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Abstract: Nowadays, the use of Mesenchymal stem cells (MSCs) in clinical therapies have an increased accelera-
tion, while it constitutes two sides of yin-yang with its ameliorating effects in regenerative medicine and promoting 
effects in carcinogenesis. It has been shown that the treatment activities of MSCs are mediated by paracrine fac-
tors secreted. These paracrine factors are transmitting via exosomes secreted from MSCs. With the understanding 
of this mechanism, cell-free therapies have begun to create a new path in MSC based therapies. At this point, two 
sides of the yin-yang have once again become controversial. In addition, there are conflicting study results in the 
literature. Due to this contradiction, we have designed this study to demonstrate the role of MSCs in the carcinogen-
esis process and we investigated the proliferation effect of MSC-derived exosomes on cancer cell lines. Two paral-
lel experimental setups were established, as an experimental group, the four-different epithelial cancer cell lines 
and Wharton’s Jelly (WJ)-MSC derived exosomes were directly co-cultured with in 6 different concentrations and 
simultaneously in the control group cells were cultured respectively. PKH-26 labelling was performed for detection 
of exosome locations in co-cultures. Each group were evaluated by WST-1 and xCelligence assays for proliferation 
and confirmed with PCNA staining. The results were analysed with paired t-test and Newman-Keuls comparison. 
The relative comparison demonstrated a significant increase in the rate of proliferation only in exosome co-cultures 
with WJ-MSCs and it was supported by PCNA staining. Cancer cell lines in co-cultures have not shown any significant 
increase neither in proliferation assays nor in PCNA staining. MSCs regulate their secretions according to the micro-
environment, they have more dominant regenerative feature rather than triggering cancer proliferation. 
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Introduction

Mesenchymal stem cells (MSCs), which are a 
group of cells that can be isolated from various 
tissues, have been thought to have important 
therapeutic potential due to their self-renewal 
capacity and multilineage differentiation poten-
cy. The studies have shown that the importance 
of the therapeutic effect of MSCs is paracrine 
actions [1, 2]. Their known paracrine secretions 
are including the secretion of immunomodula-
tory cytokines, tissue repair-inducing growth 
factors and small membrane vesicles. The exo-
somes are playing a key role as a message 
cloud in cellular communication by transferring 
host cell’s components and modulating the  
extracellular niche [3]. In other words, exo-
somes which transfer the information to the 

target cell horizontally via the contain of host 
cell’s mRNA, miRNA and protein repertoire [4]. 
In a remarkable number of publication have 
proposed that MSC-derived exomes have thera-
peutic effects in the treatment of several dis-
eases, including kidney, myocardial and lung 
injuries and wound healing [5, 6]. Their secre-
tions promote reducing infarct size, enhancing 
tissue repair [7] and increasing angiogenesis 
[8] by secreting phosphorylated-Akt and -GSK- 
3B [9] and transferring miRNA to damaged cells 
[10, 11] in cardiovascular diseases; regenerat-
ing tubuloepithelia [12], reducing tubular cell 
apoptosis [13] and tubular atrophy [14] by 
transferring mRNA to damage cell [12] and 
secreting insulin-like growth factor-1 receptor in 
acute kidney injury [15]; increasing re-epitheli-
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alization, inhibiting apoptosis of skin cells and 
promoting proliferation of skin cells by activat-
ing canonical Wnt signalling by WNT4 in cutane-
ous wound healing [16]. 

