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ABSTRACT
Obesity is a leading risk factor for post-menopausal breast cancer, and this is concerning as 40% of
cancer diagnoses in 2014 were associated with overweight/obesity. Despite this epidemiological
link, the underlying mechanism responsible is unknown. We recently published that visceral
adipose tissue (VAT) releases FGF2 and stimulates the transformation of skin epithelial cells.
Furthermore, obesity is differentially associated with many epithelial cancers, and this mechanistic
link could be translational. As FGF2 and FGFR1 are implicated in breast cancer progression, we
hypothesize that VAT-derived FGF2 plays a translational role in promoting adiposity-associated
mammary epithelial cell transformation. In this brief report, data suggest that FGF2/FGFR1 signaling
is a potential mechanistic link in VAT-stimulated transformation of breast epithelial cells.
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Introduction

Obesity is a well-established risk factor for post-meno-
pausal breast cancer. [1] A greater waist to hip ratio
[indicative of a higher content of visceral adipose tissue
(VAT)] increases the risk of post-menopausal breast can-
cer [2–5]. In pre-menopausal breast cancer, when
adjusted for weight or body mass index (BMI), women
with the smallest waist to hip ratios have a 37% lower
risk [6]. Thus, visceral obesity, an increase in adipose tis-
sue surrounding the intra-abdominal organs, directly
relates to the magnitude of obesity-related breast cancer
risk [2–5]. However, the underlying mechanisms respon-
sible for the VAT- breast cancer link are not fully eluci-
dated [7].

Anatomical and physiological differences between
visceral adipose tissue (VAT) and subcutaneous adi-
pose tissue (SAT) determine the extent of how these
depots contribute to obesity, metabolic syndrome
(MetS), and cancer [8,9]. In obese individuals, adipo-
cytes become hypertrophic, which makes them dys-
functional and insulin resistant. The pathophysiology
of obesity-induced insulin resistance has been attrib-
uted to ectopic fat deposition, increased inflammation,
oxidative stress, adipose tissue hypoxia and mitochon-
drial dysfunction, and impaired adipocyte expansion
and angiogenesis [8,9]. Excess VAT contains a greater
number of large adipocytes in contrast to SAT, which
contains smaller, insulin sensitive adipocytes [8].

Moreover, expanding adipose tissue can induce hyp-
oxia from insufficient vasculature and oxygen supply
[8]. This hypoxia can induce immune cell infiltration,
causing low-grade chronic inflammation [10]. Adipo-
cyte hypertrophy and immune cell infiltration alters
the release of adipokines (cytokines derived from adi-
pose tissue) that can exacerbate the immune response
and induce systemic release of adipokines that can act
on neighboring and distant targets [7,10]. These
obesity-related changes are associated with insulin
resistance, which in turn leads to hyperglycemia,
hypertension, dyslipidemia, and other metabolic
abnormalities [9,11]. Similarly, MetS is characterized
by a cluster of three or more metabolic abnormalities
including visceral obesity, insulin resistance, dyslipi-
demia, hypertension, and hyperglycemia. However,
these similar physiological aspects are not mutually
exclusive; for example, not everyone who is obese has
inflammation and metabolic syndrome [12]. Regard-
less, many studies have concluded the rise in visceral
obesity has led to an increase in MetS [9]. Epidemio-
logical studies show both obesity and MetS are breast
cancer risk factors [3,13]. Bridging the link between
obesity, MetS and breast cancer risk, Kabat et al.
showed obesity is associated with increased breast
cancer risk and metabolically unhealthy obese individ-
uals had the highest risk [12]. However, epidemiologi-
cal associations and obesity-related changes fall short
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of explaining the biological mechanisms by which
adiposity contributes to cancer promotion and malig-
nant transformation (a change a cell undergoes to
become malignant).

