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Dental follicle mesenchymal stem cells regulate responses in sepsis
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ABSTRACT
Objective: Sepsis-induced immune alterations are associated with secondary infections and increased risk of death. The use of
mesenchymal stem cells (MSCs) has been described as a novel therapeutic strategy. We evaluated the immunomodulatory effects of
human dental follicle (DF-MSCs) on lymphocytes of sepsis and septic shock patients.
Materials and Methods: Peripheral blood mononuclear cells (PBMCs) were isolated from venous blood samples of sepsis, septic shock
and healthy subjects. PBMCs were co-cultured in the presence and absence of DF-MSCs with or without interferon-gamma (IFN-γ)
for 72 hours. CD4+CD25+FoxP3+regulatory T (Treg) cell frequency, lymphocyte proliferation, cytokine levels and apoptosis were
evaluated via flow cytometry.
Results: DF-MSCs significantly suppressed proliferation of lymphocytes in sepsis group compared to septic shock group (p<0.005).
DF-MSCs remarkably increased Treg ratio in sepsis compared to control group (p<0.05). Reduction of lymphocyte apoptosis in cocultures of DF-MSCs and PBMC was significant in both sepsis and septic shock groups. IFN-γ stimulation of DF-MSCs ameliorated
shift in the T-cell subsets from Th2 to Th1 phenotype in septic shock.
Conclusion: Our findings revealed that DF-MSCs have immunoregulatory effects both in sepsis and septic shock, by reducing
interleukin-4 (IL-4) and increasing IFN-γ levels. This immunoreactivity regulation may open new therapeutic approaches for septic
shock patients.
Keywords: Sepsis, Septic shock, Dental follicle mesenchymal stem cells, Immunomodulation

INTRODUCTION
a critical role in sepsis, and this immune response occurs by the
cytokine production that leads to end-organ damage. Potential
mechanisms of immunosuppression in sepsis are the deviation
of response from inflammatory to anti-inflammatory phase,
anergy and loss of T-helper cells (Th1) and immunity [7].

Several international societies convened an international task
force to review the definitions of sepsis, septic shock, and related
conditions recently and sepsis was defined as a life-threatening
organ dysfunction caused by a dysregulated host response to
infection by the task force [1]. It is one of the main causes of
morbidity and mortality in critically ill patients despite advances
in our understanding of the pathogenesis [2]. Mortality has
declined modestly with improved ventilation strategies and fluid
management protocols but remains high according to data from
the Surviving Sepsis Campaign [3,4].

Mesenchymal stem cells (MSCs) are multipotent adult progenitor
cells that have the capacity to self-renew and differentiate into
various cell lineages and they can be easily isolated from various
tissues, including bone marrow, umbilical cord, and adipose
tissues [8,9]. They have immunomodulatory and regenerative
effects that make them attractive therapeutic candidates for a
potential treatment option for diseases and immune disorders
[10,11]. It is considered that MSCs can give rise to multilineage
progenitor cells and play an active role in immunoregulatory
processes by responding to the inflammatory challenge with
the production of anti-inflammatory factors [12]. In recent

Increasing evidence suggests that both innate immune and
inflammatory responses are involved in the pathophysiology of
sepsis [5]. Pro-inflammatory and anti-inflammatory processes
begin promptly after sepsis initiation and in a short time
hyperinflammatory phase occurs, and that follows with the
anti-inflammatory phase of sepsis [6]. Immunosuppression has
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years, many studies have proven that immunomodulation with
stem cells is an important mechanism underlying the benefits
of strengthening repair of damaged tissue and can therefore
provide a therapeutic option for sepsis [13,14]. Dental follicle
mesenchymal stem cells (DF-MSCs) have more advantages than
other stem cells due to their doubling time, immunomodulation
effects and tissue repair capabilities. The rapid proliferative
capacity together with the immunoregulatory characteristics
of dental tissue-derived MSCs may prompt future studies
aimed at using these cells in the treatment or prevention of
inflammatory diseases [15]. Our previous studies showed that
DF-MSCs regulated Th1 and Th2 responses by increasing
T regulatory (Treg) cell population and kept the effectory T
lymphocytes in silent stage and blocked the antigen presentation
by downregulating the costimulatory molecules [16,17].
In the present study, the immunomodulatory properties of DFMSCs were investigated by evaluating lymphocyte proliferation,
apoptosis, induction of regulatory Treg cells and cytokine profile
in sepsis and septic shock in vitro. The mechanisms have been
studied by determining the changes in inflammation-associated
cytokine profiles and assessing the immunomodulatory effect of
interferon-gamma (IFN-γ) on DF-MSCs in sepsis.

