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Since the discovery of stem cell therapy, researchers have attempted to determine whether it can be a safe
and effective treatment for spinal cord injury (SCI). This page addresses what stem cell therapy is and its
current place in SCI.

Key points

e Stem cells are cells that have the ability to self-renew indefinitely and specialize into different types
of functioning cells.

e Stem cell treatment following SCI has been proposed to prevent further damage to the spinal cord,
bridge lesion sites, and promote the regrowth of nerves.

e There 1s limited evidence that stem cell therapy is safe and effective in humans (across different
disorders) and therefore more work needs to be done to confirm safety and potential effectiveness.

e There are currently no stem cell therapies approved for SCI. However, many clinics worldwide
continue to offer cell transplantation-based treatments including stem cell therapies that have very
little scientific evidence to back them up.

e [t is important to stay well-informed about ongoing research and importantly the potential risks
involved in stem cell-based treatments.

What are stem cells?

All tissues and organs in the body N
.. Stems cells have the ability to
originate from stem cells. Stem cells are self-renew (blue arrow), and
unspecialized, blank cells that have the turn into different cell types such
-1 . T as muscle cells, skin cells, and
ability to turn into specialized cells (e.g., nerve cells (pictured).!
neural cells, muscle cells, etc) through
chemical signals in the body. These cells
are responsible for maintaining and repairing the tissue they
are found in. Stem cells are defined by two characteristic
features: 1) their ability to self-renew (i.e., make copies of
themselves) and 2) their ability to differentiate into functioning
cell types (i.e., they can turn into specialized cells). Some stem
cells are only found in certain parts of the body or at certain
stages of life. There are three main types of stem cells that are
currently used in stem cell therapy or research.
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Embryonic stem cells

Embryonic stem cells are sourced from embryos that are about a
week old. In Canada, embryos cannot be specifically created for
research purposes. Instead, these stem cells originate from
unused embryos from fertility clinics. Their use in research raises
ethical controversies as the embryos are destroyed during the
harvesting process. These cells are pluripotent which means that
they can turn into any cell in the body except for the umbilical
cord and placenta.

Adult stem cells

Adult stem cells (also known as somatic stem cells or tissue-specific
stem cells) are sourced from organ tissues (e.g., the heart, bone Neurons extending

marrow, fat) found in the bodies of infants, children, and adults. gg{g;oirizusﬁeor; cells 2

They can also be produced from discarded placentas and

umbilical cords. They have less capability to self-divide and specialize into different cell types compared to
embryonic stem cells. Rather, adult stem cells more commonly produce tissue types in which they are found,
so are multipotent. For instance, blood stems cells only have the potential to generate red blood cells, white
blood cells, and platelets.

Induced pluripotent stem cells

Advancements in technology have allowed researchers to reprogram specialized adult cells back into their
pluripotent state to resemble embryonic stem cells. These cells are known as induced pluripotent stem cells.
These cells are often obtained from taking a small sample from adult tissue, such as the skin. Because this
process does not harm the donor nor does it involve embryos, the same ethical issues facing above-discussed
cells are not encountered with induced pluripotent stem cells. Induced pluripotent stem cells can also reduce
the risk of rejection by the body because the adult cells are derived from the person’s own body. Despite this
exciting discovery, there are lots of obstacles to overcome before they are used in human studies.

What are stem cells used for?

Stem cell therapy is the use of stem cells to help replace or repair damaged tissue in the human body. In
this type of therapy, stem cells are either differentiated into the cell of interest outside of the body prior to
transplantation (exogenous), or directly transplanted into the site of injury (endogenous). In exogenous repair,
scientists differentiate specific stem cells types in a laboratory and then implant the cells into the body. On
the other hand, endogenous repair consists of directly transplanting stem cells into the body, and depends
on the body’s ability to transform the cells into the specific type required for repair. These cells can be
sourced from various places: autologous transplantation involves the use of stem cells from the person who is
receiving the transplant, whereas allogenic transplantation involves receiving stem cells from a donor.
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Cell transplantation versus stem cell transplantation

Cell transplantation is an umbrella term for stem cell transplantation. Different cells can be
transplanted into the body including fat cells, bone marrow cells, and nose cells. Cell transplantation
is the process of transferring cells into areas of the body that are damaged or injured. These transfers
work in 2 main ways: 1) the cells can be transplanted into the injury site for direct repair, or 2) the
cells can be transplanted into the blood where they can circulate around the body and cause system-
wide changes. Most work in SCI focuses on putting a more specialized cell into the injury site (not
just stem cells). For example, a stem cell can be pushed towards becoming a myelinating cell and then
the myelinating cell could be transplanted into the injury site, or a Schwann cell could be harvested
from the leg and then transplanted at the injury site.

