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Abstract. - OBJECTIVE: CD4*CD25* regula-
tory T cells (Tregs) have been found to have a de-
creased effector function in patients with multi-
ple sclerosis (MS). In this study, we co-cultured
naive CD4* T cells of MS patients with myelin
basic protein (MBP),, ., peptide as specific an-
tigen and allogenic B cells as antigen-present-
ing cells, in an attempt to generate adequate an-
tigen-specific CD4*CD25+ Tregs with normal or
improved immune function.

PATIENTS AND METHODS: Naive CD4* T cells
were isolated from peripheral blood mononucle-
ar cells (PBMCs) from patients with MS (n=5) and
healthy controls (HC, n=5). Furthermore, these
purified naive CD4* T cells were co-cultured with
the CD40-activated B cells and MBP,_ .. peptide
to induce MBP-reactive CD4+*CD25"9"CD127'"
Tregs. After harvesting these Tregs via a flow
sorter, real-time PCR and mixed lymphocyte re-
action (MLR) assay were performed to charac-
terize cellular immune function. Supernatant in-
terleukin (IL)-10 and transforming growth factor
(TGF)-B1 protein levels were detected by an en-
zyme-linked immunosorbent assay (ELISA).

RESULTS: With this method, the frequency of
CD4+CD25"e"CD127'* Tregs in CD4* T cells was
3.5%-6%. In both MS and HC groups, there were
relatively lower proliferation indices (PI) of MLR
assay but higher supernatant IL-10 and TGF-f1
levels in the presence of MBP than those in the
presence of other control antigens, where no
significant differences were found.

CONCLUSIONS: Via the ex vivo culture, ad-
equate MBP-reactive CD4+CD25* Tregsderived
from autologous naive CD4* T cells of MS pa-
tients, were obtained and returned to normal
without immune defects, and even upregulat-
ed their immunosuppressive function mostly
through the elevated release of IL-10 and TGF-f1.
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Introduction

Multiple sclerosis (MS) is an inflammatory
demyelinating disease of the central nervous sy-
stem (CNS) and occurs primarily in young adults.
The disease often has a relapsing-remitting course
and causes severe disability. Currently, both im-
munosuppressive and immunomodulatory agents
are recommended options for the treatment of MS,
however, the adverse effects of these medications
are sometimes troublesome. Immunosuppressants,
such as glucocorticoid, produce significant side ef-
fects after long-term use, while the costly expense
of immunomodulators, such as interferon (IFN)-f3,
becomes a financial burden for some patients. Mo-
reover, the efficacy of immunomodulators tends to
decrease due to the generation of neutralizing an-
tibodies against IFN-f3 over a long period.

As a master regulator of immune responses,
regulatory T cells (Tregs) expressing forkhead
box P3 (FoxP3) maintain homeostasis between
immune activation and suppression'?. Dysregu-
lation of the immune system in a variety of au-
toimmune diseases results from a substantial de-
crease in the number or functional impairment of
Tregs®*, which thereby leads to immune defects.
Previous studies®’ of human Tregs have shown
that blood CD4*CD25"e" T cells were much clo-
ser to Tregs regarding the functionality, rather
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than the cells expressing medium to low levels of
CD25. Other than surface marker of CD25, Tre-
gs with suppressive activity in vitro also displays
markedly lower surface expressions of CD127%.
Several human investigations® have found that the
immune function of CD4*CD25"¢" Tregs in MS
patients significantly decreases as compared with
normal controls. Animal researches'® have shown
that the symptoms of experimental autoimmune
encephalomyelitis (EAE), an animal model of
MS, in mice were remarkably alleviated after the
adoptive transfer of CD4*CD25* Tregs. On the
other hand, marked deterioration of the disease
was observed in EAE mice when CD4+*CD25*
Tregs were removed'', especially in the mice mo-
del of EAE induced by myelin as a self-antigen'?.
In recent years, CD4*CD25* Tregs injections
has been performed in patients with type 1 dia-
betes" and graft vs host disease'* as an effective
and safe cellular treatment. Phases 1 and 2a of
clinical trials had been employed to determine
the safety and efficacy of antigen-specific Tregs
injection for treatment of patients with refractory
Crohn’s disease (CD). As a result, six of the ei-
ght patients (75%) improved significantly five to
eight weeks after receiving doses of 10° Tregs".
In this way, we expect that the administration of
antigen-specific CD4*CD25* Tregs could be an
efficient treatment for MS.

