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Abstract

Purpose
In�ammatory signals secreted from the tumor microenvironment are thought to promote tumor growth
and survival. It has been reported that stromal cells in the tumor microenvironment have similar
characteristics to tumor-associated cells. In addition to miRNAs play critical roles in various diseases,
including cancer. In this study, we aimed to investigate the effects of co-culture of cancer cells and
stromal cells isolated from normal and malignant breast tissue on each other and the possible effects of
miRNAs on these interactions.

Methods
The characterized stromal cells were co-cultured with an MDA-MB-231 cancer cell line. The proliferation
capacity of the experimental groups was evaluated using the WST-1 assay. The expression of breast
cancer-speci�c miRNAs and related genes were assessed by real-time PCR. ELISA assay was performed
to determine the concentration of some cytokines and chemokines.

Results
We found that the microenvironment plays an important role in the development of cancer, con�rming the
changes in the expression of oncogenic and tumor-suppressor miRNA and their target genes after co-
culture with malignant stromal cells.

Conclusion
As a result of the studies, speci�c gene expressions of related signaling pathways were detected in
correlation with miRNA changes and the effects of tumor microenvironment on tumorigenesis were
revealed in detail. miRNAs have been shown to play an important role in cancer development in recent
studies. The idea that these small molecules can be used in diagnosis and treatment is becoming
stronger day by day. We believe that new treatment approaches involving the tumor microenvironment
and using miRNAs as markers are promising.

Introduction
MicroRNAs (miRNAs), which regulate gene and protein expression through the mechanism of RNA
interference (RNAi), are non-protein-coding, single-stranded RNAs of 18-24 nucleotides in length. MiRNAs,
which play a role in regulating gene expression, are synthesized from DNA as primary transcripts (pri-
miRNA) by the enzyme RNA polymerase II. Primary transcripts, are processed into short stem-loop
structures, called pre-miRNA, and then into functional miRNA. Pre-miRNAs are converted into mature
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miRNAs by interaction with the Dicer endonuclease in the cytoplasm. Dicer also initiates the formation of
the RNA-induced silencing complex (RISC). This complex is responsible for miRNA expression and gene
silencing. In summary, mature miRNAs contribute to the regulation of protein synthesis by reducing the
expression of target genes. [1–11].

miRNAs are involved in a variety of biological functions, including cell proliferation, differentiation, and
apoptosis. Therefore, they play important roles in various diseases, including cancer. It has been observed
that more than half of miRNA genes are localized in cancer-relevant or more sensitive gene regions, and
these localization features are thought to play an important role in the pathogenesis of neoplasia. [5, 8,
10, 12–17].

Most miRNAs that can function as oncogenes or tumor suppressors are known to play important roles in
carcinogenesis. The �rst evidence for this was provided by a study conducted in patients with Chronic
Lymphocytic Leukemia (CLL). In the following years, altered miRNA levels were found in various cancers,
including breast cancer, and the comparison of their levels in cancer cells with normal cells gained
importance for the diagnosis and treatment of cancer. [2, 4, 8–12, 18, 19].

In the results of the studies conducted in recent years, it was found that the regulatory role of miRNAs in
the process of carcinogenesis is not limited to cancer cells, but is also related to the tumor stroma [10, 20,
21]. The solid tumor mass is composed of a complex mixture that includes the tumor microenvironment.
The tumor microenvironment consists of �broblasts, macrophages, endothelial cells, leukocytes, and
extracellular matrix and soluble factors [21–24]. In addition, normal cells, including in�ammatory cells,
tumor-associated �broblasts (TAF), and tumor-associated stromal cells are also present in the
in�ammatory tumor microenvironment [21, 25–27]. Studies have shown that these cells in the tumor
microenvironment, along with tumor cells, also in�uence tumor behavior [26–28]. However, in�ammatory
signaling molecules secreted by the tumor microenvironment are thought to promote tumor growth and
persistence. Studies conducted in this context have reported that some proin�ammatory cytokines
derived from stromal cells in the tumor microenvironment stimulate tumor cell proliferation by acting
through various signaling pathways, cited [9, 22, 25, 26, 29].

