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ABSTRACT

gL iferature

Stem cells have the ability to perpetuate themselves through self-renewal and generate mature cells of a particular tissue through
differentiation. Mesenchymal Stem Cells (MSCs) play an important role in tissue homeostasis supporting tissue regeneration. MSCs are
rare pluripotent cells supporting hematopoietic and mesenchymal cell lineages. MSCs have a great potential in cancer therapy, also the
stem cell exosome and/or microvesicle-mediated tissue regeneration abilities may be used a potential to the therapeutic applications. In
this review, use of hMSCs in stem cell-mediated cancer therapy is discussed.
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INTRODUCTION

Mesenchymal Stem Cells (MSCs) have distinct characteristics
and they can undergo self-renewing divisions as well as give rise to
progenitor cells. They are multipotent and can be obtained mainly
from bone marrow and adipose tissue. MSCs have the ability to
differentiate into diverse tissue types of other lineages within or across
germ lines including the mesodermal lineage, such as adipocytes,
osteocytes, chondrocytes and cells of other embryonic lineages like
glial cells [1]. They secrete several paracrine factors including chemo-
attractants for endothelial lineage cells, monocytes, and macrophages,
as well as inflammatory factors such as various chemokines and
interleukins. Through chemokine signaling, MSCs interact with the
extracellular matrix that results in the transcriptional activation of
target genes in cancer cells as well as macrophages and lymphocytes.

One of the main characteristics of hMSCs is their homing abilities
to the primary tumor site and metastatic sites. Chemokines and their
receptors were proposed to be involved in hMSC migration and
homing [2,3]. Moreover, recent studies have shown that hMSCs have
antiapoptotic characteristics Yang, et al. [4] in Bone Marrow-derived
MSCs (BM-MSCs), which decrease oxidative stress, apoptosis and
hippocampal damage in the brain [5]. Similar to the BM-MSCs,
MSC-derived exosomes were shown to have similar functions in
suppressing and repairing inflammatory responses which lead to
tissue damage and modulating the immune system, however, these
findings remain to be controversial [6].

MSCs may interact with tumor cells to promote tumor growth
directly or indirectly through autocrine/paracrine mechanisms.
MSCs are considered to be the source of Tumor-Associated
Fibroblasts (TAFs), which are important components of tumor
stroma. Therefore, MSCs play an important role in orchestrating the
tumor microenvironment through angiogenesis and modulation of
both immune system and tumor stromal architecture [7]. It is possible
that MSCs provide a specific microenvironment or a niche for cancer
stem cells. Therefore, investigating the interaction between stem cells
and their specific microenvironment/niche cells will enhance the
understanding of cancer development, especially metastasis [7-11].

Several studies including animal models and pre-clinical
investigations report using MSCs in cancer treatments. Although
BM-MSCs are the most common choice in these studies, they are not
very practical, since harvesting bone marrow is an invasive procedure
and it yields a small number of cells. Besides, the differentiation
potential and the lifespan of BM-MSCs decrease with the advanced
donor’s age [11-16].

Although BM-MSCs is the gold standard for the in-vitro
experiments as well as clinical applications Batsali, et al. [17], other
alternative sources of MSCs, such as adipose tissue and umbilical cord
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blood, have gained more importance in the recent years. Adipose
tissue-derived MSCs are obtained from the subcutaneous tissue.
They have similar expansion potential, differentiation capacity, and
MSC immunophenotype as the MSCs derived from the bone marrow
[14]. Umbilical cord, obtained after the removal of placenta, is rich
in hematopoietic stem cells [18,19]. One of the differences between
the MSCs obtained from bone marrow and umbilical cord is that
umbilical cord-derived MSCs have a higher expansion rate compared
to both bone marrow and adipose tissue-derived MSCs [14,20] that
could be due to the higher telomerase activity of the umbilical cord-
derived MSCs [21].

Therapeutic use of hMSCs in cancer therapy

To date, cancer therapy is still one of the most challenging
treatments. One reason is that cancer has a dysregulated cellular
self-renewal capacity. Gene and viral cancer therapies have
shown improved outcomes, however, there is still a great need for
development. Cancer therapy directed at tumor cells is very difficult.
However, the fundamental issue in cancer research is the identification
of the cell type capable of sustaining the outgrowth of the neoplastic
clone within solid tumors. Therefore therapies specifically directed at
the cancer stem cells have gained importance to reduce and stop the
metastatic tumors. Recent studies have shown that use of stem cells
obtained from adult the tissue may be a novel vehicle for stem cell-
mediated cancer therapy with improved anti-tumor effects.

Up to date, various agents have been used with stem cells as
vehicles to reduce the tumor size or extend the survival of the organism
[22,23]. All these vehicles and agents showed different success rates. In
the last decade, hMSCs have been proposed as a great tool in different
therapeutic applications. MSCs serve as a powerful cell-based delivery
vehicle for the site-specific release of anticancer drugs due to their
homing abilities, easy acquisition, hypoimmunogenic properties,
fast ex-vivo expansion and feasibility of autologous transplantation
properties [24]. The use of self-derived hMSCs has an advantage over
using other vehicles for delivery since they would have significantly a
lower risk of being rejected as foreign objects by the immune system.
Once these stem cells carrying biological agents are injected into the
patient’s bloodstream, they can migrate to the tumor site and release
the anti-carcinogenic agent.