Briefly, dental follicles were seperately cut into 0.5-1 mm pieces
and enzimatically digested with 3mg/mL collagenase type I in
phosphate buffer solution (PBS – Sigma-Aldrich,USA) at 37°C.
After incubation period, tissue samples were filtered through 70
micron naylon filter and obtained cell suspension was washed
twice with Dulbecco’s modified eagle medium (DMEM) (Gibco,
Thermofisher Scientific, USA) supplemented with 10% fetal
bovine serum (FBS) (Sigma-Aldrich, USA) and centrifuged at
1200 rpm for 5 minutes. Cells were then suspended in DMEM
supplemented with 10% FBS and 1% penicillin/streptomycin
(hereafter refered as cDMEM). Each 5x105 cells were cultured
in T25 flask at 37°C and 5CO2% humidified incubator until
reaching 80-90% confluency and subjected to the next passage.
Cells were used at the third passage.
Characterization: For cell surface antigen phenotyping, third
passage cells were stained with fluorescein and phycoerythrincoupled antibodies and analyzed with FACSCalibur (BD). Cells
were analyzed for positive markers; CD29 (APC), CD73 (PE),
CD90 (FITC), CD106 (PerCp) for MSCs and negative markers;
CD14 (APC), CD34 (FITC), CD45 (FITC) and HLA-DR (PE)
were used. All antibodies were provided from BD Biosciences,
USA.
Differentiation potential of DFSCs: To evaluate the
multipotency of DF-MSCs, we stimulated the third passage cells
for osteogenic, chondrogenic and adipogenic differentiation.
For osteogenic differentiation, third passage cells were treated
with osteogenic medium for three weeks with medium
changes twice weekly. The osteogenic medium contains basal
medium supplemented with 0.1 µM dexamethasone (SigmaAldrich, USA), 10 mM – glycerol phosphate (Sigma-Aldrich,
USA), and 0.2 mM ascorbic acid (Sigma-Aldrich, USA). The
chondrogenic differentiation medium was supplemented with
0.1 µM dexamethasone, 100 µg/ml sodium pyruvate (SigmaAldrich, USA), 40 µg/mL proline (Sigma-Aldrich, USA), 6.25
µg/mL insulin, 6.25 µg/mL transferrin, 6.25 ng/mL selenious
acid, 1.25 mg/mL bovine serum albumin (BSA – Abcam, UK),
and 5.35 mg/mL linoleic acid) in the basal medium (Mesencult
tm). To induce adipogenic differentiation, third passage cells
were treated with the adipogenic medium for three weeks. The
medium was changed twice weekly. The adipogenic medium
contains basal medium (Mesenculttm, Stemcell Technologies,
CA) supplemented with 0.5 mM 3-isobutyl-1-methylxanthine
(Sigma-Aldrich, USA), 1 mM hydrocortisone (Sigma-Aldrich,
USA), 0.1 mM indomethacin (Sigma-Aldrich, USA), and 10%
FBS (Sigma-Aldrich, USA).

MATERIALS and METHODS
Selection of patients and study groups
Patients between the ages of 18 and 65 years with the diagnosis
of sepsis or septic shock were included in the study. According
to the 2001 International Sepsis Definitions Conference Report,
patients divided into two groups as sepsis (Group I: mean
age 29.8±7.2, n=10) and septic shock (Group II: mean age
49.3±14.6, n = 10). Written informed consent was obtained from
all patients. Peripheral blood mononuclear cells (PBMCs) were
isolated from venous blood samples of Group I, Group II and
healthy subjects named as Group III (mean age 32.1±6.4, n =
10).
Exclusion criteria were those who used anti-inflammatory drugs,
corticosteroids, antibiotics and who received chemotherapy,
radiotherapy or immunotherapy in the last six months. Patients
were included in the study according to the 2001 International
Sepsis Definitions Conference Report. Septic patients were
defined as a systemic response to infection with the presence of
some degree of organ dysfunction. Septic shock patients were
who had sepsis-induced hypotension despite adequate fluid
resuscitation along with the presence of perfusion abnormalities
that may include but are not limited to lactic acidosis or oliguria.

