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Human adipose tissue was shown to be a very attractive source of mesenchymal stromal cells that have a wide scale of
potential applications in reconstructive plastic surgery and regenerative medicine. However, these cells were described to
have profound effects on biological behaviour of tumour cells. The aim of this study was to analyze the influence of adipose
tissue-derived human mesenchymal stromal cells (AT-MSC) on the proliferation of breast cancer cells. We have tested
proliferation of three different human breast cancer cell lines under the influence of AT-MSC derived soluble factors as
well as in the direct cocultures. These data were supplemented with the expression analysis of cytokines and their cognate
receptors on the target cells. We have observed stimulation of proliferation in breast cancer cells MDA-MB-361, T47D and
EGFP-MCF7. AT-MSC were found to secrete wide scale of cytokines, chemokines and growth factors, thus we concluded
that this pro-proliferative effect was a result of their synergistic action. These data bring out a need to evaluate whether
primary breast tumour derived human cells would respond to these type of stimuli in a similar manner in order to exclude
any potential clinical risk related to the application of human mesenchymal stromal cells under the context of patient with

history of breast cancer malignancy.
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Over the last 30 years there has been continuous interest
in breast augmentation via autologous fat transplantation
frequently used as a routine procedure due to its simplicity
and reproducibility [1-2]. It is offered to patients as a final
perfecting procedure for breast reconstruction, irrespective
of technique used for the initial reconstructive procedure [3].

Abbreviations: bFGF - basic fibroblast growth factor, cMET - hepatocyte
growth factor receptor, CXCR4 - SDF-1a (CXCL12) receptor, EGF- epider-
mal growth factor, EGFR - epidermal growth factor receptor, FBS - foetal
bovine serum, GAPDH - glyceraldehyde 3-phosphate dehydrogenase,
G-CSF - granulocyte-colony stimulating factor, GM-CSF- granulocyte
monocyte-colony stimulating factor, HGF - hepatocyte growth factor, IFN-g
- interferon y, IL - interleukin, MCP-1 (CCL2) - monocyte chemoattractant
protein-1, chemokine CCL2, MIP-1a (CCL3) - macrophage inflammatory
protein-lalpha, MIP-1b (CCL4)- macrophage inflammatory protein-1beta,
PDGF-BB - platelet-derived growth factor, RANTES (CCL5)- Regulated on
Activation, Normal T-cell Expressed and Secreted, chemokine CCL5, SCF
- stem cell factor, SDF-1a - stroma-derived factor 1a, chemokine CXCL12,
TGF-p- transforming growth factor beta, TNF-a — tumor necrosis factor a,
VEGEF- vascular endothelial growth factor, VEGFR - vascular endothelial
growth factor receptor

For cosmetic purposes, some surgeons use this procedure for
breast augmentation as a sole treatment or for correction of the
capsular deformity [4-5]. However, position paper published
by American Society of Plastic and Reconstructive Surgeons
in 1987 predicted that fat grafting would compromise breast
cancer detection [6]. Randomized prospective multicenter
trial (GRATSEC) began in 2010 in France with objective
to compare the impact of surgical treatment by fatty tissue
transfer to a simple oversight on the radiological monitoring in
patients who underwent conservative surgery for breast cancer
(http://clinicaltrials.gov/ct2/show/NCT01035268). There are
still many unanswered questions regarding the use of fat graft
in breast reconstruction, breast contour deformity correction
or even its use in breast augmentation [7-10].

Grafting of heterogeneous mixture of cellular components
carries potential oncological risk of de novo breast cancer
and/or its recurrence. Although adipose tissue is the most
abundant stromal constituent in the breast and a rich source
of mesenchymal stromal cells (MSC), little is known about
the involvement of this resident stem cell population in
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mammary carcinogenesis. Primary mammary cancers tend
to develop in close proximity to adipose tissue [11]. The
interaction between epithelial cells and stromal fibroblasts
plays a fundamental role in the development of both organs
and tumors [12]. This cross-talk is bidirectional and usually
paracrine in nature, which means that cells of the stromal
compartment produce certain growth factors, cytokines or
chemokines, which act on neighboring epithelial cells and
vice versa [13]. The plasticity of MSC, combined with their
migratory potential and their preference for injured tissue,
makes these cells an ideal tool for therapeutic tissue regen-
eration [14]. However, MSC also enter tumours because they
apparently “mistake” the tumours for normal wounds [15].
This response occurs because cancer cells secrete chemokines
along with other proteins that attract MSC, and increase
their migratory activity [16-17]. In the tumor, MSC may
alter the behavior of the cancer cells. In addition, MSC may
differentiate to carcinoma-associated fibroblasts (CAF),
which are known to be involved in cancer progression [18].
Adipose tissue-derived MSC (AT-MSC) are an attractive
and abundant stem cell source with therapeutic potential
to be used in diverse fields of medicine for tissue repair or
regeneration [19]. Due to their characteristics, AT-MSC have
rapidly advanced into clinical trials for treatment of a broad
range of different conditions. Some experimental studies in
vitro and preclinical studies using animal models have dem-
onstrated that both MSC and adipocytes could favor tumor
growth [20-22]. Three recent studies similarly reported that
MSC (abdominal- and/or breast adipose tissue-derived)
promoted growth, invasion, and metastasis of fully malignant
breast epithelial cells [23-25]. Zhao et al. hypothesized that
multipotent adipose tissue derived MSC (AT-MSC) directly
altered breast microenvironment favoring the transition from
premalignancy to malignancy [11]. AT-MSC diminished
activity of T lymphocytes and increased neoangiogenesis via
endothelial cells. All of these elements could have promoted
proliferation of breast tumors. On the contrary, Martin et al.
found no significant increase in breast cancer cell prolifera-
tion upon coculture with MSC but stimulation of transition
from epithelial to mesenchymal phenotype correlating with
aggressiveness increase as described previously for sulforap-
hane [26-27]. These effects in breast cancer cells were also
attributed to response to TGF-{ that was described to be
produced by MSC [28-29]. Even so, some studies suggested
that MSC may have antitumor activities as well [30-33].
Risk of cancer development or cancer recurrence related
to fat grafting has not been addressed in the recent clinical
studies [3, 34]. Breast cancer can recur years or even decades
after the original treatment [35-36]. Dormant tumor cells
can be in a state of cell cycle arrest or micrometastases hav-
ing balanced apoptosis and proliferation [37]. These can be
transformed into active metastasis by autocrine and paracrine
stimulating factors. Inability to trigger neovascularization can
be an important factor in maintaining dormancy with VEGF
having a specific role in the initial tumor growth [2, 38]. The