J

Currently, only a small number of conditions are approved to be treated with stem cell therapy. Bone
marrow transplants for leukemia have been performed for many years. Epithelial stem cell transplants are
also done to regenerate cells in those who have suffered burns or disorders of the cornea. Stem cell therapy
for other purposes, including SCI, is still relatively new and much of the research is still in its early stages.
The figure below highlights important landmarks in the history of stem cells research.

A brief history of stem cells
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How can stem cells be used for SCI?

With SCI, stem cells could theoretically be used to replace Healthcare professionals preparing
injured or destroyed nerve cells or protect further attack by for a stem cell transplant.18

the immune system around the injury site. The main goal of
stem cell therapy for SCI is to improve the conduction of
information past the injury. As of yet, there are no stem cell
treatments that can reverse or repair a SCI. While there is
some thought that stem cells may be used to help recovery,
researchers are still currently unsure of exactly how stem
cells/cell transplantation can help recovery from a spinal cord
injury. However, many hypotheses have been made:

e Neuroprotection: Stem cells may help prevent further damage to the tissue in the
area surrounding a spinal cord injury. By limiting the amount of damage, more Refer to our

function may be saved. ilrgl(;:gp?’gtection

e Supporting the host cell: Stem cells may help enhance the survival of nearby cells for more L
by secreting molecules that control inflammation and/or improve the regeneration information
of blood cells.

e Creating new blood vessels: Stem cells may help promote faster regrowth of new blood vessels and
protection of the existing ones. Having more blood vessels may increase the amount of oxygen and
nutrients available for surviving cells.

e Regrowth of axons: Stem cells Dendrite
may help axons regrow through
developing bridges across the site
of the lesion and decreasing
scars. However, it is important to
note that the regeneration of
axons may not always lead to
functional benefits and could
even lead to adverse effects such
as increased pain.

Axon Terminal

MNode of

Ranvi
Cell body amyer

Schwann cell

e Regeneration of myelin: Myelin
forms insulation around nerves, Nucleus
allowing electrical signals to
transmit efficiently to other nerve
cells. Stem cells may also be used
to replace the support cells that
wrap myelin around nerves.

Myelin sheath

The anatomy of a neuron1®
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What stem cell research has been done in human SCI

populations?

There are a number of ongoing and completed
studies of weak to moderate evidence that evaluates
the safety and efficacy of stem cells in people with
SCI. Given that stem cells are still experimental,
there is no specific stem cell type that is proven to be
more effective over another. In research, studies
have tested a large variation of stem cell sources,
including blood, bone marrow, the nose, umbilical
cords, and other nerves. While some of these stem
cell sources come from fetuses, most studies have
used stem cells from the person’s own body.

Care should be taken when interpreting these
findings as they are derived from small trials with
flaws in study design and documentation. Many
more large-scale studies are required to determine whether stem cells have a role in treating people with
SCI and if so, how transplantation should be done to minimize the health risks and maximize the
potential of stem cell-based therapy.

SCl research on stem cells has largely focused on laboratory and
animal experiments. Human studies are in their initial phase.2°

For a review of what we

mean by “strong”,
Improved AIS score TR, EE e
In research, a common way to determine the success of any treatment is through evidence, refer to the
. . . SCIRE Community
comparing ASIA Impairment Scale (AIS) scores before and after transplantation. Evidence Ratings.

An individual’s AIS score consists of their muscle strength and sensation below
their level of injury, in addition to anal sensation and contraction. Two weak

evidence studies with a small number of participants (less than 10) found that stem RETEID GUr ATER

on Spinal Cord

cell treatments improved the AIS score of all participants. Conversely, two weak Injury Basics for
evidence studies found that only a portion (29-66.7%) of their participants saw an omnoﬁén;%rgr]:;m

. . . >
improvement in AIS scores.
4 )

