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Abstract
Stem cells can be valuable model systems for drug discovery and modelling human dis-
eases as well as to investigate cellular interactions and molecular events in the early 
stages of development. Controlling the differentiation of stem cells into specific germ lay-
ers provides a potential source of highly specialized cells for therapeutic applications. In 
recent years, finding individual properties of stem cells such as their ultimate self-renewal 
capacity and the generation of particular cell lines by differentiation under specific cul-
ture conditions underpins the development of regenerative therapies. These futures make 
stem cells a leading candidate to treat a wide range of diseases. Nevertheless, as with all 
novel treatments, safety issues are one of the barriers that should be overcome to guar-
antee the quality of a patient’s life after stem cell therapy. Many studies have pointed to 
a large gap in our knowledge about the therapeutic applications of these cells. This gap 
clearly shows the importance of biosafety concerns for the current status of cell-based 
therapies, even more than their therapeutic efficacy. Currently, scientists report that tumo-
rigenicity and immunogenicity are the two most important associated cell-based therapy 
risks. In principle, intrinsic factors such as cell characteristics and extrinsic elements in-
troduced by manufacturing of stem cells can result in tumor formation and immunologi-
cal reactions after stem cell transplantation. Therapeutic research shows there are many 
biological questions regarding safety issues of stem cell clinical applications. Stem cell 
therapy is a rapidly advancing field that needs to focus more on finding a comprehensive 
technology for assessing risk. A variety of risk factors (from intrinsic to extrinsic) should be 
considered for safe clinical stem cell therapies.       
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Stem cells have the strong potential to differenti-
ate into all three germ layers (endoderm, mesoderm, 
and ectoderm) and subsequently generate a broad 
range of cells such as cardiomyocytes, neurons, and 
hepatocytes (1). According to this potential, cell-based 
therapeutics aim to develop a set of techniques that 
replace damaged cells with healthy and proper func-
tional ones derived from stem cells (2). Stem cell 
transplantation is still experimental and has a long 
process before it can be used as a clinical approach 
for humans. However, its promising treatments are 
indicated for numerous diseases and conditions such 
as cancers, neurodegenerative disorders and diabetes, 
in which the functions of specialized groups of cells 
have failed (3). Stem cells are a therapeutic promise 

not only for life threatening conditions, but also for 
chronic problems such as hearing or vision problems 
and even alopecia (4, 5). 

There are two types of stem cells which can 
be used or have the potential to be used in stem-
cell-based therapies, multipotent [adult stem cells 
(ASCs)] (6) and pluripotent. The latter include 
embryonic stem cells (ESCs) and induced pluri-
potent stem cells (IPSCs) (7).  These cells can be 
harvested and transplanted into the patient via two 
main routes: allogeneic (donor-derived) stem cell 
transplantation of stem cells from a healthy do-
nor, as adult or ESCs (Fig.1A), (8) or autologous 
(self-derived) stem cells that are derived from the 
patient’s body (Fig.1B) (9).
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Fig.1: Harvesting stem cells for transplantation. A. Allogeneic and B. Autogenic stem cells are the two types of stem cell transplantations.

Despite rapid progress, stem cell therapy is sur-
rounded by major difficulties that affect trans-
plantation efficacy. Allogeneic transplantation 
can raise sharp ethical issues about human iden-
tity, especially when the original stem cells have 
been isolated from an embryo for further culture 
and manipulation. In addition, there is the risk of a 
high immune rejection (10). While autogenic stem 
cells avoid the ethical dilemma as well as graft re-
jection, this type of stem cell transplantation has 
a number of drawbacks. In autogenic stem cell 
therapy as treatment for cancer, there is the pos-
sibility of picking up cancer cells along with stem 
cells (11, 12).

