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Abstract: To investigate the clinical efficacy and safety of umbilical cord mesenchymal stem cell (UCMSC) trans-
plantation for treating multiple sclerosis (MS), the patients with MS were recruited and treated with UCMSC. The
procedure of preparing UCMSC was in accordance with the standards formulated by the International Society for
Cell Biology. Cell surface markers, multiple differentiation potential and safety of UCMSC for transplantation were
detected. The number of cells in each infusion was 1 to 2x10° cells/kg. Patients were recruited in accordance
with the standards of the International Mesenchymal Stem Cells Transplantation Study Group. After treatment, the
clinical therapeutic effects including symptoms, vital signs, clinical attacks, magnetic resonance imaging (MRI),
neurological function scores and adverse reactions such as fever, dizziness, and vascular irritation were monitored
and evaluated. In addition, the regulatory effects of UCMSC on immune system of patients were also assessed.
The results showed that the patients’ symptoms were improved after UCMSC transplantation. No clinical attacks
occurred during transplantation. MRI revealed a reduced number of foci and Expanded Disability Status Scale
scores were decreased. Some of patients had adverse reactions after transplantation. These adverse effects were
not serious and lasted short duration, thus no intervention was conducted and let it be eliminated by itself. The
mRNA expression of CD86, IL-2, CTLA-4, and HLADRB1 in peripheral blood was significantly decreased after UCMSC
transplantation (P < 0.05). Based on our present studies, UCMSCs would be considered as a safe and alternative
option for treatment of MS.
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Recent studies have shown that umbilical cord
mesenchymal stem cells (UCMSCs) present low
immunogenicity, hence can be used in alloge-
neic transplantation without rejection. UCMSC

Introduction

Multiple sclerosis (MS) is a demyelinating dis-
ease and the most common autoimmune disor-

der affecting the central nervous system. MS is
characterized by demyelination, progressive
neurological dysfunction, and remission and
relapse. Hormones and immunosuppressants
are commonly used to treat MS. However, the
long-term use of hormones and immunosup-
pressants has side effects and cost a fortune.
Furthermore, the symptoms were recurrent or
become aggravated after drug withdrawal.
There is no effective therapy for MS recently.
With the disease progression, approximately
50% of affected patients develop chronic pro-
gressive disease with a poor prognosis [1-3].

play an important role in immunomodulation
and tissue repair, thereby provide a new strate-
gy for the treatment of autoimmune diseases
[4, 5]. In this study, an established UCMSC bank
for transplantation was employed to patients
with MS. The stability, consistence and safety
of UCMSC were strictly controlled. The clinical
efficacy and adverse effects were evaluated
after treatment. In addition, the molecular
mechanism involved in UCMSC’s effects was
also investigated. Our present studies provide
scientific evidence to support the feasibility of
this cell therapy.
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Materials and methods
Isolation, culture, and identification of UCMSCs

Umbilical cords from healthy pregnant women
with no history of infectious, familial, or heredi-
tary diseases were collected in Yan’an Affiliated
Hospital of Kunming Medical University with
the approval of the Hospital Ethics Committee.
Donors and their families provided written
informed consent. Umbilical cord was cut up
into small pieces with 1 mm? diameter after
umbilical arterial and venous were removed.
Subsquently, UCMSC were isolated and cul-
tured though tissue adherent method. Alpha-
Modified Eagle Medium (x-MEM) containing
10% fetal bovine serum, 100 U/ml penicillin
and 10 U/ml streptomycin was used for cell cul-
ture. Once the cultured cells reached 70-90%
confluence, all UCMSC were harvested by using
TrypLE™ Express (Invitrogen).

Flow cytometry analyze cell surface marker

Cells were incubated with mouse anti-human
monoclonal antibodies CD29PE, CD44FITC,
CD73PE, CD9OFITC, CD105FITC, CD166PE,
CD34FITC, CD45PerCP, CD123FITC and HLA
DRFITC, as well as the corresponding isotype
control for 1 h at room temperature. The anti-
bodies were 1:100 dilution with blocking buffer.
Cells were then incubated with goat anti-mouse
IgG secondary antibody (1:100 dilution; Life
Technologies) in blocking buffer for 1 h at room
temperature. Subsquently, the cells were wa-
shed for three times with PBS and the level of
each marker was determined by FACSCalibur™
flow cytometer (Becton Dickinson, Franklin
Lakes, NJ).

