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factors of stem cell
transplantation on patients with
Parkinson'’s disease: a systematic
review and meta-analysis
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Jiajia Li*, Peng Yu?* and Ming Dong™

!Department of Neurology and Neuroscience Center, The First Hospital of Jilin University,
Changchun, China, 2Department of Ophthalmology, The Second Hospital of Jilin University,
Changchun, China

Background: Cell transplants as a treatment for Parkinson'’s disease have been
studied for decades, and stem cells may be the most promising cell sources
for this treatment. We aimed to investigate whether stem cell transplantation
contributes to the cure for Parkinson's disease and the factors that may influence
the efficacy for this therapy.

Methods: PubMed, Embase, Cochrane Library, Web of Science, SinoMed, China
National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (VIP), and Chinalnfo were thoroughly searched to find controlled trials
or randomized controlled trials performing stem cell transplantation in patients
with Parkinson’s disease. The pooled effects were analyzed to evaluate the
weighted mean difference (WMD) with 95% confidence intervals.

Results: Nine articles were identified including 129 individuals. Stem cell
transplantationwas an effective treatmentfor Parkinson’s disease (WMD = —14.86;
95% Cl: -16.62 to —13.10; p<0.00001), with neural stem cells, umbilical
cord mesenchymal stem cells (UCMSCs), and bone marrow mesenchymal
stem cells (BMMSCs) being effective cell sources for transplantation. Stem
cell transplantation can be effective for at least 12 months, but its long-term
effectiveness remains unknown due to the limited studies monitoring patients
for more than lyear, not to mention decades.

Conclusion: Data from controlled trials suggest that stem cell transplantation
as a therapy for Parkinson’s disease can be effective for at least 12 months. The
factors that may influence its curative effect are time after transplantation and
stem cell types.

Systematic review registration: (Registration ID: CRD42022353145).
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Introduction

Parkinsons disease is a progressive neurodegenerative disease
characterized by psychiatric disturbances (depression and anxiety),
cognitive problems (cognitive decline), movement difficulties (tremor,
stiffness, and slowness), and motor complications (dyskinesia) associated
with medication use; the Unified Parkinson’s Disease Rating Scale
(UPDRS) was developed to estimate the severity of this disease. Treatment
for Parkinson's disease involves pharmacologic approaches, typically with
levodopa preparations prescribed with or without other medications, and
nonpharmacologic approaches, such as exercise and physical,
occupational, and speech therapies (1); however, neuropathological
evidence suggests that Parkinson's disease is characterized by a selective
loss of dopaminergic neurons in the substantia nigra pars compacta, with
widespread involvement of other central nervous system structures and
peripheral tissues (2). Farzane Sivandzade pointed out that the currently
available treatment options are insufficient in arresting the
neurodegenerative processes; hence, stem cell transplantation is preferred
to enable neuro-restoration in patients with this condition (3).

Cell transplants as a treatment for Parkinson’s disease have been
studied for decades; stem cells are currently used as cell sources in the
treatment of this condition (4). Initially, people use tissue or
dopaminergic neuron precursor cells isolated from a fetus (5-7);
however, the results could be variable when people use fetal tissue-
derived cells or tissues for transplant. Fetal tissues or cells have great
heterogeneity and have difficulties in quality control; this maybe the
reason why negative results were obtained in double-blind, sham-
controlled clinical trials conducted by Freed and Olanow (7, 8).
Therefore, the development of stem cell biology led to the discovery of
other cell sources for transplantation, which helped to partially address
the problems associated with the availability of fetal tissue-derived cells
and the impossibility of standardization, resulting in a more steady
course for this therapy (4). Potential cell sources include homogenous
stem cells derived from the human body (BMMSCs and UCMSCs),
dopamine cells derived from embryonic stem cells, and dopamine cells
derived from induced pluripotent stem cells (4, 9, 10). However, because
early tissue transplantation had such a varied outcome, most researchers
in recent years have increasingly preferred to begin with transplanting
homogeneous cells, and the majority of studies utilizing populations
comprising stem cells are in the preclinical stage. Others could
be worried about the immunological regulatory cells that populations
including stem cells, such blood cells from different donors, may
introduce and the possibility of graft-versus-host disease. Hence, the
efficacy of homogeneous stem cells for patients with Parkinson disease
is the main focus of our meta-analysis.

Because the loss of dopaminergic neurons is considered as the
main cause for the key motor symptoms and signs of Parkinson’s
disease, many researchers think replacing them with stem cell-derived
dopamine cells can relieve patients with Parkinson (4). However,
Parkinson disease has not only key motor symptoms, but also a multi-
system disorder with extranigral pathology or symptoms that are
unresponsive to levodopa, and evidences from genetic,
pharmacological, immunological, neuroimaging, epidemiological
studies support neuroinflammation important in progress of
Parkinson disease (11). Therefore, our meta-analysis focuses on the
results of studies using less differentiated stem cells as transplanting
cell sources to see if modulation of the inflammatory and immune
environment from stem cells transplanted can be effective.
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The different stem cells used for clinical transplantation include
neural stem cells (12-14), BMMSCs (15, 16), UCMSCs (17-20),
adipose derived neural progenitor cells (12), and human retinal
pigment epithelium cells (21); meanwhile, the different methods of
transplantation can be categorized as follows: intraventricular
injection, intravascular injection, and intrathecal injection. Various
trials can conduct transplantation differently using the same method;
in the clinical trials conducted by Purwati, an Ommaya reservoir was
inserted into the ventricle, and booster implantation of stem cells were
performed 1 to 2months after (22). Others may only perform
injections into the ventricle once. Significant differences were also
observed in terms of the area where the stems cells were injected; that
is, some performed intravenous injection of stem cells, while others
performed arterial injection targeting the anterior or posterior
brain circulation.

