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AbsTrACT
background There have been no effective treatments 
for slowing or reversing Alzheimer’s disease (AD) until 
now. Growing preclinical evidence, including this study, 
suggests that mesenchymal stem cells- secreted exosomes 
(MSCs- Exos) have the potential to cure AD.
Aims The first three- arm, drug- intervention, phase I/
II clinical trial was conducted to explore the safety 
and efficacy of allogenic human adipose MSCs- Exos 
(ahaMSCs- Exos) in patients with mild to moderate AD.
Methods The eligible subjects were assigned to one 
of three dosage groups, intranasally administrated with 
ahaMSCs- Exos two times per week for 12 weeks, and 
underwent follow- up visits at weeks 16, 24, 36 and 48.
results No adverse events were reported. In the 
medium- dose arm, Alzheimer’s Disease Assessment 
Scale–Cognitive section (ADAS- cog) scores decreased by 
2.33 (1.19) and the basic version of Montreal Cognitive 
Assessment scores increased by 2.38 (0.58) at week 
12 compared with baseline levels, indicating improved 
cognitive function. Moreover, the ADAS- cog scores in the 
medium- dose arm decreased continuously by 3.98 points 
until week 36. There were no significant differences in 
altered amyloid or tau deposition among the three arms, 
but hippocampal volume shrank less in the medium- dose 
arm to some extent.
Conclusions Intranasal administration of ahaMSCs- Exos 
was safe and well tolerated, and a dose of at least 4×108 
particles could be selected for further clinical trials.
Trial registration number NCT04388982.

InTroduCTIon
Alzheimer’s disease (AD), the most common 
neurodegenerative disease, is the leading 
cause of dementia and is the fifth leading 
cause of death in the elderly.1 Although 
numerous attempts have been made to 
develop drugs for AD, there are currently no 
effective treatments for halting or reversing 
the progress of AD.2 The development of 

novel clinical available drug pipelines for the 
treatment of AD is therefore required.

In recent years, exosomes have been found 
to play an important role in AD,3 and may 
provide a novel diagnostic or therapeutic 
approach for AD management. Exosomes 
are extracellular vesicles that are released by 
diverse cells in rest or stress states and contain 
enhanced lipids, proteins and nucleic acids. 
They can be delivered to distant regions via 
bodily fluids, and taken up by target cells 
via three pathways: membrane fusion, endo-
cytosis and the ligand receptor- mediated 
mechanism.4 Mesenchymal stem cells 
(MSCs)- derived exosomes provide unpar-
alleled advantages over MSCs, including 
low immunogenicity, bulk synthesis from 
commercially available cell lines, avoidance 

WHAT Is ALrEAdY KnoWn on THIs ToPIC
 ⇒ Mesenchymal stem cells- secreted exosomes 
(MSCs- Exos) can alleviate Alzheimer’s disease (AD) 
in mouse models. However, there was no evidence 
suggesting whether MSCs- Exos are suitable for use 
in AD clinical treatment.

WHAT THIs sTudY Adds
 ⇒ This study conducted the first clinical trial of MSCs- 
Exos in patients with AD and demonstrated their 
safety in humans.

HoW THIs sTudY MIGHT AFFECT rEsEArCH, 
PrACTICE or PoLICY

 ⇒ This study provided dose selection for further phase 
II and phase III clinical trials. MSCs- Exos could pro-
vide hope for the treatment of AD if proven effective 
in multicentred, double- blinded, randomised con-
trolled trials.
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of invasive MSCs in collection or differentiation, and 
simplicity in storage.5