The muilti-directional differentiation capacity
analysis

Cells were seeded in 6-well tissue culture treat-
ed plates (3x10* cells/cm?) with o-MEM. The
culture medium was changed to differentiation
medium after 24 h. Meanwhile, in order to
ensure the optimum condition, the growth of
cells reached about 80% confluence. Appro-
priate differentiation medium was indicated as
below and thereafter cells were replenished
with the corresponding differentiation medium
every 3 days. For adipogenesis, cells were cul-
tured in adipogenic medium (MSC go Adipogenic
XF™, Biological Industries (BI)) for 3 weeks fol-
lowed by Qil Red O staining. For osteogenesis,
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cells were cultivated in osteogenic differentia-
tion medium (MSC go Osteogenic XF™, Biolo-
gical Industries (BI)) for 10-21 days and 2%
Alizarin Red S Staining was performed. For neu-
rogenesis, neurogenic differentiation medium,
which was DMEM with 1000 g/I Glucose and
Glutamax, 2% FCS, 10" M dexamethasone, 0.5
MM linoleic acid, 10 ng/ml platelet-derived
growth factor (cat. no. 120-HD, R&D Systems),
10 ng/ml epidermal growth factor (cat. no.
236-EG, R&D Systems), and 50 pg/ml gentami-
cin, was used. Distribute cell suspension at
10000 cells/cm? in chamber slides. The follow-
ing day, the culture medium was replaced with
equal volume of neurogenic differentiation
medium for inducing neurogenesis) or kept cul-
turing with complete a-MEM for control. Cells
were cultured for 2 weeks with replacing fresh
medium of the respective type twice weekly,
and then were proceed to the evaluation
assays. Immunocytochemistry using the prima-
ry antibodies against galactoserebriside and
neurofilament M (1:50 dilution) was evaluated
to neurogenesis.

Karyotype analysis

To eliminate the possibility of chromosomal
abnormalities, karyotype analysis were carried
out by making metaphase spreads of cells cul-
tured to P7 and P23 generation. The cells were
treated with colchicine, and were harvested for
fixation with a hypotonic solution. Then the
fixed cells were dropped on to a slide, dried and
stained to observe a G banding pattern.

Tumor formation experiment

Male BALB/c nude mice (6-8 weeks of age)
were randomized into 3 groups: UC-MSCs inoc-
ulated group, small cell lung cancer cells SPC-A-
1 inoculated group as the positive control group
and phosphate buffered saline injected group
as control group. Ten mice were in each group.
The tumor formation experiment was carried
out by axillary subcutaneous inoculation of
1x10° cells. After 8 weeks, tumor formation
was observed.

Cell viability and microbial detection

Cell viability was monitored by trypan blue
staining. Moreover, the cultured medium from
UCMSC and the cell suspension were detected
bacteria, mycoplasma and chlamydia.
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Figure 1. Multi-differentiation of UCMSCs in vitro. A. Undifferentiated UCMSCs displayed fibroblast-like cell morphology. B. Von Kossa staining for osteogenic dif-
ferentiation. C. Oil red O staining for adipogenic differentiation. D. Neurofilament M immunofluorescence staining for neurogenic differentiation. E-P. Immunophe-

notypic characterization of UCMSCs by flow cytometry. The cells were positive for CD49, CD90, CD29, CD271, CD73, CD105, CD166, and CD44 but negative for
CD34, CD45, CD123, and HLA-DR.
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Figure 2. A, B. UCMSCs from passages 7 and 23 presented a normal chromosome karyotype with the absence of
polyploidy. C. The representative photo of mice inoculated with UCMSC after 8 weeks, no tumor formation. D. The
representative photo of mice inoculated with SPC-A-1 as the positive control.

Table 1. Baseline characteristics of the three patients

Transplant patient 1

Transplant patient 2

Control patient

Type of disease Relapsing-remitting
Onset age/sex 30/Male
Onset time September, 2006
Duration (year) 5

Secondary progressive

Secondary progressive

30/Female 33/Male
September, 2003 June, 2002
8 9

Patients enrollment on the trial

Patients with MS were recruited based on the
standards of the International Mesenchymal
Stem Cells Transplantation Study Group. This
study was approved by the Ethics Committee of
Kunming Yan’an Hospital in China. The inclu-
sion criteria were MS diagnosed in accordance
with the 2005 McDonald diagnostic criteria,
age of 18 to 65 years, either sex, ineffective or
poorly effective treatment with corticosteroids
and immunosuppressants. The exclusion crite-
ria were treatment with immunosuppressants
3 months before the trial; treatment with
interferon-B, glatiramer acetate, or steroid hor-
mones in the last month; uncontrollable infec-
tion; heart, kidney, liver, or other diseases; and
pregnancy or lactation. The patients in control
group had no significant differences in age, sex,
or course of disease compared with the experi-
mental group. The difference in age between
the control and experimental groups was +3
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years. The initial Expanded Disability Status
Scale (EDSS) score was identical between
patients in the control and experimental
groups. The patients in control group experi-
enced poor effects of conventional treatment
including anti-inflammatories, immunosuppres-
sants, and/or immunomodulators and contin-
ued maintenance with the current treatment.

