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Abstract

The risk of postmenopausal breast cancer is significantly increased by obesity. Further, low grade chronic
inflammation, a hallmark of obesity, can contribute to detrimental health effects including high cancer incidence. Our
goal is to understand the molecular basis for obesity-breast cancer interactions and dissect the role of inflammatory
mediators secreted by adipocytes and breast cancer cells. Accordingly, we developed a three-dimensional (3D) co-
culture system to facilitate direct cell-cell interactions and also performed media transfer from adipocyte cultures
to growing breast cell cultures. The co-culture system will facilitate both adipocyte and breast cell growth in an
environment closely mimicking in-vivo tumor microenvironment. Co-cultures of human primary adipocytes obtained
from lean and obese women with MCF10A, MCF7 and MDAMB231 breast cells (non-cancerous epithelial cells,
cancerous and invasive breast cancer cells, respectively), led to cell type specific changes in secretion of several
pro-inflammatory cytokines, such as IL-6 and TNFa, compared to monocultures. Regulation of cytokine secretion of
breast cells by adipocytes and vice versa indicates the two-way communication between breast cells and adipocytes.
Further, 3D co-culture and adipocyte conditioned media transfer experiments demonstrated that obese adipocyte-
derived conditioned media can promote higher growth of breast cancer cells compared to that from lean adipocytes.
Moreover, obese adipocyte conditioned media increased the activation of nuclear factor-kB (NF-«kB) family members in
breast cells, compared to lean adipocyte-derived media. Our results provide a novel model system to study adipocyte-
breast cancer cell interactions which may underlie the link between breast cancer and obesity and also demonstrate

that inflammatory cytokines and other secreted factors are important in this interaction.

Keywords: Obesity; Breast cancer; Adipocytes; Inflammation; Cy-
tokines

Introduction

Obesity has become a critical problem in the US and worldwide and
results in a variety of chronic diseases including diabetes, cardiovascular
disease and cancer [1]. Clinical evidence directly suggests that obesity
has a significant impact on breast cancer progression and specifically
that obesity in postmenopausal women doubles their risk for
developing breast cancer and also acts as a risk factor for metastasis
[2-5]. Recent clinical evidence also suggests that not only obesity but
also other metabolic diseases such as the metabolic syndrome or type 2
diabetes can increase the risk of breast cancer. Additionally metformin,
an AMPK activator, has been found to improve the survival of breast
cancer in patients with type 2 diabetes [6,7]. These studies indicate the
importance of metabolic/hormonal imbalances such as those observed
in obesity in breast cancer. Of particular interest to us, very few studies
have addressed the mechanisms by which obesity enhances breast
cancer occurrence and progression. Ithas been proposed that adipocyte-
derived estradiol may induce breast cancer [2,8]. Further, adipocyte-
derived inflammatory cytokine profiles exhibit significant differences
between lean and obese individuals and this unbalanced inflammatory
profile (increased pro-inflammatory cytokine and decreased anti-
inflammatory cytokine secretion) in the obese condition may play a role
in worsening both metabolic disorders and breast cancer progression
[9-13]. Since the breast stroma is mostly constituted of adipocytes
and their precursors, it is logical to propose that there are molecular
interactions between breast cells and adipose tissue components which
may underlie promotion of tumorigenesis. Chronic inflammation is
associated with both obesity and breast cancer progression [8] and
visceral adipose tissue is a major source of inflammatory mediators,
and these may exert profound effects on breast cancer cells [12,13]. In
this communication we have co-cultured human visceral adipocytes
isolated from lean or obese women together with cancerous and non-
cancerous breast epithelial cells in three dimensional (3D) co-cultures
to dissect molecular and cellular interactions between adipocyte and

breast cancer cells. This system facilitates direct cell-cell interactions
mimicking in-vivo conditions and allows investigation of the effects of
adipocytes and their secretory cytokines on breast cell biology and vice
versa. Our results demonstrate the two-way communication between
the adipocytes and breast cancer cells in 3D co-cultures and further
support the role for adipocyte-derived adipokines in modulating breast
cancer cell growth and metabolism.

