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Introduction

Type 1 Diabetes Mellitus (T1IDM) is a chronic disease of an

Abstract

The immunosuppressive effects of human periodontal ligament
stem cells (PDLSCs) on cells of the immune system have been re-
ported on since PDLSCs were discovered as a viable source of the
rapeutic stem cells. Their therapeutic application in the context of
type 1 diabetes mellitus is inadequately reported on and merits
further evaluation. The objective of this in-vitro research aims to
evaluate the immunomodulatory capacity of human Periodontal
Ligament Stem Cells (PDLSCs) in dendritic cell-mediated T-cell im-
mune responses by assessing their ability to influence phenotype,
differentiation, maturation and gene profile of monocyte derived
DCs isolated from Type One Diabetes Mellitus (T1DM) patients.

This was done by deriving mature dendritic cells mDCs from
monocytes of type one diabetic, characterized by flow cytometry at
different stages (monocyte, immature DCs, and mature DCs) from
four different donors. mDCs where then co-cultured with PDLSCs
for two days and changes in level of maturation and costimulatory
molecules measured by flow cytometry. gPCR was subsequently
done to analyse the gene transcription profile of co-cultured mDCs
in comparison to mDCs in relation to their upregulation or down-
regulation of the following cytokines, IL-6, IL-10, TGF-b, IL-1b, TNF-
a.

Results showed that PDLSCs exerted an immunosuppressive ef-
fect on fully mature dendritic cells by significantly reducing expres-
sion of all maturation markers. A significant upregulation of the
immunoregulatory cytokine IL6 by 8 folds was noted along with a
significant downregulation of immunostimulatory cytokine TNF-a
by 2 folds. This supports the immunosuppressive role of PDLSCs
and their immunomodulatory capacities in TIDM context.

Keywords: Diabetes; Stem Cells; Periodontal Ligament Stem
Cells; Type 1 Diabetes; Cell Therapy; Immunotherapy; Cytokines;
Immunosuppression

autoreactive CD4 and CDS8 cells, B cells, coupled with malfunc-

autoimmune pathogenesis in which cellular immunity plays a
pivotal role in the selective destruction of insulin-producing
pancreatic beta (B) cells, thus leading to a metabolic dysfunc-
tion. According to a recent systematic review [1-3] Type 1 Dia-
betes is prevalent in 9.5% of populations worldwide and is at an
increase [1].

Preclinical and early clinical studies have implicated CD8+
effector T cells as the mediators of B cell apoptosis, with the
final common pathway involving a multitude of cells including

tioning regulatory T-cells (Tregs) subsets [4,5]. Features of pan-
creatic B cells that alter the cells lability to apoptosis are also
thought to be involved. The release of B cell antigens, majorly
being glutamic acid decarboxylase 65, GAD-65, which the Anti-
gen Presenting Cells (APCs), mainly being Dendritic Cells (DCs)
uptake and present to CD4 and CD8 T cells is believed to trigger
the destructive autoimmune response in diabetes [4-6].

Furthermore, cytokines released by dendritic cells and other
cells of the immune system play a crucial role in orchestrating
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complex multicellular interactions between pancreatic B cells
and immune cells in the development of Type 1 Diabetes (T1D)
and are thus potential immunotherapeutic targets for this dis-
order [7].

Owing to the autoimmune nature of TIDM, stem cell thera-
pies have been considered as an effective treatment modality
due to their ability to immunosuppress many cells of the im-
mune system including Dendritic Cells (DCs), the main antigen
presenting cells in TIDM. Mesenchymal Stem Cells (MSCs)
have emerged in recent years as a safe and promising treat-
ment strategy for autoimmune diseases, including TIDM [8,9].
Mesenchymal Stem Cells (MSCs) have immunomodulatory fea-
tures, secrete cytokines and immune receptors that regulate
the microenvironment in the host tissue which coupled with
their multilineage potential makes them an effective tool in the
treatment of chronic diseases [10].

MSCs exert trophic properties and have been shown to su-
press or modulate the activity of immune cells including anti-
gen-presenting cells, Natural Killer (NK) cells, B cells and T cells
[10]. Their unique surface marker expression hinders alloreac-
tivity and protects them from NK cell lysis which permit MSCs
to be a feasible stem-cell source for cell transplantation experi-
ments [11].