Animal models have given insight into the mecha-
nistic link between visceral adiposity and cancer. In a
rat model of intestinal cancer, removing VAT signifi-
cantly attenuated obesity-associated intestinal tumori-
genesis [14]. In addition, we previously demonstrated
removing VAT in HFD-fed mice significantly reduces
UVB-induced squamous cell carcinomas by 75–80%
when compared to sham-operated control animals
[15]. These data suggest VAT-derived factors are crit-
ical for carcinogenesis [14,15]. We also utilized an ex
vivo model to evaluate the ability of VAT-derived
growth factors to stimulate transformation of non-
tumorigenic JB6 P+ mouse skin epithelial cells. Cellu-
lar transformation as indicated by anchorage-indepen-
dent growth in soft agar is a well-established,
stringent method for detecting the tumorigenic poten-
tial of transformed cells [16–18]. JB6 P+ cells cannot
proliferate in an anchorage-independent manner but
have the ability to transform upon treatment of
tumor promoters [16–18]. Using this model, we iden-
tified fibroblast growth factor 2 (FGF2) as the critical
VAT-derived factor in stimulating JB6 P+ growth in
soft agar [19]. JB6 P+ cells that lacked the fibroblast
growth factor receptor 1 (FGFR1), FGF2’s receptor,
failed to transform in the presence of VAT, suggest-
ing the FGF2/FGFR1 signaling axis is critical in
VAT-stimulated transformation of epithelial cells at
distant targets. How generalizable this mechanism is
to other tissues and human cells is unknown. There-
fore, we hypothesize that VAT-stimulation of skin
carcinogenesis through the FGF2/FGFR1 signaling is
translational to VAT-associated breast cancer.

The objective of this study is to determine the
effects of human VAT on the transformation of
MCF-10A human mammary epithelial cells. MCF-
10A cells are non-tumorigenic and do not exhibit
anchorage-independent growth in soft agar. We
hypothesized that VAT will stimulate the transforma-
tion of MCF-10A cells and this activity will be depen-
dent on FGFR1. Establishing a human model of
VAT-stimulated transformation will strengthen sup-
port for the direct role of VAT in adiposity-promoted
carcinogenesis. There are fundamental differences in
the transformation susceptibility of human and mouse
cells specifically in the greater number of events
required to transform human cells than those
required for non-tumorigenic mouse cells [20,21].
Consequently, establishing a human model of VAT-
stimulated transformation of mammary epithelial cells

shows adiposity-promoted carcinogenesis is relevant
to both mouse and human models and is translational
to obesity-associated breast cancer.

Results

To test the effects of VAT on mammary epithelial
transformation, human fat tissue filtrate (HuFTF) was
generated from VAT of six different human donors.
VAT was obtained from omental tissue of cancer-free
female obese human subjects purchased from Spec-
trum Health Universal Biorepository (SHUB, Grand
Rapids, MI). These subjects were undergoing surgery
for gastrointestinal conditions. Table 1 describes the
human donor characteristics including age, BMI, gen-
der, and ethnicity. We were not able to obtain infor-
mation on menopausal status, metabolic status or
serum metabolites. To determine if HuFTF stimulates
transformation of human mammary epithelial cells,
MCF-10A cells were incubated with 200 mg/mL of
HuFTF in soft agar and scored for colony formation.
Colonies (8 cells or greater) were visually counted
and a percent of colony formation was obtained by
relating the number of colonies with the number of
cells plated (750 cells/well). While MCF-10A cells are
non-tumorigenic epithelial cells, they have a low level
of spontaneous transformation in contrast to tumori-
genic epithelial cells, which have almost 100% trans-
formation. HuFTF significantly stimulated colony
formation above the control with statistical signifi-
cance (p<0.05) (Figure 1).

To determine the role of FGFR1 signaling in HuFTF-
stimulated transformation, MCF-10A cells were incu-
bated with a tyrosine kinase fibroblast growth factor
receptor 1 antibody antagonist (FGFR1 Ab). Inhibiting
FGFR1 receptor activity attenuated HuFTF-stimulated
transformation of MCF-10A cells (Figure 1). The FGFR1
Ab (2 mg/mL) significantly decreased HuFTF-stimulated
colony formation, indicating FGFR1 signaling is required
for optimal HuFTF-stimulated transformation.

