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Despite enormous efforts, no effective medication has been found to significantly halt or even slow the progression 
of neurological diseases, such as acquired (e.g., traumatic brain injury, spinal cord injury, etc.) and chronic (e.g., 
Parkinson’s disease, Alzheimer’s disease, etc.) central nervous system disorders. So, researchers are looking for alter-
native therapeutic modalities to manage the disease’s symptoms and stop it from worsening. Concerning disease-modify-
ing capabilities, stem cell therapy has emerged as an expanding domain. Among different types of stem cells, human 
endometrial regenerative cells have excellent regenerative properties, making them suitable for regenerative medicine. 
They have the potential for self-renewal and differentiation into three types of stem cells: epithelial stem cells, endothe-
lial side population stem cells, and mesenchymal stem cells (MSCs). ERCs can be isolated from endometrial biopsy 
and menstrual blood samples. However, there is no comprehensive evidence on the effects of ERCs on neurological 
disorders. Hence, we initially explore the traits of these specific stem cells in this analysis, followed by an emphasis 
on their therapeutic potential in treating neurological disorders.
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Introduction 

  One of the leading causes of disability and death glob-
ally is neurological disorders (1). Cerebrovascular disor-

ders, Parkinson’s disease (PD), Alzheimer’s disease (AD), 
multiple sclerosis, motor neuron diseases (MNDs), and 
spinal cord injury (SCI) are common neurological diseases, 
which contribute the highest burden in disability (2). 
Current pharmacotherapy, for instance, at the first line for 
PD symptoms provides reasonable benefits at controlling 
the symptoms of the condition; however, the efficacy of the 
long-term use of drugs, despite increasing the dosage or 
doing brain surgical procedures, reduces with time (3-5). 
Hence, there is a need for further therapeutic advance-
ments to reduce disease symptoms, slow or halt disease 
progression, and ultimately reverse the damaging effects 
on the nervous system.
  Numerous studies have shown that stem cell therapy can 
be considered a potential novel treatment for neurodege-
nerative diseases based on their self-renewal ability and 
differentiation capacity into different neural lineage cells 
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(6, 7). Stem cells can reduce neurological disease progre-
ssion rate and repair the chaotic microenvironment (8). 
These cells can continuously produce new cells and help 
repair organ damage depending on the organ features they 
reside in (8). They are categorized based on their potential 
differentiation ability into totipotent, pluripotent, multi-
potent, oligopotent, and unipotent (9). Stem cells can be 
isolated from embryonic and adult sources (10). Embryonic 
stem cells (ESCs) are pluripotent and are located in the 
inner cell layer of a pre-implanted embryo, which differ-
entiate into all germinal layers (8). On the other hand, adult 
stem cells are found in various tissues like placenta, blood, 
bone marrow, skin, intestine, and brain (9, 11). Moreover, 
adult stem cells have the advantage of being sourced from 
the patient’s own body. This enables autologous transplan-
tation, in which the patient receives stem cells that have 
been expanded or manipulated. Using the patient’s own 
cells reduces the risk of rejection or immunological com-
plications, making autologous transplantation a more fea-
sible treatment option. Additionally, adult stem cells carry 
a lower risk of tumor formation or uncontrolled growth 
than ESCs (12, 13). Therefore, prior to clinical practice, 
several features of stem cells must be pointed out, e.g., tu-
morigenicity, availability, immunogenicity, and differen-
tiation capacity. Among different types of adult stem cells, 
human stem cells derived from the endometrium are high-
ly regenerative sources of stem cells with ideal character-
istics that make them an appropriate choice in regenerative 
medicine (14). They are also compatible with the Interna-
tional Society for Cellular Therapies (14). 
  Human endometrial regenerative cells (ERCs) consist of 
three types of stem cells: epithelial stem cells, endothelial side 
population (ESP) stem cells, and mesenchymal stem cells 
(MSCs) (15). ERCs can be obtained from human menstrual 
blood, known as menstrual blood-derived stem cells (MenSCs), 
and from the endometrium tissue, known as endometrium- 
derived stem cells (EnSCs), through biopsy. ERCs have 
the capacity to differentiate into various lineages, includ-
ing adipocytes, osteocytes, cardiomyocytes, neurocytes, res-
piratory epithelial cells, endothelial cells, myocytes, hep-
atic cells, pancreatic cells, chondrocytes, fibroblasts, smooth 
muscle cells, neuron-like cells, glial-like cells, germ-like 
cells, various glandular lineages, and endometrial organo-
ids (16-18). ERCs have been studied in various preclinical 
studies involving cardiac diseases, reproductive disorders, 
uterine abnormalities, diabetes, osteoporosis, and liver disease. 
Additionally, numerous clinical studies have been condu-
cted on Duchene muscular dystrophy, heart failure, and 
multiple sclerosis (19, 20). The results of these studies are 
promising for the future of stem cell therapy (21-23).

