in urine’s anti-tumor capability. The ELISA-based urinary cholesterol level was
decreased approximately by 40% after skeletal loading in mice. Cholesterol is synthesized via
the mevalonate pathway, in which simvastatin and mevalonate act as an inhibitor and stimulator,
respectively (52). As analyzed in vitro, simvastatin-driven downregulation of MMP9, Snail, and
PPARy in EO771 and MDA-MB-231 cells was suppressed by mevalonate. Mevalonate is an
intermediate product leading to cholesterol synthesis, and the observed mevalonate effect is
consistent with our previous study focusing on pitavastatin, another inhibitor of the mevalonate

pathway (53).
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Since Wnt signaling is reported to promote tumor progression, the downregulation of Lrp5, a co-
receptor of Wnt signaling, by loading-conditioned UM is in good agreement with its anti-tumor
capability (Fig. 7c). Most notably, the present result showed that the anti-tumor effect was
suppressed by silencing Lrp5 and not Lrp6, indicating that urine’s anti-tumor capability is
mediated by Lrp5. A linkage of Lrp5 to serotonin has been reported, in which mice carrying a
conditional deletion of Lrp5 increased serotonin in the serum (54). To our knowledge, however,
it has been shown for the first time that dopamine and melatonin downregulate Lrp5 in tumor
cells. Protein array analysis revealed that CD105 (also known as Endoglin) was significantly
reduced by step aerobics-conditioned human urine sample, and it is downstream of Lrp5 and
CSF1. CD105 is part of the TGF receptor complex and involved in tumor-related angiogenesis
(55). CSF1 is a hematopoietic growth factor and is linked to bone homeostasis and progression

of many cancers including breast cancer (30).

TCGA data for breast, prostate, and pancreatic cancers revealed that the overall survival rates
were significantly lowered for the patients with a high level of Lrp5, CSF1 or CD105 than those
with a low level. Furthermore, the positive correlations in GTEx data were observed among the
regulatory genes in Fig. 7c, especially for the pairs of (Lrp5, CSF1), (CD105, PPARY) and
(CSF1, CD105). These clinical data further support the significance of the urine’s anti-tumor

capability with the proposed regulatory mechanism.

Urine can be used as a diagnostic agent for bladder-linked diseases (56, 57), and it also serves as
a non-invasive biomarker in sport and exercise medicine (58). However, its potential use for

cancer detection and treatment is not well established. In this study, we showed the critical role
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of physical activity in regulating urine compositions. Notably, urine collected prior to loading or
step aerobics did not alter the proliferation and migration of cancer cells or the growth of tumors,
suggesting that physical activities are essential to convert urine into an anti-tumor agent. While
the present results reveal a novel possibility of urine’s use, the study has a few limitations.
Besides step aerobics, it is important to evaluate the potential benefits of other physical activities
such as walking, swimming, and stretching. While Lrp5-CSF1-CD105 signaling was shown to
induce the anti-tumor action in vitro, its role in vivo needs to be investigated. The urinary
concentrations of cholesterol, dopamine, and melatonin can be normalized by the creatinine
concentration. We employed breast-cancer cell lines, as well as prostate and pancreatic cancer

cell lines. It is possible that sensitivity depends on the types of cancer cells.

In summary, this study revealed that a relatively short period (5 to 10 min) of medium-level
loading converted urine into a markedly effective anti-tumor biofluid. It has been shown for the
first time that 5-min tibia loading or 30-min step aerobics is sufficient to sharply alter the levels
of cholesterol, dopamine, and melatonin in urine, and downregulate the tumor-promoting genes
such as Lrp5, CSF1, and CD105. Because of the high survival rate for patients with a low
transcript level in the Lrp5-CSF1-CD105 regulatory axis, this study indicates a dual role of

loading-conditioned urine as a potential tumor suppressor and a source of diagnostic biomarkers.
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Supplementary Information

Loading-induced anti-tumor capability of murine and human urine
Supplementary Figure Legends

Suppl. Figure S1.

Effects of mouse urine on MDA-MB-231 breast cancer cells, EO771 mammary tumor cells, PC-
3 prostate cancer cells, and PANC-1 pancreatic cancer cells. (a&b) No significant effect on
MTT-based cellular viability by unconditioned UM. (b) pH of mouse urine. (c&d) Reduction in
MTT-based cellular viability and migration by post-L urine in PC-3 cells. (e&f) Reduction in
MTT-based cellular viability and migration by post-L urine in PANC-1 cells. (g&h) Reduction in
Lrp5, Snail, MMP9, Runx2 by post-L urine in PC-3 and PANC-1 cancer cells.

Suppl. Figure S2.

Simvastatin’s inhibitory and mevalonate’s stimulatory effects on EO771 and MDA-MB-231
cells. The single and double asterisks indicate p < 0.05 and p < 0.01, respectively. Of note, CN =
control, Sim = simvastatin, Me = mevalonate, pre-L = unconditioned UM, and post-L = loading-
conditioned UM. (a) Effects of simvastatin on invasion capability in EO771 cells. (b) Expression
of Lrp5, Snail, MMP9, PPARY, and Runx?2 in response to simvastatin in EO771 cells. (c) Effects
of simvastatin on invasion capability in MDA-MB-231 cells. (d) Expression of Lrp5, Snalil,
MMP9, PPARY, and Runx2 in response to simvastatin in MDA-MB-231 cells. (e) Effects of
mevalonate on invasion capability in EO771 cells. (f) Expression of Lrp5, Snail, MMP9, PPARY,
and Runx2 in response to mevalonate in EO771 cells. (g) Effects of mevalonate on invasion
capability in MDA-MB-231 cells. (h) Expression of Lrp5, Snail, MMP9, PPARY, and Runx2 in
response to mevalonate in MDA-MB-231 cells.

Suppl. Figure S3.

Effects of 2-Heptanone and 2-Pentanone on hypothalamic neuronal cells (GnRH), MDA-MB-
231 cells, and EO771 cells. (A) Regulation of AANAT and TH in GnRH hypothalamic neuronal
cells. (b&c) Effects on MTT-based cellular viability and expression of Lrp5, Snail, MMP9, and
PPARYy in MDA-MB-231cells. (d&e) Effects on MTT-based cellular viability and expression of
Lrp35, Snail, MMP9, and PPARy in EO7711cells.

Suppl. Figure S4.
Effects of CSF1 on EO771 cells. (a) Promotion of cellular migration by CSF1 administration. (b)
Elevation of Lrp5, Snail, MMP9 and PPARy by CSF1 administration.

Suppl. Figure S5.

Effects of urine on PC-3 prostate cancer cells and PANC-1 pancreatic cancer cells. (a&b)
Inhibition of MTT-based cellular viability and migration of PC-3 prostate cancer cells by loading
conditioned UM. (c&d) Inhibition of MTT-based cellular viability and migration of PANC-1
pancreatic cancer cells by loading-conditioned UM. (e&f) Inhibition of cellular invasion and
downregulation of Lrp5, Snail, MMP9, PPARY, and RUnx2 in PC-3 prostate cancer cells by
loading-conditioned UM. (g&h) Inhibition of cellular invasion and downregulation of Lrp5,



Snail, MMP9, PPARY, and RUnx2 in PANC-1 pancreatic cancer cells by loading-conditioned

UM. (i) pH of human urine.
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Suppl. Figure S4.
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