introduction of AT-MSC, abundantly present in fat grafts, as
asource of VEGF and other paracrine factors might represent
a stimulus to release these cells into full tumor development,
as previously demonstrated for melanoma [39]. Therefore it
is necessary to further develop methods to unravel determi-
nants of grafted adipose tissue or AT-MSC and the host local
environment interaction in order to render fat grafting safer
with less potential risks to patients.

In this basic research study we have evaluated effects of
AT-MSC on several breast cancer cell lines in order to deter-
mine their effect on tumor cell proliferation. Our data clearly
show the capability of AT-MSC to increase proliferation of
breast cancer cells depending on the specific receptor-ligand
interaction and identify several potential signalling axes to be
involved in this process.

Materials and methods

Cells and chemicals. Human mammary gland adeno-
carcinoma cell line T47D (ATCC® Number: HTB-133™ ),
MCE7 (ATCC® Number: HTB-22"), MDA-MB-231 (ATCC®
Number : HTB-26™ ) and MDA-MB-361 (derived from
brain metastasis, ATCC® Number: HTB-31™) were cultured
in high-glucose (HG; 4,500 mg/ml) Dulbecco’s modified
Eagle medium (DMEM, PAA Laboratories GmbH) supple-
mented with 5% fetal bovine serum (FBS, Biochrom AG), 2
mM glutamine and Antibiotic-antimycotic (GIBCO BRL,
Gaithesburg, MD).

EGFP-MCEF?7 cell line stably expressing enhanced green
fluorescent protein (EGFP) was prepared according to recently
published [40] with modifications. Briefly, 2 pg of recombinant
retrovirus vector pAP-EGFP was transfected using Effectene
transfection reagent (Qiagen, Hilden) and G418 selected to
produce GP+E-86/pAP-EGFP ecotropic virus producing cells.
Amphotropic GP+envAm12 packaging cells were infected
in the presence of Polybrene (8 pg/ml) and G418 selected as
above. Virus-containing medium was collected from 90%
confluent cultures of GP+envAm12/pAP-EGEP cells, filtered
through 0.45 pm filters and used either fresh or kept frozen
until use at -80°C. To prepare MCF7 cells expressing EGFP,
sub-confluent MCF7 cell cultures were transduced once with
virus-containing media supplemented with 5 pg/ml protamine
sulphate. Cells were cultivated in selected media containing
0.5 mg/ml G418 for 10 days. EGFP expression in transduced
EGFP-MCF7 cells was verified by fluorescence microscopy
and flow cytometry.

AT-MSC were derived by plastic adherence technique as
previously described [40]. Briefly, AT-MSC were expanded
from adherent cells obtained by collagenase type VIII digestion
of lipoaspirate obtained from healthy persons, who provided
an informed consent. Cells were expanded in low-glucose
DMEM (LG; 1,000 mg/ml) with GlutamMAX"™ (GIBCO Inv-
itrogen Life Technologies) supplemented with 10% HyClone®
AdvanceSTEM™ Mesenchymal Stem Cells Growth Supplement
(Thermo Scientific) and Antibiotic-antimycotic (GIBCO
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Invitrogen Life Technologies). AT-MSC were characterized
by surface marker expression as CD44+, CD73+, CD90+,
CD105+, CD14-, CD34-, CD45- population. Conclusions were
drawn from similar results of experiments performed with two
different isolates if not specified otherwise.

To prepare growth arrested AT-MSC, cells were treated with
10 pg/ml Mitomycin C (Mit-C, Kyowa, Hakko Ltd UK) for 3
hours in culture medium.

Cell-free AT-MSC conditioned medium (CM) was collected
from 80% confluent AT-MSC cultures after 24 hrs cultivation
with fresh culture medium and filtered through 0.45 um filters.
All cells were kept in humidified atmosphere and 5% CO?2 at
37°C. All chemicals were purchased from Sigma (St. Louis,
MO) if not stated otherwise.

AT-MSC and tumor cell co-cultures. Conditioned me-
dium (CM) from AT-MSC was prepared fresh by culturing
AT-MSCin LG DMEM culture medium for overnight one day
prior to experiment start. On the same day, triplicates of 2.000
MDA-MB-361, T47D and EGFP-MCF7 tumor cells per well
were seeded in 96-well plates. Filtered conditioned medium
was diluted with fresh culture medium (undiluted AT-MSC
CM, 1:2, 1:4, 1:8, 1:16, 1:32, unconditioned culture medium).
Tumor cell medium was aspirated and breast cancer cells were
cultured in given conditioned medium dilutions to determine
the effect of AT-MSC secreted factors on cell proliferation.
Fresh conditioned medium was provided every 2 days and
relative proliferation was evaluated on day 3, 6 and 9. Experi-
ments were performed at least twice with similar results and
representative experiment result is shown, SD did not exceed
5% and was omitted from figures for clarity.

