
          https://j.stmu.edu.pk 

h t tps : / /do i . o rg /10 .32593 / j s tmu/Vo l5 . I ss1 . 190   JSTMU  2022  

ht tps : / /do i . o rg /

10.32593/ js tmu

54 

Open Access  

 
A Review on Alzheimer’s disease and mesenchymal stem cell therapy 

Aman Ullah1, Saad Hanif Abbasi2, Ismail Badshah3, Komal latif4, Abdul Mateen5, Adnan Aslam6, Nafees Ur 

Rehman7, Mansoor Anwar8, Ahmed Hussain Bhutta9, Muhammad Imran khan10 

1 Pharmacist. Saba Medical Center, Musaffah, Abu Dhabi, United Arab Emirates. 
2 Scholar, Department of Public Health, University of Southern Denmark, Odense, Denmark 
3, 4, 5, 7 Researcher, Department of Pharmacology, Faculty of Pharmaceutical Sciences, Riphah International University, 

Islamabad, Pakistan 
6 Researcher, Department of Pharmaceutics, Faculty of Pharmacy, Gomal University, Dera Ismail Khan, Pakistan 
8 Pharmacist, Pakistan Air Force Hospital, Islamabad, Pakistan 
9 Instructor, Shifa College of Pharmaceutical Sciences, Shifa Tameer e Millat University, Islamabad, Pakistan 
10 Assistant Professor, Department of Biomedical Sciences, Pak-Austria Fachhochschule: Institute of Applied Sciences and 

Technology, Mang Haripur, KPK, Pakistan 

 

A u t h o r ` s  C o n t r i b u t i o n  
1 Conceptualization and finalizing  
2 Conceptualization 
3,5,7 Literature search 
4,6 Wrote initial manuscript 
8,9 Review and editing 
10 Intellectual review  

A r t i c l e  I n f o .  

Conflict of interest: Nil 

Funding Sources: Nil 

C o r r e s p o n d e n c e  

Muhammad Imran Khan 
imran.khan@fbse.paf-iast.edu.pk  

 

 

 

 

 

 

 

Cite this article as: Ullah A, Abbasi SH, 
Badshah I, Latif K, Mateen A, Aslam A, 
Rehman N, Anwar M, Bhutta AH, Khan MI.  
A review on Alzheimer’s Disease and 
Mesenchymal Stem Cell therapy. JSTMU. 
2022; 5(1):54-63. 

A B S T R A C T  

Alzheimer's disease (AD) is a progressive neurological ailment that manifests as 

difficulties in completing everyday activities, disorientation, and memory loss. 

Several innovative drug therapies have failed in clinical trials because they cannot 

stop or encourage the regeneration of injured brain cells. Furthermore, many 

medications only give symptomatic alleviation. As a result, a better knowledge of 

stem cell therapy's process might lead to new and effective treatments for this 

severe disease. Recent preclinical evidence suggests that stem cells can be used to 

treat or model AD. The mechanisms of stem cell based therapies for AD include 

stem cell mediated neuroprotection and trophic actions, antiamyloidogenesis, 

beneficial immune modulation, and the replacement of the lost neurons. This study 

examined the present status of many Mesenchymal stem cell-based therapeutics 

in AD pathogenesis. Furthermore, we have emphasized current clinical research 

that may be useful in treating Alzheimer's disease.  
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I n t r o d u c t i o n  
 

Alzheimer’s disease (AD) is one of the leading cause of 

age-related dementia, which is characterized by gradual 

loss of memory and inability to learn. AD is caused by the 

accumulation of β-amyloid (Aβ) peptides, leading to loss of 

functioning neurons and decreased synaptic activity.1, 2 

The World Health Organization adopted a global action 

plan on dementia and intimated societies regarding the 

increase in its prevalence.3 According to WHO, the number 

of patients with dementia has increased to 50 million,3 

worldwide, and this number is believed to double by 2040.4 

AD is a neurodegenerative disease, causing more 

significant memory impairment and having a higher 

disability rate than aging, putting an increased burden on 

the healthcare system and caregivers.5, 6 AD is also 

associated with higher mortality due to the number of 

causes, including neuronal death and cerebral atrophy. 