Not only were these cells able to escape T-cell recognition
and supress T cell responses [12] but have also been found to
increase the conversion from Th2 T helper cells 2 to Th1 T help-
er cells 1 through modulation of interleukin IL4 and interferon
IFN-y levels in effector T Cells [12,8].

Dental-tissue-derived MSC-like populations offer an afforda-
ble and convenient source of MSCs and are a widely researched
potential source of stem cells for clinical regenerative medicine.
MSCs that are isolated from the dental pulp and periodontal
ligament appear to be the most promising [13]. Periodontal
ligament stem cells possess MSCs properties [14] that have in
vitro showed fibroblast-like morphology, a cologeneic nature,
and the ability to differentiate into adipocytes, osteoblasts and
chondrocytes in a suitable induction media [15]. Surface marker
expression of these cells was also similar to that of the mes-
enchymal stem cell. Their low immunogenicity and immuno-
suppressive influence on cells of the immune system has been
reported on in multiple studies [16-18] making PDLSCs a viable
source for therapeutic and immunoregulatory stem cells.

A previous pioneer in vitro study conducted by our univer-
sity group reported on PDLSCs ability to immunomodulate ma-
ture dendritic cells mDCs from T1DM patients by reducing all
maturation markers.[19] The detection of high levels of anti-in-
flammatory cytokines in the co-culture supernatant media was
also noted but it was not clear whether this is secreted by the
PDLSCs or the mDCs as the study did not look at the molecular
changes taking place upon co-culture in the dendritic cell.

Further studies are needed hence needed to evaluate the
mechanism of action of PDLSCs and the viability of their appli-
cation in the context of T1D. The current study aims to further
evaluate the influence PDLSCs have on dendritic cell-mediated
T-cell immune responses by studying their effect on maturation
and differentiation of monocyte derived DCs isolated from Type
One Diabetes Mellitus (TLDM) patients and their influence, if
any, on gene profile of DCs for a selection of immunoregulatory
and immunostimulatory cytokines.

Methodology
Isolation and Generation of mDCs

The plastic adherence method suggested by Obermaier [20]
was followed with some modifications to isolate CD14+ mono-
cytes from Peripheral Blood Mononuclear Cells (PBMNCs) of
full heparinized blood from four donors. Four donors, includ-
ing three males and one female, diagnosed with early disease
onset and a positive INF-y response to GAD65 were included in
this study after gaining informed consent. The protocol was ap-
proved by Institutional Review Board (IRB) committee at Jordan
University of Science and Technology (IRB NO 45783).

Following isolation of CD14+ monocytes, they were resus-
pended in a medium of RPMI 1640 complete medium (Euro-
clone. S.P.A, ITALY) supplemented with 1% L-glutamine, 1%
streptomycin and 10% Platelet Lysate (PL). Following incuba-
tion and seeding, cells were characterized via flow cytometry to
confirm viability of CD14+ monocytes and phenotype was con-
firmed by observing the cells under inverted microscopy.

To induce differentiation into Immature DCs (iDCs), mono-
cytes were cultured in a 6- well plates and stimulated with
10001U/ML GM-CSF and 5001U/ML IL-4 (R&D Systems, USA) for
six days. At day six, the isolated iDCs were cultured in another
6- well plate with 10% Actiplate, GM-CSF (10001U/mL), IL-4
(5001U/mL), IL-1B (5001U/mL) and TNF-a (5001U/mL) to stimu-
late their differentiation into mature DCs (mDCs) which were
subsequently pulsed with recombinant human GAD-6 (ABCAM,
UK) at a concentration of 10ug/1 x 106 cells/ml for 48hours.

Characterization of both iDCs and mDCs was performed by
flow cytometry to analyse expression of CD14 (PE-CY7), CD80
(APC-H7), CD40 (BV51), CD83 (FITC), CD86 (BV421), CD1a (PE),
CD209 (APC) and HLA-DR (Percp-CY5.5) using conjugated mon-
oclonal antibodies (BD, USA). Samples were analysed using BD
FACS Canto Il flow cytometer using BD FACS Diva 8 software.
Phenotype of these cells was confirmed with inverted phase-
contrast microscopy (Axiovert, Zeiss,Germany).