Stimulation of DF-MSCs with IFN-γ

Isolation, characterization and differentiation potential of
DF-MSCs

DF-MSCs in the third passage were inoculated in 48 well plates
5x104 cells in 0,5 ml of DMEM supplemented with 10% FBS
and 1% penicillin/streptomycin (Gibco, Thermo Ffisher, USA)
(hereby refered as complete DMEM) in each well. DF-MSCs
were incubated for 24 hours to be confluent to the plate. After
the incubation period, the medium was removed from wells and
changed with stimulation media (IFN-γ 0,5 µg/ml, complete
DMEM) and incubated for additional 24 hours.

Isolation: Dental follicle tissues were obtained from 4 volunteer
adult donors aged between 20 and 25 years undergoing thirdmolar extraction without abscess. Tissue samples were taken from
individuals who were not diagnosed with a genetic disease or did
not receive chemotherapy, radiotherapy or immunotherapy. DFMSCs were isolated and cultured as described previously [18].

8

http://doi.org/10.5472/marumj.681996

Marmara Med J 2020;33(1): 7-16

Marmara Medical Journal

Gul et al.
Dental follicle stem cells and sepsis

Original Article

Collection of venous blood samples and isolation of PBMCs

for CD4+ and FoxP3+ cells. All samples were analyzed by BD
FACSCalibur flow cytometer. All antibodies were provided from
BD Biosciences, USA.
Analysis of Cytokine Levels: After 3 days of the culture period,
the supernatants were collected and quantified for the cytokines
IL-4, IL-6, IL-10, TNF-a and IFN-γ (pg/mL). The cytokines
were analyzed via flow cytometry using a BD cytometric bead
array (CBA) human Th1/Th2/Th17 Kit (BD Biosciences, USA)
according to the manufacturer’s instructions.

Blood samples of patients were obtained from Marmara
University Training and Research Hospital, Department of
Anesthesiology and Reanimation under approved guidelines
of Marmara University School of Medicine Ethical Board
(70737436-050.06.04). Heparinized blood was collected
with central venous catheter. The blood was transported and
processed in the research laboratory within 30 minutes. PBMCs
were isolated by ficoll-paque density gradient solution and
resuspended in cell culture media (RPMI) 1640 supplemented
with 10% FBS, 1% penicillin/streptomycin.

Statistical Analysis
For statistical analysis, SPSS 21 software was used (SPSS, SPSS
Inc., Chicago). Analysis of variance (ANOVA) for repeated
measures, Student’s t-test, and Fisher’s exact test were used,
as appropriate. Sub – group analyses were performed using
ANOVA with Fisher’s post hoc test. All data were checked
for normal distribution (Kolmogorov – Smirnov test). Nonnormally distributed data were log transformed. Results refer
to the intention-to-treat population and are reported as mean ±
standard deviation (S.D.), if not indicated otherwise. p value less
than 0.05 was considered significant.

