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STEM CELLS IN PSYCHIATRYCommentary

While laboratory studies move forward at full speed, 
the clinical use of stem cells—undifferentiated 
cells that can develop into many different types 

of specialized cells—remains controversial. Presently, only 
unadulterated stem cells are allowed to be used in patients, 
and only on an experimental and investigational basis. 
Stem cells that have been expanded, modified, or enhanced 
outside of the body are not allowed to be used for clinical 
application in the United States at this time. In June 2021, 
the FDA strengthened the language of stem cell regulation, 
further limiting their clinical application (see https://www.
fda.gov/vaccines-blood-biologics/consumers-biologics/
important-patient-and-consumer-information-about-regen-
erative-medicine-therapies). Yet some applications, such as 
treatment of lymphoma or restorative knee injections, are 
covered by some health insurance plans, and the acceptance 
of stem cell treatment is growing.

In this article, I describe the basics of stem cells, and 
explore the potential therapeutic use of stem cells for treat-
ing various mental illnesses.

Stem cells: A primer
Human embryonic stem cells were initially investigated for 
their healing properties. However, the need to harvest these 
cells from embryos drew much criticism, and many found the 
process to be ethically and religiously unacceptable. This was 
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resolved by the Nobel prize–winning dis-
covery that adult somatic cells can be repro-
grammed into cells with embryonic stem cell 
properties by introducing specific transcrip-
tion factors. These cells have been termed 
“induced pluripotent stem cells” (iPSCs).1 
The use of adult stem cells and stem cells 
from the umbilical cords of healthy new-
borns has allowed for wider acceptance of 
stem cell research and treatment. 

Stem cells may be collected from the 
patient himself or herself; these are autolo-
gous stem cells. They may also be harvested 
from healthy newborn waste, such as the 
umbilical cord blood and wall; these are 
allogenic stem cells. Autologous stem cells 
are present in almost any tissue but are usu-
ally collected from the patient’s adipose tis-
sue or from bone marrow. Understandably, 
younger stem cells possess higher healing 
properties. Stem cells may be mesenchymal, 
producing primarily connective and ner-
vous tissue, or hematopoietic, influencing 
the immune system and blood cell produc-
tion, though there is a considerable overlap 
in the function of these types of cells.

Adult somatic stem cells may be turned 
into stem cells (iPSCs) and then become any 
tissue, including neurons. This ability of 
stem cells to physically regenerate the CNS 
is directly relevant to psychiatry. 

In addition to neurogenesis, stem cell 
transplants can assist in immune and vas-
cular restoration as well as in suppressing 
inflammation. The ability of stem cells to 
replace mutated genes may be useful for 
addressing inheritable neuropsychiatric 
conditions.

Both autoimmune and inflammatory 
mechanisms play an important role in most 
psychiatric illnesses. The more we learn, the 
more it is clear that brain function is pro-
foundly dependent on more than just its 
structure, and that structure depends on 
more than blood supply. Stem cells influ-
ence the vascular, nutritional, functional, 
inflammatory, and immune environment of 
the brain, potentially assisting in cognitive 
and emotional rehabilitation.

Stem cells operate in 2 fundamental ways: 
via direct cell-to-cell interaction, and via the 
production and release of growth, immune-
regulating, and anti-inflammatory factors. 

Such factors are produced within the cells 
and then released in the extracellular envi-
ronment as a content of exosomes. The route 
of administration is important in the delivery 
of the stem cells to the target tissue. Unlike 
their direct introduction into a joint, muscle, 
or intervertebral disk, injection of stem cells 
into the brain is more complicated and not 
routinely feasible. Intrathecal injections may 
bring stem cells into the CNS, but cerebro-
spinal fluid does not easily carry stem cells 
into the brain, and certainly cannot deliver 
them to an identified target within the brain. 
Existing technology can allow stem cells to 
be packaged in such a way that they can 
penetrate the blood-brain barrier, but this 
requires stem cell modification, which pres-
ently is not permitted in clinical practice 
in the United States. Alternatively, there is 
a way to weaken the blood-brain barrier 
to allow stem cells to travel through the 
“opened doors,” so to speak, but this allows 
everything to have access to the CNS, which 
may be unsafe. IV administration is techno-
logically easy, and it grants stem cells the 
environment to multiply and produce extra-
cellular factors that can cross the blood-brain 
barrier, while large cells cannot. 

