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Abstract
BACKGROUND: Mesenchymal stem cells (MSCs) have potent immunosuppressive properties to control systemic 
lupus erythematosus (SLE) disease by releasing several anti-inflammatory molecules, particularly indoleamine 2, 
3-dioxygenase (IDO), and increasing regulatory T cells (Treg) to control innate and adaptive immune cells. However, 
how MSCs release IDO to modulate Treg in controlling B is poorly understood. Therefore, investigating IDO, Treg, 
and B cells following MSC administration in SLE is needed.

AIM: This study aimed to investigate the ameliorating effects of MSCs in controlling B cells mediated by an increase 
of IDO-induced Treg in PBMC of SLE patients.

METHODS: This study used a post-test control group design. MSCs were obtained from human umbilical cord blood 
and characterized according to their surface antigen expression and multilineage differentiation capacities. PBMCs 
isolated from SLE patients were divided into five groups: Sham (placebo group), control, and three treatment groups. 
The treatment groups were treated by coculturing MSCs to PBMCs with a ratio of 1:10, 1:25, and 1:40 for 72 h 
incubation. Treg and B-cell levels were analyzed by flow cytometry with cytometric bead array (CBA) while the IDO 
levels were determined by ELISA.

RESULTS: This study showed that the percentages of B cells decreased significantly in groups treated by dose-
dependent MSCs, particularly in T1 and T2 groups followed by increased Treg cell percentages. These findings were 
aligned with the significant increase of the IDO levels.

CONCLUSIONS: MSCs regulated B cells through an increase of IDO-induced Treg in SLE patients’ PBMC.
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Introduction

The systemic lupus erythematosus 
(SLE) is a complex and heterogeneous systemic 
autoimmune disease characterized by the presence 
of pathogenic autoantibodies against a wide variety 
of nuclear self-antigens, leading to chronic systemic 
inflammation up to multiple organ damage [1]. The 
presence of high-affinity autoantibody released by 
plasma cells (PCs) resulting from B cells terminal 
differentiation in initiating SLE pathogenesis is 
well-accepted knowledge  [2], [3]. The elevated titer 
of circular autoantibodies is bound with self-antigen 
in immunocomplexes formation, then precipitates in 
certain tissue, leading to chronic inflammation, tissue 
damage, to organ failure [4], particularly in SLE disease. 
Thus, suppressing B cells to result in a reduction of PCs 
to produce autoantibodies have been suggested as the 

one promising therapy to ameliorate refractory SLE 
patients. Recent studies reported that mesenchymal 
stem cells (MSCs) have potent immunosuppressive 
properties on most immune cells, including T-cell and 
B-cell lymphocytes [5]. The immunosuppressive effect 
of MSCs to control the inflammatory milieu, particularly 
by releasing anti-inflammatory cytokines such as 
transforming growth factor beta (TGFβ), IL-10, and 
indoleamine 2, 3-dioxygenase (IDO) in addition to by 
modulating regulatory T cells (Treg), has been widely 
studied [6], [7], [8]. However, the ameliorating effects 
of MSCs to control B cells in the SLE milieu regarding 
IDO-induced Treg are still poorly understood. Therefore, 
investigating B cells and IDO-induced Treg following 
MSC administration in SLE are needed.

MSCs are multipotent stromal cells that 
characterized by expression of surface markers 
including CD73, CD90, CD105, CD44, and CD29, 
and the lack of expression of typical hematopoietic 
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markers including CD45, CD34, CD14, CD11b, CD79a, 
CD19, and human leukocyte antigen (HLA) Class  II. 
MSCs also show self-renewal and differentiation 
capacity into different cell lineages under controlled 
culture conditions [9]. Naturally, the MSCs have been 
considered as immune-privileged cells due to MSCs 
exert more potent immunosuppressive effects to mostly 
immune cells by secreting soluble factors or directly 
interacting with various effector cells depending on 
the inflammatory milieu and disease setting [10], [11], 
in addition low expression of HLA and costimulatory 
molecules in unstimulated conditions [12]. Given the 
immunomodulatory properties of MSCs on various 
immune cells, including lymphocytes, along with their 
low immunogenic potency, bring these cells about as 
the one promising new treatment for severe refractory 
autoimmune diseases, including SLE. Therefore, we 
focused on exploring the potential of MSCs in SLE 
patients.