Clinical efficacy and safety evaluation

UCMSC passages 4 to 6 were most suitable for
cell transplantation. Intravenous transfusions
were performed with 1 to 2x10° cells/kg at
3-month intervals for 7 times. The safety evalu-
ation involved routine blood examination, bio-
chemical test of blood, liver and kidney function
tests, urine and stool tests, electrocardiogra-
phy, chest X-ray examination before and after
transplantation. When the trail was finished,
the assessment of adverse reactions was car-
ried out. Meanwhile, the clinical efficacy includ-
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Table 2. The procedures of cell transplantation and adverse reactions

Patient 1

Patient 2

Times -
Cell number Adverse reaction

Cell number Adverse reaction

2.62x10% kg Local skin redness/2 d, vascular irritation/1 w
2.31x10°/kg Dizziness/1 h, headache/6 h

2.73x10%/kg Dizziness/2 h
2.24x10%/kg Dizziness/1 h, headache/1 h

~N o O~ W NP

1.01x10%/ kg Fever/6 h, dizziness 12 h, vascular irritation/1 wk
4.28x10%kg Headache 2 h, local skin redness/2 d, vascular irritation/1 wk 1.13x10% kg No

3.17x10% kg Fever/4 h, dizziness 12 h, vascular irritation/1 wk

2.49x10%/kg No

1.68x10°/kg No

2.26x10% kg Dizziness/1 h, headache/6 h

2.77x10%/kg No

6.17x10°/kg Local skin redness/1 d, vascular irritation/3 d
2.64x10%/kg Dizziness/1 h, headache/6 h

ing assessment of changes in symptoms and
vital signs, clinical attacks, magnetic reso-
nance imaging (MRI), and neurological function
scores was also evaluated.

Real-time polymerase chain reaction (PCR)

Finally, in order to investigate the immunomod-
ulatory effects of UCMSC in patients with MS,
peripheral blood was collected before and after
cell transplantation. Real-time PCR was used to
determine the mRNA expression of CD86, inter-
leukin (IL)-2, IL-17¢c, Foxp3, CTLA-4, HLA-DRB1,
transforming growth factor (TGF)-B1, and TGF-
B2.

Statistical analysis

Data are expressed as mean * standard devia-
tion. Data before and after transplantation
were compared using a paired t-test. The data
in the experimental and control groups were
compared with a two-sample t-test. A P value of
< 0.05 was considered to be statistically signifi-
cant. All data were analyzed with SPSS 17.0
software (SPSS Inc., Chicago, IL).

Results
UCMSC with high purity and high viability

Using the tiled tissue method, cells from pas-
sage 5 to 7 were observed and became conflu-
entat 10 to 12 days. UCMSC appeared as fibro-
blast-like cells under light microscopic exami-
nation (Figure 1A). During in vitro induction,
UCMSC were able to differentiate into osteo-
blasts, adipocytes, and nerve cells (Figure
1B-D). UCMSC were positive for CD29, CD44,
CD90, CD73, CD105, and CD166 but negative
for CD34, CD45, CD123, and HLA-DR (Figure
1E-P). UCMSC from passages 7 and 23 showed
a normal karyotype with the absence of poly-
ploidy (Figure 2A, 2B). At day 60, no transplant-
ed tumors were detected in nude mice subcu-
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taneously injected with UCMSC from passages
7 and 23 (Figure 2C, 2D).

Baseline patient data

Patients in the treatment group received seven
times of UCMSCs treatments. During that peri-
od of time, they didn’t undergo other drug treat-
ment. The patients in the control group contin-
ued those medications they had already been
taking, including methylprednisolone, glucocor-
ticoid hormones, interferon, human immuno-
globulin, neurotrophic factor, and traditional
Chinese medicines. However, their conditions
were still progressively aggravated. The base-
line patient data are listed in Table 1.