Methods and Procedures

Age-matched visceral preadipocytes from lean and obese women
were obtained from Zenbio (Research Triangle Park, NC). The
preadipocytes were cultured and differentiated in monolayer cultures
according to supplier’s procedures. After differentiation, cells were
maintained in adipocyte maintenance media purchased from the
supplier. Conditioned media (1 day old) obtained from differentiated
mature adipocytes were mixed with standard MCF10A culture media
ata 1:1 ratio and used for media transfer experiments. Prepared media
mixtures were added into 1-day-old growing breast cell cultures
seeded at the concentration of 5,000 cells / well of 96-well plates. This
experimental setup was used to measure cell growth differences assayed
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by MTT assay and cell lysates prepared for TNFo. and NF-«B assays.
ELISA assays, including multiplex cytokine ELISAs, were performed
according to manufacturer’s guidelines.

Three dimensional (3D) cultures and 3D co-cultures were
performed with additional modifications of previously described 3D
breast epithelial culture methods [14,15]. Briefly, 400 pl of Growth
Factor-Reduced Matrigel Matrix (BD Biosciences, Bedford, MA)
was added into each well of 24-well culture plates and placed in the
cell culture incubator for 20 min. Five thousand breast cells and/or
45,000 adipocytes were mixed with breast cell adipocyte culture media
(MCF10A media and adipocyte culture media at a 1:1 ratio) and plated
on top of the base layer of Matrigel. Cultures were maintained in 5% CO,
at 37°C. Media were carefully replaced every 2 days, and conditioned
media were collected and stored at -80°C for cytokine assays. Growing
co-cultures were photographed every 3 days at our microscopic image
facility and the diameters of acini-like spheroids were recorded. All
experiments were conducted in triplicate and repeated two times to
verify the results. Cell lysates in Figure 4B were prepared according to
instructions of RayBiotech (Atlanta, GA) and Active Motif (Carlsbad,
CA), respectively.

Results and Discussion

We co-cultured pre-adipocytes derived from either lean or obese
women with MCF10A, MCF7, and MDAMB231 breast epithelial cells
in 3D co-cultures in Matrigel. As shown in Figure 1A, MCF10A cells
formed round, growth restricted spheroids, while MCF?7 cells formed
growth unrestricted irregular structures (Figure 1B). MDAMB231
cells formed mixed cellular masses with elongated extensions (Figure
1C). Figure 1D shows differentiated obese adipocytes grown in 3D
culture with inter cellular connections. In the MCF10A, MCF7 and
MDAMB231/adipocyte co-cultures, there appeared to be structural
connections between the two cell types, as represented in Figure 1E.
The diameters of these cellular structures in the co-cultures were
measured microscopically. The diameter of MCF?7 structures increased
when co-cultured with obese adipocytes compared to co-cultures with
lean adipocytes (Figure 2B). This increase, suggestive of a greater cell
number, was not observed with MCF10A cells. Since MDAMB231
cells did not form compact structures, their diameters could not be
ascertained. In conditioned media transfer experiments, we tested
effects of lean and obese adipocyte-conditioned media on the growth
of monolayers of breast cancer cells. When compared to lean derived
adipocyte-conditioned media, obese adipocyte media induced time-
dependent increases in cell number in all three breast epithelial cell
types (Figure 2A). The increases in cell number, although relatively
modest, were statistically significant for MCF7 cells from 24-72 h
following addition of conditioned media. Similar results were observed
for MDAMB231cells at 72 h. Studies have shown that obese adipocyte-
derived adipokines and growth factors may regulate breast cell growth,
as previously reviewed [16]. Thus, further studies are needed to identify
specific factors derived from adipocytes which affect tumor growth and
invasion.

It is well known that adipocytes secrete a variety of cytokines, and
in the case of obese women, there is a significant increase in secretion of
several pro-inflammatory adipokine compared to adipocytes from lean
women [9,10]. Therefore, we measured levels of secreted inflammatory
cytokines, which may regulate the cellular behavior of breast epithelial
cells in the co-cultures. In our study, secretion of granulocyte colony
stimulation factor (G-CSF) was higher in obese vs. lean monocultures
(Figure 3). G-CSF secretion was greatly increased in cancer cells when
compared to MCF10A cells. Co-culture changed G-CSF secretion in all

MCF10A

Figure 1: Representative 3D cultures and co-cultures of differentiated
adipocytes and breast cancer cells. Adipocytes from age-matched women
were co-cultured with MCF10A, MCF7 and MDA 231 cells at a 9:1 ratio,
respectively, in 3D Matrigel cultures. MCF10A cells formed size-restricted,
regular round spheroids (A), and MCF7 cells formed size-unrestricted
irregular spheroids (B), while invasive MDA 231 cells formed elongated
cell clusters or interconnected cellular structures (C), but not spheroids like
MCF10A cells. D and E show connections between adipocytes and MCF7
cells. Arrows indicates the respective cell populations.

three breast cell lines. In MCF10A-lean adipocyte co-cultures, G-CSF
secretion from lean adipocytes was increased several fold, compared
to obese adipocytes. By contrast, in MDAMB231 cells, both lean and
obese co-cultures suppressed G-CSF. In MCF7 co-cultures, G-CSF
secretion from obese adipocytes was significantly increased compared
to lean adipocytes. The order of G-CSF secretion in monoculture was
MDAMB231 > MCF7 > MCF10A.

