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Transplantation of human umbilical cord
mesenchymal stem cells optimized with IFN-y
is a potential procedure for modification of
motor impairment in multiple sclerosis cases:
a preclinical systematic review and meta-
analysis study

Mohamad Mahdi Esmaeili Araghi', Amir Abdolmaleki’, Hadi Esmaeili Gouvarchin Ghaleh’,
Bahman Jalali Kondori"®, Akbar Ghorbani Alvanegh®, Mehrdad Moosazadeh Moghaddam’,
Seyed Javad Hosseini Nejad Anbaran®

'Students Research Committee, Baqiyatallah University of Medical Sciences, Tehran, *Department of Operating Room, Nahavand School of Allied
Medical Sciences, Hamadan University of Medical Sciences, Hamadan, *Applied Virology Research Center, Biomedicine Technologies Institute,
Bagqiyatallah University of Medical Sciences, Tehran, ‘Bagiyatallah Research Center for Gastroenterology and Liver Diseases (BRCGL), Bagiyatallah
University of Medical Sciences, Tehran, *Faculty of Medicine, Bagiyatallah University of Medical Sciences, Tehran, ‘Human Genetics Research Center,
Bagqiyatallah University of Medical Sciences, Tehran, ’Applied Biotechnology Research Center, Bagiyatallah University of Medical Sciences, Tehran,
*Department of Neurology, Faculty of Medicine, Bagiyatallah University of Medical Sciences, Tehran, Iran

Abstract: Stem cells transplantation (SCT) is known as a newfound strategy for multiple sclerosis (MS) treatment. Human
umbilical cord mesenchymal stem cells (hUCMSCs) contain various regenerative features. Experimental autoimmune
encephalomyelitis (EAE) is a laboratory model of MS. This meta-analysis study was conducted to assess the overall
therapeutic effects of hUCMSCs on reduction of clinical score (CS) and restoration of active movement in EAE-induced
animals. For comprehensive searching (in various English and Persian databases until May 1, 2024), the main keywords of
“Experimental Autoimmune Encephalomyelitis”, “Multiple Sclerosis”, “Human”, “Umbilical Cord”, “Mesenchymal”, and
“Stem Cell” were hired. Collected data were transferred to the citation manager software (EndNote x8) and duplicate papers
were merged. Primary and secondary screenings were applied (according to the inclusion and exclusion criteria) and eligible
studies were prepared for data collection. CS of two phases of peak and recovery of EAE were extracted as the difference in
means and various analyses including heterogeneity, publication bias, funnel plot, and sensitivity index were reported. Meta-
analysis was applied by CMA software (v.2), P<0.05 was considered a significant level, and the confidence interval (CI) was
determined 95% (95% CI). Six eligible high-quality (approved by ARRIVE checklist) papers were gathered. The difference
in means of peak and recovery phases were —0.775 (-1.325 to -0.225; P=0.006; ’=90.417%) and -1.230 (-1.759 to —0.700;
P<0.001; I’=93.402%), respectively. The overall therapeutic effects of SCT of hUCMSCs on the EAE cases was -1.011 (95%
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CI=-1.392 to -0.629; P=0.001). hUCMSCs transplantation through the intravenous route to the animal MS model (EAE)
seems a considerably effective procedure for the alleviation of motor defects in both phases of peak and recovery.
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The human umbilical cord was prepared after labor. The Wharton’s jelly as the main source of stem cells was extracted
and the associated cells were cultured. Following obtaining the proper cell confluence, the cellular content was used for
transplantation (1). In parallel, the C57/BL6 mice were used for induction of EAE through immunization using MOGs; s
injection (2). Finally, the hUCMSCs were injected to the EAE-affected mice by various protocols like the cerebroventricular
approach. In this stage, the CS showed a decremented trend representing restoration of motor defect (3). EAE, experimental
autoimmune encephalomyelitis; hUCMSCs, human umbilical cord mesenchymal stem cells; MOG, myelin oligodendrocyte

glycoprotein; CS, clinical score.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
damaging to the myelin sheath in the central nervous system
(CNS). This pathology disrupts the transmission of neural
signals, leading to a variety of symptoms. Although MS is an
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immune-mediated pathology, it is a progressive neurodegen-
eration with an unknown cause of etiology [1]. In this con-
dition, the immune system attacks the myelin structure in
the CNS. MS is more commonly diagnosed in females than
males, and it is typically diagnosed between the age ranges
of 20-40. Environmental factors have been implicated in the
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epidemiology of MS such as sunlight exposure and vitamin
D deficiency which are associated with the increased risk of
developing MS. 2.8x10° MS patients were diagnosed until
2020 and 35.9x10’ individuals are susceptible to MS [2].

Experimental autoimmune encephalomyelitis (EAE) is an
animal model of neural inflammation which is widely stud-
ied as a laboratory model of human CNS demyelinating dis-
eases, including MS. EAE is an inflammatory demyelinating
disease of CNS induced by active sensitization using neural
antigens. EAE is also the prototype for T-cell-mediated au-
toimmune disease. This pathology has been established in
numerous species and is induced by priming with a large
number of CNS-derived antigens. As a consequence, the
pathogenesis, pathology, and clinical signs vary significantly
between experimental protocols [3].