In an independent experiment, increasing numbers of either
AT-MSC or growth-arrested AT-MSC (0, 31, 62, 125, 250, 500,
1.000, and 2.000 AT-MSC) were added to the tumour cells on
day 0. Usually sixplicates of 4.000 MDA-MB-361, T47D or
EGFP-MCF7 tumour cells/well were seeded in 96-well plate
or in black-walled 96-well plate (for EGFP expressing cells)
(Greiner Bio-One Intl. AG) for overnight. Appropriate dilu-
tions of AT-MSC and growth-arrested AT-MSC were prepared
in low serum LG DMEM (2% FBS). Tumor cells MDA-MB-
361 and T47D were co-cultured with Mit-C arrested AT-MSC
only, EGFP expressing tumour cells were co-cultured both
with AT-MSC and arrested AT-MSC. Duplicates with cor-
responding number of arrested AT-MSC alone were seeded
in parallel 96-well plate for a background control. LG DMEM
(2% FBS) was replaced every 2 days. Relative proliferation for
MDA-MB-361 and T47D was evaluated using MTS prolifera-
tion assay. Relative proliferation of EGFP-MCF7 was evaluated
using both MTS proliferation assay and relative fluorescence
measurements.

Proliferation assay. Relative proliferation of tumor cells
was assessed by CellTiter® 96 AQueous One Solution Cell
Proliferation Assay (MTS Assay, Promega). 10 pl of 5 mg/ml
MTS diluted in 90 Wl DMEM was added to each well and
incubated for 2 hrs at 37°C. Absorbance values were read
out spectrophotometrically at 492 nm by PolarStar OPTIMA

reader (BMG Labtechnologies, Offenburg, Germany). Results
were expressed as relative proliferation, where the proliferation
of cells in standard culture medium DMEM without AT-MSC
cells or CM was set to 100% by default. Absorbance values
were corrected for the contribution of AT-MSC by subtracting
these background values from the absorbances in cocultures.
Results were expressed as means of sixplicates.

Relative proliferation of EGFP expressing cells was evalu-
ated by determining relative green fluorescence on PolarStar
OPTIMA reader (BMG Labtechnologies, Offenburg, Ger-
many). Culture plates were carefully washed by PBS and
fluorescence of EGFP-MCF7 was determined in 100 pl PBS.
Values were expressed as means of relative fluorescence + SD,
where EGFP-MCEF7 tumor cell florescence in culture medium
DMEM without AT-MSC or arrested AT-MSC was set to
100% by default. It was previously determined, that there was
alinear correlation between fluorescence intensity and number
of EGFP expressing cells under these experimental culture
conditions and cell densities.

Analysis of gene expression. Total RNA was isolated from
5x10° cultured cells collected by trypsinization by Qiagen
RNeasy kit (Qiagen, Hilden, Germany) and treated with
RNase-free DNase (Qiagen, Hilden, Germany). Total RNA
was subjected to control PCR for human actin to exclude
potential contamination with undigested DNA. RNA was
reverse transcribed with RevertAid™ H minus First Strand
c¢DNA Synthesis Kit (Fermentas, Hanover, MD). 200 ng of
c¢DNA was subject to standard PCR performed in 1x PCR
Master Mix (Fermentas, Hanover, MD) with respective
specific primers [41] for 35 cycles and gel resolved on 2%
agarose or 4 % MetaPhor” Agarose (Lonza, Rockland, ME,
USA) for qualitative analysis.

Cytokine secretion analysis. Duplicates of 50.000 AT-MSC
cells/well were cultured in 1ml of complete culture medium
for three days. Cell-free supernatants were collected, filtered
and subjected to human Bio-Plex™ 27-plex Cytokine Assay
(Bio-Rad Laboratories Inc, Hercules, CA). Measurements were
performed on Luminex 100 System (Luminex Corporation,
Austin, TX) in duplicates with four different AT-MSC isolates
at passages 1 to 3. Results were expressed as means + SD.

Results

AT-MSC have pro-proliferation effect on EGFP-MCF7
cells. In order to distinguish proliferation of tumor cells in the
coculture with adipose tissue derived mesenchymal stromal
cells (AT-MSC), we prepared stable cell line EGFP-MCEF7 ex-
pressing marker transgene EGFP by retroviral transduction. We
have previously employed this strategy to determine pro- and
anti-proliferative effect of our therapeutic approach [39,41]. By
determining fluorescence intensity proportionally correspond-
ing to the number of proliferating cells it is possible to evaluate
proliferation outcome. We were able to confirm successful
gene transfer and stable EGFP expression in EGFP-MCF7
cells by standard flow cytometric analysis (Figure 1A). When
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Figure 1A. Parental MCF?7 cell were retrovirus transduced to stably express
EGFP. Flow cytometric analysis has shown that 92.2% of EGFP-MCF7 were
highly positive for fluorescent label (PMT2). Viability was determined
by 7-aminoactinomycin dye (PMT5). 1B. Proliferation of EGFP-MCF7
cells co-cultured with increasing numbers of AT-MSC. Proliferation of
EGFP-MCEF?7 cells was evaluated by determining relative fluorescence in
co-cultures with increasing AT-MSC numbers on day 3, 6 or 9. AT-MSC
supported the proliferation of EGFP-MCF7 cells.

these cells were directly cocultured with increasing numbers
of AT-MSC, we were able to detect dose dependent increase
in relative fluorescence in the cocultures corresponding to the
pro-proliferation effect of AT-MSC on EGFP-MCEF?7 cells (Figure
1B). Relative fluorescence of EGFP-MCF7 when co-cultured
with 2.000 AT-MSC increased by 9%, 40% and 24%, on day 3,
6and 9, respectively. Decrease of tumor cell proliferation at later
time-points was present in lower concentrations on day 9 than
on day 6 probably due to depletion of growth factors by high
number of proliferating AT-MSC.

Effects of growth arrested AT-MSC on breast cancer
cells. Next, we decided to extend our findings on two more
cell lines and evaluate the effect of growth arrested Mitomycin
C-treated AT-MSC on breast cancer cell proliferation. Under
these experimental conditions the input number of AT-MSC
remains stable and its contribution to the final absorbance
values can be subtracted, therefore the relative proliferation
changes reflect effects on tumor cells. We tested the effect of
arrested AT-MSC on MDA-MB-361, T47D and EGFP-MCF7
tumor breast cell proliferation.