Isolation of PDLSCs

Using the enzymatic method [21] PDLSCs were isolated from
impacted third molar teeth within 24 hours of extraction from
healthy donors. The surface marker expression of these cells
was also analysed to ascertain their MSC like surface expres-
sion. BD FACS Canto Il flow cytometer was used, BD stem flow
TM hMSC Analysis Kit (BD, USA) was used to analyse the surface
marker expression of the isolated cells. Three samples were sub-
cultured and used at passages 3-5 for co-culturing with mDCs.

Co-Culture of mDCs with PDLSCs

GAD-65 pulsed mDCs were added to three PDLSCs samples
at a ratio of 1:1 and the co-culture was left to incubate for 48
hours. The level of maturation of conditioned mDCs was subse-
quently measured by flow cytometry to check for surface mark-
ers CD14, CD80, CD40, CD 83, CD86, CD1a, CD209 and HLA-DR.
Phenotype of the cocultured cells was also studied using invert-
ed phase-contrast microscope.

Q-PCR for Quantification of Gene Expression

Since this study also aimed to investigate the effect of co-
culturing DCs with PDLSCs on their gene expression for a se-
lection of immunoregulatory and immunostimulatory cytokines
that are vital to the pathogenesis of T1D, Q-PCR was performed
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to determine the expression of the target genes at the mRNA
level. GAD-65 pulsed mDC and conditioned DCs were lysed by
Trizol-hybrid method for RNA extraction using miniRNeasy kit
(Qiagen, USA). The extracted RNA was quantified by a Nano-
drop (Thermofisher, USA). To synthesize cDNA, 0.5 pg total RNA
was reverse transcribed by using the PrimeScript RT Master Mix
(Cat No. RRO36A, Takara, China) using T100™ Thermal cycler
PCR instrument (BioRad, USA). Primers were designed using
Primer-BLAST (RRID:SCR_003095) and obtained from IDT (USA)
(Table 1). The selected cytokines included, IL-10, IL-6, TGF-B, IL-
1B, and TNF-alisted each with their primer sequencing in table
1.

Each sample was performed in triplicate, and a mean value
was calculated. Data were analysed according to 2-DDCT meth-
od using CFX Maestro™ Software - Bio-Rad.

Data Analysis

IBM SPSS Statistics software V.22 (IBM Corp, IBM SPSS Sta-
tistics for Windows, Version 22.0 Armink, NY: IBM Corp). One-
Way ANOVA was used to test differences in percentages of
surface markers studies between iDCs, mDCs and conditioned
DCs within test group. gPCR data were analysed according to
2-DDCT method using CFX Maestro™ Software - Bio-Rad. In all
analyses P values <0.05 were considered significant.

Results
Characterization of PDLSCs

Morphology and surface marker expression of PDLSC at pas-
sage 3 was evaluated. When viewed under the inverted micro-
scope, PDLSCs showed typical MSCS morphology with the typi-
cal fibroblast like appearance and were adherent to the tissue
culture plate (Figure 1). Their surface marker expression was
typical of MSCs with 100% positive for CD90 (p=0.00), 97% for
CD73, 90% CD105, and 100% for CD44 (p=0.00). Meanwhile
negative cocktail expression was 3% and included the antibod-
ies CD45, CD34, CD11b, CD19 and HLA-DR (Figure 2).
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Figure 1: PDLSCs at 4X under inve pe showing
typical fibroblast like appearance (A) primary culture of PDLSCs,
(B) PDLSCs in confluence at passage 3.
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Figure 2: Representative flow cytometry histograms showing high
expression of CD90, CD105, CD73 and CD44 and lack the expres-
sion of negative MSCs cocktail (CD34, CD11b, CD19, CD45 and HLA-
DR). Gray peak corresponds with isotype control and the violet
peak corresponds with the antibodies. Data were analyzed by using
FACS canto .