DF-MSCs and PBMCs co-cultures
Culture conditions: PBMCs were cultured in the presence and
absence of DF-MSCs (IFN-γ+ or IFN-γ-) with the ratio of 1:10
(MSCs: PBMC) in 0.5 ml of RPMI 1640 supplemented with
10% FBS and 1% penicillin/streptomycin in each well of 48
well plates and lymphocytes were stimulated with anti-CD3
and anti-CD28 (eBioscience, Thermo Fisher Scientific, USA)
purified antibodies. PBMCs in the presence and absence of DFMSCs (IFN-γ+ or IFN-γ-) were cultured for 72 hours to evaluate
lymphocyte proliferation, apoptosis, and regulatory T cell ratio
in cultured PBMCs.
Lymphocyte Proliferation Assay: T cell proliferation ratio was
measured by the cell surface staining with carboxyfluorescein
diacetate succinimidyl ester (CFSE)(e-Bioscience, Thermo
Fisher, USA). Lymphocytes (5 × 105/well) cultured in 48 well
plates were stained with 1.8 μM CFSE and incubated for 6
minutes. After incubation period cells were washed with 10%
FBS in phosphate-buffered saline (PBS). After 72 hours of the
culture period, cells were analyzed by BD FACSCalibur flow
cytometer (BD FACSCalibur Biosciences, USA). In order to
analyze T lymphocyte proliferation the CD3+ gated cells were
subjected to CFSE signaling.
Lymphocyte Apoptosis Assay: T cell apoptosis ratio was
analyzed in PBMC cultures with and without DF-MSCs (IFN-γ+
or IFN-γ-) after 72 hours of culturing period. T-cell apoptosis
assays were performed in 48-well round-bottom plates in a
total volume of 0.5 mL RPMI 1640 medium with 10% FBS
and 1% penicillin/streptomycin. After 72 hours of the culture
period, cells were washed twice with PBS and stained with
anti-CD3 (PE), Annexin V (Fluorescein isothiocyanate; FITC)
and Propidium Iodide (Peridinin-Chlorophyll-protein; PerCp)
(Ebioscience) and analyzed by BD FACSCalibur flow cytometer.
Analysis was performed by gating CD3+ cells for Annexin V
and propium iodite (PI). All antibodies were provided from BD
Biosciences, USA.
Analysis of Treg cells. After incubation period cells were washed
with PBS and remaining cell pellet were evaluated for Treg
cells. Treg cell ratios were analyzed by intracellular staining
of FoxP3 (PerCp) and surface staining with anti-CD4 (FITC)
and anti-CD25 (Phycoerythrin; PE). All staining protocols
were performed according to the manufacturer’s instructions.
Treg cells were identified as CD4+ and CD25+ that labeled
with FoxP3. In the analysis, CD25 gated cells were analyzed

RESULTS
Patients with sepsis (n=10), septic shock (n=10) and healthy
individuals as control (n=10) were included in this study.
Inclusion and exclusion criteria for study subjects was shown in
Figure 1. Peripheral blood samples were collected, and PBMCs
were isolated and cultured with and without DF-MSCs (IFN-γ+ or
IFN-γ-) with the stimulation of anti-CD3/anti-CD28 of PBMCs
for 72 hours to evaluate immunomodulatory effect of DFMSCs on lymphocytes and inflammation parameters. DF-MSCs
were either stimulated with IFN-γ or non-stimulated for the
observation of the immunomodulatory effect of inflammatory
cytokine IFN-γ on DF-MSCs. At the end of the culture period
lymphocyte proliferation, apoptosis and regulatory T cell ratios
and cytokine levels were analyzed by flow cytometry.

Isolation, Characterization, Multipotency of DF-MSCs
DF-MSCs exhibited a fibroblast-like and spindle-shaped
morphology in the first few days of incubation. DF-MSCs
proliferated in 3 days and formed fibroblast-like colonies (Figure
2A) in the primary culture in their first passage. Third passage
cells were analyzed by flow cytometry and with surface markers
for positive staining for CD29, CD73, CD90, CD106 and were
negative for CD14, CD34, CD45, and HLA-DR (Figure 2B).
The DFSCs differentiated well into osteocytes, chondrocytes,
and adipocytes. The osteogenic differentiation of DF-MSCs
was evaluated with Alizarin red staining for calcium phosphate
deposits. DF-MSCs showed the morphology of osteoblasts and
osteocytes and calcium phosphate deposits were stained in the
intracellular matrix. The in vitro adipogenic differentiation
capability was assessed by culturing the cells in an adipogenic
stimulated medium, and at the end of the culture period stained
with Oil Red O. Intracellular lipid droplets were observed in these
cells. The chondrogenic differentiation capability was observed