Increasing number of arrested AT-MSC led to an increased
proliferation rate of MDA-MB-361 and T47D. Increasing
numbers of arrested AT-MSC increased the proliferation of
T47D on day 3, 6 and 9 by 4%, 9% and 19%, respectively (Fig.
2A). Proliferation rate of MDA-MB-361 in medium contain-
ing 2.000 arrested AT-MSC on day 3, 6 and 9 increased by
43%, 58% and 95%, respectively when compared to control
(Fig. 2B).

Same effect on proliferation was observed when co-cultur-
ing arrested AT-MSC with EGFP-MCF7. In a preliminary
experiment, we have confirmed that the effects in EGFP-MCF7
can be determined by both MTS proliferation assay and rela-
tive fluorescence determination with corresponding results
and same tendencies as with parental MCF7 cells (data not
shown). These data further verified our fluorescence method
for determination of relative proliferation in these cells express-
ing marker transgene. Output fluorescence was proportional to
the number of EGFP-MCEF?7 cells and the number of admixed
AT-MSC cells did not interfere with output fluorescence. For
EGFP-MCEF?7, relative proliferation in medium containing
2.000 arrested AT-MSC increased by 9%, 68% and 34% on
day 3, 6 and 9, respectively in comparison to medium without
arrested AT-MSC (Fig. 2C). Maximum ratio of EGFP-MCF7
was present on day 6. On day 9, percentage of EGFP-MCF7 was
lower than on days 6 although increasing numbers of arrested
AT-MSC had still pro-proliferative effect. This is suggested to
be a result of growth factor depletion and a plateau concentra-
tion achieved on day 6 followed by cell culture apoptosis.

Effects of cell-free AT-MSC conditioned medium on
tumor cells. In order to examine, whether direct coculture
and cell contact is necessary for observed pro-proliferation
effects, we examined the effect of cell-free AT-MSC CM on
T47D, MDA-MB-361 and EGFP-MCF7 cell proliferation.
There was a significant increase in proliferation with increasing
concentration of AT-MSC CM observed in all breast cancer
cell lines. Proliferation of T47D in 100% cell-free AT-MSC
CM on day 6 and 9 increased by 118% and 140%, respectively
when compared to standard culture medium (Fig. 3A). For
MDA-MB-361, maximum stimulation was achieved in 1:2
diluted CM, when proliferation increased by 56% on day
3, and by 205% on day 6 in comparison to proliferation in
standard culture, medium, respectively (Fig. 3B). MDA-MB-
361 proliferation in 100% AT-MSC CM increased by 30% on
day 6. Proliferation in 100% AT-MSC CM dropped to 61% on
day 9, this could have been caused by depletion or breakdown
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Figure 2. Proliferation of T47D (A), MDA-MB-361 (B) and EGFP-MCF7
(C) cells co-cultured with increasing numbers of growth arrested AT-MSC.
Relative proliferation was determined by MTS proliferation assay (A, B)
or relative fluorescence determination (C) on day 3, 6 and 9. Mitomycin
C treated AT-MSC supported proliferation of tumour cells.

Figure 3. Proliferation of T47D (A), MDA-MB-361 (B) and EGFP- MCF7
(C) cells when cultured in medium containing AT-MSC-secreted factors.
Proliferation assay with MTS was performed on day 3 and 6. For EGFP ex-
pressing cells EGFP-MCF7, the relative fluorescence increase was measured
on day 6 and 9. AT-MSC-secreted factors present in conditioned medium
significantly supported tumour cell proliferation in a dose dependent
manner. This effect was higher in comparison to proliferation support
mediated by growth arrested AT-MSC.
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Figure 4. Growth factor and their cognate receptor expression in human breast cancer cell lines. RT-PCR was performed on total RNA isolated from
cultured parental MDA-MB-231, MBA-MB-361, T47D and MCF?7 cells. MDA-MB-231 cell line was used as a control to illustrate detection of VEGFR
expression and its absence in other cell lines. Expression analysis has shown the absence of VEGFRI1,2 receptors expression in MBA-MB-361, T47D
and MCF?7, but sustained expression of cKIT, CXCR4 in MDA-MB-361; cMET and CXCR4 in MCF7; EGFR and c¢KIT in T47D. Furthermore, we have
identified expression of several growth factors in breast cancer cells such as VEGF A, VEGF B, HGE, SCF, SDF-1a, PDGF-bb, CCL5.

of growth factors. Simultaneously, a plateau concentration in
these wells was achieved, which resulted in inhibition of cell
culture and its apoptosis. Similarly, in EGFP-MCF?7 cell cul-
tures, relative fluorescence of cells in 1:2 diluted CM increased
by 496%, and in 100% AT-MSC CM increased by 421%, which
is more than five times increase on day 6 (Fig. 3C). On day 9,
we could still observe the pro-proliferative effect of diluted AT-
MSC CM on EGFP-MCF7, however, relative abundance was
lower than on day 6. Relative fluorescence dropped to 120%
in diluted CM 1:2 and to 5% in undiluted AT-MSC CM. We
suggest that after day 6, when the plateau concentration was
achieved, cells reached confluence, insufficient nutrition status
and growth arrest accompanied by loss of EGFP fluorescence
and perhaps decreased abundance of EGFP-MCF7 was also
caused by cell apoptosis.

Taken together, AT-MSC conditioned medium has a pro-
proliferative effect on MDA-MB-361, T47D and EGFP-MCF7
cells in vitro. These effects can be attributed to the presence of
secreted soluble factors produced by AT-MSC that could syn-
ergistically stimulate breast cancer cell proliferation in vitro.

