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Abstract

The transfer of autologous fat tissue to the breast has emerged as a novel
reconstruction method for breast cancer patients. The translocated fat tissue contains
Adipose Derived Stem Cells (ASCs); pluripotent stem cells which play a substantial
role in the incorporation of the graft through the paracrine promotion of angiogenesis
and cell survival. These specific properties of ASCs are potentially of oncogenic risk,
by triggering residual breast cancer cells (BC cells) and therefore promoting
recurrence. An extensive body of preclinical research postulates that ASCs are
inherently oncogenic by supporting BC cells, which is in stark contrast to clinical
studies finding no increase of recurrence risk. This drove us to challenge existing in
vitro models, specifically researching the migratory patterns of ASCs towards BC cells
by the creation of a novel assay.

In an in vitro assay, silicon chambers were used to seed isolated populations of ASCs
and HS-27 fibroblasts together with either benign MCF-7 or malignant MDA-MB-231
BC cell lines in a petri dish. After adherence of the populations, chambers were lifted,
the dish filled with media, and cells observed for migratory capacities. Populations
were seeded in varying distances from each other, to emphasize trophic tendencies.
Migration of ASCs alone towards varying concentrations of BC cells was tested.
Cytokine arrays were performed on the supernatant of our novel assay and transwell
migration assays for comparison.

We clearly observed a dynamic where ASCs were mobilized by a static population of
BC cells, especially towards BC cells of higher malignancy. When the distance
between the populations was increased, only migration of ASCs towards MDA-MB-
231 cells, the most malignant population used in this study, was traceable. Increase in
BC cells numbers seeded enhanced the migratory properties of ASCs, especially
towards MDA-MB-231 cells. Cytokine profiling showed higher expression levels of
Interleukin 6 (IL-6) and C-C-Cytokine Ligand 2 (CCL-2) in the transwell assay
compared to our novel assay.

With this study we have created a new in vitro model for the observation of ASC and
BC cell migration. We were able to confirm the migratory properties of ASCs towards
BC cells, especially of higher malignancy. This was done in the presence of HS-27
cells and over varying distances; confirming a selective migratory impact of BC cells

on ASCs, rather than local fibroblasts. We further saw that migration of ASCs is directly



proportional to the number of BCs in the locality. IL-6 and CCL-2, which are both
cytokines linked to cancer progression and cell recruitment to the tumor, were more
expressed in the transwell assay than our novel one. This shows that the expression
of factors linked to oncogenicity is dependent of the modality of the assay used. These
data might help in understanding the disparity of preclinical and clinical research on
the question of ASC oncogenicity. Compendial assays used to test migratory

properties might not be fit to accurately depict ASC BC cell interactions.



Introduction

The modern day perception that plastic surgery is based on aesthetic enhancements
is highly misleading, since its roots lie in treating complex traumata and disfigurations.
Plastic surgery is a surgical discipline which can significantly enhance and often
restore life quality in patients. A historic, groundbreaking example is Gaspare
Tagliacozzi’s invention of nose reconstruction, by temporarily anastomosing an arm
flap to the face, published as early as 1597 (Tomba et al., 2014). Throughout the
centuries the treatment of disfigurations still presents a key role in the plastic surgical

field of expertise.

One aspect of this endeavor is the surgical reconstruction of the female breast. The
most common reason for breast reconstruction being the primary loss of the natural
breast through a mastectomy (Dieterich et al., 2017). Mastectomies are a standard
procedure performed to treat breast cancer disease (Homsy et al., 2018). Before
further analyzing means and ways of reconstruction one must first study and

comprehend the breast cancer disease more closely.

Breast cancer

By a share of 31% breast cancer is the most common type of cancerous disease within
the female population in Germany. Throughout her lifespan a woman has an 1 in 8
chance of developing breast cancer. This accounts to almost 70.000 newly diagnosed
cases in Germany alone in 2016 (Koch-Institut & e.V., 2019). Patient care as
envisaged by the latest 2020 German S3 guidelines on the treatment of mamma
carcinoma usually involve neoadjuvant chemo- and anti-hormonal therapy. This is
always to be followed by a mandatory surgical excision of the tumor. Depending on the
tumor biology, hormonal status and the overall stage of disease, surgery is connected
to an adjuvant therapy plan involving chemotherapy, radiotherapy and hormonal
therapy. The surgical procedure selected may be a local excision, a partial or complete
mastectomy (Wockel & Stuber, 2019). After successfully completing an initial
treatment, including full mastectomy, locoregional recurrence events of breast cancer

are observed between 4 and 20% of the patients within 12 years (Voduc et al., 2010).



Breast reconstruction

27% percent of breast cancer patients in Germany in 2015 had to undergo a full
mastectomy and about a third of these women aimed to get a breast reconstruction
procedure (Gerber et al., 2015). The practice of reconstruction has repeatedly shown
to improve body image, sexuality, mental health, and the overall quality of life for
women qualifying for it (Dauplat et al., 2017; Fanakidou et al., 2018; Santosa et al.,
2018).

Reconstruction options are most commonly divided between the insertion of silicone
implants or an autologous reconstruction using various options of skin and muscle
flaps (DellaCroce & Wolfe, 2013).

Autologous Fat grafting

A novel approach targeted at becoming a mainstay for patients seeking reconstruction
is the application of autologous fat grafting. The idea of transferring fat within the body
is not a new one. In 1889 the Dutch physician Van der Meulen used autologous fat to
treat a diaphragmatic hernia by placing a free omental flap between the liver and the
diaphragm (Bellini et al., 2017). Only 4 years later, Gustav Neuber performed the first
ever free fat tissue transfer, harvesting fat from the upper arm to a depressed and
adherent facial scar sequelae caused by osteomyelitis (Mazzola & Mazzola, 2013).
The multitude of qualities fat tissue possesses was already understood by surgeons
then. Through its availability, simple harvest procedure, non-immunogenicity, and its
biomechanical suitability, autologous fat tissue is the ideal filler material for structural
and soft tissue defects (Coleman et al., 2018).

In 2006 Coleman published a report on “structural fat grafting” and hereby founded the
“Coleman technique” which led to the rediscovery and new application of fat transfer
by plastic surgeons (Coleman, 2006). Coleman describes three vital phases to cut
through for successful grafting; the harvest, the processing and the injection. The initial
step is the harvest of the fat from an appropriate donor site, most commonly the gluteal
region, the abdominal fat depots or the upper thighs. Harvesting is performed via
liposuction, whereby a small cannula is placed in the desired depot and the fat is
disconnected from the surrounding tissue through the aid of mechanical force

(proposed by Coleman), water jets (Taufig, 2006), ultrasound (Duscher et al., 2016) or
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laser-assisted liposuction (Goldman & Gotkin, 2009). However acquired, the
lipoaspirate is usually afterwards processed, which means the actual fat tissue is
separated from other unnecessary fractions; the oily and liquid portion of the aspirate
(Girard et al., 2015). The then isolated fat tissue is injected in the desired recipient site.
The semi liquid properties of the fat by then allow to administer the transplant via
syringes and small cannulas (Coleman, 2006).

This in summary presents further advantages of autologous fat grafting. Fat is, as
above mentioned, readily available, the procedure as described only requires minimal
incisions for the cannulas in the donor and recipient site, and consequently only slightly
scars the patient. The liposuction itself can be performed under local anesthesia and
is to be considered as a relatively complication and side effect free procedure
(Coleman & Saboeiro, 2007; Raj et al., 2020).

Before discussing the applicability of fat grafting in a post breast cancer setting the
limitations of the method must also be addressed.

When Neuber initiated the use of autologous fat transfer, the method over time did not
find widespread implementation until the mid 20" century. After the second world war,
fat grafts gained popularity amongst others by treating post-traumatic deformities
acquired during the first and second world war. (Mazzola & Mazzola, 2013; Raj et al.,
2020). More widespread use however highlighted a major limitation of autologous fat
grafting. Initially satisfying aesthetic results were compromised by the inability of the
grafts to maintain volume long term. This was caused due to high rates of reabsorption
of the transplanted tissue. The first favorable long-term results only occurred when in
the 1990s Coleman and Chaijchir facilitated liposuction for the harvest and Coleman
introduced standard operating procedures described above (Chajchir & Benzaquen,
1989; Coleman, 2020). This practice led to more satisfying results in term of graft
retention but mainly for small volume grafts (<150ml) as used for procedures such as
facial contouring and rejuvenation (Gal et al.,, 2019). Even so, the issue of graft
reabsorption remained. A meta-analysis about the efficacy of fat grafting for breast
reconstruction conducted by Herly et al. found that the average number of performed
procedures before reaching satisfactory aesthetical results is 2,84 - 4,66 for
mastectomy patients and 1,72 for patients after breast conserving therapies (Herly et
al., 2018).



To recapitulate, fat grafting has become a valid option to correct structural defects by
facilitating natural filler. The main issue though is its highly variable reabsorption rate,
which often calls for multiple procedures. Trying to solve this issue has been a topic of
research in the last 15 years. But to understand the methods applied to maximize fat
graft retention, it is important to explore the cellular structure of fat tissue and the

underlying pathogenesis of graft reabsorption.

Fat reabsorption

Observing the process of fat reabsorption reveals the following, as described by Eto et
al. Adipose tissue components formerly kept in situ by connective tissue and sustained
by blood vessels delivering oxygen and nutrients are disrupted and disintegrated by
the process of liposuction. When the harvested and processed fat is transferred into
the recipient site, the first few days the graft undergoes an initial phase of hypoxia in
which macrophages, histocytes and polynucleated cells are recruited, and
phagocytose. They thereby effectively remove the hypoxically damaged fraction of the
graft. Right after the transplantation, neovascularization occurs, with vessels sprouting
from the healthy host tissue which incorporate the graft. The current literature
describes three zones, a slim “surviving zone” on the outside, supplied by vessel-
independent oxygen diffusion, a “regenerating zone”, and the necrotic zone (Eto et al.,
2012). The bigger the graft, the bigger the necrotic zone, which explains the favorable
retention results for smaller volume transplants.

Mature adipocytes, which make up most of the volume of the graft, are known to be
extremely sensitive to trauma like sheer stress and moreover, ischemia (Wolter et al.,
2005). Preadipocytes, fatty progenitor cells, are much less susceptible to those
stressors. Their state as precursor cells allows for a lower metabolic activity and
therefore oxygen consumption. These non-adipocytes (which will be more thoroughly
explained later on), are possibly the chief surviving cell population in the hostile
recipient site and therefore make up for the retained transplant portion finally

incorporated (Bellini et al., 2017).

Components of fat tissue

Microscopically, fat consists abundantly of adipocytes containing vacuoles of fatty

acids. More precise observation reveals that even though mature adipocytes occupy
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most space, they are not the most abundant cells making up the tissue. The largest
cell proportion is made of “stromal vascular fraction” (SVF), which consists of an
abundance of different cell types such as preadipocytes, fibroblasts, macrophages,
pericytes, endothelial cells, endothelial progenitor cells (EPU), neutrophils,
lymphocytes and stem cells (Rafols, 2014). A critical part of the SVF are the adipose
derived stem cells (ASC); a fraction of cells defined by their multipotency. They
possess the ability to undergo transformation into myogenic, chondrogenic, adipogenic
and osteogenic lineages in vitro (Zuk et al., 2002). Furthermore, the ASCs are reported
to not only serve as a source for adipocyte homeostasis through adipogenic
differentiation. ASCs also secrete an abundance of paracrine signaling molecules
when cultured in vitro. This secretome broadly consists of pro-angiogenic factors like
VEGF, PDGF, FGF and HGF, immunomodulatory and proinflammatory cytokines and
growth factors, neurotrophic factors and adipokines (Dubey et al., 2018). This
distinguishes the ASC with the mesenchymal derived stem cell (MSC), given the ready
availability compared to bone marrow derived MSCs (Strioga et al., 2012). What drives
the decision of using adipose derived SVF in a regenerative setting are a number of
clinically desirable features associated with it. Possibly through the paracrine functions
of the ASCs, the SVF is reported to possess pro-angiogenic, antiapoptotic, antifibrotic,

immune regulatory and anti-inflammatory properties in vitro (Andia et al., 2019).

Cell assisted lipotransfer (CAL)

Fat grafting stands to be a valuable therapeutic option for breast augmentation in
various settings. As stated previously, the benefits of fat grafting are compromised
mainly by the issue of high and unpredictable fat reabsorption rate (Herly et al., 2018).
This reabsorption occurs after necrosis of the transplanted fat due to insufficient
nutrition. The SVF, and the ASCs within the fat tissue cell population possess
properties which are known to enhance angiogenesis and neovascularization (Andia
et al., 2019). In 2007, Yoshimura and colleagues tried to utilize the SVF for better fat
grafting outcomes. They hypothesized that the SVF regenerative features could come
into effect by increasing the quantity of the SVF within the fat graft. For that purpose,
a liposuction was performed, and half of the obtained fat was processed to extract the
SVF. The extracted cells were then mixed with the other half of the obtained fat tissue,
and this so called “ASC enriched fat” was then injected into the receiving site. Results
of this new approach in a limited case study showed favorable cosmetic results within

10



3 months but more conclusive clinical data was necessary (Yoshimura et al., 2007).
More clinical trials have been performed since. Kglle et al. in their double-blind
placebo-controlled trial reported of residual volumes of around 80% in CAL compared
to their placebo group with conventional fat grafting and retention rates of 16% at 121
days after injection (Kglle et al., 2013). A conducted meta-analysis and systematic
review of CAL demonstrated improved efficiency over conventional fat grafting,
although both call for bigger and more conclusive clinical trials before implementing it

into regular clinical practice (Toyserkani et al., 2016; Zhou et al., 2016).

They also emphasize on the yet to be fully understood underlying mechanism of how
exactly the ASCs or SVF promote their regenerative potential. Different explanations
have been proposed. An early idea was the differentiation of the preadipocytes into
adipocytes, which might help sustain volume of the graft with newly created adipocytes
which could then replace the old adipocytes that are lost due to the hypoxic conditions
in the graft site. This mechanism has been observed in vitro but not confirmed in vivo
(Bora & Majumdar, 2017).

A more plausible option would be the stabilization of the graft through the direct
function of the SVF/ASCs. This could be through differentiation of fractions of the SVF
itself into endothelial cells that would be capable to form neovasculature to support
nutrition. Freiman and collegues for example observed human derived ASCs co-
cultured with “human adipose microvascular endothelial cells” in a 3D scaffold to form
neo vessel networks (Freiman et al., 2016). This again highlights the importance of the
SVF secreting paracrine signals that promote that neovascularization. Garza et al
recorded gene expression in human ASCs which were added into human fat grafts
transplanted into immunocompromised rodents. They found the expression of genes
for BMPR2, CD90, CD105, FGF2, CD248, TGFB1, and VEGF-A, all associated with
neovascularization (Garza et al., 2015). Worthy of mention in this context are also the
hypoxic conditions in the graft site, which augment the aforementioned properties of
the SVF. SVF cultured in vitro under hypoxic conditions showed an increase in their
ability to proliferate. Furthermore, the levels of expressed mRNA of VEGF and FGF2
were increased (Kakudo et al., 2015), a finding confirmed in vivo by Mytsyk et al. The
authors seeded SVF cells on collagen sponges, expanded them under severe hypoxia

(<1% oxygen concentration) and subsequently implanted the sponges into
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immunocompromised nude rats. They later measured cell survival and gene
expression. Data after in vitro expansion showed no alteration in SVF survival and
increased expression of VEGF and the number of proliferating cells. The collagen
sponges with hypoxic SVF showed vascular networks after 28 days post implantation

which were longer and denser then the normoxic control group (Mytsyk et al., 2021).

Application of AFG in oncoplastic surgery

In conclusion then, the transfer of autologous fat is by now well studied treatment
option for soft tissue defects of various origins. Beyond its many advantages the main
disadvantage remains the unpredictable reabsorption rate of the graft after the
transplantation. This is the issue that CAL aims to diminish, if not eliminate. The
addition of isolated SVF to the fat graft improves the incorporation of the tissue into its
new site and improves retention. This is very likely to be possible due to the paracrine
functions of subpopulations within the SVF. They appear to possess a secretome that
enhances neo-vascularization and therefore ensures an improved nutrition that allows
the graft to incorporate into the recipient site. This effect is probably boosted by the
hypoxic conditions in which SVF show enhanced proliferation and increased pro-

angiogenic gene expression.

Fat grafting therefore seems to be a perfect surgical procedure to be incorporated in
the treatment plans of post mastectomy patients. Yet there remains opposition within
the ranks of reconstructive breast surgeons as well as scientists about using fat

grafting for this oncological setting.

Prooncogenic effect of ASCs

Since first being described in 2001 by Zuk (Zuk et al., 2002), ASCs have been studied
and grown in relevance for their pro regenerative potential, using them for various
therapies (Zuk et al., 2001). This went hand in hand with questioning and researching
whether this regenerative potential also proves to be a beneficial factor for malignant
cells. ASCs have been studied in vitro and in vivo with all variants of cancer types such
as melanoma, lung cancer, ovarian cancer, hepatocellular carcinoma, glioma and

glioblastoma, amongst others (Scioli et al., 2019). This work will be focusing on the
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research investigating the effect of ASCs and breast cancer cell populations on each

other.

In these in vitro studies various cell types are used, a few of which are to be explained
here for a brief overview. In general, breast cancer is not a single disease but rather a
heterogenous group of different distinct tumors that can be categorized through various
classification systems. Means to distinguish are through histology (Sinn & Kreipe,
2013), tumor progression (Giuliano et al., 2018) or the hormonal receptor status of
breast cancer cells. Here there are three receptors that have been identified to play a
role. The estrogen receptor (ER) , progesterone receptor (PR), and HER2/neu receptor
(human epidermal growth receptor 2) are prognostic as well as predictive factors
(Allred, 2010). A negative receptor status for ER and PR was found to be linked to an
increased mortality risk for patients (Dunnwald et al., 2007). This distinctive feature of
breast cancer is accounted for in two of the most abundantly used breast cancer cell
lines, MCF-7 and MDA-MB-231. MCF-7 is ER and PR positive cell line which was
isolated from a primary breast adenocarcinoma of a 69-year-old patient. The cell line
is poorly aggressive and non-invasive with a low metastatic potential (Gest et al.,
2013).

MDA-MB-231 in contrast, is a cell line isolated from a metastasis of a ER, PR and
HER2/neu negative adenocarcinoma of a 51 year old patient (Lacroix & Leclercq,
2004). With this lack of all three clinically important receptors this cell line represents
“triple negative” breast cancers. This type of cancer is known to be a highly invasive,
aggressive, and poorly differentiated. Its invasiveness in vitro translates to a high
capability to form metastasis in vivo (Chavez et al., 2010). These cell lines exist
amongst various others but have been widely used in basic breast cancer research
since they were established. MCF-7 and MDA-MB-231 together with T-47D account
for more than two-thirds of all breast cancer cell mentions in abstracts scanned in a
Medline survey (Lacroix & Leclercq, 2004).

The following section will be dedicated to describing different features of ASCs that

have been deemed prooncogenic.