Stem cells (SCs) are unspecialized microorganisms with
the remarkable ability to self-renew indefinitely and differen-
tiate into more mature cells with specialized features. They
play a crucial role in tissue homeostasis, repair, and regenera-
tion [4]. There are two main types of SCs, embryonic stem
cells (ESCs) and adult stem cells (ASCs). ESCs are derived
from the inner cell mass of the early embryo, while the ASCs
are found in adult tissues such as bone marrow, skin, and
brain. ESCs are pluripotent with differentiation ability into
cells of all three germ layers. Another type of pluripotent SC
is induced pluripotent stem cells (iPSCs) which are gener-
ated by reprogramming of adult cells into an embryonic-like
state. SCs possess the remarkable potential to differentiate
into specialized cell types, such as muscle cells, blood cells,
and neural cells. This ability makes SC a valuable resource
for regenerative medicine and potential treatments for vari-
ous diseases and injuries [5].

The umbilical cord is a tube-like structure connecting the
fetus to the placenta. It is considered both physical and emo-
tional attachment between mother and fetus. This structure
contains SCs found in the blood of umbilical cord and pla-
centa. These cells are a rich source of hematopoietic SCs with
the ability to differentiate into various types of blood cells
[6]. Umbilical cord SCs have been used for treatment of vari-
ous diseases, including leukemia, lymphoma, and other he-
matopoietic disorders [7]. The application of umbilical cord
SCs is considered a safe and effective alternative than bone
marrow transplantation. The collection of umbilical cord
SCs is a non-invasive procedure with no possible damage to
the mother or baby. The blood of umbilical cord contains an
abundant population of SCs, including hematopoietic SCs,
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which can differentiate into various types of blood cells.
These cells have been used to treat a wide range of diseases,
including leukemia, lymphoma, and other blood disorders.
Umbilical cord SCs are a valuable resource for regenerative
medicine and potential treatments for various diseases and
injuries [8]. Umbilical cord SCs are used for treatment of
EAE, an animal model of MS. Human umbilical cord mes-
enchymal stem cells (hUCMSCs) have been shown to regu-
late the immune system function in EAE models through
the suppression of pro-inflammatory cytokines production
and increasing the anti-inflammatory molecules production.
These cells also promote remyelination in the EAE model
by enhancement of oligodendrocyte precursor differentia-
tion into mature oligodendrocytes [9]. Besides these cells can
infiltrate into the spinal cord of EAE animals leading to the
reduction of demyelination [10]. Some studies showed the
therapeutic role of transplanted umbilical cord MSCs on the
monkey model of MS [11].

Systematic reviews and meta-analyses are important tools
for making evidence-based decisions in healthcare, including
in clinical settings. Experimental animal studies are often
conducted to analyze the safety and efficacy of treatments
for human clinical trials. Although various studies have been
conducted on the potential therapeutic effects of hUCMSCs
with regenerative characteristics on reduction of motor de-
fects in animals with EAE, no comprehensive conclusion
regarding the efficacy of this protocol has been published.
The efficacy of xenograft transplantation of hUCMSCs on
the reduction of clinical score (CS) of EAE phases, including
onset, peak, or recovery, was assessed in the present study.
Meta-analyses of experimental animal studies, including
those on EAE, can provide more robust results than single
animal studies, but the methodology for such meta-analyses
needs to be adapted and optimized for animal intervention
studies.

Review

Ethics approval and consent to participate

All assessments were conducted on in accordance with
ethical principles and under the supervision of the Ethics
Committee of Bagiyatallah University of Medical Scineces
(Ethic no. IR.BMSU.BAQ.REC.1402.031).

Methodology

In the present systematic review and meta-analysis study,
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the authors aimed to evaluate the efficacy levels of hUC-
MSCs transplantation in reduction of motor defects in EAE
animals. The assessment of efficacy was applied in two MS
phases of peak, and recovery. In this era, the CS was consid-
ered a measurable effect size in studies. Following designa-
tion of the research question, the relevant keywords were
identified using medical subject headings (MeSH) terms and
text words including “Experimental autoimmune encepha-
lomyelitis”, “Multiple Sclerosis”, “Human”, “Umbilical cord”,
“Mesenchymal”, “Stem Cell”, “Rat”, and “Mice”. The search
strategy was implemented in various English (PubMed, Sco-
pus, Web of Science, ScienceDirect, and Islamic World Sci-
ence Citation Center) and Persian (Maglran and scientific in-
formation database) databases, focusing on the title, abstract,
and keywords of published papers. Additionally, the Google
Scholar search engine and citations of included articles were
also screened carefully to achieve a comprehensive search-
ing procedure. Operators of “OR” and “AND” were utilized
to combine the keywords for searching strategy generation.
For paper searching, no time limitation was imposed, and all
relevant papers were considered in the searching until May
1, 2024. The utilized searching strategies are listed as Table
1. Following paper collection, the associated citations were
exported to the Citation Manager Software (EndNote x8;
Clarivate Analytics), and duplicate articles were detected and
merged. By the use of this software, the primary screening
of articles was conducted based on the assessment of the title