Recent studies reported that MSCs exert more 
potent immunosuppressive actions on effector T-cell 
and B-cell proliferation under inflammatory niche either 
through a cell contact-dependent mechanism such as 
Treg modulation or cell contact-independent mechanisms 
by a release of IDO, PGE2, and cytokines such as TGFb 
and IL-10 [13]. IDO is a tryptophan degrading enzyme 
expressed by professional antigen-presenting cells 
(APCs) to exert important immunosuppressive functions 
in controlling the inflammatory milieu by inducing the 
T regulatory cell proliferation [14]. A  previous study 
reported that MSCs might suppress immunoglobulin 
production by inhibiting B-cell differentiation into PCs 
and plasma dendritic cells-induced B-cell maturation 
under inflammation states [15]. On the other hand, the 
differentiation of B subsets occurs mainly in response 
to the T-dependent antigen manner that is influenced 
by pro-inflammatory cytokines such as type I interferon 
and IL-6 under the extra-follicular or germinal center 
pathways [16], [17]. Therefore, it was proposed that 
the effect of MSCs on B cells is mainly governed by T 
cell-dependent response rather than direct effects on B 
cells only, particularly by modulating IDO-induced Treg 
leading to the improvement of immune response. This 
study aimed to investigate the ameliorating effects of 
MSCs in controlling B cells mediated by an increase of 
IDO-induced Treg in PBMC of SLE patients.

Methods

Research design

This study was conducted in Stem Cell and 
Cancer Research (SCCR) Laboratory, Faculty of 
Medicine, Sultan Agung Islamic University, Semarang, 
Indonesia. The design of this study is a post-test control 

group design. Twenty SLE patients and five healthy 
subjects were included in this study divided into five 
study groups, including sham, positive control, and three 
treatment groups. Subjects were given informed consent 
for both PBMCs from SLE patients and healthy subjects 
and cord blood from pregnant donors. This study was 
approved and in accordance with the Commission on 
Test Animal Ethics, Faculty of Medicine, Sultan Agung 
Islamic University (UNISSULA), Semarang, Indonesia, 
under No. 388/VI/2020/Komisi Bioetik.

MSCs isolation, characterization, and 
differentiation assay

MSCs were isolated and separated from cord 
blood as described previously (Putra et al., 2018) 
and cultured in Dulbecco’s Modified Eagle Medium 
(Sigma-Aldrich, Louis St, MO) supplemented with 
10% fetal bovine serum (FBS) (Gibco™ Invitrogen, 
NY, USA), 1% penicillin (100 U/mL)/streptomycin 
(100 µg/mL) (Gibco™ Invitrogen, NY, USA), and 0.25% 
Amphotericin B (Gibco™ Invitrogen, NY, USA). MSCs 
were maintained in a humidified atmosphere at 37°C 
and 5% CO2. The cultured cells medium was replaced 
every 3  days and passage into new flask culture for 
further expansion after reached 80% confluency.

MSCs from the fourth passage were 
employed for surface antigens characterization. MSCs 
marker was analyzed by flow cytometry analysis 
according to company protocols. The fibroblast-like 
cells were passaged and subsequently stained with 
allophycocyanin (APC)-, fluorescein isothiocyanate 
(FITC)-, phycoerythrin (PE)-, and PerCP-Cy5.5.1- mouse 
anti-human CD73, CD90, Lin (negatively expressed 
CD34, CD45, CD11b, CD19, and HLA-DR), and CD105 
antibodies (562245, BD Biosciences, CA, USA) for 
30 min at room temperature in dark. After stained with 
a specific antibody, the flow cytometry analysis was 
performed using BD Accuri C6 Plus flow cytometer (BD 
Biosciences, CA, USA) and determined using BD Accuri 
C6 Plus software (BD Biosciences).