Currently, polyclonal and in vitro antigen-speci-
fic Tregs expansions are two well-known methods
that have been used to generate an adequate
amount of CD4*CD25* Tregs. The former refers
to the stimulation of CD4*CD25 T cells with an-
ti-CD3 and -CD28 monoclonal antibodies (MoAb)
or with artificial antigen-presenting cells (APCs)
and interleukin (IL)-2. However, the Tregs har-
vested with this method are not antigen-specific
and often cause a general immune suppression'®.
The latter refers to the production of CD4*CD25*
Tregs by co-culturing CD4*CD25" or CD4*CD25*
T cells with IL-2 and self-antigen-stimulated den-
dritic cells (DCs) or autologous DCs!’. However,
the difficulties of this approach include a long cul-
ture cycle and high costs. Tu et al'® used allogenic
CD40-activated B cells as APCs to induce Tre-
gs from naive CD4* T cells. When compared to
using DCs as APCs, this method produced more
CD4*CD25* Tregs with a stronger immunoactivi-
ty. Hence, in this work, we co-cultured naive CD4*
T cells, with the MBP,, ., peptide as myelin anti-
gen and allogenic B cell as APCs, in an attempt
to generate adequate antigen-specific CD4*CD25*
Tregs with a normal immune function to treat MS.
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Patients and Methods

Patients and Controls

Five patients with relapse-remitting MS
(RRMS) were enrolled, according to McDonald
diagnostic criteria of 2010". They were all ethnic
Han Chinese and tested positive for DR2 allele by
HLA-DRBI analysis as previously described®?'.
These patients did not receive any disease-modi-
fying treatment (DMT) for at least 6 months. Five
healthy individuals without any nervous system
diseases or autoimmune diseases were included as
age and sex-matched normal controls. The study
was approved by the Ethics Committee of Peking
University People’s Hospital and all participating
subjects gave their informed consent.

Sample Collection

All the heparinized blood specimens were col-
lected between 09:00 am and 12:00 am. Peripheral
blood mononuclear cells (PBMCs) were isolated
from the heparinized blood specimens by density
gradient centrifugation using a standard protocol.

Separation and Culture of B Cells

Peripheral blood was obtained from healthy
allogeneic donors and red blood cells (RBCs)
were removed with an RBC lysis buffer (eBio-
science, San Diego, CA, USA). B cells from pe-
ripheral blood mononuclear cells (PBMCs) were
separated with B cells magnetic bead isolation
kit (Miltenyi Biotec, Bergisch Gladbach, NRW,
Germany). The purity of B cells, determined
with anti-CD19 MoAb via flow cytometry, was
over 90%. Purified CD19* B cells were incu-
bated with sCD40L (1 pg/ml) (Biovision, Palo
Alto, CA, USA) at 37°C and with 5% CO, for
5 days and activated by MBP,, ,, peptide (ENP
VVHF FKNI VTPR, synthesized by SBS Gene-
tech Co., Ltd, Beijing, China) for 30 minutes be-
fore preparing for further co-culture with naive
CD4* T cells.