The use of MSCs transduced with TRAIL showed induction
of apoptosis and a subsequent reduction of tumor cell viability in
colorectal carcinoma, gliomas, lung, breast, squamous and cervical
cancer [25,26]. Targeted delivery was also proven to be successful using
hMSCs in a xenogenic mouse model. The growth of malignant cells in
lungs of mice was inhibited both in-vitro and in-vivo following local
delivery of MSCs transduced with interferon-p (IFN-B). However,
this inhibition was not achieved during the systematic or non-local
delivery of the cells to the tumor site [27,28]. In the prostate stroma
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Figure 1: hMSCs mediated gene therapy targeting cancer.

MSCs show the characteristics of self-renew themselves as well as can
differentiate into different cells. hMSCs plays important role in cancer
development and cancer therapy. These cells may undergo neoplastic
transformation with the environmental stimuli, intrinsic and extrinsic
factors. Due to hMSCs shows homing property to injury side, exosomes or
microvesicles, inflammatory or tumour sites to contribute for the tissue or
tumour stroma repair. These properties gives great potential to hMSCs to be
used in cancer therapy as delivery vehicles and to development of stem cell
mediated targeted therapy strategies.

of a castrate resistant mouse model, where MSCs were used to deliver
Frizzled Related Protein-2 (SFRP2) to antagonize the Wnt-mediated
cancer progression, decreased tumor growth, increased apoptosis, and
tumor necrosis have been observed [29]. In mice with both solid and
metastatic tumors, it was shown that intratumoral injection of MSCs
expressing modified interleukin-12 (MSCs/IL-12M) caused strong
tumor-specific T-cell responses and anti-metastatic effects as well as
inhibitory effects of solid tumor growth. These effects were proven to
be stronger than interleukin-12 expressing adenovirus [30]. In 2011,
Serakinci, et al. [10] showed the homing, engrafting and proliferation
abilities of hMSCs in a human xenograft model in an ovarian cancer
cell line transplanted into immune compromised mice [10]. Human
BM-MSCs were shown to secrete interferon-b (IFNb) and diminish
melanoma, breast carcinoma, and lung metastases [25]. Similarly,
MSC:s derived from amniotic fluid was capable of transporting IFNb
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to the site of neoplasia of a bladder tumor model and inhibit the
tumor growth as well as prolonged survival of mice [25].

Limiting factors and difficulties of MSC use in cancer
therapy

Difficulties already start with the isolation process, since only 1 in
every 10° cells obtained in isolation is expected to be an MSCs. MSCs
have low grafting efficiency as well as potency. The limited division
potential of hMSCs also restrains their therapeutic applications
especially considering that a high number of cells is required for
therapy in humans. This raises the need for large scale MSC expansion
[22].

Here, the telomere dynamics play an important role in stem cell
function in particular during the expansion of stem cell population.
Telomere homeostasis and telomerase play a critical role in tumor
progression and it is well known that the cancer cells rely on
telomerase for its survival. One of the main functions of telomeres
is to protect the chromosome ends as being detected as DNA double
strand breaks by DNA repair machinery.

Serakinci, et al. [12] established an immortalized human MSCs
(hMSC-telol) cell line by introducing a retrovirus carrying the
hTERT gene, which codes for the catalytic subunit of telomerase
reverse transcriptase. hTERT, together with hTERC, the telomerase
RNA, function to lengthen the end of DNA strand, namely the
telomeric repeat sequence and allows the stem cell to maintain its
characteristics with an expanded life span This gene manipulation
allowed cells to bypasses the naturally built-in cellular controls which
govern the delicate balance between cell proliferation, senescence,
and carcinogenesis. Although this is very promising in the use
of MSCs for therapeutic applications, manipulation of telomere-
telomerase activity in order to extend the proliferative capacity of
stem cell populations may increase the risk for stem cell susceptibility
to carcinogenesis. The transduced cell line presented variations
indicative of neoplastic development, such as contact inhibition,
anchorage independence and in-vivo tumor formation in Severe
Combined Immunodeficiency (SCID) mice [11]. These can be due
to critically shortened telomeres leading to senescence that can be
considered as a barrier against cancer formation via a telomere-
mediated checkpoint. Dysfunctional telomeres have the ability to
disturb the genomic stability via Break-Fusion-Break cycles causing
excessive genomic instability and aberrations, which might lead to
rapid cell proliferation, loss of contact inhibition, a gradual increase
in telomerase activity [31,32]. These phenotypic and genotypic
alterations were also reported in adipose-derived hMSCs [33] and
bone marrow-derived mouse MSCs [34].