Stem cells as a treatment  
for mental illness
Based on our understanding of the func-
tion of stem cells, many neurodegenerative-,  
vascular-, immune-, and inflammation-based 
psychiatric conditions can be influenced by 
stem cell treatment. Here I review the poten-
tial therapeutic role of stem cells in the treat-
ment of several psychiatric disorders.

Alzheimer’s dementia 
Alzheimer’s dementia (AD) is a progressive 
neurodegenerative pathology based on neu-
ronal and synaptic loss. Repopulation and 
regeneration of depleted neuronal circuitry 
by exogenous stem cells may be a rational 
therapeutic strategy.2 The regeneration of 
lost neurons has the potential to restore cog-
nitive function. Multiple growth factors that 
regulate neurogenesis are abundant during 
child development but dramatically decline 
with age. The introduction of stem cells—
especially those derived from newborn 
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waste—seem to promote recovery from 
neurodegenerative disease or injury.3

There currently is no cure for AD. Cellular 
therapy promises new advances in treat-
ment.4 Neurogenesis occurs not only dur-
ing fetal development but in the adult brain. 
Neural stem cells reside in the adult CNS of 
all mammals.5 They are intimately involved 
in continuous restoration, but age just like 
the rest of the animal tissue, providing ever-
decreasing restorative potential. 

The number of studies of stem cells in 
AD has increased since the early 2000 s,6,7 
and research continues to demonstrate 
robust CNS neurogenesis. In a 2020 study, 
Zappa Villar et al8 evaluated stem cells as 
a treatment for rats in which an AD model 
was induced by the intracerebroventricu-
lar injection of streptozotocin (STZ). The 
STZ-treated rats displayed poor perfor-
mance in all behavioral tests. Stem cell 
therapy increased exploratory behavior, 
decreased anxiety, and improved spatial 
memory and marble-burying behavior; the 
latter was representative of daily life activi-
ties. Importantly, stem cell therapy amelio-
rated and restored hippocampal atrophy 
and some presynaptic protein levels in 
the rats with AD.8 Animal models cannot  
be automatically applied to humans, but 
they shine a light on the areas that need 
further exploration.

In humans, elevated cortisol levels dur-
ing aging predict hippocampal atrophy and 
memory deficits,9 and this deficiency may be 
positively influenced by stem cell treatment.

Schizophrenia
Recent research indicates that schizophre-
nia may begin with abnormal neurogenesis 
from neural stem cells inside the embryo, 
and that this process may be particularly 
vulnerable to numerous genetic and/or 
environmental disturbances of early brain 
development.10 Because neurogenesis is not 
confined to the womb but is a protracted 
process that continues into postnatal life, 
adolescence and beyond, influencing this 
process may be a way to add to the schizo-
phrenia treatment armamentarium.10 Sacco 
et al11 described links between the alteration 
of intrauterine and adult neurogenesis and 
the causes of neuropsychiatric disorders, 

including schizophrenia. Immune and 
inflammatory mechanisms are important in 
the etiology of schizophrenia. By their core 
function, stem cells address both mecha-
nisms, and may directly modulate this dev-
astating disease.

In addition to clinical hopes, advances in 
research tools hold the promise of new dis-
coveries. With the advent of iPSC technol-
ogy, it is possible to generate live neurons 
in vitro from somatic tissue of patients with 
schizophrenia. Despite its many limitations, 
this revolutionary technology has already 
helped to advance our understanding of 
schizophrenia.11 

Bipolar disorder
Many of the fundamental neurobiologi-
cal mechanisms of schizophrenia are mir-
rored in bipolar disorder.12 Though we are 
not ready to bring stem cells into the day-
to-day treatment of this condition, several 
groups are starting to apply iPSC technol-
ogy to the study of bipolar disorder.13 