  In one study, intrathecal and intravenous administra-
tion of human EnSCs (hEnSCs) in four multiple sclerosis 
patients with 12 months of follow-up showed safety and 
efficacy in managing disease progression (19). Furthermore, 
hEnSCs have immunomodulatory effects by reducing in-
flammatory T-cells (19, 24). However, there has been limited 
attention given to the beneficial effects of ERCs in neuro-
logical diseases. Therefore, we have written this review to 
outline the main features of ERCs and highlight their ther-
apeutic potential in addressing neurological disorders.

An Overview of Characteristics of ERCs

  Before delving into a more detailed account of the ERCs, 
some general understanding of endometrium tissue is use-
ful. The endometrium, which consists of the functional (the 
upper layer) and the basalis (adjacent to the myometrium), 
undergoes significant cell proliferation during tissue ho-
meostasis and repair capabilities and remains intact dur-
ing the menstrual period while generating new functional 
layers (18, 25). Stem cells in the human endometrium have 
been categorized into three types: epithelial stem/progeni-
tor cells, ESP stem cells, and endometrial MSCs (18). 
However, a lack of exclusive gene or signaling pathway 
markers specific to endometrial tissue leads to significant 
overlap with other somatic stem cell types and even cancer 
stem cells. Nonetheless, endometrial MSCs can be classi-
fied into two categories based on expression pattern, i.e., 
CD140b＋/CD146＋ endometrial MSCs and sushi domain 
containing 2 (SUSD2) positive MSCs. These cells are lo-
cated at the perivascular area. When dig deep on two MSCs, 
they are different in other markers, e.g., CD140b＋/CD146＋ 
endometrial MSCs are positive for CD29, CD44, CD73, CD90, 
and CD105, while negative for CD31, CD34, and CD45. On 
the other hand, SUSD2 positive-MSCs are positive for CD29, 
CD44, CD73, CD90, CD105, CD117, CD140b, CD146, 
STRO-1, and nucleoside triphosphate diphosphohydrola-
se-2, but they don’t express CD31 and CD45 markers. 
However, it should be noted that some markers are shared 
between these two types of MSCs. Identifying specific 
markers and characteristics can help distinguish these cells 
for their intended applications. Nevertheless, ESP stem cells 
demonstrate the presence of CD90, CD105, CD73, CD45, 
CD34, CD31, CD133, STRO-1, and vimentin markers, while 
lacking CD13, CD105, estrogen receptor alpha, or progester-
one receptor. Likewise, epithelial stem/progenitor cells ex-
hibit the expression of N-cadherin, stage-specific embryonic 
antigen-1, and axin 2 (18, 26, 27).
  Repetitive proliferation-menstruation cycles of uterus de-
cline stem cells existed in the endometrium (26). It has 
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Fig. 1. Schematic diagram of isolation, characterization, and differentiation capacity of human endometrial regenerative cells (ERCs). Human 
ERCs can be collected from the uterus using an endometrial biopsy device and menstrual silicon cups. ERCs comprise three types of stem 
cells: epithelial stem cells, endothelial side population stem cells, and mesenchymal stem cells. ERCs have the ability to differentiate into 
various neural lineages. Created with BioRender.com.