Considering the different methods of administering the treatment,
we examined the influence of these differences and determined
whether stem cell transplantation can benefit patients with Parkinson’s
disease. Therefore, we conducted a meta-analysis to evaluate the
efficacy of stem cell transplantation for Parkinson’s disease and the
influencing factors.

Materials and methods
Methods and search strategy

The present meta-analysis was conducted in accordance with the
criteria reported by the Preferred Reporting Items for Meta-Analyses
group. This review was conducted in accordance with the 2020 Preferred
Reporting Items for Systematic Reviews (23) and was registered in the
International Prospective Register of Systematic Reviews (registration
ID: CRD42022353145). The study did not require ethics committee
approval owing to its non-experimental design and search strategy.
English databases (PubMed, Embase, Web of Science, and Cochrane
Library) and Chinese databases (CNKI, China Info, VIP, and Sino Med)
were searched by two reviewers (ZC and JL) to find eligible studies
published from the inception of databases to August 25, 2022. The
references of selected articles were screened independently by two
workers (RY and SJ) to identify additional studies; then, the final list of
literature that should be included in the meta-analysis was discussed to
resolve all disagreements. The terms used in searching PubMed are
summarized in Table 1.

Assessment of eligibility

Studies that fulfilled the following criteria were considered eligible
for the meta-analysis: (1) studies that included patients diagnosed with
Parkinson’s disease and whose diagnosis were clearly and correctly
described, (2) controlled trials, (3) studies that performed a stem cell
transplantation as an intervention using stem cells collected from a
human donor, and (4) studies whose primary outcomes were UPDRS,
mean difference (MD), and standard deviation of UPDRS calculated
from the data or figures provided. We excluded studies that included
patients with Parkinsonism or Parkinson’s-plus syndromes. Studies that
only provided the scores in Part III of the UPDRS or the percentage of
improvement in UPDRS, did not report the total score, and did not use
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TABLE 1 Terms used in searching PubMed.

10.3389/fneur.2024.1329343

Search number Query

#1 “Parkinson Disease”[Mesh]

#2 (((((((1diopathic Parkinson’s Disease[Title/ Abstract]) OR (Lewy Body Parkinson’s Disease[Title/ Abstract])) OR (Parkinson’s Disease[Title/
Abstract])) OR (Parkinson Disease[Title/ Abstract])) OR (Idiopathic Parkinson Disease[Title/Abstract])) OR (Lewy Body Parkinson
Disease[Title/Abstract])) OR (Primary Parkinsonism|Title/ Abstract])) OR (Paralysis Agitans[Title/ Abstract])

#3 #1 OR #2
#4 “Stem Cells”[Mesh]
#5 ((((stem cell*[Title/Abstract]) OR (Progenitor Cell*[Title/Abstract])) OR (Mother Cell[Title/Abstract])) OR (Colony-Forming Unit*[Title/

Abstract])) OR (Colony Forming Unit*[Title/Abstract])

#6 #4 OR #5

#7 ((((((randomized controlled trial[Publication Type]) OR (controlled clinical trial[Publication Type])) OR (randomized|Title/Abstract])) OR
(controlled[Title/ Abstract])) OR (trial[Title/Abstract])) OR (random[Title/Abstract])) OR (placebo|Title/Abstract])

#8 #3 AND #6 AND #7

homogenous stem cells as cell sources for transplantation were also
excluded. Duplicate studies, conference, reviews, case reports, and
meta-analysis were removed. Three reviewers (JLZ, SSJ and YR)
independently performed the study selection.

Data extraction

Data extraction was performed independently by two
investigators. The following data were extracted from the included
studies: name of first author, publication year, follow-up year,
population age range, sample size, cell types for transplantation, route
of transplantation, and UPDRS as main outcome. Discrepancies were
resolved by discussing the issues between the two investigators or by
consulting a third investigator.

Quality assessment

Quality assessment for randomized controlled trials was
performed using the Jadad scale (24), which is a scale used for the
assessment of randomized controlled studies in meta-analyses; scores
ranged from 0 to 7, with higher scores indicating a higher quality.
Studies that obtained a score of 4 or higher were defined as high-
quality studies. Quality assessment of controlled trials was performed
according to the methodological index for non-randomized studies,
the final version of which contained 12 items (including study aim,
data collection, follow-up time, and baseline equivalence of groups).
It is used for the assessment of controlled studies in meta-analyses;
scores ranged from 0 to 24, with higher scores indicating a higher
quality. Hence, studies that obtained a score of 13 or higher were
defined as high-quality studies (25). Two reviewers independently
evaluated the quality of all included studies.

Statistical analyses

Review Manager 5.4 (Revman 5.4) and Stata software version 16.0
(StataCorp, College Station, TX, United States) were used for
performing all statistical analyses. WMD and 95% CI were used as
effect sizes, and a forest plot was made using Revman 5.4. Cochran’s
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Q test and the I statistic were used to evaluate the heterogeneity
across studies. A p value of <0.1 or an I* value of >50% indicated a
significant heterogeneity. The random effects model was employed. A
subgroup analysis was conducted according to the cell types, route of
transplantation, and tracking time after transplantation to explore the
potential source of heterogeneity. Sensitivity analysis and publication
bias were assessed using Stata 16.0 (StataCorp, College Station, TX,
United States); sensitivity analysis was performed to evaluate the
stability of the results by removing one study at a time. Meanwhile,
publication bias was evaluated using Egger’s rank test and was
presented using a funnel plot.