Neurodevelopmental factors—particu-
larly pathways related to nervous system 
development, cell migration, extracellular 
matrix, methylation, and calcium signal-
ing—have been identified in large gene 
expression studies as altered in bipo-
lar disorder.14 Stem cell technology opens 
doorways to reverse engineering of human 
neurodegenerative disease.15

Autism spectrum disorders
Autism spectrum disorders (ASDs) are 
multiple heterogeneous neurodevelopmen-
tal disorders.16 Neuroinflammation and 
immune dysregulation influence the origin 
of ASDs. Due to the neurobiologic changes 
underlying ASD development, cell-based 
therapies, including the use of mesenchy-
mal stem cells (MSCs), have been applied to 
ASDs.16 Stem cells show specific immuno-
logic properties that make them promising 
candidates for treating ASDs.17 

The exact mechanisms of action of MSCs 
to restore function in patients with ASDs 
are largely unknown, but proposed mecha-
nisms include: 

•	synthesizing and releasing anti-inflam-
matory cytokines and survival-promoting 
growth factors 

continued
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•	integrating into the existing neural and 
synaptic network 

•	restoring plasticity.18

In a study of transplantation of human 
cord blood cells and umbilical cord–derived 
MSCs for patients with ASDs, Bradstreet et 
al19 found a statistically significant differ-
ence on scores for domains of speech, socia-
bility, sensory, and overall health, as well as 
reductions in the total scores, in those who 
received transplants compared to their pre-
treatment values.

In another study of stem cell therapy for 
ASDs, Lv et al20 demonstrated the safety 
and efficacy of combined transplantation of 
human cord blood cells and umbilical cord–
derived MSCs in treating children with ASDs. 
The transplantations included 4 stem cell IV 
infusions and intrathecal injections once a 
week. Statistically significant differences 
were shown at 24 weeks post-treatment. 
Although this nonrandomized, open-label, 
single-center Phase I/II trial cannot be relied 
on for any definitive conclusions, it suggests 
an important area of investigation.20

The vascular aspects of ASDs’ pathogen-
esis should not be overlooked. For example, 
specific temporal lobe areas associated with 
facial recognition, social interaction, and 
language comprehension have been dem-
onstrated to be hypoperfused in children 
with ASDs, but not in controls. The degree 
of hypoperfusion and resulting hypoxia 
correlates with the severity of ASD symp-
toms. The damage causing hypoperfusion 
of temporal areas was associated with the 
onset of autism-like disorders. Damage 
of the amygdala, hippocampus, or other 
temporal structures induces permanent or 
transient autistic-like characteristics, such 
as unexpressive faces, little eye contact, and 
motor stereotypes. Clinically, temporal lobe 
damage by viral and other means has been 
implicated in the development of ASD in 
children and adults. Hypoperfusion may 
contribute to defects, not only by inducing 
hypoxia, but also by allowing for abnormal 
metabolite or neurotransmitter accumula-
tion. This is one of the reasons glutamate 
toxicity has been implicated in ASD. The 
augmentation of perfusion through stim-
ulation of angiogenesis by stem cells 
should allow for metabolite clearance and 

restoration of functionality. Vargas et al21 
compared brain autopsy samples from 
11 children with ASDs to those of 7 age-
matched controls. They demonstrated an 
active neuroinflammatory process in the 
cerebral cortex, white matter, and cerebel-
lum of patients with ASDs, both by immu-
nohistochemistry and morphology.21

Multiple studies have confirmed that 
the systemic administration of cord blood 
cells is sufficient to induce neuroregenera-
tion.22,23 Angiogenesis has been experimen-
tally demonstrated in peripheral artery 
disease, myocardial ischemia, and stroke, 
and has direct implications on brain repair.24 
Immune dysregulation25,26 and immune 
modulation27 also are addressed by stem 
cell treatment, which provides a promising 
avenue for battling ASDs.