FGFR1 is a receptor for many FGF ligands and to
determine the optimal ligand for stimulating MCF-10A
transformation, MCF-10A cells were incubated with
FGF1, FGF2, FGF18, and FGF21. FGF1 binds to all four
FGFR receptors, FGF18 has the highest affinity for

Table 1. Clinical characteristics of donors.
Donor ID FGF2 (pg/mL) Age BMI Gender Ethnicity

01 1.0034 52 30.8 F African American
02 1.1472 76 28.1 F White
03 0.61684 70 26.0 F White
04 0.67632 82 27.6 F White
05 0.50780 62 22.0 F White
06 0.35249 50 24.0 F White

Abbreviation: F, Female.
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FGFR3 IIIc, with some affinity for FGFR4, FGF21 has
the highest affinity for FGFR4, followed by FGFR2 IIb
and FGFR IIIc, and FGF2 has the highest affinity for
FGFR1 IIIc, FGFR3 IIc, and FGFR4 with some affinity
for FGFR2 IIIc [22,23]. While FGF1, FGF2, and FGF18,
significantly increased colony formation in MCF-10A
cells, FGF2 was the only ligand to induce a concentration
response at 10 and 20 ng/mL (Figure 2).

A colony of FGF2-stimulated MCF-10A cells was iso-
lated from soft agar and grown in traditional cell culture
plates. The FGF2-transformed MCF-10A cells demon-
strated a fibroblastic-spindle morphology compared to
the parent MCF-10A cells that are more epithelial-like
with a polygonal shape (Figure 3). After several passages
this spindle morphology remained and the FGF2-trans-
formed MCF-10A cells demonstrated an increased and
irreversible ability to grow in soft agar.

The concentration of FGF2 in each HuFTF donor was
determined by ELISA and related to the percent of col-
ony formation and BMI (Figure 4). The transforming
activity of each HuFTF in the soft agar assay was moder-
ately associated with FGF2 concentration in the filtrates
(R2 = 0.45) (Figure 4A) and with BMI (R2 = 0.64)
(Figure 4B). Additionally, there was a moderate associa-
tion between BMI and HuFTF FGF2 concentrations
(R2 = 0.64) (Figure 4C).

Discussion

Visceral adiposity is significantly associated with breast
cancer risk, and despite this strong association, the
mechanism is unknown [24,25]. We previously showed
visceral obesity promoted skin tumor formation, with
our mechanistic finding that VAT-derived FGF2 stimu-
lates skin epithelial cell transformation through FGFR1
[19]. As obesity is associated with many different can-
cers, we hypothesized our mechanistic finding may be
translational to other obesity associated cancers, like
breast cancer. Visceral obesity, as measured by large
waist circumferences and waist-to-hip ratios, is strongly
correlated with pre- and post-menopausal breast cancer
risk [2–5]. Herein, we describe a translational role for
VAT-derived FGF2 in stimulating mammary epithelial
cell transformation through FGFR1. These findings high-
light FGF2/FGFR1 signaling as a potential link between
VAT and breast cancer risk.

Previous research implicates FGF2/FGFR1 signaling
in breast cancer [26]. Constitutive activation of FGFR1
in normal mouse mammary epithelium induced prolifer-
ation, invasive lesions, and antiapoptotic effects [27]. In
breast cancer cells, FGF2 is a strong mitogen and potent
antiapoptotic and induces invasiveness while subverting
various chemotherapeutic agents, leading to drug resis-
tance [28–30]. In addition, FGFR1 activation increases
proliferation and invasion of breast cancer cell lines
[31,32]. Clinical studies have shown that FGF2 levels in
serum, nipple aspirate fluid, and tumor samples are
higher in patients with cancerous breast tumors as com-
pared with benign breast diseases/tumors [33–36]. In
breast cancer patients, FGFR1 amplification is seen in up
to 10–15% of all breast cancers and is associated with