Cancer, which is defined as the second leading 
cause of death globally by the World Health 
Organism, is a genetic disease that caused by 
pathogenic variants in tumor suppressor genes, 
oncogenes and mismatch repair genes [17]. 
There are various carcinogenesis theories such 
as; stochastic model and cancer stem cell 
(CSC) model [18]. In a stochastic model, the 
clonal evolution model assumes that a normal 
cell in the organism undergoes a series of 
mutations to form a cancer cell that clonally 
expands and forms a large part of the tumor 
[19]. The other theory is a hierarchical model 
suggests that the origin of cancer is pluripotent 
and self-renewing CSC. These cells are highly 
tumorigenic with the ability to form new tumors. 
CSCs are divided asymmetrically to create new 
CSCs and progenitor cells, leading to differenti-
ated cancer cells that make up the majority of 
the tumor [20]. When carcinogenesis occurred 
by driver mutations, it may accumulate addi-
tional oncogenic passenger mutations, but 
there is a multistage process primarily orga-
nized by growth factors for the proliferation of 
cells [21]. These growth factors also play a key 
role in signaling pathways that take part in car-
cinogenesis. TGF-β, FGF, MAPK are just a few 
most common examples of these growth fac-
tors for regulation in cancer progression.

Once the cancer cell has formed, tumor growth 
and progression is highly affected by its micro-
environment which consists of inflammatory 
cells, tumor-associated fibroblasts, endothelial 
cells and MSCs [22, 23]. Within the tumor 
niche, MSC may interact with cancer cells by its 
secretions with a huge collection of cytokines 
and alternative combinations of growth factors 
[24]. This contribution may cause cancer cell 
survival, growth, motility, and immune escape. 
These cytokines and growth factors are deliv-
ered to the tumor microenvironment by MSC-
derived exosomes which secreted as cargo [1].

Studies on the effects of MSC-derived exosome 
cargos on cancer cells have been shown that, 
increasing in cell proliferation by affecting 
angiogenesis [25] and increasing in the cancer 
stem cell population and breast cancer popula-
tion by regulating WNT pathway, SOX2 and 

SOX9 through down regulation of mir-140 [26] 
in breast cancer and promoting the tumour 
growth by affecting the VEGF-ERK1/2 pathway 
in gastric carcinoma [27]. As seen in publica-
tions, these secreting factors have a role in the 
cancer process and also play an antagonist 
role regenerative effect on the damaged tissue 
[28]. At this point, MSC, which are shown as war 
heroes with their emerging use in regenerative 
medicine treatments, has been declared as a 
killer with the effects on cancer cells. In con-
trast to these studies, there are also some pub-
lications showing that it does not affect the pro-
liferation of cancer cells. These studies have 
demonstrated the decreasing in cell prolifera-
tion by cell-cell communication  in malignant 
glial tumours [29], suppressing the Multiple 
Myeloma (MM)-cell growth by the transfer of 
tumour suppressor microRNA that is mir-15 
that from MSC-derived exosomes to MM and 
[30] the anti-proliferative effect on bladder can-
cer provided by phosphorylation of Akt proteins 
[31].

For the controversies on variety effect of MSC-
derived exosomes, we aimed to observe the 
effects of exosomes acquired from Wharton's 
Jelly (WJ) derived MSCs on different cancer cell 
lines by means of promoting the proliferation of 
cancer cells via using different techniques.

Subjects and method

Study design

In total, four different cancer cell lines were 
incubated separately for 7 days, in microenvi-
ronments supplied with 6 different concentra-
tions (6.25, 12.5, 25, 50, 100 ug) of WJ-MSC 
derived exosomes and were monitored by using 
WST-1, Xelligence, and immunostaining with 
proliferation marker (PCNA). In order to deter-
mine if exosomes were uptaken by cells or not, 
we labelled the supplied exosomes with PKH-
26 (Red Fluorescent Cell Linker Kit) and exam-
ined the cells under the fluorescence micr- 
oscope. 

Four of these cell lines which are Human 
Colorectal Adenocarcinoma Cells (ATCC CCL-
218), Human Thyroid Carcinoma Cells (ATCC 
CRL-1803) and Mammary Gland Adenocar- 
cinoma from Metastatic Site (ATCC HTB-26), 
were purchased from ATCC (Manassas, VA). 
Malign Breast Stromal Cells (MBSC) were taken 
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from a patient with written informed consent 
with the declaration of Helsinki. The study 
received ethical approval from the Kocaeli 
University, Faculty of Medicine Ethical Com- 
mittee (KAEK 2012/35). Additionally, the Wh- 
arton’s Jelly derived MSC (WJ-MSC) (PCS-500-
010) was purchased from ATCC (Manassas, 
VA).  