Table 1. Main keywords and designed searching strategies
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and abstract. In this stage, the irrelevant papers were exclud-
ed and the full text of final included papers was prepared for
deep secondary screening. In secondary stage of searching,
all experimental investigations conducted on EAE animals
(rats or mice) and treated with hUCMSCs transplantation
were included and the main findings and special procedures
of each study were summarized in Table 2. Three inde-
pendent authors conducted the article assessments blindly
during the screenings. In each stage of the screening, the
corresponding author managed and resolved any possible
conflicts or disagreements between the reports. In whole
stages of primary and secondary screenings, the process of
paper sorting was conducted based on the PRISMA 2020
flowchart (Fig. 1) [12], including; identification, screening,
eligibility, and included. The Animal Research: Reporting of
In Vivo Experiments (ARRIVE) checklist was also used for
assessment of the study quality (Table 2) [13]. In this guide-
line, all components of the article were considered for quality
assessment. The final ARRIVE score <25 was considered
inadequate quality, 25-50 as low, 5075 as medium, and the
quality score >75 was a high-quality study. After eligible pa-
per collection and summarizing the main tips of each article
(Table 2), the CS index as a measurable value was extracted
for meta-analysis procedure. CSs were categorized from 0 to
5 as follows; 0: normal, 1: loss of animals’ tail tonicity, 2: full
animals’ tail paralysis, 3: paralyses of one hind leg or partial
paralysis of both hind legs, 4: paralyses of both hind legs, and

Databases Type of searching Searching strategy and associated keywords

PubMed Advanced search (“encephalomyelitis, autoimmune, experimental”[MeSH Terms] OR (“encephalomyelitis”[All Fields] AND
“autoimmune”[All Fields] AND “experimental”’[All Fields]) OR “experimental autoimmune
encephalomyelitis”[All Fields] OR (“experimental”[All Fields] AND “autoimmune”[All Fields] AND
“encephalomyelitis”[All Fields]) OR “EAE”[All Fields] OR (“multiple sclerosis”[MeSH Terms] OR
(“multiple”[All Fields] AND “sclerosis”[All Fields]) OR (“multiple sclerosis”[All Fields]) AND (“umbilical
cord”[MeSH Terms] OR (“umbilical cord”[All Fields]) AND (“mesenchymal stem cells”[MeSH Terms] OR
(“mesenchymal stem cells”[All Fields])

Scopus Advanced search ALL (“Experimental autoimmune encephalomyelitis”) OR ALL (eae) OR ALL (“Multiple Sclerosis”) AND
ALL (“Mesenchymal stem cells”) AND (“Umbilical cord”)

WoS Basic search ALL FIELDS: (Experimental Autoimmune Encephalomyelitis) AND ALL FIELDS: (EAE) AND ALL
FIELDS: (Mesenchymal Stem Cells) AND FIELDS: (Umbilical Cord)

Google Scholar  Basic search Experimental autoimmune encephalomyelitis, Multiple Sclerosis, Mesenchymal Stem Cells, Umbilical Cord

Maglran Basic search Experimental autoimmune encephalomyelitis, Multiple Sclerosis, Mesenchymal Stem Cells, Umbilical Cord

SID Basic search Experimental autoimmune encephalomyelitis, Multiple Sclerosis, Mesenchymal Stem Cells, Umbilical Cord

ISC Basic search Experimental autoimmune encephalomyelitis, Multiple Sclerosis, Mesenchymal Stem Cells, Umbilical Cord

Science Direct  Basic search

Citations Screening of paper references

Experimental autoimmune encephalomyelitis, Multiple Sclerosis, Mesenchymal Stem Cells, Umbilical Cord

WoS, Web of Science; SID, scientific information database; ISC, Islamic World Science Citation Center; EAE, experimental autoimmune encephalomyelitis;

MeSH, medical subject headings.
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Table 2. Static characteristics table representing extracted data from included articles
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Ahmadvand Koohsari Zhou et al. Torkaman et al. Donders et al. Mikaeili Agah et al. Liu et al.
etal. [15] (2021) [16] (2020) [17] (2017) [18] (2015) [19] (2014) [9] (2013)
Country Iran China Iran Belgium Iran China
Experimental MS model EAE using MOG,;;; EAE using EAE using MOG;;;; EAE using MOG;; 55 EAE using MOG,;, ;; EAE using
MOGg; 55 MOG;; 55
Animal strains C57/BL6 mice C57/BL6 mice C57/BL6 mice DA rats C57/BL6 mice C57/BL6 mice
Animal sex Female Female Female Female Female Female
Animal weight (g) NR NR NR NR NR NR
Animal age (wk) 6-8 6-8 6-8 8 6-8 6-7
Sample size (N/group) 10 10 5 4 5 20
Source of umbilical cord Human Human Human Human Human Human
Citation source of Bai et al. [20] NR Amarietal. [21] NR NR NR
hUCMSCs isolation
and culture procedures
hUCMSCs surface CD45, CD73", CD11b, CD19, HLA-I, HLA-DR, HLA-DR-PE, CD45- CD90, CD105, CD3-APC,
markers & immuno- CD105" CD34, CD45, CD34, CD73, FITC, CD34-PE,CD14-  CD45,CD31 CD4-FITC,
phenotyping CD73, CD90, CD45, CD117, PE, CD19-PE, CD105- CD8-PE
CD105, CD90, CD105, PE, CD90-FITC,
HLA-DR CD31, CD44, CD40-FITC, CD73-PE,
CD80, CD86, CD80-PE, CD86-FITC
CDA40,1gG1
hUCMSCs Adipogenesis (using  Not mentioned Adipogenesis (using Not mentioned Neurogenesis (using  Not
differentiation dexamethasone dexamethasone insulin transferrin ~ mentioned
and insulin) & and selenium,
osteogenesis (using indomethacin) fibronectin, FGF2,
dexamethasone EGF, poly-l-
and ascorbic acid) ornithine, and
PDGF)
Main applied Extracellular vesicles hUCMSCs hUCMSCs Co-culturing of WJ- Differentiation of hUCMSCs
component derived from MSCs and peripheral human Wharton’s
hUCMSCs blood mononuclear jelly stem cells into
cells OPCs
Route of material IV (tail vein) IV (tail vein) IV (tail vein) 1V (tail vein) Intracerebroven- IV (tail vein)
application tricular injection
Day of treatment 9 14 3&11 28 7 15
post-immunization
Level of material 50 pg of extracellular 107 cells/ml 10° cells/ml 2x10° cells/ml 5x10° cells/7.5 pl 2x10
application vesicles derived OPC medium
from hUCMSCs
Optimized (pre- None IFN-y 20ng/ml  IFN-y (500 U/ml) IFN-y, IL-1B, TNF-q (20
treatment) with & 50 ng/ml) ng/ml)
Quality of study High (89) High (75) High (75) High (75) High (75) High (75)
(ARRIVE score)

