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Abstract

BACKGROUND: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by altered
T-cell population homeostasis, including Th1 and Th17 populations. Mesenchymal stem cell (MSC)-induced i-Treg
in SLE milieu can suppress Th17 cell populations; however, Th1 cell population status as a response to the Th17
decrease remains unclear. Therefore, improving SLE flare by suppressing Th17 and constantly controlling Th1 under
normal level through MSCs administration is crucial.

AIM: This study aimed to investigate the role of MSCs in suppressing Th17 cell populations and controlling Th1 to a
normal level by in vitro coculturing MSCs with PBMC from 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, 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. Th1 and
Th17 cells were analyzed by flow cytometry.

RESULTS: This study showed that there was no significance difference of the percentages of Th1 cells on all
treatment groups. On the other hand, the percentages of Th17 were significantly decreased on T1 group. Interestingly,
there was also significant decrease of Th1-like Th17 cells population on T1 group.

CONCLUSIONS: MSCs may suppress Th17 and control Th1 to a normal level by in vitro coculturing MSCs with

PBMC from SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a
chronic autoimmune disease characterized by the
production of autoantibodies and immune complex
deposition in a wide range of tissues inducing chronic
inflammation to failure organ function [1]. The clinical
heterogeneity indicates the complexity of underlying
pathogenic mechanisms of SLE that may induce the
breakdown self-tolerance of the immune response
leading to autoreactive Ilymphocytes to produce
the autoantibody [2]. Although the autoreactive
B lymphocytes are a major cell in inducing SLE
pathogenesis, the altered T-cell population homeostasis
has a pivotal role in developing the SLE disease [3].
The increase and expansion of Th17, a subset of
CD4" Th cells in target organs such as the kidneys,
are associated with disease activity in mediating organ
damage [4]. Th17/ T regulatory (Treg) ratio favoring
Th17 cells as a consequence of cytokine imbalance

may induce SLE flares and to be a hallmark of the SLE
disease [5]. Although Th17 cells play a crucial role in SLE
flares, Th1 cells are also involved in perpetuating those
autoimmune processes. Th1 cells emerge as an effector
response under IL-17 deficiency to constantly driving the
clinical manifestation of autoimmune diseases and vice
versa [6]. Therefore, controlling Th17 and Th1 using
mesenchymal stem cells (MSCs) are needed to improve
SLE flares because MSCs have immunosuppressive
abilities to the autoreactive lymphocytes by generating
Treg and releasing anti-inflammatory cytokines.

SLE is characterized by decreased function of
Th1 and hyperfunction of Th2, which leads to excessive
activation of B cells, generation of autoantibodies, and
tissue injury [7]. Imbalance of Th subsets (Th1/Th2/
Th17) and regulatory Treg is suggested to contribute
to the pathogenesis of SLE [8]. A previous study also
demonstrated that an altered balance between Th1
and Th17 cells toward Th17 is due to a decreased
percentages within the Th1 subset in SLE. On the other
hand, SLE also characterized by an increased number
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of basophils (basophilia) and Th2-skewed immune
reactivity has raised the fascinating hypothesis that
disregarded Th2 may interplay with Th1-Th17 balance
implicated in the pathogenesis of SLE [9], [10], [11].

MSCs are multipotent mesenchymal stromal
cells characterized by expression of various surface
markers such as CD73, CD90, CD105, and lack the
expression of CD45, CD34, CD14 or CD11b,and CD79a
or CD19. MSCs can also differentiate into specific cells
such as chondrocytes, osteocytes, and adipocytes,
making them an interesting cell source for application
in regenerative medicine [12]. Another attractive
potential of MSCs is their immunosuppressive ability
in inhibiting the proliferation of T and B lymphocytes
by releasing indoleamine 2,3-dioxygenase or nitric
oxide, respectively, transforming growth factor (1
(TGF-B1), prostaglandin E2 (PGE2), and IL-10 [13].
Several studies reported that MSCs may suppress the
autoreactive T lymphocytes of SLE by generating Treg
functional, CD4+CD25+high Foxp3+ (iTreg) through
direct contact, or releasing TGF- f1and PGE2 [14], [15].

