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Abstract

Several lines of laboratory investigations reporting solid safety profiles and robust efficacy
readouts of stem cells in clinically relevant animal models have advanced stem cell transplantation
as an experimental therapy for stroke. Unfortunately, translating laboratory findings into effective
clinical trials entails rigorous regulatory examinations, which posed a major challenge in the
application of stem cells to patients. As a consequence of this slow pace of clinical entry, and a
media-propagated hype narrating stem cells as a “magic bullet”, a dangerous market has been
created for unregulated stem cell clinics. These clinics are often guilty of misleading patients and
delivering low-quality, even harmful, treatments. Additionally, these medical tourism-purported
clinical procedures, which have been performed even in the US, are likely to negatively impact on
the true science and clinical value of stem cells. For the full potential of stem cell therapies to be
realized, these pressing public misconceptions and regulatory clinical concerns must be addressed.
Here, we provide the scientific evidence supporting the safe and effective conduct of stem cells.
Arguably, relying on such evidence-based science to dictate the translation of stem cells from the
laboratory to the clinic should allow an objective assessment of the risks and the rewards, and the
delineation of the hype from hope of this experimental stroke therapy.
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Introduction

Stem cell therapies have been demonstrated in the laboratory as an effective option in
treating a number of neurological disorders, including stroke. By targeting the subacute and
chronic phases of stroke, stem cell therapies offer the advantage of extending the
intervention window which has traditionally been oppressively small. Although substantial
laboratory data support this therapeutic potential, transitioning stem cell treatments into
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approved clinical products has proven difficult. The reasons for this are many, including
fundamental complications which have accompanied non-traditional pharmaceuticals such
as difficulties on achieving to treatment/dosing/cell type consensus, and also the regulatory
and legislative hindrances which have plagued stem cell advancement. Fortunately,
translational lab-to-clinic research endeavors are being made in all of the abovementioned
categories, allowing the initiation of limited clinical trials of stem cell therapies for stroke
patients.

Our understanding of stem cell types and their varying sources has been instrumental in
furthering the field. Specifically, investigations revealing the bioavailability and stemness
capacity of different adult tissue sources — including bone marrow-derived, blood-derived,
and adipose-derived — have guided current research efforts. These cell types have
circumvented the need for fetal and embryonic stem cells, thus allowing the field to avoid
some of the ethical and logistical obstacles which have severely delayed research in the past.
Additionally, a rising awareness of the importance of basic science-inspired clinical trial
designs has been and will continue to be crucial in the development of successful trials.

To date, multiple clinical trials examining the efficacy of stem cell therapies in stroke are
currently under way. These clinical trials have reliably displayed the safety of finely-
regulated stem cell therapies, yet demonstrating their efficacy has proved less consistent —in
large part due to small patient enrolment. This lack of demonstration of efficacy in stroke
patients (and patients with other neurologic disorders) has left an unmet demand for stem
cell therapies. Unregulated and experimental stem cell clinics have risen to fill this demand
as a result of the delayed transition from the laboratory to clinic and the “cure-all” promise
of stem cells which has been circulated by the media. These scrupulous stem cell clinics
operate under minimal oversight in many instances, and pose a danger to patients, as well as
the stem cell field as a whole. This article will discuss the current state of stem cell research
and clinical trials before addressing the dangers which unregulated stem cell therapies
present. Finally, practical solutions will be presented for the challenges which are hindering
the advancement of stem cell therapies into the clinic for patients suffering from stroke.

Stem Cell Biology and Therapy

Research into regenerative medicine has advanced the concept of stem cells as effective
means of restoring central nervous system (CNS) function in the aging and diseased brain
[1], [2]. To date, numerous neurological disorders have been the subject of examination for
stem cell therapy, with highly encouraging results alluding to its efficacy as a stroke
treatment [3], [4], [5]. The current availability of a single stroke treatment - thrombolytic
agent tissue plasminogen activator (tPA) — has not slowed the disease from being a major
cause of mortality and morbidity. This is primarily due to tPA to possessing a narrowing
therapeutic window and its adverse side effects. By targeting the subacute and chronic
phases of stroke, stem cells significantly extend the effective period of intervention,
permitting a larger patient population to benefit from this prospective treatment. From the
many cell types which have been transplanted in the laboratory, a small fraction have
reached clinical trials for cell therapy in stroke, including fetal cells, NT2N cells, CTX0ES3,
embryonic stem cells, neural stem/progenitor cells, umbilical cord blood, amnion, adipose,
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and induced pluripotent stem cells [6], [7], [8], [9], [10]. Bone marrow-derived cells have
been distinguished in preclinical studies and ongoing clinical trials largely due to
maintaining a consistent safety profile when used in other diseases [11], [12]. Additionally,
functional benefits have been demonstrated via both intracerebral implantation and
peripheral transplantation routes, such as intravenous, intra-arterial, and intranasal
administration [11], [12], [13], [14], [15]. From the clinical trials which have been initiated
and their preliminary reports, the safety of cell transplantation has generally been agreed
upon, yet the efficacy warrants additional research [12].