Number 1 - ASCs (SVF) promote Angiogenesis

Itis known that in order to properly sustain themselves, expand and metastasize, tumor

cells are dependent on a vasculature network. These networks provide nutrition for the
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tumor mass to grow and expand and provide tracks for segregated tumor cells to
relocate within the body and metastasize (Nyberg et al., 2008). This process of vessel
formation has been described to be accelerated in the presence of ASCs (Kakudo et
al., 2015; Mytsyk et al., 2021). Clues strengthening this hypothesis are delivered by
various studies. Razmkhah et al. compared the expression of VEGF in ASCs of fat
tissue taken from excised breast tumors and from fat tissue of matched controls. They
found a 2-fold increase of VEGF in the tumor derived fat tissue (Razmkhah et al.,
2010). Lalala et al. isolated a c-Kit positive subpopulation of ASCs from Balb/c mice
and co-injected them with 4T1 breast cancer cells. They found an increase in tumor
mass compared to the tumors grown from 4T1 injected cells alone. ELISA test assays
in vitro and in vivo showed enhanced concentrations of IL-1 (Interleukin-1), CXCL-12
(Stromal-Cell-Derived-Factor-1) and VEGF-A, all cytokines linked to angiogenesis (Li
et al., 2017). Other findings like the ones by Orecchioni and her colleagues suggest
that not only ASCs but other subpopulations of the SVF like endothelial progenitor cells
(EPC) play into this prooncogenic effect. They found that in murine breast tumor
models EPCs migrate into lymph nodes in the proximity of the tumor mass and locally

stimulate the formation of neo-vasculature (Orecchioni et al., 2013).

Number 2 - ASCs promote Epithelial to Mesenchymal Transition (EMT)

Another aspect of tumor biology that seems to be affected by the ASCs is the EMT of
the tumor cells. This describes the shift of carcinoma cells from their epithelial origin
towards more mesenchymal traits, such as an enhanced ability for cell mobility. This
is known to contribute to a change of the tumor to a more invasive and malignant
subset (Campbell, 2018). Ritter et al. conducted a study where they cultured MCF-7
breast cancer cells with ASCs in a transwell system with no direct cell to cell contact
but both cell types sharing the same medium. Over a course of 14 days they observed
a changing of morphology of the MCF-7 cells. Cells lost their epithelial polarity and
changed into a more mesenchymal appearance. Through immunofluorescence
staining of the cancer cells a molecular change from the epithelial marker E-cadherin
to the mesenchymal markers N-cadherin and vimentin was shown. Inhibition of the
PI3K pathway inhibited this process hinting on an involvement of this pathway (Ritter
et al., 2015). Findings like these have been made for other breast cancer cell lines like
SKBR3 which also showed a mesenchymal like change of morphology when co-

cultured with ASCs which was inhibited by pharmacologically blocking the PIK3 and
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MAP pathways (Kucerova et al., 2013). Another study observed ASCs co-cultured with
estrogen sensitive breast cancer cells to an EMT and metastasis linked secretome of
SERPINE1, MMP2 and Interleukin 6 (IL-6). This was inhibited by knockdown of leptin,
postulating the involvement of this hunger hormone into breast cancer EMT (Strong et
al., 2015).

Number 3 - ASCs change the microenvironment

Another prooncogenic change ASCs have been linked to is the alteration of the tumor
microenvironment (TME). Ramskah and colleagues observed that ASCs isolated from
breast cancer patients produce a secretome which alters the T-cell regulation and
therefore boosts local inflammation which serves to protect breast cancer cells from
an immune response (Razmkhah et al., 2011). Other studies highlight that observed
secretomes of the ASCs seem to have a beneficial effect on the proliferation of breast
cancer cells. Trivanonovi¢ et al. found that ASCs obtained from healthy fat tissue and
from fat tissue adjacent to breast cancer tumors both improved the proliferation of co-
cultured hormone sensitive breast cancer cell lines. This effect was not observable
using only the conditioned medium of these ASCs, driving the authors to link direct cell
to cell contact to this pro-proliferative effect (Trivanovic et al., 2014). Others found that
proliferation was increased for different breast cancer cell lines when they were
brought into contact with the conditioned medium rather than direct co-culture
(Kucerova et al., 2011).

These studies are but an example of the current literature which most endorses this
idea of an altered tumor microenvironment through ASCs. While this cross talk
between cancer and stem cells is not yet fully understood it is acknowledged that
different chemokines, cytokines and hormones contribute dynamically into a
microenvironment favorable for tumor progression (Cammarota & Laukkanen, 2016).
There are factors like TGF- or IL-6 which have been repeatedly described to be
present in BC celllASC assays and are clearly linked to tumor progression and a

change into more malignant cancer types (Schweizer et al., 2015).

TGF-R is very well described and a neat example of the theory that ASCs are
sometimes titled as a “double edged sword”. TGF- is known to play a crucial role in
wound healing, mediating collagen deposition and the remodeling of extracellular

matrix in tissue defects (Gadelkarim et al., 2018). This effect, favorable in healthy
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tissue yet also seems to affect breast cancer cells. For example, TGF-[} secreted by
cancer associated fibroblasts (CAFs) is described to promote EMT (Yu et al., 2014).
Other reports tell of tumor-derived extracellular vesicles (TEVs) which are secreted by
a triple negative highly malignant breast cancer cell line. When these were mixed with
ASC cultures, the cells showed higher secretion of VEGF, and a switch to a
myofibroblastic phenotype. This process was found to be controlled by TGF-R related

signaling (Song et al., 2017).

Number 4 - ASCs change into cancer associated fibroblasts

Several studies investigate a change of phenotype the ASCs exhibit when they are
met with a breast cancer environment. Specifically, they report of the switch of the
ASCs to so called cancer associated- or tumor associated fibroblasts (TAF) (Cho et
al., 2012; Jotzu et al., 2011). This phenotype seems to then contribute to an increase
tumor proliferation. The alteration might be induced by the Wnt-pathway which was

proven through inhibition of the same (Visweswaran, Keane, et al., 2018).

Number 5 - ASC homing

A well described ability of ASCs is their homing towards tumor sites. ASCs are able to
accumulate at the tumor from even distant body areas through blood circulation. This
has been described for MSCs and ASCs respectively in vivo in rodent models
(Karnoub et al., 2007; Zhang et al., 2009). The reason for this is explained by the
similarity of the tumor microenvironment with an inflammatory site, like a tissue defect
(Chulpanova et al., 2018). A multitude of inflammatory cytokines have been described
to play role in this. For example, IL-6 is apparently responsible for the recruitment of
ASCs into the hypoxic tumor environment (Rattigan et al., 2010). Furthermore, there
are reports that breast cancers are even able to remotely mobilize MSCs and ASCs
from the bone marrow and fat tissue and home them to the cancer site. Recruited
MSCs differentiated into tumor associated fibroblasts (TAFs) while the ASCs that were
incorporated into the tumor stroma differentiated into vascular and fibroblast-like
structures (Kidd et al., 2012). In the last years, scientists have aimed on facilitating this
homing effect for therapeutic purposes. The idea was that ASCs could be used as
carriers for agents that have a noxious effect on the tumors. For example, ASCs can

be loaded with Paclitaxel (PTX). This anti-tumoral drug inhibits the construction of
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tubulin structures therefore stalling mitosis and having an anti-proliferative and anti-
angiogenic effect on the tumor (Howat et al., 2014). When PTX loaded cells were
cultured and their conditioned medium was tested against cell lines of osteosarcoma,
leukemia and prostatic carcinoma they found it to negatively affect cell proliferation of
these cancers (Bonomi et al., 2013). A more elaborate approach is the crafting of
nanoparticles which were loaded with PTX and then injected into MSCs. These were
then used in a rodent model. They showed that these loaded ASCs were able to
significantly suppress the growth of MCF-7 tumors (Wu et al., 2016). This drug loading
is far from the only approach that has been studied. Nanotechnologies, drug loaded
exosomes or the secretion of micro RNA all have been reported to negatively affect

tumor progression in various cancer models (Gentile & Garcovich, 2019).

Number 6- ASC migration/tropism

The chemoattraction breast cancer cells create for ASCs and the SVF has been
described various times in vitro. A study from 2010 uses a two-layer migration assay
to determine ASC migration towards tumor conditioned medium containing platelet
derived growth factor (PDGF). A well was filled with the conditioned medium and an
insert with 3um pores was placed into it with ASCs seeded on top. After 8 hours cells
were fixed on the bottom site of the porous insert and stained. The authors saw that
cell migration of the ASCs was significantly enhanced by the conditioned medium and
even more so for more malignant cancer cell lines (Gehmert et al., 2010). Based on
these findings, further research was conducted by the same group. They found the
Phosphoinositide 3-kinase (PI3K) inhibitor to mediate the secretion of PDGF by breast
cancer cells. This significantly enhanced the migration of the ASCs when they were
brought in contact with conditioned medium containing the isoform PDGF-BB in the
same two-layer migration assay described above (Salha et al., 2018). Other groups
like Koellensperger et al. have confirmed these findings using the same transwell
system with slight alterations in pore size of 8um and a co-culture time period of 24
hours (Koellensperger et al., 2017). This attraction of ASCs towards breast cancer cells
has been described in other assays as well. For example, some groups have used
wound healing assays. Here two cell populations are seeded in one well and are
distanced from each other with a normalized spacer. Once cells have been allowed to
grow, the spacer is removed, and the growth and closure of the gap are observed.

When running the wound healing assay, Ritter et al. saw the ASCs showing an
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increased number of protrusions when seeded opposite of breast cancer cell line MCF-
7 (less malignant) and MDA-MB-231 (highly malignant). This directional growth of the
ASCs towards the breast cancer cells is called tropism, rather than a free movement
of singular cells which would be labeled migration (Ritter et al., 2015).

This attraction of ASCs towards breast cancer cells doesn’t necessarily translate into
an inverse attraction. Teufelsbauer et al. seeded breast cancer cell line MDA-MB-231.
After they reached confluence, a scratch was put into the wells with a plastic tip and
the medium was changed with either regular fresh medium or SVF-conditioned
medium and the gap was monitored until it closed. The authors did not observe a
significant difference in closure time between media (Teufelsbauer et al., 2019).
Another example would be the above-mentioned study of Koellensperger. Here the
migration assay that was performed using the transwell approach saw an increased
migration of some cancer cell lines. MCF-7 and MDA-MB-231 showed a slightly
increased migration when seeded on top of ASCs (Koellensperger et al.,, 2017).
Notably, the literature tells of a much more pronounced migration of ASCs towards BC

cells than vice versa.

Inhibitory effect of ASCs on breast cancer

The reports on the interaction between ASC/SVF and breast cancer cells in vitro are
conflicting. Apart from the many reports on pro-oncogenic properties there are several
studies as well proclaiming an inhibitory effect of the stromal fraction of the adipose
tissue on breast cancer cells. One study used conditioned medium of ASCs and
combined it with MCF-7. They performed simple cell viability assays on those cells
after a period of culturing with this conditioned medium. What they saw was a decrease
in viability for BC cells cultured with ASC conditioned medium rather than
unconditioned medium (Visweswaran, Arfuso, et al., 2018). Another study conducted
in 2014 similarly found that MCF-7 cells showed a decrease in viability when cultured
in ASC pre-conditioned medium. The effect was proportionate to the number of ASCs
that were used to condition the medium. When they used transwell assays to
investigate if viable ASCs in the top-well would have an effect on MDA-MB-231 and
MCEF-7 cells in the bottom-well, they found a higher rate of apoptosis in both breast
cancer cell lines measured by flow-cytometry (Ryu et al., 2014). Similar results using
conditioned medium was obtained by other groups. Wu and colleagues exposed
epithelial cell lines derived from healthy female mammary gland breast tissue to the
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conditioned medium. The decrease in viability was not observed for the healthy cell
lines as it was for the cancer cells (Wu et al., 2019). There are also papers describing
both prooncogenic and tumor suppressive effects of ASCs. Kucerova observed the
effect of ASCs on the BC cell line SKBR3. On the one hand they found that co-culture
with ASCs led to an epithelial to mesenchymal transition with is linked to tumor
progression. On the other hand, they saw that direct co-culture or culture of the tumor
cells with ASC conditioned medium both led to a decrease in proliferation of the tumor

cells (Kucerova et al., 2013).

Summary of in vitrolin vivo studies

To summarize here, the research that has been conducted in vitro and in vivo on the
role on SVF/ASCs on breast cancer cells is conflicted. Many authors, considering the
pro-tumorigenic results they obtained, call for caution in facilitating fat grafting and
especially cell assisted lipotransfer. The authors also quote the lack of comprehensive

clinical studies (Koellensperger et al., 2017; Ritter et al., 2015).

Clinical data on oncological safety of AFG/CAL

Ever since fat grafting has been reintroduced into the surgical world of reconstruction,
physicians investigated its safety. In 2009 the American Society of Plastic Surgeons
(ASPS) already published a joint statement in which they attested the autologous
lipotransfer to be a safe method; not increasing the risk of tumor recurrence (Gutowski,
2009). The current German guideline published by the Deutsche Gesellschaft der
Plastischen, Rekonstruktiven und Asthetischen Chirurgie (DGPRAC) in 2015, states
that there is no evidence to be found of fat grafting in healthy participants causing
breast cancer. However it does infer that autologous fat grafting creates an increased
risk for locoregional recurrence of breast cancer in a post-cancer setting (Broelsch et
al., 2017). A new guideline is currently being written and expected to be released in
2023.

Nevertheless, in the last years a multitude of clinical studies have been conducted
further investigating this oncological safety. Initially, patient cohorts were looked at
from a retrospective point of view. For example, Petit et al. in 2012 published data
where they examined 321 patients which received either a breast conserving therapy

(BCS) or a mastectomy (MST) and afterwards a reconstruction via fat transfer.
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Together with a matched control group they followed up on these patients for 28
months and could not find significant differences in the prevalence of either local
recurrence (LR) or distant metastasis (DM) between groups. A more thorough analysis
found a significantly increased risk for LR within a subgroup of in situ cancers (Petit et
al., 2012). A following retrospective study by Petit and his group focused on this subset
of patients with intra-epithelial neoplasia and could indeed confirm a higher risk of LR
(18% case group vs. 3% control group) (Petit et al., 2013). Although limitations were
the small number of enrolled patients and the retrospective design these were the first
clinical studies to report on an oncological safety issue with autologous fat grafting. In
2017 however, the group around Petit stated, that when they analyzed the same
subset of patients for recurrence rates with a longer follow up, the statistically
increased risk of cancer recurrence after AFG was no longer observable (Petit et al.,
2017). Many of these retrospective analyses were conducted which led to more
brought observations done through meta-analyses.

In 2018 Krastev et al. included retrospective studies into their analysis and specifically
questioned the occurrence of locoregional recurrences (LRR) after AFG. Having
investigated studies with collectively over 4000 patients, by then the meta-analysis with
the highest number of included patients, they found no increase in LRR after AFG in
these studies (Krastev et al., 2018). A second meta-analysis was performed by Li et
al. in 2021 on the question of BC recurrence after AFG, specifically LRR and DM. The
studies included into the analysis were retrospective matched cohort studies. Patients
were matched for various prognostic factors such as age, size of the tumor, histological
properties, date and method of surgery, tumor staging, lymph node affliction and
importantly receptor status of estrogen, progesterone and HER-2/neu expression.
AFG didn’t increase the probability of LRR or DM in the meta-analysis of all 17 studies
with 7494 included patients. Apart from the limitation of the inferior retrospective design
of these studies the authors also point to the time-period that was observed as a major
drawback. The mean follow-up time after surgical tumor removal was 74.9 months and
after fat grafting 43.1 months (Li et al., 2022). A retrospective analysis carried out in
2016 investigated the time dynamic of breast cancer recurrence of 3000 women. They
found that 40% of cancers recurred after more than 5 years post-diagnosis
(Wangchinda & Ithimakin, 2016). Krastev et al. discuss, that in theory, regenerative
and therefore possibly oncogenic effects of the ASCs within the fat graft should take

place in the first few months or a year after grafting. This line of thought makes it

20



unclear whether recurrence multiple years after grafting could be attributed to the fat
grafting procedure in the first place. Still, the lack of data prohibits any informed clinical
assertion on the safety of AFG (Krastev et al., 2018). The same issues present
themselves with retrospective studies that performed the AFG procedure immediately
after the MST or BCS. Two studies performed in 2017 and 2018 reported a follow up
of 36 months and 40.8 months respectively (Biazus et al., 2018; Khan et al., 2017),
both not crossing the 5-year mark.

It is important to distinguish that these studies focus on the question on the oncogenic
risk factors of regular autologous fat transfer. The question remains about the safety
of cell assisted lipotransfer. In Yoshimura’s original paper the concentration of ASCs
in CAL-fat is twice as high as the concentration of ASCs in regular, non-enriched fat
(Yoshimura et al., 2007). In more recent protocols for CAL, autologous ASCs are
expanded in vitro before being mixed with the fat graft. ASC concentrations of these
grafts are 2000 times higher than the physiological level of ASCs found in regular fat
tissue (Kalle et al., 2013).

The only noteworthy clinical study to determine the oncological safety of CAL was the
RESTORE-2 trial. In this multicentric prospective single arm trial CAL was tested on
71 patients. They were enrolled with a median time period of 51.6 months after their
primary BC diagnosis. CAL was used to correct tissue defects created through either
breast conserving therapy or radiation therapy. Half of the harvested volume of fatty
tissue was used for enzymatic processing and collection of SVF, such that the SVF
concentration in the final graft was roughly doubled. After a follow up period of 12
months MRI scanning was performed in which 54 out of 66 patients showed an
improved result in breast contour. Oncological safety was determined by MRI scans 6
and 12 months after treatment. There were no signs of local recurrences found (Pérez-
Cano et al., 2012). This study remains the only clinical approach to evaluate the
oncological safety of CAL to date. Although no cancer recurrences were detected this
study presents not merely enough evidence to determine the question at hand.
Limitations are the lack of a control group, the relatively low number of participants and
not least of all the short time of oncological follow up. Moreover, the sole focus on local
recurrence might be concealing any systemic recurrence in the form of metastasis. A
systematic review on the state of clinical CAL trials already conducted in 2016 found
11 studies that were performed with only three of them incorporating a control group.

And only one of the trials (RESTOREZ2) raises the question on oncological safety. An
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overview of larger clinical trials that wanted to test the safety and efficiency of CAL was
presented, many still in the early stages of recruitment but some already ongoing. Up
to date there still is a lack of conclusive high-quality data assessing oncological safety
of the procedure. Kglle et al. published a randomized controlled trial researching the
efficiency of CAL using ex vivo expanded ASCs and compared it to regular AFG. While
they saw promising higher retention rates in the CAL group compared to the AFG group
4 months after the procedure (80,4% to 45,1%), oncological safety was not evaluated.
They nevertheless debate on the issue and argue that with the clinical safety of regular

AFG the assumption could be made that this also applies for CAL (Kglle et al., 2013).