IL-6 secretion (Figure 3B) was also up-regulated in MCF10A and
MCF7 co-cultures with obese adipocytes, but was highly repressed in
MDAMB231 co-cultures with lean or obese adipocytes, with a larger
inhibitory effect seen with obese adipocytes. IL-6 secretion was 2-3-
fold higher in obese adipocytes compared to lean adipocytes, consistent
with previous reports [17] and neither MCF10A nor MCF7 secreted
detectable levels of IL-6 in 3D monocultures. The decrease in IL-6
in adipocytes and MDAMB231 co-cultures was over five-fold with
obese adipocytes, while the reverse effects with less fold changes were
observed with MCF10A and MCEF?7 cells.

IL-8 secretion from obese-derived adipocytes was significantly
lower compared to lean adipocytes in 3D monocultures (Figure 3C).
Furthermore, MCF10A cells did not secrete detectable IL-8; however,
when co-cultured with adipocytes from lean or obese subjects, IL-8
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secretion was significantly reduced from adipocytes, and this re-
duction was more pronounced in co-cultures of MCF 10A with obese
adipocytes, compared to adipocytes alone. This decrease is possibly
due to MCF10A cells inhibiting secretion of IL-8 by adipocytes. It
could also result from uptake of IL-8 by MCF10A cells. MCF7 cells
secreted low quantities of IL-8 and in co-cultures with lean adipocytes,
there was a decrease in IL-8 compared to monocultures. However,
in the presence of obese adipocytes, there was a significant increase
in secreted IL-8, which suggests that MCF7 cells were stimulated
to secrete IL-8 by obese adipocytes or that IL-8 secreted by obese
adipocytes was stabilized by MCF7 cells, resulting in higher IL-8 in the
medium. It is also possible that MCF?7 cells stimulated obese adipocytes
to secrete more IL-8. MDAMB231 cells secreted large quantities of IL-
8, consistent with other reports on breast cancer cells [18]. IL-8 levels
were significantly decreased when these cells were co-cultured with
lean or obese adipocytes.

MCP-1 secretion by obese adipocytes was significantly higher
than lean adipocytes (Figure 3D). This is in line with previous studies
demonstrating higher MCP-1 production in obese vs. lean human
subjects and from visceral vs. subcutaneous adipose tissue [19].
Breast cell lines secreted relatively lower MCP-1; in co-cultures with
lean adipocytes and MCF10A or MCF7 cells, MCP-1 was relatively
unchanged. In both MCF7 and MCFI10A cell co-cultures with obese
adipocytes, there was a large reduction in MCP-1 levels, suggesting
that these two cell types may have decreased MCP-1 secretion by
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Figure 2: Effect of lean and obese adipocytes on breast cell growth.
A. Lean and obese adipocytes from age-matched women were individually
cultured, and the conditioned media was transferred to growing breast cell
cultures. Cell growth was measured by MTT assay at 24, 48 and 72 h. B.
Diameter of the structures shown in Figure 1 is shown (data are from triplicate
cultures, mean +/- SE). L=Lean O = Obese
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Cytokine | Adipocyte Media MCF10A MCF7 MDAMB231
Eotaxin Control 5.65 10.325 14.335
Lean 15.08 7.065 12.995 32.23
Obese 35.865 7.755 13.33 23.715
GM-CSF Control 2.495 6.05 64.525
Lean 5.855 11.96 20.085 14.225
Obese 3.94 6.875 13.145 11.15
IFNa.2 Control 5.945 8.98 11.53
Lean 26.605 15.565 19.26 9.485
Obese 13.05 12.04 14.555 9.485
IL1a Control 104.03 27.56 22.315
Lean 1.495 4.42 8.68 24.185
Obese 2.38 11.78 10.255 10.57
IL-7 Control 2.94 4.59 27.855
Lean 10.45 7.33 8.735 9.79
Obese 8.735 7.335 10.14 8.035
IP-10 Control 26.895 51.225 73.44
Lean 5.6 16.115 14.325 19.005
Obese 15.31 21.715 30.175 13.32
MIP1a Control 4.77 4.78 7.045
Lean 4.945 4.955 6.36 7.705
Obese 3.88 6.36 5.31 3.7

Table 1: Cytokines differentially expressed in 3D co-cultures of adipocytes and
breast cells.