The MSCs like from the fourth passage were 
also expanded to confirm their differentiation into 
specific differentiated cells. The fibroblast-like cells 
were cultured in a standard culture medium at 37°C, 
5% CO2, and ≥95% humidity. After reaching 95% 
confluency, the standard medium was replaced with 
osteogenic differentiation medium containing Human 
MesenCult™ Osteogenic Differentiation Basal Medium 
(Stem Cell Technologies, Singapore), augmented with 
20% Human MesenCult™ Osteogenic Differentiation 
5X Supplement (Stem Cell Technologies, Singapore) 
and 1% L-Glutamine (Gibco™ Invitrogen, NY, USA) 
and the cells were incubated at 37°C and 5% CO2. 
After the appearance of the bone matrix formation, the 
osteogenic-like cells were washed and incubated with 
cold 70% ethanol (v/v) for an hour at room temperature. 
After the incubation, the cells were rinsed 3  times. 
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Alizarin red (w/v) (pH 4.1–4.3) was added to perform 
the calcium deposition on these cells.

Isolation of PBMCs and MSCs coculture

Human PBMCs were separated from Ficoll-
Paque (Sigma-Aldrich, Louis St., MO) density gradient 
centrifugation in a 15  mL conical tube from healthy 
volunteers with informed consent. PBMCs were cultured 
and expanded in 2 ml of advanced RPMI 1640 culture 
medium (Gibco™ Invitrogen, NY, USA), supplemented 
with 10% FBS, 100 U/ml penicillin and streptomycin, and 
2 mM glutamine, and incubated at 37°C in a humidified 
atmosphere with 5% CO2. For the treatment group, 
PBMCs were cocultured with MSCs on T25 flask culture 
in RPMI supplemented with 1% penicillin-streptomycin 
and 10% FBS at MSCs:  PBMCs ratio of 1:10, 1:25, 
and 1:40 (T1, T2, and T3, respectively) for 72  h. On 
the other hand, for the sham and control group, the 
isolated PBMCs (1 × 107 cells/flask) from normal and 
SLE patients, respectively, were cocultured in the T25 
flask with the standard medium for 72 h.

Flow cytometry analysis

According to the manufacturer’s instructions, 
Treg and B-cell surface markers in the PBMCs 
population were assessed by flow cytometry analysis 
after 72  h of incubation of MSCs. The PBMCs were 
pelleted by centrifugation at 1900 rpm for 8 min. The 
supernatant was removed, and pelleted cells were 
washed using PBS. Approximately 1 × 105 detached 
cells were resuspended in 100 µl staining buffer (BD 
Bioscience, San Jose, CA, USA). For the staining of 
B-cell surface antigens, the cells were subsequently 
incubated using perCP-conjugated anti-human CD19 
(BD Bioscience, San Jose, CA, USA). These cells were 
incubated for 30 min at room temperature in the dark. On 
the other hand, for examining the Treg cells population, 
the cocultured PBMCs with MSCs were subsequently 
incubated using FITC- and PE-conjugated anti-human 
CD4 and CD25, respectively, for 30  min at room 
temperature. The cells were then rinsed and incubated 
using human FoxP3 buffer A for 10 min and buffer C 
for 30 min for permeabilizing cells. The PBMCs were 
rinsed again and stained with FoxP3 intracellular 
antibody for 30 min at room temperature. In addition, 
unstained cells were also used to determine a 
threshold. Each sample was washed twice using PBS, 
and the analysis was performed using a BD Accuri C6 
Plus flow cytometer (BD Bioscience, San Jose, CA, 
USA). A minimum of 1 × 104 gated events on forward 
scatter and side scatter were recorded for each 
sample. The post-acquisition analysis was conducted 
using the BD Accuri C6 Plus software (BD Bioscience, 
San Jose, CA, USA).

Determination of IDO level

The coculture supernatant was collected 
after 72  h of incubation. IDO levels were determined 
in coculture supernatant after 72  h incubation using 
specific ELISA. Briefly, according to the manufacturer 
protocol, the IDO level was analyzed using a standard 
curve constructed for the specific assay. The absorbance 
was determined at the wavelength of 450 nm.

Data analysis

Values were presented as the mean ± SD. All 
calculations were carried out using SPSS 16.0 (IBM Corp., 
Armonk, NY, USA). Group comparisons were analyzed 
by paired ANOVA and then followed by post hoc Fisher’s 
LSD. p < 0.05 was considered statistically significant.

