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Transplantation of dental tissue-derived mesenchymal stem cells
ameliorates nephritis in lupus mice
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Background: Recently, clinical studies have suggested that transplantation of umbilical cord mesenchymal
stem cells (UC-MSCs) were able to alleviate clinical symptoms of refractory systemic lupus erythematosus
(SLE). Although dental tissue derived MSCs, including dental pulp stem cells (DPSCs) and periodontal
ligament stem cell (PDLSCs), have been reported to possess immunomodulatory functions, whether they
can ameliorate SLE symptoms as UC-MSCs remains to be elucidated.

Methods: We assessed the abilities of DPSCs and PDLSCs to treat SLE, cells were transferred
intravenously to 28-week old B6/lpr mice. Ten weeks later, mice were sacrificed. Serum anti-dsDNA
antibodies and anti-nuclear antibodies (ANA) were measured by ELISA. Renal pathology was analyzed
by H&E, PAS and MASSON staining. Aggregation of IgG and IgM in the glomerulus was examined by
immunofluorescence. Frequencies of Thl, Th2, Treg, Th17, Tth, and plasma cells were determined by
surface and intracellular staining. Serum IL-6, TL-10, TL-17 and MCP-1 were measured by Milliplex® MAP
technology.

Results: Same as UC-MSCs, both DPSCs and PDLSCs could efficiently downregulate 24-h proteinuria,
anti-dsDNA antibodies and glomerular IgG/IgM in B6/Ipr mice. However, DPSCs but not PDLSCs could
ameliorate the glomerular lesion in B6/1pr mice. Compared to the phosphate buffered saline (PBS) group,
percentages of Thl (CD4'TFNy") cells and plasma (B220°CD138") cells in the spleen were significantly
decreased in DPSCs and PDLSCs groups. There was no significant difference in Th2 (CD4IL4"), Th17
(CD4IL17"), Tth (CD4PD-1"CXCRS5") and Treg (CD4°CD25 Foxp3”) cells. Serum IL-6, IL-10, IL-17 and
MCP-1 levels didn’t change after MSCs transplantation.

Conclusions: Our results show that both DPSCs and PDLSCs can alleviate the disease symptoms of
lupus-prone B6/Ipr mice. DPSCs are also effective in reducing kidney glomerular lesion and perivascular
inflammation infiltration as well as UC-MSCs, suggesting that DPSCs might be another choice for SLE

treatment.
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Introduction

Systemic lupus erythematosus (SLE) is a typically fatal
autoimmune disease associated with multiple organ
involvement including lupus nephritis, a serious complication
with more than 50% occurrence in SLE patients (1,2). Due
to various immunological, genetic and environmental factors,
the pathogenesis of SLE is complicated and has not been
fully elucidated. The most prominent feature of SLE is the
production of antibodies that recognize nuclear elements and
another self-antigen. These autoantibodies form immune
complex and deposit in the kidney, which subsequently
lead to lupus nephritis. Conventional immunosuppressive
therapy is effective for most SLE cases, however, there are
still numbers of SLE patients consistently suffering the active
disease with visceral organ involvement (3). Thus, identifying
novel therapeutic strategies is required for SLE treatment.

Mesenchymal stem cells (MSCs) are fibroblast-like
multipotent cells that derived from a variety of tissues such
as bone marrow (BM), umbilical cords (UC), adipose tissue
(AD), placenta and dental pulp. They can regulate various
immune cells, as T and B lymphocytes, DC and NK cells,
as well as complement system (4). During the past 10 years,
considerable experimental and clinical evidences have proved
that human umbilical cord mesenchymal stem cells (UC-
MSCs) were powerful in reducing autoantibody levels and
SLE disease activity (5). Except for UC-MSCs, BM-MSCs,
human embryonic stem cell (hESC)-derived MSCs, AD-
MSCs and stem cells from human exfoliated deciduous teeth
(SHED) are capable to effectively reverse SLE-associated
disorders in murine model of lupus nephritis (6-9).

Human dental pulp stem cells (DPSCs) and periodontal
ligament stem cells (PDLSCs) were isolated from adult dental
pulp and periodontal ligament tissue respectively (10,11).
Though both of them originate from neural crest and
share similar surface markers, differentiation potential and
immunosuppressive properties, they are considered distinct
from each other. It was reported that DPSCs and PDLSCs
reacted differently to osteogenic induction i vitro (10,11).
Thus, whether they have different immunomodulatory
properties is still unknown. The current study was conducted
to determine the therapeutic effects of dental tissue-derived
MSCs and elucidate the underlying mechanism.