Due to their capacity to reach the brain, exosomes 
released by MSCs shed new light on developing disease- 
modifying strategies for AD.6 Previous limited inves-
tigations demonstrated that intracerebroventricular 
injections7 and the systematic injection8 of MSCs- derived 
exosomes ameliorated cognitive impairment in AD 
animals. In addition, our team has established the poten-
tial of allogenic human adipose- derived MSCs exosomes 
(ahaMSC- Exos) from healthy volunteers for the intranasal 
treatment of AD mice. After intranasal administration 
with a dose of 30 µg ahaMSCs- Exos per mouse, ahaMSCs- 
Exos can be rapidly transported to various brain regions 
through the olfactory system involving olfactory sensory 
neurons. ahaMSCs- Exos in the brain reached a peak at 
1 hour after administration and were mainly taken up 
by neurons. In APP/PS1 mice, ahaMSCs- Exos displayed 
neuroprotective effects, increased neurogenesis and 
enhanced spatial memory. ahaMSCs- Exos also appeared 
to decrease amyloid beta deposition and inhibit microg-
lial activation. Importantly, ahaMSCs- Exos did not induce 
morphological alterations in key organs, indicating the 
safety of the intranasal administration.9 Another study 
demonstrated that an intranasal injection of MSCs- 
derived exosomes might improve AD by suppressing 
microglia cell activation and boosting dendritic spine 
density in triple- transgenic 3xTg mouse models.10 These 
findings clearly demonstrate the therapeutic potential of 
MSCs- derived exosomes for AD and call for testing in real 
clinical settings. Inspiringly, in preclinical settings, MSCs- 
derived exosomes have been used to treat inflammatory 
and degenerative disorders, such as lung damage diseases, 
wound healing, liver diseases, cardiovascular diseases 
and bone regeneration.11 Moreover, there is growing 
evidence that MSCs- derived exosomes can be applied for 
the management of neurological diseases, such as isch-
aemic stroke,12 neurodegenerative diseases,13 spinal cord 
injury,14 etc. However, MSCs- derived exosomes have not 
been clinically investigated in AD despite the disease- 
modifying effect they have on transgenic mice models.

Accordingly, here, we conducted the first clinical trial 
to investigate the safety and efficacy of intranasal admin-
istration of ahaMSCs- Exos in patients with AD, aiming to 
demonstrate its application value in clinical settings and 
provide a solid foundation for future large- scale multi-
centre studies.

METHods
Exosomes derived from allogenic adipose MsCs
The intranasal drug (ahaMSCs- Exos) was produced by 
Cellular Biomedicine Group (Shanghai, China, https://
www.cellbio.com) according to the previously reported 
manufacturing and quality control process.15 Specifically, 
after liposuction, healthy young adult donors’ adipose 
tissue was used to separate fat cells for the creation of 
ahaMSCs. All cell- related operations were performed in a 

Current Good Manufacturing Practice (cGMP)- compliant 
laboratory. The manufacture was optimised to combine 
precipitation and ultracentrifugation based on previous 
studies with polyethylene glycol applied for the enrich-
ment of ahaMSCs- Exos.16 17 The production process 
achieved 3×1010–5×1010 nanoparticles from 500 mL condi-
tion medium. Quality control standards were established 
according to the process development and regulations of 
cell- based products: (1) the morphology of the product 
is a cup- shaped vesicle with a double membrane, which 
was observed by transmission electron microscopy after 
staining with 3% uranyl acetate, according to our previous 
method9 (online supplemental figure 1A); (2) more than 
80% of the particles are between 30 and 160 nm, which 
is compatible with the exosome diameter (30–150 nm), 
and the size distribution was analysed by nanoparticle 
tracking analysis (NanoSight NS300, Malvern) (online 
supplemental figure 1B); (3) marker expression includes 
CD63+, CD81+, CD9+, TSG101+ and CANX− (online supple-
mental figure 1C), which were measured by western blot; 
(4) other requirements for cell- based products, such as 
sterility (negative), endotoxin (< 100 EU/mL) and Myco-
plasma (negative).