Results

Characteristics of UC-MSCs

The cell morphology of MSCs at the fourth 
passage exhibited typical monolayers of spindle-
shaped fibroblast-like cells, with adhering capability 
to the plastic flask (Figure 1a). To characterize MSCs 
surface antigens, we performed flow cytometry analysis 
as indicated by the International Society for Cellular 
Therapy. We found a high level of CD90 (99.7 ± 2.3%), 
CD105  (95.1 ± 1.5%), and CD73  (99.4 ± 1.7%), and 
low level of CD34, CD45, CD11b, CD19, and HLA-DR, 
represented as Lin (0.2 ± 0.05%) (Figure 1b).

Figure 1: UC-mesenchymal stem cells (MSCs) candidate from the 
in vitro culture showed spindle form such as fibroblast-like cells 
(100×) (a), flow cytometry characterization of UC-MSCs expressed 
CD90, CD105, and CD73 and negatively expressed CD34, CD45, 
CD11b, CD19, and human leukocyte antigen-DR (b)

In vitro differentiation

The ability of MSC to differentiate into 
osteogenic cells was analyzed by culturing the MSCs 
under an osteogenic medium for 20 days in which the 
calcium deposition was visualized as red color after 
alizarin red solution administration. To confirm the 
in vitro differentiation potential of MSCs, we used an 
osteogenic differentiation assay to demonstrate the 

ba
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ability of MSCs to differentiate into osteogenic cells. 
Under these osteogenic differentiation assays, we found 
a red color in most cell cultures as calcium deposition 
that indicated these MSCs have differentiated into 
osteogenic (Figure 2).

MSCs induce functional CD4+CD25+Foxp3+ 
T cells population

A recent study reported that MSCs could 
represent an alternative therapeutic strategy in refractory 
SLE patients because of their robust immunosuppressive 
capacity. MSCs exert anti-inflammatory effects under 
inflammatory conditions through the induction of a Treg 
cell phenotype. Our previous study showed that MSCs 
successfully induce Treg cell phenotype in cocultured 
MSCs with the PBMCs from SLE patients. However, 
to investigate the consistency of MSCs in inducing 
functional Treg cells associated with the decrease of 
B cells, we cocultured MSCs with PBMCs from SLE 
patients for 72 h incubation. In this study, flow cytometry 
analysis revealed that MSCs increased the percentage 
of CD4+CD25+Foxp3+ T cells. Furthermore, there was a 
significant increase of FoxP3+ expression on the CD4+ 

CD25+ population in all treatment groups (p < 0.001 
and p < 0.05, respectively), indicated as functional 
Treg, in which T1 showed the optimum percentage of 
FoxP3 (80.39 ± 8.27%) (Figure 3a and b).

MSCs decrease B-cell population in the 
cocultured PBMCs

MSCs could robustly inhibit the excessive 
inflammatory milieu established by the autoreactive 
immune cells, particularly the autoreactive B cells. 
However, B-cell emergence as one of the major 
factors responsible for autoantibody-produced 
PC production remains to be further elucidated. 

Figure  3: (a) Flow cytometry analysis showed that mesenchymal 
stem cells induce Treg cells. The analysis was defined as 
CD4+CD25+FoxP3+. (b) Quantification of Treg cells was repeated 
three (*p < 0.05 and **p < 0.001)

b

a

Therefore, to investigate the capacity of MSCs in 
inhibiting B cells in vitro, we cocultured MSCs with 
PBMCs from SLE patients for 72  h incubation and 
analyzed the CD19 as one of the novel markers in 
B cells using flow cytometry (Figure 4a). This study 
that MSCs could inhibit the percentage of B cells 
population in which there was a significant decrease 
of CD19 population in the PBMCs population in the 
T1 and T2 groups (p < 0.05), in which the percentage 
of CD19 in T1 was 1.70 ± 0.15% and in T2 was 1.9 ± 
0.59% (Figure 4b).

MSCs enhance the IDO levels in the 
coculture between MSCs and SLE PBMCs

To investigate the capacity of MSCs in 
enhancing the level of IDO, the ELISA assay was 
performed after 72 of h incubation of MSCs and 
PBMCs coculture. The ELISA assay showed 
that there was a significant increase of IDO in all 
treatment groups, compared with the control group 
(p < 0.001 and p < 0.05; respectively), in which T1 
showed the highest IDO level (230.76 ± 8.61 pg/mL) 
(Figure 5).