The intertwined and complex relationship
betweenthe Th1and Th17 potentiallyinduced the severe
suffering patients of autoimmune disease including
SLE. Reducing Th1 and Th17 cell subsets using MSCs
may induce diminished inflammation leading to SLE
improvement [4]. Our studies revealed that MSCs
may inhibit the proliferation of Th1 and Th17 cells by
inducing iTreg cells and releasing TGF-f1, PGE2, and
interleukin (IL-10) production in the supernatant of the
cocultures [14], [15]. The emergence of MSCs-induced
i-Treg in the inflammatory milieu of PBMC from SLE
patients can suppress Th17 cell populations; however,
Th1 cell population status as a response to the Th17
decrease remains unclear. Therefore, improving SLE
flare by suppressing Th17 and constantly controlling
Th1 under normal level through MSCs administration
is crucial. In this study, we analyzed the role of MSCs
in suppressing Th17 cell populations and controlling
Th1 to a normal level by in vitro coculturing MSCs with
PBMC from SLE patients.

Materials and Methods

Research design

This study was conducted in Stem Cell and
Cancer Research (SCCR) Laboratory and approved
by the committee ethic Institutional Review Board of
Faculty of Medicine, Sultan Agung Islamic University,
Semarang, Indonesia. The study design is a post-test
control group design. All of the subjects, including
20 SLE patients and 5 healthy subjects and a pregnant
donor for cord blood collection included in this study,
were given and accepted the specific informed consent.
The patient in this study was enrolled as an SLE patient

on Dr. Kariadi Hospital, Semarang. The study period
starts from November 28, 2020, until December 1,
2020, after the isolation of PBMC on the 1% day of study
is continued with coculture PMBC and MSCs on 72 h.

Inclusion and exclusion criteria

All SLE patients fulfilled the American College
of Rheumatology (ACR) classification: SLE with
antinuclear antibody-positive (ANA+), female patients,
aged 15-50 years old, and SLE with severity mild
to moderate. Exclusion criteria: Male patients, age
<15 years, patients with any other immune deficient,
and PBMC of the patient cannot fulfill or contaminated.

MSCs isolation and culture

MSCs were isolated and separated from cord
blood as described previously (Putra et al. 2018) and
cultured in Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma-Aldrich, Louis St, MO) supplemented with 10%
fetal bovine serum (FBS) (Gibco™ Invitrogen, NY, USA),
1% penicillin (100 U/mL)/streptomycin (100 ug/mL)
(Gibco™ Invitrogen, NY, USA), and 0.25% amphotericin
B (Gibco™ Invitrogen, NY, USA). These flasks then
were incubated at 37°and 5% CO,. The medium was
renewed every 3 days and the cells were passaged after
reaching 80% confluency. The MSCs like at passage 5
were employed for the following experiments.

MSCs marker characterization

MSC-like surface antigens were analyzed by flow
cytometry analysis at the fifth passage. After trypsinized
and pelleted, the cells were subsequently incubated in the
dark using allophycocyanin-, fluorescein isothiocyanate
(FITC)-, phycoerythrin (PE)-, and PerCP-Cy5.5.1- mouse
anti-human CD73, CD90, Lin, and CD105 antibodies
(562245, BD Biosciences, CA, USA) for 30 min at room
temperature in dark. The cells were rinsed twice using
PBS. The analyses were performed using a BD Accuri
C6 Plus flow cytometer (BD Bioscience) and post-
acquisition analyzed was calculated using BD Accuri C6
Plus software (BD Bioscience).