Figure 3: Morphological features of monocyte derived iDCs, mDCs,
and co-cultured mDCs under inverted phase-contrast microscope
(a) iDCs at 20X Magnification exhibiting round appearance and
short dendrites. Scale bar 0.03mm. (b) mDCs pulsed with GAD-65
at 40X Scale bar 0.02 (c) mDCs after co-culture with PDLSCs at X40,
showing a morphology that is similar to that of the iDCs with short
dendrites. Scale bar 0.02.
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Figure 4: Maturation surface marker expression CD14, CD80, CD83,
CD86, CD40, CD1a, CD209, HLA-DR, as expressed by iDCs, mDCs,
and conditioned DCs. Data shown as mean + SD, significant differ-
ence among different cell type shown as an *(p < 0.05).

Morphology and Phenotype of iDCs, mDCs and Co-Cultured
DCs

Monocyte derived iDCs, exhibited a rounded appearance
with short dendrites and were larger in size than their mono-
cyte precursor. Upon maturation of iDCs into mDCs, these cells
showed pronounced and numerous longer dendrites (Figure 3).
Co-cultured mDCs showed a morphology similar to that of iDCs
with shorter dendrites (Figure 3). The change of mDCs morphol-
ogy strongly correlated with a previous study [21].

Effect of Co-Culturing with PDLSCs on GAD65 Pulsed mDCs
Profile

Phenotypic analysis of co-cultured mDCs showed skewing
of mDCs towards an immature state with a decrease in expres-
sion of all costimulatory and maturation surface marker includ-
ing CD14, CD80, CD83, CD86, CD40, CD1a, CD209 and HLA-DR.
Flow cytometry was performed to determine the level of ma-
turity and expression profile at the level of iDCs, mDCs, and co-
cultured DCs.

CD14 expression at all cell levels was negligible which is ex-
pected following monocyte differentiation as CD14 is character-
istic of monocyte detection. Expression of CD80, CD83, CD40,
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Table 1: QPCR primer sequences of immunostimulatory and immu-
nomodulatory genes for selected cytokines with significant influence
on phenotype and function of mDCs.

Genes Forward (5'->3') Reverse (5'->3')
IL-10 GCTGAGAACCAAGACCCAGA AAGAAATCGATGACAGCGCC
IL-6 GGCACTGGCAGAAAACAACC GCAAGTCTCCTCATTGAATCC
TGF-B GGAAATTGAGGGCTTTCGCC CCGGTAGTGAACCCGTTGAT
IL-1B AGCTTGGTGATGTCTGGTCC TGGAGAACACCACTTGTTGC
TNF-a CCTGTAGCCCATGTTGTAGCAAA | TTATCTCTCAGCTCCACGCCA
18srRNA | CGGCGACGACCCATTCGAAC GAATCGAACCCTGATTCCCCGTC

Table 2: Upregulated and downregulated gene in mDCs after co-cul-
ture with PDLSC Results were normalized to 18S rRNA. Each sample
was performed in triplicate, and a mean value was calculated. Data
were analysed according to 2 ~AACT method using CFX Maestro™
Software - Bio-Rad. p £0.05 and fold change > 1.5.

Gene | Fold regulation Compared to Regulation PValue
Symbol 2-AACT Threshold
IL10 4.12313 Up regulated 0.17467
IL1B 15.1149 Up regulated 0.08219
IL6 7.79804 Up regulated 0.042072 *
TGFB -1.17428 No change 0.90236
TNFA -2.26572 Down regulated 0.044226 *

CD1A, and HLA-DR was significantly increased upon maturation
(p<0.05). After co-culturing for 48hours, expression of all sur-
face markers was significantly decreased (p<0.05) as expected.
This is presented in Figure 4 below.

Gene Expression Profile of Cocultured mDCs for Immu-
noregulatory and Immunostimulatory Cytokines

TNFa, IL-6, IL-1, TGF- and IL10

As shown in Figure 5 gene expression profile was evaluated
in conditioned mDCs. Results showed significant upregulation
in the expression of immunoregulatory genes (IL-6, IL-10 and
IL-1B). The IL-6 gene was upregulated by up to 8 folds. An in-
crease of 4 folds was also noted in the IL-10 gene but results
were not significant. Despite a 15 folds increase in IL-1B gene,
results were also not significant.