Regardless of the stem cell source (ASCs, ESCs 
or IPSCs), stem cell therapy as with other treat-
ments, has a number of side effects that patients’ 
experiences when they pass through the recovery 
stage. The effects of stem cell therapy after he-
matopoietic allogeneic transplantation, a common 
stem cell transplantation in humans, can be divided 
into two categories - non-malignant and malignant 
(13). The non-malignant effects are inharmoni-
ous and can include ocular and pulmonary effects, 
liver complications, complications of bones and 
joints, dental effects, and puberty and gonadal 
failure (14). The malignant effects have serious 

harmful results such as leukemia, lymphoma, and 
suppression of the immune system (15). Recent 
researches have reported that significant tumor de-
velopment and immune system failure are the two 
most serious reactions after stem cell transplanta-
tion (7, 16). As reported, mesenchymal stem cells 
(MSCs) have been used to treat acute and chronic 
liver damage in an animal model. These cells had 
proper differentiation into hepatocyte-like cells at 
the injury site, however the side effects from the 
MSCs infusion included a fibrotic process and un-
certain long-term efficacy (17).  Alderazi et al. (18) 
examined the case study of a 17-year-old girl who 
underwent stem cell therapy nine months after she 
developed symptoms of multiple sclerosis. The pa-
tient had complaints of headaches. After a brain bi-
opsy and magnetic resonance imaging (MRI), she 
was determined to have catastrophic demyelinat-
ing encephalomyelitis due to the immune system 
attack on her brain. In a long-term study for post-
transplantation efficacy, researchers identified that 
from 3337 female allogeneic transplant patients, 
52 developed breast cancer as a long-term effect. 
Hence the risk of breast cancer increased after al-
logeneic hematopoietic cell therapy (19).

Ultimately, according to such research, major 
concerns exist regarding the actual risk of tumo-
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rigenesis and immunosuppression, both imme-
diately and long-term after stem cell transplanta-
tion. Several researches have indicated that these 
two effects are highly associated with the stem 
cell therapy procedures (3). On the other hand, a 
number of papers discussed the link between the 
molecular basis of pluripotency and tumorigenic-
ity (1, 7). In this paper, we have intended to dis-
cuss some current biosafety issues and associated 
risk factors of stem cell therapy. Details on safety 
issues of tumorigenicity and immunogenicity will 
be addressed.

One of the useful characteristics of undifferenti-
ated stem cells is the capacity for rapid growth from 
a tightly packed colony with a low rate of spontane-
ous differentiation. However, uncontrolled growth of 
stem cells can result in tumor formation (20). Gen-
erally, researchers in regenerative medicine attempt 
to select and work with the stem cell lines that meet 
the above criteria. Stem cells with the above men-
tioned molecular characteristic can easily grow but 
at the same time such this characteristic enhances the 
chance for tumorigenicity by stem cell transplanta-
tion (21). Although it is unlikely that undifferentiated 
stem cells can directly be used for stem cell therapy, 
the ultimate growth potential raises the risk of tumor 
development (22). On the other hand, one of the ini-
tial steps in stem cell therapy is to develop desired 
cell types from undifferentiated cells before trans-
plantation, which involves stem cell isolation fol-
lowed by cultivation in appropriate culture medium. 
Isolation of stem cells from an organism (adult or 
embryo) and growing them in culture media are una-
voidable steps in most cases of stem cell transplanta-
tion (3). In-depth researches have shown that a large 
number of mutations and karyotypic alterations can 
occur during in vitro cultivation of stem cells which 
enhances the tumorigenicity risk (23, 24).

The main reasons behind the high risk for tumor 
development by stem cell therapy are classified 
into two broad categories: genetic elements, which 
are referred to as intrinsic factors and the nature 
of stem cells, and epigenetic changes or extrinsic 
factors, which mainly occur during handling and 
manufacturing of stem cells in order to generate 
the desired cell type for transplantation (7).

Recent study shows a shared molecular machin-
ery between tumor and stem cells that indicates a 
link exists between tumorigenicity and pluripo-
tency (25). The conserved gene networks between 

stem cells and tumor cells are implicated in a num-
ber of fundamental features such as rapid prolifer-
ation, uncoupling the DNA repair checkpoint, and 
high self-renewal capacity (1). The proto-onco-
gene is used to produce IPSCs such as the c-MYC 
transcription factor family (one of the important 
pluripotency genes); its overexpression can re-
sult in cancer in humans (20). Although it is pos-
sible to form IPSCs without or with lower levels 
of c-MYC gene reprogramming in order to have 
safer transplantation, omission of c-MYC can 
cause dramatic reduction of pluripotency (20, 
26, 27). As a result, the time frame for expansion 
of stem cell colonies greatly extends, and muta-
tions in the incubated cells in the culture medium 
will be inevitable (3). In addition to the c-MYC 
family, genes such as NANOG, SOX2, KLF4 and 
OCT4, as core pluripotency master genes in ESCs, 
are closely associated with tumorigenicity. For 
example, KLF4 suppresses p53 in breast cancer 
whereas SOX2 has been reported to promote can-
cer cell survival in lung cancer (3, 28). Unfortu-
nately greater pluripotency of stem cells increases 
the risk for tumor formation.