Results
Search results and study characteristics

A total of 1,698 articles were retrieved from all databases: 302
from CNKI, 152 from VIP, 387 from Chinalnfo, 209 from PubMed,
37 from Cochrane, 13 from SinoMed, 314 from Embase, and 283 from
Web of Science (Figure 1). We excluded 356 duplicates using endnotes
and then screened the titles and abstracts of the remaining articles;
we excluded 158 reviews and meta-analysis, 104 conferences, and
1,033 articles that were irrelevant. A total of 47 articles were subjected
to a full-text review, and 38 articles that were not completely registered,
with irrelevant research topic, or whose data were not applicable in the
current meta-analysis were excluded.

Finally, a total of nine articles (13-15, 17-21, 26) were included, all
of which were controlled trials. All studies obtained a quality score of
more than 12 according to MINORS. The baseline characteristics and
quality assessment results of all nine articles are summarized in Table 2.

Effectiveness of stem cell transplantation in
Parkinson's disease

Nine eligible studies reported changes in UPDRS after stem cell
transplantation in patients with Parkinson’s disease (WMD =—14.86;
95% CI: —16.62 to —13.10; p=0.53; I* =0%), showing that stem cell
transplantation is effective for Parkinson’s disease (Figure 2) in the
fixed effects model.
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Studies identified from:
PubMed (n=209)
Embase (n=314) Studies identified from
Web of science (n=283) CNKI (n=303)
SinoMed (n=13) VIP (n=152)
Cochrane (n=37) Chinalnfo (n=387)
A
Articles for first screen o . _
(n=1698) »Duplicates excluded (n=356)
y
Articles for titles and Animal experiments and experiments that are not associated
abstracts screenin " with stem cell transplantation and Parkinson (n=1033)
(n=1342) 9 = Review excluded (n=158)
Conference excluded (n=104)
Y
Articles for full-text screening
(n=47)
Unfinished registered experiments (n=5)
A4 Case report (n=1)
o ) Neither controlled nor randomized controlled trials (n=7)
Eligible studies finally __y | Trials not using stem cells from human as cell source (n=5)
included (n=9) Data needed not applicable (n=17)
Patients with Parkinsonism or have Parkinson's-plus
syndromes are not excluded from trials (n=3)
FIGURE 1
Flow diagram of the study selection process.

Subgroup analysis based on cell type

For each subgroup, the fixed effects model with low heterogeneity
was used to conduct this subgroup analysis. Results showed that both
neural stem cells (WMD=-9.25; 95% CI: —14.54 to —3.95) and
UCMSCs (WMD =—15.43; 95% CI: — 17.32 to —13.54) were effective
treatments for Parkinson’s disease. Only one study used BMMSCs for
transplantation and was also effective in treating Parkinson’s disease
(MD=-21.40; 95% CI: — 34.26 to —8.54). Another study used human
retinal pigment epithelium cells for transplantation and seemed
ineffective (MD =—15.00; 95% CI: — 38.65 to 8.65). Differences were
observed in the combined effects of the subgroups, but the differences
were not significant (chi-square=5.66, degree-of-freedom (df)=3
(p=0.13); I* =47.0%; Figure 3).

Subgroup analysis based on transplantation
route

The degree of heterogeneity decreased in the intraventricular
injection subgroup and intravascular injection group, but was higher
(I* =38%) in the intrathecal injection subgroup. We used the fixed
effects model in this subgroup analysis. The results were as follows:
intraventricular injections were effective (WMD =—8.80; 95% CI:
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—16.99 to —0.60; p=0.58; I> =0%), intrathecal injections were effective
(WMD =-14.50; 95% CI: —18.50 to —10.50; p=0.20; I* =38%), and
intravascular injections were effective (WMD=-17.17; 95% CI:
—21.99 to —12.34; p=0.90; I* =0%). Differences were observed in the
combined effects of the subgroups, but the differences were
not significant (chi-square=3.01, df=2 (p=0.22); * =33.5%;
Figure 4).

Subgroup analysis based on tracking time

A subgroup analysis was performed to explore the changes in the
treatment effectiveness over time. Most studies demonstrated two to
three endpoints at various time points: 0-1 month after intervention
was effective (WMD =—-19.18; 95% CI: —22.92 to —15.44; p=0.13;
P =39%), 1-3months after intervention was effective
(WMD =-15.53; 95% CI: —21.53 to —9.54; p=0.08; I* =55%),
3-6 months after intervention was effective (WMD =—22.10; 95%
CL —30.01 to —14.20; p=0.81; I* =0%), 6-12months after
intervention was effective (WMD=-22.17; 95% CI: —33.26 to
—11.09; p=0.82; I =0%), and 12-24 months after intervention was
effective (WMD =—11.24; 95% CI: —23.00 to 0.53; p=0.24; > =27%);
only one trial showed results after 24 months and reported that stem
cell transplantation was ineffective (WMD =—15.00; 95% CI: —38.65
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TABLE 2 Characteristics of the studies included in this meta-analysis.