Natural recovery after SCI

Although some studies have shown improvements to movement and sensory AIS scores, it is also
important to note that natural (or spontaneous) recovery can occur within the first year of a spinal
cord injury. In individuals with SCI, natural recovery of movement and sensation may occur up to 12-
18 months post injury. Some stem cell studies have been conducted with newly injured individuals
(i.e., less than 1 year after sustaining a spinal cord injury). As a result, spontaneous recovery may
have played a role in the findings of improved function and sensation, not stem cell therapy.
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Improved sensation

There have been some mixed findings on the efficacy of stem cells on sensation. Some
weak evidence research studies have seen improvements in sensation for some
individuals, but no large-scale study has found improvements for their entire sample. A
moderate evidence study found significant changes in sensation when compared to
individuals who did not receive stem cell therapy. However, a second moderate
evidence study found that sensation improved over a year, but the amount of
improvement was not significantly different than individuals who did not receive stem
cell therapy. Currently, it is hard to conclude whether the use of stem cells is effective for
oL the restoration of sensation.

Improved motor function

There is some weak to moderate evidence showing that stem cells may help the
recovery of motor function. The type of recovery in these studies has been quite
diverse, ranging from a tetraplegic individual regaining the ability to hold their
head up and move their upper limb, to the ability to walk with crutches and
braces. However, the percentage of people who re-develop the ability to walk
again in studies is low (i.e., 1-2 people out of 10-20 total participants). Moderate
evidence suggests that stem cells may be more beneficial for movement in the
arms and hands than the legs compared to people who did not receive stem cell
therapy. Similar to sensation, no large-scale study has shown a high success rate
in the recovery of motor functioning in response to stem cell therapy. In fact,
there have been several studies that have found no improvements in motor
function amongst their participants.

Improved neural connectivity

The signals relayed from the brain to the muscles are disrupted
when a spinal cord injury occurs. To observe what connection
remains, researchers apply stimulation to the brain and observe
whether or not a signal is received at the arms/legs. If there is a
signal present, researchers then note of how long it takes for the
signal to get to the arms/legs, and the strength of the signal. As
stem cells are supposed to theoretically help repair the spinal
cord, it is thought that these signals would start to
reappear/improve with stem cell therapy.

Motor evoked potentials

Motor evoked potentials are used to evaluate the connections between the brain and the muscles. Four low
to moderate evidence studies have seen a reappearance of motor evoked potentials in individuals who
were lacking them before, although the proportion of individuals who see a return is quite low (i.e., a
range of 3-10 participants out of 20). Weak-moderate evidence research has also found improvements
in the time it takes for signals to go through after stem cell therapy.
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It is important to note that these improvements are not always associated with e o el
improvements in AIS grades. Contrary to the previous findings, one research on Understanding
group found that the time taken for signals to travel from the brain to the muscle Research Evidence

. .. . . . . for more information
did not change, despite increases in AIS grade. This means that while functional on spontaneous
improvements were seen, the connections between the brain and the muscle did recovery. >
not improve.

Somatosensory evoked potentials AT
Somatosensory evoked potentials are used to evaluate the a
sensory connections between the brain and the |
rest of the body. Several studies have found a }‘
reappearance of sensory signals in the wrist < Tk
and/or ankles in a portion of their e (

participants. For participants with sensory AL »
signals present prior to receiving stem cells, \@ﬁ?{&@’{% 1 g
evidence shows that these signals may be \:\\
strengthened, and that these signals may P
travel faster. Although these findings appear S 7
promising, the longevity of the strengthening
effect is brought to light by one group of
researchers who showed that the newly The brain normally interprets sensation through a pathway (in
obtained sensory signals disappeared after one green) pf nerves that travel from the limb, to the spinal cord, to
year. More research is required to determine how the brain. =
to consistently obtain these results, and to
determine whether these effects are truly non-lasting.

Bladder & Bowel

Individuals with spinal cord injury often experience a lack of sensation and w

control of their bowel and bladder. Some research suggests that stem cell therapy

may restore some sensation of bladder fullness and anal sensation. There are also

some positive reports on the restoration of voluntary bladder contractions and

anal control. Moreover, one study (moderate evidence) indicates that stem cell -

therapy may further improve bladder function by allowing individuals to hold
more urine in their bladder, to increase the rate of urine passage, and to empty
urine with less effort from by the bladder. However, the proportion of people in
these studies who receive these bladder benefits are low.