9

http://doi.org/10.5472/marumj.681996

Marmara Med J 2020;33(1): 7-16

Marmara Medical Journal

Gul et al.
Dental follicle stem cells and sepsis

Original Article

in vitro during a twenty-one-day culture period in chondrogenic
medium, and cell differentiation into chondrocytes was observed
with Alcian blue staining. Proteoglycans were observed in the
culture (Figure 2C).

proliferation. Based on the hypothesis that the initiation of
activity of MSCs during inflammatory responses such as
antigen presentation and T-cell proliferation, we treated DFMSCs with regulatory protein IFN-γ to increase its ability in the
initiation of DF-MSCs’ suppressive activity. The proliferation
ratio of PBMC cultures without DF-MSCs varied between the
groups. Lymphocyte proliferation ratio was significantly high
in anti-CD3/CD28 stimulated cultures without DF-MSCs in
sepsis group when compared with septic shock and control
groups (p<0.05). DF-MSCs, both IFN-γ prestimulated and unstimulated significantly suppressed lymphocyte proliferation
in sepsis (p<0.001 and p<0.005), septic shock (p<0.005 and
p<0.05), and control groups (p<0.01 and p<0.01) compared to
PBMC cultures alone (Figure 3).

Figure 1. Flow diagram of the 20 patients with sepsis and septic shock
who were identified among the 32 patients enrolled. (Healthy control
subjects, n=10)

Figure 3. Lymphocyte proliferation. CFSE labeled cells were analyzed
via flow cytometry and counted for proliferative responses to stimulants.
Lymphocyte proliferation ratio with anti-CD3/anti-CD28 (CDmix)
stimulation in PBMC of sepsis patients was significantly high compared
to septic shock and healthy subjects (p<0.05). DF-MSCs significantly
decreased proliferative response in all groups but the reduction in sepsis
patients was noteworthy (p<0.005), and IFN-γ prestimulated DF-MSCs
further decreased proliferation rates of lymphocytes in sepsis patients
(p<0.001).

Figure 2. Isolation, characterization and differentiation of DF-MSCs.
A) DF-MSCs formed fibroblast-like colonies at passage 0 (P0), P1, P2
and P3 on the fourth day of inoculation. B) DF-MSCs were analyzed in
the third passage via flow cytometry and expressed positive markers of
CD29, CD73, CD105 and CD146, and lack the expression of negative
markers of CD14, CD34, CD45 and HLA-DR. C) DF-MSCs were
differentiated into osteoblasts, chondrocytes and adipocytes after
stimulation. Cells were stained with alizarin red, oil red O and alcian
blue at the end of the culture period for osteogenic, adipogenic and
chondrogenic differentiation of DF-MSCs respectively. Red arrows
show calcium deposits in osteogenic differentiation.

DF-MSCs increased the lymphocyte survival in sepsis and
septic shock patients
PBMCs were analyzed after 72 hours of the culture period for
T lymphocyte apoptosis. Lymphocytes were incubated with
and without DF-MSCs (IFN-γ+ or IFN-γ-), and apoptosis was
analyzed via BD FACSCalibur flow cytometry by labeling with
anti-CD3, Annexin V and PI. The viability of lymphocyte was
significantly decreased in sepsis (p<0.005) and septic shock
groups (p<0.001) in the absence of DF-MSCs compared to
control group. DF-MSCs with and without IFN-γ stimulation
significantly increased the viability of lymphocyte by decreasing