Mesenchymal stem cells (MSCs), also known as 

mesenchymal stromal cells, are multipotent stem cells that 

can self-replicate and undergo multiline-age 

differentiation.7, 8 Due to this reason, MSCs are considered 
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to be one of the most promising aspects to treat 

neurodegeneration.9 Moreover, other properties of MSCs, 

such as immunomodulation, high biosafety, and role in 

stimulation of endogenous neural precursors, make them 

ideal candidates for treating neurodegenerative diseases, 

including AD.9 Moreover, MSCs can be easily derived from 

a variety of sources in humans, such as adipose tissue, 

bone marrow, umbilical cord or amniotic fluid. Previous 

attempts of treatment with stem cells in AD mainly focused 

on replacing impaired neurons.8 MSCs have the potential 

to slow down neurodegeneration and repair damaged 

neural tissue, which makes them an alternative approach 

to treat AD.8 These roles are accomplished by the 

secretion of  neurotrophins and regulatory factors involved 

in angiogenesis.10-12 The role of MSCs in 

immunomodulation, migratory capability and regeneration 

has been confirmed in various disease models, including 

diabetic nephropathy, myocardial infarction, brain injury 

and dermatitis.13-16 In recent years, several in-vivo studies 

on AD animal models have showed that MSCs were 

effective in altering disease pathology and improving 

cognitive function.17-18  

Pathogenesis of Alzheimer’s disease 

The pathology of AD is very complex. The cholinergic 

theory, the amyloid cascade hypothesis, and the tau 

propagation hypothesis have all been presented to 

characterize the genesis of AD based on observable 

clinical and neuropathological symptoms.19-20 However, an 

accumulation of phosphorylated tau aggregation and 

neuroinflammation is AD's most notable and distinguishing 

characteristic.21, 22  The amyloid cascade theory states that 

AD development's most critical triggering events are A 

precursor protein (APP) metabolism and A42 buildup.23 

According to this theory, the buildup of A peptide is to 

blame for the loss of synapses and neuronal cell death.24, 

25 Furthermore, A may lodge around the brain's tiny blood 

vessels, leading to the formation of cerebral amyloid 

angiopathy (CAA), a prevalent neuropathological disorder 

that most often affects AD patients and is thought to be 

caused by a failure of A clearance.26 All other reasons, 

such as tau pathology and neuroinflammation, have been 

proven to eventually lead to a buildup.27 Figure 1 shows 

how the tau hypothesis links AD pathology to hyper 

phosphorylation and intracellular deposition of NFTs of the 

micro tubular protein tau.28 It also shows that the illness 

may be accelerated by spreading the abnormal type of tau 

protein from one cell to the next. Few studies connecting 

both concepts show that amyloid plaque aggregation 

causes the activation of different kinases, resulting in hyper 

phosphorylation of the tau protein.29  

 

Figure 1: Pathophysiology of Alzheimer’s Current 

treatment of AD 

One of the characteristic features of AD is loss of 

functional neurons and synaptic activity, leading to memory 

impairment, loss of motor control, and dementia.30 One 

practical approach to treat this is by increasing the 

concentration of acetylcholine (Ach) in the synaptic cleft, 

which is possible by inhibition of the Acetylcholinesterase 

(AChE) enzyme.31 Based on this mechanism, four drugs 

are currently used for the treatment of AD, including 

rivastigmine, donepezil galantamine and memantine. 

The treatment of AD capable of curing underlying 

pathology has not been developed, which results in an 

inevitable increase in the number of AD patients. Both 

preclinical and clinical studies have provided a great deal 

of evidence that the accumulation of Aβ controls many 

downstream processes of AD.32-35 Therefore, most studies 

on drug development in AD targeted decreased Aβ 

production or enhanced clearance. However, thus far, 

these approaches have failed in later phases of almost all 

clinical trials. Therefore, the hour needs to develop 

effective AD therapies to tackle this global health problem. 

Pre-clinical studies  

We summarized preclinical studies in Table 1 and 

possible mechanism of actions shown in Figure 2. 