study design of the open-label, phase I–II clinical trial
The study was registered ( ClinicalTrials. gov NCT04388982) 
and approved by the Ethics Committee. It is a three- arm, 
open- label, single- centre, drug- intervention, phase I/II 
clinical trial, aiming to estimate the safety and explore 
the efficacy of ahaMSCs- Exos in the treatment of AD. 
The trial, which took place from April 2020 to April 2022, 
was composed of three periods for each participant: the 
screening period (21 days), the intervention period (12 
weeks) and the follow- up period (48 weeks). After enrol-
ment, each participant was assigned the sequence number 
according to the time of inclusion. During the interven-
tion period, each participant undertook an intranasal 
administration of ahaMSCs- Exos (2×108, 4×108, 8×108 
particles) diluted in saline (1 mL) two times per week (24 
treatments in total) through nasal spray devices. Simul-
taneously, the 3+3 design was used in the three groups 
divided according to the interventional dose from low 
to high. For instance, if no case of dose- limited toxicity 
(DLT) existed in the three subjects of the low- dose group, 
the clinical trial moved to the middle- dose group. If one 
case of DLT existed, an additional three subjects were 
added, with all subjects accepting medical observation. 
Theoretically, 3–18 eligible subjects were required. The 
flow of this trial is depicted in figure 1.

Procedures
The ahaMSCs- Exos were shipped in a frozen state to 
the clinical site in a dry ice container with a contin-
uous temperature monitor. Upon receipt, the solution 
was examined and stored in a regulated, −80°C storage 
tank that was regularly monitored. All transfers and 
the signing paperwork were documented. Before nasal 
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spray administration, the solutions were thawed at room 
temperature and shaken. Each batch of the drug was valid 
for 30 days.

At baseline, basic information, medical history and 
vital signs were recorded. Laboratory tests were also 
conducted, including a 12- lead electrocardiogram (ECG). 
Laboratory tests included the following items: infectious 
diseases tests, blood routine, urinalysis, hepatic function, 
renal function, fasting plasma glucose, blood lipids, coag-
ulation function and immunology. During the treatment 
period, the melted drug was shaken to mix and adminis-
tered alternately through the left and right nasal cavities, 
where it was sprayed about once a minute for 10 min. The 
time of the beginning and ending was recorded, as well 
as vital signs, symptoms of adverse effects (AEs) or serious 
AEs (SAEs). Laboratory tests (excluding tests for infec-
tious diseases) and ECG were performed at the end of 
the 8th treatment (4 weeks), 24th treatment (12 weeks) 
and at the first follow- up visit (16 weeks). All participants 
accepted cognitive examinations and an evaluation for 
quality of life at the baseline, after 24 treatments (12 
weeks) and during the follow- up period (16 weeks, 24 
weeks, 36 weeks, 48 weeks) (figure 2).

Participants
All participants were enrolled from the Memory Clinic 
of Neurology Department and informed consent was 
obtained. Each participant should meet all items of the 
following criteria: (1) ≥50 years; (2) diagnosed with mild 
or moderate AD, according to the recommendations 
from the National Institute on Aging and Alzheimer’s 
Association 201118 and the updated research framework 
in 201819; (3) suspension of cognitive- enhancing drugs 
and marketed therapeutic drugs such as ginkgo, high- 
dose of vitamin E, lecithin, oestrogen, non- steroidal anti- 
inflammatory drugs, donepezil, memantine, and so on.

Subjects were excluded if any of the following condi-
tions were present: (1) suffering from severe and poorly 
controlled concomitant diseases or with severe allergic 
constitution; (2) diagnosis of severe depression or other 
psychiatric disorders or neurological diseases; (3) MRI 
contraindications; (4) participation in any other clinical 
trial within 6 months. Detailed inclusion and exclusion 
criteria were listed in online supplemental materials.

outcome measures
The safety of the ahaMSCs- Exos administration was 
assessed at baseline, and 4, 12, 16 weeks after the first 
treatment, based on vital signs, clinical laboratory tests, 
AEs and SAEs.