 Like attention-deficit/hyperactivity 
disorder and obsessive-compulsive disor-
der, ASDs are neurodevelopmental condi-
tions. Advances based on the use of stem 
cells hold great promise for understanding, 
diagnosing and, possibly, treating these 
psychiatric disorders.28,29

Depression
Neuropsychiatric disorders arise from devia-
tions from the regular differentiation process 
of the CNS, leading to altered neuronal con-
nectivity. Relatively subtle abnormalities in 
the size and number of cells in the prefrontal 
cortex and basal ganglia have been observed 
in patients with depressive disorder and 
Tourette syndrome.30 Fibroblast-derived 
iPSCs generate serotonergic neurons through 
the exposure of the cells to growth factors 
and modulators of signaling pathways. If 
these serotonergic neurons are made from 
the patients’ own cells, they can be used to 
screen for new therapeutics and elucidate the 
unknown mechanisms through which cur-
rent medications may function.31 This devel-
opment could lead to the discovery of new 
medication targets and new insights into the 
molecular biology of depression.32

Deficiencies of brain-derived neu-
rotrophic factor (BDNF) have a role in 
depression, anxiety, and other neuropsy-
chiatric illnesses. The acute behavioral 
effects of selective serotonin reuptake 
inhibitors and tricyclic antidepressants 
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seem to require BDNF signaling, which 
suggests that BDNF holds great poten-
tial as a therapeutic agent. Cell therapies 
focused on correcting BDNF deficiencies 
in mice have had some success.33

Dysregulation of GABAergic neurons has 
also been implicated in depression and anxi-
ety. Patients with major depressive disorder 
have reduced gamma aminobutyric acid 
(GABA) receptors in the parahippocampal 
and lateral temporal lobes.34

Ultimately, the development of differ-
entiation protocols for serotonergic and 

GABAergic neuronal populations will pave 
the way for examining the role of these pop-
ulations in the pathogenesis of depression 
and anxiety, and may eventually open the 
door for cell-based therapies in humans.35

Studies have demonstrated a reduction 
in the density of pyramidal and nonpyrami-
dal neurons in the anterior cingulate cortex 
of patients with schizophrenia and bipolar 
disorder,36 glial reduction in the subgenual 
prefrontal cortex in mood disorders,37 and 
morphometric evidence for neuronal and 
glial prefrontal cell pathology in major 

Box

Stem cells and substance use disorders

Researchers have begun to explore stem 
cells as a potential treatment for several 

substance use disorders, including those 
involving alcohol, cocaine, and opioids, as well 
as their interactions with cannabinoids. 

Alcohol use disorder. In a 2017 study, 
Israel et al41 gave intra-cerebral injections of 
mesenchymal stem cells (MSCs) to rats that 
were bred to have a high alcohol intake. The 
MSC injections resulted in drastic reductions 
in the rats’ alcohol consumption. A single intra-
cerebroventricular MSC administration inhibited 
relapse-like drinking by up to 85% for 40 days. 

It is beyond unlikely that direct brain 
injections would be used to treat alcohol use 
disorder in humans. To address this problem, 
researchers aggregated MSCs into smaller 
spheroid shapes, which reduced their size 
up to 75% and allowed them to be injected 
intravenously to reach the brain in a study 
conducted in rats.42 Within 48 hours of a single 
treatment, the rats had reduced their intake of 
alcohol by 90%. The IV administration of anti-
inflammatory MSCs in human trials will be the 
next step to verify these results.

Alcohol research using human stem cells is 
also being conducted as a model system to 
understand the neural mechanisms of alcohol 
use disorder.43

Cocaine use disorder. In a grant proposal, 
Yadid and Popovtzer44 suggested that cocaine 
addiction affects neurogenesis, especially 
in the dentate gyrus, ventral tegmental area, 
nucleus accumbens, and prefrontal cortex; it 
damages mitochondrial RNA, brain-derived 
neurotrophic factor (BDNF), glutamate 
transporter (excitatory amino acid transporter; 
EAAT), and interleukin-10. MSCs have a 
predilection to these areas and influence 
neurogenesis. Currently, there are no FDA-
approved medications for the safe and effective 
treatment of cocaine addiction. MSCs can 
home to pathological areas in the brain, release 
growth factors, and serve as cellular delivery 

tools in various brain disorders. Moreover, 
restoration of basal glutamate levels via the 
EAAT has been proposed as a promising target 
for treating cocaine dependence. Therefore, 
MSCs differentiated to express EAATs may have 
a combined long-term effect that can attenuate 
cocaine craving and relapse.44