First country Follow- Age, Experiment group Control Assessment Minors
Author/ up time mean + SD/ . rou oint of
Year P Age ra_nge Stem cell Transplantation group BPDRS
(years) type route

Xiaoqun et al. China 60 days 62.0+4.2 5(45.5%) clinical trial 22 Fetal tissue- Intrathecal injection Levodopa Baseline, 1, 3, 7, 30 14
(2013) (13) derived neural and 60 days

stem cell
Lige and China 2years 57.3+9.1 6 (28.6%) clinical trial 21 Fetal tissue- Intraventricular injection Levodopa Baseline, 2 years 15
Zengmin derived neural
(2014) (14) stem cell
Schiess et al. USA 52 weeks 66.4+5.9 3 (60%) phase I study 5 Bone marrow Intravascular injection Dopaminergic Baseline, 3, 12, 24, 17
(2021) (15) mesenchymal regimen and 52 weeks

stem cell
Sun et al. China 3 weeks 65.3+2.7 4 (40%) clinical trial 10 Umbilical cord Intravascular injection Levodopa Baseline, 1 month 16
(2016) (17) mesenchymal

stem cell
Yan et al. China 1month 63.4+7.6 7 (46.7%) clinical trial 15 Umbilical cord Intravascular injection Drug treatment Baseline, 1 month 14
(2014) (18) mesenchymal

stem cell
Yun et al. China 1 month 58.4+8.7 4 (50%) clinical trial 8 Umbilical cord Intravascular injection Levodopa Baseline, 1 month 14
(2011) (19) mesenchymal

stem cell
Aili (2013) China 6 months 67.1+5.3 4 (44.4%) Clinical trial 9 Umbilical cord Intrathecal injection Levodopa Baseline, 28 days, 16
(20) mesenchymal 6 months

stem cell
Yin et al. China 36 months 66.0 £ 11.4 4 (44.4%) pilot clinical 9 Human retinal Intraventricular injection Levodopa Baseline, 3, 6, 12, 24 13
(2012) (21) trial pigment and 36 months

epithelium cell
Dapeng et al. China 12 weeks 45-66 14 (46.7%) clinical trial 30 Umbilical cord Intrathecal injection Compound Baseline, 4 and 15
(2013) (26) mesenchymal levodopa 12 weeks

stem cell

e 3s oeyz
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Testfor overall effect: Z=16.56 (P < 0.00001)
Testfor subaroun differences: Chi*= 5.66. df=3 (P=0.13). F=47.0%

FIGURE 3
Forest plot of the subgroup analysis based on cell type.

Experimental Control Mean Difference Mean Difference
Study or Subgrou; Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
AlliL2013 71.2 87 9 917 134 9 28% -2050[-30.94,-10.08)
Dapeng S 2013 2253 367 15 376 18 15 723% -1507[17.14,-13.00] O
Lige L2014 7276 13.31 21 8071 1548 21 41% -7.95[-16.68,0.78] S |
LiS 2016 77.04 63 10 938 62 10 103% -16.76[-22.24,-11.28] I
Schiess M 2021 324 6.8 5 538 13 5 19% -21.40[34.26,-8.54)
Xiaoqun B 2013 44 85 1 54 74 1 7.0% -10.00[-16.66,-3.34] —
YanW 2014 75.63 27.07 15 8938 3092 15 07% -13.75[-34.55,7.05) I
YinF 2012 438 233 9 588 277 9 06% -15.00[-38.65, 8.65)
Yun Q 2011 75.63 27.07 8 8938 3092 8 04% -13.75[42.23,1473)
Total (95% CI) 103 103 100.0% -14.86 [-16.62, -13.10] ¢
Heterogeneity: Tau?= 0.00; Chi*= 7.09, df= 8 (P = 0.53); F= 0% i 5 0 y: 20
Testfor overall effect: Z=16.56 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 2
Forest plot of UPDRS after the longest follow-up time of stem cell transplantation for Parkinson'’s disease reported in all nine studies selected.
Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 neural stem cell
Lige L2014 7276 13.31 21 8071 1548 21 41% -7.895[-16.68,0.78]
Xiaoqun B 2013 4 85 1N 54 74 N 7.0% -10.00[-16.66,-3.34] ——
Subtotal (95% ClI) 32 32 11.0%  -9.25[-14.54,-3.95] >
Heterogeneity: Tau®= 0.00; Chi*=0.13,df=1 (P=0.71); F=0%
Testfor overall effect. Z=3.42 (P = 0.0006)
1.2.2 umbilical cord mesenchymal stem cell
AiliL 2013 7.2 87 9 917 134 9 28% -20.50[-30.94,-10.08)
Dapeng S 2013 2253 367 15 376 18 15 723% -156.07[-17.14,-13.00] |
LiS 2016 77.04 63 10 938 62 10 103% -16.76(-22.24,-11.28] S
YanWw 2014 76.63 27.07 15 89.38 30.92 15 07% -13.75[-34.55,7.05) —
Yun @ 2011 75.63 27.07 8 893 3092 8 04% -13.67[42151481)
Subtotal (95% ClI) 57 57 86.5% -15.43[-17.32,-13.54] ¢
Heterogeneity: Tau®= 0.00; Chi*=1.29, df= 4 (P = 0.86), F= 0%
Testfor overall effect: Z=16.00 (P < 0.00001)
1.2.3 bone marrow mesenchymal stem cell
Schiess M 2021 324 68 5 538 13 5 19% -21.40[34.26,-854] -
Subtotal (95% CI) 5 5  1.9% -21.40[-34.26,-8.54] —~—
Heterogeneity: Not applicable
Testfor overall effect: Z= 3.26 (P = 0.001)
1.2.4 human retinal pigment epithelium cell
YinF 2012 438 233 9 588 277 9 06% -15.00[-38.65, 8.65]
Subtotal (95% CI) 9 9 0.6% -15.00[-38.65, 8.65] e ———
Heterogeneity: Not applicable
Testfor overall effect: Z=1.24 (P=0.21)
Total (95% ClI) 103 103 100.0% -14.86[-16.62, -13.10] ¢
Heterogeneity: Tau®= 0.00; Chi*= 7.09, df= 8 (P = 0.53); F= 0% 7 s ) % 30