Naive CD4* T Cells Isolation

Human naive CD4* T cells were isolated from
PBMCs of MS and control group by a magne-
tic bead isolation kit (Miltenyi Biotec, Bergisch
Gladbach, NRW, Germany). The purity of naive
CD4* T cells, measured by using peridinin chlo-
rophyll protein (PerCP)-labeled anti-CD4, al-
lophycocyanin (APC)-labeled anti-CD25 and
fluorescein isothiocyanate (FITC)-labeled an-
ti-CD127 MoAb (eBioscience, San Diego, CA,
USA) was 80.62%.
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Induction, Expansion and Separation of
CD4*CD25"9"CD127"°" Tregs

Purified naive CD4* T cells were co-cultu-
red with allogeneic CD40-activated B cells at
a ratio of 10:1 in RPMI 1640 medium (Gibco
BRL, Grand Island, NY, USA) for 10 days, sup-
plemented with 10% heat-inactivated fetal bo-
vine serum (FBS) for 10 days in the presence
of MBP,, ,, peptide (0.2 ug/ml), soluble 4-1BBL
(0.2 pg/ml, Biovision, Palo Alto, CA, USA) and
rapamycin (109 nmol/L, Biovision, Palo Alto,
CA, USA). The medium was changed every 5
days. Thereafter, CD4*CD25"e"CDI127"% Tre-
gs were isolated with PerCP-labeled anti-CD4,
APC-labeled anti-CD25 and FITC-labeled an-
ti-CD127 MoAb via a flow sorter (Becton Di-
ckinson, San Jose, CA, USA).

RNA Preparation and cDNA Synthesis

Total RNA was isolated using RNeasy* Mini
Kit (Qiagen, Hilden, Germany), following stan-
dard protocol. Reverse transcription was perfor-
med with SUPERSCRIPT III TRANSCRIPT
reagents (Invitrogen, Carlsbad, CA, USA) using
random primer and primer containing 50 M oli-
gio (dt). The reaction was performed at 25°C for
5 min, 50°C for 60 min and 70°C for 15 min on
a 9700 GeneAmp PCR system (Applied Biosy-
stems, Norwalk, CT, USA).

Real-time PCR

PCR were performed in a total reaction volu-
me of 20 pl containing 1 pl cDNA template, 2.5
mM MgCl,, 250 uM each of dNTPs, 250 nM of
each primer, 0.3 pl SYBR (20x) and 1 U of Taq
polymerase (Invitrogen, Carlsbad, CA, USA). Pri-
mers were synthesized by Invitrogen, USA, using
previously published sequences?*** (Table T). Re-
al-time PCR was performed on an ABI 7500 fast
Sequence Detector. All amplifications were pre-
formed in replicates of three or more. Amplifica-
tions were performed at 95°C for 2 minutes and
40 cycles of 10 seconds at 95°C and 30 seconds at
60°C. The mRNA expression levels of each gene
were calculated by using the 2724°T (comparati-
ve threshold cycle, or C) method, as detailed by
the manufacturer (Technical Bulletin 2; Applied
Biosystems).

Mixed Lymphocyte Reaction (MLR) Assay

Human PBMCs from MS patients and healthy
subjects were obtained by the removal of RBC
with an RBC lysis buffer (eBioscience, San Die-
go, CA, USA). CD4*CD25 T cells were separated

from the PBMCs using PerCP-labeled anti-CD4
and APC-labeled anti-CD25 MoAb via a flow sor-
ter. 2x10* carboxyfluorescein succinimidyl ester
(CFSE) (Invitrogen, Carlsbad, CA, USA)-labeled
CD4*CD25° T cells suspension/well were added
to 96-well plate in duplicate, with the addition of
2 x 10° 30 Gy irradiated autologous PBMCs as
APCs, in the presence of MBP,_ , anti-CD3 and
anti-CD28 MoAb (eBioscience, San Diego, CA,
USA) at a final concentration of 0.2 yg/ml, 3 ug/
ml at 37°C, 5% CO, for 3 days. Meanwhile, the
cell suspensions were disposed with 2x10* isola-
ted CD4*CD25"¢"CD127" Tregs. Cells were har-
vested on the third days and proliferation indices
(PI) of CFSE-labeled CD4*CD25 T cells were
determined by using flow cytometry. Data were
analyzed with Modfit software (Becton Dickin-
son, Franklin Lakes, NJ, USA).