When considering the multiple factors which affect cell transplantation - such as cell route,
dose, and timing of administration - the specific stem cell type used is particularly important
to treatment outcomes [16], [17]. Since the initial stroke animal studies with fetal cell
transplantation, varying degrees of histological and behavioral improvement have been
demonstrated following treatment with NT2N, CTXO0E3, embryonic stem cells,
hematopoietic stem cells, neural stem cells, adult tissue-derived stem cells, and induced
pluripotent stem cells [6], [7], [8], [9], [18]. The quest for finding the optimal cell type for
transplantation therapy has largely revolved around ethical and logistical issues [19]. Fetal
and embryonic cells in particular have been laden with ethical concerns pertaining to their
isolation, while the collection of sufficient supply of cells that recapitulate “stemness” has
been a logistical challenge for the other cell types. In addition to the consistent safety profile
mentioned above, bone marrow-derived stem cells have emerged as a preeminent
transplantable cell type for CNS disorders such as stroke due to being of adult tissue origin
and bearing resemblance with many important stem cell phenotypic features [20].
Specialized subpopulations and bioengineered stem/progenitor cells have been derived and
procured from bone marrow, including mesenchymal stem or stromal cells (MSCs),
endothelial progenitor cells (EPCs), SB623, multipotent adult progenitor cells (MAPCs),
multilineage-differentiating stress enduring (Muse), and others [21], [22], [23], [24], [25].
Among these bone marrow-derived cells, MSCs have been extensively investigated in stroke
animal models. MSCs display adult multipotency characteristics, maintaining the ability to
differentiate toward several cell lineages both in vitro and in vivo [11], [26], [27], [28], [29],
[30]. Following their transplantation in stroke models, MSCs promoted functional recovery
evident by a reduction in cerebral tissue damage and improvements in motor and cognitive
performance [31].

Proposed mechanisms of action for stem cells are numerous, including cell replacement,
growth factor secretion, inflammation sequestration, and promotion of endogenous brain
repair processes (including neurogenesis, angiogenesis, and synaptogenesis) - all triggered
directly by the grafted MSCs or by their secretions [22], [32], [33], [34], [35]. Despite stem
cells being characterized as biologics, evaluation of their early clinical applications reveals
an initial influence of the ligand-receptor pharmacology usually ascribed to drugs. In line
with this, a reductionist singular regenerative pathway prevailed in the quest to define the
mode of action responsible for the therapeutic effects seen in the stroke brain. Fortunately,
we now appreciate the multipronged nature of regenerative stem cell therapy, complimenting
very well the numerous cell death processes that plague stroke brains [36], [37], [38]. The
complexity of stroke physiopathology may also necessitate combination therapy options,
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including potent drugs and biomaterials, which may synergistically facilitate improved
functional outcomes of stem cell-based therapies in stroke patients.

Stem Cell Therapy Clinical Trials

Clinical trials of stem cell therapy for stroke typically fall within two categories, namely
peripheral delivery treatments in subacute stroke patients or intracerebral transplantation for
chronic stroke patients. Initially, for safety purposes, autologous transplantation of bone
marrow-derived stem cells was the first treatment to reach the clinic, and included trials of
minimally invasive delivery routes that utilized intra-venous [39], [40], [41] and intra-arterial
[42] routes in subacute stroke patients. While preclinical studies of intracerebral
transplantation began before exploring peripheral administration methods, the regulatory
requirements for direct transplantation present a greater challenge due to its invasive nature
and its target of chronic patients, therefore direct transplantation has taken a slower path
towards clinical application [43], [12]. Apparent in these clinical trials is the preference for
bone marrow-derived MSCs as the graft source. Additionally, MSCs and fetal brain-derived
neuronal cells have been genetically engineered to obtain a homogenous cell population for
transplantation. As preliminary results from ongoing clinical trials are publicized, prudent
evaluation is required for an accurate evaluation of the improvements observed in patients,
thus progressing stem cells as the future of regenerative medicine for neurological disorders
such as stroke.