Mesenchymal Stem Cells (MSCs), which are thought to be found in the tumor microenvironment, are
de�ned as cells that have a strong self-renewal capacity and can differentiate into other cells from cells
in the tissue from which they originate. These cells are often referred to as stromal cells. In addition to
their regenerative properties in damaged and in�amed areas, some studies have reported that stromal
cells acquire similar properties to tumor-associated cells in the tumor microenvironment [22, 29, 30–33].

The functions of miRNAs need to be studied in detail to better understand the molecular basis of cancer,
discover new markers, determine prognosis, and consequently develop new treatment approaches. For
this reason, we wanted to investigate how cancer cells and stromal cells from healthy and malignant
breast tissue in�uence each other in their co-cultures and what role miRNAs play in these possible
effects.
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Materials And Methods

Cell lines and isolation methods
Human Healthy Breast Tissue-Mesenchymal Stem Cells (hHBT-MSCs) were obtained from breast
reduction surgeries, whereas Human Malignant Breast Tissue-Mesenchymal Stem Cells (hMBT-MSCs)
were obtained from tumor removal surgeries. In a sterile environment (class II "Laminar Cabinet), breast
tissues from healthy and cancer patients were placed in a petri dish and washed with 5% antibiotic
Hank's Buffered Salt Solution (HBSS) (Gibco Invitrogen, Grand Island, USA) and cut into small pieces with
scissors and treated with the enzyme collagenase type II (Gibco Invitrogen, Grand Island, USA). After
washing, the supernatant was removed and the cells were cultured with DMEM/F12 (Hyclone, USA)
medium containing Fetal Bovine Serum (FBS), antibiotics, insulin and hydrocortisone at 37°C in a humid
atmosphere with 5% CO2. On the third day, non-adherent cells were removed and fresh medium was
added. When the bottom of the �ask was approximately 70% covered with cells, passage was performed.
At the third passage (P3), characterization of the stromal cells was performed.

The breast cancer cell line MDA-MB-231 (ATCC) was also grown and propagated in medium enriched
with serum, antibiotics, insulin and hydrocortisone (DMEM / F12), which showed good proliferation.

Characterization methods of mesenchymal stromal cells

Flow cytometry analysis
Flow cytometric analysis of the cells after P3 was performed using FACS Calibur �ow cytometry
instrument. The mesenchymal stromal cells were harvested by trypsinization, homogenized
approximately 5x106 cells/ml in PBS and probed with �uorescein isothiocyanate (FITC) and
phycoerythrin (PE)-conjugated monoclonal antibodies and corresponding isotype controls for speci�c cell
surface markers. The prepared cell suspension was read using FACS Calibur (BD Biosciences, San Diego,
USA) �ow cytometry instrument and analyzed using BD CellQuest Software (BD Pharmingen).

In vitro differentiation studies of mesenchymal stromal
cells (Adipogenic, osteogenic and neurogenic
differentiation)
To induce adipogenic differentiation, cells of P3 were seeded in six-well plates. LDMEM adipogenic
medium (Invitrogen/Gibco, Paisley, UK) was used, supplemented with 10% FBS (Gibco Invitrogen, Grand
Island, USA), 200 µM indomethacin (Sigma-Aldrich, St. Louis, MO, USA), 10 µg/ml insulin
(Invitrogen/Gibco, Paisley, UK), 0.5 mM isobutyl methylxanthine (IBMX- Sigma-Aldrich, St. Louis, MO,
USA), 10−6 M dexamethasone (Sigma-Aldrich, Fluka Chemie AG, Buchs, Switzerland), and primocin (0.2%;
InvivoGen, San Diego, CA, USA) for 15 days. As a control, cells were simultaneously seeded and cultured
with mesenchymal stromal cell growth medium. The presence of lipid droplets was stained with the dye
Oil Red O (Sigma-Aldrich, St. Louis, MO, USA) to determine adipogenic differentiation.
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For osteogenic differentiation, cells were seeded in plates with six wells and cultured for 4 weeks using
'MesenCult Osteogenic Differentiation Kit'. After 4 weeks, osteogenic differentiation was detected by
histological staining Alizarin Red S. As a control, cells were simultaneously seeded and cultured with
mesenchymal stromal cell growth medium. The presence of osteogenic differentiation after �xation was
detected by Alizarin Red S staining of calcium nodules.