Methods
Animal

B6.MRL-Fas"™/J (B6/lpr) mice (female, 26-week-old, n=40)
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were purchased from Laboratory Animal Center, Academy
of Military Medical Sciences (Beijing, China) and kept
in specific-pathogen-free (SPF) conditions in the animal
center of Drum Tower Hospital. All the animal experiments
were performed under protocols approved by the Ethics
Committee for Animal Research in the Affiliated Drum
Tower Hospital of Nanjing University Medical School.

MSCs

UC-MSCs were prepared as described previously (12),
and cultured in DMEM/F12 supplemented with 10%
FBS, 100 U/mL penicillin, 100 pg/mL streptomycin, and
2 mmol/L glutamine. DPSCs and PDLSCs, provided by
Nanjing Taisheng Biotechnology Co., Ltd, were cultured
in 0-MEM supplemented with 10% FBS. All the cells were
maintained in humidified atmosphere with 5% CO, at 37 °C.

To examine the phenotype of MSCs, cells (1x10°/100 pL)
at passage 5 (P5) were prepared as single cell suspension by
trypsin/EDTA digestion and re-suspended in RPMI1640
containing 1% FBS (Bioind, Israel) and incubated with
indicated antibodies (5 pg/mL) for 30 min on ice. Antibodies
reactive to CD14, CD34, CD44, CD45, CD73, CD79,
CD90, CD105, CD106 and HLA-DR (eBioscience), or
isotype control immunoglobulin (eBioscience) were used.
After washing with phosphate buffered saline (PBS), the cells
were acquired by a flow cytometer (Calibur, BD Biosciences,
CA, USA). Fluorescence-activated cell sorting (FACS) data
were analyzed with Flow]Jo software (Tree Star, USA).

For adipogenic induction, MSCs were cultured in
DMEM/F12 medium with 10% FBS, and adipogenic
supplements (10 pg/mL insulin, 60 pmol/L indomethacin,
500 nmol/L hydrocortisone, 500 nmol/L hydrocortisone
(Sigma-Aldrich)). After 3 weeks, the cultured cells were
stained with Oil Red-O (Sigma Aldrich).

For osteogenic induction, MSCs were cultured in
DMEM/F12 medium with 10% FBS, and osteogenic
supplements (10 nmol/L dexamethasone, 100 pmol/L
L-ascorbic acid 2-phosphate, 2 mmol/L B-glycerophosphate
(Sigma-Aldrich)). After 4 weeks of induction, the cultures
were stained with alizarin red for mineralized nodule
formation.

T cell proliferation assay

5x10° peripheral blood mononuclear cells (PBMC) from
health donors were labeled with 5 pmol/L carboxyflurescein
diacetate succinimidyl ester (CFSE) (eBioscience) and
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stimulated with 2 pg/mL anti-CD3 (OKT3)/CD28
antibodies in the presence or absence of 1x10° MSCs.
Cells were cultured for 4 days at 37 °C in a humidified
atmosphere with 5% CO,. PBMCs were then collected, and
cell proliferation was analyzed by flow cytometry (Calibur,
BD Bioscience).

Intravenous transplantation of MSCs

UC-MSCs, DPSCs and PDLSCs were collected and
washed with PBS three times. Cells were resuspended
in PBS and intravenously infused at 2x10’ per 10 g body
weight into 28-week-old B6/Ipr mice. Age-matched B6/Ipr
mice receiving PBS were used as controls, 24-h proteinuria
were measured every 3 weeks by Coomassie Brilliant Blue.
All mice were sacrificed at the age of 38-week to evaluate
the therapeutic effects of MSCs transplantation.

Pathology assessment of kidneys

Kidneys were collected when the mice were sacrificed at
10 weeks after MSCs treatment. One kidney was fixed
with 4% paraformaldehyde in PBS, then embedded in
paraffin and sectioned (4 pm). The sections were stained
with hematoxylin and eosin (H&E), periodic acid-Schiff
(PAS) and Masson trichrome (MASSON). The slides were
examined in a blinded fashion and graded for glomerular
pathology and perivascular cell accumulation according
to the grading scheme, the method reported by Chan and
Kikawada (13,14).