Figure 4: (a) Mesenchymal stem cells inhibit B-cell generation in SLE 
PBMCs. Flow cytometry is used to identify B cells. (b) Quantification 
of B cells was repeated 3 times (∗∗p < 0.001)

a

b

Figure 2: UC-mesenchymal stem cells (MSCs) were treated using an 
osteogenic differentiation medium to assess the capacity of MSCs to 
differentiate into the bone matrix. The calcium deposition appeared in 
red color after alizarin red staining (200×)
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Discussion

MSCs have recently provided new insights for 
clinical use in controlling autoimmune diseases, including 
SLE. One prominent immunosuppressive property of 
MSCs against autoreactive lymphocytes in SLE disease 
is their ability to generate functional Treg cells, known 
as iTreg. Our previous study showed that MSCs also 
modulated several effector immune functions to control 
the inflammatory milieu in SLE by enhancing CD4, 
CD25, and Fox-3 lymphocytes capacities as a functional 
Treg [7], [8]. However, the ameliorating effects of MSCs 
on B cells and PCs in SLE are still poorly understood. 
Moreover, the role of MSCs to control the inflammatory 
milieu triggered by PC producing autoantibodies as the 
terminal differentiation of B cells involving IDO-induced 
Treg also remains undetermined [18]. To investigate 
the MSCs to B cells by modulating IDO-induced Treg 
to result in the normal PCs in producing antibodies, we 
isolated PBMC from SLE patients to treat with MSCs in 
vitro. We then analyzed the number of Treg, B cells, and 
IDO as the crucial point in addressing one of the SLE 
pathogeneses.

Our previous study reported that MSCs could 
ameliorate SLE disease, by modulating inducible Treg 
(iTreg) cells through the regulation of TGF-β. However, 
the effect of MSCs on B cells and PCs regarding Treg and 
IDO is still poorly understood. This study demonstrated 
that MSCs could suppress the B cells in SLE patients 
by increasing IDO with Treg levels. These effects were 
dose dependent, and an increase in the ratio of the 
doses of MSCs to PBMCs (from 1:10 to 1:25) resulted 
in a 25–30% decrease in B cells. These findings were in 
line with the increase of Treg levels in a similar ratio of 
those MSC to B cells, indicating any correlation between 
the decrease of B cells and the increase of Treg cells 
following MSCs administration. The ability of MSCs to 
modulate Treg is consistent with our previous findings 
that demonstrated MSCs modulated i-Treg in cocultured 
with the PBMC of SLE patients [7], [8]. Whereas the Treg 
capacities to suppress B cells in SLE are supported by 
another study that Treg can inhibit B cells when the Treg 

was cocultured Treg together with CD19+CD27−IgD− 

B cells or autologous CD19+ CD27high high B cells, as 
the cells producing the serologic abnormalities in SLE 
patients with active lupus [19].

Interestingly, this study found the increase 
of IDO in line with the ratio of the doses of MSCs to 
iTreg cells. IDO enzymatically degrades tryptophan 
resulting in an accumulation of downstream breakdown 
products of kynurenine to exhibit biological activity in 
the immune system, including by inducing Treg function 
through as a signaling protein shapes the immunological 
microenvironment. This is in line with a previous study 
that reported IDO might control the inflammatory milieu 
by inducing i-Treg cells [20]. Under the suppression of B 
cells by i-Treg following MSCs administration, the B-cell 
cycle was arrested in G0/G1, leading to the inhibition of 
their differentiation into PCs and subsequent Ig formation 
[21], [22]. These findings suggested that MSCs could 
control B cells by increase IDO-induced Treg, resulting 
in a reduction of autoantibodies release leading to 
ameliorate the effect of SLE disease. However, in this 
study, we did not coculture the MSC with the isolated B 
cells, and the isolated Treg and analyze the differentiated 
PCs, in this SLE, therefore, the detailed mechanism of 
how MSCs to control B cells by increase of IDO-induced 
Treg in PBMC of SLE patients could not be explained yet.

Conclusions
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