Differentiation analysis
Isolation of PBMCs and MSCs co-culture

The MSCs-like were cultured in a density
of 1.5 x 10" cells/well. The cells were grown in
24-well plate with standard medium containing DMEM
(Sigma-Aldrich, Louis St, MO), supplemented with
10% FBS (Gibco™ Invitrogen, NY, USA), 1% penicillin
(100 U/mL)/streptomycin (100 ug/mL) (Gibco™
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Invitrogen, NY, USA), and 0.25% amphotericin B
(Gibco™ Invitrogen, NY, USA) at 37°C and 5% CO,.
After reaching 95% confluency, standard medium was
aspirated and replaced using osteogenic differentiation
medium containing Mouse MesenCult™ Osteogenic
Differentiation Basal Medium (Stem Cell Technologies,
Singapore) with 20% Mouse MesenCult™ Osteogenic
Differentiation x5 Supplement (Stem Cell Technologies,
Singapore), 1% L-Glutamine (Gibco™ Invitrogen, NY,
USA), 1% penicillin (100 U/mL)/streptomycin (100 ug/
mL), and 0.25% amphotericin B. The differentiation
medium was renewed every 3 days. After bone matrix
formation occurred, calcium deposition was visualized
using alizarin red staining (Sigma-Aldrich, Louis St, MO).

Isolation of PBMCs and MSCs co-culture

Human PBMCs were separated using Ficoll-
Paque (Sigma-Aldrich, Louis St, MO) from healthy
volunteers with informed consent. PBMCs were cultured
and expanded in RPMI 1640 (Gibco™ Invitrogen,
NY, USA), augmented with 10% FBS, 100 U/ml
penicillin and streptomycin, and 2 mM glutamine. The
cultured cells were incubated at 37°C in a humidified
atmosphere with 5% CO,. For the treatment group,
PBMCs were cocultured with MSCs on a 24-transwell
apparatus (Corning Inc.; Corning, New York, USA) 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 from normal and SLE patients, respectively,
were cocultured in a 24-well plate (Corning) with the
standard medium for 72 h.

Flow cytometry analysis

According to the manufacturer’s instructions,
Th1 and Th17 markers in the PBMCs population
were assessed by flow cytometry analysis after 72 h
of incubation of MSCs. Before the marker incubation,
the PBMCs were treated with BD GolgiStop™ (BD
Bioscience) to terminate all transport protein process
for 6 h. The PBMCs were pelleted by centrifugation
and washed using PBS. The cells were fixed using BD
Cytofix™ Fixation Buffer for 10 min. For the staining of
Th1 and Th17 markers, the cells were subsequently
incubated using perCP-, FITC- and PE-conjugated
anti-human CD4 (BD Bioscience) CD4, IFN-y, and
IL-17A, respectively. These cells were incubated for
30 min at room temperature in the dark. After surface
marker antibody incubation, each sample was washed
twice using PBS. The analysis was performed using a
BD Accuri C6 Plus flow cytometer (BD Bioscience). A
minimum of 1 x 10" 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).

Analysis of statistical

Values were expressed as the mean * standard
deviation (SD). The difference in the average between
the study groups was examined by one-way parametric
ANOVA test followed by post hoc Fisher’s LSD. p < 0.05
was considered statistically significant. All analyses
were performed using SPSS statistical software version
23.0 (SPSS Inc., Chicago, IL).

Histogram
Histogram

96.9%

Histogram
Histogram

1.3%

—b

CD90 CD105

CD73 Lin

Figure 1: UC-MSCs candidate from the in vitro culture showed spindle form such as fibroblast-like cells (x100) (a), UC-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 (x200) (b), flow cytometry characterization of UC-MSCs expressed CD90, CD105, and CD73
and negatively expressed CD34, CD45, CD11b, CD19, and HLA-DR (c)
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Figure 2: A gating strategy for Th1, Th2, and Th1-like Th17 cells population from CD4 cells

Ethical approval

This study were approved and in accordance
with the Commission on Test Animal Ethics, Faculty of
Medicine, Sultan Agung Islamic University (UNISSULA),
Semarang, Indonesia under No. 204/V1/2017/Komisi
Bioetik.