Research found that treating APP/PS 1 transgenic mice 

with human amniotic mesenchymal stem cells (hAM-

MSCs) reduced deposition and improved memory and that 

these benefits were linked to an increase of activated 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/memantine
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microglia and control of neuroinflammation as shown in 

Table 1.36 The stimulation of the cell survival signaling 

system by bone marrow-derived mesenchymal stem (BM-

MSCs) reduced A-induced apoptotic cell death in primary 

cultured hippocampus neurons. These anti-apoptotic 

properties of BM-MSCs were also shown in an acutely 

generated Alzheimer's disease mouse model created by 

administering A intrahippocampal. Furthermore, in the in-

vivo model, BM-MSCs reduced A-induced oxidative stress 

and spatial memory impairment, indicating that BM-MSCs 

mitigate A-induced neurotoxicity and cognitive decline by 

decreasing apoptotic cell death and oxidative stress in the 

hippocampus.37 Another research found that BM-MSCs 

may find their way into wounded brains and increase the 

number of positive cells for choline acetyltransferase 

(ChAT), survivin, and selective AD indicator-1 (seladin-1) 

nestin gene expression. According to histopathological 

analysis, BM-MSCs may eliminate beta-amyloid plaques 

from the hippocampus.38 According to research, Engrafted 

MSCs expressing exogenous (C-X3-C motif) ligand 1 

(CX3CL1) decreased the production of the inflammatory 

cytokine TNF- and enhanced synapse-related protein 

expression. Compared to a control group, transplantation 

of MSCs containing CX3CL1 and Wnt3a (CX3CL1-Wnt3a-

MSC) dramatically reduced learning and memory deficits. 

The prevention of microglial neurotoxicity and stimulation 

of hippocampus neurogenesis were linked to improved 

neurobehavioral capabilities in APP/PS1 mice treated with 

CX3CL1-Wnt3a-MSC. Transplantation of CX3CL1-Wnt3a-

MSC also inhibited the activity of glycogen synthase kinase 

3 beta through regulating phosphoinositide 3- 

kinase/activated protein kinase B (PI3K/AKT) signaling 

(GSK3b).39 Ding, M., et al. demonstrated that injecting 

human umbilical cord mesenchymal stem cells (hucMSC-

exosomes) into these mice might help remove A deposition 

and cure cognitive dysfunctions. Furthermore, it was 

shown that injecting hucMSC-exosomes into mice's brains 

might control microglia activity, reducing 

neuroinflammation. Pro-inflammatory cytokines were 

higher in mice's peripheral blood and brains, whereas anti-

inflammatory cytokines were lower.40 Research found that 

transplanting amyloid precursor protein (APP) and 

presenilin1 (PS1) double-transgenic mice with human 

umbilical cord blood-derived mesenchymal stem cells 

(hUCB-MSC) dramatically enhanced spatial learning and 

memory deterioration. Furthermore, in hUCB-MSC 

transplanted APP/PS1 animals, amyloid-peptide (A) 