Detection of Supernatant IL-10 and
TGF-$1 Protein Levels

In parallel with the MLR assay, supernatant
levels of IL-10 and transforming growth factor
(TGF)-f1 were measured with an enzyme-lin-
ked immunosorbent assay (ELISA) kit (eBio-
science, San Diego, CA, USA) according to the
manufacturer’s instructions. Standard curves
were produced and IL-10 and TGF-f1 protein
levels of the samples were calculated using the
standard substance.

Statistical Analysis

The data are presented as meanztstandard de-
viation of the mean value. All data were analy-
zed with one-way ANOVA and Student-New-
man-Keul’s post hoc analysis using SPSS for
Windows version 13.0 (SPSS Inc. Chicago, IL,
USA). A p-value of less than 0.05 was considered
to be statistically significant.

Results

Frequency of Induced MBP-reactive CD4
*CD25""CD127"°" Tregs

MBP-reactive CD4*CD25"e"CDI127"% Tregs
were induced and expanded from naive CD4* T
cells after being co-cultured with sCD40L-treated
B cells and MBP,, ., peptide. Induced Tregs of MS
patients andHC were acquired with a flow sorter
by using anti-CD4, anti-CD25 and anti-CD127
MoAb (Figure 1). As a result, the frequency of
CD4+*CD25"e"CD127"" Tregs in CD4* T cells was
3.5%-6% (Table 11).
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Figure 1. CD4*CD25"ehCD127"" Tregs were isolated with PerCP-labeled anti-CD4, APC-labeled anti-CD25 and FITC-labe-
andled anti-CD127 monoclonal antibodies by a flow sorter. Region 1 (P1) is selected to set mononuclear cells gate according to
forward light scatter (FSC) and side light scatter (SSC) properties and region 2 (P2) is further selected to set CD4* T cells gate.
Region 3 (P3) is used to set third gate to separate CD4*CD25"e"CD127"" Tregs. Control staining with isotype control antibodies

is utilized as the control to define the gate.

Quantification of Foxp3, 4-1BB, Bcl-2
and Bcl-xI mRNA Expression

No significant difference in Foxp3, 4-1BB, Bcl-
2 and Bcl-xI mRNA expression was found in iso-
lated CD4*CD25"e"CD127"" Tregs between MS
patients and healthy controls (Table III).

MLR assay

With the addition of Tregs, MLR assay was
performed via flow cytometry for analysis of PI
(Figure 2A-C). In both MS and HC group, there
were relatively lower PI in the presence of MBP
(1.26+0.22 and 1.28+0.17) than those in the pre-
sence of anti-CD3/CD28 MoAb (2.03+0.53 and
2.12+0.46, p<0.05 and p<0.05) or those in the ab-
sence of antigen (1.39+0.14 and 1.38+0.13, p>0.05
and p>0.05), but no significant differences were
found between these two groups (Figure 2D).

Supernatant IL-10 and TGF-(1
Protein Levels

Supernatant IL-10 and TGF-f1 levels were cal-
culated using a standard curve. In both groups,
there were increased supernatant IL-10 (Fi-
gure 3A) and TGF-Pl(Figure 3B) levels in the

Table I. Primers used in this study.

presence of MBP (IL-10: 2.32+0.12 pg/ml and
2.26+0.08 pg/ml; TGF-pl: 266.75+4897 pg/
ml and 248.75+30.47 pg/ml) as compared with
those in the presence of anti-CD3/CD28 MoAb
(1.63+0.08 pg/ml and 1.62+0.11 pg/ml, p<0.05
and p<0.05; 181.25+25.17 pg/ml and 170.5+29.87
pg/ml, p<0.05 and p<0.05) or those in the absen-
ce of antigen (1.58+0.09 pg/ml and 1.62+0.12 pg/
ml, p<0.05 and p<0.05; 167.75+22.65 pg/ml and
159.75+36.54 pg/ml, p<0.05 and p<0.05), but
non-significant differences were found between
these two groups.