MS, multiple sclerosis; EAE, experimental autoimmune encephalomyelitis; MOG, myelin oligodendrocyte glycoprotein; NR, not reported; hUCMSCs, human

umbilical cord mesenchymal stem cells; HLA, human leukocyte antigen; IV, intravenous; OPC, oligodendrocyte progenitor cell; ARRIVE, Animal Research:

Reporting of In Vivo Experiments.

5: moribund. To resolve the heterogeneity among the study,
subgrouping was applied, and I* index was also reported.
Collected data were categorized into two different subgroups
of peak (of disease), and recovery (after the treatment). Pub-
lication bias assessment was considered, and the related fun-
nel plot was reported. Finally, one-study removed test was

used to report the sensitivity index. Significance value was
considered P<0.05, and the confidence interval (CI) level was
determined 95% in Cochran’s formula (95% CI). All statisti-
cal analysis was conducted using comprehensive meta-analy-
sis software (version 2) [14].
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Identification of studies via databases and registers

)

Identification of studies via other methods

Records identified from (n=404)*: Duplicate records removed (n=282): Records identified from:
PubMed (n=87) PubMed (n=36) Google Scholar (n=6)
S | | Scopus (n=136) Scopus (n=108) Websites (n=0)
% | | WoS (n=69) WoS (n=41) Organisations (n=0)
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Reports sought for retrieval N Reports not retrieved Reports sought for retrieval Reports not retrieved
g’ (available full-text) (n=6) (un-available full text) (n=0) (available full text) (n=6) (un-available full text) (n=0)
c
I |
(9] .
9 | | Reports assessed for eligibility N Reports excluded (excluding after Reports assessed for eligibility Reports excluded (excluding
(assessed full text) (n=6) final including): (n=6) after final including):
Irrelevant data (n=0) Google Scholar (n=6)
Irrelevant data (n=0)
Citation (n=0)
- y
§ Studies included in review (n=6) |,
g Reports of included studies (n=6) [

Fig. 1. PRISMA flow diagram (2020) representing the process of eligible paper selection. WoS, Web of Science; SID, scientific information

database; ISC, Islamic World Science Citation Center.

Results

According to the Fig. 1 representing the PRISMA flow-
chart, 404 papers were selected during various database
searching. In this era, 282 duplicate investigations were
merged. Following primary assessment of the articles, only
6 ones were found eligible for data extraction and meta-
analysis including Ahmadvand Koohsari et al. [15], Zhou
et al. [16], Torkaman et al. [17], Donders et al. [18], Mikaeili
Agah et al. [19], and Liu et al. [9]. It is also noteworthy to
state that following Google Scholar-based searching, 6 non-
eligible articles were also found. For the quality assessment
of six included papers, the ARRIVE procedure was used.
According to the findings of the ARRIVE assessment, all
studies represented high-quality investigations. The AR-
RIVE score for the study of Ahmadvand Koohsari et al. [15]
was 89 and this value for Zhou et al. [16], Torkaman et al. [17],
Donders et al. [18], Mikaeili Agah [19], and Liu et al. [9] was
calculated 75 (Table 2, Fig. 2) [20, 21]. According to the Table
2, surface markers detection and flowcytometry procedure
are critical laboratory steps for increasing the injection levels
of hUCMSCs. Also, SCs differentiation into the intended
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types of cells were used in some studies for better treatment
outcomes. In most studies, the SCs were injected intrave-
nously and in a study, the cerebroventricular approach was
hired. Optimization was also another main step of this cel-
lular transplantation which was mainly conducted using
IFN-y administration. The difference in means was -0.775
(-1.325 to -0.225; P=0.006) and -1.230 (-1.759 to -0.700;
P<0.001) for both subgroups of peak and recovery. The over-
all effect was also detected —1.011 (~1.392 to —0.629; P<0.001)
(Fig. 3). The I’ index was hired for heterogeneity assessment
in both respective subgroups of peak and recovery includ-
ing 90.417% (Q=>53.847; P<0.001) and 93.402% (Q=75.779;
P<0.001). In this era, the overall heterogeneity was reported
95.8% (Q=261.892; P<0.001). In publication bias assessment,
the P-value (2-tailed) index for Egger’s regression intercept
and Begg rank correlation were respectively 0.78 and 0.09
representing no publication bias (Fig. 4). Also, the number of
missing studies (0=0.05) was detected 1,649 according to the
test of classic Fail-Safe N test indicating the stability of col-
lected data. The sensitivity evaluation (using the one-study
removed option) was also found P<0.001 (Fig. 5).
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Fig. 2. Quality study representing the
risk of bias of included papers according
to the ARRIVE checklist. Yes, items
mentioned in the text according to the
ARRIVE; No, not mentioned items in
the text according to the ARRIVE; N/
A, not applicable items according to the