Neural stem cells undergo a series of 
developmental processes before giving 
rise to newborn neurons, astrocytes, and 
oligodendrocytes in adult neurogenesis. During 
the past decade, studies of adult neurogenesis 
modulated by addictive drugs have highlighted 
the role of stem cells. These drugs have 
been shown to regulate the proliferation, 
differentiation, and survival of adult cells in 
different manners, which results in the varying 
consequences of adult neurogenesis.45 Reversal 
of these influences by healthy stem cells can be 
a worthy goal to pursue. 

Opioid use disorder. Opiate medications 
cause a loss of newly born neural progenitors 
in the subgranular zone of the dentate 
gyrus by either modulating proliferation or 
interfering with differentiation and maturation.46 
Opiates were the first medications shown to 
negatively impact neurogenesis in the adult 
mammalian hippocampus.47,48 The restoration of 
hippocampal function may positively affect the 
prognosis of a patient who is addicted.

Cannabinoids. Cannabinoids’ influence on 
the brain and on stem cells is controversial. On 
one hand, deteriorated neurogenesis results in 
reduced long-term potentiation in hippocampal 
formation. These cellular and physiological 
alterations lead to decreased short-term 
spatial memory and increased depression-
like behaviors.49 On the other hand, there is 
emerging evidence that cannabinoids improve 
neurogenesis and CNS plasticity, at least in the 
adult mouse.50 Through normalization of immune 
function, and restoration of the brain and the 
body, stem cells may assist in better health and 
in treatment of cannabis use disorder.
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depressive disorder.38 The potential for 
stem cells to repair such pathology may be 
of clinical benefit to many patients.

Aside from their other suggested clinical 
uses, iPSCs may be utilized in new path-
ways for research on the biology and phar-
macology of major depressive disorder.39

Obsessive-compulsive disorder
Obsessive-compulsive disorder (OCD) is 
often characterized by excessive behaviors 
related to cleanliness, including grooming, 
which is represented across most animal 
species. In mice, behaviors such as compul-
sive grooming and hair removal—similar to 
behaviors in humans with OCD or tricho-
tillomania—are associated with a specific 
mutation. Chen et al40 reported that the 
transplantation of bone marrow stem cells 
into mice with this mutation (bone marrow–
derived microglia specifically home to the 
brain) rescues their pathological phenotype 
by repairing native neurons.

The autoimmune, inflammatory, and 
neurodegenerative changes that are preva-
lent in OCD may be remedied by stem cell 
treatment in a fashion described through-
out this article.

Other conditions
The Box41-50 (page 39) describes a possi-
ble role for stem cells in the treatment or 

prevention of several types of substance 
use disorders.

Chronic pain is a neuropsychiatric con-
dition that involves the immune system, 
inflammation, vascularization, trophic 
changes, and other aspects of the CNS func-
tion in addition to peripheral factors and 
somatic pain generators. Treatment of pain-
ful conditions with the aid of stem cells rep-
resents a large and ever-developing field that 
lies outside of the scope of this article.51

Experimental, but promising
It is not easy to accept revolutionary new 
approaches in medicine. Endless research 
and due diligence are needed to prove a 
concept and then to work out specific appli-
cations, safeguards, and limitations for any 
novel treatments. The stem cell terrain is 
poorly explored, and one needs to be care-
ful when venturing there. Presently, the FDA 
appropriately sees treatment with stem cells 
as experimental and investigational, particu-
larly in the mental health arena. Stem cells are 
not approved for treatment of any specific 
condition. At the same time, research and 
clinical practice suggest stem cell treatment 
may someday play a more prominent role 
in health care. Undoubtedly, psychiatry will 
eventually benefit from the knowledge and 
application of stem cell research and practice. 
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Clinical Point

The FDA appropriately 
sees treatment 
with stem cells as 
experimental and 
investigational, 
especially in the 
mental health arena