Differential expression of growth factor receptors in
breast cancer cell lines. Although we have observed same
pro-proliferation tendency in all cell lines examined, the extent
of proliferation support differed between them. In order to
unravel underlying molecular mechanism we have examined
the expression of several potentially relevant growth factor
receptors expression in the unstimulated parental tumor cells
of interest. These were described to play important role in the
mesenchymal stromal cell and tumor cell interactions previ-

ously [39, 42]. We were able to detect expression of cKIT (stem
cell factor receptor) and chemokine SDF-1a receptor CXCR4
in MDA-MB-361 cells, cMET (hepatocyte growth factor
receptor) and CXCR4 in MCF7 cells, and EGFR (epidermal
growth factor receptor) and cKIT in T47D cells (Figure 4). No
VEGFR-1 and -2 expression was detected in given cell lines in
contrast to the control cell line MDA-MB-231, which was used
to illustrate the absence of VEGEFR expression in MDA-MB-
361, T47D and MCF?7 cells. Right panel of the Figure 4 shows
abundant growth factor expression in breast cancer cell lines
examined, that may contribute to the autocrine stimulation
of proliferation and also have profound effects on the stromal
tumor compartment as well.

Chemokine and cytokine production in AT-MSC. Human
AT-MSC express VEGF A, VEGFB, PDGEF-BB, SCF, SDF-1a
HGF and CCLS5 as shown on Figure 5A. However, these cells
produce significant amount of various soluble factors into
media as demonstrated by multiplex cytokine assay (Figure
5B). Their synergistic paracrine action on target tumor cells
together with the specific pattern of respective receptors
expressed on tumor cells gives the final outcome and extent
of pro-proliferation effect of human adipose tissue derived
mesenchymal stromal cells on breast cancer derived cells.

Discussion

In this study, we have investigated whether human adipose
tissue-derived mesenchymal cells might provide breast cancer
cells with an advantageous microenvironment for prolifera-
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Figure 5. Adipose tissue derived human mesenchymal stromal cells produce abundant levels of cytokines. A. RT-PCR was performed on total RNA
isolated from AT-MSC and confirmed expression of VEGF A, VEGF B, PDGF-bb, SCE, SDF-1a, HGF and CCL5. B. Multiplex analysis of cytokine
production from four different isolates of AT-MSC at passage 1 to 3 revealed high production of interleukins IL-6 and IL-8, other interleukines, chem-

okines and growth factors.

tion. Several recent reports including our work have described
biological effects of mesenchymal stromal cells on tumor cells
although with both stimulatory and inhibitory outcomes [15,
39, 43]. We have previously demonstrated AT-MSC stimula-
tory effect involving VEGF and SDF1-a/CXCR4 signalling on
human melanoma cells both in studies in vitro and in vivo stud-
ies. However, same AT-MSC failed to support proliferation and
growth of glioblastoma tumour cells. We have never observed
tumour cell-triggered morphological changes, significant cell
death or terminal differentiation in AT-MSC in contrast to
response to genotoxic damage [44]. This study extends our
observations to several breast cancer cell lines. Our results have
clearly shown that changes in proliferation status of tumour
cells were not solely induced by direct cell-to-cell contact with
AT-MSC, but also by soluble ligands present in AT-MSC CM.
Moreover, increased proliferation rate in EGFP-MCEF7 cell line
was observed in direct co-cultivation with arrested AT-MSC

as well as with non-arrested AT-MSC. Our in vitro data cor-
relate with report from Karnoub et al. [45], who described
significant stimulation of MCF7 cells upon co-injection with
bone marrow derived mesenchymal stromal cells (BM-MSC)
in vivo. Moreover, they reported no significant effect of BM-
MSC on proliferation of MDA-MB-231 cells in vivo well being
consistent with our findings of no significant stimulation of
MDA-MB-231 cells by AT-MSC in our experiments (data not
shown). These findings further support hypothesis presented
by Zhao et al. [11] that AT-MSC derived from abdominal
sources are very similar to BM-MSC based on gene expression
profile and biological behaviour.

According to results from this study, MDA-MB-361 and
EGFP-MCF7 cells have higher proliferation activity than
T47D cell line in response to AT-MSC (Figure 2). Prolifera-
tion increase was higher when tumor cells were cultured in
medium containing AT-MSC-secreted factors than with AT-



368 L. KUCEROVA, M. KOVACOVICOVA, S. POLAK, M. BOHAC, ]. FEDELES, D. PALENCAR, M. MATUSKOVA

MSC. When co-cultured together, AT-MSC and tumor cells
shared the same growth factors and nutrients and the plateau
concentration of tumor cells was achieved at their lower abun-
dance. The result of AT-MSC co-cultivation with tumor cells
is a steady state in cell culture and eventually apoptosis which
is observed by decrease in tumor cells at longer proliferation.
Mitomycin C-mediated abrogation of AT-MSC proliferation
has no significant influence on tumor cell proliferation sup-
portbecause the proliferation rate of EGFP-MCF?7 co-cultured
either with arrested or non-arrested AT-MSC is very similar
(Fig 1B and 2C).

Herein, we have reported breast cancer cell proliferation
support in the presence of AT-MSC CM, AT-MSC or ar-
rested AT-MSC, however, the extent of support had clearly
differed when compared under the same culture conditions:
proliferation increased 2.18-fold in T47D, 3-fold in MDA-
MB-361 and 5-fold in EGFP-MCEF7 on day 6 in 1:2 diluted
AT-MSC conditioned medium (Figure 2). Although our data
show proliferation support mediated by MSC on T47D (Fig.
2A and 3A) on day 3, it is not further increased by prolonged
culture. We hypothesized that MSC-produced factors have
exerted only short term initial stimulation effect on these cells
with no further increase in later culture time. Analyzed breast
cancer cell lines also differed in their proliferation properties
and nutrients consumption, therefore timepoints for evalua-
tion of stimulatory effects had to be adjusted accordingly. In
a preliminary experiment we have found a time window in
EGFP-MCEF?7 cells, when pro-proliferation effect was most
prominent on day 6. At earlier time point by day 3, there was
no significant stimulatory effect (data not shown). At later
time point, the outcome was not that prominent although the
tendency to stimulate proliferation was preserved (Fig. 2C and
3C). Our data as presented on Figure 3 might indicate that
extensive proliferation in MDA-MB-361 and EGFP-MCF7
cells has lead to consumption of growth factors, reaching
confluence and decrease of the relative proliferation at the
highest CM concentrations.