To induce neurogenic differentiation, cells from were seeded in six-well plates. When cells reached
appropriate con�uence, they were incubated for 24-72 hours in LDMEM, a neurogenic culture medium
containing 10% FBS, 10 ng/ml FGF, 10 ng/ml EGF; Epidermal Growth Factor, 10 ng/ml BDNF; Brain-
derived neurotrophic factor, 0.5 mM isobutyl methylxanthine and 0.2% primocin. As a control, cells were
simultaneously seeded and cultured with mesenchymal stromal cell growth medium.

Transwell co-culture experiments
In our study, an indirect co-culture technique based on paracrine interaction was performed by preventing
two different cell sources from contacting each other using membranes with different sized pores called
insert (intermediate). After refreshing MDA-MB-231 cells, 0.5×105 cells were seeded on six-well plates and
1×105 stromal cells from P3 were seeded on a semipermeable membrane and waited for 24 hours to
generate adherent monolayers. At the end of this period, the semipermeable membranes were placed on
the six-well plates and the co-culture process was continued for 4 days. To understand the interactions of
the co-cultured cells, cancer cells and stromal cells were cultured separately in a 6-well culture plate as a
control. Therefore, in our experience, 5 groups were used: Stromal cells obtained from healthy and
malignant breast tissues, and experimental groups in which cancer lineage cells were cultured separately,
as well as experimental groups in which co-cultures of stromal cells and cancer lineage cells were
performed.

Water-Soluble Tetrazolium monosodium salt-1 (WST-1) cell
viability and proliferation test
After co-culture, the water-soluble tetrazolium 1 (Cell Proliferation Reagent, WST-1) solution (Roche
Diagnostics, Mannheim, Germany) was used to show the proliferation and cell viability of the stromal
cells and MDA-MB-231 cancer cell line. Cells were seeded in a 12-well culture plate (25x103 stromal cells:
12.5x103 cancer cells) according to the designated experimental design and cultured for the time
speci�ed for co-culture. After this time, the medium was replaced with medium containing 10% WST-1
solution and incubated for 4 hours at 37°C in a humid atmosphere with 5% CO2. After incubation, the
tetrazolium ring was evaluated by dehydrogenase enzymes in the cell mitochondria. The optical densities
(OD) of the samples were then evaluated using a microplate reader (Versamax, USA) at 480 nm.

ELISA (Enzyme-Linked Immunosorbent Assay) method
The concentrations of IL-8 and IL-6 released into the supernatant after co-culture were determined in the
monochromator system microplate reader (VersaMax, Molecular Device, USA) following the
manufacturer's indicated procedural steps (Invitrogen, Camarillo, CA, USA).
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Real-time polymerase chain reaction
After co-culture, cell pellets were homogenized in PBS and total RNA was isolated using High Pure RNA
Isolation Kit (Roche, Mannheim, Germany). After isolation, RNA concentrations were measured using a
Picodrop spectrophotometer. One microgram of total RNA was transcribed into complementary DNA
(cDNA) using the Transcriptor High Fidelity cDNA Synthesis Kit (Roche Mannheim, Germany).

Ampli�cation of target genes was performed with an equal amount of cDNA in the LightCycler 480
(RocheDiagnostics, Rotkreuz, Switzerland) real-time PCR instrument using appropriate Universal Probe
Library (UPL) probes (Taqman Hydrolysis Probes). The target gene and the corresponding selected
reference genes (HPRT) were ampli�ed in the same wells using the appropriate primers and probes.
Primers and probes were standardized as before and used as recommended by the manufacturer. PCR
conditions were as follows: Incubation for 10 minutes at 95°C, followed by 45 cycles of 10 seconds
denaturation at 95°C, 30 seconds annealing at 60°C and 1 second extension at 72°C. Results were
analyzed using LightCycler software (version 4) using standards prepared at known concentrations by
serial dilution. PCR activity was calculated using LightCycler software and only values between 1.85 and
2.0 were used.