Immunofluorescence

One kidney was snap-frozen in liquid nitrogen and placed
in OCT medium, and cut into 4 pm sections. Sections
were stained with TRITC-conjugated goat anti-mouse
IgG and FITC-conjugated donkey anti-mouse IgM (both
1:100 diluted, Jackson ImmunoResearch Laboratories) for
30 min at 37 °C. Immunofluorescence staining intensity
of glomeruli was scored on a scale of 0-3 under inverted
fluorescence microscope (Olympus).

Flow cytometry

The following anti-mouse Abs were used to characterize
spleen cell subsets: Th1/Th2 (FITC-anti-CD4, PE-anti-
IL4, APC-anti-IFN-y); Treg (FITC-anti-CD4, PE-anti-
Foxp3, APC-anti-CD25); Th17 (FITC-anti-CD4, APC-
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anti-IL17A); Tth (FITC-anti-CD4, PE-anti-PD-1, APC-
anti-CXCRS5); plasma cells (FITC-anti-B220, PE-anti-
CD138). For intracellular cytokine staining, cells were
stimulated with 50 ng/mL phorbol 12-myristate 13-acetate
(PMA) plus 1 pg/mL ionomycin and 5 pg/mL brefeldin A
at 37 °C for 4 hours. All antibodies were purchased from
eBioscience. Data were acquired by flow cytometer (Calibur,
BD Biosciences, CA, USA) and analyzed with Flow]o
software (Tree Star, USA).

Measurement of serum cytokines

Measurement of IL-6, IL-10, IL-17, MCP-1 in serum was
carried out by using Milliplex MAP technology. Immunology
multiplex assay kit were obtained from MERCK, and the
procedure was performed following the manufacturer’s
instruction. Results were acquired by the MILLIPLEX
Analyst. V5.1 software and the standard curves were plotted
through a five-parameter logistic curve setting.

Statistical analysis

All data are expressed as the mean = SEM. One-way
ANOVA, Kruskal-Wallis and Mann-Whitney U test were
used to assess significance between group comparisons
using SPSS 22.0 software. Correlations were evaluated with
a two-tailed Pearson correlation test by GraphPad Prism 5
software. P values less than 0.05 were considered statistically
significant.

Results
Characteristics of DPSCs and PDLSCs

DPSCs, PDLSCs and UC-MSCs showed similar expression
profile of cell surface markers (Figure I). All the three types
of MSCs were strongly positive for CD44, CD90 (stromal
cells surface markers), CD73 and CD105 (cell surface
markers associated with stromal cells and endothelial cells),
but negative for CD34 (hematopoietic cell marker), CD14
(cell surface marker for monocytes and macrophages),
CD45 (leukocyte marker), CD79 (B cells marker), HLA-
DR (antigen presenting cells marker). CD106 (VCAMLI) is a
cytokine-inducible cell surface protein capable of mediating
adhesion. Previous studies showed that CD106 was critical
for MSC-mediated immunosuppression (15,16). We found
that DPSCs showed higher expression of CD106 than UC-
MSCs and PDLSCs. Under appropriate conditions both
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Figure 1 Expression of surface markers by DPSCs and PDLSCs. Representative flow cytometric analysis of DPSCs, PDLSCs, and UC-
MSCs with antibodies reacted to cell surface markers, CD14, CD34, CD44, CD45, CD73, CD79, CD90, CD105, CD106, and HLA-
DR (solid lines). Mouse IgG1 « (P3.6.2.8.1), mouse IgG2b k (eBMG2b), rat IgG2b « (10HS), were used as isotype controls (dotted lines).
DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells; UC-MSCs, umbilical cord mesenchymal stem cells.

DPSCs and PDLSCs can differentiate into adipocytes and
osteocytes (Figure ST).

Inhibitory effects of dental MISCs on the PBMC
proliferation

To examine whether MSCs from dental tissue exhibit
any difference in inhibiting the proliferation of PBMCs,
we compared their capability of suppressing PBMC
proliferation. As shown in Figure 2, UC-MSCs, PDLSCs
and DPSCs showed comparable capacity of suppressing
PBMC proliferation.

MSCs transplantation alleviated SLE-like symptoms in
B6/lpr mice

Our previous study showed that infusion of BM-MSCs
or UC-MSCs could effectively alleviate disorders in SLE
patients and mice (12,17-20). Here we employed B6/Ipr
mice to evaluate the therapeutic effects of dental tissue-
derived MSCs in SLE (Figure 3A4). There was no significant
difference in the changes of body weight and spleen index
(spleen weight/body weight) among groups (Figure 3B,C).
But the lymph node (LN) indexes (LN weight/body weight)
of mice treated with UC-MSCs and PDLSCs dramatically
decreased (Figure 3D).