Adverse reactions

The two patients in the treatment group re-
ceived seven times of UCMSC transplantation.
The observed adverse reactions were mainly
dizziness, headache, skin redness, and vascu-
lar irritation. These adverse reactions mainly
occurred during transplantation. Fever was the
most common adverse reaction, but the condi-
tions generally did not require any intervention.
The patients’ temperature returned to normal
within 36 h. Toxic reactions of UCMSC were not
monitored (Table 2).

Improvements in symptoms and vital signs

After cell treatment, the symptoms involved in
unstable walking lessened, mental state, appe-
tite, coordination ability and balance force of
patient 1 were remarkably improved. The symp-
toms including numbness of the right limbs,
constipation of patient 2 were mitigated. At the
same time, mental status and memory of
patient 2 were also improved, indicating the
patient’s condition was stable. However, the
symptoms and vital signs of patient in control
group were not improved but aggravated (Table
3).
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Table 3. Symptoms and vital signs of patients at different stages of clinical trail

Transplant patient 1

Transplant patient 2

Control patient

2006.11* 2008.11° 2011.9° 2003.9? 2010.10° 2011.12° 2002.6 2004.9 20075 2011.9
Symptom
Vision 0] 4 4 0 0 0 2 4 4 4
Leg weakness 2 2 2 2 2 4 0 0 4 4
Limb tremor 0 4 4 0 4 4 0 0 4 4
Walking instability 4 2 2 2 4 4 4 2 6 6
Numbness of limbs 2 0 2 0 2 2 2 2 2 4
Constipation 0 0 0 0 4 2 2 0 4 4
Vital signs
Vision 2 4 2 0 0 0 2 6 4 4
Nystagmus 0 0 0 0 0 2 0 0 4 6
Muscle strength| 2 2 2 2 2 4 0 0 0 4
Muscle tensiont 0 4 2 2 4 4 0 0 0 4
Ataxia 2 6 4 2 4 4 2 0 4 6
Pathologic reflex 4 6 4 2 6 6 0 0 4 6

aTime of onset. "Before the first cell transplantation. °After the seventh cell transplantation. O, Normal; 2, mild Kurtzke score; 4, moderate

Kurtzke score; 6, severe Kurtzke score.

through MRI examination.

10 —e—Patient 1
—8—patient 2 In addition, the lesions on
8 | —&— Control the left side were remark-
g g ably reduced and the rang-
g 6 o es of the frontal and pari-
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3 ._/\/’\’_‘ area were reduced. The
2 lesion on the cervical spi-
: . . . . . . . . 1 1 [ nal cord also became light-
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Figure 3. Evaluation of changes in EDSS scores in three multiple sclerosis pa-
tients at different time points. In Patient 2, the symptoms were stable, and the
EDSS score was 6.5. The EDSS score of patient in control group was 7.0, after
received drug treatment, indicating the disease was continuously progressive.

Evaluation of neurological function

After cell treatment, the EDSS score decreas-
ed to 2 in Patient 1 and the clinical symptoms
did not become aggravated but lessened. In
Patient 2, the symptoms were stable, and the
EDSS score was 6.5. The EDSS score of patient
in control group was 7.0, after received drug
treatment, indicating the disease was continu-
ously progressive (Figure 3).

Evaluation of the changes of MRI value in foci
after UCMSC transplantation

After patient 1 received seven times of treat-

ments, lesions on the right side of the cerebral
ventricle became pale and tended to disappear
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er (Figure 4A). After patient
2 received four times of
treatments, MRI results re-
vealed that the high signal
intensity was reduced at
the site next to the left ven-
tricle and basal ganglia
(Figure 4B). The MRl results
from the patient in control, high signal intensity
was visible in the white matter lateral to the
bilateral ventricles and semi-oval area. Multiple
nodular lesions were observed in the corona
radiata and the site next to the lateral ventri-
cles (Figure 4C).