Favours [experimental) Favours [control]

to 8.65). Significant differences were found between the subgroups
[chi-square=3.83, df=5 (p=0.57); I* =0%]; therefore, stem cell
transplantation is effective for at least 12months after the
intervention (Figure 5).

Sensitivity analysis

Stata 16.0 was used to perform a sensitivity analysis by excluding
one study each time. None of the studies had an efficient impact on
the pooled effect size (Figure 6); this finding indicates that the results
of the present meta-analysis are reliable and stable.
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Publication bias
A funnel plot was created to show the publication bias (Figure 7),
and Egger’s test was performed using Stata 16.0. Results showed no

obvious publication bias in our meta-analysis based on the
symmetrical funnel plot drawn and results of Egger’s (p =0.849) test.

Discussion

Our meta-analysis is the first to integrate the data from pilot
clinical trials on stem cell transplantation as treatment for
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 intraventricular injection
Lige L2014 7276 13.31 21 80.71 1548 21 4.1% -7.95[-16.68, 0.78)
YinF 2012 438 233 9 588 277 9 0.6% -15.00 [-38.65, 8.65)
Subtotal (95% CI) 30 30 4.6% -8.80 [-16.99, -0.60] ’
Heterogeneity: Tau®= 0.00; Chi*= 0.30, df=1 (P=0.58), F= 0%
Testfor overall effect: Z= 210 (P = 0.04)
1.3.2 intrathecal injection
AlliL2013 71.2 87 9 917 134 9 2.8% -20.50[-30.94,-10.08]
Dapeng S 2013 2253 367 15 376 18 15 723% -15.07[-17.14,-13.00) ]
Xiaoqun B 2013 44 85 1" 54 74 1" 7.0% -10.00[-16.66,-3.34) ="
Subtotal (95% ClI) 35 35 821% -14.50[-18.50, -10.50] <>
Heterogeneity: Tau*= 5.47, Chi*=3.21, df= 2 (P=0.20), F= 38%
Testfor overall effect. Z=7.11 (P < 0.00001)
1.3.3 intravascular injection
LiS 2016 77.04 6.3 10 938 62 10 103% -16.76(22.24,-11.28) —
Schiess M 2021 324 6.8 5 538 13 5 19% -21.40(-34.26,-8.54)
YanW 2014 75,63 27.07 15 8938 3092 15 07% -13.75[-34.55,7.05) —
Yun @ 2011 7563 27.07 8 89.38 3092 8 04% -13.75[42.23,14.73)
Subtotal (95% Cl) 38 38 13.3% -17.17 [-21.99, -12.34] <>
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FIGURE 4
Forest plot of subgroup analysis based on transplantation route.

Parkinson’s disease and is considered meaningful for further
experiments conducted in this field. Results showed that stem-cell
transplantation is an effective therapy for Parkinson’s disease
(WMD =-14.54; 95% CIL: —16.32 to —12.77; p<0.00001) and is
influenced by cell type used for transplantation, and duration of
effectiveness after transplantation.

In cell type subgroups, BMMSCs obtained the highest WMD
value, and UCMSCs ranked second; meanwhile, the retinal
pigment epithelium cells may be ineffective when used as treatment
for Parkinson’s disease. Although BMMSCs obtained the highest
MD value, the sample size was relatively small to conclude that
these cells were the most effective treatments; the findings were
obtained in a previous study using retinal pigment epithelium cells
for transplantation. Hence, more studies are warranted to confirm
whether retinal pigment epithelium cells are indeed ineffective.
BMMSCs and UCMSCs are both MSCs. MSCs from various
sources have low immunogenicity and immunomodulatory
abilities enabling them to be transplanted in an autologous or
allogeneic manner. In addition, they are antiapoptotic,
multidirectional, and easy to collect (27). Generally, MSCs may
be preferred for stem cell transplantation in patients with
Parkinson’s disease; however, the most effective subtype of MSCs
for Parkinson’s disease can only be confirmed once further clinical
trials are completed.

In the subgroup analysis, intravascular injections may show
higher effectiveness compared with intraventricular injections.
One possible reason for this is that the small sample of patients
included. Another possible reason for this is that more stem cells
can be injected intravascularly than intraventricularly. In order to
achieve good clinical effects, sufficient amounts of tissues are
required (4), and this may also be true for stem cells. Several
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studies examining the brains of patients with Parkinson’s disease
receiving fetal neural grafts over a decade prior to death have
shown that some of the grafted dopamine neurons exhibited the
production of Lewy bodies and increased the levels of soluble
a-synuclein; more detailed follow-up studies reported that some
of the grafted neurons progressively expressed reduced levels of
dopamine transporters and tyrosine hydroxylase; this result
further supports the notion that the disease process directly
impacts the grafted cells (28-32). Therefore, improving the
the
be important; this means that the modulation in inflammatory

microenvironment inside patients’ brain may also
and immune environment done by pluripotent stem cells can
be useful for Parkinson patients even after their dopaminergic
cell transplantation.