Our experimental observations concurred with those of
Fierro et al. [46], who had observed increased proliferation of
MCEF?7 in co-culture both with AT-MSC CM or AT-MSC and
Rhodes et al. [47] who had observed similar effects of BM-MSC
on MCF7. Our results correlated with their findings of SDF-
1a/CXCRA4 signalling role in this process as suggested in their
study, because we have shown abundant expression of CXCR4
receptor on MDA-MB-361 cells and SDF-1a expression in
AT-MSC (Figure 4 and 5). This signalling has been recognized
as an important axis for the crosstalk between tumor cells
and their environment [39, 48-49] and both autocrine and
paracrine signalling role was confirmed to be operating in
the invasive breast carcinomas [50]. CXCR4 expression was
detected in both MCF7 and MDA-MB-361 cells correlating
to the extent of AT-MSC mediated tumor cell proliferation.
Moreover we have detected cMET expression in MCF7 cells
and its ligand HGF in AT-MSC that might act synergistically
in strong tumor growth promotion by AT-MSC in MCF7

cells [38, 51]. Previously mentioned studies have described
important role for VEGF/VEGEFR signalling in tumor micro-
environment, however it did not seem to be the case for these
breast cancer cell lines. MDA-MB-231 express both VEGFR1,2
(Fig. 4), but there was no significant proliferation support
(our unpublished data and [45]). On the contrary, other cell
lines MDA-MB-361, MCF7 and T47D did not express these
receptors although their proliferation was supported by AT-
MSC. Interaction of AT-MSC and breast cancer cells is a rather
complex process as obvious from cytokine production pattern,
and includes both autocrine and paracrine signalling. We an-
ticipate that other mechanisms and signalling axes except for
those already mentioned are involved. Martin et al. [26] noted
no significant increase in proliferative activity when T47D and
MDA-MB-231 cells were grown under the influence of BM-
MSC. Instead, they have reported changes in the expression
pattern of genes involved in epithelial mesenchymal transition
suggesting another effect of stromal cells on biological proper-
ties of breast cancer cells.

Based on our observations we can conclude that the in vitro
interaction of tumor cells MDA-MB-361, MCF7 and T47D
with AT-MSC or with AT-MSC soluble proteins (i.e., growth
factors) results in increased tumor cell proliferation. This
study demonstrated importance of further studies to dissect
operating mechanisms in order for the therapeutic interven-
tion. Furthermore it justifies further studies of primary breast
tumor cells and their interactions with mesenchymal stromal
cells derived from various sources.

Acknowledgment. We thank M. Dubrovcakova and V. Frivalska
for excellent technical assistance, Dr. D. Cholujova for technical help
with Multiplex cytokine assay. The study was supported by the League
against Cancer (L.K.), VEGA grants No. 2/0088/11 and 2/0146/10,
APVYV grant No. APVV-0260-07.

References

[1] PULAGAM SR, POULTON T, MAMOUNAS EP. Long-term
clinical and radiologic results with autologous fat transplan-
tation for breast augmentation: case reports and review of
the literature. Breast J 2006; 12: 63-65. do0i:10.1111/j.1075-
122X.2006.00188.x

[2] FEHM T, MUELLER V, MARCHES R, KLEIN G, GUECKEL
B et al. Tumor cell dormancy: implications for the biology
and treatment of breast cancer. APMIS 2008; 116: 742-753.
d0i:10.1111/j.1600-0463.2008.01047.x

[3] MISSANA MC, LAURENT I, BARREAU L, BALLEYGUIER
C. et al. Autologous fat transfer in reconstructive breast
surgery: indications, technique and results. Eur J Surg Oncol
2007; 33: 685-690. doi:10.1016/].€js0.2006.12.002

[4] COLEMAN SR, SABOEIRO AP. Fat grafting to the
breast revisited: safety and efficacy. Plast Reconstr Surg
2007; 119: 775-785; discussion 786-787. d0i:10.1097/01.
prs.0000252001.59162.c9

[5] SPEAR SL, NEWMAN MK, BEDFORD MS, SCHWARTZ
KA, COHEN M, SCHWARTZ JS. A retrospective analysis




AT-MSC SUPPORT BREAST CANCER CELL PROLIFERATION

369

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

of outcomes using three common methods for immediate
breast reconstruction. Plast Reconstr Surg 2008; 122: 340-347.
d0i:10.1097/PRS.0b013e31817d6009

Report on autologous fat transplantation. ASPRS Ad-Hoc
Committee on New Procedures, September 30, 1987. Plast
Surg Nurs 1987; 7: 140-141.

SNYDERMAN RK. Breast cancer and fat transplants.
Plast Reconstr Surg 1988; 81: 991. d0i:10.1097/00006534-
198806000-00052

YOSHIMURA K, SATO K, AOI N, KURITA M, HIROHI T,
HARII K. Cell-assisted lipotransfer for cosmetic breast aug-
mentation: supportive use of adipose-derived stem/stromal
cells. Aesthetic Plast Surg 2008; 32: 48-55; discussion 56-57.
do0i:10.1007/500266-007-9019-4

DELAY E, DELPIERRE J, SINNA R, CHEKAROUA K [How
to improve breast implant reconstructions?]. Ann Chir Plast
Esthet 2005; 50: 582-594. doi:10.1016/j.anplas.2005.08.008
BOBIN JY, DELAY E [Plastic surgery and breast cancer. Are
there contraindications for plastic surgery?]. Ann Chir Plast
Esthet 1992; 37: 673-681.