The efficacy evaluation consisted of assessments of 
cognitive function and daily activities. The outcome 
measures included scores according to the Alzheimer’s 
Disease Assessment Scale–Cognitive section (ADAS- cog, 
scores range from 0 to 70),20 the Mini- Mental State Exam-
ination (MMSE, scores range from 0 to 30),21 the basic 
version of Montreal Cognitive Assessment (MoCA- B, 
scores range from 0 to 30),22 the Neuropsychiatric Inven-
tory (NPI, scores range from 0 to 144 for patients and from 
0 to 60 for caregivers, respectively),23 the scale of Alzhei-
mer’s Disease Cooperative Study–Activities of Daily Living 
(ADCS- ADL),24 the Activities of Daily Living Scale (ADL) 
and Instrumental Activities of Daily Living Scale (IADL) 
at baseline, and 12, 16, 24, 36 and 48 weeks after the first 
treatment. As the higher score of ADAS- cog stands for a 
worse cognitive level, declined ADAS- cog scores indicate 
the cognitive improvement. On the contrary, scores of 
MMSE or an MoCA- B increase represent an improvement 
in cognition.

The primary endpoint was defined as (1) the number 
of participants with treatment- related abnormal labo-
ratory values of hepatic or kidney function, and (2) the 

Figure 1 Study design of the clinical trial. n=3−18 (theoretically). DLT, dose- limited toxicity.
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number of participants with treatment- related AE/SAE 
as assessed by the Common Terminology Criteria for 
Adverse Events- V.4.0. An interim analysis was performed 
during the trial.

Positron emission tomography and hallmarks of Ad pathology
Positron emission tomography (PET) imaging was used 
to evaluate the hallmarks of AD pathology. The PET- MRI 
for amyloid and the PET- CT for tau were conducted at 
the baseline and the last visit of the follow- up period. 
Participants were injected with 18F- florbetapir intrave-
nously at a dose of 5 mL/kg and underwent PET scanning 
which lasted 20 min at 1 hour after injection. Standard 
uptake value ratios (SUVRs) were calculated to quan-
tify the cerebral amyloid plaques and tau deposition. 
Regions of interest (ROIs) included frontal cortex, pari-
etal cortex, lateral temporal, precuneus (PreC), anterior 
cingulate cortex and posterior cingulate cortex (PCC) for 
amyloid, whereas lateral parietal, lateral temporal, medial 
temporal, frontal, occipital cortex, PreC and PCC for tau. 
A similar procedure was operated in tau imaging which 
employed 18F- PM- PBB3 as the PET tracer. Hippocampal 
volumes were also calculated based on the T1- weighted 
MRI.

statistical analysis
Considering the small sample size, descriptive statis-
tics were used. The mean (standard deviation, SD) was 
described for the measurement data. The changes in 
scores of scales from baseline to completion of treat-
ments (12 weeks) were analysed by a paired t- test. Anal-
ysis of variance was adopted in the comparison of the 
following means of the three arms. For hallmarks of AD 

pathology, the percentage of alterations in amyloid/tau 
deposition and hippocampal volumes was calculated 
through (changes/baseline value)×100%. To compare 
the difference in alterations in amyloid and tau deposi-
tion, the percentage of altered SUVRs (%) of different 
cerebral regions was put together and compared among 
the three arms. The rates of change in volumes of the 
bilateral hippocampus were also compared among the 
three arms. SPSS V.22.0 and GraphPad Prism V.9.0 were 
employed in the statistical analysis. A p value of <0.05 was 
considered significant.

rEsuLTs
demographical information
After enrolment, a total of nine eligible participants 
(figure 3), five males and four females, were intranasally 
administrated with ahaMSCs- Exos (table 1). Among them, 
five subjects were diagnosed with mild AD at the baseline, 
while the other four were diagnosed with moderate AD. 
They were sequentially assigned to three different treat-
ment arms with 2×108 particles within 1 mL solution for 
the low- dose arm, twofold for the medium- dose arm and 
fourfold for the high- dose arm. Demographical infor-
mation can be found in table 1. The first subject (E001) 
undertook intranasal administration of ahaMSCs- Exos 
from 18 July 2020 to 7 October 2020, while the last subject 
(E009) from 15 May 2021 to 10 August 2021. All subjects 
completed the treatments, one subject (E003) missed one 
follow- up appointment, while another (E009) dropped 
out of the follow- up owing to personal reasons.