been proved that MenSCs exist in deciduous endometrium, 
which might have a similar nature to EnSCs (27). One 
study showed the presence of endometrial clonogenic cells 
and SUSD2＋ MSCs in females’ menstrual blood, even if 
they have endometriosis or not (28). These cells can be ob-
tained with a simple uterine biopsy or by collecting hu-
man menstrual bleeding from menstrual cups. Therefore, 
the accessibility of these cells reduces the cost of cell ob-
taining (29) and can provide an unlimited source for more 
people with different socioeconomic levels. ERCs availabi-
lity gives a favorable context for repetitive cell therapies (15, 
30). Despite availability, these cells have an excellent po-
tential to differentiate into multi-lineage sources (i.e., mes-
odermal, endodermal, and ectodermal lineages) (15, 29- 
32). They can, therefore, be a promising candidate for neu-
ronal regenerative treatments compared to the other sou-
rces. Fig. 1 illustrates the various stem cells that can be 
isolated from the uterus and their characteristics regard-
ing their potential for neural cell differentiation. Besides 
that, producing more stem cells at low passage (＜8) is 
a central feature of self-renewal capacity that makes them 
the best candidate for a clinical trial. For MenSCs, a fe-
male can provide stem cells for 20,000 patients. Approxi-
mately 0.5×105 MenSCs can be derived from 5 ml men-

strual blood. It has been shown that one hundred million 
MenSCs can be harvested at passage 3 (22).
  However, MenSCs have a faster proliferation in early pas-
sages than late passages. Furthermore, cells derived from 
younger females have a more proliferative capacity (30). They 
could grow by a factor of two than bone marrow-derived 
MSCs (22). These cells become homogenous and make a spi-
ndle shape after 3 to 4 passages (32, 33). EnSCs have lower 
immunogenicity and tumor tropism than other MSCs (15).
  Another significant aspect of cell therapy in neuro-
logical disorders is neural differentiation. Many complex 
pathways and molecules participate in neural trans-differ-
entiation and specific neural cell type differentiation (34). 
Differentiation of hEnSCs into cholinergic neurons was 
made by nerve growth factor (NGF) and basic fibroblast 
growth factor (bFGF). It has been indicated that hEnSCs 
express receptors for NGF like neural stem cells (34). One 
study assessed oleic acid for improving neurogenesis ca-
pacity of hEnSCs (33). The mRNA levels of NF and β- 
TUBULIN as the neurogenesis markers in hEnSCs treated 
with oleic acid were significantly increased. Additionally, 
oleic acid increased the expression of ChAT and NF in 
hEnSCs, indicating hEnSCs have a great neuronal differ-
entiation capacity (33). As shown in Table 1 (24, 35-43), 
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hEnSCs differentiation into dopamine-producing neurons 
is described. It is proved that hEnSCs are promising cell 
sources for neural tissue engineering (44).

ERCs in the Context of Neurological Disorders 

  Based on our research in the field of ERCs, we condu-
cted a comprehensive review to examine the effects of these 
types of stem cells on various neurological disorders. 
Specifically, we focused on conditions such as PD, AD, 
MND, as well as acquired brain injuries such as stroke 
and traumatic brain injury (TBI), by analyzing published 
articles related to these conditions.
  The most common neurodegenerative movement dis-
order is PD, characterized by the depletion of dopami-
nergic neurons and the aggregation of misfolded alpha- 
synuclein, leading to motor and non-motor symptoms (3). 
Administration of hEnSCs in PD animal models has sig-
nificantly increased dopamine concentration (35). In vitro 
studies have also demonstrated the ability of hEnSCs to 
differentiate into dopaminergic neurons that exhibit mor-
phological and molecular characteristics, such as pyrami-
dal cell bodies, axon and dendrite projections, and synapse 
formation. These cells express nestin and tyrosine hydrox-
ylase, which are neural markers and critical enzymes in 
dopamine synthesis. Furthermore, hEnSCs show a reason-
able survival rate after transplantation and exhibit migra-
tion capacity to the damaged region (35).
  Several categories can be identified when examining the 
mechanisms of action for ERCs in PD. These stem cells 
have shown the ability to inhibit inflammatory pathways, 
reducing the expression of inflammatory markers, such as 
COX-2, interleukin (IL)-1β, IL-6, inducible nitric oxide 
synthase (iNOS), and tumor necrosis factor α (TNFα). 
Additionally, MenSCs secrete neurotrophic agents such as 
NGF, brain-derived neurotrophic factor (BDNF), neuro-
trophin-3 (NT3), and NT4/5, which can reduce apoptosis 
in PD models. MenSCs also express members of the GDNF 
family of ligands, including ARTN, GDNF, NTN, and PSPN, 
as well as other dopaminergic neurotrophic factors that 
enhance the survival of dopaminergic neurons. Further-
more, MenSCs can restore mitochondrial membrane poten-
tial, which is often disrupted in PD pathogenesis (3, 27).
  In AD, the main pathology is believed to be an imba-
lance between oxidant and antioxidant processes because 
of the deposition of amyloid-beta peptides and the activa-
tion of microglia (36). This imbalance leads to progressive 