Figure 1. Inhibition of FGFR1 attenuates HuFTF-stimulated trans-
formation of MCF-10A cells. HuFTF significantly stimulated colony
formation above the untreated control. Cells were treated with
200 mg/mL of HuFTF protein. HuFTF-stimulated growth in soft
agar was significantly attenuated by the FGFR1 Ab. MCF-10A ells
were treated with a FGFR1 neutralizing antibody (FGFR1 Ab) at
2 mg/mL and treated with HuFTF from six different donors. The
percent of colony formation was calculated as described in Meth-
ods, MCF-10A cells were cultured as described in Methods. Data
is presented as mean § six biological replicates. Each biological
replicate had three technical replicates. Confidence intervals (CI)
were calculated for HuFTF treated MCF-10A cells (95% CI 3.024–
7.658) and for HuFTF+Ab (95% CI 0.093–2.929). Statistical signifi-
cance between HuFTF and control and HuFTF and HuFTF+FGFR1
Ab was determined by unpaired t-test (�p < 0.05).

Figure 2. FGF2 transforms MCF-10A cells in a concentration-
dependent manner. FGF1 and FGF2 significantly stimulated trans-
formation of MCF-10A cells at 10 and 20 ng/mL. FGF18 signifi-
cantly stimulate transformation at 10 ng/mL but not 20 ng/mL
and FGF21 was not statistically significant. MCF-10A cells were
cultured as described in Methods, control cells were untreated.
Data is presented as mean § of triplicate values. Statistical signif-
icance was determined by one-way ANOVA with multiple com-
parisons (�p < 0.05, ��p < 0.01, ���p < 0.001). The percent of
colony formation was calculated as described in Methods.
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early relapse and poor survival [13,37]. Likewise, tumors
overexpressing FGFR1 exhibited increased proliferation
and decreased distant metastasis-free survival [37]. The
role of FGF2/FGFR1 in breast cancer onset is less clear.
One study demonstrated that genetic variants in FGFR1,
FGFR3, or FGFR4 had no impact on breast cancer risk,
[38] whereas an intronic single-nucleotide polymor-
phism (SNP) in the FGFR2 gene was associated with an
increased risk of breast cancer, particularly estrogen
receptor (ER) positive disease [38]. A separate study
demonstrated no significant associations with SNPs in
FGF2 and breast cancer risk [39]. The functional rele-
vance of these FGF2 polymorphism for function are
unknown.

Our data demonstrate that FGFR1 activation is critical
for optimal VAT-stimulated MCF-10A cell transforma-
tion. These data add additional relevance to the previous
findings that FGFR1 activation by inducible dimerization
of the receptor induced growth in soft agar of MCF-10A
cells [31]. Moreover, we showed VAT FGF2 concentra-
tions were associated with VAT transforming activity
(Figure 2A). Collectively, these data suggest that FGF2
from VAT stimulates mammary epithelial cell neoplastic

transformation through FGFR1 activation. The down-
stream effects of FGFR1 activation of transformation are
unknown, but it would be interesting to observe a poten-
tial subtype or breast cancer signature in tumors that
arise from visceral adiposity-promotion. Breast cancer is
characterized into different subtypes based on expression
of ER, progesterone receptor (PR), and human epidermal
growth factor receptor (HER). Studies show FGFR1-
overexpressing tumors are frequently ER positive, the
primary subtype associated with obesity [13,40]. There-
fore, we would hypothesize that FGF2 activation of
FGFR1 would promote ER positive tumors in viscerally
obese individuals.