Peripheral Injection in Sub-Acute Stroke

Autologous mesenchymal stem cells (MSCs) received regulatory approval for rapid entry
into clinical trials. One particular study evaluated autologous intravenous bone marrow
transplantation (dose of 7-10 million mononuclear cells (MNCs) per kilogram) 24 and 72
hours after stroke (subacute). Over a 6-month period, this open-labeled study resulted in
significant clinical improvements evaluated with a modified Rankin scale and with no
adverse effects observed or reported [44]. The proceeding phase Il included 58 patients at
median of 18.5 days post-stroke administered an average of 280.75 million cells. In this
multicenter randomized trial, there were no improvements in the modified Rankin scale shift
analysis, National Institutes of Health Stroke Scale (NIHSS) score, or the Barthel index
score [13]. In addition, no significant decreases in infarct volume were detected 6-month
post-transplantation when compared to non-transplanted stroke patients [13]. Based on these
results, while passing safety standards, intravenous transplantation of MNCs in subacute
stroke was not indicated to be effective.

Another study evaluated the use of immunoselected CD34+ bone marrow MNCs with intra-
arterial delivery in 5 stroke patients within 7 days of onset, each diagnosed with severe
anterior circulation ischemic stroke (NIHSS score of >8) [45]. During a six-month follow-up
period, no adverse events were reported and both reductions in lesion volume and improved
modified Rankin scale and NIHSS scores were observed.

In a study exploring delayed treatment of stroke, 50 million MSCs were administered
intravenously at 4 weeks after onset followed by another injection at 6 weeks. This study
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included 16 stroke patients and resulted in improved neurological effects evaluated with the
modified Rankin scale, as wells as the absence of serious side effects over a 5-year follow-
up period [46].

Direct Stem Cell Implantation in Chronic Stroke

Recent clinical trials have explored the use of genetically modified stem cells as a treatment
for chronic stroke [43, 12] as recently reviewed [5]. CTX-DP neuronal cell line originated
from human fetal brain was utilized in the UK-based ReNeuron Phase 1 trial called PISCES
[43] whereas SB623, bone-marrow derived MSCs, were used in the US-based SanBio, Inc
Phase 1/2A trial, called ACTISSIMA [6]

The PISCES trial included 11 men who had suffered ischemic stroke and were age 60 years
or older with stable disability based on NIHSS score =6 and modified Rankin Scale score of
2-4 [43]. This trial utilized CTX-DP cells 6-60 months following ischemic stroke via
stereotactic putaminal transplantation [43]. Some improvements in functional and
neurological outcomes were observed 24 months post-transplantation (single intracerebral
doses 2-20 x 106 CTX-DP cells) with no adverse effects from the transplanted cells. In the
ACTIsSIMA trial, 18 chronic stroke patients were evaluated 12 months post-transplantation
and data showed that some transplanted patients exhibited significant improvements from
baseline (average increase of > 19 in Fugl-Meyer total score, mean surge of >11 in Fugl-
Meyer motor function total score average rise of nearly 7 in European Stroke Scale, and
average decline of 2 in NIHSS,) coupled with brain imaging suggesting tissue recovery
readouts [12]. However, given the small sample size in both PISCES and ACTIsSIMA trials,
it is hard to determine the efficacy of these cell therapies in stroke.

Reneuron utilized c-mycER(TAM) technology to attain conditional growth control with a
fusion protein containing a growth promoting gene, c-myc, and a hormone receptor
regulated by the synthetic drug, 4-hydroxy-tamoxifen (4-OHT) in generating CTX-DP
immortalized cell line derived from first trimester human fetal cortical cells [47]. SanBio
transfected human bone marrow-derived MSCs with a Notch intracellular domain (NICD)-
expressing plasmid to generate SB623 cells which possess strong neural characteristics [47].
In contrast to the unmanipulated or minimally manipulated control MSCs, both genetically
modified CTX-DP and SB623 cells, while being comprised of highly homogenous cell
population, were slower to achieve clinical approval, in part because the gene therapy trials
had resulted in the deaths of a number of participants [48]. Accordingly, while CTX-DP and
SB623 passed the homogenous population litmus test, the enthusiasm for gene-modified
stem cell products demanded more rigorous regulatory oversights. In reaction, long-term
animal modeling studies were mandated by both the UK Regulatory and US FDA to
establish the safety, efficacy, and mechanisms of transplanted CTX-DP and SB623 cells [6,
23]. Critical safety analyses including the silencing or gene insert deletion into CTX-DP and
SB623 cells, respectively, before transplantation was a significant hurdle for gaining
regulatory approval. Silencing of c-mycERTAM transgene was achieved in CTX-DP after
growth arrest (epidermal growth factor, basic fibroblast growth factor, and 4-OHT
withdrawal) in cell culture, while CpG-island methylation was revealed to be the transgene
silencing machinery following intracerebral implantation into stroke models [49]. For
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SB623, temporary NICD transfection barred the transfected plasmid from being expressed in
daughter cells [50].