Figure 2 Flowchart and specific visits for each participant. ECG, electrocardiogram;PET, positron emission tomography.
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safety of intranasal ahaMsCs-Exos administration
No AEs or SAEs were reported during the treatment 
period, nor did any subjects report nasal discomfort 
during treatment (online supplemental table 1). Blood 
pressures (figure 4A) and heart rates (figure 4B) fluctu-
ated without obvious abnormalities and a single subject 
(E009) had occasional bradycardia. No allergic events 
occurred during the intervention in all subjects despite the 
high level of IgE in subjects E001 and E007 (figure 4C). 
Laboratory tests did not suggest that the subjects had 
treatment- related damage in hepatic or kidney func-
tion. As depicted in figure 4D–G, the concentrations of 
alanine transaminase, aspartate aminotransferase, blood 
urea nitrogen and serum creatinine remained stable and 
within normal ranges.

Efficacy of intranasal ahaMsCs-Exos administration: from 
baseline to the completion of treatment periods (12 weeks)
Changes in the scores of ADAS- cog (1.4 (5.4), p=0.500) 
and MoCA- B (−1.1 (4.6), p=0.510) at 12 weeks were 
not significant compared with the baseline (online 
supplemental table 2), while scores of MMSE remained 
unchanged (0.0 (4.0), p=1.000). Moreover, the neuro-
psychiatric symptoms and the daily living abilities did 

not differ significantly after administration. Caregivers’ 
worries about the patients’ neuropsychiatric symptoms 
seemed to be reduced (−2.4 (3.7), p=0.136, did not reach 
statistical significance) (online supplemental table 2).

To explore whether an interventional dose had an 
influence, a stratified analysis was performed. Results 
diverged between the different dose arms. Changes in 
scores of cognitive scales were inconsistent in the subjects 
administrated with a low dose, and also in the high- 
dose arm (figure 4). However, ADAS- cog scores showed 
a consistent trend in the medium- dose arm, decreasing 
by 2.33 (1.19) compared with the baseline (figure 5A). 
Scores of MMSE had few increases in the high- dose arm 
(figure 5B). Similarly, an improved trend was observed 
in the scores of MoCA- B: the MoCA- B scores increased 
by 2.38 (0.58) in the medium- dose arm compared with 
the baseline, suggesting a better cognitive performance 
(figure 5C). In addition, the caregivers of the subjects 
who received the medium- dose intervention had a reduc-
tion of 5.33 (3.22) in distress due to neuropsychiatric 
symptoms based on the NPI. However, the neuropsychi-
atric symptoms of the patients did not ameliorate, in fact, 
they worsened (figure 5D). There were no significant 

Figure 3 The inclusion, exclusion and withdrawal of the enrolled participants. MMSE, Mini- Mental State Examination; PET, 
positron emission tomography.

Table 1 The demographic information of the subjects who received the intervention of ahaMSCs- Exos at baseline.

Subject Gender BMI
Intervention 
(particles/1 mL) Arm Age range

Educational 
years AD MMSE

Concomitant 
disease

E001 Male 23.1 2×108 Low- dose 70–80 >16 Mild 24 /

E002 Male 20.9 2×108 Low- dose 50–60 12 Moderate 21 /

E003 Female 18.6 2×108 Low- dose 70–80 12 Mild 22 /

E004 Male 19.3 4×108 Medium- dose 60–70 16 Mild 23 /

E005 Male 20.8 4×108 Medium- dose 60–70 12 Moderate 19 Type II- Diabetes

E006 Female 21.5 4×108 Medium- dose 70–80 12 Mild 24 /

E007 Male 27.6 8×108 High- dose >80 16 Moderate 20 Hypertension, Type 
II- Diabetes