Breast cancer cells were either maintained in Matrigel as mono-cultures (control
designation), or co-cultured with adipocytes from lean or obese women. Cytokines
secreted by monocultures of lean or obese adipocytes only, in Matrigel, are shown
in the column labeled “Media”. Values are in pg/ml. All the bolded values are sig-
nificantly different compared to the lean adipocyte co-culture (P<0.05).

obese adipocytes, or that the MCF7 or MCF10A cells bound and/or
metabolized MCP-1 rendering it unavailable in the medium. In contrast
to G-CSF, IL-6 and IL-8, MDAMB231 cells did not secrete detectable
MCP-1 and these cells were much more efficient in inhibiting lean or
obese adipocyte MCP-1 secretion and/or binding/metabolizing MCP-
1 than the other two cell lines. In this respect, co-culture of either lean
or obese adipocytes with MDAMB231 cells showed a similar trend in
secreted G-CSF, IL-6 and IL-8, in that co-culture with either lean or
obese adipocytes significantly reduced secretion of these cytokines by
MDAMB231 cells.

Of the twenty six cytokines measured in this study using 3D mono-
and co-culture media, 11 cytokines showed differential and significant
changes (selected cytokines are shown in Figure 3 and others are shown
in Table 1) . Of the cytokines significantly changed, GM-CSF secretion
was increased in monocultures in the order MCF10A < MCF7 <
MDAMB231. In co-cultures with lean adipocytes, GM-CSF secretion
from both MCF10A and MCF?7 cells was increased. By contrast, GM-
CSF secretion was significantly reduced from MDAMB231 cells in co-
cultures with lean or obese adipocytes. Furthermore, compared to lean-
derived adipocytes, obese adipocytes decreased secretion of GM-CSF
in co-cultures with all the breast cell lines. GM-CSF secretion by lean
adipocytes was similar to that of obese adipocytes; however, compared
to lean adipocytes, obese adipocytes were less stimulatory towards GM-
CSF secretion by MCF10A and MCF7 cells in co-cultures. Both lean
and obese adipocytes in co-cultures with MDAMB231 cells drastically
reduced the GM-CSF secretion by the latter.

Obese adipocytes secreted significantly more eotaxin (CCL11)
than lean adipocytes in monoculture and Vasudevan et al. (2006)
[20] reported that obesity promote the secretion of eotaxin. Similar
to other cytokines/ interleukins, there was an increase in eotaxin
secretion from MCF10A to MDMBA231 cells in monocultures. In lean
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adipocyte/MDAMB231 co-cultures, there was a significant (P<0.05)
increase in eotaxin, suggesting a positive mutual interaction between
the two cell types in secretion of eotaxin. On the other hand, in obese
adipocyte/ MDAMB231 cell co-cultures, there was a negative influence
of the MDAMB3I cells on obese adipocyte secretion of eotaxin and/
or metabolism of eotaxin by MDAMB231 cells. Co-cultures did not
change secretion of eotaxin by MCF10A and MCF?7.

Secretion of IFNa2 also increased in monocultures (from MCF10A
to MDAMB231 cells). Secretion of IFNa2 was higher in lean adipocyte
than in obese adipocyte monocultures. In co-cultures with lean
adipocytes, there were increased levels in MCF10A and MCF7 cells; the
magnitude of changes was less in obese adipocyte co-cultures compared
to lean adipocyte co-cultures. Interestingly, there was no effect of lean
adipocytes or obese adipocytes on the MDAMB231 secretion of IFNa2
compared to highly significant effects of lean or obese adipocytes on
secretion of other cytokines or interleukins from MDAMB231 cells.
However, MDAMB231 cells decreased the quantity of IFNa2 secreted
by adipocytes in monoculture, similar to effects of MCF10A and MCF7
cells on lean adipocytes IFNa2 secretion.

In contrast to all other cytokines, secretion of IL1a was higher in
MCF10A monocultures, compared to MCF7 and MDAMB231 cancer
cells. In monoculture, lean and obese adipocytes secreted only small
quantities of ILla. However, both types of adipocytes drastically
reduced secretion of this interleukin by MCF10A as well as MCF 7.
In MDAMBA231 co-cultures, only adipocytes from obese women
reduced IL1a secretion.