Surgical approach of fat grafting for breast reconstruction

Where does that now leave the issue? On the one hand there are countless examples
of in vitro (Koellensperger et al., 2017) and in vivo (Zhang et al., 2009) studies showing
in their study setups a definitive prooncogenic effect of SVF/ASCs on breast cancer
tumors. These papers are calling for rigorous clinical research to be performed to rule
out the likelihood of cancer recurrence promotion. Furthermore, some call for a pre-
operation discussion to be had with the patient to advise on potential oncological risks
of AFG (Koellensperger et al., 2017). Other papers showing preclinical findings, are
not able to show an effect of SVF/ASCs on BC cells they deem of clinical importance.
Teufelsbauer et al. claiming ASCs used for AFG are not expected to alter tumor
progression or recurrence (Teufelsbauer et al., 2019). Clinical data that has been
provided, especially on conventional AFG does not achieve the gold standard of
double-blind placebo controlled trials. The large retrospective meta-analyses that were
performed on the issue attest oncological safety of the procedure (Krastev et al., 2018;
Li et al.,, 2022; Tukiama et al., 2021). Large reviews that discuss the matter
acknowledge the lack of clinical evidence of AFG causing recurrence, but also warn of
the strong implications that preclinical papers make on the prooncogenic influence of
ASCs, namely the promotion of EMT and invasiveness (Scioli et al., 2019). In 2013, a
survey was sent out to the American plastic surgeon community aiming to gain insight
into how often physicians apply AFG, and their thoughts and concerns about it. While
62% of the participants claimed they used AFG for breast reconstruction, 50% strongly
agreed that the non-resolved question of oncological safety remains an issue to

implement AFG further into their clinical practice (Kling et al., 2013).
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A novel approach on researching the issue of AFG oncological safety

If the preclinical findings are not translatable in clinical trials, one logical deduction
would be that either the preclinical or the clinical trials are flawed in their setup, giving
results which are not entirely accurate. The point has been made that for the clinical
side, even huge retrospective cohort analysis might not be fit to determine the safety
of AFG for patients (Krastev et al., 2018). Li et al. in their meta-analysis claim that an
inherent limitation of the retrospective studies they investigated is that despite
extensive matching, confounders like different surgical modalities, or varying
histological characterization of the tumors cannot be entirely be corrected, and
therefore might invalidate the results (Li et al., 2022). A definitive conclusion could
probably only be drawn through high quality double-blinded placebo controlled clinical
trials, but these are immensely difficult to initiate. It is argued that one of the main
issues regarding the acquisition of clinical data is the difficulty in designing high quality
clinical trials in the first place. Since AFG fundamentally differs from other
reconstruction methods like the free or rotating flap surgery, or the implantation of
silicon, one cannot really name an adequate control group and therefore a randomized

controlled prospective trial is hard to establish (Krastev et al., 2018).

In vitro assays measuring migration

All this considered, there is value in reviewing the preclinical studies more carefully
and critically. As described earlier, one key finding in preclinical in vitro and in vivo
studies is the migration of ASCs towards breast cancer cells. Cell migration is the
metric which many studies aim to analyze, and have used to infer oncogenicity. These
investigations typically set up and observe migration in vitro using a transwell assay.
These assays are comprised of a plastic well in which cells are seeded. Into that well,
a plastic insert is put which provides a membranous surface for another type of cell to
be seeded. The surface of the insert contains small pores of variable diameter. The
assay is performed by letting well and insert sit for a certain amount of time together
whilst medium is shared. During that time, the cells seeded in the insert can move
through the pores to the bottom surface of the insert. Eventually the insert is put out of
the well and the cells that migrated through the pores are counted via microscopic
imaging (Senger et al., 2002). This assay was used by several authors to depict

migration of ASCs towards different breast cancer cell lines (Gehmert et al., 2010;

23



Koellensperger et al., 2017; Salha et al., 2018). The migration that is perceived is
unidirectional and the migratory properties of only one cell type at a time can be studied
while the other cell type in the bottom well remains static.

Another approach of measuring cell migration in vitro are scratch assays. Here a cell
type is cultured to high confluence. Afterwards a pipette tip or other sterile object with
a defined diameter tip is used to “scratch” over the well in a straight line. This line
disturbs the confluence of the cells and the closure time of the newly created gap can
then be measured microscopically (Liang et al., 2007). An evolution of this method was
the engineering of silicon chamber implants. These small structures could be adhered
in a watertight manner onto the base of a dry cell culture surface. The implant consisted
of silicon walls that created two chambers, the two chambers were separated by a
straight wall with an exact predefined thickness. The same, or two distinct cell types
could be seeded in the two chambers and after reaching confluence the chambers
were removed from the well. The wall between the two chambers left a cell-free imprint
on the well with a known length and closure of that imprint can be measured through
imaging. The silicon chambers therefore were created to provide a more standardized
way of conducting scratch assays (Huang et al., 2019). With regard of our method,
Ritter et al. used the chambers to seed ASCs opposite of BC cell lines with a cell free
gap of 500um. After lifting the chambers the investigators found protrusions of the
ASCs directing towards the BCC and interpretated that for ASC homing towards breast
cancer (Ritter et al., 2015).

Transwell assays and scratch/silicon chamber assays are well studied and established
ways to investigate migration. Consequently, they are the setups utilized to observe
the patterns of movement of ASCs and BCC in vitro. Results of these studies confirm
this attraction of ASCs towards BCC or BCC conditioned medium (Koellensperger et
al., 2017). Our goal in designing this study was to question the status quo on this
specific field or research. We hypothesized that the reliance on these limited assays
to depict migration presents an issue. It might be that focusing on unidirectional
migration through transwell assays poorly illustrates the real cell-cell relationship. After
grafting, the populations of residual breast cancer cells, and ASCs introduced to the
site by grafting, theoretically have the option to migrate. It is an important consideration
in in vitro experimental design to facilitate unlimited, free cell migration, while still
maintaining assay integrity and quantifiability. Finally, an assay that only takes into

account two different cell types is a stark simplification of the in vivo situation. It is
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known that fat tissue consists of a multitude of different cell types (Rafols, 2014) as
described above. These cell types also have a potential to influence ASC and BCC

migration.

Creation of a novel assay more “organically” depicting patterns of tropism

We designed a set of experiments to take these theoretical considerations into
account. The assays we created are meant to depict multidirectional migratory patterns
between ASCs, fibroblasts and BCC lines of varying malignancy. The setups were
chosen to provide a setting for the different cell types that more closely mimics the
clinical conditions found in the oncological application of AFG. By creating those
assays we aimed to increase the knowledge of how ASCs interact with BCC and

therefore shed some more light into the question of their true oncogenic potential.
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Materials and Methods

Cell procurement, culturing, and passaging

The following breast cancer cell lines were purchased from ATCC: MDA-MB-231
(estrogen receptor negative, progesterone receptor negative and HER2 receptor
negative, ATCC® HTB-26™), MCF-7 (estrogen receptor positive, progesterone
receptor positive, HTB-22™). Fibroblast cell line HS-27 was purchased from Sigma
Aldrich (cat# 94041901-1VL). Human adipose derived stem cells were acquired from
Poietics™ (donors 29635, 31363, cat# LO PT-5006). MDA-MB-231 MCF-7 and HS-27
cell lines were set into culturing flasks with the addition of Dulbecco’s modified Eagle’s
medium (DMEM, Biochrom), 10% Fetal Bovine Serum (FBS, Biochrom) and 1% of
antibiotic and antimycotic supplement (Penicillin G, Streptomycin and Amphotericin C),
(Capricorn Scientific). For culturing of ASCs, Stem MACS™ MSC Expansion Media
(Miltenyi Biotec) was used with the addition of 1% of antibiotic and antimycotic
supplement (Penicillin G, Streptomycin and Amphotericin C), (Capricorn Scientific).
Medium changes were performed every 2-3 days and cell cultures were monitored until
reaching 80 to 90% confluence and then passaged. Passaging was performed with
0.25% trypsin and EDTA (Biochrom). For culturing, cells were kept in incubators set at
37°C in a humified atmosphere that containing 5% CO2 (Sauter et al., 2019).

Cell staining

Before experimental set up cells were fluorescently stained. MDA-MB-231 cells were
labelled with Mitotracker CMXRos (Thermo Fischer). ASCs and HS-27 cells were
labelled with Mitrotracker Red Green FM (Thermo Fischer). Stains were performed
according to manufacturers protocol. In brief, the stock was dissolved in DMSO with a
1nM concentration. The stock solution and culturing medium of the different cell types
were mixed in a ratio of 1 to 2000 (CMXRos) and 1 to 10.000 (Red Green FM). The
final concentration achieved was 500nM. The cells were cultured in the stained
medium for 4 hours. Before experiments, cells were washed and then placed for

respective in vitro co culture setups (Sauter et al., 2019).

In vitro cell tropism models preparations
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The four different cell types (ASCs, HS-27, MDA-MB-231 and MCF-7) were arranged
in various formations in individual colonies, in one well of a 6 well plate. The various

setups are schematically depicted in Figure 1.

Joined experimental preparations

Before culturing, silicon spacing chambers (Ibidi) were attached to the bottom of the
plastic well. Cells were lifted from their culturing flasks using 0.25% trypsin and EDTA
(Biochrom). Cells were then manually counted using Neubauer counting chambers.
Cells were put into their respective silicon chamber in a defined quantity dissolved in
70ul of DMEM. They were given 12 hours in a 37°C humidified incubator with 5% CO>
for attachment and growth before the chambers were gently lifted using forceps
(Sauter et al., 2019).

Assay 1

Three silicon chambers were placed on the bottom of 1 well of a 6 well plate. The
middle chamber contained 10.000 cells of either MCF-7 or MDA-MB-231. In both
cases, ASCs were seeded perpendicular to the right of the central chamber, HS-27
cells were seeded perpendicular to the left, both in a concentration of 12.000 cells, as
can be seen in Figure 1a. Breast cancer cells were stained in advance with CMXRos
and ASC and HS-27 cells were stained using Red Green FM. After incubation time of
12 hours silicon chambers were lifted. That left a gap of 1000um to either side of the
central BC cell colony. The well was filled with 2ml of DMEM and Fluorescence-
Imaging of both gaps was performed in 24 hour time distances until gap closure was
achieved. Fluorescent images were analyzed through pixel densiometry (Image J)
(Sauter et al., 2019).

Assay 2

Three silicon chambers were placed on the bottom of 1 well of a 6 well plate. They
were arranged in a triangular shape as can be seen in Figure 1b. Breast cancer cells
(MCF-7 and MDA-MB-231) were placed in the silicon chamber on top in a
concentration of 10.000 cells. The silicon chamber containing the HS-27 population
was placed in an 70° angle below the BC population with a distance of 15mm to it, in

a concentration of 12.000 cells. The silicon chamber containing the ASC population
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was placed in an 120° angle below the BC population with a distance of 15mm to it, in
a concentration of 12.000 cells. Breast cancer cells were stained in advance with
CMXRos and ASCs and HS-27 cells were stained using Red Green FM.

After a 12 hour attachment period chambers were lifted for all three populations. The
well was then filled with 2ml of DMEM. Fluorescence images were taken of the top
right corner of the HS-27 population and the top left corner of the ASC population at 0,
12 and 24 hour timepoints (Sauter et al., 2019).

Assay 3

Two silicon chambers were placed on the bottom of 1 well of a 6 well plate. Each
chamber was placed on either side of the well. The top chamber contained either MCF-
7 or MDA-MB-231 cells with the following concentrations: 1.000, 10.000 and 100.000
cells. Each time the bottom well was seeded with 12.000 ASCs. As can be seen in
Figure 1c. Cells were given a 12h period to attach to the bottom of the well and
afterwards the chamber containing the ASCs was lifted while the chamber containing
the BC cells remained in place. The well was then flooded with 2ml of DMEM such as
to overflow the brim of the silicon chamber containing the BC cells. Brightfield images
were taken of the edge of the ASC population facing the BC cells at timepoints of 0
and 24 hours (Sauter et al., 2019).

Assay 4

For probing of paracrine factors influencing the cells tropism a human cytokine array
(C5, RayBiotech) was performed. Two different experiments were set up for direct
comparison.

For the first experiment, two silicon chambers were placed on the bottom of 1 well of
a 12 well plate. Each chamber was placed on either side of the well. One chamber
contained MDA-MB-231 cells in a concentration of 15.000cells. The other chamber
contained ASCs in a concentration of 20.000 cells. Cells were given a 12h period to
attach to the surface. Afterwards the silicon chamber containing the ASCs was lifted
while the chamber containing the MDA-MB-231 cells stayed in place. The well was
filled with 1,5ml of DMEM containing 1% FBS and was incubated for 48 hours.

For the second experiment, Boyden Chamber (Sigma Aldrich) culturing inserts were

purchased with a pore size of 8um. On the bottom of the well MDA-MB-231 cells were
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seeded in a concentration of 15.000 cells. In the chamber on top ASCs were seeded
in a concentration of 20.000 cells. The well was filled with 1,5ml of DMEM with 1%
FBS. As such the cells were incubated for 48 hours. A group of 15.000 MDA-MB-231
cells incubated for the same time with 1,5ml of DMEM, with 1% FBS serving as a
control.

All samples within each experiment had three replicates. After 48 hours 330ul of each
sample of each respective experiment was taken and pooled to make 1ml of test
solution per experiment. The solution was used to perform the blot according to
manufacturer’s instruction. Blot measurement was done using BioRad ChemiDoc™
MP Imaging System. Exposure time lasted for 15 seconds. Images were analysed
using pixel densiometry (ImagedJ) and values were used to create heatmaps (Sauter
etal., 2019).

Statistical Analysis

The acquired data was presented with a mean +/- standard deviation. Two-tailed
student’s t-tests were facilitated to compare two groups with corrections for multiple
comparisons. The cut off for statistical significance was chosen at a p value of < 0.05.
Statistical analysis was done through GraphPad Prism software. (GraphPad Software
Inc., La Jolla, CA, USA) (Sauter et al., 2019).
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Results

ASCs and fibroblast display similar attraction to MCF-7 cells, MCF-7 population
remains in place

The migration assay that was established as shown in Figure 2a, had MCF-7 cells in
the center while ASCs were seeded to its right and HS-27 to its left. After removal of
the silicon chambers, gap closure was observed microscopically (Figure 2b). The gap
between MCF-7 cells and HS-27 closed after 96 hours while the gap between MCF-7
and ASCs was closed after 120 hours. The differences in closure time were quantified
and testing revealed the difference as not statistically significant (p = 0.102) (Figure
2c¢). Microscopic observation of the gaps indicated that gap closure was largely driven
by HS-27 and ASC population migration. The MCF-7 cell population primarily remained

static within the initial boundaries of the silicon chambers (Sauter et al., 2019).

ASCs show significant attraction towards MDA-MB-231 cells while MDA-MB-
231 cells translocate to stagnant fibroblast population

The migration assay shown in Figure 1a placed MDA-MB-231 cells in the middle with
populations of ASCs to the right and HS-27 to the left respectively. After removal of the
silicon chambers gap closure was observed microscopically (Figure 2b). After 48
hours fluorescent microscopy showed a clear migratory growth of ASCs towards the
MDA-MB-231 population, with ASCs developing micro-protrusions towards the BC
population. The BC cells facing the ASCs remained relatively static. When observing
the HS-27/MDA-MB-231 front over 48 hours, fluorescent imaging revealed a migratory
redistribution of the BC population towards the HS-27 population, HS-27 on the other
hand remained stagnant (Figure 3a). To confirm this observed loss of cell density in
the MDA-MB-231 population facing the HS-27, images were analyzed via pixel
densiometry. Results showed a significant depletion of BC cells facing the HS-27
compared to the BC cells facing the ASCs after 36 hours (p = 0,037) (Figure 3b). Gap
closure progressed faster on the HS-27/MDA-MB-231 front than it did on the
ASC/MDA-MB-231 front with the HS-27/MDA-MB-231 gap closing significantly faster
at 16, 24 and 26 hours (p = 0.027 (Figure 3c). When comparing both assays, gaps
seemed to close faster when MDA-MB-231 cells were present (48 hours) compared to
when MCF-7 cells were used (128 hours) (Sauter et al., 2019).
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Immobile MDA-MB-231 cells affect tropism of ASCs over longer distances

To challenge the above described migratory effects, a set up was created as depicted
in Figure 1b, with a population distance of 15mm. When the breast cancer population
that was seeded on top was MCF-7, ASC and HS-27 populations remained rather
dormant. Over a course of 24 hours fluorescent microscopy showed the original
boundaries of the silicon chambers (indicated by white dotted lines) were not strongly
altered by either the HS-27 or the ASC population (Figure 4a). However, culturing
MDA-MB-231 revealed a clear response of targeted tropism of the ASC population
towards the MDA-MB-231 population seeded above. The ASCs population migrated
beyond the boundaries of the silicon chambers. The HS-27 population however
appeared to remain dormant within the silicon chamber boundaries (indicated by the
white dotted line) (Figure 4b). This experiment shows that the attraction dynamic
between ASCs and MDA-MB-231 seems to be ASCs homing to MDA-MB-231 cells
(Sauter et al., 2019).

ASC migration is increased as BC cell number is raised, especially with
malignant cancer type

Microscopic observation showed that ASCs migration was enhanced in the presence
of 100.000 rather than 1000 MCF-7 cells, seen in Figure 5a. For 1000 MCF-7 cells the
ASC population stayed roughly within their former silicon boundaries after 24 hours
(indicated by blue dotted line). Trophic growth was enhanced for 10.000 MCF-7 cells
and even more so for 100.000 MCF-7 cells.

The same experimental set up with the exchange of MCF-7 cells with the more
malignant MDA-MB-231 cells showed that trophic growth was observable with all 3
chosen BC cell concentrations as seen in Figure 5b. The effect got stronger, and the
ASCs presented more trophic growth, when the dosage of MDA-MB-231 cells was
increased. Especially when comparing migration patterns of the ASCs of this group
with the ASCs of the MCF-7 group, the MDA-MB-231 cells showed to have a much
higher influence on ASC migration (Sauter et al., 2019).

Transwell chamber conditioned media reveals higher concentrations of 2
signaling molecules linked to oncogenic pathways
Samples of the conditioned media of the transwell chamber set up and our novel set

up were taken and analyzed. ASC migration over the boundaries of their former silicon
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chambers was confirmed via brightfield microscopy after an incubation time of 24
hours, as shown in Figure 6a. Pixel densitometry read out of the array revealed that
in the samples with the transwell chamber conditioned media, the molecules
Interleukin-6 (IL-6) and C-C chemokine ligand 2 (CCL-2) were overexpressed. This
expression pattern was slightly apparent for the novel assay conditioned media as well,
compared to MDA-MB-231 cells conditioned media alone. A heatmap was created
comparing the pixel densiometry values of the transwell chamber and the novel assay
conditioned media (Figure 6b). Screening revealed that IL-6 and CCL-2 were both
distinctly more present in the transwell chamber conditioned media than in the novel
assay conditioned media. Images of the CCL-2 and IL-6 of the direct bioluminescent
array readout for the transwell chamber and novel assay were cropped out for analysis
(Figure 6c¢) (Sauter et al., 2019).
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Discussion

Our aim in this current study was to create a setup in vitro that more organically mirrors
the actual in vivo breast cancer microenvironment. A key factor of the experimental set
up was the cell freedom of migration while in a 2D environment. As discussed earlier,
research focusing on the question of the potential oncogenity of ASCs relies heavily
on the facilitation of unidirectional transmembrane systems (Gehmert et al., 2010;
Jotzu et al., 2011; Koellensperger et al., 2017; Salha et al., 2018). This transmembrane
tool has been applied to an abundance of ASC research. Scientists studied the role of
ASC migration in the repair of cardiomyocytes after myocardial infarction (Ji et al.,
2020), the attraction of ASCs towards the epidermal growth factor and therefore to
sites of injury (Baer et al., 2009), the possibility of treating inflammatory bowel disease
with ASCs (Stavely et al., 2015) or ASC homing abilities towards prostate cancer cells
(Mamchur et al., 2018). This, one the one hand, highlights the importance of the
transwell system as a method for in vitro migration research. On the other hand, it
raises the question if this monopoly of the transwell system leads to research with a
unilateral perspective. Our unique setup of experiments serves not as a challenger to
the commonplace transwell systems, but tries to investigate if there are other ways to
show the same cell migration patterns. Worth noting is that the readout of both methods
is different. The transwell inserts can be stained to reveal the number of cells that have
migrated through the pores after a fixed time; providing a quantitative readout (Wang
et al., 2012). Our novel method differs in that the actual process of migration can be
observed much more closely. While numerical quantitation of migration is difficult, it is
possible to keep track of migration speed (surface area covered) or changes of cell
morphology at any chosen number of timepoints during the experiment. Similarly, our
novel assay allows for a much clearer view of which cell population is mobilized by the

other, by offering an unguided and uninfluenced in vitro arena.