Determination of miRNA expression levels
Pre-made plates called 'Pick-&-Mix microRNA PCR Panels' of the miRCURY LNATM Universal RT
microRNA PCR System (EXIQON, United States) were used to determine miRNA expression levels, and the
desired miRNAs were placed on them before the study. The system used consists of a two-step protocol.

1. cDNA synthesis
2. real-time PCR ampli�cation.

Statistical Method
At least 3 replicates were performed for each experiment. The data of the studies were reported
considering the standard deviation (±SD). All statistical analyzes were performed using SPSS 20.0 and
data were analyzed using the Kruskal-Wallis and Independent Sample T-test. For the differences between
the experimental and control groups, p< 0.05 was accepted as the statistical signi�cance threshold.

Results

Isolation and Culture of Mesenchymal Stromal Cells
The tissue fragments removed from the operated cases were delivered to the laboratory, and the
mesenchymal stromal cells were isolated by the enzymatic digestion method, following the appropriate
procedural steps.
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The isolated cells and the MDA-MB-231 breast cancer cell line were cultured under appropriate conditions
and their morphological examination was performed by phase contrast microscopy. It was found that the
mesenchymal stromal cells obtained from both healthy and malignant breast tissues were �broblast-like
and spindle-shaped in the �rst days of culture and proliferated by forming colonies in the following days
(Fig. 1i-ii). However, it was observed that the breast cancer cell line had a cubic structure.

Characterization of Mesenchymal Stromal Cells

Characterization of mesenchymal stromal cells by �ow
cytometry
Flow cytometry analysis revealed that the stromal cells isolated from both healthy and malignant breast
tissue were positive for CD105, CD29, CD73, CD44, CD90, CD71, CD10 and CD13. They were negative for
CD34, CD33, CD45 and HLA G.

Characterization of mesenchymal stromal cells by in vitro
differentiation studies

Osteogenic differentiation
Stromal cells obtained from healthy and malignant breast tissues for osteogenic differentiation were
incubated in differentiation medium for approximately 4 weeks, and then the presence of calcium
nodules was detected by Alizarin Red-S staining. In the groups that underwent bone differentiation in an
osteogenic differentiation medium, calci�ed nodules were observed in our phase contrast microscopy
studies before and after Alizarin Red-S staining. In the control groups where no differentiation medium
was used, it was found that there were no calcium phosphate nodules and therefore no positive reaction
with Alizarin Red dye.

Adipogenic differentiation
Morphological changes were observed after approximately 15 days in adipogenic differentiation medium
used to transform stromal cells from healthy and malignant breast tissue into adipocytes. When the cells
were �xed at the end of the 15-day incubation with the adipogenic differentiation medium and stained
with the dye Oil Red O, it was observed that the oil vesicles formed in the experimental group showed a
red color, while the cells in the control group showed no positive reaction with the dye Oil Red O.

Neurogenic differentiation
Stromal cells from healthy and malignant breast tissue were incubated in neurogenic differentiation
medium for approximately 72 hours. Thereafter, the cells were observed to morphologically differentiate
into neuron-like cells. No morphological changes were observed in the cells of the control group that were
not treated with differentiation medium.

Evaluation of Co-Culture studies
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Breast cancer cells and stromal cells obtained from healthy and malignant breast tissues were co-
cultured through semipermeable membranes for 4 days, following characterization procedures. At the
end of the 4-day incubation period, the WST-1 assay was performed to determine the proliferative
capacity of the cells. Supernatants were collected for ELISA assays and RNA isolations were performed
to determine the expression levels of the identi�ed miRNA and associated genes.