Functional Independence and Quality of Life

— There is limited evidence that stem cell therapy has a positive impact on
functional independence and quality of life. Participants from three studies
(weak evidence) reported that their self-care ability has improved in areas
including bowel/bladder management, grooming, feeding, transferring,
dressing, and mobility.
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Sexual functioning

Most of the research on the effects of stem cell therapy and sexual functioning has been

conducted with men. One weak study found that 31% of the men had improved

erections while another found that sexual functioning improved as a result of increased

sensitivity in the genital area. More research is required to determine the consistency of

the effects in addition to the impact on sexual functioning of women. 28

Evidence for no improvement

While there have been some successful findings from stem cell therapy use in SCI, there are trials that
have found no effects. Three studies found that none of their participants experienced any changes in their
sensory or motor function. Meanwhile, other studies with a small number of participants (e.g., 5-20) have
found that stem cell therapy may have an effect for some individuals, but not others. The number of
people who do not experience any positive benefits from stem cell therapy is unpredictable, and has
ranged from 40-87%.

What are the risks and considerations of using stem cells?

Even though Health Canada and USA Food and Drug Administration (FDA) have not yet approved of
any stem cell therapies for SCI in Canada, some private clinics around the world are already selling
these treatments before establishing safety and effectiveness. In Canada, offering stem cell therapies is
illegal unless it is for research purposes. Before you decide, consider the following points below with a
health care provider. Use these points to think critically about what is being advertised.

There is no consensus on whether stem cell therapy is effective

As described in this article, there is a lack of evidence supporting the use of stem cell therapy for spinal
cord injury. Stem cell therapy is being explored as a treatment for many types of medical conditions;
however, there is only strong evidence that supports its use with blood or immune system disorders that
are often experienced after cancer. Currently, scientists are unsure how to repeatedly produce positive
effects with the use of stem cell therapy for individuals with SCI. In addition, there remain many uncertain
aspects of stem cell therapy such as knowing which type of stem cell is most effective for replacing
different tissues, how these stem cells should be manipulated to produce the required cells, and what is the
best way to deliver stem cells to the target area.

There are a variety of risks associated with stem cell therapy
Safety

There are many safety risks associated with stem cell treatments, and these risks may be
higher for individuals with spinal cord injuries. Some stem cell marketers may emphasize
that a treatment is safer if the cells are coming from your own body; however, this does
not guarantee safety. If the stem cells are grown and multiplied before being injected into
your spinal cord, the cells may lose some important properties and traits in the process,
such as the ability to control growth. This may lead to the development of various tumors and/or
cancers. In addition, when the cells are removed from your body, it is possible that they be exposed to
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bacteria or viruses prior to being re-transplanted into your spine. There is also a chance that
complications may arise which may lead to short- or long-term health problems. This may lead to your
injury or symptoms becoming more difficult to manage.

In clinical trials with people with SCI, there have been multiple adverse events resulting from stem cell
therapy. The majority of stem cell studies conclude that transplantation is relatively safe due to the lack
of serious safety problems or complications observed. Mild adverse events are infrequently reported in
studies, but some have been documented. Some examples that have been reported include urinary tract
infections, pain, hypothermia, headaches, increased spasticity, pressure sores, and depression. Serious
adverse events that have been noted in research studies include:

e The worsening of motor functioning

e Development of a cyst on the spine (which causes a concern for cancer)

e Collection of fluid along the surgical site

e Meningitis, resulting in a decrease in AIS score

e Worsening of sensation (e.g., worsened symptoms of tingling, decrease in sensation)

However, it is important to note that these adverse effects were only monitored over the period of the

study. Currently, long term effects and side effects of stem cell therapy is unknown. Further
longitudinal research is required.

Financial
o As the use of stem cell therapy is not currently approved by the government, most often
government health programs and insurance companies will not cover the costs. The costs
of receiving stem cell therapy can be very high. On top of the cost for the treatment (being
in the tens of thousands of dollars itself), there is the cost of travel, accommodations, and
other fees. In addition, travelling for stem cell therapy may require you to go through a
medical procedure without the support of all your family and friends.

Research

Receiving an experimental treatment is not the same as participating in a clinical trial. If
you choose to receive stem cell therapy from a private clinic, you may be ineligible from
participating in future clinical trials. Participating in a clinical trial is advised over
receiving stem cell therapy from an unregulated private clinic, as:

e Clinical trials are overseen by an independent medical ethics committee. This group
of people is there to protect your rights and safety as a participant.