DF-MSCs suppressed lymphocyte proliferation in sepsis
and septic shock patients
PBMCs were isolated from peripheral blood and cultured
for 72 hours. They were labeled with CFSE and incubated
with and without DF-MSCs (IFN-γ+ or IFN-γ-), analyzed
by BD FACSCalibur flow cytometry via CFSE labeling for
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apoptosis compared to PBMC cultures without DF-MSCs
in sepsis and septic shock groups (p<0.01, and p<0.001,
respectively). IFN-γ prestimulation of DF-MSCs further
decreased the lymphocyte apoptosis in all groups, but it was
significant in sepsis group compared to un-stimulated DFMSCs in the co-cultures (p<0.01). Apoptotic profiles differ
within groups. In CDmix stimulated PBMC cultures sepsis
(51.7±4.1) and septic shock patients’ (59.3±5.6) lymphocytes
were mostly undergone necrosis, while 4.9±2.3 of lymphocytes
showed necrosis in healthy subjects. DF-MSCs with or without
IFN-γ decreased necrosis both in sepsis (CDmix+MSC; 3.9±
0.7, CDmix+IFN-MSC; 4.1± 0.9) and septic shock (12.4± 3.1)
patients’ lymphocytes. Early apoptosis was increased in CDmix
cultures of healthy individuals (11.5±1.8) without DF-MSCs,
despite this, cell survival ratio of lymphocytes was high in control
group (75.3±4.9) compared to sepsis and septic shock patients.
IFN-γ stimulation of DF-MSCs decreased either early and late
apoptosis in healthy individuals or necrosis in septic and septic
shock patients. Moreover, lymphocyte survival significantly
increased in sepsis, septic shock and tend to increase in healthy
subjects in the presence of DF-MSCs (Figure 4).

sepsis group when compared with un-stimulated DF-MSCs (p<0.01)
and PBMC cultures alone (p<0.001). **; p<0.01, ****; p<0.001.

DF-MSCs enhanced the number of CD4+CD25+FoxP3+ Treg
cells
We studied the effects of DF-MSCs on the Treg cell frequency.
Seventy-two hours after culture, PBMC were collected and
analyzed for CD4 and CD25 with cell surface markers, and
intracellular staining with the FoxP3 antibody. CD4+FoxP3+ Treg
cell population differed between the groups. Treg cell ratio was
lower in the sepsis group compared to septic shock and control
groups in anti-CD2/anti-CD3/anti-CD28 stimulated PBMC
without DF-MSCs. Un-stimulated DF-MSCs significantly
increased Treg ratio in sepsis (p<0.001) and control group
(p<0.05) compared to PBMC cultures alone, whereas there was
no significant change observed in septic shock patients in cocultures (p>0.05). IFN-γ prestimulation of DF-MSCs further
increased Treg ratio in sepsis group compared to PBMC cultures
alone (p<0.001), but there was no significant difference between
co-cultures of un-stimulated DF-MSCs. In septic shock group,
Treg ratio was significantly higher in PBMC cultures without
stem cells compared to sepsis and control groups (p<0.05). DFMSCs tend to increase the Treg ratio in septic shock group, but
it was not significant (Figure 5).

Figure 5. CD4+FoxP3+ T regulatory cell ratio. Un-stimulated DFMSCs significantly increased Treg ratio in sepsis (p<0.001) and control
group (0.05) compared to PBMC cultures alone, whereas there was
no significant change observed in septic shock patients in cocultures
(p>0.05). IFN-γ prestimulation of DF-MSCs further increased Treg
ratio in sepsis group compared to PBMC cultures alone (p<0.001). Treg
ratio was significantly higher in PBMC cultures without stem cells in
septic shock group, compared to sepsis and control groups (p<0.05).
DF-MSCs tend to increase the Treg ratio in septic shock group, and it
was not significant.

Figure 4. Lymphocyte apoptosis. Apoptotic rates of lymphocytes
in PBMC cultures were quantified via flow cytometry. Cell survival
ratio of lymphocytes was significantly low in sepsis (p<0.001) and
septic shock patinets (p<0.001) compared to healthy subjects. Unstimulated DF-MSCs increased cell survival and decreased apoptotic
rates of lymphocytes in sepsis (p<0.01) and septic shock patients
(p<0.001) significantly compared to PBMC cultures alone, and IFN-γ
prestimulated DF-MSCs notably increased lymphocyte survival in
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DF-MSCs regulated the proinflammatory cytokine levels in

Table I. Change in the IFN-γ levels in culture groups with DFMSCs(±IFN-γ)

sepsis and septic shock patients
We analyzed the proinflammatory and anti-inflammatory
cytokine levels in culture supernatants to evaluate the
immunoregulatory effects of DF-MSCs in sepsis and septic
shock patients. The supernatants were collected after 72 hours
of culture of PBMC in the presence and absence of DF-MSCs
(IFN-γ+ or IFN-γ-). Further, we analyzed IL-4, IL-6, IL-10,
IFN-γ, and TNF-a cytokine levels after culture period.