WST-1 Test Evaluation
After the co-culture studies, the WST-1 assay was applied to detect the proliferation capacity of MDA-MB-
231 cancer cells and mesenchymal stromal cells in the cancer microenvironment.

The analysis results of WST-1 assay revealed that the proliferation capacity of cancer cells increased
signi�cantly (p≤0.001) after co-culture with healthy and malignant stromal cells from breast tissue.
However, it was found that the stromal cells derived from malignant breast tissue stimulated the
proliferation of cancer cells more than the healthy cells (p≤0.001) (Fig. 2).

Evaluation of ELISA Results
To determine the concentrations of cytokines thought to be derived from stromal cells in the cancer
microenvironment, the concentrations of IL-8 and IL-6 were determined by ELISA from supernatants
obtained after co-culture of cancer cells with stromal cells from malignant and healthy breast tissue.

As a result of ELISA assay to determine the levels of IL-8, which is known to be associated with
metastasis, the levels released by hHBT-MSCs (p≤0.01) and hMBT-MSCs (p≤0.001) were statistically
signi�cantly higher compared to the breast cancer cell line. However, a statistically signi�cant (p≤0.001)
increase was observed in both experimental groups after co-culturing hHBT-MSCs and hMBT-MSCs and
cancer cells. It was also found that the amount of cancer cells was statistically signi�cantly higher
(p≤0.001) after co-culture with hMBT-MSCs than after co-culture with hHBT-MSCs (Fig. 3).

As a result of the ELISA assay to determine the IL-6 level, a signi�cant (p≤0.001) increase in the level of
cancer cells was found after co-culture with hHBT-MSCs and hMBT-MSCs. Moreover, it was found that IL-
6 levels released by hHBT-MSCs (p≤0.01) and hMBT-MSCs (p≤0.001) were signi�cantly higher than IL-6
levels released by cancer cells (Fig. 4).

Evaluation of gene and miRNA expression results
After co-culturing the breast cancer cell line with stromal cells from healthy and malignant breast tissues,
breast cancer associated miRNAs (let7, miR-17-5p), as well as the expression levels of some genes
(HMGA2, AIB1) of the pathways associated with these miRNAs were quanti�ed in all experimental
groups.

The result of gene and miRNA expression analysis was that the expression of let-7a, one of the miRNAs
with tumor suppressor properties, signi�cantly decreased after co-culture with hMBT-MSCs in cancer
cells, although not statistically signi�cant; on the contrary, an increase was observed after co-culture with
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hHBT-MSCs. Moreover, the let-7a expression of hMBT-MSCs and hHBT-MSCs cultured alone was
decreased compared to cancer cells, with a statistically signi�cant (*: p≤0.05) decrease especially in
hMBT-MSCs. Furthermore, when the expression levels were compared between the two groups after co-
culturing with hMBT-MSCs and hHBT-MSCs of the cancer cell line, a statistically signi�cant increase (*: p<
0.05) was observed in the experimental group co-cultured with hHBT-MSCs (Fig. 5).

The expression levels of HMGA2, which is a target of let-7 family members and is considered an
oncogene, were determined in the opposite direction to let-7a. While an increase in HMGA2 levels was
observed in cancer cells after co-culture with hMBT-MSCs, a decrease was observed after co-culture with
hHBT-MSCs. Furthermore, when the expression levels of hMBT-MSCs and hHBT-MSCs cultured alone
were compared, it was found that the expression was signi�cantly higher in hMBT-MSCs (**: p≤0.01)
(Fig. 5).

It was found that the expressions of miR-17-5p, which acts as a tumor suppressor, and the oncogenic
gene AIB1, which is one of its targets, were opposite to each other, similar to the changes observed
between let-7a and HMGA2. As a result of the analyzes performed, although the expression of miR-17-5p
was not statistically signi�cant, it was found to decrease in cancer cells after co-cultures with hMBT-
MSCs and to increase after co-cultures with hHBT-MSCs. Moreover, when mir-17-5p expressions were
compared between the two groups after co-culture with hMBT-MSCs and hHBT-MSCs, a statistically
signi�cant (**: p≤0.01) increase was observed in the experimental group in which hHBT-MSCs were co-
cultured. When the mir-17-5p expression levels of hMBT-MSCs and hHBT-MSCs were compared with each
other, a signi�cant (*: p≤0.05) increase was also observed in hHBT-MSCs (Fig. 6).