Detection of the changes of cytokines through
MRNA expression levels

To evaluate the immunomodulatory effects of
UCMSCs, peripheral blood from patients was
collected on the day of transplantation and day
3 after transplantation for RNA extraction.
Real-time polymerase chain reaction was uti-
lized to determine the mRNA expression of
CD86, IL-2, IL-17c, Foxp3, CTLA-4, HLA-DRB1Z,

Am J Transl Res 2018;10(1):212-223
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A Patient 1
Before treatment The first treatment The second treatment The third treatmen

t

The sixth treatment The seventh treatment

The fourth treatment The fifth trea

B Patient 2

Befor treatment The first trearment
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C Control Patient
2006

Head

Neck

Figure 4. MRI images of patients in the cerebral transverse plane and sagittal cervical segment at different time
points. A. Patient 1, after patient 1 received seven times of treatments, lesions on the right side of the cerebral ven-
tricle became pale and tended to disappear through MRI examination. In addition, the lesions on the left side were
remarkably reduced and the ranges of the frontal and parietal lobes and semi-oval area were reduced. The lesion
on the cervical spinal cord also became lighter. B. Patient 2, MRI results revealed that the high signal intensity was
reduced at the site next to the left ventricle and basal ganglia. C. Patient in the control group, high signal intensity
was visible in the white matter lateral to the bilateral ventricles and semi-oval area. Multiple nodular lesions were
observed in the corona radiata and the site next to the lateral ventricles.

TGF-B1, and TGF-B2 in peripheral blood. The
mRNA expression of CD86, IL-2, CTLA-4, and
HLA-DRB1 were significantly reduced before
and after each transplantation (P < 0.05). CD86
and CTLA-4 had similar trends during trans-
plantation. When the patient’s condition wors-
ened, HLA-DRB1 was highly expressed (P <
0.01). The correlation between IL-2 and the dis-
ease was not as strong as that between HLA-
DRB1 and the disease. The expression of Foxp3
and IL-17c was decreased in the samples from
patient in control group. Significant differences
in the expression of Foxp3 and IL-17c were
detected between the patients in treatment
group and the control group (P < 0.01). TGF-2
expression was clearly decreased with the
progress of treatment (Figure 5).

Discussion

Multiple sclerosis is a demyelinating disease
and the most common autoimmune disorder
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affecting the central nervous system. It fre-
quently involves the region from the spinal cord
to the white matter, gray matter, and peripheral
nerves, resulting in paralysis and sensory dis-
turbances [6]. Multiple sclerosis is character-
ized by recurrent attacks and mitigation [6].
Multiple sclerosis is more common in Europe
and the US, with a prevalence rate of 100 to
200 per 100,000 individuals. Asia is a low-inci-
dence area. An epidemiological investigation
[7]demonstrated that the prevalence rate was
0.88 to 10 per 100,000 individuals in China,
but had a upward trend. Multiple sclerosis can-
not be completely cured. As the disease devel-
ops, dysfunction is gradually progressive, re-
sulting in disability. The main principle of treat-
ment is immunosuppression and immunomod-
ulation, but these still cannot prevent recur-
rence. The proportion of patients with disease
progression and the incidence of long-term dis-
ability do not reduce. Therefore, effective treat-

Am J Transl Res 2018;10(1):212-223
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Figure 5. Quantitative real time PCR analyses of mRNA of CD86, IL-2, IL.-17¢, Foxp3, CTLA-4, HLA-DRB1, TGF-B1, and TGF-B2 genes in peripheral blood from patients
were shown. Data were normalized to corresponding GAPDH expressions as internal control. The results of mRNA expressions are expressed as fold of control.
Evaluation of changes of cytokines with mRNA level in Patient 1 (A-H) and Patient 2 (I-P). The mRNA levels of cytokines were monitored before each transplantation,
and compared with their relative levels at the beginning of the trail, which was considered as the control.
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ment methods with few side effects are urgent-
ly needed.

MSCs are stem cells with multiple differentia-
tion potential. They are derived from the meso-
derm and can differentiate into osteoblasts,
chondrocytes, and nerve cells [8-11]. MSCs ha-
ve low immunogenicity and effective immuno-
modulatory properties [12-14]. Previous stud-
ies have suggested that MSCs amplified in vitro
can suppress the proliferation of T lympho-
cytes, B lymphocytes, and natural Killer cells
and inhibit maturation and differentiation of
dendritic cells [15-17]. Animal studies have
confirmed that MSCs can arrive at the site of
injury through various pathways and differenti-
ate into nerve stem cells, mature neurons, and
glial cells and that they can safely and effec-
tively improve the functional recovery of the
central nervous system [11, 18]. Umbilical
cords can be easily harvested; the collection
process is noninvasive and has no ethical
issues. Therefore, UCMSCs have been deemed
one of the best sources of MSCs in clinical and
scientific research.