Next, we sought to determine whether treatment with
MSCs could reduce the renal injury in B6/Ipr mice, 24-h
urine was collected every 3 weeks after treatment and
urine albumin excretion was determined by urine protein
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test kit (Nanjing Jiancheng Bioengineering Institute). We
found that mice transplanted with DPSCs or PDLSCs
had less proteinuria at both 6 and 9 weeks than PBS
(Figure 3E).

It is known that autoantibodies play a crucial role in
pathogenesis of SLE. Our previous study showed that
anti-double strand DNA (anti-dsDNA) antibody and anti-
nuclear antibody (ANA) were remarkable increased in
peripheral blood of C3H/Ipr and MRL/Ipr mice (17,18). As
seen in UC-MSCs transplantation, PDLSCs and DPSCs
transplantation also resulted in a significant reduction in
serum anti-dsDNA antibody, while there was no significant
difference of serum levels of ANA compared to PBS group
(Figure 3E,G).

Dental MSCs improved kidney pathology of lupus mice

We then assessed the histopathological changes in kidneys
of B6/lpr mice received PDLSCs, PDLSCs or UC-MSCs.
IgG and IgM deposition in the glomeruli decreased in
PDLSCs and DPSCs treated mice compared with PBS
group (Figure 44,B,C). However, glomerular pathology
was not completely improved by MSCs treatment. There
was a reduction in glomerular hypercellularity in DPSCs
group, but not in PDLSCs group (Figure 4D). The extent
of perivascular pathology, the number of cell layers
surrounding the vessel walls, only diminished in the DPSCs
treated mice compared with the control group (Figure 4E).
The histological analysis with PAS and MASSON
staining did not show any obvious abnormality in all
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Figure 2 Inhibitory effects of dental MSCs on the PBMC proliferation. (A) CFSE labeled PBMCs were detected by FACS and analysis by
Flowjo software; (B) the divided cells of PBMCs were co-cultured with DPSCs, PDLSCs or UC-MSCs respectively, and were compared
with control group. *P<0.01. MSCs, mesenchymal stem cells; PBMCs, peripheral blood mononuclear cells; FACS, fluorescence-activated

cell sorting; DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells; UC-MSCs, umbilical cord mesenchymal stem cells.

groups (Figure 44), which was possible attributed to slight
glomerulonephritis of B6/lpr (21).

MSCs transplantation inbibited Th1 and plasma cells

Accumulating data showed that Th1 cytokines, especially
interferon-y (IFNY), were responsible for pathogenesis of
lupus (22). Treg and Th17 cells were also reported to play
roles in disease process of MRL/lpr mice (17). Additionally,
an increase of Tth cells, which help B cell to activate and
produce autoantibody, has been noticed in peripheral blood
from SLE patients (23). In our experiment, we just found
the ratios of Thl, Tth and plasma cells were higher in the
spleens of B6/Ipr than B6 mice, while there is no difference
of Th2, Treg and Th17 in the spleens between the two
groups (Figure S2). Despite these, we next examined
the changes of Thl, Th2, Th17, Tth, Treg and plasma
cells in the spleen of B6/lpr mice 10 weeks after MSCs
transplantation. As shown in Figure 54,B,C, compared with
PBS group, CD4" T cells producing IFN-vy, but not IL4,
significantly decreased in B6/lpr mice treated with PDLSCs
and DPSCs. No difference was observed in the percentages
of Treg and Th17 cells between the two dental tissue-
derived MSCs groups (Figure 5D,E,F,G). No changes of
Tth cells after MSCs transplantation have been observed
(Figure SH,I). But for plasma cells, they were significantly
reduced by PDLSCs and DPSCs (Figure 57,K).

© Annals of Translational Medicine. All rights reserved.

Influences of MISCs on serum cytokines of B6/lpr mice

Serum IL-6, IL-10, IL-17 and MCP-1 levels were
dramatically elevated in active SLE patients and positively
correlated with the disease activity index (24-26). We
next examined whether MSCs could downregulate these
inflammatory cytokines. As expected, all of the cytokines
mentioned above were dramatically increased in B6.1pr
mice. Unfortunately, we didn’t find any statistical differences
of IL-6, IL-10, IL-17 and MCP-1 among PDLSCs, DPSCs
and PBS treated mice (Figure 6). To evaluate which cytokine
was associated with nephritis, we analyzed the correlation
of cytokines with proteinuria and anti-dsDNA and no
statistically significant association was found (P>0.05; data
not shown).