deposition, -secretase 1 (BACE-1) levels, and tau hyper-

phosphorylation were significantly decreased.18 Another 

research found that conditioned medium from adipose 

tissue mesenchymal stem cells (ATSC-CM) lowered the 

inflammatory markers IL-1 and TNF-. By lowering TLR 

expression, ATSC-CM alleviated memory deficits, 

decreased beta amyloid production, boosted neuron 

survival, and reduced inflammation. 41 MSC transplantation 

successfully alleviates learning impairments in the 5xFAD 

mouse model, according to the findings of the research, 

and MSCs have a clear influence on Ab42 levels in the 

brains of 5xFAD mice.42 Behavioral modifications 

decreased the expression of APP, BACE1, and Ab and the 

activity of b-secretase and c-secretase, according to the 

findings of research in which placenta-derived 

mesenchymal stem cells (PD-MSCs) were transplanted 

into Ab1–42-infused mice. Furthermore, the 

transplantation of PD-MSCs reduced the activation of glial 

cells and the production of inducible nitric oxide synthase 

(iNOS) and cyclooxygenase-2 (COX-2). Furthermore, we 

discovered that in Ab1–42-infused animals, PD-MSCs 

inhibited the production of inflammatory cytokines, reduced 

neuronal cell death, and enhanced neuronal cell 

development from neural progenitor cells.43 Glycoprotein of 

the rabies virus (RVG-tagged) after being delivered 

intravenously, exosomes generated from mesenchymal 

stem cells showed enhanced targeting to the cortex and 

hippocampus, reduced plaque formation and A levels, and 

reduced astrocyte activation. According to the Morris water 

maze test, brain focused exosomes produced from MSCs 

were superior than unmodified exosomes in improving 

cognitive performance in APP/PS1 mice.44 Human 

placenta amniotic membrane-derived mesenchymal stem 

cells (hAMMSCs) were administered intravenously into 

C57BL/6J-APP transgenic mice in another investigation. 

hAMMSCs improved spatial learning and memory function 

and were linked to a reduction in the number of amyloid 

plaques in the brain.45 According to previous studies 

research, intracerebral transplantation of human menstrual 

blood-derived stem cells (MenSCs) significantly enhanced 

the spatial learning and memory of APP/PS1 mice. In 

APP/PS1 mice, MenSCs also dramatically decreased 

amyloid plaques and reduced tau hyper-phosphorylation. 
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Surprisingly, intracerebral transplantation of MenSCs 

enhanced multiple A degrading enzymes and controlled a 

panel of proinflammatory cytokines associated with an 

altered microglial phenotype, suggesting that MenSCs in 

the brains of APP/PS1 mice had an anti-inflammatory and 

degrading effect.46 Several studies we found that showed 

significant results to attenuates Alzheimer’s disease by 

several mechanisms like decrease Aβ deposition, 

decrease oxidative stress and inflammatory mediators and 

also improve cognitive decline as shown in Figure 2. These 

stem cell may be a therapeutic agent for treatment of 

Alzheimer’s disease. 

 

 

Figure  2: Effects of Mesenchymal stem cells

Table 1: Preclinical studies

Stem cells Study model Mechanism Reference 

Human amniotic 

mesenchymal stem cells 

APP/PS 1 transgenic 

mice 
Decrease Aβ deposition and improve memory [36] 

Bone marrow-derived 

mesenchymal stem cells 

Primary cultured 

hippocampal neurons 
Ameliorate Aβ-induced apoptotic cell death. [37] 

Bone marrow-derived 

mesenchymal stem cells 
Sprague–Dawley rats Remove beta-amyloid plaques from hippocampus [38] 

Engrafted MSCs carrying 

exogenous ligand 1 
APP/PS1 mice 

Transplantation of MSCs carrying CX3CL1 

significantly improve the learning and memory 

impairment 

[39] 

Human umbilical cord 

mesenchymal stem cells 

containing exosomes 

AβPPswe/PS1dE9 

double-transgenic mice 

Improved cognitive dysfunction and help to clear Aβ 

deposition in these mice 
[40] 

Human umbilical cord blood-

derived mesenchymal stem 

cells 

APP and (PS1) double-

transgenic mice 

hUCB-MSC improved spatial learning and memory 

decline 
[18] 

Adipose tissue mesenchymal 

stem cells conditioned 

medium (ATSC-CM) 

Wistar rats 
ATSC-CM) reduced IL-1β and TNF-α as inflammation 

markers 
[41] 

Adult mesenchymal cells 5xFAD mouse model 

The results indicate that MSC transplants effectively 

reduce learning deficits in the 5xFAD mouse model 

and demonstrate a clear impact of MSCs on the levels 

of Ab42 in the brains of 5xFAD mice 

[42] 

placenta derived 

mesenchymal stem cells 
Ab1–42-infused mice 

Attenuated the expression of APP, BACE1, and Ab, 

as well as the activity of b-secretase and c-secretase 
[43] 

RVG-tagged Mesenchymal 

stem cells derived exosomes 

APP/PS1 double 

transgenic mice 

RVG-tagged Mesenchymal stem cells derived 

exosomes decrease Aβ levels, and activation of 

astrocytes was reduced. 