In this study, UCMSC transplantation was used
to treat two patients with multiple sclerosis for
a total of seven times of treatments. No obvi-
ous adverse reactions or residual pathological
syndromes appeared during transplantation.
The physiological examination and MRI results
revealed normal indexes. Toxic reactions of the
UCMSCs were not detected during the 8-year
follow-up. Clinical signs and symptoms were
mitigated in the two patients after transplanta-
tion. The onset frequency was compared within
the same time after transplantation, and the
average annual onset frequency in the trans-
plant patients were remarkably less than before
transplantation. The EDSS scores demonstrat-
ed that the clinical symptoms were mitigated in
Patient 1. At the time of this writing, his symp-
tom was stable and not progressive. After the
first and second transplantations, the symp-
toms of Patient 2 were progressive. Therefore,
we shortened the time interval and adminis-
tered cell therapy. His condition was stable at
the time of this writing. The MRI findings showed
that the number of foci was obviously reduced
after transplantation, suggesting that UCMSC
transplantation promoted remyelination [5]. In
vivo immunological parameters revealed that
as the patient’s condition stabilized, the mRNA
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expression of each cytokine decreased and no
noticeable inhibitory effect was detectable,
indicating the immunomodulatory properties of
MSCs. MSCs have low immunogenicity and
exert immunomodulatory effects on the body
[19]. CD86 and CTLA-4 are important co-stimu-
latory molecules with a negative regulating
function. CD86 bound to CTLA-4 produces
inhibitory signals. Termination of T-cell activa-
tion is the key link to maintaining homeostasis
of lymphocytes. We found that the expression
of CD86 and CTLA-4 was significantly dimin-
ished before and after MSC transplantation.
Moreover, the expression of CD86 and CTLA-4
was highest before the first transplantation and
during onset in Patient 2. Therefore, during dis-
ease progression, the body’s pathological
immune response induces high expression of
the inhibitory co-stimulatory signals. After
MSCs correct the pathological immune res-
ponse in vivo, the expression of CD86 and
CTLA-4 decrease [20]. IL-2 is the core of the
immune regulatory network [21]. In the present
study, the expression of IL-2 mRNA was lower
after than before transplantation. T-helper 17
(Th17) cells are a subset of CD4 T-helper cells
characterized by their production of IL-17. [L-17
is considered pro-inflammatory cytokine, which
is highly expressed in the serum and tissue of
patients with rheumatoid arthritis [21], asthma
[22], systemic lupus erythematosus [23], and
multiple sclerosis [24, 25]. In the present study,
IL-17c expression decreased comparing with it
in the control of the patient’s condition. And its
expression was similar with the healthy person.
These findings indicated that MSCs inhibited
IL-17¢c expression. The CD4*CD25* T cells are
considered a group of T cells with an immune
regulatory function; they are also called regula-
tory T cells (Tregs). The CD4*CD25" cell popula-
tion highly expressing the Foxp3 gene is the
main regulatory T lymphocyte subset that
exerts an inhibitory function [26]. Tregs play
important roles in maintaining environmental
stability in vivo by monitoring tumor immunity,
inducing transplantation tolerance. In this stu-
dy, Foxp3 mRNA expression decreased after
UCMSC transplantation. However, Foxp3 mRNA
expression was high during disease progres-
sion and low during disease remission, showing
an altered trend similar to that of IL-17c. Foxp3
is an important negative regulatory factor in the
body and plays an important role in immune
protection. HLA-DRB1, another important pre-
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disposing gene, tends to be normal with
increased times of UCMSC transplantations.
Furthermore, HLA-DRB1 expression increases
during onset of the disease. HLA-DRB1 expres-
sion, which is closely related to progression of
the disease, can be used as a key factor to
determine disease onset [27]. TGF-B2 is tightly
associated with cell proliferation, differentia-
tion, apoptosis, and immunoregulation [28].
TGF-B2 expression dramatically decreased
before, during, and after transplantation in
Patient 2 as the times of transplantations
increased. Therefore, TGF-B2 is an important
protective factor against antibody attacks.

In summary, UCMSCs play an important role
in immune regulation and neural protection.
UCMSCs can regulate pathological immune
responses and inhibit 1L-17c, HLA-DRB1, and
IL-2. Foxp3 and TGF-B2 are important protec-
tive factors in the body, helping to protect
against antibody attacks. The neuroprotective
effect is strongly associated with the mecha-
nism of promoting remyelination. Our findings
confirm that UCMSCs have functions of immune
regulation and nerve protection, indicating the
feasibility of UCMSC transplantation for multi-
ple sclerosis. However, because of the low
number of cases in the present study, our
results need to be validated in large clinical tri-
als in the future.
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