E008 Female 20.7 8×108 High- dose 50–60 12 Moderate 17 /

E009 Female 18.8 8×108 High- dose 70–80 12 Mild 24 /
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Figure 4 Safety evaluations of the intranasal ahaMSCs- Exos administration. (A) Blood pressure of each subject at baseline 
and 24 interventions (systolic and diastolic blood pressures); (B) heart rates of each subject at baseline and 24 interventions 
with a normal range of 60–100 beats per minute (bpm); (C) IgE levels; (D,E) laboratory indicators for liver function: alanine 
transaminase (ALT) and aspartate aminotransferase (AST); (F,G) laboratory indicators for renal function: blood urea nitrogen 
(BUN) and serum creatinine (Scr). (C–G) The indicators level at baseline, during the intervention period and 4 weeks after 
intervention. ahaMSCs- Exos, allogenic human adipose mesenchymal stem cells- secreted exosomes.
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Figure 5 Changes in scores of scales from baseline to week 12. (A–C) Cognition examination scales: Alzheimer’s Disease 
Assessment Scale–Cognitive section (ADAS- cog), the Mini- Mental State Examination (MMSE) and the basic version of Montreal 
Cognitive Assessment (MoCA- B). (D) The Neuropsychiatric Inventory Scale (NPI). (E) The Geriatric Depression Scale (GDS). (F) 
Assessments of daily living activities: the scale of Alzheimer’s Disease Cooperative Study–Activities of Daily Living (ADCS- ADL), 
the Activities of Daily Living Scale (ADL) and the Instrumental Activities of Daily Living Scale (IADL).
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discrepancies in changes in scores of depression observed 
among the three arms (figure 5E). Furthermore, in the 
medium- dose arm, improvements in activities of daily 
living were indicated by an increasing trend in scores of 
ADCS- ADL and a decreasing trend in scores of ADL to 
some extent (figure 5F).

Based on the results, the intranasal administration of 
ahaMSCs- Exos might be effective in the medium- dose 
arm (at a dose of 4×108 particles, 1 mL).

Changes in the scores of the neuropsychological scales in the 
follow-up period
After the 24 intranasal administrations (12 weeks), the 
scales were performed on the participants at weeks 16, 
24, 36 and 48, respectively. ADAS- cog scores were in 
continuous decline by 3.98 in the medium- dose arm until 
week 36, while the MMSE and MoCA scores remained 
relatively stable in the follow- up period (online supple-
mental figure 2A–C). It could therefore be inferred that 
the ahaMSCs- Exos possess post- effects to maintain cogni-
tion for an extra 6 months after the treatment, lasting 
about 3 months. MMSE and MoCA scores indicated that 
cognitive function worsened in the low- dose and high- 
dose arms, despite the resumption of usual medication 
following intervention or in follow- up. The scores of 
NPI and Geriatric Depression Scale fluctuated without 
apparent tendencies, suggesting that neuropsychiatric 
symptoms and depression states fluctuated throughout 
this trial among all the subjects (online supplemental 
figure 2D–F). The trend of changes in the ADL scores 
was consistent with that of the cognitive assessments to 
some extent. Combined scores of ADCS- ADL, ADL and 
IADL scales and daily living abilities could allow an addi-
tional 6 months to be maintained in the medium- dose 
arm (online supplemental figure 2G–I).

Changes to Ad pathological hallmarks in the follow-up period
Based on the ATN (amyloid, tau, neurodegeneration) 
profile of AD pathological hallmarks, for A, data from 
PET- MRI suggest that the cerebral amyloid plaques 
increased approximately 1 year following the first treat-
ment (online supplemental table 3). The exception 
was the declined SUVRs of several regions observed in 
the subject E007 with the average of ROIs from 1.09 to 
1.01, indicating reduced cerebral amyloid deposition in 
this participant, particularly in the PreC. There were no 
significant differences among the three- dose arms from 
the perspective of proportions of altered amyloid depo-
sition compared with the baseline (figure 6A). For T, the 
level of tau deposition showed no obvious change trend 
a year after follow- up (figure 6B). For N, in the medium- 
dose arm, the volume of the left hippocampus decreased 
by 0.118 (0.068), and 0.213 (0.289) for the low- dose and 
0.181 (0.037) for high- dose groups, respectively. Similarly, 
the volume of the right hippocampus reduced: 0.290 
(0.325), 0.076 (0.061) and 0.161 (0.072) in three arms. 
Hippocampal volume shrank less in the medium- dose 
arm but did not reach statistical significance as the rate of 
changes in hippocampal volumes did (figure 6C).