A comparison and a control group were set with 
these 5 different cell lines. The comparison 
group consists of cell lines co-cultured with 
exosomes derived from WJ-MSCs while the 
control group consists of cell lines without any 
additional treatment on cells. Overall methodol-
ogy workflow was illustrated in Figure 1.

Cell lines culture 

WJ-MSC cell culture: WJ-MSC cell line was cul-
tured in DMEM-F12 medium (Gibco, Thermo 
Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS), %1 
streptomycin (100 mg/mL) solution at 37°C in 
a humidified 5% CO2 incubator. After reaching 
70% to 80% confluency, adherent cells were 
harvested with trypsinization by 0.05% trypsin-
EDTA (Gibco, Germany).

Cancer cell line culture 

Four different cell lines were cultured in RPMI 
1649 (Gibco, Thermo Fisher Scientific, Walth- 
am, MA, USA) supplemented with 10% fetal 
bovine serum (FBS), 2 mM L-glutamine and 
streptomycin (100 mg/mL) solution at 37°C in 
a humidified 5% CO2 incubator. After reaching 
70% to 80% confluency, adherent cells were 
harvested with trypsinization by 0.05% trypsin-
EDTA (Gibco, Germany).

Exosome isolation, characterization and label-
ling: Characterized WJ-MSC were cultured with 
a serum-free medium to produce a concentrat-
ed and an adequate amount of exosome. 
Exosomes were produced in a humidified atmo-
sphere containing 5% CO2 at 37°C for 24 hours 
then the serum-free medium was collected and 
centrifuged at 300 g for 5 minutes for discard-
ing the remaining cells. Until the last step, the 
pellet is thrown away and the supernatant is 
used for the following step.

The second and the third step are designed to 
eliminate dead cells and cell debris by succes-
sive centrifugations at increasing speeds. At 

the second step, the supernatant was centri-
fuged at 1000 g for 10 minutes and in the third 
step, the supernatant was centrifuged at 5000 
g for 20 minutes. The final supernatant is ultra-
centrifuged at 100,000 g for 70 minutes and 
collected pellet that the small vesicles that cor-
respond to exosomes from the pellet. 

Quantification of protein in exosomes

By the BCA protein determination method, it is 
shown in order to show the presence of protein 
in the isolated exosomes. After the exosomes 
were isolated, 20 µl of the resulting pellet was 
prepared by adding 200 µl working solution 
(196 µl Bicinchoninic acid + 4 µl CuSO4) and 
incubated at 37°C for one hour. After incuba-
tion, the amount of protein was determined by 
spectrophotometer at 562 nm with respect to 
the BSA standard.

Co-culture of cancer cell lines and exosomes

Different cancer cell lines were seeded into cell 
culture flasks for proliferation and after reach-
ing 70% to 80% confluency, WJ-MSC derived 
exosomes directly co-cultured on these adher-
ent cells for 7 days. 

Isolated exosomes were labelled with CD81, 
CD9 and CD63 and the characterization data 
were acquired with Flow Cytometry analysis. 
The obtained exosomes were labelled with 
PKH26 (PKH26 Red Fluorescent Cell Binding 
Kit, PKH26GL-1KT, Sigma) in order to observe 
whether the exosomes were localized in the co-
cultured cells or not.

Proliferation tests 

The proliferation effect of WJ-MSC exosomes 
on cancer cells was demonstrated by WST-1 
and XCelligence tests. Each proliferation com-
parison group repeated as triplicate. 