Discussion

Unlike the cellular property in rodents, human
studies demonstrated that only CD4* T cells with
a high expression of CD25, i.e. CD4*CD25"eh,
instead of CD4* T cells with a moderate or low
expression of CD25, exhibited immunosuppres-
sive capabilities'*. Also, Tregs with suppressive
activity in vitro display remarkably lower surface
expression of CD127%. As for the immunosup-
pressive mechanism of Tregs, in vitro studies?*°

Gene Sense primer (5-3’) Antisense primer (5-3’)

FoxP3 CAGCACATTCCCAGAGTTCCTC GCGTGTGAACCAGTGG TAGATC
4-1BB TCATTGCAGGATCCTTGTAGTAAC- GAGAGGTCGGCTGGAGATGGTC
Bcl-2 AGCTGCACCTGACGCCCTT CGCTCTCCACACACATGACCC
Bel-xl TGCGTGGAAAGCGTAGACAA ATTCAGGTAAGTGGCCATCCAA
[-actin AGCCTCGCCTTTGCCGA CTGGTGCCTGGGGCG
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Figure 2. Immunosuppressive capability of the induced CD4*CD25* Tregs was determined with mixed lymphocyte re-
action (MLR) assay. Briefly, MLR assay was done with 2x10* purified carboxyfluorescein succinimidyl ester (CFSE)-labeled
CD4*CD25 T cells/well plus 2 x 10° 30Gy irradiated autologous PBMCs in the presence of 2x10* isolated CD4*CD25"¢"C-

DI27"" Tregs using (A) no antigen, (B) MBP

85-99

(0.2 ug/ml) and (C) anti-CD3/CD28 monoclonal antibodies (MoAb) (3 pg/ml).

Proliferation indices (PI) of CFSE-labeled CD4*CD25" T cells were determined by using flow cytometry for further comparati-
ve analysis (D). B = patients with MS (n=5); O = healthy control subjects (n=5). Bars represent the level of PI. Error bars show

the standard deviations.

have reported that Tregs suppress effector cells
via the secretion of the inhibitory cytokine such
as IL-10 and TGF-f3, cell contact-dependent Treg/

Table II. Frequency of induced CD4*CD25"e'CDI127"v
regulatory T cells (Tregs) separated from MS patients (n=5)
and healthy controls (HC) (n=5).

Subjects  Sex/Age (Year] Frequency of Tregs (%)
MS1 F/26 3.5%
MS2 F/25 4.6%
MS3 F/66 4.2%
MS4 F/31 4.5%
MS5 F/64 6.0%
HCI1 F/26 4.4%
HC2 F/35 4.5%
HC3 F/33 4.6%
HC4 Fi27 4.8%
HCS F/28 4.6%

APCs or Treg/T cell interactions, adenosine-me-
diated immunosuppression involving ectoenzy-
mes CD39/CD73 and functional modification or
killing of APCs. Both 4-1BBL and rapamycin
are considered to exert Tregs-related modulatory
function. For 4-1BBL, it has been found to be
effective in expanding Tregs cells during three
weeks?'. As for rapamycin, it has been reported

Table Ill. The mRNA expression levels of FoxP3, 4-1BB,
Bcl-2 and Bel-xl gene of induced CD4'CD25"'CD127"°w
regulatory T cells (Tregs) from MS patient (n=5) and healthy
control (n=5).