A significant downregulation of up to 2 folds was noted in
the immunostimulatory TNFa gene.

No change between mDCs and conditioned DCs was noted in
TGF-B gene expression. Fold regulation results shown in table 2
confirmed the upregulation and downregulation of mDCs target
genes.

Figure 5: Relative normalized expression of immunomodulatory
and immunostimulatory genes of mDCs after co-culture with PDLS-
Cs from four donors as compared to uncultured mDCs (A) upregu-
lated genes. (B) downregulated gene. Results were normalized to
18S rRNA Each sample was performed in triplicate, and a mean
value was calculated. Data were analysed according to 2-DDCT
method using CFX Maestro™ Software - Bio-Rad. *p <0.01 and fold
change 2 1.5.

Discussion

Type 1 diabetes is a chronic condition characterized by spe-
cificadaptive immunity against B-cell antigens that ensues when
an imbalance occurs between regulatory and inflammatory T-
cells. The autoimmune nature of the diabetes type 1 warrants
the need to pursue an immune based treatment that could halt
disease progression. The challenge lies in finding a clinically ef-
ficient treatment with no adverse short- or long-term reactions
and one that can be applied to the target organ and localized to
the immune pathway in question.

Mesenchymal stem cells have been widely studied for their
immunosuppressant qualities in autoimmune diseases includ-
ing type 1 diabetes, but there in vivo application is limited ow-
ing to the sensitivity of these cells to immune-mediated envi-
ronment and cell senescence due to overexpansion of cells.
Hence a debate exists on how to enhance the immunomodula-
tory effects of MSCs.

Recently, PDLSCs have emerged as an appealing alterna-
tive source of stem cells due to their high differential potential
and a morphological appearance similar to that of MSCs. The
effects of PDLSCs in the context of T1D have however not yet
been widely explored, making this research a pioneer study in
evaluating the immunoregulatory properties of PDLSCs on den-
dritic cells of diabetic patients. The resemblance in morphology
between PDLSCs and MSCs has been confirmed in this study
by flow cytometry analysis of the costimulatory molecules and
maturation markers which in compliance with the criteria sug-
gested by the International Society for Cellular Therapy showed
positive expression of CD105, CD44, CD90, CD73 (>90%) and
negative expression of DC45, CD34, CD11b, CD19 and HLA-DR
(<3%). [22] This agrees with the current literature on character-
istics of PDLSCs being similar to bone marrow stromal cells [8].

The skewing of the mature dendritic cells towards an imma-
ture phenotype that was observed in this study after co-cultur-
ing with PDLSCs, provides evidence of the immunomodulatory
effect of PDLSCs and their capability to produce tolDCs. Condi-
tioned DCs adopted an immature morphological appearance,
with the loss of long dendritic process and skewing towards an
immature phenotype with increase CD14 expression and reduc-
tion in all other maturation markers. Tolerogenic DCs express
low amounts of co-stimulatory molecules, increased produced
of anti-inflammatory cytokines, and are capable of driving T
cells to differentiate into Tregs [23].

This follows with other studies that show BM-MSCs condi-
tioned DCs from T1D patients acquired an immature phenotype
[8,24]. This proves that expression of different levels of co-stim-
ulatory molecules can be regulated by a variety of inflamma-
tory cytokines during the process of diabetes in agreement with
similar studies [25].

T cell priming is influenced by receptor-ligand interaction
with mDCs which are potent antigen presenting cells, hence, a
reduction in surface markers should result in a defective T cell
response and supress antigen-driven inflammatory effector T
cell activation. CD40 and MHC class Il molecules trigger produc-
tion of pro-inflammatory cytokine IL-12 in DCs [26] and further
up-regulates CD80 and CD86 [27] which stimulate T cell activa-
tion [28]. Furthermore, downregulation of CD83 in mDC results
in suppression of allogeneic T cell proliferation and IFN-gamma
secretion by established T cells [29].

These findings were further supported by gene analysis. The
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significant upregulation in IL-6 in conditioned DCs supports the
immunosuppressive role of PDLSCs as IL-6 has been shown to
induce differentiation of monocytes into macrophages instead
of DCs [30] and plays an immunosuppressive role in DCs. IL-6
has been [31] shown to suppress inflammation in animal mod-
els [32,33] through downregulating IL-1 and TNF production.