dIsCussIon
Main findings
To the best of our knowledge, this trial is the first attempt 
to apply MSCs- secreted exosomes for the clinical treat-
ment of AD. The results demonstrated the safety of an 
intranasal administration of ahaMSCs- Exos for AD treat-
ment, and a dose of at least 4×108 particles could be 
selected for further large- scale multicentre clinical trials. 
First, no mild AEs or severe AEs were reported during 

Figure 6 Changes of hallmarks of AD pathology (amyloid, tau, neurodegeneration) in the follow- up period compared 
with baseline. The violin plot of the amyloid deposition (A) and tau deposition (B) alterations after 1 year detected by PET- 
MRI, comparing with baseline. The selected regions of interest included the frontal cortex, parietal cortex, lateral temporal, 
precuneus, anterior cingulate cortex and posterior cingulate cortex for amyloid, whereas lateral parietal, lateral temporal, 
medial temporal, frontal, occipital cortex, precuneus and posterior cingulate cortex for tau. (C) Altered proportions of bilateral 
hippocampal volumes indicated less atrophy in the subjects who accepted medium- dose administration. AD, Alzheimer’s 
disease; MRI, magnetic resonance imaging; PET, positron emission tomography.
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the treatment period. Subjects with high IgE levels at 
baseline were also tolerant to the nasal administration. 
Second, although for all the subjects changes in the 
scores of cognitive scales at week 12 were not significant 
compared with the baseline, in the medium- dose group, 
ADAS- cog scores consistently decreased by 2.33 (1.19) 
and MoCA- B scores increased by 2.38 (0.58) at week 12 
compared with the baseline, indicating improved cogni-
tive function. Lastly, we revealed the microRNA (miRNA) 
and protein expression profiles in ahaMSCs- Exos, which 
identified 277 miRNAs and 1443 proteins, and supplied 
the potential neurotrophic factors for patients with AD in 
the current clinical trial.

In terms of the present pilot trial, ahaMSCs- Exos at 
a dose of 4×108 particles once (the medium dose) had 
potential for the treatment of AD. The cognitive func-
tion of the subjects administrated with medium- dose 
ahaMSCs- Exos improved after the intervention, as 
reflected by decreased ADAS- cog scores and increased 
MoCA- B scores. Additionally, the subjects in the medium- 
dose arm had better performance in daily living activities 
compared with the baseline. The amelioration could be 
maintained for an extra 6 months following the 3- month 
treatment period due to a possible after- effect. Treat-
ment effects may be attributed to slowing hippocampal 
atrophy to some extent. Exosomes carry and transfer a 
variety of functional molecules such as proteins, DNAs, 
lipids and RNA with regulatory effects, which can modify 
cell metabolism. In the proteomic characterisation of the 
MSC- exosomes, hundreds of proteins have been iden-
tified, some of which are specific cell type markers and 
others are involved in the regulation of the binding and 
fusing of exosomes with recipient cells. Some factors 
promoting the recruitment, proliferation and differentia-
tion of neural stem cells and other cells were also found. 
Moreover, a wide range of miRNAs have been found in 
exosomes, which can control functions related to nerve 
remodelling, angiogenesis and neurogenesis.25 26 Taking 
this into consideration, the use of exosomes may be part 
of a strategy to promote neural plasticity in AD, improving 
cognitive impairment and neural replacement.