One of the options to resolve the issue of neoplastic transformation
of hMSCs could be the self-destruction of the vehicle after the drug
delivery. This kind of treatment has been applied in tumor-selective
viruses that mediate oncolytic effects on tumors and destroy targeted
cancer cells. This kind of viruses has been engineered at the telomerase
promoter sequence with tumor-specific transcriptional response
elements. These therapies target the telomerase-positive cells and
combine the genetically engineered vehicle stem cell and suicide
gene therapies [35-37]. Serakinci and colleagues [38] have reported
that hMSC-telol cells do not necessarily give rise to spontaneous
transformation. The neoplastic transformation was observed in the
telomerase introduced hMSCs when they were subjected to 2.5 Gy
of gamma irradiation followed by long-term culturing. Thus, the
neoplastic transformation was suggested to occur due to DNA damage
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caused by irradiation and telomere damage leading to temporary
cell cycle arrest [12,38]. Telomerase may help in the production of
a large number of cells, but it may have an impact on neoplastic
transformation. Therefore these cells require close monitoring before
and after the application and treatment.

In addition to the malignant transformations observed in cells
with manipulated telomere-telomerase activity, unmanipulated BM-
MSCs were also shown to produce a sub-population of cells with high
levels of telomerase activity, chromosomal aneuploidy, translocations
and capacity in the formation of tumors in multiple organs of NOD/
SCID mice [22,39]. Malignant transformations were also reported in
rodent models, in mouse, and in hMSC populations [11,33,22,39].
The underlying molecular mechanism in this
transformation was suggested to occur after hMSC by-passing the
senescence by repressing pl6 expression, acquisition of telomerase
activity, deletion of the Ink4a/Arf locus and hyperphosphorylation of
Rb [33]. This raised concerns whether hMSCs can lead to spontaneous
malignant transformation when forced to extensive expansion. On
the contrary to these studies, analysis of hMSCs with comparative
genomic hybridization, karyotyping and subtelomeric fluorescence
in situ hybridization showed that there is no evidence of spontaneous
hMSC transformation during long-term culture [40,41]; however,
maintaining a normal karyotype will not eliminate the possibility
of epigenetic changes to occur. Indeed, telomerase-immortalized
hMSCs were shown to accumulate genetic and epigenetic variations
leading to spontaneous transformation [11,42]. Exogenously
administered hMSCs may get engaged to developing tumors, after
being infused systemically in animal models for glioma, colon
carcinoma, gastric cancer, ovarian carcinoma, Kaposi’s sarcoma and
melanoma [43,44]. Although these studies support the possibility of
neoplastic transformation of hMSCs during in-vitro expansion, it is
still controversial and the molecular pathogenesis underlying such
mechanism is not fully established yet.

spontaneous

Moreover, a number of studies investigating the use of MSCs
for graft-versus-host disease showed no signs of tumor formation
[43,45,46]. A recent small size phase 2 clinical study was reported for
the use of MSCs for the treatment of Crohn’s disease that showed
promising results. Although all these results are promising, in order
to establish a definite role of MSC in the prevention of tumorigenesis,
comprehensive information on the regulation of adult stem cell
growth and monitoring the outcome of clinical applications are
necessary.

CONCLUSIONS AND FUTURE DIRECTIONS

Lately, hMSCs have become a great therapeutic target for
many diseases due to their homing abilities once reconstructed
to inflammation or tumor site. MSCs can be acquired from the
patients’ own body and use of these cells lowers the risks of
rejection. In addition to their tumor homing properties, MSCs are
also easily transduced by integrating vectors due to their high levels
of amphotropic receptors and offer long-term gene expression
without alteration of the phenotype. Gene and viral-based therapies
have shown enhancements in cancer treatment and a number of
anticancer genes have been successfully engineered into MSCs, which
then promoted anticancer effects in various carcinoma models.
However, since one of the most apparent characteristics of cancer is
the continued cell growth that is associated with telomerase activity,
there may be an increased risk of cancer development with the use
of genetically modified cells in cancer therapies. Therefore, use of
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targeted treatment with self-suicide vehicles may be a better approach
to improve the cancer therapy and reduce the risk of developing a
secondary tumor.

The stem cell exosome/microvesicle-mediated regeneration, cell
migration and homing abilities of the hMSCs had an important role
in the treatment of cancer and other diseases. Several anticancer
genes have been successfully engineered into MSCs. Lentivirus-,
retrovirus-, plasmid- and adenovirus-mediated MSC deliveries
showed promising results in animal studies with prolonged life of
the animals, reduced complications, and/or tumor growth. All these
promising results have drawn the attention to the potential of MSCs
in cell-based therapies. Current literature and discussion indicate that
hMSC use in cancer therapy would benefit from the combination of
the gene therapy with stem cell therapy approach.

It is worth mentioning that use of genetically modified MSCs and
their target specificities need further exploring. Therefore, clinical
studies play a crucial role in determining the potential of MSC usage
in cancer in combination with conventional therapy strategies.

In conclusion, modeling of hMSCs is a promising approach for
cancer therapy. The use of hMSCs with suicidal gene therapies is a
hopeful approach and the combinatory effect of gene therapy with
stem cell therapy may be the strategy forward.
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