It was observed that the expression levels of the gene with oncogenic function AIB1, which was indicated
as one of the targets of miR-17-5p, decreased or increased in the opposite direction of miR-17-5p. It was
found that AIB1 expressions of cancer cells signi�cantly increased after co-culture with hMBT-MSCs (**:
p≤0.01). In addition, AIB1 expression levels in hMBT-MSCs cultured alone were also higher compared to
cancer cells, although not statistically signi�cant. When AIB1 expression levels were compared between
hMBT-MSCs and hHBT-MSCs after co-culture between the two groups, a signi�cant (*: p≤0.05) decrease
was observed in the experimental group in which hHBT-MSCs were co-cultured (Fig. 6).

Discussion
Cancer, one of the most important health problems of today, has been one of the most frequent research
topics in the history of medicine. Breast cancer is the most common and constantly increasing cancer in
women [21, 34]. Molecular studies have become more important due to recent developments in the
diagnosis, staging, treatment and survival of breast cancer. However, further studies are needed to detect
breast cancer at an early stage, fully understand the disease, determine prognostic factors, and develop
targeted treatment approaches that incorporate the tumor microenvironment.

The tumor microenvironment consists of tumor cells and immune, stromal, and in�ammatory cells. It is
claimed that cytokines, growth factors, and adhesion molecules released by these cells can promote
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tumor progression and metastasis. All of these cells are closely associated with each other, play an
important role in in�ammatory and pro-angiogenic processes, and support tumor cell proliferation [21, 24,
32, 33, 35].

After studies found that cells derived from healthy and malignant breast tissues had MSC properties,
these cells were co-cultured with breast cancer cells. As a result of the WST-1 assay performed to show
the proliferation capacity of stromal cells and MDA-MB-231 cancer cells after co-culture studies, it was
found that stromal cells increased the proliferation capacity of cancer cells. It was found that stromal
cells derived from malignant breast tissue increased the proliferation capacity of cancer cells more
signi�cantly than healthy stromal cells. This situation led us to believe that stromal cells in the tumor
microenvironment are more prone to adopt malignant characteristics, and that some factors released by
stromal cells as a result of their interaction with cancer cells may cause tumor cell development and
progression. Similar to our study, some studies reported that there are �ndings related to tumor cell
proliferation and increased metastatic ability after co-culture with MSCs [36]. Moreover, Karnoub et al.
(2007) showed in their study that stem cells support proliferation and metastasis of breast tumor cells
and that bone marrow-derived MSCs migrate to the environment from which breast cancer cells originate
[37]. Similarly, McLean et al. (2011) reported in their study that they found results demonstrating that
MSCs in the microenvironment of ovarian tumors promote tumorigenesis [38].

Cytokines regulate the growth, signaling, and differentiation of both stromal cells and tumor cells. It has
been reported that cytokines secreted by stromal cells can in�uence the behavior of malignant cells, while
cytokines produced by cancer cells provide optimal growth conditions within the tumor microenvironment
[39]. In our study, we determined the concentrations of IL-8 and IL-6 by ELISA method after co-culturing
cancer cells and stromal cells from malignant and healthy breast tissue to determine the concentrations
of cytokines thought to originate from stromal cells in the cancer microenvironment.

IL-8, a cytokine of the chemokine family classi�ed as a neutrophil chemoattractant, has been reported to
play an important role in tumor progression and metastasis in various human cancers. It is claimed that
IL-8 in tumor and tumor microenvironment may contribute to tumor progression through its possible
functions in regulating angiogenesis, cancer cell growth and survival, and tumor cell motility [40–42].