0 5 10 20 25 30 35 ARRIVE; ARRIVE, Animal Research:
ARRIVE score for bias Reporting of In Vivo Experiments.
Meta analysis
Group by subgroup Study name Subgroup Statistics for each study Sample size Difference in means
I s o
within study within study Difference Standard Lower Upper EAE+ and 95% C1
in means error limit  limit P-value UMSO EAE
Peak Ahmadvand Koohsari 2021 Peak -1.200 0.218 -1.628 -0.772 0.000 10 10 —a—
Peak Zhou 2020 Peak -0.342 0.102 -0.543 -0.141 0.001 10 10 -
Peak Torkaman 2017 Peak -1.420 0.142 -1.697 -1.143 0.000 5 5 —
Peak Donders 2015 Peak -0.200 0.478 -1.137 0.737 0.676 4 4 —_—a
Peak Mikaeili Agah 2014 Peak -1.432 0.432 -2.279 -0.585 0.001 5 5 <+«
Peak Liu 2013 Peak 0.000 0.271 -0.531  0.531 1.000 20 20 —a—
Peak -0.775 0.281 -1.325 -0.225 0.006 ——
Recovery Ahmadvand Koohsari 2021 Recovery -1.191 0.242 -1.665 -0.717 0.000 10 10 ——
Recovery Zhou 2020 Recovery -1.310 0.117 -1.540 -1.080 0.000 10 10 -
Recovery Torkaman 2017 Recovery -1.996 0.059 -2.112 -1.880 0.000 5 5 ®
Recovery Donders 2015 Recovery -0.652 0.453 -1.539 0.235 0.150 4 4 —
Recovery Mikaeili Agah 2014 Recovery -1.479 0.444 -2.349 -0.609 0.001 5 5 +«—&—
Recovery Liu 2013 Recovery -0.565 0.206 -0.969 -0.161 0.006 20 20 ——
Recovery -1.230 0.270 -1.759 -0.700 0.000 ——
Overall -1.011 0.195 -1.392 -0.629 0.000 o
| B B
-2 -1 0 1

Favours A Favours B

Fig. 3. High-resolution forest plot table representing difference in means and 95% CI in included animal studies with EAE treated by

hUCMSCs (random effect model). CI, confidence interval; EAE, experimental autoimmune encephalomyelitis; hUCMSCs, human umbilical

cord mesenchymal stem cells.

.- Funnel plot of standard error by difference in means Discussion

01d e . Following assessment of 6 eligible studies representing the
> role of hUCMSCs transplantation to the animals with a labo-
g 0.2 - . . ratory model of MS showed that this type of cellular thera-
T . o peutic procedure can potentially alleviate the CS and restore
'g 03 ¢ ° motor ability considerably. h(UCMSCs grafting is effective
o on both MS phases of peak and recovery with the respective
0.4 - difference in means including —-0.775 and -1.230. Totally the
o ¢ \o overall effect of the application of hUCMSCs on EAE reduc-
0.5 * s - . . . » tion was reported at —1.011 with a P-value of <0.001 indicat-

4 -3 _2‘ -1 0 1 9 3 , ing the significant therapeutic role of h(UCMSCs on EAE.

Difference in means

Fig. 4. Funnel plot representing publication bias of clinical score.

The umbilical cord is a rich source of SCs with the poten-
tial ability for differentiation into various cell types. These

cells offer more advantages than SCs available in bone mar-

row with no requirement for human leukocyte antigen (HLA)

tissue matching [22]. Researchers have discovered the SCs

in amniotic fluid as well as the blood of umbilical cord [23].
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Meta analysis

Study name Subgroup Statistics with study removed Difference in means (95% CI)
within study  pgint Standard Lower Upper P-value with study removed
error limit limit
Ahmadvand Koohsari 2021 Peak -0.977 0.253 -1.473 -0.481 0.000 B o
Ahmadvand Koohsari 2021 Recovery -0.978 0.252 -1.472 -0.485 0.000 -
Zhou 2020 Peak -1.076 0.205 -1.477 -0.674 0.000 E 3
Zhou 2020 Recovery -0.963 0.272 -1.497 -0.429 0.000 -
Torkaman 2017 Peak -0.953 0.264 -1.471 -0.435 0.000 i
Torkaman 2017 Recovery -0.896 0.178 -1.245 -0.546 0.000 E
Donders 2015 Peak -1.056 0.243 -1.531 -0.580 0.000 E =
Donders 2015 Recovery -1.023 0.245 -1.503 -0.544 0.000 -
Mikaeili Agah 2014 Peak -0.963 0.246 -1.446 -0.480 0.000 -
Mikaeili Agah 2014 Recovery -0.960 0.246 -1.442 -0.478 0.000 E =
Liu 2013 Peak -1.090 0.238 -1.556 -0.624 0.000 R =
Liu 2013 Recovery -1.039 0.247 -1.522 -0.556 0.000 R =
-0.997 0.235 -1.458 -0.536 0.000 A e

-4 -2 0 2 4
Favours A Favours B

Fig. 5. Sensitivity assessment using one-study removed in a random-effect model of clinical score value. CI, confidence interval.