This dual approach of gene-amplified homogenization and gene silencing/restriction
debatably altered the stemness and functional properties of CTX-DP and SB623.
Specifically, the capacity of these neuronal-like cells to migrate is likely reduced due to the
cell’s lineage commitment being relegated to a neuronal phenotype only. Consequently, the
transplant treatment was controlled by the limitation of the final stem cell product with little
regard to the responsiveness of the stroke patient; to circumvent the lessened migratory
potential of CTX-DP and SB623, trials were required to favor an invasive intracerebral
transplant approach — a considerable burden to place on patients suffering from a debilitating
brain disorder. Moreover, while the intracerebral approach necessitated a lower effective
dose range of transplantable cells compared to peripheral routes, the initial targeted patient
population consisted of severe stroke patients. While this is generally the case for early
phase regulatory-approved invasive therapy clinical trials of this sort, critically ill patients
undoubtedly mandate much higher cell count thresholds for effective outcomes.

Considerations for Enhancing the Outcomes of Clinical Trials - Past,

Present, and Future

Clinical trials of cell therapy in subacute stroke have demonstrated the safety of
transplanting MSCs and their cellular derivatives (including MNCs) in patients. In contrast,
primarily due to small patient samples and an open-labeled approach, the efficacy of such
treatments is still controversial. Additionally, inconsistent transplant regimens of the four
peripheral transplantation protocols prevent vis-a-vis analysis of trial outcomes [51].
Similarly, cell dose, timing and delivery route differ greatly across trials. The disconnect
between laboratory findings and clinical transplant protocols calls into questions whether
current clinical procedures are truly based on the robust scientific foundation needed to
qualify as evidence-based medicine [52]. Furthermore, distinct donor cells were used in the
trials, perhaps accounting for the varied clinical results. Based solely on this donor starting
material, assessment of the four trial’s outcomes will be inconclusive. Importantly, improved
clinical design may be achieved by heeding the lab-to-clinic guidelines outlines by the Stem
cell Therapeutics as an Emerging Paradigm for Stroke (STEPS) [16], likely improving
functional outcomes of cell therapy for stroke.

Considering the data from the two clinical trials of cell therapy in chronic stroke, CTX-DP
and SB623 cells genetically-modified profile necessitate long-term monitoring of
transplanted patients; despite solid gene silencing and restriction machinery being employed,
the non-tumorigenic propensity of these cell types was only demonstrated in experimental
stroke animals. In theory, the possibility exists that tumor or ectopic tissue formation could
result from an amplified c-mycERTAM transgene expression or stable transfection of NICD
activating oncogenes when human CTX-DP or SB623 cells are transplanted in stroke
patients.

As future clinical trials advance with larger patient samples, long-term follow-ups, and
thorough assessment of the transplanted cells, we will be able to better analyze the safety,
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efficacy, and mechanisms of stem cell therapy for stroke patients. In this regard, to gain a
fuller understanding of the target patient population, clinical trials utilizing peripheral
transplantation of MSCs in subacute stroke and the CTX-DP and SB623 intracerebral
transplants in chronic stroke should also be evaluated in a vis-a-vis fashion — taking into
account the starting condition of the stroke patients and universalizing transplant protocols.
Finally, this should be coupled with bench-to-bedside preclinical studies to produce ideal
regimes for stem cell transplant in stroke patients.