IP-10 (CXCL10) secretion by monocultures of obese adipocytes
was higher compared to lean adipocytes. However, both obese and lean
adipocytes reduced IP-10 secretion from MCF10A and MDAMB231
cells. Adipocytes from lean subjects exerted a more pronounced
decrease in IP-10 secretion from MCF10A and MCEF7 cells, while
obese adipocytes exerted larger inhibition in MDAMB231 cells. The
secretion of IP-10 was in the order MDAMB231 > MCF7 > MCF10A
in monocultures. In addition, in co-cultures of obese (but not lean)
adipocytes with MDAMB231 cells, MIP la secretion was significantly
reduced.

Secretion of a variety of cytokines/interleukins is regulated by
TNFa [11] and both adipocytes and breast cancer cells can secrete
TNFa. The concentrations of TNFa in mono- and co-culture media are
shown in Figure 4A,B. Obese adipocyte monocultures secreted more
TNFa than lean adipocytes, as previously observed [21]. All the breast
cell lines secreted TNFa, with MCF?7 cells secreting the largest quantity
in monoculture. In MCF10A cells co-cultured with lean adipocytes, the
secretion of TNFawas similar compared to thatbylean adipocytesalone.
In MCF?7 co-culture with lean adipocytes or obese adipocytes, there was
a significant reduction in secreted TNFa (P<0.05). Interestingly, in all
three cell types, obese adipocyte co-cultures accumulated significantly
more TNFa than lean adipocyte co-cultures. Data in Figure 4B depicts
TNFa levels in cell lysates in breast cells. Concentrations of TNFa in
cell lysates were approximately ten-fold that of media in monocultures,
and all three breast cell types had similar TNFa concentrations
(normalized to total cell protein) in lysates. In co-cultures, both lean
and obese adipocyte-conditioned media increased MCF10A and MCF7
cells cellular TNFa; lean adipocyte-conditioned medium induced
significantly higher MCF10A TNFa than obese adipocyte-conditioned
medium. Obese adipocyte-conditioned media significantly increased
TNFa content in MDAMB231 and MCF7 cultures.

One of the well-known downstream targets of TNFa is the NF-kB
pathway [22,23]. Using the nucleotide sequence to which all members
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Figure 3: Cytokine changes in adipocyte and breast cell co-cultures.
Media from 3D-co-cultures were assayed for secretion of selected cytokines
(A-D). Data exceeding the upper detection limit were set to 10,001 (pg/ml)
for statistical analysis. A double cross bar on the histogram indicates values
were truncated at the upper detection limit. A single cross bar indicates values
that exceed the depicted axis but did not exceed the upper detection limit.
Different lower case letters indicate statistical difference, p<0.05. Control =
adipocyte mono-cultures, C= breast cell mono-cultures, L=Lean, O=Obese.

of the NF-«xB family bind and specific antibodies against individual
members of the NF-«kB family, oligonucleotide-bound NF-kB was
measured by a commercial ELISA kit. As shown in Figure 5, all five
family members are present in all of the breast cell types. Using the
same conditioned media transfer technique as in Figure 4B, we
measured the effects of adipocyte-conditioned media on the activity of
all five NF-xB family members. Conditioned media regulated activities
in a cell-specific manner. The most prominent effects of obese vs.
lean adipocyte media transfer were observed with MDAMD231 cells,
where a significant increase in active p65, p50, p52, Rel B and Rel C
was observed with obese adipocyte-conditioned media compared to
lean adipocyte-conditioned media. In MCF7 cells, a similar pattern
was observed for p65, p50, p52, and Rel C. However, the changes in
MCF?7 cells were relatively modest. In MCF10A cells, which had lower
NF-xB family member concentrations compared to cancer cells except
for Rel C, both obese and lean adipocyte-conditioned media exerted
similar positive effects. Clearly, obese adipocyte-conditioned media
had a larger stimulatory effect than lean adipocyte-conditioned media
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Figure 5: NF-kB activation changes in adipocyte conditioned media
transferred to breast cell cultures. Adipocyte conditioned media-exposed
breast cells were assayed for NFkB activation using an ELISA assay. Different
lower case letters indicate statistical difference, p<0.05. C = Breast cell mono-
cultures, L=Lean, O=Obese.

on NF-kB family member activities in MDAMB231 cancer cells.