The umbilical cord is also known as a rich source of MSCs.
Due to the cryopreservation of umbilical cord immediately
after birth, the available SCs can be successfully stored for
future therapies of life-threatening diseases. h(UCMSCs have
been found to have a wide range of medicinal applications.
These types of cells contain the powerful ability to differenti-
ate into various cell types, including bone [24], cartilage [25],
and germ-like cells [26]. They also have immunosuppressive
properties [27] with useful applications in treatment of auto-
immune diseases and prevention of transplant rejection. In
other studies, transplantation of hUCMSCs has been found
to have hepatoprotective effects [28] decreasing hepatocel-
lular necrosis following liver injury. The potential ability for
treatment of neurological disorders such as spinal cord in-
jury [29], stroke [30], and Parkinson’s disease [31] is another
characteristic of hUCMSCs.

Cell therapy is a type of medicinal treatment using vi-
able cells injection, grafted, or implanted for patients. The
cells used in cell therapy can be obtained from a variety of
sources, including the patient’s body (autograft), a human
donor (allograft), an animal donor (xenograft), or a cultured
cell line. The goal of cell therapy is to replace or repair dam-
aged cells or tissues, modulate the function of the patient’s
organ through, or remove disease-causing or dysfunctional
cells using immune cells. There are many different types
of cell therapies, including hematopoietic stem cells trans-
plantation (SCT) [32], CAR T-cell therapy [33], and tumor-
infiltrating lymphocyte therapy [34]. Cell therapy has shown
great promise in the treatment of a wide range of diseases

https://doi.org/10.5115/acb.24.082

and conditions, including cancer, autoimmune diseases, and
infectious diseases [35].

EAE is a laboratory model of MS that is commonly used
to study the pathophysiology and treatment of disease. EAE
is induced in animals, usually mice or rats, by injection of
myelin antigens or activated T-cells that recognize myelin
antigens. This phenomenon leads to an autoimmune re-
sponse which causes inflammation and demyelination of
CNS, similar to what is seen in MS patients. The inflamma-
tory features of EAE include activation of T lymphocytes, in-
filtration of immune cells (macrophages, T cells, and B cells),
and demyelination. EAE models recapitulate the chronic
inflammatory features of MS. While much work remains
to be applied in laboratories and clinics to understand how
to use these cells for cell-based therapies to treat disease, SC
therapy offers immense potential for the remedy of various
diseases.

Recent studies have shown that the hUCMSCs contain
potential to alleviate motor defects in animals with EAE. In
one study, researchers found that hUCMSCs could restore
behavioral functions and attenuate the histopathological fea-
tures of EAE in mice [15]. Another study found that this type
of cell therapy could also promote neuroregeneration and
improve motor function in rats with EAE [16]. The molecu-
lar mechanism underlying the therapeutic effects of hUC-
MSCs in reduction of motor defects and treatment of MS is
not yet fully understood. However, several studies have sug-
gested that the immunomodulatory and neuro-regenerative
[36] properties of these cells. hUCMSCs have been found to
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induce immunomodulatory effects leading to regulation of
immune system and prevention of autoimmune responses
probably through the secretion of cytokines and chemokines
suppressing the activation and proliferation of immune cells
[36]. hUCMSCs can generate a range of cytokines and neuro-
trophic factors promoting neuroregeneration and repair [37].
These factors may stimulate the growth and differentiation
of neural SCs, promote axonal regeneration, and enhance
synaptic plasticity [38]. These MSCs also promote remyelin-
ation [39] in CNS through the secretion of factors affecting
stimulation of oligodendrocyte differentiation and myelin
formation. This main characteristic can be achieved through
the secretion of factors inhibiting the activation of microglia
and astrocytes. Totally, the therapeutic effects of hUCMSCs
in reduction of motor defects in MS cases are likely to be
multifactorial and involve complex cellular and molecular
mechanisms. Further research is needed to fully understand
these mechanisms and optimize the use of hUCMSCs in
clinical settings.