Unregulated Clinical Stem Cell Procedures

The entry of stem cell therapy to the clinic as a treatment warrants a measure of realistic
hope. For those suffering from a debilitating neurological disorder — such as stroke,
traumatic brain injury, or neurodegenerative diseases — the prospect of stem cell therapy is
an attainable goal and may become a reality in the foreseeable future. This hope has arisen
from legitimate and relevant scientific discoveries, from the cells’ initial embryonic
characterization, to the revelation of the inducible nature of stem cells [53]. Indeed, stem
cells have brought into fruition a novel field of medical research, regenerative medicine,
which even through its namesake provokes hope. Unfortunately, distinguishing this Aope
from the unsubstantiated /ype poses a pertinent challenge. This therapeutic hype has been
nurtured by wide-spread patient misunderstanding and systematic misinformation [54]; the
inconclusive data of stem cell clinical trials has not prevented their advertisement in the
media as a “magic bullet”, purported to have application in a myriad of pathological and
aesthetic conditions. While stem cells indisputably hold relevance in many disorders,
insufficient scientific data exist to support their safe and ethical use on a gross scale. Of
great concern to the scientific community, this hype of stem cell therapy is being exploited
in unregulated, highly experimental clinics around the world [55]. A culture which is largely
naive to the intricacies of cell therapy research — paired with the lure of financial gain from
the commercialization of stem cells — has resulted in a dangerous medical environment
which not only puts patient safety at risk, but also hinders the progression of valid scientific
research [56].

FDA Regulations as Key Guiding Factor for Lab-to-Clinic Translation of

Stem Cell Therapy

Cell therapy has offered clinical promise since the late 1980’s, yet their translation into
effective clinical therapies has been undeniably slow. A number of factors have contributed
to this, particularly the inherent complexity of stem cells and their dynamic interactions
within the mammalian body. Additionally, legislative and bureaucratic elements have further
slowed the pace of cell therapy advancement. The Federal Drug Administration (FDA)
contributes to this discussion in the Unites States (US) on two fronts — for one, certain policy
shortcomings implemented by the FDA have inadvertently aided the rise of US stem cell
clinics offering unproven treatments [57]. Secondly, other more stringent FDA regulations
have served as a bottleneck for clinical advancements. Specifically, an understandable
preoccupation with patient safety has nurtured a culture of safe, but not effective treatments.
This pattern of insufficient regulation over experimental clinics but deterring regulation over
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clinical research is not unique to the US (as will be discussed shortly). Importantly, the two
phenomena are connected; the rise of stem cell clinics has paralleled the slow progression of
stem cell research, as patients pursue alternative options to the “behind schedule” approved
stem cell therapies.

While stem cell clinics in the US do fall under the regulatory guidance of the FDA, the
advent of unregulated clinics is a product of the numerous legislative loopholes, ambiguities,
and operational inadequacies which allow these clinics to carry out unproven treatment
plans. This has permitted an estimated 570 clinics to open and operate within the US to date
[58]. Current guidelines dictate that cell therapy clinics properly prepare and store their
therapeutics, as well as be subject to sporadic evaluations [58]. However, it is generally
accepted that few, if any, unexpected visits are routinely made by the FDA. Additionally, cell
therapy clinics need not receive regulatory approval for their treatments if cells used are
“minimally manipulated”, retain homogenous properties and functions “similar” to those
exhibited in the human body, and are not combined with other therapeutics [57], [58]. It is
not difficult to see how the vagueness in such language could be exploited, especially when
considering the minimal oversight mentioned above. Companies such as Cell Tex
Therapeutics — a Texas-based company which offers stem cell treatments — have exemplified
the faults in the current system [59]. CellTex was able to register with and tout FDA
compliance while circumventing key regulations by adhering more closely to state rules
[59]. With hopes of harboring a productive industry, Texas has legislatively accommodating
to the growing stem cell industry, enabling CellTex to establish a market [59]. In addition,
defining stem cell treatment to be a tissue transplant as opposed to a traditional drug allowed
for more liberal use and fewer FDA restrictions [59].

On the other hand, cell therapies which do adhere to the traditional process of undergoing
clinical trials often face harsh FDA oversight and must meet exceedingly high safety
qualifications. Not only are the current FDA regulations of cell therapy trials stringent, but
as efforts are made to tighten the reins on cell therapy clinics, it is possible that future
legislation will advertently make the process even more difficult for researchers and
physicians to move effective cell therapy into the clinic. Thus, it is imperative that a
cognizant balance be reached, whereby the practices of dangerous and experimental clinics
are prevented, but the means employed to do this not interfere with the translation of future
legitimate stem cell therapies into the clinic.