One variable affecting efficacy is the duration following
transplantation. Result showed that the effectiveness of stem cells
after transplantation lasts for 12months, but transplantation can
become ineffective after 12 months. A different work also yields a
similar conclusion. Cell therapy, according to Wang and colleagues,
at least decreased UPDRS scores in the 12-month follow-up group
(33). Similar findings imply that most transplanted cells have a
maximum survival period of 12 months. Nevertheless, none of the
included studies had followed up on the stem cells’ efficacy long
enough to assess the long-term results.

Although our meta-analysis focuses on effectiveness of
pluripotent stem cells for Parkinson disease, we still looking
forward to the upcoming outcomes of studies undergoing with
dopaminergic cell, for example, TRANSEURO study or studies
conducted by Takahashi’s group (34, 35). The different outcomes
between dopaminergic cell transplantation and pluripotent stem
cell transplantation can help us figure out a better way for treatment.
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FIGURE 5
Forest plot of the subgroup analysis based on tracking time after stem cell transplantation.

Besides, we are eager to investigate the influence of cell dose if
studies had reported it in the same unit. We need further trials to
come to a more scientific conclusion, even if the study by Schiess M
(15) indicated that the group receiving the highest dose had the
greatest drop in the overall UPDRS. More data will be available for
assessment soon, and we are interested in exploring how cell dose
affects stem cell transplantation’s efficacy.

Our meta-analysis has several limitations. Most of our studies
were controlled trials without randomized method and blinded
method, which was common in invasive treatment experiments and
may contribute to the occurrence of bias. Besides, studies only
reporting the scores of UPDRS-III were not included; however,
stem cell transplantation is believed to improve the motor
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symptoms of Parkinson’s disease. Hence, the endpoints of the
experiments should be comprehensively evaluated. In addition, the
sample size of our meta-analysis was relatively small as all analyzed
trials only included a few participants; however, the heterogeneity
of our meta-analysis was low. Moreover, the follow-up time was not
sufficiently long; considering that the stem cell transplantation is a
newly developed method, studies with long-term follow-up
are needed.

Generally, stem cell transplantation can be effective for Parkinson’s
disease for at least 12 months, and MSCs are recommended as cell
sources; however, this finding cannot be confirmed owing to the lack
of systematic long-term follow-up of the outcomes of sham surgery-
controlled trials.
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FIGURE 6
Forest plot of the sensitivity analysis by excluding one study each time and the pooling estimate for the remaining studies.

Funnel plot with pseudo 95% confidence limits

FIGURE 7

o4
\
/7 9\
/ \
/ \
/ \
i ® o
/ \
/ \
- / LN
: /
/ L4 \
~ / \
[=) # (] \
= / \
s / \
3 / \
/ \
@ / \
/ \
o4 7 N
/ ° \
’ \
/ \
/ r \
/ \
/ \
/ \
/ \
/ \
o °
o
T T T T
-40 -20 0 20
WMD

Funnel plot of the WMD vs. standard error of WMD for all nine included studies.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can
be directed to the corresponding authors.

Author contributions

JZ: Conceptualization, Formal analysis, Writing — original draft.
KQ: Methodology, Writing - review & editing. SJ: Formal analysis,
Writing - review & editing. RY: Data curation, Writing — review &
editing. ZC: Data curation, Writing — review & editing. JL: Data
curation, Writing - review & editing. PY: Supervision, Writing —

Frontiers in Neurology

09

review & editing. MD: Project administration, Supervision, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by Department of Neurology and Neuroscience Center,
First Hospital of Jilin University.

Acknowledgments

We would like to thank Editage (www.editage.cn) for English
language editing.

frontiersin.org



https://doi.org/10.3389/fneur.2024.1329343
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://www.editage.cn

Zhao et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson disease: a review.
JAMA. (2020) 323:548-60. doi: 10.1001/jama.2019.22360

2. Cacabelos R. Parkinson's disease: from pathogenesis to pharmacogenomics. Int J
Mol Sci. (2017) 18:551. doi: 10.3390/ijms18030551

3. Sivandzade E Cucullo L. Regenerative stem cell therapy for neurodegenerative
diseases: an overview. Int ] Mol Sci. (2021) 22:153. doi: 10.3390/ijms22042153

4. Parmar M, Grealish S, Henchcliffe C. The future of stem cell therapies for Parkinson
disease. Nat Rev Neurosci. (2020) 21:103-15. doi: 10.1038/s41583-019-0257-7

5. Hagell P, Schrag A, Piccini P, Jahanshahi M, Brown R, Rehncrona S, et al. Sequential
bilateral transplantation in Parkinson's disease: effects of the second graft. Brain. (1999)
122:1121-32. doi: 10.1093/brain/122.6.1121

6. Kordower JH, Freeman TB, Chen EY, Mufson EJ, Sanberg PR, Hauser RA, et al.
Fetal nigral grafts survive and mediate clinical benefit in a patient with Parkinson's
disease. Mov Disord. (1998) 13:383-93. doi: 10.1002/mds.870130303