Ahmadvand Koohsari et al. [15] investigated the impact
of extracellular vesicles derived from hUCSC-extracellular
vesicles (EVs) on EAE. The results showed that treatment
with hUCSC-EVs results in lower CS. This finding suggests
that hUCSC-EVs have a therapeutic effect in EAE treatment,
similar to other sources of MSCs. The study also analyzed
the levels of inflammatory and anti-inflammatory cytokines.
The results indicated that treatment with hUCSC-EVs led to
reduced levels of pro-inflammatory cytokines and increased
levels of anti-inflammatory agents. This suggested that hUC-
SC-EVs could represent immunomodulatory properties, reg-
ulating the inflammatory response associated with EAE.
The researchers also examined the extent of leukocyte infil-
tration in spinal cord. The study found that treatment with
hUCSC-EVs resulted in decreased leukocyte infiltration.
This indicates that hUCSC-EVs may inhibit the migration of
immune cells to the spinal cord, potentially reducing inflam-
mation and tissue damage. This evaluation also assessed the
expression of glial fibrillary acidic protein (GFAP) and my-
elin basic protein (MBP) in spinal cord. The results showed
that hUCSC-EV treatment induces an effective impact on
expression of these proteins. Further details about the spe-
cific effects of hUCSC-EVs on GFAP and MBP were not pro-
vided. These findings suggest that hUCSC-EVs have thera-
peutic potential for treatment of EAE. They demonstrate the
effectiveness of hUCSC-EVs in reduction of CS, modulation
of cytokine levels, inhibition of leukocyte infiltration, and
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potential influence of expression of key proteins in spinal
cord. Further research and clinical trials may be needed to
fully understand the mechanisms underlying these effects
and to explore the potential of hUCSC-EVs as a treatment for
MS. Zhou et al. [16] investigated the probable therapeutic ef-
fects of IFN-y primed human umbilical cord mesenchymal
stem cell (IFN-y-hUCMSCs) transplantation to EAE-induced
mice. In this study, it was approved that IFN-y-hUCMSCs
transplantation considerably improves the outcomes of EAE
in terms of body weight, clinical symptoms, nerve conduc-
tion, and inflammatory cytokine levels. Thus, the results
suggest that IFN-y-hUCMSCs have great potential for the
treatment of EAE. The purity of the cultured hUCMSCs was
over 95% at the 4th passage, indicating that they were suit-
able for SCT. Flow cytometry analysis also showed that the
cultured cells expressed CD73, CD90, and CD105 >95%,
while the expression of CD11b, CD19, CD34, CD45, and
HLA-DR were <3%. This further confirmed that the cul-
tured cells were hUCMSCs. The IFN-y-hUCMSCs group
showed a significant reduction in behavior scores compared
to the hUCMSCs group, indicating alleviation of clinical
symptoms. Transplantation of IFN-y-hUCMSCs could con-
siderably alleviate body weight loss and impairment of CS in
EAE mice, performing better than the hUCMSCs group. In
summary, this paper suggested that transplantation of IFN-
y-hUCMSC:s has a positive impact on the outcomes of EAE
in mice, demonstrating potential therapeutic benefits for the
treatment of this autoimmune disease. In another study,
Torkaman and coworkers [17] conducted an experimental
study entitled “The effect of transplanted human Wharton’s
jelly MSCs treated with IFN-c on experimental autoimmune
encephalomyelitis mice”. The study evaluated the therapeutic
effects of IFN-c primed WJ]-MSCs (Wharton'’s jelly MSCs) in
EAE mice. The injected cells reduced cell infiltration, symp-
toms, and secretion of inflammatory cytokines in treated
group. The relative expression of inflammatory genes such as
interleukin (IL)-17, RoRg-t, IFN-c, and t-bet, was significant-
ly decreased in the IFN-c primed hW]-MSCs treated group
compared to the unprimed hWJ-MSCs and HFFF-PI6 treat-
ed group. The expression of immunomodulatory genes IL-10
and Foxp3 mRNA was significantly increased in IFN-c
primed hWJ-MSCs treated group compared to the unprimed
hWJ-MSCs and HFFF-PI6 treated group. There was no sig-
nificant difference between the groups regarding the fold
change of IL-4 and GATA3 expression. Overall, the study
suggests that IFN-c can enhance the immunomodulatory
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properties of WJ-MSCs in EAE treatment. The injected IFN-
¢ primed WJ-MSCs showed promising results in reducing
inflammation and symptoms in mice. Donders and cowork-
ers [18] also investigated the use of SCs derived from Whar-
ton’s jelly, which is a substance found in umbilical cords.
These SCs have immunomodulatory properties. The study
focused on the treatment of MS, specifically in a rat model of
the disease called EAE. The SCs derived from Wharton’s jel-
ly were found to temporarily improve symptoms in rats with
EAE. This suggests that these types of SCs have potential
therapeutic benefits for MS. Histological analyses of various
tissues, including the CNS, lungs, and lymphoid tissue were
performed to understand the underlying processes contrib-
uting to the observed differences in CS between the animals
treated with Wharton’s jelly-derived SCs and those treated
with saline. In the present study, it was also found that the
SCs extracted from Wharton’s jelly were trapped primarily
in the lungs and spleen of the animals. It’s important to note
that these findings are based on the provided summary and
further details may be available in the full document. Mi-
kaeili Agah et al. [19] in a study discussed the pathological
hallmarks of MS, which include the failure of the CNS to re-
myelination of MS lesions. This failure leads to irreversible
functional decline in patients. The study also investigated
the use of SCT as a potential treatment for dysmyelinating
and demyelinating diseases, including MS. The researchers
focus specifically on the potential of transplanted human
Wharton'’s jelly SCs-derived oligodendrocyte progenitor cells
(hWJ-MSC-derived OPCs) as a cell source for transplanta-
tion therapy. The cells underwent three stages before fixation
with paraformaldehyde. Immunocytochemical analysis was
performed using primary antibodies (Nestin, platelet-de-
rived growth factor receptor o [PDGFR a, and A2B5) and
secondary antibodies. Positively stained cells were counted
in ten random fields. The study induced the differentiation
of hWJ-MSCs using growth factors (FGF2, EGF, and PDGF-
AA). The differentiated cells exhibited changes in morpholo-
gy and expressed PDGFR o or A2B5 markers. The research-
ers evaluated remyelination after the transplantation of
OPCs. Sections from the corpus callosum were sampled for
LFB staining, which revealed demyelination in the corpus
callosum of the vehicle-transplanted control animals. How-
ever, the severity of demyelination was attenuated by the
treatment with hWJ-MSC-derived OPCs. EAE mice that re-
ceived OPC transplantation showed a significant attenuation
of the CS compared to the vehicle-transplanted control ani-
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mals. This indicates a beneficial effect of hW]-MSC-derived
OPC transplantation in reduction of severity of CS associat-
ed with EAE. Liu et al. [9] found that transplantation of
hUCMSCs in EAE mice improved behavioral functions and
reduced histopathological deficits in the spinal cord. The
EAE-induced behavioral impairments were attenuated in
animals that received hUCMSCs, as evidenced by a signifi-
cant reduction in disease severity at days 22 and 50 post-
transplantation. This functional recovery was associated
with the amelioration of EAE-induced histopathological def-
icits, including decreased perivascular immune cell infiltra-
tions, demyelination, and axonal injury in spinal cord of
hUCMSC-treated EAE mice. The study provides scientific
evidence supporting the clinical application of hUCMSC
transplantation in patients with MS. The long-term recovery
of behavioral functions and improvement of histopathologi-
cal symptoms observed in hUCMSC-treated EAE mice sug-
gest the potential therapeutic effects of hUCMSCs in MS.
The study suggests that hUCMSC transplantation may in-
volve multiple regenerative pathways, including immuno-
modulation and remyelination, which contribute to the ben-
eficial outcomes of hUCMSC therapy. The key signaling
protein, LINGO-1, plays a pivotal role in mediating both im-
munomodulatory and myelin-inducing mechanisms, offer-
ing new avenues for optimizing the therapeutic effects of
hUCMSC transplantation in MS and other disorders charac-
terized by immune and myelin dysfunctions. Overall, this
study provides promising evidence that hUCMSC transplan-
tation could be a potential therapy for MS, improving behav-
ioral functions and reducing histopathological deficits in a
mouse model of MS. The findings offer insights into the re-
generative pathways involved in hUCMSC therapy and sug-
gest potential targets for further optimizing its therapeutic
effects.