Medical Tourism

The lack of FDA-approved, affordable, and accessible stem cell therapies in the US has
promoted a rising trend of medical tourism. Medical tourism involves patients traveling
internationally to receive the proposed stem cell cure which is unavailable to them in their
residential country [60], but it appears now that here in the US, a patient may not need to
travel abroad but just to a neighboring state to receive unregulated stem cell therapy.
Nonetheless, the propagation of medical tourism has been aided by athe ease in establishing
international stem cell clinics, especially in countries with practically no regulatory
oversight [61]. These clinics benefit from the hype and anecdotal evidence which surround
stem cells, leading to patients accepting substantial costs for unproven treatments. The
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majority of patients who travel in search of stem cell therapies are suffering from a life-
threatening or debilitating disease, and therefore are willing to go to these extreme lengths in
search for a cure. Australia, for one, has seen an increase in the number of stem cell clinics
offering treatment for conditions ranging from multiple sclerosis and neurodegeneration to
autism and “facial rejuvenation” [61]. Australia’s regulatory Therapeutic Goods
Administration regulates the use of cellular products, but has excluded autologous cell use,
leaving this entire medical industry without oversight [61]. Other nations around the world,
including India, Japan, Turkey, and Canada exhibit similar patterns of hosting minimally-
regulated clinics which offer enticing, yet scientifically non-validated claims, of treating
disease with stem cell therapies.

China is recognized as a focal point for the unregulated stem cell clinic industry. Due to
clear ethical conflicts, the Chinese government attempted to ban these clinics, yet following
the ban, there remained an estimated 100 stem cell clinics in the country in 2009 [62]. In
fact, despite the ban, China’s stem cell clinic industry continued to grow [62]. Fortunately, it
appears that the standard maybe changing in China, with draft legislation issued in 2015
clearly attempting to correct China’s wayward stem cell practices [63]. The new preliminary
legislation dictates that any clinical use of stem cell therapies must pass through the rigorous
evaluation similar to traditional pharmaceuticals in compliance with the Chinese Federal
Drug Administration [63]. Additionally, these clinical trials are restricted to only the highest
ranking Chinese hospitals. And perhaps most importantly, clinical patients may no longer be
profited from, crippling the for-profit stem cell industry [63].

Media-Hyped Magic Bullet Image of Stem Cell Therapy

Unlike traditional treatments, stem cell therapies are not routinely recommended or
advertised by doctors. Because of this gap in doctor-to-patient advertisement, the expanding
media culture has filled this void by connecting patients with stem cell clinics in lieu of
physicians. The media has served two influential roles: as a propagator of information — both
substantiated and exaggerated — on stem cell therapy, and as a convenient means of
establishing clinic-to-patient relationships. The first and most obvious media outlet utilized
by stem cell clinics are websites, often times reporting miraculous testimonials and inflated
claims of treatment efficacy [61]. Additionally, the term “clinical trial” is often used liberally
on these websites, giving the veneer of legitimacy which is associated with regulated clinical
trials [61]. Many of these websites encourage medical tourism as well, pandering
specifically to international patients and offering guidance and accommaodations for their
travel [64]. In a systematic review of US stem cell clinic websites, it was found that most
diseases which the clinic advertised to treat had little-to-no scientific backing when
searching the PubMed database [65]. These websites are central to the discussion, with
nearly 8 million Americans searching for medical advice online daily [65]. Equally as
important, due to current advertisement regulations, these websites may be the only way
which clinics can directly connect to patients outside of the more undefined realm of social
media outlets such as Twitter and Facebook [65].

Notwithstanding, media platforms, such as Twitter, are also significant factors affecting the
public conception of stem cell therapy due to the overwhelmingly large transit of easily
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accessible online scientific information which can be disseminated to a massive audience
base. Twitter presents a convenient and powerful tool to spread quasi-scientific reports and
testimonials, having a significant impact on public opinion and perception. Two studies
investigated the content of tweets on the subject of stem cells and found that the majority are
positive or neutral in nature, with an underrepresentation of critical or skeptical viewpoints
[66], [67]. This poses a problem, as the use of unproven and unregulated treatment methods
should indisputably be associated with healthy skepticism, yet biased media portrayal effects
opinion and behavior. In the absence of healthy skepticism, and with the support of stem cell
hype, terminally and chronically ill patients can understandably be drawn to unregulated
stem cell clinics in hopes of finding the cure they desire.

In general, the Internet has become increasingly relevant to how patients view, become
informed, and ultimately pursue their medical treatment under the banner of “nip, tuck,
click” approach [68]. Trends such as third-party mediators and consultation services have
aided in “removing the physician” from the medical process. One division of these internet-
based services are those of stem cell clinic liaisons, who help to connect prospective patients
with the clinic and mediate treatment plans [69]. As with the industry at large, these liaisons
are not regulated, are not required to have any standardized training, and are not likely to
present impartial advice — all of which puts the patient’s safety in jeopardy [69].