Considering that the two subjects in the high- dose arm 
had high ADAS- cog scores at the baseline, which indicated 
relatively poor cognitive status before administration, it 
was inferred that the ahaMSCs- Exos might be insensitive 
to patients with moderate to severe AD, at least in terms 
of the 8×108 particle dose. Despite no cognitive improve-
ment, a reduction in the amyloid plaque burden was 
observed in a subject in the high- dose arm (E007), which 
deserved in- depth study. Furthermore, neither of the two 
patients with early- onset disease experienced cognitive 
improvement after treatment. Therefore, further studies 
should focus on patients with mild AD and those with 
mild cognitive impairment due to AD. The patient’s age 
at onset should also be taken into consideration. It is diffi-
cult to elucidate whether higher doses are effective and 
the optimal frequency of treatment, so both need further 
research.

The therapy effect of ahaMSCs- Exos may be equiva-
lent or better when compared with drugs for AD on the 
current market. The ADAS- cog scores changed (−2.33 at 
week 12, –3.21 at week 16, –3.52 at week 24 and −3.98 at 
week 36) in patients given a medium dose of ahaMSCs- 
Exos. The published results suggested that the ADAS- cog 
scores declined (2.58 (5.7)) in the 900 mg group following 
the 24- week treatment (p=0.30 in comparison with the 
placebo group) for the sodium oligomannate (GV- 971).27 
The phase III clinical trial of GV- 971 demonstrated that 
the ADAS- cog scores changed (−1.89 (95% confidence 
interval (CI): −2.78 to −1.00)) at week 36 in the drug 
group and the difference was −2.15 (95% CI: −3.07 to 
−1.23) (p<0.001) between GV- 971 and the placebo.28 For 
donepezil, the differences between the ADAS- cog scores 
were −2.1 in the 5 mg group and −2.7 in the 10 mg group 
at week 12 compared with the baseline.29

Furthermore, both miRNAs and proteins in ahaMSCs- 
Exos were analysed through RNA sequencing and 
proteomic analysis. It was suggested that the benefits of 
ahaMSCs- Exos could be due to supplementing miRNAs 
which are reduced in patients with AD and proteins that 
regulate the exosome- related and neuroimmune- related 
signal pathways (online supplemental tables 4 and 5 and 
figures 3 and 4). However, the relatively specific mecha-
nism of ahaMSCs- Exos on AD needs further elucidation.

Limitations
Limitations existed in this trial. On the one hand, the 
study is a pilot clinical trial with a relatively small sample 
size for undertaking a statistical comparison; on the other 
hand, the second PET scan was conducted 1 year after 
the baseline, meaning it was challenging to determine 
whether amyloid or tau reduced after administration, as 
AD had progressed. Some confounding effects existed 
based on the current inclusion criteria, such as the age 
at onset, dementia stage, common comorbidities, and so 
on. In further clinical trials, stricter inclusion criteria will 
be set to clarify the effectiveness of ahaMSCs- Exos. The 
traditional 3+3 design with dose increments of 100% was 
adopted in this trial. Based on the results, the safety of 
ahaMSCs- Exos through nasal administration was proven 
and there seemed to be no delay or cumulative toxicity 
at experimental doses. The maximum tolerated dose 
(MTD) was not determined due to the relatively conser-
vative dosing design. In further trials, accelerated titra-
tion design or pharmacologically guided dose escalation 
could be applied to determine the MTD. Additionally, 
selecting bias, measurement bias and withdrawal bias 
were included in this trial.

Implications
The intranasal administration of ahaMSCs- Exos was safe 
and well tolerated at a treatment frequency of two times 
per week. The dose of at least 4×108 particles could be 
selected for a randomised phase II and phase III clinical 
trial in further steps. Improvements should be performed 
in next- phase clinical trials, such as expanding the sample 
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size, setting the control group and stricter inclusion 
criteria, extending the intervention period, and adding 
trajectories of imaging and biomarkers of peripheral 
blood.
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