ZHAO M, DUMUR CI, HOLT SE, BECKMAN MJ, ELMORE
LW. Multipotent adipose stromal cells and breast cancer de-
velopment: Think globally, act locally. Mol Carcinog 2010; 49:
923-927. d0i:10.1002/mc.20675

NELSON CM, BISSELL MJ. Of extracellular matrix, scaffolds,
and signaling: tissue architecture regulates development,
homeostasis, and cancer. Annu Rev Cell Dev Biol 2006; 22:
287-309. doi:10.1146/annurev.cellbio.22.010305.104315
DITTMER J. Mesenchymal stem cells: ,,repair cells” that serve
wounds and cancer? ScientificWorld Journal 2010; 10: 1234-
1238.

BROOKE G, COOK M, BLAIR C, HAN R, HEAZLEWOOD
C et al. Therapeutic applications of mesenchymal stromal
cells. Semin Cell Dev Biol 2007; 18: 846-858. d0i:10.1016/
j.semcdb.2007.09.012

KIDD S, SPAETH E, KLOPP A, ANDREEFF M, HALL B,
MARINI EC. The (in) auspicious role of mesenchymal stro-
mal cells in cancer: be it friend or foe. Cytotherapy 2008; 10:
657-667. d0i:10.1080/14653240802486517

DWYER RM, POTTER-BEIRNE SM, HARRINGTON KA,
LOWERY AJ, HENNESSY E et al. Monocyte chemotactic
protein-1 secreted by primary breast tumors stimulates mi-
gration of mesenchymal stem cells. Clin Cancer Res 2007;
13:5020-5027. d0i:10.1158/1078-0432.CCR-07-0731

LIN SY, YANG ], EVERETT AD, CLEVENGER CV, KONERU
M et al. The isolation of novel mesenchymal stromal cell
chemotactic factors from the conditioned medium of
tumor cells. Exp Cell Res 2008; 314: 3107-3117. d0i:10.1016/
j.yexcr.2008.07.028

MISHRA PJ, MISHRA PJ, HUMENIUK R, MEDINA D],
ALEXE G et al. Carcinoma-associated fibroblast-like differ-
entiation of human mesenchymal stem cells. Cancer Res 2008;
68: 4331-4339. d0i:10.1158/0008-5472.CAN-08-0943
SCHAFFLER A, BUCHLER C. Concise review: adipose
tissue-derived stromal cells--basic and clinical implications
for novel cell-based therapies. Stem Cells 2007; 25: 818-827.
doi:10.1634/stemcells.2006-0589

(20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

MANABEY, TODA S, MIYAZAKI K, SUGIHARA H. Mature
adipocytes, but not preadipocytes, promote the growth of
breast carcinoma cells in collagen gel matrix culture through
cancer-stromal cell interactions. ] Pathol 2003; 201: 221-228.
doi:10.1002/path.1430

YU JM, JUN ES, BAE YC, JUNG JS. Mesenchymal stem cells
derived from human adipose tissues favor tumor cell growth
in vivo. Stem Cells Dev 2008; 17: 463-473. d0i:10.1089/
$¢d.2007.0181

IYENGAR P, COMBS TP, SHAH §J, GOUON-EVANS V,
POLLARD JW, et al. Adipocyte-secreted factors synergisti-
cally promote mammary tumorigenesis through induction of
anti-apoptotic transcriptional programs and proto-oncogene
stabilization. Oncogene 2003; 22: 6408-6423. doi:10.1038/
sj.onc.1206737

WALTER M, LIANG S, GHOSH S, HORNSBY PJ, LI R.
Interleukin 6 secreted from adipose stromal cells promotes
migration and invasion of breast cancer cells. Oncogene 2009;
28:2745-2755. d0i:10.1038/0n¢.2009.130

PINILLA S,ALT E, ABDULKHALEK FJ, JOTZU C, MUEHL-
BERG F et al. Tissue resident stem cells produce CCL5 under
the influence of cancer cells and thereby promote breast cancer
cell invasion. Cancer Lett 2009; 284: 80-85. doi:10.1016/
j.canlet.2009.04.013

MUEHLBERG FL, SONG YH, KROHN A, PINILLA SP,
DROLL LH et al. Tissue-resident stem cells promote breast
cancer growth and metastasis. Carcinogenesis 2009; 30: 589-
597. d0i:10.1093/carcin/bgp036

MARTIN FT, DWYER RM, KELLY ], KHAN S, MURPHY
JM et al. Potential role of mesenchymal stem cells (MSCs) in
the breast tumour microenvironment: stimulation of epithelial
to mesenchymal transition (EMT). Breast Cancer Res Treat
2010; 124: 317-326. d0i:10.1007/s10549-010-0734-1
HUNAKOVA L, SEDLAKOVA O, CHOLUJOVA D,
GRONESOVA P, DURAJ J, SEDLAK J. Modulation of mark-
ers associated with aggressive phenotype in MDA-MB-231
breast carcinoma cells by sulforaphane. Neoplasma 2009; 56:
548-556. d0i:10.4149/neo_2009_06_548

LIW, WEI Z, LIU Y, LI H, REN R, TANG Y. Increased 18F-
FDG uptake and expression of Glut1 in the EMT transformed
breast cancer cells induced by TGF-beta. Neoplasma 2010; 57:
234-240. doi:10.4149/neo 2010 03 234

LAZENNEC G, RICHMOND A. Chemokines and
chemokine receptors: new insights into cancer-related
inflammation. Trends Mol Med 2010; 16: 133-144. d0i:10.1016/
j.molmed.2010.01.003

KHAKOO AY, PATI S, ANDERSON SA, REID W, ELSHAL
MEF et al. Human mesenchymal stem cells exert potent antitu-
morigenic effects in a model of Kaposi's sarcoma. ] Exp Med
2006; 203: 1235-1247.