As a result of the ELISA assay we performed to determine IL-8 levels, we found that the release of IL-8
increased signi�cantly after co-culturing stromal cells from healthy and malignant breast tissue and
cancer cells. We even observed that this increase was higher after co-cultures with malignant stromal
cells than with healthy cells. Similarly, studies have found that in addition to the interaction between
cancer cells and stromal cells, the expression of IL-8 and other growth factors in stromal cells can also
stimulate cancer cells [40–42].

One of the cytokines that play an important role in carcinogenesis is IL-6. It is known that IL-6, a
multifunctional cytokine, plays an important role in the biological activities of various cell types, including
tumor cells, as well as in controlling growth and differentiation in various malignant states [43–45]. As a
result of the ELISA assay we performed to determine the IL-6 level, we found that the level of IL-6 released
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into the medium increased signi�cantly after co-culture with stromal cells, and the increase was more
pronounced after co-culture with malignant stromal cells. De Luca et al (2012) reported that IL -6 and
VEGF secreted by MSCs can promote breast cancer cell migration as paracrine factors [46].

One of the most important features of the cancer cell is the observed changes in gene expression. As a
result of these changes, the cells may acquire the ability to proliferate uncontrollably. During cancer
development, which is a multistep process, there is an accumulation of mutations in various oncogenes
and tumor suppressor genes, and the situation varies depending on the tumor type. Activation of
oncogenes and inactivation of tumor suppressor genes cause cells to develop some malignant properties
such as uncontrolled proliferation, invasion and metastatic ability [47, 48].

Posttranscriptional gene silencing occurs when the mRNA molecule is destroyed or cannot be translated
[49]. miRNAs are known to be involved in cellular processes such as proliferation, differentiation,
migration, and apoptosis. However, it is also stated that abnormal miRNA expressions are associated
with some diseases, including cancer [35, 50, 51].

With the understanding that miRNAs can be effective in carcinogenesis, the changes in the expression
levels of miRNAs in different cancer types compared with normal tissues have been examined and it has
been determined that there are differences. With the determination of these differences, miRNAs that are
effective in human cancers and their pathological roles have been revealed and continue to be revealed.
In addition, determining the expression pro�les of miRNAs is also very important for the classi�cation of
cancers [5, 13, 14, 17, 35, 50].

As a result of the studies, it was stated that miRNAs function as a new class of oncogene and tumor
suppressor genes. miRNAs can acquire oncogenic or tumor-suppressive properties depending on the
mRNAs they target. MiRNAs whose task is to control the expression of oncogenes are referred to as
tumor suppressor miRNAs. Decreased expression of these miRNAs leads to increased expression of the
oncogene and ultimately to tumorigenesis or progression. Contrary to tumor suppressor miRNAs, miRNAs
expressed as onco-mir are known to function to increase the development of cancer by decreasing the
expression of their target tumor suppressor gene [5, 8, 9, 17, 51].

In our study, after co-cultures of stromal cells and cancer cells obtained from healthy and malignant
breast tissues, breast cancer-related let7, miR-17-5p expression levels of genes such as HMGA2, AIB1
belonging to the pathways associated with these miRNAs were determined quantitatively by real-time
PCR in all experimental groups.

Similar to our �ndings, Lee and Dutta revealed that there is a reciprocal relationship between the HMGA2
oncogene and the growth suppressor let-7. In addition, they hypothesized that HMGA2 overexpression
during tumorigenesis may occur in conjunction with let-7-dependent pathways [52].

As a result, these results, which are also compatible with the literature, made us think that the cells we
isolated from the malignant breast tissue microenvironment had high cancer-related properties, however,
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when they were in the same environment with cancer cells, they encouraged the increase of malignant
properties of cancer cells.

In our study, we determined that the expression levels of the AIB1 gene, which is known to act as an
oncogene, were higher in both cultures of malignant stromal cells alone and co-cultures with cancer cells
compared to cultures of cancer cells alone. We found that miR-17-5p expression levels in the opposite
direction of the AIB1 gene expression levels were signi�cantly lower after co-cultures of malignant breast
tissue-derived stromal cells with cancer cells compared to cultures alone of cancer cells.