Another aspect to consider, that was implemented in our assays, is the utilization of
more than 2 distinct cell types at once. In the last years it has become increasingly
evident, that breast cancer consists not only of neoplastic tissue but a heterogeneous
mix of cell types, extracellular matrix and cytokines, all significantly contributing to
cancer development, progression and metastasis (Soysal et al., 2015). The different

cell types that can be found in the local stroma surrounding the tumor body are
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adipocytes, immune cells like leukocytes, myoepithelial and epithelial cells, endothelial
cells and fibroblasts (Coleman et al., 2013) A critical part within this environment is
played by these cancer associated fibroblasts (CAF). They are the most abundant cell
type in the microenvironment and have been found to secrete various soluble factors
such as chemo- and cytokines. These are believed to change the tumors into more
aggressive phenotypes stimulating tumor growth and tumor invasion (Folgueira et al.,
2013). Considering this special role of the CAFs we aimed to account for that in the
set-up of our assay. Although ASCs were the main focus of our investigation, we
wanted to challenge them in a situation that mimics the actual state of breast tumors
in vivo. This then consequently led to the creation of an assay implementing not only
breast cancer cells but ASCs and HS-27 fibroblasts. The cell line HS-27 does not
directly represent CAF since they are not of malignant origin but rather are fibroblasts
originally harvested from a healthy donor (Sigma Aldrich cat# 94041901-1VL). Recent
studies have been conducted on a single cell level closely comparing CAF and healthy
fibroblast populations (Hosein et al., 2019), emphasizing distinct differences between
the two but also the heterogeneity within their populations. Another aspect we
considered is the unclear and possibly mixed origin of CAFs. These cells could
originate from formerly healthy fibroblasts around the progressing tumor (Kalluri, 2016)
or might be recruited by the tumor from distal locations (Direkze et al., 2006). Our
choice to use healthy fibroblasts was therefore mainly motivated by the fact that in a
scenario of an autologous fat transplantation healthy fibroblasts would also be
relocated within the fat tissue, and given the current state of knowledge, they could

also very well be the origin of fat transfer-associated CAFs.

The tropism patterns that were observed in our first assay where ASCs and fibroblasts
were cultured together with cancer cells spanned two distinct breast cancer cell lines.
The cell migration we observed in assays involving MCF-7 population agrees with
earlier reports describing a slower migration rate. Scratch assays conducted with MCF-
7 cells were monitoring them for 24 hours and saw a closure percentage of around half
of the gap (Ahmadiankia et al., 2016; Anaya-Eugenio et al., 2021). The MCF-7
population boundary line in our Assay 1 remained static with no clear cell migration
towards both the fibroblast or ASC population. Previous findings indicate that co-
cultures of ASCs and MCF-7 cells suppress MCF-7 proliferation (Ryu et al., 2014)

which might account in part for the adynamic state of the MCF-7 population frontier.
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Other studies investigating the effect of ASCs on MCF-7 proliferation describe an
enhancement of proliferation but that effect is much less pronounced for MCF-7 than
for other, more malignant, BC cell lines (Teufelsbauer et al., 2019). This is likely
explained by the benign properties of this BC cell line. MCF-7 are a cell line which is
ER and PR positive. This specific subtype generally does not metastasize compared
to hormone receptor negative BC subsets (van Uden et al., 2019). The fact that the
HS-27/MCF-7 interface of the assay closed faster than the MCF-7/ASC interface is
also supported by the literature. Chen et al. used a transwell assay to determine the
migratory capacity of MCF-7 cells towards healthy fibroblasts and CAFs. Migration was
highest towards CAFs but also significantly increased towards healthy fibroblasts
compared to a blank control (Chen et al., 2012). Explaining the slower gap closure of
the MCF-7/ASC interface likely involves several reasons. Other groups have already
shown that the migratory capacity of ASCs towards MCF-7 cells is not very
pronounced. When Koellensperger et al. seeded ASCs in a transwell system there was
no significant difference in migration towards the MCF-7 population seeded below
compared to ASCs cultured in the absence of MCF-7 (Koellensperger et al., 2017).
Taken together these data suggest there is not a powerful chemokinetic role of MCF-
7 cells on ASCs.

In comparison to the setup with MCF-7, the MDA-MB-231 assay reveals much more
dynamic cell migration. Not only is complete gap closure achieved faster (after 48
hours) compared to the MCF-7 setup (120 hours) but movement patterns are also
different. There are studies suggesting that the secretome of CAF upregulates MDA-
MB-231 growth and progression (Suh et al., 2020), and that CAFs are attributed to
accelerate wound closure time of MDA-MB-231 cells in vitro. The effect is attributed to
the soluble factor CXCL12 secreted by the CAFs, which is thought to alter the
extracellular matrix of the breast cancer cells to enhance motility (Dvorak et al., 2018).
Others confirm the enhanced migratory capacity in vitro again through the use of
scratch and transwell assays. They link this effect to G Protein coupled factor, an
estrogen sensitive receptor promoted by CAF which then leads to an enhanced cancer
cell migratory capacity (Yang & Yao, 2019). Some studies propose a mechanism in
which triple negative breast cancer cells firstly activate fibroblasts which then promote
their metastatic potential (Chen et al., 2021). These studies are all unusually unified in
suggesting that a strong migratory impact is exerted on triple negative breast cancer

cells by fibroblasts/CAFs (Yu et al., 2018). In our setup we were able to reproduce

35



similar results in that the MDA-MB-231 were much more mobile on the HS-27/MDA-
MB-231 frontier than the BC cells facing the ASCs. While there are a plethora of studies
investigating the effects of fibroblasts/CAF on breast cancers in vitro and in vivo
(Katanov et al., 2015) there is little literature describing migratory patterns of healthy
fibroblasts and triple negative breast cancer cells. This might be attributed to what we
saw in our particular setup. The fibroblasts we observed stayed mostly dormant and
showed no real shift towards the MDA-MB-231 cells. One group claims that cancer
progression like endothelial to mesenchymal transition (EMT) in triple negative breast
cancers might be due to soluble factors the cancer cells secrete. They found that
secretion of prooncogenic factors such as CCL-2 or Interleukin 13 was enhanced in
cultures of BC cells with stromal cell conditioned media. Some other factors like CCL-
5 require direct cell-to-cell contact of stromal cells and BC cells (Liubomirski et al.,
2019). One possible explanation of the strong attraction of the MDA-MB-231 cells
towards the fibroblast population in our setup is the strategic relocation of MDA-MB-
231 cells to co-opt local fibroblasts into CAFs via membrane-membrane (juxtacrine)
cell contact. Fibroblasts have been described in the literature as a predecessor for
CAFs (Shen et al., 2020). Conversion of fibroblasts towards CAF could promote MDA-
MB-231 cells further towards metastatic spread (Dvorak et al., 2018). Statistical
analysis of the comparison of gap closure time did not significantly differ between the
HS-27/MDA-MB-231 and the ASC/MDA-MB-231 gap; both gaps were closed after 48
hours. While the HS-27/MDA-MB-231 gap was chiefly closed by MDA-MB-231
migration, ASC/MDA-MB-231 gap closure was mostly achieved through ASC
migration. As discussed before, this relationship has been observed and reported
multiple times in vitro (Senst et al., 2013) and in vivo (Zhang et al., 2009). To
summarize, the novelty of our in vitro assay lies in the shared media between three
cell types, while still being able to discern cell migration patterns across replicates and
experiments. One key finding was that over a distance of 1000um, and in the presence
of locally seeded fibroblasts, ASCs showed a clear trophic attraction towards BC cells
(especially MDA-MB-231) cells.

To further understand the kinetics between fibroblasts, ASCs and BC cells, we decided
to alter the assay by amplifying the distance between the cell types from 1mm to 15mm.
The question was to observe if these migratory properties remain similar even when

the populations are located 15 times further away. Part of this challenge stemmed
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from surgical rationale. The elongated distance accounts for the distance grafted ASCs
might travel to any residual tumor cells which would probably be in the order of
millimeters from ASCs. Another factor influencing this experiment design was to add
an extra angle to the conventional scratch assay, which usually uses scratch or gap
widths of around 500 ym (Huang et al., 2019; Ritter et al., 2015).

What appeared to us as most striking in this particular setup was the fact that in the
assay with MCF-7 cells almost no migratory activity was visible for both stromal cell
populations. While we saw slow migration of the HS-27 and ASC cells in assay 1 we
were not able to reproduce this in assay 2. It is important to consider that data on the
properties of ASCs as they promote/inhibit MCF-7 are conflicting. While some report
that ASCs have an inhibitory effect on BC growth (Ryu et al., 2014), other studies claim
that ASCs actually decrease MCF-7 affinity for chemotherapeutic drugs and promote
cancer progression (Lu et al., 2017). Other papers found that MCF-7 influence ASCs.
ASCs cultured in MCF-7 conditioned medium showed an upregulated proliferation, and
upregulation of stemness regulating genes and autophagy (Garroni et al., 2021). What
unites these studies is that they use MCF-7 conditioned medium, which globally affects
the cultured cells immediately from use. From these experiments, the researchers
suggest in vivo paracrine signaling and a potential crosstalk between the cell types.
Our study shows that migration over a larger distance (15mm) in non-preconditioned
media does not take place. The follow up logic from this is whether use of conditioned
media skews the assay to show migration that is not representative of the in vivo
situation. If the cells are unable to communicate across 15mm in vitro, there is a chance
that the paracrine communication across 15mm in vivo is also hindered.

As expected, cell migration becomes more dynamic when the MCF-7 cells are
replaced with the more malignant MDA-MB-231 cells. The effect of using a metastatic
BS cell line compared to a benign one is striking in that with the elongated distance
the paracrine impact still appreciably exists. The ASCs show a clear guided growth
towards the MDA-MB-231 population. Considering this result, it makes sense to more
closely take into account the tumor microenvironment (TME). Many studies
acknowledge that ASCs influence the TME. They have shown to create inflammatory
conditions favoring tumor progression (Eterno et al., 2014). The contribution could also
be more indirect. As explained earlier, there is also a body of literature claiming a
transition of ASCs into CAF through the influence of BC (Cho et al., 2012; Jotzu et al.,
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2011). These studies create an artificial TME by bringing ASCs into close proximity
with BC cells through in vitro assay design, or murine co-injections in vivo (Eterno et
al., 2014). Analysis on the actual cell composition of the TME shows no real evidence
of substantial contribution of ASCs as a cellular component (Mao et al., 2013; Soysal
et al.,, 2015). These reviewers acknowledge that stromal cells however are a key
component and this is where the knowledge of ASC to CAF transition could explain
the adoption of local ASCs into tumor tissue. ASCs might simply not be observable
because they transition into stromal cells supporting the TME. A key question that
arises is how the composition of the TME is achieved. Kidd and colleagues researching
the contributions towards BC TME found that the stromal cells of murine breast and
ovarian cancer models originate from two sources. One fraction of the tumor
associated fibroblasts were recruited from MSCs originating from bone marrow
sources while another distinct subtype was mostly recruited from neighboring adipose
tissue and therein adipose derived stromal cells (SVF) (Kidd et al., 2012). The
conclusion from this is two-fold; firstly, fibroblasts not undergoing chemoattraction
towards cancer cells in vivo is a finding which is mirrored in our in vitro assays,
corroborated by negligible fibroblast migration observed when seeded 15mm away
from BCs. Secondly, co-opted stromal cells from adipose tissue make up a substantial
fraction of the TME. Our results showing very clear and directional movement of ASCs
towards the MDA-MB-231 population captures this relationship clearly. Comparing
mesenchymal stem cells derived from bone and fat shows strong similarities in
morphology, differentiation potential or immunophenotype (Strioga et al., 2012). Per
the literature, this similarity seems to extend also to tumor attraction. There have been
studies of systemically injected ASCs and MSCs which were able to home to breast
cancer tumors in rodent models (Karnoub et al., 2007; Zhang et al., 2009). Although
our in vitro model is clearly not fit to align ASC directional migration in vitro with the
systemic homing of ASCs in vivo, we still found it interesting that we could in some
form reproduce this strong attraction that BC cells exert upon ASCs, even over a

distance much longer than typical assays.

In our following assays we wanted to investigate if the migration of ASCs is proportional
to the number of BC cells they interact with. The rationale for this approach was again
inspired by clinical reflections. We not only wanted to know if ASCs are drawn to a

bigger tumor mass, but also if this attraction is observable for even a small number of
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BC cells. In a breast reconstruction (BR) scenario after cancer treatment, detection of
tumor remnants or cancer cells is very difficult/impossible through histological and
radiological analysis. The British Association of Plastic Reconstructive and Aesthetic
Surgeons (BAPRAS) and the Association of Breast Surgery (ABS) together released
a guideline in 2013 on the topic of BR. There they emphasize that oncological
considerations should be applied, specifically, pre-operative staging needs to be
considered as part of planning BR surgery (Cutress et al., 2013). This would imply that
BR would only be performed when the smallest amount of tumor cells is likely to remain
in the residual breast tissue, theoretically minimizing local migration of ASCs newly
relocated by the BR. To mimic the migration of ASCs towards an immobilized
population of cancer cells, an adjustment that was made for assay 3 compared to the
prior two, which was that the silicon chamber holding the BC cell population in place
was not removed during the experiment. Instead, the well of the six well plate was filled
with media so that it would pour over the rim and flood the silicon chamber containing
the cancer cells. We wanted to take into account the existing literature reporting
deviating paracrine effects the CM of BC cells has on ASCs, in contrast to the
juxtacrine effect these same BC cells have with direct cell to cell contact (Kucerova et
al., 2013). Our goal was to restrict the ability of the BC cells to migrate or relocate
directly to the ASCs. Instead, we wanted to investigate if migratory behavior of ASCs
is triggered through paracrine signaling, as this is the most acknowledged cell contact
mechanism by which BC influences ASCs (Lyes et al., 2019). Going a step further, we
decided to restrict the number of cell types used down to only BC cells and ASCs for
this assay. The insights we collected in assay 1 and 2 showed little to no migratory
capacities of the HS-27 fibroblasts and the focus of this investigation was to be about
the migratory potential of ASCs towards breast cancer cells, as they are discussed as
the critical driver of a potential oncogenicity of AFG and CAL. In contrast to that
extensive body of literature there are, to our best knowledge, no publications studying
attraction of ASCs to various concentrations of BC cells in vitro. Studies that do exist
only rely on one set concentration of either ASC and BC cells for their migration
experiments and are generally either transwell or scratch assays (Koellensperger et
al., 2017; Ritter et al., 2015; Teufelsbauer et al., 2019).

The results we saw when we cultured freely migrating ASCs with different

concentrations of restricted BC cells agreed largely with the findings of our previous
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experiments. For one, the MCF-7 setup again failed to initiate major change in the ASC
population kinetics. That being said, there was a clearly visible increase in ASC
migration when the dosage of MCF-7 cells was increased. This minor, but apparent
migratory potential for large numbers of cells (100,000) gets more interesting when
comparing it to other migration studies of MCF-7 and ASCs. For example,
Koellensperger and colleagues, using a transwell system where they seeded only 6000
cells over 24 hours in the bottom on the well, found no enhancement in ASC migration
through the transwell membrane (Koellensperger et al., 2017). This does align well
with our results from assay 1 and 2 in which we used MCF-7 cell numbers of 10.000
cells and found no real stimulus of ASC migration. It might be then, that only larger
bodies of ER/PR positive BC cells are able to stimulate migratory effects. The situation
gets more complex observing clinical data. Tumor size is used as a prognostic factor
for time of survival, even before other factors like lymph node involvement; a finding
that also applied for ER positive breast cancers, represented here by MCF-7 (Liu et
al., 2021). Zhang and colleagues postulate that MSCs drive tumor progression of MCF-
7 cells (Zhang et al., 2013). There is a potential that only large numbers of tumor cells
are actually attracting ASCs which then progress tumor development. This is in conflict
to the conclusion drawn from data that show no effect of ASCs on MCF-7 cell
proliferation (Koellensperger et al., 2017). Again, this presents a vivid example on how
the current literature is not unified about the role of ASCs. The data we acquired might
help to explain some of these inconsistent findings.

While there is a plethora of studies measuring the effect of ASCs on the migratory
capacities of MDA-MB-231 cells (Orbay et al., 2018; Park et al., 2016; Rowan et al.,
2014; Teufelsbauer et al., 2019), not as many focus on the inverted attraction of ASCs
towards MDA-MB-231 cells, and those that do, neglect to take into account the dose
dependent effect of cancer cells on ASCs (Koellensperger et al., 2017; Ritter et al.,
2015). It is commonly acknowledged in current research that the crosstalk between
ASCs and BC cells is mediated through soluble factors (Guillaume et al., 2022) (de
Miranda et al., 2021). While there is no clear hypothesis of how the secretome of BC
cells influences ASC migration, what is made abundantly clear by the data from Assay

3 is the linear relationship between ASC migration and BC cell number.

After performing assay 1 to 3 and finding a highly reproducible, strong attraction of

ASCs, especially towards MDA-MB-231 cells, we decided to compare our newly
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established silicon chamber migration assay with the customary transwell migration
assay. A pore size of 8um was selected since this was found in most studies utilizing
the method (Bahman Soufiani et al., 2021; Chen et al., 2012; Koellensperger et al.,
2017). Direct comparison of both assays via migration would not have been possible,
given the quantitative readout for the transwell assay and more qualitative readout for
our novel assay. To level these assays against each other, and since it is established
that BC ASC interaction is mediated through paracrine signaling (Guillaume et al.,
2022) we decided to measure and compare cytokine expression of both assays. The
Human Cytokine Array (C5, RayBiotech) was selected since it allowed to detect
various cytokines that are related to migratory properties and have already been
described by other papers to be found in BC ASC interactions, such as Interleukin-6
(IL-6) (Wei et al., 2015), Interleukin-8 (IL-8) (Razmkhah et al., 2010) or CC-chemokine
ligand 5 (CCL-5) (Brett et al., 2020).

MSC migration or homing is not an effect that is only observed in cancers. There exists
well documented research studying the role of MSCs in wound healing (Piccolo et al.,
2015). Mesenchymal stem cells have been detected in a plethora of human organs
(Vizoso et al.,, 2017), among them, ASCs have been found to reside within the
subcutaneous tissue (Marfia et al., 2015). ASCs have been suggested to possess the
ability to migrate towards injured tissue. In a murine model of dermal wound healing,
ASCs were either applied topically, or through intravenous or intramuscular injection,
and in each study arm, they accelerated wound closure compared to controls (Kim et
al., 2019). This homing was proven through ASC staining prior to intravenous injection,
and surviving cells were confirmed within the defect accelerating vessel formation
(Zhou et al., 2019). Mechanistically, the first step of MSC tissue homing is the adhesion
of the systemically-injected MSC to the endothelial wall (Sackstein et al., 2008). Once
attached, the MSCs are activated by CXCL-12. CXCL-12 was found to be significantly
increased in acute wound fluid compared to chronic wound fluid. ASCs in turn express
the CXCL-12 C-X-C chemokine receptor 7 (CXCR7) (Stuermer et al., 2015), which
facilitates the adhesion further. Following this activation, the MSCs enter arrest and
then are stimulated to transmigrate through the endothelial cell layer and base
membrane with the help of Matrix Metalloproteases (MMPs) (Steingen et al., 2008).
This process is called extravasation and is the hallmark of rapid cell migration around

the body. After the adhesion, the activation, the arrest and the transmigration, the
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MSCs are then in close proximity to the wounded site. The final step of homing is
migration through the interstitium, the extracellular matrix, to reach the tissue defect.
This MSC migration is triggered through various factors liberated by the defect.
Described are platelet-derived growth factor (PDGF), the insulin-like growth factor 1
(IGF-1), CCL 5, macrophage-derived chemokine (MDF) or CXCL-12 (Ponte et al.,
2007). An important role is also attributed to inflammatory cytokines like Interleukin 8
(IL-8) to stimulate MSC migration to injured sites (Bayo et al., 2017). Once arrived,
they are known to secrete VEGF, promoting vessel formation and consecutive wound
healing (Hou et al., 2014). This capacity to especially exhibit homing to inflammatory
sites is especially striking for MSCs. Francois et al. observed MSC homing after
systemic infusion in a murine model. They compared healthy rodents to some that
underwent systemic or local irradiation, creating local or systemic inflammation. MSC
homing was significantly increased for both those groups compared to control
(Francois et al., 2006).