[44] 

Clinical studies 

To date, many clinical studies have been conducted to 

study the safety, clinical efficacy, and tolerability of MSCs 

in patients with AD. However, most of the trials are ongoing 

with no published results. A systematic search was 

performed to identify the clinical trials, both completed and 

ongoing. 16 clinical trials, registered on Clinical Trials.gov, 

were retrieved, which are summarized in Table 2.  
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Table 2: Characteristics of clinical trials conducted on mesenchymal stem cells therapy in Alzheimer's disease 

NCT, status 
Country, 

year 
Study design 

Study 
phase 

Stem cell 
type 

No. of 
participants (n) 

Follow up 
period 

Interventions Study outcomes 

NCT01297218 & 
NCT01696591 

(extended follow-
up study), 
completed 

Republic of 
Korea, 2011 

Open label, single 
center, single arm 

1 hUCB-MSCs 9 
Initial: 12 weeks 

Extended: 24 
months 

Low dose: 2.5 × 105 cells/5 μL per 
entry site 

High dose: 5.0 × 105 cells/5 μL per 
entry site 

The administration of hUCB-MSCs into 
hippocampi showed no serious ADEs 
during 24-month follow-up period. 
Moreover, administration was feasible 
and well tolerated among AD patients 
[49] 

NCT02054208, 
completed 

Republic of 
Korea, 2014 

Double-blind, 
Single-center, two 

arm 
1/2a hUCB-MSCs 

45 
Stage 1: 9 

Stage 2: 36 
24 weeks 

Low dose: Intraventricular 
administration of 1 x 

10^7cells/2mL. 
High dose: Intraventricular 

administration of 3 x 
10^7cells/2mL. 

Placebo: 2ml normal saline 

Repeated administrations of hUCB-
MSCs were well tolerated and feasible 
among AD patients. However, three 
serious ADEs, including fever, nausea 
and vomiting were seen in two 
participants that required extended 
hospitalization [52] 

NCT03117738, 
completed 

USA, 2017 

Randomized, 
double-blind, 

placebo-controlled, 
two arm 

1/2 
Autologous 
AD-MSCs 

21 
30 weeks 
52 weeks 

Drug: AstroStem 
Dose: 2 × 108 AD-MSCs 

Placebo: Saline with 30% auto-
serum 

Not yet published results [53] 

NCT02600130, 
completed 

USA, 2016 

Randomized, 
double-blinded, 

placebo-controlled, 
three arm 

1 LMSCs 25 52 weeks 

Cohort 1: Peripheral IV infusion of 
20 million LMSCs 

Cohort 2: Peripheral IV infusion of 
100 million LMSCs 

Cohort 3: Placebo (Plasmalyte A 
and 1% human serum albumin) 

Not yet published results [56] 

NCT03172117 
(extended follow-

up study for 
NCT02054208), 

ongoing 

Republic of 
Korea, 2017 

Double-blind, 
Single-center, two 

arm 
1/2a hUCB-MSCs 

45 
Stage 1: 9 

Stage 2: 36 
24 weeks 

Low dose: Intraventricular 
administration of 1 x 

10^7cells/2mL. 
High dose: Intraventricular 

administration of 3 x 
10^7cells/2mL. 

Placebo: 2ml normal saline 

Not yet published results [52] 

NCT04228666, 
withdrawn 

USA, 2020 
Open label, non-

randomized, single 
arm 

1/2a 
Autologous 
AD-MSCs 

0 52 weeks 
Intravenous administration of HB-

adMSCs 
Dose: 2 x 10^8 cells. 

Not available [58] 

NCT04855955, 
available 

USA, 2021 
Single patient, 
clinical study 

N/A AD-MSCs 1 N/A Drug: AD-MSCs Not yet published results [55] 



          https://j.stmu.edu.pk 

h t tps : / /do i . o rg /10 .32593 / j s tmu/Vo l5 . I ss1 . 190   

JSTMU 2022  59 

NCT02833792, 
ongoing 

USA, 2016 

Randomized, 
single-blind, 

placebo-controlled, 
multi-center, 

crossover study 

2a hMSCs 40 18 months 
Drug: hMSCs 

Placebo: Ringer lactate solution 
Not yet published results [57] 