Our results demonstrate that co-culturing breast cell lines with

adipocytes had significant effects on their growth. Further, obese
adipocytes had a greater effect on breast cancer cells, especially on
MCEF?7 cells. It is possible that cell-to-cell contact had a potential
role here and/or that adipocyte secretions (such as cytokines) may
have produced these effects. Our data suggests that the breast cell
growth and metabolism is regulated by adipocyte-secreted cytokines.
Although, we have not identified specific factors secreted by adipocytes
which regulate breast cancer cell growth and NF-«kB expression in
these cells, the methods we have developed can be utilized to identify
the molecules which mediate the two way communication between
adipocytes and breast cells.

The effects of co-cultures on cytokine secretion are highly complex.
We identified 11 cytokines that changed out of the twenty six measured.
Lean and obese adipocytes exhibited substantial differences in secretion
of many of these cytokines in 3D monocultures, except for GM-CSF,
IL1a, IL-7 and MIP1la. In general, MDMBA?231 cells produced greater
amounts of cytokines (except IL1a and MCP-1) than either cancerous
MCEF7 or non-cancerous MCF10A cells. There was an increase in
secretion in the order MCF10A < MCF7 < MDAMB231 cells, which
is also the order of the malignant nature in the three breast cell lines.

The interaction between lean or obese adipocytes and the breast
cells are highly complex, with both lean and obese adipocytes decreasing
secretion of several cytokines from MDAMB231 cells (except for
eotaxin and IL1a). In contrast, co-cultures enhanced secretion of some
other cytokines from MCF10A (e.g., G CSF) and MCF7 cells, with
notable exceptions such as IL1-a and IP-I0. In some cases, such as
with IL-8, MCF?7 cells appeared to decrease IL-8 secretion by lean and
obese adipocytes. For obese adipocytes /MCF7 co-cultures, there was
a significantly higher secretion of IL-8 than in either obese adipocytes
or MCEF?7 cells alone. These data strongly suggest mutual interaction
between adipocytes and breast cells in regulating these cytokines.

What is remarkable is that the highly malignant MDAMB231
cell line behaves differently in this interaction, compared to the less
malignant MCF?7 cells. In general, we observed a significant difference
between lean and obese adipocyte co-cultures with breast cells (cell
growth, secretion of the majority of cytokines, as well as activation
of the NF-kB family of transcription factors). Remarkably, there
were significant increases in activation of all NF-xB family members
in MDAMB231 cells after conditioned media transferred from obese
adipocytes compared to the lean counterparts. These increases were
even higher than when obese adipocyte conditioned media was
transfered to MCF7 or MCF10A cultures.

NEF-«B activation is known to modulate several different cellular
processes in cancer cells leading to cell growth, as pharmacological
inhibition of NF-«B in cell lines suppresses proliferation and leads
to apoptosis [24,25]. In agreement with our data that the invasive
MDAMB231cells showed higher NF-kB activation, Spiller et al. (2011)
[24] showed that NF-kB is activated and required for medulloblastoma
tumor growth. Further, it has been shown that anti-inflammatory
treatments that suppresses NF-kB activation are promising anti-cancer
agents [26-28]. We observed that conditioned media derived from obese
adipocytes significantly increased MDAMB 231 cell growth compared
to the lean counterpart [Figure 2] and this is in agreement with Park
et al. (2007) [29] where they showed that NF-«B activation in breast
cancer cells promote bone metastasis and obesity increases metastasis
in patients and our data suggest that increased NF-«B activation due
to obese condition media transfer can promote MDAMB 231 growth.

Our novel studies on the co-culture of lean /obese adipocytes
with breast epithelial cells in a 3D matrix demonstrates two-way
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direct communication between adipocytes and breast cells, as occurs
naturally in the human breast. These interactions appear to be specific
for each breast cell type (non-cancerous, cancerous and invasive) and
lean vs. obese adipocytes. Therefore, our technique provides novel
tools to elucidate the molecular interactions between adipocytes and
breast cancer cells; these interactions may contribute to the increased
incidence and poorer prognosis of breast cancer in post-menopausal,
obese women. Furthermore, separation of breast cells from adipocytes
and monoculture of the breast cells following co-culture may reveal
molecular changes in breast cells that occurred during the co-culture.
Finally, the system we developed would be highly suitable for testing
effects of dietary interventions that may lessen the effects of fat cell
inflammation on breast cancer cells and ultimately decrease the risk of
breast cancer in obesity.
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