Discussion

MSC:s has been proposed for refractory SLE treatment with
little adverse reactions. MSCs can be isolated from various
tissues, including BM, UC, AD. Recently, DPSCs and
PDLSC:s derived from a very accessible tissue resource have
been reported as substitute for treating various disease and
repairing tissue (10,11).

In present study, DPSCs and PDLSCs were positive for
mesenchymal stem cell markers, including CD44, CD73,
CD9%0, CD105, and expression pattern was similar to
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Figure 3 Transplantation of MSCs relieves SLE phenotypes in B6/Ipr mice. (A) A scheme of MSCs transplantation procedures; (B) the
spleen index of B6/Ipr mice; (C) bodyweights of B6/lpr mice at 0, 3, 6, 9 weeks after MSCs therapy; (D) the lymph nodes index of B6/lpr
mice; (E) 24-h urinary albumin (pg) excretion over time post-MSCs transplant; (F,G) serum anti-dsDNA and ANA autoantibodies of B6/lpr
mice. PBS (n=8), UC-MSCs (n=8), PDLSCs (n=8), DPSCs (n=9). Statistical comparisons were performed using one-way ANOVA. *P<0.05,
**P<0.01, **P<0.001. MSCs, mesenchymal stem cells; SLE, systemic lupus erythematosus; PBS, phosphate buffered saline; UC-MSCs,
umbilical cord mesenchymal stem cells; DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells.

previous reports (27). While they were negative for CD45
and CD34 which were hematopoietic stem cell makers.
These results suggest that the DPSCs and PDLSCs were
mesenchymal stem cells and not hematopoietic stem cell
lineage. Interestingly, we found DPSCs express higher
level of CD106 than UC-MSCs and PDLSCs. It has

© Annals of Translational Medicine. All rights reserved.

been reported that CD106 positive MSCs with powerful
immunosuppressive activity (16). Therefore, we speculate
that DPSCs may obtain better immunosuppressive
functions than PDLSCs.

The results of the present study showed that
transplantation of DPSCs and PDLSCs alleviated the SLE
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Figure 4 Renal histopathological changes after transplantation of MSCs. The kidneys were embedded in OCT or paraffin for sectioning.
The frozen kidney sections were stained with fluorescein-conjugated IgG and IgM. (A) Representative images of IgG and IgM deposits in
glomeruli (original magnification x40), nephritis with glomerular basal membrane disorder and aberrant mesangial, cell proliferation (HE
staining; PAS and MASSON, original magnification x40), and renal perivascular (original magnification x20); (B,C) the grade of fluorescence
of IgG and IgM; (D) the scores of glomerular pathologies; (E) interstitial inflammation scores. Data are mean + SEM. PBS (n=8), UC-
MSCs (n=8), DPSCs (n=9), PDLSCs (n=8). Statistical comparisons were performed using one-way ANOVA. *P<0.05. MSCs, mesenchymal
stem cells; PBS, phosphate buffered saline; UC-MSCs, umbilical cord mesenchymal stem cells; DPSCs, dental pulp stem cells; PDLSCs,
periodontal ligament stem cells.

symptoms of B6.lpr mice. Both of the two cells were able
to reduce the proteinuria, serum anti-dsDNA antibodies,
glomerular IgG and IgM; however, it was the DPSCs
not PDLSCs that relieved glomerular lesion and reduced
perivascular cell accuamulation.

It has been well-accepted that T-cell abnormality plays
an essential role in the development of SLE, but which type
of the Th cells plays a dominant role is unclear (28-30).
During the past several decades, IFN-y was recognized

© Annals of Translational Medicine. All rights reserved.