Evaluating individual characteristics including age,
gender, and ethnicity were not associated with trans-
forming capacity of the HuFTFs. As obesity is more
strongly associated with post-menopausal breast cancer,
we requested samples from individuals of post-meno-
pausal age. Menopause occurs on average in women at
51 years old, however, we were not able to confirm the
menopausal status of the individual donors as two
donors were 52 and 50 years old at the time of surgery. It
would be interesting to investigate if menopause

Figure 3. FGF2-tranformed MCF-10A cells are morphologically and functionally distinct from parent MCF-10A cells. (A) MCF-10A cells
have epithelial-like morphology and transformed MCF-10A cells have spindle-like morphology. Transformed MCF-10A cells were
obtained by treating MCF-10A cells with FGF2 in soft agar. After 14 days, a colony was isolated and cultured in traditional cell culture
conditions for several passages, making transformed MCF-10A cells. Untreated transformed MCF-10A cells formed over 44%
more colonies in soft agar compared to untreated parent MCF-10A cells. The percent of colony formation was calculated ([colonies
counted £ 100] 750 cells).

Figure 4. HuFTF-stimulated transformation of MCF-10A cells is moderately associated with the HuFTF FGF2 concentration and BMI. (A)
HuFTF with higher FGF2 concentrations more potently stimulated MCF-10A transformation compared with HuFTF with lower FGF2 con-
centrations (R2 = 0.45). (B) HuFTF from donors with a higher BMI more potently stimulated MCF-10A transformation compared to HuFTF
from donors with a lower BMI (R2 = 0.64). (C) Higher HuFTF FGF2 concentrations is moderately associated with a higher BMI ((R2 = 0.64).
The % colony formation, HuFTF FGF2 concentration, and BMI of six HuFTF were used. MCF-10A cells were cultured as described in Meth-
ods. Data were analyzed with Linear regression (performed in PRISM).
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influences the quality of VAT, in turn affecting FGF2 lev-
els. In our study, there was no relationship between age
and the transforming capacity of the HuFTF (R2 = 0.09)
(data not shown). For BMI, there is a moderate associa-
tion with BMI and the transforming capacity of the
HuFTF, giving an R2 value of 0.64 (Figure 2B). This sug-
gests BMI might be an indicator of VAT FGF2 levels.
We were not able to investigate ethnicity as a variable.
Additionally, we were not afforded any information on
serum metabolites or the metabolic status of each donor.

There are 22 structurally similar FGF ligands that
mediate effects through activation of receptor tyrosine
kinases (RTK), fibroblast growth factor receptors
(FGFR) 1–4. FGFs can have affinities for more than one
receptor and each receptor can bind multiple FGFs. Sim-
ilarities between receptors has resulted in receptor
redundancy as they can converge on key downstream
signaling cascades [41,42]. All four FGFRs activate
PLCg/PKC, PI3K/AKT, RAS/MAPK, and STAT path-
ways [41]. Activation of these pathways play important
roles in migration, survival, differentiation, and prolifer-
ation [42]. However, studies suggest the strength and
specificity of each signaling cascade can vary depending
on the type of FGFR and FGF [41]. Additionally, phar-
macologically inhibiting FGFR1 partially attenuated
VAT-stimulated mammary epithelial transformation
(p = 0.02) (Figure 1). This partial attenuation suggests
either ligands, receptors, and/or signaling cascades are
influencing colony formation or the FGFR1 Ab does not
have complete inhibition of FGFR1.

Furthermore, we found FGF1 and FGF18 induces col-
ony formation, but not in the concentration-dependent
manner as seen with FGF2 (Figure 4). One study using
MCF-10A cells revealed phenotypic distinctions in 3D
growth stimulated by different RTKs, including EGFR
and MET [43]. Other FGFRs or RTKs activated by other
ligands could be inducing signaling pathways that attri-
bute to VAT-stimulated transformation [42]. Therefore,
while other RTKs could contribute to transformation,
these data suggest biased agonism associated with
FGF2/FGFR1 is optimal for VAT-stimulated MCF-10A
transformation.