Evaluation of cellular differentiation, including adipogen-
esis and osteogenesis, is crucial for the accurate identification
of SCs isolated from umbilical cord tissue. This is because
the SCs have the potential to differentiate into various cell
types, and their differentiation patterns can be influenced by
various factors, including the environment and the presence
of specific growth factors. Thus, assessing their differentia-
tion capacity is essential for understanding their potential
therapeutic applications. Adipogenesis, the process by which
the SCs differentiate into adipocytes, is a critical aspect of
SC biology. Adipocytes play a crucial role in energy storage
and metabolism, and their dysfunction has been implicated
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in various diseases, including obesity and insulin resistance.
The ability of SCs to differentiate into adipocytes can be
used to study the mechanisms of adipocyte development and
to develop new therapeutic strategies for metabolic disorders.
Osteogenesis, the process by which the SCs differentiate into
osteoblasts, is also an important aspect of SC biology. Osteo-
blasts are responsible for bone formation and maintenance,
and their dysfunction can lead to various bone disorders, in-
cluding osteoporosis. The ability of SCs to differentiate into
osteoblasts can be used to study the mechanisms of bone
development and to develop new therapeutic strategies for
bone disorders. The importance of evaluating cellular differ-
entiation in SCs isolated from umbilical cord tissue cannot
be overstated.

Regarding the limitations of the present systematic review
and meta-analysis study, the small number of eligible se-
lected studies was an important limitation. For this purpose
and to eliminate possible scientific defects, studies were first
collected based on strict inclusion/exclusion criteria, then,
they were statistically evaluated in a pilot study regarding
the publication bias and heterogeneity values. These analyses
showed that although the number of studies is small, the
same number can be valid for reports. On the other hand,
the statistical analysis of missed articles was found in 1,604
representing high valid outcome of this study. Also, it is
recommended for other original experimental investiga-
tions to consider the exact protocol of hUCMSCs extraction,
differentiation, and supplementation. In some studies, these
important protocols were missed leading to a scientific fail-
ure for future experiments. Thus, an incomplete explanation
of protocols is a major limitation of the study. In this era, for
future studies, it is recommended to explain the exact proto-
col of hUCMSCs extraction, and the supplementations used
for cell differentiation are necessary to be reported.

Conclusion

This systematic review and meta-analysis study investigat-
ed the probable role of cellular transplantation of hUCMSCs
in alleviation of CSs and restoration of motor defects in EAE
animals. Since the results of meta-analysis are represented,
this procedure can be effective in animal studies. For further
studies, it is suggested to note the exact concentration of cells
and optimization with exogenous materials.
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