Effects of Unregulated Trials on the Scientific Field

Unregulated stem cell therapies not only pose a risk to patients, but also pose a wider danger
to the scientific field of stem cell research as a whole. In addition to the patients who have
paid large sums of money for ineffective treatments, a number of adverse events have been
reported from stem cell therapies. A recent report of a glioproliferative spinal cord lesion
highlights the dangers that are not only inherent with stem cell therapies, but also those cells
(e.g., cancer cells) which increase exponentially as the quality of stem cell treatments lessens
[70]. The patient presented with a thoracic spinal and thecal sac tumor, which upon biopsy
displayed predominantly of non-host tissue [70]. Previously, the 66-year-old man had
received intrathecal injections of mesenchymal, embryonic, and fetal neural stem cells from
clinics in China, Argentina and Mexico [70]. Current stem cell therapies hold a danger of
over-proliferative lesions such as this, but the unregulated nature of these stem cell clinics
means less well-defined cell types and a high risk of such growth.

Similarly, two cases of post-transplantation lesion formation have been described; one of a
46-year-old female who presented with an angiomyeloproliferative lesion found on her
kidney after receiving intrarenal injection of stem cell for lupus nephritis from a Thailand
clinic [71, 72]. Another case highlighted a Russian boy developing spinal and brain tumors
following fetal stem cell transplants [71]. Other complications, such as blindness following
ocular stem cell injections for macular degeneration, are not uncommon [58].

The development of such side effects is worrisome enough, but the true injustice lies in the
inadequate warning patients receive prior to these unregulated stem cell procedures. As
mentioned previously, the majority of stem cell clinics are hesitant to disclose the extent of
the risks linked to their unapproved treatments. Accordingly, commercial stem cell clinics
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damage the reputation and integrity of stem cell therapy, tarnishing the actual potential that
it holds [71]. These clinics and the risk of detrimental effects that they pose to unsuspecting
patients imparts skepticism upon the stem cell brand as a whole. With legislative bodies
being instrumental in developing policies which harbor safe and effective stem cell
developments, it is critical that the public opinion — composed of those who elect such
legislators — remain critical of the unregulated clinics, but favorable to the sound scientific
evidence supporting stem cell research towards safe and effective therapies. The lessons of
history tell us that public opinion may be easily influenced by a political machinery. Indeed,
the effect of public and political opinion on stem cell research was exemplified during the
Bush administration, with National Institutes of Health funding of embryonic stem cell
research banned throughout the 8 years of presidency [53].

Future Perspectives

As the field of stem cell therapy moves forward, it is vital that the challenges presented
above are addressed. The hazards of unregulated stem cell clinics must be tackled, as well as
the regulatory hindrances which have plagued legitimate stem cell research. First and
foremost, public education must be a priority, as a majority of the dangers posed by
unregulated stem cell clinics depend on a degree of misinformation on the patient’s part;
misinformation is most effectively combatted by education. Ensuring that patients are well
informed before deciding on stem cell therapies, as well as rooting out the myths and hype
which surrounds stem cells, may have profound effects on curbing the growing stem cell
clinic and medical tourism trends [73]. Educational resources already exist, but are not
widely available or utilized [73], [74]. Thus, making these resources more readily available
and being proactive about educating patients following their diagnosis are important first
steps. Ensuring that physicians and health care professionals prioritize patient education —
especially in the case of traditionally incurable diseases such as multiple sclerosis,
amyotrophic lateral sclerosis and other chronic neurological disease — and respects the
patients’ autonomy in the decisions making process, while also giving them the tools to
make the safest choice.

The importance of cell therapy follow-up care should also be defined, including for example
physical therapy and nursing care [75]. Because cell therapy treatments are recognized as
risky within the medical field, patients may be hesitant to seek follow up care after receiving
such unadvised treatments. This only exacerbates the dangers though, as the patients are
simultaneously undergoing a potentially dangerous treatment while also resistant to seek
medical help [76]. In light of this, physicians should not only work to educate patients about
the true risks of unproven stem cell therapies, but also be careful not to stigmatize them to
such a degree as to deter patients from maintaining an open line of communication if they do
decide to undergo treatment [76].