WST-1 proliferation assay 

Cancer cell lines cultivated with exosomes in 
6-well temperature-sensitive culture plates, 
cells were tested with WST-1 assay at days 1, 3 
and 7. The absorbance after the incubation 
period was read at 480 nm using microplate 
reader with the monochromatic system (Ver- 
saMax, Molecular Device, USA). Comparative 
analysis of viability and proliferation of the cell 
types is shown in the graph. 
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Figure 1. Overall workflow of the study. 
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XCelligence proliferation assay 

To support the WST-1 test, Xelligence was used 
to monitor the viability and proliferation of the 
cells during cell culture. Each experiment set 
was grouped with cancer cell line and co-cul-
tured cell line with exosomes. 50 µL from each 
set was seeded in E96 xCELLigence plates and 
plate was equilibrated to 37°C. Simultaneous 
proliferation curves were determined by densi-
ty change per time in each well. Density chang-
es were determined with the RTCA (Real-Time 
Cell Analysis) (ACEA Biosciences) software.

Immunostaining by proliferation marker PCNA

Exosomes were stained by the immunoblotting 
of PCNA (ab29) in order to show proliferation in 
the cells. For immunohistochemical staining, 
cells were fixed with 70% methanol. After incu-
bation with primer antibody for 1 hour, staining 
was performed by IHC kit protocol. PCNA posi-
tive cells counted under the light microscope.  

Statistical analysis

SPSS 10.0 (SPSS Inc, Chicago, IL, USA) soft-
ware was used for statistical analyses. The 
data were analyzed by paired t-test and for mul-
tiple sample analysis Newman-Keuls compari-
son method was used. Each experiment was 
repeated at least three times. The level of sig-
nificance was set at P<0.05 and P<0.01 it was 
identified as highly significant for all statistical 
analyses.

Results

Characterization of WJ-MSC and MSC-derived 
exosomes

First, MSC characterization was reviewed under 
the parameters which are cell surface marker 
staining and differentiation experiments in our 
previous publication [32].

We isolated exosomes from the serum-free cul-
ture supernatants of MSCs to investigate the 
potential effects of proliferation on cancer 
cells. To determine whether MSC-derived exo-
somes were successfully purified, we per-
formed flow cytometry. As shown in Figure 2, 
representative markers of exosomes which are 
CD9, CD63 and CD81 were detected in the iso-
lated exosomes 80% or higher. This means that 

MSC-derived exosomes were successfully 
purified. 

Cellular uptake of MSC-derived exosomes into 
cancer cells

In order to determine cellular internalization of 
exosomes by cancer cells, we labelled the sup-
plied WJ-MSC derived exosomes with a fluores-
cent dye, PKH-26. After the incubation of PKH-
labelled exosomes with cancer cell lines, exo-
somes were examined under the fluorescence 
microscope. As shown in Figure 3, PKH26-
labeled exosomes were uptaken by cancer 
cells.

The effect of MSC-derived exosomes on pro-
liferation rate of different cancer cell lines in 
vitro

To evaluate the role of MSC-derived exosomes 
in proliferation in vitro, four different cancer cell 
lines were incubated separately for 7 days, in 
microenvironments supplied with 5 different 
concentrations (6.25, 12.5, 25, 50 and 100 ug) 
of WJ-MSC derived exosomes. The proliferation 
response to exosomes was assessed on can-
cer cell lines by using WST-1 and XCelligence. 
Additionally, the proliferation markers were 
indicated by immunostaining.

First of all, viability and proliferation amount of 
HCA, CGTH, MBSC, MDA and WJ-MSCs co-cul-
tured with WJ-exosomes are determined via the 
WST-1 test on 1st, 3rd and 7th days. A relatively 
significant proliferation increase was observed 
only on groups of WJ-MSC which were treated 
with 100 ug and 50 ug of WJ-MSC derived exo-
somes (P<0.05, P*; P<0.01, P**; P<0.001, 
P***) (Figure 4). There was no significant 
change in the rate of proliferation in co-cultures 
with cancer cell lines compared to control 
groups.

Following the WST-1, proliferation assay for co-
cultured cells and WJ-exosomes was examined 
via xCELLigence. A significant increase was not 
observed (Figure 5).