Results

Characterization and differentiation of
MSCs

MSCs-like were isolated from umbilical cord
and cultured based on their plastic adherent capability

under a standard culture condition. In this study, the
cell morphology of MSCs exhibited typical monolayers
of spindle-shaped, fibroblast-like cells, with adherent
capability to the plastic flask (Figure 1a). Isolated
cells were cultured for 2-3 weeks in monolayer
and used for characterization and differentiation
analysis after the fifth passages.

At the fifth passages, osteogenic differentiation
assay was performed on MSCs-like by administrating
osteogenic medium for 21 days. Calcium deposition
was visualized in red color using alizarin red solution
(Figure 1b). Moreover, the MSC-like surface antigens
were analyzed using flow cytometry. In this study,
we found a high level of CD90 (99.7+2.3%), CD105
(95.1+£1.5%), and CD73 (99.41£1.7%), and low level of
CD34, CD45, CD11b, CD19, and HLA-DR, represented
as Lin (0.2+0.05%) (Figure 1c).
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MSCs did not affect Th1 cell population in
the cocultured PBMCs

The Th1,Th17,and Th1-like Th17 were defined
as CD4'IFNy’, CD4'IL17A", and CD4'IFNy'IL17A",
respectively (Figure 2). This study showed that MSCs
did not affect the percentage of Th1 cells population in
which there was no difference of CD4'IFNy" population
in the PBMCs population after MSC treatment (p > 0.05)
(Figure 3).

MSCs inhibit Th17 cell population in the
cocultured PBMCs

This study showed that MSCs inhibit the
percentage of Th17 cells population in which there was
a significant decrease of CD4'IL17A" population in the
PBMCs population on T1 group (p < 0.05) (Figure 4).

MSCs inhibit Th1-like Th17 cell population
in the cocultured PBMCs

This study showed that MSCs inhibit the
percentage of Th1-like Th17 cells population in which
there was a significant decrease of CD4'IFNy'IL17A"
population in the PBMCs population on T1 group
(p<0.05) (Figure 5).

Discussion

The capacity of MSCs to control the
autoreactive T-cells provided new insights into
clinical use in SLE disease. The one autoreactive
CD4+ Th cell population actively involving in SLE
pathogenesis is a novel pathogenic Th17. However,
to perpetuate the inflammatory response in SLE
disease, Th1 is required. Th1 and Th17 cells may
colocalize within the tissue site toinduce inflammation
[4], [5]- The previous studies have shown that MSCs
have the ability to control inflammatory niches,
depending on different mechanisms either by
inducing iTreg or releasing several anti-inflammatory
cytokines such as TGF-B, PGE2 and IL-10 [16].
T-cell immunosuppressive effects of MSCs in
controlling Th17 and Th1 depend on the doses of
MSC introduction to the inflammatory milieu in
addition to the presence of other immune cells and
the immune cells released soluble factor [17]. Other
studies revealed that early MSCs administration into
the autoimmune developing animal model might
ameliorate those severity diseases, whereas later
administration did not improve the imbalance of
Th17 cells [18], [19]. To explore the potency of MSCs
in controlling Th17 and Th1, we used in vitro model
of the coculture of MSCs and PBMCs from SLE
patients for 72 h of incubation with several doses.

This study showed that MSCs robustly
suppress the  proliferation, activation, and
differentiation of Th17 following coculture with PBMC
from SLE disease at high doses. In this case, the
decrease of Th17 in PBMCs of SLE patients following
coculture with MSCs headed into healthy people’s
normal levels. Interestingly, the decreased population
of Th17 was in line with the appearance of IFN-y
expression on the treatment group. This indicated that
the MSCs were not only controlling Th17 levels toward
a homeostasis state; however, the MSCs also induce
Th17 to Th1 conversion as well, which is a crucial
point in improving the severity of the SLE disease.
Th17 is a pathogenic subset of effector CD4+ T cells
that have a role in the perpetuation of lupus nephritis
by releasing IL-17A and IL-17F for mostly non-
lymphoid stimulation in producing the chemokine
and cytokine milieu such as IL-6, granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage
CSF, matrix metalloproteinase, and cytokine-induced
neutrophil chemoattractant to stimulate and attract
the neutrophils to the site of inflammation. Therefore,
under the normal level of Th17, the damaged tissue
due to inflammation of neutrophils infiltration effect
can be attenuated, leading to SLE improvement
gradually occurred [20].