NAKAMURA K, ITO Y, KAWANO Y, KUROZUMI K,
KOBUNE M et al. Antitumor effect of genetically engineered
mesenchymal stem cells in a rat glioma model. Gene Ther
2004; 11: 1155-1164. doi:10.1038/sj.t.3302276

OHLSSON LB, VARAS L, KJELLMAN C, EDVARDSEN
K, LINDVALL M. Mesenchymal progenitor cell-mediated
inhibition of tumor growth in vivo and in vitro in gelatin




370

L. KUCEROVA, M. KOVACOVICOVA, S. POLAK, M. BOHAC, ]. FEDELES, D. PALENCAR, M. MATUSKOVA

(41]

matrix. Exp Mol Pathol 2003; 75: 248-255. d0i:10.1016/
J.yexmp.2003.06.001

QIAO L, XU ZL, ZHAO TJ, YE LH, ZHANG XD. Dkk-1
secreted by mesenchymal stem cells inhibits growth of breast
cancer cells via depression of Wnt signalling. Cancer Lett 2008;
269: 67-77. d0i:10.1016/j.canlet.2008.04.032

SPEAR SL, WILSON HB, LOCKWOOD MD. Fat injection
to correct contour deformities in the reconstructed breast.
Plast Reconstr Surg 2005; 116: 1300-1305. doi:10.1097/01.
prs.0000181509.67319.cf

SAPHNER T, TORMEY DC, GRAY R. Annual hazard rates
of recurrence for breast cancer after primary therapy. J Clin
Oncol 1996; 14: 2738-2746.

Effects of chemotherapy and hormonal therapy for early breast
cancer on recurrence and 15-year survival: an overview of the
randomised trials. Lancet 2005; 365: 1687-1717. d0i:10.1016/
S0140-6736(05)66544-0

HEDLEY BD, CHAMBERS AF. Tumor dormancy and
metastasis. Adv Cancer Res 2009; 102: 67-101. doi:10.1016/
S0065-230X(09)02003-X

HU M, POLYAK K. Molecular characterisation of the tumour
microenvironment in breast cancer. Eur ] Cancer 2008; 44:
2760-2765. d0i:10.1016/].ejca.2008.09.038

KUCEROVA L, MATUSKOVA M, HLUBINOVA K,
ALTANEROVA V, ALTANER C. Tumor cell behaviour modu-
lation by mesenchymal stromal cells. Mol Cancer 2010; 9: 129.
doi:10.1186/1476-4598-9-129

KUCEROVA L, ALTANEROVA V, MATUSKOVA M, TY-
CIAKOVA S, ALTANER C. Adipose tissue-derived human
mesenchymal stem cells mediated prodrug cancer gene
therapy. Cancer Res 2007; 67: 6304-6313. doi:10.1158/0008-
5472.CAN-06-4024

MATUSKOVA M, HLUBINOVA K, PASTORAKOVA A,
HUNAKOVA L, ALTANEROVA V et al, HSV-tk expressing
mesenchymal stem cells exert bystander effect on human
glioblastoma cells. Cancer Let, 2010; 290: 58-67. d0i:10.1016/
j.canlet.2009.08.028

ABOODY KS, NAJBAUER ], SCHMIDT NO, YANG W,
WU JK et al. Targeting of melanoma brain metastases using
engineered neural stem/progenitor cells. Neuro Oncol 2006;
8:119-126. d0i:10.1215/15228517-2005-012

(43]

(50]

[51]

LAZENNEC, G. AND C. JORGENSEN, Concise review:
adult multipotent stromal cells and cancer: risk or benefit?
Stem Cells, 2008. 26: p. 1387-94. d0i:10.1634/stemcells.2007-
1006

ALTANEROVA V, HORVATHOVA E, MATUSKOVA M,
KUCEROVA L, ALTANER C. Genotoxic damage of human
adipose-tissue derived mesenchymal stem cells triggers
their terminal differentiation. Neoplasma 2009; 56: 542-547.
doi:10.4149/neo_2009 06 542

KARNOUB AE, DASH AB, VO AP, SULLIVAN A, BROOKS
MW et al. Mesenchymal stem cells within tumour stroma
promote breast cancer metastasis. Nature 2007; 449: 557-563.
d0i:10.1038/nature06188

FIERRO FA, SIERRALTA WD, EPUNAN MJ, MINGUELL
JJ. Marrow-derived mesenchymal stem cells: role in epithelial
tumor cell determination. Clin Exp Metastasis 2004; 21: 313-
319. d0i:10.1023/B:CLIN.0000046130.79363.33

RHODES LV, ANTOON JW, MUIR SE, ELLIOTT S, BECK-
MAN BS, BUROW ME. Effects of human mesenchymal stem
cells on ER-positive human breast carcinoma cells mediated
through ER-SDF-1/CXCR4 crosstalk. Mol Cancer 2010; 9:
295. doi:10.1186/1476-4598-9-295

BURGERJA, KIPPS T] CXCR4: a key receptor in the crosstalk
between tumor cells and their microenvironment. Blood 2006;
107: 1761-1767. doi:10.1182/blood-2005-08-3182

ORIMO A, GUPTA PB, SGROI DC, ARENZANA-SEISD-
EDOS E DELAUNAY T et al. Stromal fibroblasts present in
invasive human breast carcinomas promote tumor growth and
angiogenesis through elevated SDF-1/CXCL12 secretion. Cell
2005; 121: 335-348. d0i:10.1016/j.cell.2005.02.034
KOJIMA Y, ACAR A, EATON EN, MELLODY KT,
SCHEEL C et al. Autocrine TGF-beta and stromal cell-
derived factor-1 (SDF-1) signaling drives the evolution of
tumor-promoting mammary stromal myofibroblasts. Proc
Natl Acad Sci USA 2010; 107: 20009-20014. do0i:10.1073/
pnas.1013805107

CHENG N, CHYTIL A, SHYR Y, JOLY A, MOSES HL.
Enhanced hepatocyte growth factor signaling by type II
transforming growth factor-beta receptor knockout fibroblasts
promotes mammary tumorigenesis. Cancer Res 2007; 67:
4869-7487. d0i:10.1158/0008-5472.CAN-06-3381