Comparing the number of PCNA positive cells 
between the comparison and control groups, 
no significant change was observed between 
the groups. The number of PCNA positive cells 
are found significantly higher in WJ-exosome 
treated control group when compared with 
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other experimental groups (P<0.05, P*; P<0.01, 
P**; P<0.001, P***) (Figure 6).

Discussion

MSCs are a group of progenitor cells capable of 
differentiating into several mesenchymal lin-
eages [33] and an attractive cell source for cel-
lular therapies [34]. The certain mechanism of 
cellular therapy action of MSCs is still doubtful 
[35]. The widely accepted concept is a secreto-
ry or an expressed factor that reaches neigh-
bouring parenchymal cells via either a para-
crine effect or a direct cell-to-cell interaction 
promoting functional activity, survival and pro-
liferation of the parenchymal cells.

Exosomes exhibit certain different characteris-
tics and secreted factors according to the 

source from which they are derived that are 
potentially associated with their biogenesis, 
targeting and putative immunological function 
[36]. That is why the sources of exosomes eval-
uated for microenvironment formation are 
important. They provide a potential pathway 
short- or long-range for the cell to cell communi-
cation, which may be likely to lie mechanism 
underlying MSCs’ tumour-suppressive proper-
ties [31]. The secreted factors from the exo-
somes are known to be the roles of the exo-
somes in establishing and modifying tumour 
microenvironments [37]. Some studies have 
shown that MSC-derived exosomes are one of 
the key elements in carcinogenesis process 
through cellular communication, cell growth 
and cell migration. These triggering paths have 
been elucidated by demonstrating that adi-

Figure 2. Characterization of WJ-MSC derived exomes by flow cytometry.
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pose-MCS derived exosomes increase tumour 
growth in glioblastoma cells by cellular commu-
nication [29], and again Adipose-MCS derived 
exosomes stimulate cell migration and cell pro-
liferation by inducing Wnt signalling in breast 
cancer cells [38]. When we had examined the 
other studies that put forward exosomes trig-
ger cancer, we realized that cancer stem cells 
derived exosomes are the main character in 

the carcinogenesis process. As reported by 
these studies, the expression of mir15a was 
decreased in the MM patients’ bone marrow-
MSC derived exosomes rather than exosomes 
derived from healthy bone marrow-MSC this 
diminish triggered tumour growth [30]; cell 
growth in glioblastoma is triggered by the CLIC1 
which is the cargo of the GBM-CSC-derived exo-
somes [39] and angiogenesis in renal cancer is 

Figure 3. Fluorescence microscope images of HCA, CGTH, MBSC, MDA and WJ-MSC cells co-cultured with PKH26 
labeled WJ-exosomes (red) up taking exosomes. PKH26 labeled exosomes can be seen in cytoplasm’s of all cells 
used in this experiment.
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induced by transferring of proangiogenic fac-
tors of CD105 positive-CSC-derived exosomes 
[40]. This is obvious that the roles of exosomes 
in the carcinogenesis process are determining 
by their sources. 

Our previous study suggested that WJ-MSC is 
an alternative source for clinical use [41]. Con- 
sequently, in this study we co-cultured WJ-MSC 
derived exosomes and 4 different cancer cell 
lines then measured the proliferation amounts 
with WST-1 and xCelligence assays and mea-
sured the common proliferation markers PCNA. 
We have tried to understand whether WJ-MSC 
derived exosomes promote proliferation of dif-
ferent epithelial originated cancer cells or not. 
In conclusion, we observed that WJ-MSC de- 
rived exosomes did not cause an additional 
proliferation on cancer cell lines. There are 
other studies that supporting our result. Wu s. 
et. al. showed that WJ-MSC derived exosomes 
inhibit the cancer cell viability of bladder tumour 
T24 cells by cell cycle arrest and induce apop-
tosis in T24 cells in vitro and in vivo by down-
regulating phosphorylation of Akt protein ki- 
nase and upregulating cleaved caspase-3 exo-
somes play anti-proliferative role on T24 cells 
[31]. As same as previous study, WJ- and 
BM-MSC derived exosomes also induced apop-
tosis by inducing sub-G1 phase of malignant 
glioblastoma U87MG cells [29]. In addition to 
the apoptosis, WJ- and Bone Marrow-MSC 

derived exosomes reduced the proliferation 
rate both in vitro and in vivo.