NCT04040348, 
ongoing 

USA, 2019 
Open label, single 
center, single arm 

1 hMSCs 6 52 weeks 100 million cells allogeneic hMSC Not yet published results [58] 

NCT04388982, 
ongoing 

China, 2021 
Open label, single 
center, single arm 

1/2 
Allogenic 
adipose 

MSCs-Exos 
9 48 weeks 

Low dose: 5μg MSCs-Exos 
Mild dose: 10μg MSCs-Exos 
High dose: 20μg MSCs-Exos 

Not yet published results [59] 

NCT02899091, 
ongoing 

Republic of 
Korea, 2016 

Randomized, 
Double-blind, 

Placebo-
controlled, two arm 

1/2a 

CB-AC-02: A 
human 

placenta 
derived MSC 

candidate 

24 48 weeks 
CB-AC-02, 2.0 x 10^8 cells 

 
Placebo 

Not yet published results [60] 

NCT04684602, 
ongoing 

USA, 2020 
Non-randomized, 

open label, 
multicenter 

1/2 hUCB-MSCs 5000 12 months 
Drug: PrimePro™/ PrimeMSK™ 

injection 
Not yet published results [61] 

NCT04482413, 
ongoing 

 

Randomized, 
double blind, 

active controlled, 
two arm 

2b AD-MSCs 80 28 weeks 

Drug: IV AstroStem containing 2 x 
10^8 cells/20 mL of saline with 

30% auto-serum 
Placebo: 5 mg of Donepezil 

Not yet published results [54] 

NCT01547689, 
unknown status 

China, 2012 

Open label, single 
center, self-

controlled single 
arm 

1/2 hUCB-MSCs 30 10 weeks 

IV infusion containing 20 million 

cells （0.5×10^6 UC-MSCs per kg 

） 

Not yet published results [50] 

NCT02672306, 
unknown status 

China, 2017 
Randomized, 

double blind, two 
arm 

1/2 hUCB-MSCs 16 48 weeks 

hUC-MSCs 20 million cells per 
subject (0.5×10^6 UCMSCs per 

kg) 
Placebo: IV normal saline 

Not yet published results [62] 
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A two-staged, phase 1 clinical trial has been conducted 

on 9 patients with dementia associated with AD.47 The trial 

evaluated the safety and tolerability of hUCB-MSCs, 

manufactured as NEUROTSTEM®-AD. During stage 1 of 

the trial, the patients were followed up for 12 weeks, post-

hUCB-MSCs administration into the hippocampi to identify 

the acute adverse drug events (ADEs). Pain in the surgical 

site (n=9) and headache (n=4) were the most common 

ADEs found. Other common ADEs included headache 

(n=3) and dizziness (n=3). A stage 2, an extended follow-

up study was performed on the patients who completed 

stage 1 of the trial. During the 24-month follow-up period, 

no patient reported any serious ADE. Hence, the trial 

showed that the hUMB-MSCs administration was safe and 

well-tolerated among patients with AD with no dose-limiting 

toxicity (DLT).47-49 However, the efficacy of hUMB-MSCs 

had not been confirmed due to study limitations, including 

the limited number of participants and the absence of a 

control group.47-49 Therefore, future clinical trials with active 

comparator or placebo-controlled group and extended 

follow-up are needed to establish the efficacy of this 

treatment.  