HuFTF from donor 02 had the highest level of FGF2
at 1.14 pg/mL. Independently FGF2 required at least
10 ng/mL to stimulate transformation of MCF-10A cells.
This could be due to a potential difference in the FGF2
isoform in the HuFTF compared to the recombinant
protein. FGF2 exists in five different isoforms that are
divided into two groups low molecular weight (LMW)
and high molecular weight (HMW) proteins. Studies
have suggested there are distinct biological activities of
LMW and HMW proteins. For example, one study
showed that overexpressing LMW FGF2 enhanced bone

mineral density (BMD) whereas overexpressing HMW
FGF2 lowered BMD [44] and another study showed
LMW FGF2 suppressed hepatic fibrosis and HMW
enhanced hepatic fribrosis [45]. In contrast, other studies
have showed FGF2 isoforms exhibit different potencies.
Kole et al. showed that all FGF2 isoforms exhibited mito-
genic activity in dermal fibroblasts, however, HMW iso-
forms were less efficient [46]. Additionally, a study by
Mydlo et al. showed that FGF2 derived from omental
VAT demonstrated greater mitogenic and angiogenic
activity than FGF2 derived from either benign and
cancerous renal tissue [47]. The recombinant protein
used [in this study] is a LMW FGF2 (18 kDa), and the
ELISA used to detect FGF2 is nonspecific regarding
FGF2 isoforms. Therefore, the recombinant protein
might not be representative of the most active isoform of
FGF2 in the HuFTF. Additionally, HMW FGF2 could be
more potent than LMW FGF2, accounting for the differ-
ence in dose of FGF2 in HuFTF and the recombinant
FGF2 used. Currently, only LMW FGF2 is commercially
available, and isolating FGF2 from HuFTF would pro-
vide a more accurate representation of the transforma-
tive capabilities of VAT-derived FGF2. In addition, in
HuFTF, FGF2 may be synergizing with other growth
factors.

FGF2 is classically considered to function in both an
autocrine and paracrine manner, however, our research
suggests FGF2 functions in an endocrine manner acting
on distant targets. Our previous study showed an induc-
tion of serum FGF2 in HFD-fed mice compared to LFD-
fed mice [19]. This serum induction was depleted follow-
ing lipectomy of VAT suggesting the circulating levels of
FGF2 are of adipose tissue origin [19]. Circulating levels
of FGF2 in these animals were associated with UVB-
induced squamous cell carcinomas, suggesting that
FGF2 secreted from VAT influences tumor promotion at
distant sites [19]. In tandem, one study found FGF2 con-
centrations in serum increased with higher BMIs [48],
and another found plasma FGF2 levels of obese Chinese
men were correlated with adipose tissue mass [49]. Our
recent study demonstrates that human serum samples
with elevated FGF2 had greater efficacy in stimulating
JB6 P+ cell growth in soft agar. Future studies are needed
to assess circulating FGF2 concentrations in relation to
visceral obesity and breast cancer risk to ascertain poten-
tial associations and a role for FGF2 as an endocrine
growth factor and as a biomarker for at risk individuals.

Obesity and breast cancer are independently complex
diseases with multiple factors potentially influencing
their etiology. FGF can be secreted from many different
tissues along with other FGFR1 ligands. For example,
FGF2 is secreted from skin [50], heart [51], liver [45],
lungs [52], and SAT [53] and could contribute to
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circulating FGF2 levels. The contribution of FGF2 from
VAT and other sources to mammary tumorigenesis will
be determined in vivo in future investigations. Although
VAT is more strongly correlated with breast cancer risk
than its subcutaneous counterpart, there is an intimate
and bidirectional interaction between mammary epithe-
lium and adjacent subcutaneous mammary adipose tis-
sue (MAT). The total absence of MAT in transgenic
mice prevents non-tumorigenic mammary gland devel-
opment and MAT supports and amplifies breast cancer
progression [54]. Dialog between MAT and mammary
epithelium might persist and influence breast cancer
onset as a potential source of FGF2 [54,55]. This exposes
a limitation in our study as assessing VAT and mam-
mary epithelial cells in our in vitromodel does not evalu-
ate whole body effects in vivo.