miRNAs are key modulators that can regulate 
the gene expression both during the mRNA 
translation and during the post translationally 
[42]. MSC derived exosomes are demonstrated 
anti-tumour [43, 44] functions by releasing 
mRNA and miRNA cargos for cellular communi-
cation by cellular uptake [45, 46]. A few studies 
have shown that, MSC-derived exosomes have 
shuttled anti-tumorigenic miRNAs. One of them 
has shown that miR-124 is downregulated in 
glioma cells than normal tissues [47, 48]. 
WJ-MSC derived exosomes delivered miR-124 
and decreases the migration of U87 glioblasto-
ma multiform (GBM) cells [49]. Also, MSC-
derived exosomes inhibited overexpressed mir-
146b and reduced glioma growth in rats [50].

Another published study has shown the anti-
tumour effects of exosomes can be examined 
by the effects of proapoptotic role, epithelium-
mesenchymal transition (EMT) induction and 
angiogenesis modulation by miRNAs. EMT has 
a crucial role in cancer development and 
metastasis [51]. Not surprisingly, some para-
crine signals have a role in cancer also play role 
in EMT such as WNT/β-catenin signalling, FGF 
and TGF-β [52]. It was reported that, bone mar-
row-MSC derived exosomes induced cell death 
in the ovarian tumour, Kaposi’s sarcoma and 

Figure 4. Viability and proliferation amounts of HCA, CGTH, MBSC, MDA and WJ-MSCs co-cultured with different 
quantities of WJ-exosomes (6.25, 12.5, 25, 50, 100 ug) are determined via WST-1 test on 1st, 3rd and 7th days. 
A significant increase was seen on groups of WJ-MSC which were treated with 100 mg and 50 mg WJ-exosomes 
(P<0.05, P*; P<0.01, P**). 
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Figure 5. Proliferation assay for co-cultured cells and WJ-exosomes via xCELLigence (RTCA-DP, ACEA Biosciences).
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Figure 6. A. Immunohistochemical PCNA staining of HCA, CGTH, MBSC, MDA and WJ-MSC cells co-cultured with exosomes. The number of PCNA positive cells are 
higher in WJ-exosome treated group when compared with other experimental groups. B. The statistical graph of PCNA positive cells in HCA, CGTH, MBSC, MDA and 
WJ-MSC cells which are co-cultured with exosomes. Significant difference was observed only in WJ-exosomes treated WJ-MSC group (P<0.01, P**). 
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hepatoma cell lines in vitro [53]. In EMT aspect, 
they induced EMT markers of FGF19-FGFR in 
carcinomas [54]. Moreover, mir-16 is overex-
pressed in breast cancer by MSC-derived exo-
somes and the angiogenesis marker of VEGF is 
downregulated which is the target of mir-16 
[55]. When we discussed all these outcomes, 
MSC-derived exosomes are inhibiting angio-
genesis, tumour growth and inducing the 
proliferation.

Thus, it is well known that the tumour microen-
vironment is correlated with tumorigenesis and 
cancer progression. In this niche, also MSCs 
are present and they may undergo malignant 
transformation. However, we cannot say that 
MSCs have a role in tumorigenesis. On parallel 
to this information, exosomes are the key com-
ponents of intercellular communication with 
the ability to manipulate the local and systemic 
extracellular niche and tumour microenviron-
ment [25, 56, 57]. Exosomes modulate extra-
cellular niches either immune-stimulatory or 
inhibitory functions or both [58]. 
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