Similar to our study, Hossain et al. (2006) reported that mir-17-5p is a potential translational suppressor
of AIB1 oncogene in the control of breast cancer cell proliferation and their results revealed that mir-17-5p
has a tumor suppressor role in breast cancer cells [53]. Li et al. (2011) also found that mir-17-5p was
expressed at high levels in MDA-MB-231 breast cancer cells [54].

Recent studies have shown that the regulatory role of miRNAs in the process of carcinogenesis is not
limited to cancer cells, but is also related to tumor stroma activation and its transition to a cancer-
associated state [20]. Based on the view that MSCs in the tumor microenvironment support tumor cell
development and progression, we can say that our results from our experiments are consistent with the
literature. Namely, when we culture stromal cells isolated from the tumor microenvironment of malignant
breast tissue and tumor cells in the same medium, we hypothesize that the oscillations of some stromal
cell-derived factors increase as a result of their interaction with each other, which supports cancer cell
proliferation and tumor progression. Moreover, the changes we observed in some miRNAs and gene
expressions that function as oncogenic and tumor suppressors suggest that stromal cells may enter a
cancer-associated state and contribute to the increase in malignant properties of cancer cells.

Since the initial identi�cation of miRNAs, many studies have been conducted to understand their
formation and mechanism of action. In the studies that have been conducted, it has been shown that
disorders in the regulation of miRNAs are involved in the development of many diseases, especially
cancer. However, more studies are needed to fully understand their functional signi�cance, de�ne their
targets and realize their therapeutic use.

Conclusion
With a better understanding of the properties of cells in the microenvironment known to contribute to the
development of cancer, we believe that this is a breakthrough study for the development of new protocols
involving the tumor stroma/microenvironment, apart from treatment approaches targeting only cancer
cells. Based on our results, we assume that the oscillations of some stromal cell-derived factors increase
as a result of their interaction, especially in the co-cultures of malignant breast tissue-derived stromal
cells and cancer cells, and that this situation promotes cancer cell proliferation and tumor progression.
Moreover, we can say that our study supports the detailed understanding of the cellular and molecular
mechanisms of cancer and the effects of tumor microenvironment on tumorigenesis.
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As a result, the number of cancer-related deaths is increasing day by day and conventional treatment
methods are inadequate. Considering the fact that miRNAs have been shown to play an important role in
cancer development in recent studies, the idea that these small molecules can be used in diagnosis and
treatment is becoming stronger day by day. In this context, we believe that new treatment approaches
involving the tumor microenvironment and using miRNAs as markers are promising.
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Figure 1

(i)Phase contrast micrographs (A-C) of hHBT-MSCs at P3, day 2 (magni�cation: A-4X, B-10X, C-20X). (ii)
Phase-contrast microscopic views of hMBT-MSCs (A, B) passage 0 – 6th day; (C, D) passage 3 – 2nd
day; are observed (Magni�cation: A-C: 4X, B-D: 10X).
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Figure 2

The rate of change of the growth capacity of the experimental groups after 4 days of co-culture with the
WST-1 test (***: p≤0.001).

Figure 3

Showing the levels of IL-8 released into the supernatant by ELISA method (***:p≤0.001, **:p≤0.01
Indicates the statistical signi�cance levels determined as a result of the comparison of the experimental
groups with respect to the MDA-MB-231 group).
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Figure 4

Showing the levels of IL-6 released into the supernatant by ELISA method (***: p≤0.001, **: p≤0.01 refers
to the statistical signi�cance levels determined as a result of comparing the experimental groups with the
MDA-MB-231 group).

Figure 5

Analysis results of HMGA2 gene and let-7a expression levels by real-time-PCR (X-axis shows experimental
groups, Y-axis shows fold changes according to reference gene).
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Figure 6

Analysis results of AIB1 gene and miR-17-5p expression levels by real-time-PCR (X-axis shows
experimental groups, Y-axis shows fold changes for reference gene).
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