neuronal loss, resulting in the clinical manifestations of 
AD. Administering MenSCs has been shown to convert 
microglia activity to a non-inflammatory state by reducing 
pro-inflammatory cytokines like IL-1β and TNFα, while 
increasing anti-inflammatory markers such as IL-4, YM1, 
Arg1, Fizz1, and CD206 in the hippocampus and cortex 
of AD models. This conversion of microglia leads to the 
production of insulin-degrading enzyme and neprilysin, 
which degrades amyloid-beta plaques. Another mechanism 
involves the inhibition of the β-secretase enzyme (36). 
MenSCs also inhibit glycogen synthase kinase-3b after trans-
plantation, reducing tau hyperphosphorylation, a charac-
teristic feature of AD (36). Amyotrophic lateral sclerosis 
(ALS), the most common neurodegenerative disease in the 
middle ages, is classified as a MND characterized by the 
degeneration of motor neurons in the central nervous system. 
Unfortunately, this condition leads to death within 3 to 5 
years (45). While there is currently no systematic study ex-
plicitly exploring the effects of hEnSCs and MenSCs on 
ALS models, a review of the existing literature suggests that 
hEnSCs may hold promise as a potential treatment for ALS.
  For instance, a comparative study demonstrated that 
hEnSCs exhibited a higher capacity for differentiation into 
motor neurons than human bone marrow stem cells (46). 
Additionally, in vitro studies have shown that hEnSCs ex-
press several motor neuron markers, such as ISL‐1, CHAT, 
β-tubulin III, NF-H, HB9, pax6, Islet-1, TUJ-1, NES, 
NEFH, and SYP (46-49). In ALS, it is imperative to uti-
lize stem cells that can form synaptic connections with 
muscle cells. In an experimental study, hEnSCs grafted in-
side a conduit made of poly ε-caprolactone (PCL)/Collagen/ 
nanobioglass (NBG) not only demonstrated successful grow-
th and connection with damaged nerve regions but also ex-
hibited improved synapse formation with muscle cells (50).
  To fully understand the potential of ERCs in ALS mod-
els, further investigation is needed to evaluate their effects 
on maintaining axonal integrity, besides their neuropro-
tective properties and ability to differentiate into motor 
neurons. Table 2 summarizes the potential differentiation 
of hEnSCs and MenSCs into motor neurons. The last cat-
egory that we reviewed was acquired brain injuries includ-
ing stroke and TBI, which have high mortality rates and 
long-lasting disability. The pathological changes are cate-
gorized into primary and secondary injuries. Solid evi-
dence demonstrates that a variety of cellular and molec-
ular alterations play vital roles in connecting primary in-
jury to the secondary injury, e.g., inflammatory pathways 
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Fig. 2. Mechanisms of probable therapeutic effects of human endometrial regenerative cells (hERCs) in a traumatic brain injury model. 
hERCs can alleviate detrimental effects of brain injury through several important pathways; 1. Increasing the expression of neurotrophic 
factors, such as nerve growth factor, brain-derived neurotrophic factor, and neurotrophin-3 for triggering the neurogenesis; 2. Improving 
the volume of lesion cavity; 3. Decreasing the expression levels of proinflammatory cytokines in the brain tissue and prevention of neuro-
inflammation; 4. Reducing the expression of proapoptotic genes, such as Bad and Bax; 5. Increasing nerve regeneration and improving 
the axonal remyelination; 6. Decreasing the leukocytes infiltration following inflammatory condition; 7. Suppressing the main inflammatory 
cytokines and reactive oxygen species (ROS); 8. Restoring the reactive glial cells and controlling vasogenic and cytotoxic edema with 
reduction of proinflammatory cytokines and ROS; 9. Inducing the formation of micro vessels. BBB: blood-brain barrier, IL-1β: interleukin 
1 beta, IL-6: interleukin 6, TNFα: tumor necrosis factor α, COX2: cyclooxygenase 2, iNOS: inducible nitric oxide synthase.