The similarities between tissue defects and cancers have been apparent for years. An
article wrote more than 30 years ago by Dvorak et al. initially made this connection
(Dvorak, 1986). Research that followed has found some key paracrine factors common
to wounds and cancer, most prominently the inflammatory cytokine IL-6, which we
were also able to detect in our cytokine array. IL-6 is a cytokine produced in response
to infections or tissue defects and is a powerful stimulant of the acute immune response
(Tanaka et al., 2014), and plays a pivotal role in wound healing (Mateo et al., 1994,
McFarland-Mancini et al., 2010). IL-6 stimulates immune cell chemotaxis
(Weissenbach et al., 2004), and regulates chemokine secretion of stromal cells,
keratinocytes, endothelial cells and macrophages and therefore acting as a regulator
creating a physiological wound healing environment (Wright et al., 2014). In cancer,
this regulatory effect is compromised. IL-6 has been found to be highly elevated in the
serum of breast cancer patients also, correlating with disease stage (Koztowski et al.,
2003). IL-6 signaling pathways promote cancer cell proliferation (Hirano et al., 2000),
lead to the expression of anti-apoptotic proteins - enhancing cancer cell survival
(Gritsko et al., 2006) - and enhance tumor invasiveness and metastasis (Kim et al.,
2009). IL-6 was found in the conditioned media of MDA-MB-231 and MCF-7 breast
cancer cells, with higher malignancy cell lines expressing more IL-6 (Senst et al.,
2013). This fits in with studies linking higher IL-6 blood levels to worse prognosis in

breast cancer patients (Lippitz, 2013). ASCs have also been described to secrete IL-
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6, thereby promoting migration and invasion of breast cancer cells, notably shown only
by transwell assays (Walter et al., 2009). Others describe that IL-6 and VEGF
combined are driving BC cell migration (De Luca et al., 2012).

The detection of IL-6 in our cytokine panel is not surprising at all, since it has been
described before to be a driver of MSC recruitment to the tumor site (Rattigan et al.,
2010). Others have confirmed this attraction of MSCs towards IL-6 independently. In
a 2D chemotaxis assay, MSCs were found to exhibit significant directional attraction
towards an IL-6 gradient. In a follow up experiment, they created 3D spheroids of
MSCs which they cultured with IL-6 supplemented media. In comparison to the control
spheroid only cultured with DMEM, the MSCs from the IL-6 spheroid detached and
migrated out of the main cell body (Casson et al., 2018).

The other cytokine we found to be upregulated in our array was CCL-2. CCI-2 is yet
another important cytokine linked to breast cancer prognosis (Ghoneim et al., 2009).
The physiological role of CCL-2 is that of a pro-inflammatory chemokine that acts as a
chemoattractant to immune cells like monocytes, dendritic cells or T-cells to the site of
inflammation (Carr et al., 1994). Further properties include angiogenesis (Gangadaran
et al., 2021). It was illustrated that BC cell conditioned media lead to the release of
CCL-2 and CXCL-8 from MSCs, which led to the conversion of MSCs to CAFs; clearly
highlighting the involvement of CCI-2 to TME modelling in an in vitro platform (Katanov
et al., 2015). Others report of co-cultures containing MSCs and BC cells that led to
robust upregulation of CCL-2 secretion. CCL-2 rich CM of these co-cultures was able
to induce BC cell sprouting and enhance migration in MDA-MB-231 cells (Liubomirski
et al., 2019). Other groups have found this induction of CCL-2 expression also holds
true for co-cultures of ASCs and BC cells. This effect was especially pronounced for
the co-culture of ASCs with MDA-MB-231 (Koellensperger et al., 2017). Importantly,
this induction in CCL-2 secretion was also reported for co-cultures with other cancers,
such as malignant melanoma (Preisner et al., 2018). Apart from these reports on CCL-
2 inducing breast cancer progression, there is also some evidence for CCL-2 to
influence ASC migration. Wang et al. wanted to improve the homing abilities of
systemically administered ASCs onto dystrophic muscle tissue in a rodent model. They
used lentiviral vectors to induce the expression of CCL-2 receptor (CCR-2) in ASCs
which led to a significantly increased homing abilities towards dystrophic tissue in
these mice (Wang et al., 2021).
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Assay 4 reveals the upregulation of two cytokines, IL-6 and CCL-2, that both
repeatedly have been named as drivers of breast cancer progression. The fact that
less IL-6 and CCL-2 was detected in our assay compared to the transwell assay, could
lead one to believe that our assay possibly shows a less oncogenic profile. The
question of whether or not high expression of IL-6 or CCL-2 is directly translatable to
higher oncogenicity is not a definitive one. The inconclusiveness of the current
research can be observed in the example of IL-6. There are reports that IL-6 is a
mediator of the binding of cytotoxic T-cells on the tumor vascular endothelium and
therefore a driver of an anticancer immune response (Fisher et al., 2011). Other groups
saw that through acute inflammatory responses, like fever, the recruitment of
lymphocytes to lymph nodes in the tumor proximity was improved. This process aids
the immune system to fight the tumor and is mediated by IL-6 (Carriére et al., 2005;
Chen et al., 2006). This research sheds a more nuanced light on the role of IL-6 in
cancer progression and the recruitment of various cell types to the tumor site, if, as our
research suggests, IL-6 indeed is a driver of ASC tumor migration. There still remains
the question if ASCs do in fact possess tumor driving properties. An interesting paper
highlighting this issue was written by Mohd Ali and colleagues. They isolated
exosomes harvested from indirect co-cultures of either MCF-7 or MDA-MB-231 cells
with ASCs and analyzed the expression profiles and cancer morphology. What they
saw was that under the influence of ASCs, both BC cell lines switched to a phenotype
more associated with dormancy, especially suppressing EMT. Interestingly though,
this state of dormancy improved the chemoresistance of these cells when faced with
chemotoxic agents (Mohd Ali et al., 2020). Papers like this highlight how difficult it can
be to find a definitive conclusion on the question of ASC oncogenity. Our present paper
underlines this. We created a novel assay with which we were able to reliably show
migratory properties of ASCs towards malignant BC cells, even with the
implementation of a third cell type. In our comparative assay 4, involving the
comparison of our novel assay and the commonly performed transwell assay, we
cultured the same cell types for the same amount of time in the same volume of shared
media and found an altered cytokine profile. These findings lead us to propose that
especially in vitro research on this topic has to be expanded. The current knowledge
does not possess the weight to support a definitive recommendation on the support of

AFG or especially CAL on BC patients, especially considering the lack of clinical
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evidence on AFG oncogenicity. Our paper delivers some insight to the question, in that
it shows that there are multiple ways to show the same effects with various readouts.
This study has limitations in that the research was conducted only in vitro and the
hypothesis was not challenged in vivo. Furthermore, we acknowledge the limitations
of qualitative results compared to quantitative results. We understand that the data of
these experiments were designed to allow us to observe a more real and unbiased
view of cell kinetics, on which more quantitative work can be performed. Since these
are newly designed assays, there is no direct comparison available in the literature,

which is both a limitation and a novelty.

Conclusion

In this paper we were able to create a series of novel assays showing the migration of
ASCs towards breast cancer cells of different malignancies. Migratory properties of
ASCs towards breast cancers, especially of higher malignancies were confirmed in the
presence of fibroblasts, thereby creating an environment more accurately depicting the
cancer microenvironment in vivo. We confirmed that migratory capabilities of ASCs are
elevated in a dose dependent manner. Finally, by comparing the cytokine profile of our
novel migration assay with the established transwell migration assay, we saw altered
cytokine expression. This data taken together highlight that the current state of
research on this topic remains inconclusive. Confounding data in this field is the result
of realistic in vivo studies showing the capacity of ASCs in migration,
immunomodulation and cancer progression, and unrepresentative in vitro studies
which fail to encompass the complicated tumor microenvironment. This body of work
within this thesis highlights what a custom-designed, non-biased in vitro assay can

illustrate in an otherwise nebulous field of cancer biology.
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Appendix | — Figures

Figure 1

1k BCs 10k BCs 100k BCs

Figure 1 — description

A. Setup of 3 silicon chambers. Chamber placed in the center horizontally, containing
BC cells (either MCF-7 or MDA-MB-231). Chamber seeded perpendicularly to the right
and left of the central chamber containing either fibroblasts (FB) or Adipose derived
stem cells (ASC).

B. Setup of 3 silicon chambers. 3 chambers placed in a triangular fashion. Topmost
chamber containing BC cells (either MCF-7 or MDA-MB-231). Silicon chambers on the

46



bottom corners of the isosceles triangle with a distance of 15mm to the topmost
chamber. Left chamber seeded with FB, right chamber with ASC.

C.Setup of 2 silicon chambers. The top chamber was seeded with BC cells (either
MCF-7 or MDA-MB-231). Concentration of seeded cells as 1000, 10.000 or 100.000
cells. The bottom chamber was seeded with ASCs.

(Sauter et al., 2019)

Figure 2
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Figure 2 — description

Presentation of data obtained from running in vitro setup shown in Figure 1A.
A. Schematic of the set up of Assay 1.
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B. Brightfield microscopy images showing left and right edges of MCF-7 population
seeded centrally and edges of HS-27 population (left) and ASC population (right). Six
timepoints show the timeline of 1000pm gap closure.

C. Gap closure quantification. Significant differences were detected at time point 28,
72, and 96 hours. After 96 hours closure of the HS-27/MCF-7 gap. After 120 hours
closure of the. Results were considered significant at p < 0.05.

(Sauter et al., 2019)

Figure 3
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Figure 3 — description

Presentation of results obtained from running in vitro setup shown in Figure 1A.

A. Fluorescent microscopy images showing MDA-MB-231 in the center (red colored)
HS-27 population (left) and ASC population (right), colored green. During 48 hours
MDA-MB-231 cells are detaching and moving towards HS-27 population. On the right
gap, green ASCs are migrating towards static BC population.

B. Pixel densiometry of red florescent staining and results of respective quantification
via Imaged. At timepoint 24, 36 and 48 hours, significantly less fluorescence is
detectable on the side facing the HS-27 population compared to the side facing the
ASC population, *p < 0.05.

C. Gap closure quantification. Changes in gap closure were non-significant. *p < 0.05.
(Sauter et al., 2019)
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Figure 4

MCF-7 cells «——— MDA-MB-231 cells

A B
FB ASC FB ASC

0 hour
0 hour

12 hour

12 hour

24 hour

24 hour

Figure 4 — description

Presentation of results obtained from running in vitro setup shown in Figure 1B. 3
Chambers were arranged in a triangular shape. Either MCF-7 or MDA-MB-231 (top),
HS-27 (left), ASC (right). White dotted line indicate the original boundaries of the silicon
chambers. White bars in all images scale for 100 ym.

A. Fluorescent imaging reveals little migration of HS-27 or ASCs over their original
boundaries after 12 or 24 hours.

B. Fluorescent imaging reveals little migration of HS-27 over the original boundaries
after 12 or 24 hours. ASCs show clear, directional migration towards MDA-MB-231
population after 12 and 24 hours.

(Sauter et al., 2019)
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Figure 5
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Figure 5 — description

Presentation of results obtained from running in vitro setup shown in Figure 1C. 2
Chambers were arranged in the well with either MCF-7 or MDA-MB-231 cells on the
top in concentrations of 1000, 10.000, or 100.000 cells. ASCs were seeded on the
bottom chamber. Blue dotted lines indicate original boundaries of the silicon chamber
holding the ASCs. The chamber holding MCF-7 was kept in place.

A. Scant migration of ASCs towards various MCF-7 cell concentrations is enhanced
over 24 hours when number of cells is increased

B. Distinct migration of ASCs towards various MDA-MB-231 cells over 24 hours.
Migratory capacities are clearly enhanced when concentration of BC cells in increased.
(Sauter et al., 2019)
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Figure 6 — description

Presentation of results obtained from running a cytokine array on the supernatant of
our novel assay to a transwell migration assay.

A. Brightfiled images showing migration of ASCs towards stagnant MDA-MB-231
population after 24 hours. Original boundaries of chambers are indicated by blue
dotted lines.

B. Schematic depiction of the transwell chamber (top) and our novel assay (bottom).

ASCs (yellow) migrate towards MDA-MB-231 cells (red), blue arrows show the
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migratory track. Heatmaps show the cytokine profiles obtained from supernatants after
48 hours. IL-6 and CCL-2 and circled red for both maps.

C. Images of the cytokine array. Comparison of the expression of IL-6 and CCI-2 for
both assays. Transwell left, novel assay right.

(Sauter et al., 2019)
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Appendix Il - Abbreviations

4T1 — rodent breast cancer cell line

ABS — Association of Breast Surgery

AFG - Autologous Fat Grafting

ASPS — American Society of Plastic Surgeons

Balb/c mice — Inbred mouse strain commonly used for animal research
BAPRAS - British Association of Plastic Reconstructive and Aesthetic Surgeons
BC — Breast Cancer

BCS — Breast Conserving Therapy

BMPR2 — Bone Morphogenetic Protein Receptor Type |l
c- kit — Receptor Tyrosine Kinase

CAF — Cancer Associated Fibroblasts

CAL - Cell Assisted Lipotransfer

CCL-2 — CC-chemocine ligand 2

CCR-2 — CC-chemocine ligand receptor 2

CD105 — Cluster of Differentiation 105

CD248 — Cluster of Differentiation 248

CD90 — Cluster of Differentiation 90

CXCL-12 — C-X-C motif chemokine 12

CXCL-8- C-X-C motif chemokine 8

CXCR-7 — C-X-C chemokine receptor 7

DGPRAC - Deutsche Gesellschaft der Plastischen, Rekonstruktiven und
Asthetischen Chirurgie

DM - Distant Metastasis

E-cadherin — Epethelial Cadherin

EMT — Endothelial to Mesenchymal Transition

EPC — Endothelial Progenitor Cells

ER - Estrogen Receptor

FGF - Fibroblast Growth Factor

FGF2 - Fibroblast Growth Factor Il

HER2/neu — Human Epidermal Growth Receptor 2
HERS-2 - Human Epidermal Growth Factor Receptor 2
HGF — Human Growth Factor
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IL-1 — Interleukin-1

IL-6 — Interleukin-6

LR — Local Recurrence

LRR — Locoregional Recurrence

MAP pathway — Mitogen-Activated Protein Kinase Pathway
MCF-7 — Michigan Cancer Foundation-7 (ER/PR positive BC cell line)
MDA-MB-231 - M.D. Anderson - Metastatic Breast 231 (ER/PR negative BC cell line)
Micro RNA — Micro Ribonucleic Acid

MMP — Matrix-Metalloproteinase

MMP-6 — Matrix-Metalloproteinase-6

MST — Mastectomy

N-cadherin — Neuronal Cadherin

PDGF — Platelet Derived Growth Factor

PI3K — Phosphoinositide 3-Kinase

PI3K pathway — Phosphatidylinositol 3-Kinase Pathway

PR - Progesterone Receptor

PTX — Paclitaxel

SERPINE1 — Serine Protease Inhibitor |

SKBR3 — Human adenocarcinoma breast cancer cell line
SVF - Stromal Vascular Fraction

T-47D — Human Epithelial Breast Cancer Cell Line

TAF — Tumor Associated Fibroblasts

TGFB1 — Transforming Growth Factor 3 1

TME — Tumor Microenvironment

TVE — Tumor-Derived Extracellular Vesicles

VEGF — Vascular Endothelial Growth Factor

VEGFA — Vascular Endothelial Growth Factor A

57



Appendix Il - Bibliography

Ahmadiankia, N., Moghaddam, H. K., Mishan, M. A., Bahrami, A. R., Naderi-
Meshkin, H., Bidkhori, H. R., Moghaddam, M., & Mirfeyzi, S. J. (2016).
Berberine suppresses migration of MCF-7 breast cancer cells through down-
regulation of chemokine receptors. Iran J Basic Med Sci, 19(2), 125-131.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC4818359/pdf/IUIBMS-19-125.pdf

Allred, D. C. (2010). Issues and updates: evaluating estrogen receptor-a,
progesterone receptor, and HER2 in breast cancer. Modern Pathology, 23(2),
S52-S59. https://doi.org/10.1038/modpathol.2010.55

Anaya-Eugenio, G. D., Blanco Carcache, P. J., Ninh, T. N., Ren, Y., Soejarto, D. D.,
& Kinghorn, A. D. (2021). A pentamethoxylated flavone from Glycosmis
ovoidea promotes apoptosis through the intrinsic pathway and inhibits
migration of MCF-7 breast cancer cells. Phytother Res, 35(3), 1634-1645.
https://doi.org/10.1002/ptr.6930

Andia, I., Maffulli, N., & Burgos-Alonso, N. (2019). Stromal vascular fraction
technologies and clinical applications. Expert opinion on biological therapy,
19(12), 1289-1305.

Baer, P. C., Schubert, R., Bereiter-Hahn, J., Plosser, M., & Geiger, H. (2009).
Expression of a functional epidermal growth factor receptor on human
adipose-derived mesenchymal stem cells and its signaling mechanism. Eur J
Cell Biol, 88(5), 273-283. https://doi.org/10.1016/].ejcb.2008.12.001

Bahman Soufiani, K., Pourfathollah, A. A., Nikougoftar Zarif, M., & Arefian, E. (2021).
Tumor Microenvironment Changing through Application of MicroRNA-34a
Related Mesenchymal Stem Cells Conditioned Medium: Modulation of Breast
Cancer Cells toward Non-aggressive Behavior. Iran J Allergy Asthma
Immunol, 20(2), 221-232.
https://ijaai.tums.ac.ir/index.php/ijaai/article/download/3096/1701

Bayo, J., Real, A, Fiore, E. J., Malvicini, M., Sganga, L., Bolontrade, M., Andriani, O.,
Bizama, C., Fresno, C., & Podhajcer, O. (2017). IL-8, GRO and MCP-1
produced by hepatocellular carcinoma microenvironment determine the
migratory capacity of human bone marrow-derived mesenchymal stromal cells
without affecting tumor aggressiveness. Oncotarget, 8(46), 80235.
https://www.oncotarget.com/article/10288/pdf/

Bellini, E., Grieco, M. P., & Raposio, E. (2017). The science behind autologous fat
grafting. Annals of medicine and surgery, 24, 65-73.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC5694962/pdf/main.pdf

Biazus, J. V., Stumpf, C. C., Melo, M. P., Zucatto, A. E., Cericatto, R., Cavalheiro, J.
A., & Damin, A. P. (2018). Breast-Conserving Surgery with Immediate
Autologous Fat Grafting Reconstruction: Oncologic Outcomes. Aesthetic Plast
Surg, 42(5), 1195-1201. https://doi.org/10.1007/s00266-018-1155-5

Bonomi, A., Cocceé, V., Cavicchini, L., Sisto, F., Dossena, M., Balzarini, P., Portolani,
N., Ciusani, E., Parati, E., Alessandri, G., & Pessina, A. (2013). Adipose
tissue-derived stromal cells primed in vitro with paclitaxel acquire anti-tumor
activity. Int J Immunopathol Pharmacol, 26(1 Suppl), 33-41.
https://doi.org/10.1177/03946320130260s105

Bora, P., & Majumdar, A. S. (2017). Adipose tissue-derived stromal vascular fraction
in regenerative medicine: a brief review on biology and translation. Stem cell
research & therapy, 8(1), 145-145. https://doi.org/10.1186/s13287-017-0598-y

58



Brett, E., Sauter, M., Timmins, E., Azimzadeh, O., Rosemann, M., Merl-Pham, J.,
Hauck, S. M., Nelson, P. J., Becker, K. F., Schunn, I., Lowery, A., Kerin, M. J.,
Atkinson, M., Kruger, A., Machens, H. G., & Duscher, D. (2020). Oncogenic
Linear Collagen VI of Invasive Breast Cancer Is Induced by CCL5. J Clin Med,
9(4). https://doi.org/10.3390/jcm9040991

Broelsch, G. F., Kdnneker, S., Ipaktchi, R., & Vogt, P. M. (2017). Die aktuellen
Leitlinien fur Autologe Fettgewebstransplantationen der Deutschen
Gesellschaft der Plastischen, Rekonstruktiven und Asthetischen Chirurgen
(DGPRAC) und der Fat Graft Task Force der American Society of Plastic
Surgeons (ASPS)—ein transatlantischer Vergleich. Handchirurgie-
Mikrochirurgie- Plastische Chirurgie, 49(06), 408-414.