Recent studies have reported that the oncogenic 
activity of stem cells is not only associated with 
undifferentiated cells. Therefore, differentiated 
stem cells used for stem cell therapy can reactive 
oncogenic properties such as resistance to apopto-
sis, lack of contact inhibition, and loss of p53 (28, 
29). The dualistic natures of pluripotency genes 
show that stem cell therapy is faced with a large 
safety issue when used for clinical applications.

Tumor development after stem cell transplantation 
is the undesirable effect that results from epigenetic 
changes during the main steps of the stem cell prepara-
tion, including stem cell isolation, cultivation, and in-
jection into the patient at the appropriate dosage (26). 
Due to the extracellular and intracellular impacts, all 
stem cells (IPSCs, ESCs, and ASCs from the patient) 
may lose their normal characteristics during handling 
and in vitro expansion, and ultimately transform into 
a tumorigenic phenotype.

Due to the fact that each small manipulation to 
cells can potentially increase the chances of mu-
tation, manufacturing stem cells may introduce 
the unwanted risk of tumor formation (30, 31). 
Generally, the level of stem cell manipulation prior 
to its clinical application is one of the critical factors 
relevant to the risk of tumor development. For exam-
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ple, in comparison to ASCs, IPSCs require exten-
sive genetic modification and a reprogramming 
process. Therefore, the high risk of tumor forma-
tion for IPSCs is predictable (32). An additional 
tumor risk factor associated with reprogrammed 
stem cells (IPSCs) involves the application of vi-
rus vectors such as retro- and lentiviruses in order 
to integrate genes of interest, such as c-MYC, into 
the stem cell genome. The virus vectors not only 
increase the potential hazard of oncogene activa-
tion but can also reactive one of the reprogram-
ming transgenes, which can subsequently result in 
tumor formation (33). 

Immune rejection is another pitfall that may oc-
cur with stem cell therapy. Due to presentation of 
host cell markers, autologous transplantation of 
ASCs evades immune rejection. When the admin-
istered stem cells are non-autologous, the immune 
response may lead to graft rejection (34). Araki et 
al. (35) have reported that the levels of stem cell 
differentiation and reprogramming in IPSCs were 
important factors in the immune response of the 
patient. T cells in the human immune system can 
detect residual pluripotency markers such as OCT4 
and eliminate this antigen prior to transplantation, 
thus avoiding an immune response (36). Although 
immune suppressive drugs can be used to prevent 
graft rejection, administration of such drugs can 
increase the risk of infections and graft maturation 
inhibition in the patient. Many studies indicate that 
autologous stem cell transplantations are immune-
privileged and require lower levels of immune 
suppression (37-39). However, in some cases, by 
upregulation of major histocompatibility complex 
(MHC) molecules upon stem cell differentiation, 
the possibility of immunogenicity increases. In ad-
dition, if the administered cells in the recipient are 
to be used in a non-physiological site or for a non-
homologous function as the donor, the risk of an 
immune response greatly increases (3).

In addition to the main stem cell safety issues of 
tumorigenicity and immunogenicity, several con-
tributed risk factors should be taken into account 
before the clinical application of stem cells.

During stem cell cultivation animal sources such 
as mouse embryonic fibroblast should be used as a 
feeder layer to support cell growth. These animal 
sources raise an unwanted risk of passing a num-
ber of diseases to humans that are not detectable 
during screening, especially when strong drugs are 

administered to wipe out the patient’s immune sys-
tem. In addition, application of viruses to generate 
IPSCs can another potential risk that makes the pa-
tient immune system vulnerable (40-42).