and oxidative stress are the key players in expanding the 
pathological changes in relation to secondary injury. 
Moreover, the presence of cavity lesions resulting from 
mechanical trauma, such as TBI and SCI, poses a signi-
ficant obstacle to treatment. Regarding this concept, stem 
cells with high bystander effects can be a best therapeutic 
option. Particularly, promising results were observed after 
transplantation of MenSCs by secreting neurotrophic fac-
tors, such as vascular endothelial growth factor (VEGF), 
BDNF, and NT3 (37). Furthermore, promising findings have 
been observed in the reduction of cavity lesions using 
MenSCs in a spinal cord hemi-section model. Cellular as-
sessments revealed increased axonal regeneration and de-
creased expression of chondroitin sulfate proteoglycans  
in the MenSCs group compared to the control group. 
Additionally, MenSCs transplantation was found to in-
hibit the expression of TNFα and IL-1β (38). Notably, 
in an SCI model, the rate of motor function recovery was 
found to correlate with the differentiation of oligoden-
drocyte progenitor cells in the MenSCs group (51). 
Furthermore, MenSCs transplantation enhanced motor 
function recovery in SCI animals and stimulated the im-
mune response and defense. Transcriptome sequencing and 
analysis revealed the close association of SCI with immu-
ne system processes. The transplantation of MenSCs was 
closely linked to pathways involved in the differentiation 

of Th1, Th2, and Th17 cells. Additionally, MenSCs regu-
lated the differentiation and activation of Th2 and M2 
macrophages, produced anti-inflammatory factors, and atte-
nuated the inflammatory response at the injury site, there-
by promoting SCI function recovery. In the MenSCs trans-
plantation group, the expression of iNOS and CD206 in 
microglia decreased, indicating reduced inflammation. More-
over, MenSCs improved the balance between M1 and M2 
microglia within the highly inflammatory microenviron-
ment (39). 
  Additionally, positive outcomes can be achieved when 
combining hEnSCs with different scaffolds. In the case of 
differentiating hEnSCs seeded on PCL/gelatin scaffolds, 
enhanced neuronal regeneration, increased motor function, 
and axonal remyelination were observed in an SCI model 
(52). Furthermore, hEnSCs seeded on PCL demonstrated 
a reduction in the secondary response to injury and an 
improvement in motor function (53). The potential thera-
peutic effects of hEnSCs and MenSCs in acquired brain 
injuries are summarized in Fig. 2. Considering these find-
ings, these cells can be considered suitable candidates for 
stem cell therapy in the context of acquired brain injuries.

Conclusion

  Accessibility and high survival rates after transplanta-
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tion are key characteristics for the clinical use of stem 
cells. Thus, the search for readily available stem cells with 
excellent survival and differentiation capabilities becomes 
crucial in translating stem cell applications to benefit pat-
ients. In this context, we investigated the potential of ERCs 
as promising candidates for treating neurological disor-
ders. We reviewed the current evidence and discussed the 
beneficial effects of ERCs in this area. ERCs have shown 
the ability to alleviate pathological changes by inhibiting 
inflammatory and apoptotic pathways. Moreover, they se-
crete various neuroprotective agents that promote remyeli-
nation, axonal growth, and improve synaptic integrity and 
extracellular remodeling. Considering the available data, 
it is essential for future research to carefully examine the 
potential effects of ERCs, including evaluating their safety 
and efficacy at the clinical level.
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