Cammarota, F., & Laukkanen, M. O. (2016). Mesenchymal Stem/Stromal Cells in
Stromal Evolution and Cancer Progression. Stem Cells Int, 2016, 482457 3.
https://doi.org/10.1155/2016/4824573

Campbell, K. (2018). Contribution of epithelial-mesenchymal transitions to
organogenesis and cancer metastasis. Current opinion in cell biology, 55, 30-
35. https://doi.org/10.1016/j.ceb.2018.06.008

Carr, M. W., Roth, S. J., Luther, E., Rose, S. S., & Springer, T. A. (1994). Monocyte
chemoattractant protein 1 acts as a T-lymphocyte chemoattractant. Proc Natl
Acad Sci U S A, 91(9), 3652-3656. https://doi.org/10.1073/pnas.91.9.3652

Carriére, V., Colisson, R., Jiguet-Jiglaire, C., Bellard, E., Bouche, G., Al Saati, T.,
Amalric, F., Girard, J. P., & M'Rini, C. (2005). Cancer cells regulate
lymphocyte recruitment and leukocyte-endothelium interactions in the tumor-
draining lymph node. Cancer Res, 65(24), 11639-11648.
https://doi.org/10.1158/0008-5472.Can-05-1190

Casson, J., O’Kane, S., Smith, C.-A., Dalby, M. J., & Berry, C. C. (2018). Interleukin
6 Plays a Role in the Migration of Magnetically Levitated Mesenchymal Stem
Cells Spheroids. Applied Sciences, 8(3), 412. https://www.mdpi.com/2076-
3417/8/3/412

Chajchir, A., & Benzaquen, I. (1989). Fat-grafting injection for soft-tissue
augmentation. Plastic and reconstructive surgery, 84(6), 921-934; discussion
935.

Chavez, K. J., Garimella, S. V., & Lipkowitz, S. (2010). Triple negative breast cancer
cell lines: one tool in the search for better treatment of triple negative breast
cancer. Breast disease, 32(1-2), 35.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3532890/pdf/nihms430062.pdf

Chen, P., Mo, Q., Wang, B., Weng, D., Wu, P., & Chen, G. (2012). Breast cancer
associated fibroblasts promote MCF-7 invasion in vitro by secretion of HGF. J
Huazhong Univ Sci Technolog Med Sci, 32(1), 92-96.
https://doi.org/10.1007/s11596-012-0016-8

Chen, Q., Fisher, D. T., Clancy, K. A., Gauguet, J. M., Wang, W. C., Unger, E., Rose-
John, S., von Andrian, U. H., Baumann, H., & Evans, S. S. (2006). Fever-
range thermal stress promotes lymphocyte trafficking across high endothelial
venules via an interleukin 6 trans-signaling mechanism. Nat Immunol, 7(12),
1299-1308. https://doi.org/10.1038/ni1406

Chen, Y., Cai, L., Guo, X,, Li, Z., Liao, X., Zhang, X., Huang, L., & He, J. (2021).
HMGB1-activated fibroblasts promote breast cancer cells metastasis via
RAGE/aerobic glycolysis. Neoplasma, 68(1), 71-78.
https://doi.org/10.4149/neo_2020 200610N620

Cho, J. A., Park, H., Lim, E. H., & Lee, K. W. (2012). Exosomes from breast cancer
cells can convert adipose tissue-derived mesenchymal stem cells into

59



myofibroblast-like cells. Int J Oncol, 40(1), 130-138.
https://doi.org/10.3892/ij0.2011.1193

Chulpanova, D. S., Kitaeva, K. V., Tazetdinova, L. G., James, V., Rizvanov, A. A., &
Solovyeva, V. V. (2018). Application of Mesenchymal Stem Cells for
Therapeutic Agent Delivery in Anti-tumor Treatment. Front Pharmacol, 9, 259.
https://doi.org/10.3389/fphar.2018.00259

Coleman, R. E., Gregory, W., Marshall, H., Wilson, C., & Holen, I. (2013). The
metastatic microenvironment of breast cancer: clinical implications. Breast, 22
Suppl 2, S50-56. https://doi.org/10.1016/j.breast.2013.07.010

Coleman, S. R. (2006). Structural fat grafting: more than a permanent filler. Plast
Reconstr Surg, 118(3 Suppl), 108s-120s.
https://doi.org/10.1097/01.prs.0000234610.81672.e7

Coleman, S. R. (2020). Long-Term Survival of Fat Transplants: Controlled
Demonstrations. Aesthetic Plast Surg, 44(4), 1268-1272.
https://doi.org/10.1007/s00266-020-01847-3

Coleman, S. R., Lam, S., Cohen, S. R., Bohluli, B., & Nahai, F. (2018). Fat Grafting:
Challenges and Debates. Atlas Oral Maxillofac Surg Clin North Am, 26(1), 81-
84. https://doi.org/10.1016/j.cxom.2017.10.006

Coleman, S. R., & Saboeiro, A. P. (2007). Fat grafting to the breast revisited: safety
and efficacy. Plast Reconstr Surg, 119(3), 775-785; discussion 786-777.
https://doi.org/10.1097/01.prs.0000252001.59162.c9

Cutress, R., Summerhayes, C., & Rainsbury, R. (2013). Guidelines for oncoplastic
breast reconstruction. The Annals of The Royal College of Surgeons of
England, 95(3), 161-162.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC4165237/pdf/rcse9503-161.pdf

Dauplat, J., Kwiatkowski, F., Rouanet, P., Delay, E., Clough, K., Verhaeghe, J. L.,
Raoust, I., Houvenaeghel, G., Lemasurier, P., Thivat, E., & Pomel, C. (2017).
Quality of life after mastectomy with or without immediate breast
reconstruction. Br J Surg, 104(9), 1197-1206.
https://doi.org/10.1002/bjs.10537

De Luca, A., Lamura, L., Gallo, M., Maffia, V., & Normanno, N. (2012). Mesenchymal
stem cell-derived interleukin-6 and vascular endothelial growth factor promote
breast cancer cell migration. J Cell Biochem, 113(11), 3363-3370.
https://doi.org/10.1002/jcb.24212

de Miranda, M. C., Ferreira, A. D. F., de Melo, M. |. A., Kunrath-Lima, M., Goes, A.
M., Rodrigues, M. A., Gomes, D. A., & Faria, J. (2021). Adipose-derived
stem/stromal cell secretome modulates breast cancer cell proliferation and
differentiation state towards aggressiveness. Biochimie, 191, 69-77.
https://doi.org/10.1016/j.biochi.2021.08.010

DellaCroce, F. J., & Wolfe, E. T. (2013). Breast reconstruction. Surg Clin North Am,
93(2), 445-454. https://doi.org/10.1016/j.suc.2012.12.004

Dieterich, M., Dragu, A., Stachs, A., & Stubert, J. (2017). Clinical Approaches to
Breast Reconstruction: What Is the Appropriate Reconstructive Procedure for
My Patient. Breast care, 12(6), 368-373. htips://doi.org/10.1159/000484926

Direkze, N. C., Jeffery, R., Hodivala-Dilke, K., Hunt, T., Playford, R. J., Elia, G.,
Poulsom, R., Wright, N. A., & Alison, M. R. (2006). Bone Marrow—Derived
Stromal Cells Express Lineage-Related Messenger RNA Species. Cancer
research, 66(3), 1265-1269. https://doi.org/10.1158/0008-5472.CAN-05-3202

Dubey, N. K., Mishra, V. K., Dubey, R., Deng, Y.-H., Tsai, F.-C., & Deng, W.-P.
(2018). Reuvisiting the Advances in Isolation, Characterization and Secretome

60



of Adipose-Derived Stromal/Stem Cells. International journal of molecular
sciences, 19(8), 2200. https://doi.org/10.3390/ijms19082200

Dunnwald, L. K., Rossing, M. A., & Li, C. I. (2007). Hormone receptor status, tumor
characteristics, and prognosis: a prospective cohort of breast cancer patients.
Breast Cancer Research, 9(1), R6. https://doi.org/10.1186/bcr1639

Duscher, D., Atashroo, D., Maan, Z. N., Luan, A., Brett, E. A., Barrera, J., Khong, S.
M., Zielins, E. R., Whittam, A. J., & Hu, M. S. (2016). Ultrasound-assisted
liposuction does not compromise the regenerative potential of adipose-derived
stem cells. Stem cells translational medicine, 5(2), 248-257.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC4729547/pdf/sctm_20150064.p
df

Dvorak, H. F. (1986). Tumors: wounds that do not heal. New England Journal of
Medicine, 315(26), 1650-1659.

Dvorak, K. M., Pettee, K. M., Rubinic-Minotti, K., Su, R., Nestor-Kalinoski, A., &
Eisenmann, K. M. (2018). Carcinoma associated fibroblasts (CAFs) promote
breast cancer motility by suppressing mammalian Diaphanous-related formin-
2 (mDia2). PloS one, 13(3), e0195278.
https://doi.org/10.1371/journal.pone.0195278

Eterno, V., Zambelli, A., Pavesi, L., Villani, L., Zanini, V., Petrolo, G., Manera, S.,
Tuscano, A., & Amato, A. (2014). Adipose-derived Mesenchymal Stem Cells
(ASCs) may favour breast cancer recurrence via HGF/c-Met signaling.
Oncotarget, 5(3), 613-633. https://doi.org/10.18632/oncotarget.1359

Eto, H., Kato, H., Suga, H., Aoi, N., Doi, K., Kuno, S., & Yoshimura, K. (2012). The
fate of adipocytes after nonvascularized fat grafting: evidence of early death
and replacement of adipocytes. Plastic and reconstructive surgery, 129(5),
1081-1092.

Fanakidou, I., Zyga, S., Alikari, V., Tsironi, M., Stathoulis, J., & Theofilou, P. (2018).
Mental health, loneliness, and iliness perception outcomes in quality of life
among young breast cancer patients after mastectomy: the role of breast
reconstruction. Qual Life Res, 27(2), 539-543. https://doi.org/10.1007/s11136-
017-1735-x

Fisher, D. T., Chen, Q., Skitzki, J. J., Muhitch, J. B., Zhou, L., Appenheimer, M. M.,
Vardam, T. D., Weis, E. L., Passanese, J., Wang, W. C., Gollnick, S. O.,
Dewhirst, M. W., Rose-John, S., Repasky, E. A., Baumann, H., & Evans, S. S.
(2011). IL-6 trans-signaling licenses mouse and human tumor microvascular
gateways for trafficking of cytotoxic T cells. J Clin Invest, 121(10), 3846-3859.
https://doi.org/10.1172/jci44952

Folgueira, M. A., Maistro, S., Katayama, M. L., Roela, R. A., Mundim, F. G,
Nanogaki, S., de Bock, G. H., & Brentani, M. M. (2013). Markers of breast
cancer stromal fibroblasts in the primary tumour site associated with lymph
node metastasis: a systematic review including our case series. Biosci Rep,
33(6). https://doi.org/10.1042/bsr20130060

Francois, S., Bensidhoum, M., Mouiseddine, M., Mazurier, C., Allenet, B., Semont,
A., Frick, J., Saché, A., Bouchet, S., Thierry, D., Gourmelon, P., Gorin, N. C.,
& Chapel, A. (2006). Local irradiation not only induces homing of human
mesenchymal stem cells at exposed sites but promotes their widespread
engraftment to multiple organs: a study of their quantitative distribution after
irradiation damage. Stem Cells, 24(4), 1020-1029.
https://doi.org/10.1634/stemcells.2005-0260

Freiman, A., Shandalov, Y., Rozenfeld, D., Shor, E., Segal, S., Ben-David, D.,
Meretzki, S., Egozi, D., & Levenberg, S. (2016). Adipose-derived endothelial

61



and mesenchymal stem cells enhance vascular network formation on three-
dimensional constructs in vitro. Stem cell research & therapy, 7, 5-5.
https://doi.org/10.1186/s13287-015-0251-6

Gadelkarim, M., Abushouk, A. |., Ghanem, E., Hamaad, A. M., Saad, A. M., & Abdel-
Daim, M. M. (2018). Adipose-derived stem cells: Effectiveness and advances
in delivery in diabetic wound healing. Biomed Pharmacother, 107, 625-633.
https://doi.org/10.1016/j.biopha.2018.08.013

Gal, S., Xue, Y., & Pu, L. L. Q. (2019). What Do We Know Now About Autologous
Fat Grafting? Ann Plast Surg, 83(4S Suppl 1), S17-s20.
https://doi.org/10.1097/sap.0000000000002097

Gangadaran, P., Rajendran, R. L., Oh, J. M., Oh, E. J., Hong, C. M., Chung, H. Y.,
Lee, J., & Ahn, B. C. (2021). Identification of Angiogenic Cargo in Extracellular
Vesicles Secreted from Human Adipose Tissue-Derived Stem Cells and
Induction of Angiogenesis In Vitro and In Vivo. Pharmaceutics, 13(4).
https://doi.org/10.3390/pharmaceutics 13040495

Garroni, G., Balzano, F., Cruciani, S., Pala, R., Coradduzza, D., Azara, E., Bellu, E.,
Cossu, M. L., Ginesu, G. C., Carru, C., Ventura, C., & Maioli, M. (2021).
Adipose-Derived Stem Cell Features and MCF-7. Cells, 10(7).
https://doi.org/10.3390/cells10071754

Garza, R. M., Rennert, R. C., Paik, K. J., Atashroo, D., Chung, M. T., Duscher, D.,
Januszyk, M., Gurtner, G. C., Longaker, M. T., & Wan, D. C. (2015). Studies in
fat grafting: Part IV. Adipose-derived stromal cell gene expression in cell-
assisted lipotransfer. Plastic and reconstructive surgery, 135(4), 1045-1055.
https://doi.org/10.1097/PRS.0000000000001104

Gehmert, S., Gehmert, S., Prantl, L., Vykoukal, J., Alt, E., & Song, Y. H. (2010).
Breast cancer cells attract the migration of adipose tissue-derived stem cells
via the PDGF-BB/PDGFR-beta signaling pathway. Biochem Biophys Res
Commun, 398(3), 601-605. https://doi.org/10.1016/j.bbrc.2010.06.132

Gentile, P., & Garcovich, S. (2019). Concise Review: Adipose-Derived Stem Cells
(ASCs) and Adipocyte-Secreted Exosomal microRNA (A-SE-miR) Modulate
Cancer Growth and proMote Wound Repair. J Clin Med, 8(6).
https://doi.org/10.3390/jcm8060855

Gerber, B., Marx, M., Untch, M., & Faridi, A. (2015). Breast Reconstruction Following
Cancer Treatment. Ditsch Arztebl Int, 112(35-36), 593-600.
https://doi.org/10.3238/arztebl.2015.0593

Gest, C., Joimel, U., Huang, L., Pritchard, L.-L., Petit, A., Dulong, C., Buquet, C., Hu,
C.-Q., Mirshahi, P., & Laurent, M. (2013). Rac3 induces a molecular pathway
triggering breast cancer cell aggressiveness: differences in MDA-MB-231 and
MCF-7 breast cancer cell lines. BMC cancer, 13(1), 1-14.

Ghoneim, H. M., Maher, S., Abdel-Aty, A., Saad, A., Kazem, A., & Demian, S. R.
(2009). Tumor-derived CCL-2 and CXCL-8 as possible prognostic markers of
breast cancer: correlation with estrogen and progestrone receptor
phenotyping. The Egyptian journal of immunology, 16(2), 37-48.
http://europepmc.org/abstract/MED/22059352

Girard, A.-C., Mirbeau, S., Gence, L., Hivernaud, V., Delarue, P., Hulard, O., Festy,
F., & Roche, R. (2015). Effect of washes and centrifugation on the efficacy of
lipofilling with or without local anesthetic. Plastic and Reconstructive Surgery
Global Open, 3(8).

Giuliano, A. E., Edge, S. B., & Hortobagyi, G. N. (2018). of the AJCC cancer staging
manual: breast cancer. Annals of surgical oncology, 25(7), 1783-1785.
https://link.springer.com/content/pdf/10.1245/s10434-018-6486-6.pdf

62



Goldman, A., & Gotkin, R. H. (2009). Laser-assisted liposuction. Clinics in plastic
surgery, 36(2), 241-253.
https://www.plasticsurgery.theclinics.com/article/S0094-1298(08)00136-
3/fulltext

Gritsko, T., Williams, A., Turkson, J., Kaneko, S., Bowman, T., Huang, M., Nam, S.,
Eweis, I., Diaz, N., Sullivan, D., Yoder, S., Enkemann, S., Eschrich, S., Lee, J.
H., Beam, C. A., Cheng, J., Minton, S., Muro-Cacho, C. A., & Jove, R. (2006).
Persistent activation of stat3 signaling induces survivin gene expression and
confers resistance to apoptosis in human breast cancer cells. Clin Cancer
Res, 12(1), 11-19. https://doi.org/10.1158/1078-0432.Ccr-04-1752

Guillaume, V. G. J., Ruhl, T., Boos, A. M., & Beier, J. P. (2022). The Crosstalk
Between Adipose-Derived Stem or Stromal Cells (ASC) and Cancer Cells and
ASC-Mediated Effects on Cancer Formation and Progression-ASCs: Safety
Hazard or Harmless Source of Tropism? Stem Cells Transl Med.
https://doi.org/10.1093/stcltm/szac002

Gutowski, K. A. (2009). Current applications and safety of autologous fat grafts: a
report of the ASPS fat graft task force. Plast Reconstr Surg, 124(1), 272-280.
https://doi.org/10.1097/PRS.0b013e3181a09506

Herly, M., @rholt, M., Larsen, A., Pipper, C. B., Bredgaard, R., Gramkow, C. S., Katz,
A. J., Drzewiecki, K. T., & Vester-Glowinski, P. V. (2018). Efficacy of breast
reconstruction with fat grafting: A systematic review and meta-analysis. J Plast
Reconstr Aesthet Surg, 71(12), 1740-1750.
https://doi.org/10.1016/j.bjps.2018.08.024

Hirano, T., Ishihara, K., & Hibi, M. (2000). Roles of STAT3 in mediating the cell
growth, differentiation and survival signals relayed through the IL-6 family of
cytokine receptors. Oncogene, 19(21), 2548-2556.
https://doi.org/10.1038/sj.0nc.1203551

Homsy, A., Ruegg, E., Montandon, D., Vlastos, G., Modarressi, A., & Pittet, B.
(2018). Breast Reconstruction: A Century of Controversies and Progress. Ann
Plast Surg, 80(4), 457-463. https://doi.org/10.1097/SAP.0000000000001312

Hosein, A. N., Huang, H., Wang, Z., Parmar, K., Du, W., Huang, J., Maitra, A., Olson,
E., Verma, U., & Brekken, R. A. (2019). Cellular heterogeneity during mouse
pancreatic ductal adenocarcinoma progression at single-cell resolution. JC/
insight, 4(16).