7. Kordower JH, Rosenstein JM, Collier T], Burke MA, Chen EY, Li JM, et al.
Functional fetal nigral grafts in a patient with Parkinson's disease: chemoanatomic,
ultrastructural, and metabolic studies. ] Comp Neurol. (1996) 370:203-30. doi: 10.1002/
(SICI)1096-9861(19960624)370:2<203::AID-CNE6>3.0.CO;2-6

8. Freed CR, Greene PE, Breeze RE, Tsai WY, DuMouchel W, Kao R, et al.
Transplantation of embryonic dopamine neurons for severe Parkinson's disease. N Engl
] Med. (2001) 344:710-9. doi: 10.1056/NEJM200103083441002

9. Sonntag KC, Song B, Lee N, Jung JH, Cha Y, Leblanc P, et al. Pluripotent stem cell-
based therapy for Parkinson's disease: current status and future prospects. Prog
Neurobiol. (2018) 168:1-20. doi: 10.1016/j.pneurobio.2018.04.005

10. Olanow CW, Goetz CG, Kordower JH, Stoessl AJ, Sossi V, Brin MF, et al. A double-
blind controlled trial of bilateral fetal nigral transplantation in Parkinson’s disease. Ann
Neurol. (2003) 54:403-14. doi: 10.1002/ana.10720

11. Tansey MG, Wallings RL, Houser MC, Herrick MK, Keating CE, Joers V.
Inflammation and immune dysfunction in Parkinson disease. Nat Rev Immunol. (2022)
22:657-73. doi: 10.1038/s41577-022-00684-6

12. Madrazo I, Kopyov O, Avila—Rodriguez MA, Ostrosky FE, Carrasco H, Kopyov A,
et al. Transplantation of human neural progenitor cells (NPC) into Putamina of
parkinsonian patients: a case series study, safety and efficacy four years after surgery. Cell
Transplant. (2019) 28:269-85. doi: 10.1177/0963689718820271

13. Xiaoqun B, Yabin S, Songtao L, Hong Y. Neural stem cell transplantation for Parkinson's
disease. Chin ] Gerontol. (2013) 33:3591-2. doi: 10.3969/j.issn.1005-9202.2013.15.018

14. Lige L, Zengmin T. Treatment of Parkinson disease by implantation of neural stem
cells into stratums (report of 21 cases). Chin J Clin Neurosurg. (2014) 19:412-413+417.
doi: 10.13798/j.issn.1009-153X.2014.07.010

15. Schiess M, Suescun J, Doursout ME, Adams C, Green C, Saltarrelli ]G, et al.
Allogeneic bone marrow-derived mesenchymal stem cell safety in idiopathic Parkinson's
disease. Mov Disord. (2021) 36:1825-34. doi: 10.1002/mds.28582

16. Xinhui Q, Xufang X, Chao Z, Kunnan Z, Xiaomu W. Autologous bone marrow
stem cell transplantation treatment for 32 patients with Parkinson disease. China Med
Herald. (2013) 10:48-50.

17.Li S, Liang B, Wei L, Ying W. Human umbilical cord mesenchymal stem cells in
the treatment of Parkinson’s disease. Labeled Immunoassays Clin Med. (2016) 23:1163-7.
doi: 10.11748/bjmy.issn.1006-1703.2016.10.012

18.Yan W, Xinli Z, Junyan Z, Jun T. Therapeutic applications of umbilical cord
mesenchymal stem cells in Parkinson’s disease. Chin J Tissue Eng Res. (2014) 18:6. doi:
10.3969/j.issn.2095-4344.2014.06.018

Frontiers in Neurology

10

10.3389/fneur.2024.1329343

or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1329343/
full#supplementary-material

19.Yun Q, Zheng W, Hongshe L. Umbilical cord mesenchymal stem cell
transplantation for treatment of Parkinson’s disease in 8 cases. ] Clin Rehabil Tissue Eng
Res. (2011) 15:6833-6. doi: 10.3969/j.issn.1673-8225.2011.36.043

20. Aili L. Efficacy of umbilical cord mesenchymal stem cell transplantation for
treatment of Parkinson’s disease. Chin | Gerontol. (2013) 33:5245-7. doi: 10.3969/j.
issn.1005-9202.2013.21.010

21.Yin E, Tian ZM, Liu S, Zhao QJ, Wang RM, Shen L, et al. Transplantation of human
retinal pigment epithelium cells in the treatment for Parkinson disease. CNS Neurosci
Ther. (2012) 18:1012-20. doi: 10.1111/cns.12025

22.Purwati P, Fauzi AAF, Gunawan PIG. Clinical outcome of intraventricular
implantation autologous adipose derived neural progenitor cells in Parkinson. Asian |
Microbiol Biotechnol Environ Sci. (2018) 2:548-54.