¢ C(linical trials require some safety and efficacy testing before trying it in humans. This ensures that
the treatment is relatively safe and effective.

e By participating in a clinical trial (research), you are contributing back to the pool of knowledge.
When you partake in a research study, you help scientists learn more about stem cell therapy and the
safety or effectiveness of it.

e There is no cost for the treatment in a clinical trial, as participants are not required to pay to partake
in research studies.
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Stem cell marketing sites are likely misleading

Unapproved stem cell marking websites often feature
many patient testimonials in addition to references to
research studies. The use of testimonials may be very
persuasive, but may be misleading. Some of the
positive benefits that these individuals may be feeling
may be the result of the placebo effect. Given that many
people who go in for stem cell therapy treatment have
a strong belief that it will work, they may perceive less
pain or greater sensation after their treatment. Patient
anecdotes should not be held equal to research
evidence supporting the use of stem cell therapy.

Private stem cell clinics often use overly-positive/ optimistic
advertisements that may be misleading.32

Additionally, many private stem cell therapy clinics will try to sell the treatment by citing multiple
research studies to build credibility. In reality, these research articles often have no direct association with
stem cell therapy specific to spinal cord injuries. Currently, there is a lack of high-quality research studies
on stem cell therapy. As a result, many of the human-based studies cited are low quality and are not
specific to spinal cord injury, and some reports are based on animal trials.

Should | participate in a stem cell clinical trial?

Before taking part in a research trial, it is important to seek medical advice from

Refer to our article on

your healthcare team. Your healthcare providers can direct you to SCI studies that Understanding

are available, assess whether you are a suitable candidate, and provide you with Research Evidence for
. . .. . .. more information

educational resources. There are also online databases containing registered clinical

about different types of |

trials such as SciTrialsFinder.net, ClinicalTrials.gov, ISRCTN Registry, and the research studies.
International Clinical Trials Registry Platform (ICTRP).

Ensure that the trial you wish to partake in is approved by:

e An independent review committee such as an Institutional Review Board (IRB) or Ethics Review
Board (ERB) to protect your rights as a participant

e A regulatory agency such as Health Canada, USA Food and Drug Administration (FDA), or
European Medicines Agency (EMEA) to make sure the treatment will be conducted in a safe manner

Experimental Treatments for Spinal Cord Injury: What you should know is a guide outlining other important
considerations to think about before agreeing to participate in a clinical trial for an experimental treatment.

The bottom line

Stem cells continue to be a hot topic in SCI research. Their therapeutic potential in preventing further
damage to the spinal cord and promoting regrowth of nerve cells has inspired a vast number of studies.
However, it is important to note that there is a lack of consistency in the research in regards to the
effectiveness and reported benefits of stem cell therapy for individuals with SCI. While there has been
some positive evidence for stem cell therapy in these studies, it remains unclear whether this treatment is
safe and effective for people with SCI.

10
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There are currently no approved stem cell treatments for SCI. Stem cell treatments have not been proven
to be safe and effective in clinical trials. Even so, many clinics around the world offer stem cell therapies
that do not have proper evidence to back up their claims. Although stem cells therapy is taking a long time
to get approved as a regulated treatment, remember that the process by which research is translated into
medical practice is in place to minimize harms and to maximize benefits and effectiveness. If you wish to
undergo a stem cell treatment, the risks should be weighed against the benefits. It is best to discuss all
treatment options with your health providers to find out which treatments are suitable for you.

For a list of included studies, please see the Reference List. For a review of what we mean by “strong”,
“moderate”, and “weak” evidence, refer to the SCIRE Community Evidence Ratings.

Related resources

Understanding research evidence: https://community.scireproject.com/topic/understanding-research-evidence/
The International Society for Stem Cell Research (ISSCR): https://closerlookatstemcells.org/about-isscr/

Experimental Treatments for Spinal Cord Injury: What you should know: https://asia-spinalinjury.org/wp-
content/uploads/2016/02/Experimental_Treatments_for_SCI.pdf

European Spinal Cord Injury Federation: Unproven therapies — a list of unproven stem cell clinics around the world:
http://escif.org/ESCIF,,extra_navi,unproven_therapies,unproven_therapies.htm

Abbreviated reference list (PDF)

Full reference list available from: https://community.scireproject.com/topic/stem-cells/#reference-list
Glossary terms available from: https://community.scireproject.com/topics/glossary/
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