Hou, Y., Ryu, C. H., Jun, J. A,, Kim, S. M., Jeong, C. H., & Jeun, S. S. (2014). IL-8
enhances the angiogenic potential of human bone marrow mesenchymal stem
cells by increasing vascular endothelial growth factor. Cell Biol Int, 38(9),
1050-1059. https://doi.org/10.1002/cbin.10294

Howat, S., Park, B., Oh, I. S., Jin, Y. W., Lee, E. K., & Loake, G. J. (2014). Paclitaxel:
biosynthesis, production and future prospects. N Biotechnol, 31(3), 242-245.
https://doi.org/10.1016/j.nbt.2014.02.010

Huang, Y.-H., Kuo, H.-C., Yang, Y.-L., & Wang, F.-S. (2019). MicroRNA-29a is a key
regulon that regulates BRD4 and mitigates liver fibrosis in mice by inhibiting
hepatic stellate cell activation. International Journal of Medical Sciences,
16(2), 212.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC6367521/pdf/ijmsv16p0212.pdf

Ji, F., Wang, Y., Yuan, J., Wu, Q., Wang, J., & Liu, D. (2020). The potential role of
stromal cell-derived factor-1a/CXCR4/CXCR?7 axis in adipose-derived
mesenchymal stem cells. J Cell Physiol, 235(4), 3548-3557.
https://doi.org/10.1002/jcp.29243

63



Jotzu, C., Alt, E., Welte, G., Li, J., Hennessy, B. T., Devarajan, E., Krishnappa, S.,
Pinilla, S., Droll, L., & Song, Y.-H. (2011). Adipose tissue derived stem cells
differentiate into carcinoma-associated fibroblast-like cells under the influence
of tumor derived factors. Cellular oncology, 34(1), 55-67.
https://link.springer.com/content/pdf/10.1007/s13402-011-0012-1.pdf

Kakudo, N., Morimoto, N., Ogawa, T., Taketani, S., & Kusumoto, K. (2015). Hypoxia
Enhances Proliferation of Human Adipose-Derived Stem Cells via HIF-1a
Activation. PloS one, 10(10), e0139890-e0139890.
https://doi.org/10.1371/journal.pone.0139890

Kalluri, R. (2016). The biology and function of fibroblasts in cancer. Nat Rev Cancer,
16(9), 582-598. https://doi.org/10.1038/nrc.2016.73

Karnoub, A. E., Dash, A. B., Vo, A. P., Sullivan, A., Brooks, M. W., Bell, G. W,
Richardson, A. L., Polyak, K., Tubo, R., & Weinberg, R. A. (2007).
Mesenchymal stem cells within tumour stroma promote breast cancer
metastasis. Nature, 449(7162), 557-563. https://doi.org/10.1038/nature06188

Katanov, C., Lerrer, S., Liubomirski, Y., Leider-Trejo, L., Meshel, T., Bar, J., Feniger-
Barish, R., Kamer, |., Soria-Artzi, G., Kahani, H., Banerjee, D., & Ben-Baruch,
A. (2015). Regulation of the inflammatory profile of stromal cells in human
breast cancer: prominent roles for TNF-a and the NF-kB pathway. Stem cell
research & therapy, 6(1), 87. https://doi.org/10.1186/s13287-015-0080-7

Khan, L. R., Raine, C. R., & Dixon, J. M. (2017). Immediate lipofilling in breast
conserving surgery. Eur J Surg Oncol, 43(8), 1402-1408.
https://doi.org/10.1016/j.ejs0.2017.03.014

Kidd, S., Spaeth, E., Watson, K., Burks, J., Lu, H., Klopp, A., Andreeff, M., & Marini,
F. C. (2012). Origins of the tumor microenvironment: quantitative assessment
of adipose-derived and bone marrow-derived stroma. PloS one, 7(2), e30563.
https://doi.org/10.1371/journal.pone.0030563

Kim, H., Hyun, M. R., & Kim, S. W. (2019). The Effect of Adipose-Derived Stem Cells
on Wound Healing: Comparison of Methods of Application. Stem Cells Int,
2019, 2745640. https://doi.org/10.1155/2019/2745640

Kim, M. Y., Oskarsson, T., Acharyya, S., Nguyen, D. X., Zhang, X. H., Norton, L., &
Massagué, J. (2009). Tumor self-seeding by circulating cancer cells. Cell,
139(7), 1315-1326. https://doi.org/10.1016/j.cell.2009.11.025

Kling, R. E., Mehrara, B. J., Pusic, A. L., Young, V. L., Hume, K. M., Crotty, C. A., &
Rubin, J. P. (2013). Trends in autologous fat grafting to the breast: a national
survey of the american society of plastic surgeons. Plast Reconstr Surg,
132(1), 35-46. https://doi.org/10.1097/PRS.0b013e318290fad1

Koch-Institut, R., & e.V., G. d. e. K. i. D. (2019). Krebs in Deutschland 2015/2016.
https://doi.org/http://dx.doi.org/10.25646/5977

Koellensperger, E., Bonnert, L. C., Zoernig, |., Marmé, F., Sandmann, S., Germann,
G., Gramley, F., & Leimer, U. (2017). The impact of human adipose tissue-
derived stem cells on breast cancer cells: implications for cell-assisted
lipotransfers in breast reconstruction. Stem cell research & therapy, 8(1), 121.
https://doi.org/10.1186/s13287-017-0579-1

Kealle, S. F., Fischer-Nielsen, A., Mathiasen, A. B., Elberg, J. J., Oliveri, R. S.,
Glovinski, P. V., Kastrup, J., Kirchhoff, M., Rasmussen, B. S., Talman, M. L.,
Thomsen, C., Dickmeiss, E., & Drzewiecki, K. T. (2013). Enrichment of
autologous fat grafts with ex-vivo expanded adipose tissue-derived stem cells
for graft survival: a randomised placebo-controlled trial. Lancet, 382(9898),
1113-1120. https://doi.org/10.1016/s0140-6736(13)61410-5

64



Koztowski, L., Zakrzewska, I., Tokajuk, P., & Wojtukiewicz, M. (2003). Concentration
of interleukin-6 (IL-6), interleukin-8 (IL-8) and interleukin-10 (IL-10) in blood
serum of breast cancer patients. Roczniki Akademii Medycznej w Bialymstoku
(1995), 48, 82-84.

Krastev, T. K., Schop, S. J., Hommes, J., Piatkowski, A. A., Heuts, E. M., & van der
Hulst, R. (2018). Meta-analysis of the oncological safety of autologous fat
transfer after breast cancer. Br J Surg, 105(9), 1082-1097.
https://doi.org/10.1002/bjs.10887

Kucerova, L., Kovacovicova, M., Polak, S., Bohac, M., Fedeles, J., Palencar, D., &
Matuskova, M. (2011). Interaction of human adipose tissue-derived
mesenchymal stromal cells with breast cancer cells. Neoplasma, 58(5), 361-
370. https://doi.org/10.4149/neo_2011_05_361

Kucerova, L., Skolekova, S., Matuskova, M., Bohac, M., & Kozovska, Z. (2013).
Altered features and increased chemosensitivity of human breast cancer cells
mediated by adipose tissue-derived mesenchymal stromal cells. BMC cancer,
13, 535-535. https://doi.org/10.1186/1471-2407-13-535

Lacroix, M., & Leclercq, G. (2004). Relevance of Breast Cancer Cell Lines as Models
for Breast Tumours: An Update. Breast Cancer Research and Treatment,
83(3), 249-289. https://doi.org/10.1023/B:BREA.0000014042.54925.cc

Li, M., Shi, Y., Li, Q., Guo, X., Han, X., & Li, F. (2022). Oncological Safety of
Autologous Fat Grafting in Breast Reconstruction: A Meta-analysis Based on
Matched Cohort Studies. Aesthetic Plast Surg. https://doi.org/10.1007/s00266-
021-02684-8

Li, W., Xu, H., & Qian, C. (2017). c-Kit-Positive Adipose Tissue-Derived
Mesenchymal Stem Cells Promote the Growth and Angiogenesis of Breast
Cancer. BioMed research international, 2017, 7407168-7407168.
https://doi.org/10.1155/2017/7407168

Liang, C.-C., Park, A. Y., & Guan, J.-L. (2007). In vitro scratch assay: a convenient
and inexpensive method for analysis of cell migration in vitro. Nature
Protocols, 2(2), 329-333. https://doi.org/10.1038/nprot.2007.30

Lippitz, B. E. (2013). Cytokine patterns in patients with cancer: a systematic review.
Lancet Oncol, 14(6), e218-228. https://doi.org/10.1016/s1470-2045(12)70582-
X

Liu, Y., He, M., Zuo, W.-J., Hao, S., Wang, Z.-H., & Shao, Z.-M. (2021). Tumor Size
Still Impacts Prognosis in Breast Cancer With Extensive Nodal Involvement
[Original Research]. Frontiers in Oncology, 11.
https://doi.org/10.3389/fonc.2021.585613

Liubomirski, Y., Lerrer, S., Meshel, T., Rubinstein-Achiasaf, L., Morein, D., Wiemann,
S., Kérner, C., & Ben-Baruch, A. (2019). Tumor-Stroma-Inflammation
Networks Promote Pro-metastatic Chemokines and Aggressiveness
Characteristics in Triple-Negative Breast Cancer. Front Immunol, 10, 757.
https://doi.org/10.3389/fimmu.2019.00757

Lu, Y., Yang, Y., Liu, Y., Hao, Y., Zhang, Y., Hu, Y., Jiang, L., Gong, Y., Wu, K., &
Liu, Y. (2017). Upregulation of PAG1/Cbp contributes to adipose-derived
mesenchymal stem cells promoted tumor progression and chemoresistance in
breast cancer. Biochem Biophys Res Commun, 494(3-4), 719-727.
https://doi.org/10.1016/j.bbrc.2017.10.118

Lyes, M. A., Payne, S., Ferrell, P., Pizzo, S. V., Hollenbeck, S. T., & Bachelder, R. E.
(2019). Adipose stem cell crosstalk with chemo-residual breast cancer cells:
implications for tumor recurrence. Breast Cancer Research and Treatment,
174(2), 413-422. https://doi.org/10.1007/s10549-018-05103-w

65



Mamchur, A., Leman, E., Salah, S., Avivi, A., Shams, |., & Manov, |. (2018). Adipose-
Derived Stem Cells of Blind Mole Rat Spalax Exhibit Reduced Homing Ability:
Molecular Mechanisms and Potential Role in Cancer Suppression. Stem Cells,
36(10), 1630-1642. hitps://doi.org/10.1002/stem.2884

Mao, Y., Keller, E. T., Garfield, D. H., Shen, K., & Wang, J. (2013). Stromal cells in
tumor microenvironment and breast cancer. Cancer and Metastasis Reviews,
32(1), 303-315. https://link.springer.com/article/10.1007/s10555-012-9415-3

Marfia, G., Navone, S. E., Di Vito, C., Ughi, N., Tabano, S., Miozzo, M., Tremolada,
C., Bolla, G., Crotti, C., Ingegnoli, F., Rampini, P., Riboni, L., Gualtierotti, R., &
Campanella, R. (2015). Mesenchymal stem cells: potential for therapy and
treatment of chronic non-healing skin wounds. Organogenesis, 11(4), 183-
206. https://doi.org/10.1080/15476278.2015.1126018

Mateo, R. B., Reichner, J. S., & Albina, J. E. (1994). Interleukin-6 activity in wounds.
Am J Physiol, 266(6 Pt 2), R1840-1844.
https://doi.org/10.1152/ajprequ.1994.266.6.R1840

Mazzola, R. F., & Mazzola, I. C. (2013). The fascinating history of fat grafting. Journal
of Craniofacial Surgery, 24(4), 1069-1071.

McFarland-Mancini, M. M., Funk, H. M., Paluch, A. M., Zhou, M., Giridhar, P. V.,
Mercer, C. A., Kozma, S. C., & Drew, A. F. (2010). Differences in wound
healing in mice with deficiency of IL-6 versus IL-6 receptor. J Immunol,
184(12), 7219-7228. https://doi.org/10.4049/jimmunol.0901929

Mohd Ali, N., Yeap, S. K., Ho, W. Y., Boo, L., Ky, H., Satharasinghe, D. A., Tan, S.
W., Cheong, S. K., Huang, H. D., Lan, K. C., Chiew, M. Y., & Ong, H. K.
(2020). Adipose MSCs Suppress MCF7 and MDA-MB-231 Breast Cancer
Metastasis and EMT Pathways Leading to Dormancy via Exosomal-miRNAs
Following Co-Culture Interaction. Pharmaceuticals (Basel), 14(1).
https://doi.org/10.3390/ph14010008

Mytsyk, M., Cerino, G., Reid, G., Sole, L. G., Eckstein, F. S., Santer, D., & Marsano,
A. (2021). Long-Term Severe In Vitro Hypoxia Exposure Enhances the
Vascularization Potential of Human Adipose Tissue-Derived Stromal Vascular
Fraction Cell Engineered Tissues. International journal of molecular sciences,
22(15), 7920. https://doi.org/10.3390/ijms22157920

Nyberg, P., Salo, T., & Kalluri, R. (2008). Tumor microenvironment and
angiogenesis. Front Biosci, 13, 6537-6553. https://doi.org/10.2741/3173

Orbay, H., Hinchcliff, K. M., Charvet, H. J., & Sahar, D. E. (2018). Fat Graft Safety
after Oncologic Surgery: Addressing the Contradiction between In Vitro and
Clinical Studies. Plast Reconstr Surg, 142(6), 1489-1499.
https://doi.org/10.1097/prs.0000000000004992

Orecchioni, S., Gregato, G., Martin-Padura, |., Reggiani, F., Braidotti, P., Mancuso,
P., Calleri, A., Quarna, J., Marighetti, P., Aldeni, C., Pruneri, G., Martella, S.,
Manconi, A., Petit, J. Y., Rietjens, M., & Bertolini, F. (2013). Complementary
populations of human adipose CD34+ progenitor cells promote growth,
angiogenesis, and metastasis of breast cancer. Cancer Res, 73(19), 5880-
5891. https://doi.org/10.1158/0008-5472.Can-13-0821

Park, M. H., Song, B., Hong, S., Kim, S. H., & Lee, K. (2016). Biomimetic 3D Clusters
Using Human Adipose Derived Mesenchymal Stem Cells and Breast Cancer
Cells: A Study on Migration and Invasion of Breast Cancer Cells. Mol Pharm,
13(7), 2204-2213. https://doi.org/10.1021/acs.molpharmaceut.5b00953

Pérez-Cano, R., Vranckx, J. J., Lasso, J. M., Calabrese, C., Merck, B., Milstein, A.
M., Sassoon, E., Delay, E., & Weiler-Mithoff, E. M. (2012). Prospective trial of
adipose-derived regenerative cell (ADRC)-enriched fat grafting for partial

66



mastectomy defects: the RESTORE-2 trial. Eur J Surg Oncol, 38(5), 382-389.
https://doi.org/10.1016/j.ejs0.2012.02.178

Petit, J., Botteri, E., Lohsiriwat, V., Rietjens, M., De Lorenzi, F., Garusi, C., Rossetto,
F., Martella, S., Manconi, A., & Bertolini, F. (2012). Locoregional recurrence
risk after lipofilling in breast cancer patients. Annals of Oncology, 23(3), 582-
588. https://www.annalsofoncology.org/article/S0923-7534(19)34427-8/pdf

Petit, J., Rietjens, M., Botteri, E., Rotmensz, N., Bertolini, F., Curigliano, G., Rey, P.,
Garusi, C., De Lorenzi, F., & Martella, S. (2013). Evaluation of fat grafting
safety in patients with intra epithelial neoplasia: a matched-cohort study.
Annals of Oncology, 24(6), 1479-1484.
https://www.annalsofoncology.org/article/S0923-7534(19)37293-X/pdf

Petit, J. Y., Maisonneuve, P., Rotmensz, N., Bertolini, F., & Rietjens, M. (2017). Fat
Grafting after Invasive Breast Cancer: A Matched Case-Control Study. Plast
Reconstr Surg, 139(6), 1292-1296.
https://doi.org/10.1097/prs.0000000000003339

Piccolo, N. S., Piccolo, M. S., & Piccolo, M. T. S. (2015). Fat grafting for treatment of
burns, burn scars, and other difficult wounds. Clinics in plastic surgery, 42(2),
263-283.

Ponte, A. L., Marais, E., Gallay, N., Langonné, A., Delorme, B., Hérault, O.,
Charbord, P., & Domenech, J. (2007). The in vitro migration capacity of
human bone marrow mesenchymal stem cells: comparison of chemokine and
growth factor chemotactic activities. Stem Cells, 25(7), 1737-1745.
https://doi.org/10.1634/stemcells.2007-0054

Preisner, F., Leimer, U., Sandmann, S., Zoernig, |., Germann, G., & Koellensperger,
E. (2018). Impact of Human Adipose Tissue-Derived Stem Cells on Malignant
Melanoma Cells in An In Vitro Co-culture Model. Stem Cell Rev Rep, 14(1),
125-140. https://doi.org/10.1007/s12015-017-9772-y

Rafols, M. E. (2014). Adipose tissue: cell heterogeneity and functional diversity.
Endocrinologia y Nutricién (English Edition), 61(2), 100-112.

Raj, S., Abu-Ghname, A., Davis, M. J., Izaddoost, S. A., & Winocour, S. J. (2020).
Safety and Regulation of Fat Grafting. Semin Plast Surg, 34(1), 59-64.
https://doi.org/10.1055/s-0039-3401037

Rattigan, Y., Hsu, J. M., Mishra, P. J., Glod, J., & Banerjee, D. (2010). Interleukin 6
mediated recruitment of mesenchymal stem cells to the hypoxic tumor milieu.
Exp Cell Res, 316(20), 3417-3424. https://doi.org/10.1016/].yexcr.2010.07.002

Razmkhah, M., Jaberipour, M., Erfani, N., Habibagahi, M., Talei, A. R., & Ghaderi, A.
(2011). Adipose derived stem cells (ASCs) isolated from breast cancer tissue
express IL-4, IL-10 and TGF-B1 and upregulate expression of regulatory
molecules on T cells: do they protect breast cancer cells from the immune
response? Cell Immunol, 266(2), 116-122.
https://doi.org/10.1016/j.cellimm.2010.09.005

Razmkhah, M., Jaberipour, M., Hosseini, A., Safaei, A., Khalatbari, B., & Ghaderi, A.
(2010). Expression profile of IL-8 and growth factors in breast cancer cells and
adipose-derived stem cells (ASCs) isolated from breast carcinoma. Cell
Immunol, 265(1), 80-85. https://doi.org/10.1016/j.cellimm.2010.07.006

Ritter, A., Friemel, A., Fornoff, F., Adjan, M., Solbach, C., Yuan, J., & Louwen, F.
(2015). Characterization of adipose-derived stem cells from subcutaneous and
visceral adipose tissues and their function in breast cancer cells. Oncotarget,
6(33), 34475-34493. https://doi.org/10.18632/oncotarget.5922

Rowan, B. G., Gimble, J. M., Sheng, M., Anbalagan, M., Jones, R. K., Frazier, T. P.,
Asher, M., Lacayo, E. A, Friedlander, P. L., Kutner, R., & Chiu, E. S. (2014).