To overcome the limitations of the previous trials,47,48 

another phase 1/2a trial was conducted in the Republic of 

Korea.50 The primary purpose of this trial was to study DLT 

and exploratory efficacy of NEUROSTEM®-AD (hUCB-

MSCs) in patients with mild to moderate AD. This two-arm 

trial studied the effect of repeated IV injections of hUCB-

MSCs in the treatment group compared to the placebo-

controlled group in two stages. The first stage of trial 

utilized hUCB-MSCs dose-escalation, followed by 

randomized and multiple-dose parallel design in the 

second stage. Fever was the most common ADE reported 

after IV administration of hUCB-MSCs. Other acute ADEs 

included headache, nausea and vomiting, which were all 

subsided within 2 days. However, three participants 

required extended hospitalization due to ADEs in the low 

dose group. Finally, five out of 9 participants completed 3-

year comprehensive observational study with no other 

reported ADEs. According to Kim et al., the results of this 

trial were similar to the phase 1 study conducted in 2011 

(NCT01297218,49 and repeated hUCB-MSCs 

administrations into lateral ventricle were found safe and 

tolerated among patients with AD.51, 52 The phase 2a trial is 

still ongoing and the clinical efficacy of hUCB-MSCs 

administration can only be established after extended 

follow-up and upon completion of this phase.52 

A combined phase 1/2 clinical trial was conducted to 

study the safety, and clinical efficacy of adipose tissue-

derived MSCs (AD-MSCs) manufactured as AstroStem.53 

21 participants were included in the trial, which were 

randomly assigned to treatment and placebo group. Nine 

repeated IV administrations of AstroStem were given to the 

participants in the treatment group every 2 weeks. Later, 

the participants were followed up for 30 and 52 weeks to 

evaluate treatment-related ADEs and the clinical efficacy 

of the treatment. Pulmonary embolism, stage IV squamous 

cell carcinoma, and diarrhea were the most common 

reported ADEs. Other ADEs included fatigue, weight loss, 

dysphagia, glaucoma, and dehydration. The Alzheimer’s 

disease assessment scale-cognitive subscale (ADAS-Cog) 

score of 5.9 (6.8) was reported in AstroStem group as 

compared to 3 (5.4) in the placebo group. 53 A similar 

randomized, 2-arm, phase 2b study using the same 

treatment (AstroStem) is undergoing. 54 This study is 

conducted with 2 treatment arms to evaluate the 

effectiveness of IV AstroStem compared to donepezil; a 

cholinesterase inhibitor used to improve mental function. 

The patients will be followed up at 28 and 40 weeks to 

study primary and secondary outcomes.54 A single patient, 

clinical study focusing on assessing AD-MSCs therapy 

based on disease severity is registered on Clinical 

Trials.gov.55     

To study the safety and clinical effectiveness of 

Longeveron MSCs (LMSCs), a phase 1, randomized, 

placebo-controlled clinical trial has been conducted among 

AD patients.56 This 3-arm study recruited 25 participants, 

which were randomly assigned (2:2:1) to the low dose, high 

dose, and placebo groups. The participants were followed 

up at regular intervals up to 52 weeks. Although the study 

has been completed, the results are yet to be published.56 

A phase 2a clinical trial utilizing allogenic human MSCs is 

ongoing.57 This study's primary and secondary objectives 

are to assess the safety and efficacy of hMSCs, 

respectively. A total of 40 participants will be recruited and 

randomly assigned to treatment and placebo cohorts (20 

patients each). The treatment cohort will receive a drug 

containing hMSCs, while the placebo cohort will receive 

ringer lactate solution. Independent review boards will 

monitor the safety and efficacy.57 Another phase 1 study, 
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started in 2019 on hMSCs treatment among AD patients is 

not yet completed.58 To assess the effectiveness of hMSCs 

in the treatment of AD, the results of these ongoing studies 

will be vital. 
 

C o n c l u s i o n  

Due to their easy isolation and better differentiation 

potential, MSCs are the most widely used stem cells in 

human clinical trials. However, the promising results of 

MSCs therapy in animal models have not yet been 

successfully translated in the human clinical trials. 

Although few clinical trials with published results 

demonstrated safety and tolerability of MSCs therapy in 

humans during the 24-month follow-up period, but the 

ADRs associated with this therapy are still a matter of 

question. Extended, large scale clinical trials are needed to 

further confirm the safety and feasibility of MSCs therapy. 

Moreover, the efficacy and therapeutic benefits of this 

therapy are still to be established. Most of the clinical trials 

were conducted in patients with mild to moderate AD and 

hence, the clear picture can only be obtained by the 

inclusion of patients with severe AD in the later phases of 

clinical trials. Having said that, it is evident that the MSCs 

therapy has a great potential to alter disease pathology, as 

shown during pre-clinical studies. As most of the clinical 

trials are in early phases, it is possible, with better and 

vigorous research, that MSCs can become the most 

effective therapy against AD..  
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