IL-6 is has also been associated with regulating insulin secre-
tion [34] and preventing pancreaticislet cells from apoptosis. As
mentioned earlier In vivo assessment of islet beta cells that are
pre-incubated with IL-6 using mouse models of mouse model
revealed IL-6 conferred significantly better blood glucose con-
trol and graft survival [34]. Conclusively, IL-6 protects pancreatic
islets or B-cells from inflammatory cytokines-induced cell death
and functional impairment both in vitro and in vivo.

As for IL-10 gene expression results, despite being insignifi-
cant, showed a four folds increase in upregulation which fur-
ther provides proof for the immunosuppressive role of PDLSCs.
IL-10 role as an anti-inflammatory cytokine in TIDM owes to
it favouring the proliferation of Tregs and suppression of Th2
proinflammatory cytokines such as IL-2 and IFN.

As for TGF-b, no difference was noticed between mDCs and
co-cultured mDCs. this comes in disagreement with what we
were expecting which is a surge in its upregulation. On its own
however, qPCR data is not sufficient to conclude whether in
reality its gene was upregulated or not for many reasons and
should be confirmed in conjunction with analysis of the con-
centration of TGF in the media culture. Perturbations in the
gene expression of cytokines are not necessarily translated to
a change in serum levels of the cytokines. This could be due to
the fact that protein level cytokine results are long-lived in com-
parison with mRNA results that are short lived in comparison. In
this study gPCR was done 48h after coculture, and results might
have varied if done at 24h interval instead.

Surprisingly gene expression of IL-1b was also upregulated
up to 15 folds, despite results being insignificant. It has been
recognized that IL-1 is selectively cytotoxic to rodent and hu-
man beta-cells in vitro and anti-IL-1 therapies reduce diabetes
incidence in animal prevention models [35]. However, as men-
tioned earlier change in gene transcriptions levels do not neces-
sarily translate into an identical increase or decrease in cytokine
production levels as measured at protein level due to multiple
factors including the DNA posttranslational modification proc-
ess. Furthermore, the complexity of IL-1b signalling pathway,
which is secreted by an unconventional protein secretion path-
way, including multiprotein complex that controls activation of
IL-1b processing protease caspase-1, should also be taken into
consideration [36].

As for the inflammatory cytokine TNF-a, the significant
downregulation in its transcription provides further evidence
to the immunomodulatory function of PDLSCs on dendritic
cells, TNF-a was found to upregulate costimulatory molecules
and accelerate apoptosis of beta cells [35] and hence its down-
regulation is vital in halting initiation of TIDM. Results of some
studies support a diabetogenic role for TNF-a in the initiation of
T1D and strengthen the targeting of TNF-a as a new therapeutic
strategy [37].

This study hence confirms that PDLSC modulate mDCs-me-
diated antigen presentation through the induction of tolDCs
which in turn can modulate antigen-specific T cell response and
induce T cell anergy.

Recommendations

Safety of this method needs to first be established, then op-
timizing treatment and customizing it to match disease stage.
Further recommendations include considering PDLSCs prim-
ing prior to administration as Human mesenchymal stromal
cell priming, MSC licensing or cell activation has recently been
proposed to overcome low expression of immunosuppressive
factors by MSCs. This method involves exposing MSCs to pro-
inflammatory cytokines such as IFN, TNF-, IL1-b, and IL-1a.

Increasing sample size to increase viability of results and in-
clude patients that have been diagnosed with TIDM within no
more than 6 months as this has been shown to be the most
receptive and reversible period for immune therapy.

Conclusion

Collectively, the results of this study support the role of
PDLSCs as immunomodulatory agents that alter the morphol-
ogy, phenotype and function of dendritic cells of type 1 diabetic
patients.

This study paves the road to utilizing PDLSC-based stem cell
therapy in TLDM context, further in vitro studies to analyse ef-
fect on T cell response and gene transcription profile of a wider
range of immunomodulatory and immunostimulatory genes is
indeed needed, since it’s the interaction between various cy-
tokines that dictates the nature of the milieu.
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