A joint workshop held in 2013 by the Institute of Medicine, the National Academy of
Sciences, and the International Society for Stem Cell Research explored the issues faced by
the stem cell field, and posed a number of important ideas [77]. Among these suggestions
was that physicians should help patients sort through clinical trials options if they are
determined to follow through with stem cell treatment plans. This approach requires that we
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maintain a realistic perspective on the likelihood that terminally ill patients who have
proposed stem cell therapies are likely to pursue them. Thus, physicians may be able to
promote patient safety by first discouraging the use of these experimental treatments, but by
also guiding patients to the most reputable and scientifically-supported clinics if they are
unwavering about their pursuit of this of treatment [77]. This could be further improved by
implementing a certification system for clinics, whereby clinics which subject themselves to
additional regulations could be recognized for their transparency [77]. As an additional
consequence, this may offer commercial incentives to clinics, with a higher safety rating
encouraging patients to prefer one clinic over another.

Improved regulations by oversight institutions, such as the FDA, will also be critical in
encouraging safe stem cell research and therapies. In order to both encourage the
advancement of stem cell research, while also reigning in rogue stem cell clinics, cognizant
legislation will certainly be necessary. Currently, the FDA has proposed a series of four draft
guidelines and is considering public opinion before attempting to finalize the measures [77].
These guidelines will attempt to further distinguish legitimate clinical trials from clinics
which use the facade of “research” as a marketing tool and pave the way for a more
conducive atmosphere for the legitimate research bodies.

The case for the formation of a Stem Cell Ethics Consortium has been made previously [53].
An effective shift in stem cell policy and trajectory will require an open dialogue and a well-
designed consortium could serve as the platform for this much needed public discourse.
Moreover, this would also allow for an interdisciplinary approach to solving the ethical,
legal, and social issues which must be overcome if the promise of stem cell therapy is to be
fully realized [53]. Undoubtedly, evidence-based solutions weighing the risks against the
benefits and delineating the hype from hope have been proposed for the challenges discussed
above, and thus the onus now falls on us, the scientific community, and regulatory
institutions to make meaningful changes towards the realization of safe and effective stem
cell therapy for stroke.

Conclusion

Stem cell therapies are now recognized as a viable way to repair the brain following stroke
and other neurological insults, but these cell-based therapies remain experimental. This
comes as a results of laboratory findings which have advanced our understanding of how
stem cells function and the practical differences of varying stem cell types; in particular,
these findings have revealed MSCs as a leading candidate for stroke treatment. Importantly,
MSCs maintain the ability to differentiate towards neural cell lineages, secrete growth and
anti-inflammatory factors, and are relatively convenient to harvest circumventing many
logistical as well as ethical concerns. Thus, MSCs and their derivatives have been heavily
investigated in multiple US clinical trials and hold great promise as a source of stem cell-
based clinical therapies. Clinical trials with MSCs and other cell types have unanimously
agreed upon the safety of stem cell treatments, yet have been less conclusive on their
efficacy for stroke. The reasons for this are not singular, but FDA policies which have been
implemented in order to prioritize patient safety may also be inadvertently hindering the
development of effective treatments. Additionally, technical factors, such as the innate
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complexity of stem cells, and a translational research disconnect between laboratory findings
and clinical trial design have further slowed the process. Furthermore, the success of
translational outcomes requires that we abandon the notion that stem cell therapy is a magic
bullet for stroke, but instead consider combining such therapy with gold standard of
treatment of care, such as rehabilitation therapy and other emerging stroke therapeutics [75,
78-86] as well as being cognizant of stroke co-morbidities [87-92].

Beginning with their initial characterization, stem cells have been a source of great hope for
patients suffering with debilitating disorders. In many cases though, this hope has led to a
degree of scientifically-unsubstantiated hype. This hype, paired with the delayed transition
of stem cells into the clinic and vague regulatory guidelines, has created an atmosphere
permitting the rise of commercial experimental stem cell clinics in the US and abroad. These
clinics pose a threat to patients who are often exploited and misinformed about the potential
risks. Of equal importance, these clinics have the potential to negatively affect public
opinion of stem cell therapies. When considering the legislative reforms which will be
necessary to advance stem cell therapies their full clinical promise, favorable public opinion
is invaluable. The necessary reforms should address both the growing concern of
unregulated stem cell clinics as well as the current limitations on valid research which have
slowed the progression of stem cell therapies.

In addition to legislative changes, prioritizing patient education will be a key step in
promoting patient safety and awareness of experimental stem cell clinics. Particularly upon
diagnosis, ensuring that patients are fully aware of the stem cell option and the risk/benefit
profile increases the likelihood that patients will make an informed decision about their
treatment. Finally, creating an open dialogue by forming an appropriate platform —
specifically, a stem cell consortium — where an interdisciplinary approach can be pursued
towards addressing the legal, ethical, and scientific issues and ultimately enhancing the
safety and efficacy of stem cell therapy for stroke in the clinic.
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