We suggested that the normal Th17 population
in PBMC of SLE patients after MSCs treatmentdue to the
emergence of i-Treg as reported by our previous study.
These i-Treg cell phenotypes are different from natural
Treg (nTreg) produced in the thymus early phase of
life. However, the iTreg originates from activated T-cell
populations when appropriate stimuli are present in
the surrounding microenvironment [21]. Nevertheless,
MSCs at moderate and low doses cannot suppress the
Th17 population. We suppose the soluble molecules
as appropriate stimuli, particularly TGFf and IL-10
released by MSCs at those doses, are under low levels
to induce the Fox-P3, as a specific functional marker
of Treg cells. Furthermore, MSCs did not significantly
decrease Th1 cells in PBMCs of SLE patients due to
these Th1 cells were not extremly released IFN-y to
give sufficient stimulation to MSCs. The elevated Th17
is associated with a decrease of Th1 as an immune
response regulator to drive pathology [4], [5].

However, this study has several limitations
such as many aspects of such deregulation of Th1 and
Th17 in the course of the disease are still unexamined,
and conclusive data of SLE patients pointing specific
underlying mechanisms are lacking. Restoring the
immune balance between Th17, Th1, and Treg cells
may help achieving a better clinical response. The
aforementioned data suggest that targeting Th17, Th1,
and Treg cells for therapeutic purposes in SLE may be
explored and further study is warranted to rigorously
examine the effects of MSC Th1 and Th17 in vivo on
SLE disease relevant immune responses in the context
of carefully designed clinical trials.
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Figure 3: Flow cytometry analysis of Th1 cells in PBMCs with systemic lupus erythematosus after mesenchymal stem cells (MSCs) treatment
and healthy control (a). The quantification of Th1 cells in (a); these experiments were repeated 3 times (*p < 0.05) (b). Sham: Healthy patient
or negative control; control: Incubated PBMC patients without MSCs; T1: Ratio of MSCs and PBMC of 1:1; T2: Ratio of MSCs and PBMC of
1:25; T3: Ratio of MSCs and PBMC of 1:50
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Figure 4: Flow cytometry analysis of Th17 cells in PBMCs with systemic lupus erythematosus after mesenchymal stem cells (MSCs) treatment
and healthy control (a). The quantification of Th1 cells in (a); these experiments were repeated 3 times (*p < 0.05) (b). Sham: Healthy patient
or negative control; control: Incubated PBMC patients without MSCs; T1: Ratio of MSCs and PBMC of 1:1; T2: Ratio of MSCs and PBMC of
1:25; T3: Ratio of MSCs and PBMC of 1:50
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Figure 5: Flow cytometry analysis of Th1-like 17 cells in PBMCs with systemic lupus erythematosus after mesenchymal stem cells (MSCs)
treatment and healthy control (a). The quantification of Th1 cells in (a); these experiments were repeated 3 times (*p < 0.05) (b). Sham: Healthy
patient or negative control; control: Incubated PBMC patients without MSCs; T1: Ratio of MSCs and PBMC of 1:1; T2: Ratio of MSCs and

PBMC of 1:25; T3: Ratio of MSCs and PBMC of 1:50

Conclusions

MSCs may suppress Th17 and control Th1 to
a normal level by in vitro coculturing MSCs with PBMC
from SLE. Promising results concerning the effect of
MSCs therapeutic targeting Th17 and Th1 balance may
open new intrigues in investigating the future of new
SLE treatment. Controlling aberrant T-cell homeostasis
using MSCs is a crucial event in improving SLE
pathogenesis, in which Th17, Th1, and Treg imbalance
appear to represent a crucial key pathogenic player.
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