67



Human adipose tissue-derived stromal/stem cells promote migration and early
metastasis of triple negative breast cancer xenografts. PloS one, 9(2),
€89595. https://doi.org/10.1371/journal.pone.0089595

Ryu, H., Oh, J. E., Rhee, K. J., Baik, S. K., Kim, J., Kang, S. J., Sohn, J. H., Choi, E.,
Shin, H. C., Kim, Y. M., Kim, H. S., Bae, K. S., & Eom, Y. W. (2014). Adipose
tissue-derived mesenchymal stem cells cultured at high density express IFN-3
and suppress the growth of MCF-7 human breast cancer cells. Cancer Lett,
352(2), 220-227. https://doi.org/10.1016/j.canlet.2014.06.018

Sackstein, R., Merzaban, J. S., Cain, D. W., Dagia, N. M., Spencer, J. A., Lin, C. P.,
& Wohlgemuth, R. (2008). Ex vivo glycan engineering of CD44 programs
human multipotent mesenchymal stromal cell trafficking to bone. Nature
medicine, 14(2), 181-187. https://www.nature.com/articles/nm1703

Salha, S., Gehmert, S., Brébant, V., Anker, A., Loibl, M., Prantl, L., & Gehmert, S.
(2018). PDGF regulated migration of mesenchymal stem cells towards
malignancy acts via the PI3K signaling pathway. Clin Hemorheol Microcirc,
70(4), 543-551. https://doi.org/10.3233/ch-189319

Santosa, K. B., Qi, J., Kim, H. M., Hamill, J. B., Wilkins, E. G., & Pusic, A. L. (2018).
Long-term Patient-Reported Outcomes in Postmastectomy Breast
Reconstruction. JAMA Surg, 1563(10), 891-899.
https://doi.org/10.1001/jamasurg.2018.1677

Sauter, M. A., Brett, E., Mdller, C. M., Machens, H. G., & Duscher, D. (2019). Novel
Assay Analyzing Tropism between Adipose-Derived Stem Cells and Breast
Cancer Cells Reveals a Low Oncogenic Response. Breast Care (Basel),
14(5), 278-287. https://doi.org/10.1159/000503411

Schweizer, R., Tsuji, W., Gorantla, V. S., Marra, K. G., Rubin, J. P., & Plock, J. A.
(2015). The role of adipose-derived stem cells in breast cancer progression
and metastasis. Stem Cells Int, 2015, 120949.
https://doi.org/10.1155/2015/120949

Scioli, M. G., Storti, G., D'Amico, F., Gentile, P., Kim, B. S., Cervelli, V., & Orlandi, A.
(2019). Adipose-Derived Stem Cells in Cancer Progression: New Perspectives
and Opportunities. International journal of molecular sciences, 20(13).
https://doi.org/10.3390/ijms20133296

Senger, D. R., Perruzzi, C. A., Streit, M., Koteliansky, V. E., de Fougerolles, A. R., &
Detmar, M. (2002). The a1B81 and a231 integrins provide critical support for
vascular endothelial growth factor signaling, endothelial cell migration, and
tumor angiogenesis. The American journal of pathology, 160(1), 195-204.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867136/pdf/2983.pdf

Senst, C., Nazari-Shafti, T., Kruger, S., Honer Zu Bentrup, K., Dupin, C. L., Chaffin,
A. E., Srivastav, S. K., Worner, P. M., Abdel-Mageed, A. B., Alt, E. U., &
Izadpanah, R. (2013). Prospective dual role of mesenchymal stem cells in
breast tumor microenvironment. Breast Cancer Res Treat, 137(1), 69-79.
https://doi.org/10.1007/s10549-012-2321-0

Shen, T., Li, Y., Zhu, S., Yu, J., Zhang, B., Chen, X., Zhang, Z., Ma, Y., Niu, Y., &
Shang, Z. (2020). YAP1 plays a key role of the conversion of normal
fibroblasts into cancer-associated fibroblasts that contribute to prostate cancer
progression. Journal of Experimental & Clinical Cancer Research, 39(1), 36.
https://doi.org/10.1186/s13046-020-1542-z

Sinn, H.-P., & Kreipe, H. (2013). A brief overview of the WHO classification of breast
tumors. Breast care, 8(2), 149-154. https://www.karger.com/Article/Pdf/350774

Song, Y. H., Warncke, C., Choi, S. J., Choi, S., Chiou, A. E., Ling, L., Liu, H.-Y.,
Daniel, S., Antonyak, M. A., Cerione, R. A., & Fischbach, C. (2017). Breast

68



cancer-derived extracellular vesicles stimulate myofibroblast differentiation
and pro-angiogenic behavior of adipose stem cells. Matrix biology : journal of
the International Society for Matrix Biology, 60-61, 190-205.
https://doi.org/10.1016/j.matbio.2016.11.008

Soysal, S. D., Tzankov, A., & Muenst, S. E. (2015). Role of the Tumor
Microenvironment in Breast Cancer. Pathobiology, 82(3-4), 142-152.
https://doi.org/10.1159/000430499

Stavely, R., Robinson, A. M., Miller, S., Boyd, R., Sakkal, S., & Nurgali, K. (2015).
Human adult stem cells derived from adipose tissue and bone marrow
attenuate enteric neuropathy in the guinea-pig model of acute colitis. Stem cell
research & therapy, 6, 244. hittps://doi.org/10.1186/s13287-015-0231-x

Steingen, C., Brenig, F., Baumgartner, L., Schmidt, J., Schmidt, A., & Bloch, W.
(2008). Characterization of key mechanisms in transmigration and invasion of
mesenchymal stem cells. Journal of molecular and cellular cardiology, 44(6),
1072-1084. https://www.jmcc-online.com/article/S0022-2828(08)00354-
4/fulltext

Strioga, M., Viswanathan, S., Darinskas, A., Slaby, O., & Michalek, J. (2012). Same
or not the same? Comparison of adipose tissue-derived versus bone marrow-
derived mesenchymal stem and stromal cells. Stem Cells Dev, 21(14), 2724-
2752. https://doi.org/10.1089/scd.2011.0722

Strong, A. L., Ohlstein, J. F., Biagas, B. A., Rhodes, L. V., Pei, D. T., Tucker, H. A,,
Llamas, C., Bowles, A. C., Dutreil, M. F., Zhang, S., Gimble, J. M., Burow, M.
E., & Bunnell, B. A. (2015). Leptin produced by obese adipose stromal/stem
cells enhances proliferation and metastasis of estrogen receptor positive
breast cancers. Breast cancer research : BCR, 17(1), 112-112.
https://doi.org/10.1186/s13058-015-0622-z

Stuermer, E. K., Lipenksy, A., Thamm, O., Neugebauer, E., Schaefer, N., Fuchs, P.,
Bouillon, B., & Koenen, P. (2015). The role of SDF-1 in homing of human
adipose-derived stem cells. Wound Repair Regen, 23(1), 82-89.
https://doi.org/10.1111/wrr.12248

Suh, J., Kim, D. H., Lee, Y. H., Jang, J. H., & Surh, Y. J. (2020). Fibroblast growth
factor-2, derived from cancer-associated fibroblasts, stimulates growth and
progression of human breast cancer cells via FGFR1 signaling. Mol Carcinog,
59(9), 1028-1040. https://doi.org/10.1002/mc.23233

Tanaka, T., Narazaki, M., & Kishimoto, T. (2014). IL-6 in inflammation, immunity, and
disease. Cold Spring Harb Perspect Biol, 6(10), a016295.
https://doi.org/10.1101/cshperspect.a016295

Taufig, A. Z. (2006). 49 Water-Jet-Assisted Liposuction. Liposuction: Principles and
Practice.

Teufelsbauer, M., Rath, B., Moser, D., Haslik, W., Huk, I., & Hamilton, G. (2019).
Interaction of Adipose-Derived Stromal Cells with Breast Cancer Cell Lines.
Plast Reconstr Surg, 144(2), 207e-217e.
https://doi.org/10.1097/prs.0000000000005839

Tomba, P., Vigano, A., Ruggieri, P., & Gasbarrini, A. (2014). Gaspare Tagliacozzi,
pioneer of plastic surgery and the spread of his technique throughout Europe
in "De Curtorum Chirurgia per Insitionem". Eur Rev Med Pharmacol Sci, 18(4),
445-450. https://www.ncbi.nlm.nih.gov/pubmed/24610608

Toyserkani, N. M., Quaade, M. L., & Sarensen, J. A. (2016). Cell-Assisted
Lipotransfer: A Systematic Review of Its Efficacy. Aesthetic plastic surgery,
40(2), 309-318. https://doi.org/10.1007/s00266-016-0613-1

69



Trivanovi¢, D., Nikoli¢, S., Krsti¢, J., Jaukovi¢, A., Mojsilovic, S., lli¢, V., Okic-
Djordjevic¢, ., Santibanez, J. F., Jov€i¢, G., & Bugarski, D. (2014).
Characteristics of human adipose mesenchymal stem cells isolated from
healthy and cancer affected people and their interactions with human breast
cancer cell line MCF-7 in vitro. Cell Biol Int, 38(2), 254-265.
https://doi.org/10.1002/cbin.10198

Tukiama, R., Vieira, R. A. C., Moura, E. C. R, Oliveira, A. G. C., Facina, G., Zucca-
Matthes, G., Neto, J. N., de Oliveira, C. M. B., & Leal, P. D. C. (2021).
Oncologic safety of breast reconstruction with autologous fat grafting: A
systematic review and meta-analysis. Eur J Surg Oncol.
https://doi.org/10.1016/j.ejs0.2021.12.017

van Uden, D. J. P., van Maaren, M. C., Strobbe, L. J. A., Bult, P., van der Hoeven, J.
J., Siesling, S., de Wilt, J. H. W., & Blanken-Peeters, C. (2019). Metastatic
behavior and overall survival according to breast cancer subtypes in stage IV
inflammatory breast cancer. Breast cancer research : BCR, 21(1), 113.
https://doi.org/10.1186/s13058-019-1201-5

Visweswaran, M., Arfuso, F., Dilley, R. J., Newsholme, P., & Dharmarajan, A. (2018).
The inhibitory influence of adipose tissue-derived mesenchymal stem cell
environment and Wnt antagonism on breast tumour cell lines. Int J Biochem
Cell Biol, 95, 63-72. https://doi.org/10.1016/].biocel.2017.12.013

Visweswaran, M., Keane, K. N., Arfuso, F., Dilley, R. J., Newsholme, P., &
Dharmarajan, A. (2018). The Influence of Breast Tumour-Derived Factors and
Wnt Antagonism on the Transformation of Adipose-Derived Mesenchymal
Stem Cells into Tumour-Associated Fibroblasts. Cancer Microenviron, 11(1),
71-84. https://doi.org/10.1007/s12307-018-0210-8

Vizoso, F. J., Eiro, N., Cid, S., Schneider, J., & Perez-Fernandez, R. (2017).
Mesenchymal Stem Cell Secretome: Toward Cell-Free Therapeutic Strategies
in Regenerative Medicine. International journal of molecular sciences, 18(9).
https://doi.org/10.3390/ijms18091852

Voduc, K. D., Cheang, M. C., Tyldesley, S., Gelmon, K., Nielsen, T. O., & Kennecke,
H. (2010). Breast cancer subtypes and the risk of local and regional relapse.
Journal of clinical oncology, 28(10), 1684-1691.

Walter, M., Liang, S., Ghosh, S., Hornsby, P. J., & Li, R. (2009). Interleukin 6
secreted from adipose stromal cells promotes migration and invasion of breast
cancer cells. Oncogene, 28(30), 2745-2755.
https://doi.org/10.1038/onc.2009.130

Wang, L., Li, H., Lin, J., He, R., Chen, M., Zhang, Y., Liao, Z., & Zhang, C. (2021).
CCR2 improves homing and engraftment of adipose-derived stem cells in
dystrophic mice. Stem cell research & therapy, 12(1), 12.
https://doi.org/10.1186/s13287-020-02065-z

Wang, Z., Andrade, N., Torp, M., Wattananit, S., Arvidsson, A., Kokaia, Z.,
Jogrgensen, J. R., & Lindvall, O. (2012). Meteorin is a chemokinetic factor in
neuroblast migration and promotes stroke-induced striatal neurogenesis. J
Cereb Blood Flow Metab, 32(2), 387-398.
https://doi.org/10.1038/jcbfm.2011.156

Wangchinda, P., & Ithimakin, S. (2016). Factors that predict recurrence later than
5 years after initial treatment in operable breast cancer. World Journal of
Surgical Oncology, 14(1), 223. https://doi.org/10.1186/s12957-016-0988-0

Wei, H. J., Zeng, R., Lu, J. H., Lai, W. F., Chen, W. H., Liu, H. Y., Chang, Y. T., &
Deng, W. P. (2015). Adipose-derived stem cells promote tumor initiation and

70



accelerate tumor growth by interleukin-6 production. Oncotarget, 6(10), 7713-
7726. https://doi.org/10.18632/oncotarget.3481

Weissenbach, M., Clahsen, T., Weber, C., Spitzer, D., Wirth, D., Vestweber, D.,
Heinrich, P. C., & Schaper, F. (2004). Interleukin-6 is a direct mediator of T
cell migration. Eur J Immunol, 34(10), 2895-2906.
https://doi.org/10.1002/€ji.200425237

Wackel, A., & Stuber, T. (2019). S3-Leitlinie ,Interdisziplinare Fruherkennung,
Diagnose, Therapie und Nachsorge des Mammakarzinoms “. Forum,

Wolter, T. P., von Heimburg, D., Stoffels, |., Groeger, A., & Pallua, N. (2005).
Cryopreservation of mature human adipocytes: in vitro measurement of
viability. Annals of plastic surgery, 55(4), 408-413.

Wright, H. L., Cross, A. L., Edwards, S. W., & Moots, R. J. (2014). Effects of IL-6 and
IL-6 blockade on neutrophil function in vitro and in vivo. Rheumatology
(Oxford), 63(7), 1321-1331. https://doi.org/10.1093/rheumatology/keu035

Wu, J., Liu, Y., Tang, Y., Wang, S., Wang, C., Li, Y., Su, X., Tian, J., Tian, Y., Pan,
J., Su, Y., Zhu, H., Teng, Z., & Lu, G. (2016). Synergistic Chemo-
Photothermal Therapy of Breast Cancer by Mesenchymal Stem Cell-
Encapsulated Yolk-Shell GNR@HPMO-PTX Nanospheres. ACS Appl Mater
Interfaces, 8(28), 17927-17935. https://doi.org/10.1021/acsami.6b05677

Wu, Y. C., Wang, W. T., Huang, L. J., Cheng, R. Y., Kuo, Y. R., Hou, M. F., Lai, C.
S., & Yu, J. (2019). Differential Response of Non-cancerous and Malignant
Breast Cancer Cells to Conditioned Medium of Adipose tissue-derived Stromal
Cells (ASCs). Int J Med Sci, 16(6), 893-901.
https://doi.org/10.7150/ijms.27125

Yang, K., & Yao, Y. (2019). Mechanism of GPER promoting proliferation, migration
and invasion of triple-negative breast cancer cells through CAF. Am J Transl!
Res, 11(9), 5858-5868.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC6789253/pdf/ajtr0011-5858.pdf

Yoshimura, K., Sato, K., Aoi, N., Kurita, M., Hirohi, T., & Harii, K. (2007). Cell-
Assisted Lipotransfer for Cosmetic Breast Augmentation: Supportive Use of
Adipose-Derived Stem/Stromal Cells. Aesthetic Plast Surg, 44(4), 1258-1265.
https://doi.org/10.1007/s00266-020-01819-7

Yu, Y., Xiao, C. H., Tan, L. D., Wang, Q. S., Li, X. Q., & Feng, Y. M. (2014). Cancer-
associated fibroblasts induce epithelial-mesenchymal transition of breast
cancer cells through paracrine TGF-f3 signalling. Br J Cancer, 110(3), 724-
732. https://doi.org/10.1038/bjc.2013.768

Yu, Z., Lou, L., & Zhao, Y. (2018). Fibroblast growth factor 18 promotes the growth,
migration and invasion of MDA-MB-231 cells. Oncol Rep, 40(2), 704-714.
https://doi.org/10.3892/0r.2018.6482

Zhang, C., Zhai, W., Xie, Y., Chen, Q., Zhu, W., & Sun, X. (2013). Mesenchymal
stem cells derived from breast cancer tissue promote the proliferation and
migration of the MCF-7 cell line in vitro. Oncol Lett, 6(6), 1577-1582.
https://doi.org/10.3892/01.2013.1619

Zhang, Y., Daquinag, A., Traktuev, D. O., Amaya-Manzanares, F., Simmons, P. J.,
March, K. L., Pasqualini, R., Arap, W., & Kolonin, M. G. (2009). White adipose
tissue cells are recruited by experimental tumors and promote cancer
progression in mouse models. Cancer Res, 69(12), 5259-5266.
https://doi.org/10.1158/0008-5472.Can-08-3444

Zhou, X., Ning, K., Ling, B., Chen, X., Cheng, H., Lu, B., Gao, Z., & Xu, J. (2019).
Multiple Injections of Autologous Adipose-Derived Stem Cells Accelerate the
Burn Wound Healing Process and Promote Blood Vessel Regeneration in a

71



Rat Model. Stem Cells Dev, 28(21), 1463-1472.
https://doi.org/10.1089/scd.2019.0113

Zhou, Y., Wang, J., Li, H., Liang, X., Bae, J., Huang, X., & Li, Q. (2016). Efficacy and
Safety of Cell-Assisted Lipotransfer: A Systematic Review and Meta-Analysis.
Plast Reconstr Surg, 137(1), 44e-57e.
https://doi.org/10.1097/PRS.0000000000001981

Zuk, P. A., Zhu, M., Ashjian, P., De Ugarte, D. A., Huang, J. |., Mizuno, H., Alfonso,
Z. C., Fraser, J. K., Benhaim, P., & Hedrick, M. H. (2002). Human adipose
tissue is a source of multipotent stem cells. Molecular biology of the cell,
13(12), 4279-4295.

Zuk, P. A., Zhu, M., Mizuno, H., Huang, J., Futrell, J. W., Katz, A. J., Benhaim, P.,
Lorenz, H. P., & Hedrick, M. H. (2001). Multilineage cells from human adipose
tissue: implications for cell-based therapies. Tissue Eng, 7(2), 211-228.
https://doi.org/10.1089/107632701300062859

72



Appendix IV — Acknowledgements

The data for this thesis was acquired within the labs of Experimental Plastic Surgery
of the Department for Plastic Surgery and Hand Surgery of the Klinikum rechts der Isar
of the Technical University Munich.

Labwork was conducted with the help of Ursula Hopfner (head technical assistant) and
Manuela Kirsch (technical assistant).

Supervision and counsel throughout the process of completing this thesis was provided
by Univ. Prof. Dr. med. Hans-Gunther Machens, Prof. Dr. med. Laszlo Kovacs, Dr.
med. Michaela Harendza as official members of my supervisor board and PD Dr. Dr.
med. Dominik Duscher.

Manuscript revisions were performed by Univ. Prof. Dr. med. Hans-Gunther Machens
and Eliza Brett PhD.

Funding for this study was provided by the Department of Plastic and Hand Surgery
and the Medical Graduate Center of the TUM.

A special acknowledgment and thanks is owed to Eliza Brett PhD, who was
substantially involved in the planning, execution and preparation of this manuscript.
Without her tireless guidance and diligent work the completion of this thesis would not
have been possible.

Lastly, | want to thank my whole family and especially both my parents, whose example

| strive to follow. Without their motivation and support | couldn’t have completed this
work.

73