Gene MS (n=5) HC (n=5) p-value
FoxP3  0.00039+0.00021  0.00037+0.00015 0.8660
4-1BB  0.00309+£0.00092  0.00308+0.00128 0.9868
Bcl-2 0.00512+£0.00106  0.00494+0.00060 0.7518
Belxl  0.08884+0.00994  0.08794+0.01350 0.9072
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Figure 3. Comparison of supernatant (A) interleukin-10 (IL-10) and (B) transforming growth factor (TGF)-f1 protein levels in
before-mentioned mixed lymphocyte reaction (MLR) assay using enzyme-linked immunosorbent assay (ELISA). M = patients
with MS (n=4); O = healthy control subjects (n=4). Bars represent the IL-10 and TGF-1 levels. Error bars show the standard

deviations.

to prompt the expansion of naturally occurring
Tregs and facilitate the de novo generation of in-
duced Tregs*®.

Given the existence of CD127 as a cell surface
marker for further identification of Tregs, we used
this marker to further characterize Tregs with a
CD4+CD25Me"CD127"" phenotype in our study.
To exclude the possibility that the sorted Tregs
originated from the amplification of already-exi-
sting Tregs in the culture system, we initially me-
asured the proportion of Tregs in CD4* T cells
purified by magnetic beads. Our findings clearly
demonstrated over 98% naive CD4* T cells and
few Tregs in all the isolated cells, indicating that
these sorted Tregs were almost generated via fur-
ther cell differentiation of naive CD4* T cells, ra-
ther than simple self-proliferation of already-exi-
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sting Tregs. Furthermore, our study substantiates
that antigen-specific CD4*CD25"¢" Tregs can be
obtained from the induction of naive CD4* T cells
by the MBP,, ., peptide in the presence of soluble
4-1BBL and rapamycin.

Various previous investigations®* have repor-
ted that when comparing the suppressive capacity
of Tregs from RRMS patients with that of healthy
individuals in vitro, the effector function of the
CD4+*CD25"e" Tregs from MS patients was seve-
rely impaired. However, the underlying mechani-
sm of functional defects remains unclear. Stasio-
lek et al* reported that the expression of 4-1BBL,
a member of the tumor necrosis factor superfa-
mily (TNFSF), was significantly reduced in pla-
smacytoid dendritic cells (pDCs) in MS patients.
The decreased expression of 4-1BBL. may hinder
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the pDCs’ ability to produce Tregs in the immune
system. Our previous work® also found that the
expression of 4-1BB in CD4*CD25"¢" Tregs in
MS patients decreased significantly, while TFN-[3
treatment blocked the reduction of the 4-1BB
expression. This indicated that the down-regula-
tion of 4-1BB was involved in the impairment of
Tregs immunoactivity. Supporting these studies,
a study by Elpek et al*! revealed that the activa-
tion of 4-1BB/4-1BBL costimulatory signals could
promote the proliferation and survival of Tregs,
especially in the presence of a high dosage of IL-
2. Thereby, we added soluble 4-1BBL as one of the
stimuli, to induce and acquire an adequate number
of Tregs with normal immune function. Indeed,
our study showed that more Tregs were induced
(3.5%-6%) in MS patients, as Tregs account for
only 1%-2% of human CD4* T cells. For the co-
stimulatory effect of 4-1BBL(CD137L) on T cells,
our previous in vitro study*® showed that nonspeci-
fic T cells proliferation was significantly suppres-
sed after treatment with an anti-4-1BBL MoAb
compared with the control antibody in either MS
or healthy subjects (n=5). Moreover, the FoxP3
mRNA expression and suppressive capability of
these induced Tregs in MS patients displayed no
significant difference as compared to HC. Intere-
stingly, we also found that 4-1BB, anti-apoptotic
Bcl-2 family member Bcl-2 and Bcel-x] mRNA le-
vels in these induced Tregs of MS patients were
not markedly distinct from those of HC. These
findings, therefore, suggest that recovery of im-
mune function and proliferation of Tregs could be
largely prompted by the addition of 4-1BBL.