23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:n71. Published 2021 Mar 29. doi: 10.1136/bmj.n71

24.Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan D], et al.
Assessing the quality of reports of randomized clinical trials: is blinding necessary?
Control Clin Trials. (1996) 17:1-12. doi: 10.1016/0197-2456(95)00134-4

25. Slim K, Nini E, Forestier D, Kwiatkowski E, Panis Y, Chipponi J. Methodological
index for non-randomized studies (minors): development and validation of a new
instrument. ANZ J Surg. (2003) 73:712-6. doi: 10.1046/j.1445-2197.2003.02748 x

26.Dapeng S, Yan W. Using umbilical cord blood mesenchymal stem cell
transplantation in repairing and regenerating of neurons. Guide China Med. (2013)
11:419-420+422. doi: 10.15912/j.cnki.gocm.2013.20.102

27. Andrzejewska A, Dabrowska S, Lukomska B, Janowski M. Mesenchymal stem cells
for neurological disorders. Adv Sci (Weinh). (2021) 8:944. Published 2021 Feb 24. doi:
10.1002/advs.202002944

28. Kefalopoulou Z, Politis M, Piccini P, Mencacci N, Bhatia K, Jahanshahi M, et al.
Long-term clinical outcome of fetal cell transplantation for Parkinson disease: two case
reports. JAMA Neurol. (2014) 71:83-7. doi: 10.1001/jamaneurol.2013.4749

29.Kordower JH, Brundin P. Lewy body pathology in long-term fetal nigral
transplants: is Parkinson's disease transmitted from one neural system to another?
Neuropsychopharmacology. (2009) 34:254. doi: 10.1038/npp.2008.161

30. Kordower JH, Chu Y, Hauser RA, Freeman TB, Olanow CW. Lewy body-like
pathology in long-term embryonic nigral transplants in Parkinson's disease. Nat Med.
(2008) 14:504-6. doi: 10.1038/nm1747

31.Li JY, Englund E, Widner H, Rehncrona S, Bjorklund A, Lindvall O, et al.
Characterization of Lewy body pathology in 12-and 16-year-old intrastriatal
mesencephalic grafts surviving in a patient with Parkinson's disease. Mov Disord. (2010)
25:1091-6. doi: 10.1002/mds.23012

32. Kurowska Z, Englund E, Widner H, Lindvall O, Li JY, Brundin P. Signs of
degeneration in 12-22-year old grafts of mesencephalic dopamine neurons in patients
with Parkinson's disease. ] Parkinsons Dis. (2011) 1:83-92. doi: 10.3233/JPD-2011-11004

33. Wang FE, Sun Z, Peng D, Gianchandani S, Le W, Boltze J, et al. Cell-therapy for
Parkinson's disease: a systematic review and meta-analysis. ] Transl Med. (2023) 21:601.
doi: 10.1186/s12967-023-04484-x

34. Barker RATRANSEURO consortium. Designing stem-cell-based dopamine cell
replacement trials for Parkinson's disease. Nat Med. (2019) 25:1045-53. doi: 10.1038/
541591-019-0507-2

35. Takahashi J. Strategies for bringing stem cell-derived dopamine neurons to the
clinic: the Kyoto trial. Prog Brain Res. (2017) 230:213-26. doi: 10.1016/bs.pbr.2016.11.004

frontiersin.org


https://doi.org/10.3389/fneur.2024.1329343
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1329343/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1329343/full#supplementary-material
https://doi.org/10.1001/jama.2019.22360
https://doi.org/10.3390/ijms18030551
https://doi.org/10.3390/ijms22042153
https://doi.org/10.1038/s41583-019-0257-7
https://doi.org/10.1093/brain/122.6.1121
https://doi.org/10.1002/mds.870130303
https://doi.org/10.1002/(SICI)1096-9861(19960624)370:2<203::AID-CNE6>3.0.CO;2-6
https://doi.org/10.1002/(SICI)1096-9861(19960624)370:2<203::AID-CNE6>3.0.CO;2-6
https://doi.org/10.1056/NEJM200103083441002
https://doi.org/10.1016/j.pneurobio.2018.04.005
https://doi.org/10.1002/ana.10720
https://doi.org/10.1038/s41577-022-00684-6
https://doi.org/10.1177/0963689718820271
https://doi.org/10.3969/j.issn.1005-9202.2013.15.018
https://doi.org/10.13798/j.issn.1009-153X.2014.07.010
https://doi.org/10.1002/mds.28582
https://doi.org/10.11748/bjmy.issn.1006-1703.2016.10.012
https://doi.org/10.3969/j.issn.2095-4344.2014.06.018
https://doi.org/10.3969/j.issn.1673-8225.2011.36.043
https://doi.org/10.3969/j.issn.1005-9202.2013.21.010
https://doi.org/10.3969/j.issn.1005-9202.2013.21.010
https://doi.org/10.1111/cns.12025
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.15912/j.cnki.gocm.2013.20.102
https://doi.org/10.1002/advs.202002944
https://doi.org/10.1001/jamaneurol.2013.4749
https://doi.org/10.1038/npp.2008.161
https://doi.org/10.1038/nm1747
https://doi.org/10.1002/mds.23012
https://doi.org/10.3233/JPD-2011-11004
https://doi.org/10.1186/s12967-023-04484-x
https://doi.org/10.1038/s41591-019-0507-2
https://doi.org/10.1038/s41591-019-0507-2
https://doi.org/10.1016/bs.pbr.2016.11.004

	Efficacy and efficacy-influencing factors of stem cell transplantation on patients with Parkinson’s disease: a systematic review and meta-analysis
	Introduction
	Materials and methods
	Methods and search strategy
	Assessment of eligibility
	Data extraction
	Quality assessment
	Statistical analyses

	Results
	Search results and study characteristics
	Effectiveness of stem cell transplantation in Parkinson’s disease
	Subgroup analysis based on cell type
	Subgroup analysis based on transplantation route
	Subgroup analysis based on tracking time
	Sensitivity analysis
	Publication bias

	Discussion
	Data availability statement
	Author contributions

	References