Although in vitro differentiation is necessary to 
generate the desired cell type from IPSCs or ESCs 
prior to transplantation, misdirected growth or 
dedifferentiation of the administered stem cells is 
a possible risk that may occur in the patient.  Na-
kanishi have reported that transplanted MS cells 
from bone marrow for treatment of myocardial in-
farction resulted in bone characteristics such as os-
sification and calcification at the injury site. These 
unexpected dedifferentiation behaviours may have 
toxic consequences in the patient (43).

Pharmacokinetic issues such as dosing regi-
mens, administration route and toxicity are also 
important problems associated with stem cell 
therapy. The main reason underlying this issue 
is difficulty in detecting absorption, differentia-
tion and tracking metabolism, and migration of 
transplanted stem cells in the patient. Therefore, 
the therapeutic dose and route of administration 
of stem cells to reach maximal clinical benefit 
is mostly unclear (26, 44). Systemic or local ad-
ministration of these cells is a matter of debate. 
It has been shown that systemic administration 
of MSCs resulted in stem cell accumulation in 
the lungs, even the administered cells were de-
tected at the injury site. On the other hand, lo-
cal administration of stem cells and injection of 
these cells to the myocardia as the site of injury 
may result in some physiological and anatomi-
cal problems such as arrhythmia (45, 46).

Recent studies have attempted to overcome 
the hurdles of stem cell therapy in order to de-
velop advanced stem cell derivations and en-
able safe use in humans. A common solution to 
reduce the tumorigenesis risk and genetic insta-
bility of stem cells is the optimization of culture 
conditions in order to induce genetic stability 
(47). To achieve this goal, it is crucial to de-
termine the cause of the instability. For exam-
ple, if oxidative stress is the potential source 
of instability, changing culture conditions to 
lower oxygen levels can be helpful (48, 24). Ex-
ogenous nucleoside supplementation is a use-
ful method if the cause of instability is DNA 
replicative stress (20, 24). One of the potential 
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approaches which can address many aspects of 
safe stem cell transplantation is genetic modifi-
cation of stem cells to express suicide genes in 
the case of tumor development or other nega-
tive side effects (49-51). Besides the traditional 
methods of application of immune suppression 
drugs and using the patient’s stem cells, DNA 
methylation or histone modification may likely 
be helpful to avoid or limit expression of spe-
cific MHC or co-stimulatory molecules that 
lead to reduced susceptibility to rejection (34, 
52, 53). There are some approaches that en-
hance the post-transplantation safety and effi-
cacy issues of stem cell therapy include integra-
tion, maturation, and survival of transplanted 
cells. These approaches may help to improve 
use of strategies such as co-transplantation of 
stem cells with carrier cells, some specific ge-
netic modification to promote the survival and 
application of anti-inflammatory factors (49, 
54, 55). Although these methods are not 100% 
successful, it is of benefit to undertake critical 
evaluations on overcoming tumorigenicity and 
immunogenicity concerns of stem cells before 
their use in the clinical setting.

Despite the advancements in stem cell re-
search technology, a large number of technical 
and clinical risks remain. Specific concerns ex-
ist about the safety of stem cell products and 
healthy transplantations into humans due to the 
high potential for tumor formation and immune 
rejection. Currently, the most extensive stud-
ies have determined that tumorigenicity and 
immunological reactions are the two primary 
associated risks with stem cell-based therapy, 
which not only result from extrinsic factors 
but also depend on the nature of stem cells. 
Overall, stem cell therapy is a rapidly advanc-
ing field that needs to focus more on finding 
a comprehensive assessment of risk technology 
and establish systematic follow up monitoring 
of post-transplantation outcomes. A variety of 
risk factors (intrinsic and extrinsic) must be 
considered in order to have safe clinical stem 
cell therapies.

Stem cell therapies have a perfect beginning and 
hold tremendous potential for treatment of multiple 
challenging diseases. However our understanding 
is inadequate to apply stem cells as clinical treat-

ments in humans. Stem cell therapy has a number 
of issues that include ethical, efficacy, side effects, 
and safety. Ethical considerations can be solved by 
changing the sources of stem cells, by using ASCs 
from the patient or IPSC derivation instead of em-
bryonic cells. However, serious biosafety and side 
effects remain for stem cell therapy, which require 
further bioanalyses. 
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