In general, Tregs constitute 1%-2% of human
CD4* T cells, and antigen-specific Tregs constitu-
te even less with a proportion of 1/20000-1/2000°".
It is essential to obtain adequate antigen-specific
Tregs for the treatment of the immune-related di-
seases with a known target antigen, such as MS,
diabetes or rheumatoid arthritis (RA). In an ani-
mal research®, EAE model was successfully indu-
ced by active immunization with MBP, ,; in SJL
mice or Lewis rats. Various human studies revea-
led that the MBP-reactive T cells in MS patients
presented more active immune functions compa-
red to those of health controls*. Combined with
HLA-DR2, MBP,, ., peptide could substantially
activate T cell clones from peripheral blood of MS
patients. Once activated, these T cells would likely
release inflammatory cytokines such as IL-2 and
IFN-y*#!. Hence, in this work we selected MBP,,
4o Peptide as the specific antigen, and the five heal-
thy individuals positive for DR2 allele were recru-

ited as normal controls since MBP-reactive T cells
were also found in healthy subjects**. Consequent-
ly, adequate antigen-specific CD4*CD25" Tregs
in MS patients were obtained with normalized or
even enhanced function since no significant diffe-
rence in immunosuppressive activities or MBP-re-
active Tregs frequency was found between MS
and healthy control subjects when stimulated with
MBP,, ,, peptide. Also, these Tregs failed to effi-
ciently inhibit CD3/CD28-induced CD4*CD25 T
cell proliferation, indicating a complex action me-
chanism of CD3/CD28 co-stimulation effecting
on the immunofunction of Tregs, as one recent
study® reported that induced Tregs generated by
activation with anti-CD3/CD28 MoAb differed
from those generated with antigen/APC. However,
this issue needs to be further investigated._

TGF-f3 and IL-10 have been considered as the
key cytokines secreted by CD4+*CD25* Tregs du-
ring in vitro suppression assays®"*. In total, the-
re are six subtypes of TGF-f3, of which TGF-f1
accounts for over 90%. Our paper showed that in
both MS and HC group, there were higher levels
of TGF-P1 and IL-10 in the presence of MBP than
other antigen control groups, suggesting that the
induced Tregs response could be antigen specific.
This is noteworthy as Putheti et al* referred that
after co-culturing with glatiramer acetate used as
the first-line drug in vitro, these Tregs secreted
remarkable levels of IL-10, suggesting that both
TGF-f and IL-10 could be important for treating
MS. Together with the results of MLR assay reve-
aling upregulated immunoactivities of the Tregs
in the presence of MBP, all these findings suggest
that the induced MBP-reactive Tregs may inhi-
bit activation and proliferation of T cells predo-
minantly through the secretion of cytokines such
as IL-10 and TGF-P1. In parallel with this, two
distinct EAE investigations reported that redu-
ced disease severity was closely associated with
CD4*CD25" Tregs number as well as the levels of
IL-10 or TGF-f*4¢, although a meta-analysis fai-
led to show the frequency of Treg cells as a risk
factor in MS*. Notably, TGF-f3, in turn, can indu-
ce the upregulation of Foxp3 gene expression in
peripheral naive CD4* CD25Foxp3 T cells, whi-
ch can further develop into CD4*CD25* FoxP3*
Tregs*. On the other hand, considering the com-
plexity of the action mechanism of Tregs as de-
scribed before, other immunoregulatory factors
such as cell-cell contact inhibition and ectoenzy-
mes CD39/CD73 should also be taken into consi-
deration, and further evidence is needed to clarify
such factors.
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Conclusions

We found that, via ex vivo culture, adequate
MBP-reactive CD4*CD25* Tregs derived from au-
tologous naive CD4* T cells of MS patients, were
obtained and did return to normal without immu-
ne defects, and even upregulated their immuno-
suppressive function mostly through the elevated
release of IL-10 and TGF-f1. To our knowledge,
this is the first reported human study regarding the
in vitro induction and expansion of function-nor-
malized antigen-specific Tregs in MS. As such,
our findings undoubtedly pave the way for a no-
vel therapeutic method of specific cellular immu-
notherapy against MS.
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