In summary, we demonstrate FGF2 from human VAT
stimulates transformation of non-tumorigenic mammary
epithelial cells. Our data suggests differences the trans-
formative ability of human VAT is associated with FGF2
levels and that inhibiting FGFR1 attenuated this trans-
formation. These findings highlight FGF2/FGFR1 signal-
ing as a potential link between visceral adiposity and
elevated breast cancer risk. Future studies will use in vivo
mouse models to determine the tumorigenicity of trans-
formed MCF-10A cells, the ability of HFD to promote
mammary tumorigenesis, and the effect of lipectomy on
mammary tumorigenesis. FGF2/FGFR1 signaling could
be a therapeutic target for breast cancer prevention
strategies and/or a biomarker for identifying at risk
individuals.

Methods

Cell Culture: MCF-10A cells (human mammary epithe-
lial cells) were obtained from ATCC (Manassas, VA,
USA). Cells were cultured in DMEM/ Ham’s F12 media
supplemented with 5% horse serum (HS), 1% penicillin/
streptomycin, 100 ng/mL cholera toxin, 20 ng/mL epi-
dermal growth factor (EGF), 10 mg/mL insulin, 0.5 mg/
mL hydrocortisone, 7.5% sodium bicarbonate, 15mM
HEPES, and 2 mM L-Glutamine (growth media). MCF-
10A cells were trypsinized with 0.05% trypsin and
quenched in DMEM/ Ham’s F12 media with 20% horse
serum and antibiotics (resuspension media). The FGFR1
Ab was purchased from R&D Systems (Minneapolis,
MN, USA #MAB765).

Human FTF: VAT was homogenized in equal volume
of serum free media on ice for 30 seconds using Tissue
Ruptor (Qiagen, Hilden, Germany) on medium speed.
Homogenates were filtered through a hanging transwell
insert 15-mm wide 0.4 um filter (Millicell, cat#
MCHT06H48) positioned in 6-well plates filled with

750 mL of serum free media. Plates were incubated on a
rocker for 1 hour to allow fat derived factors to diffuse
into the media. After incubation, filtrates were centri-
fuged at 4500 rpm for 5 minutes and the supernatant
was collected. Protein concentrations were quantified
using BCA Assay. An aliquot of 200 mg/mL concentra-
tion of HuFTF was used for respective experiments.

Anchorage-Independent Colony Formation Soft Agar
Assay: MCF-10A cells were seeded at 750 cells per well
in a 24-well plate in 200 mL of DMEM/Ham’s F12, 5%
HS, and 0.33% agar with or without HuFTF and/or
inhibitors which was overlaid onto 350 mL of DMEM/
Ham’s F12, 5% HS, and 0.5% agar. Soft agar plates were
left at room temperature for 30 minutes before 200 mL
of growth media was gently added to each well and then
stored at 37�C. Every 3–4 days, the growth media was
removed from each well and replenished with 200 mL of
growth media. After two weeks, the colonies were fixed
in 70% ethanol (EtOH) and stained with 150 mL of
0.01% crystal violet. Colonies were visually counted and
used to calculate the percent of colony formation from
the number of cells plated ([Colonies counted x 100] /
750 cells). The % colony formation was normalized to
the untreated control to determine the increase in % of
colony formation. (% Colony formation of treatment -
the % colony formation of untreated control).

FGFR1 Ab Treatment: FGFR1 Ab was added directly
into the top layer of the soft agar assay. MCF-10A cells
were pre-incubated with the monoclonal FGFR1 Ab
(2 mg/mL) in 37�C for 1.5 hours before being added to
the top soft agar layer.

Statistics: Six biological and three technical replicates
were used to ensure adequate power to detect a signifi-
cant change in growth in soft agar. Data are presented as
mean § s.e. Unpaired t-test and one-way ANOVA for
multiple comparisons were used appropriately. For all
statistical tests, 0.05, 0.01, and 0.001 level of confidence,
were accepted for statistical significance.

FGF2 Quantification: FGF2 concentrations in HuFTF
was measured by ELISA kit according to the manufac-
turer’s protocol using R&D Systems Quantikine ELISA
kit’ (Cat# DFB50). The lowest detectable FGF2 concen-
tration was 0.625 pg/mL.
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