as critical pathogenic factor in human and murine
lupus (29,31,32). Recently, IL-17 was also reported to play
an important role in pathogenesis of SLE. In our study, we
carefully examined the Th1, Th2, Th17 cells, Tth and Treg
cells of spleen from B6/lpr mice received UC-MSCs, DPSCs
and PDLSC:s therapy. We found that DPSCs and PDLSCs
transplantation had no effect on Treg, Th17 and Tth in B6/
Ipr mice. But infusion of DPSCs and PDLSCs significantly
down-regulated Thl cells as well as UC-MSCs. Yuan et.al
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Figure 5 Flow cytometric analysis of Thl, Th2, Treg, Th17, Tth and plasma cells in spleens of B6/Ipr mice. (A,D,E,H,]) Representative
FACS images of CD4 TFN-y" (Thl cells), CD4'TL4" (Th2 cells), CD4'CD25Foxp3” (Treg cells), CD4PD-1"CXCRS5" (Tth cells),
CD4TL17" (Th17 cells) and B220°CD138" (plasma cells). (B,C,EG,I,K) Percentages of Thl, Th2, Treg, Tth, Th17 and plasma cells in
the spleen of B6/lpr mice with or without transplantation of MSCs. Data are mean = SEM. PBS (n=8), UC-MSCs (n=8), PDLSCs (n=8),
DPSCs (n=9). *P<0.05, **P<0.01, Kruskal-Wallis test multiple comparison posttest. PBS, phosphate buffered saline; UC-MSCs, umbilical
cord mesenchymal stem cells; DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells.

reported that human MSCs could inhibit the differentiation
of Th17 cells in MRL/Ipr mice (33), however, in our study
we did not find any change of the proportion of Th17 cells
in the spleen of B6/Ipr mice after treated with human MSCs.
This might due to the difference in the time to give MSCs.
IL-6, which promotes the development of Th17 cells,
is higher in SLE patients than health subjects. Several
studies reported that IL-6 played an important role in
the B-cell hyperactivity, auto-antibodies production and
immunopathology of SLE (34). IL-10 was also found
significantly higher in plasma of SLE patients (25). It was
over-produced by B cells and monocytes and played a

© Annals of Translational Medicine. All rights reserved.

central role in the pathogenesis of SLE including regulation
of growth and differentiation of B cells and auto-antibody
production. Thus, IL-10 has recently been suggested
as a biomarker of SLE (24). Monocyte chemoattractant
protein-1 (MCP-1/CCL2) is one of the key chemokines
that regulate migration and infiltration of monocytes/
macrophages. In SLE patients without renal disease MCP-1
correlated positively with SLEDALI score, but negatively in
those with renal derangement (35). In the present study, we
did not find significant reduction of IL-6, IL-17, IL-10 and
MCP-1 in serum of MSCs treated B6/lpr mice compared
with those in controls. So, in our experiment, MSCs
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Figure 6 Serum IL-6, IL-17, IL-10 and MCP-1 in B6/Ipr mice after transplantation of MSCs. (A,B,C,D) Serum levels of IL-6, IL-17,
IL-10 and MCP-1 in each group; (E) comparison of cytokines between B6 and B6.Ipr groups. B6 (n=4), PBS (n=9), UC-MSCs (n=7), DPSCs
(n=9), PDLSCs (n=8). Statistical comparisons were performed using Mann-Whitney U test. *P<0.05, **P<0.01. PBS, phosphate buffered
saline; UC-MSCs, umbilical cord mesenchymal stem cells; DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells.

ameliorate the SLE symptom of B6/lpr may not through
regulating the cytokines.

Conclusions

In conclusion, our study demonstrated that, like UC-MSCs,
PDLSCs and DPSCs also have effects in ameliorating disease
symptoms in lupus-prone B6/lpr mice. Moreover, DPSCs
show better effect on reducing kidney glomerular lesion and
perivascular inflammation infiltration than PDLSCs.
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DPSCs PDLSCs UC-MSCs

Figure S1 Differentiation of UC-MSCs, DPSCs, PDLSCs. (A) Alizarin red staining of these MSCs after osteogenic differentiation (original
magnification x40); (B) oil red staining of these MSCs after adipogenic differentiation (original magnification x40). MSCs, mesenchymal
stem cells; UC-MSCs, umbilical cord mesenchymal stem cells; DPSCs, dental pulp stem cells; PDLSCs, periodontal ligament stem cells.
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Figure S2 Flow cytometric analysis of Thl, Th2, Treg, Th17, Tth and plasma cells in spleens of B6/Ipr and B6 mice. Representative flow
cytometry data and the percentage show the Thl, Th2, Treg, Th17, Tth and plasma cells in the spleens between B6/lpr (PBS) and B6 mice.
PBS (n=6-9), B6 (n=8-10). **P<0.01, ***P<0.001, Kruskal-Wallis test multiple comparison posttest. PBS, phosphate buffered saline; ns, no
significant difference.