Group

Culture Condition

Control

Sepsis

The proinflammatory cytokine levels (IL-6 and TNF-a) were
significantly higher in sepsis group PBMC when cultured without
stem cells compared to septic shock and control groups (IL-6;
<0.01, psepsis-control<0.001 and TNF-a; sepsis-septic shock<0.01,
sepsis-septic shock
psepsis-control<0.001). DF-MSCs significantly decreased IL-6 and
TNF-a levels in sepsis and septic shock groups compared to
PBMC cultures without stem cells (sepsis; p<0.001, p<0.001
and septic shock; p<0.01, p<0.01, respectively). However, IFN-γ
prestimulated DF-MSCs significantly decreased IL-6 levels
compared to unstimulated DF-MSCs in septic shock group
(p<0.01) while there was no difference in sepsis group. IFN-γ
level was significantly lower in PBMC cultures of septic shock
group compared to sepsis patients (p<0.05). Unstimulated and
IFN-γ prestimulated DF-MSCs significantly increased IFN-γ
levels in the co-cultures of septic shock patients (p<0.01),
whereas, it was significantly decreased in sepsis group and
control group compared to PBMC cultures without DF-MSCs
(p<0.001).

Septic
Shock

IFN-γ Level
(pg/mL)

Change in the
cytokine level
in percentage
(%)

CDmix
CDmix+MSC

Change
in the
cytokine
Average value
level
647.52
302.05

CDmix+IFN-γMSC

198.27

69

CDmix
CDmix+MSC

524.12
156.40

70

CDmix+IFN-γMSC

179.23

65

CDmix

47.84

CDmix+MSC

163.35

241

CDmix+IFN-γMSC

217.10

353

53

IFN-γ; Interferron gamma, MSC; Mesenchymal Stem Cell, IFN-γMSC;
Interferron gamma stimulated mesenchymal stem cell
Table II. Change in the IL-4 levels in the culture groups with DF-MSCs
(±IFN-γ)
Group

Culture Condition

Control

CDmix
CDmix+MSC

Sepsis

IL-4 level was higher in sepsis group when compared with control
group, but it was not significant. DF-MSCs tend to decrease
IL-4 levels in the co-cultures in sepsis group. Additionally, the
IL-4 level was significantly higher in PBMC cultures of septic
shock group compared to sepsis and control groups (pseptic shock<0.001, pseptic shock-sepsis<0.005). DF-MSCs decreased IL-4 levels
control
in septic shock group significantly when compared with PBMC
cultures without stem cells (p<0.005). IFN-γ prestimulation of
DF-MSCs further decreased IL-4 levels compared to CDmix
cultures of PBMC in septic shock group (p<0.001). We further
analyzed Th1(IFN-γ)/ Th2 (IL-4) ratio to understand the effect of
MSCs in immune deviation of sepsis and septic shock patients.
Our results revealed that Th2 immunity was dominant in septic
shock patients while DF-MSCs deviated it to Th1 immunity
which was important for survival (Table I and Table II).

IL-4 level (pg/ Change
mL)
in the
cytokine
Average value
level
1.86
1.07

42

CDmix+IFN-γMSC 0.92

50

CDmix
CDmix+MSC

0,02

3.27
3.19

CDmix+IFN-γMSC 0.89
Septic
Shock

Change in the
cytokine level
in percentage
(%)

72

CDmix

21.06

CDmix+MSC

4.18

80

CDmix+IFN-γMSC 2.86

86

IL; Interleukin, MSC; Mesenchymal Stem Cell, IFN-γMSC; Interferron gamma
stimulated mesenchymal stem cell

IL-10 level was significantly higher in PBMC cultures of septic
shock group compared to sepsis and control groups (pseptic shock<0.05, pseptic shock-sepsis<0.01). DF-MSCs significantly increased
control
IL-10 levels in sepsis group compared to PBMC cultures without
stem cells (p<0.001) and further increased by pretreatment of
DF-MSCs with IFN-γ. There was no significant difference
between PBMC cultures and DF-MSCs cocultures in septic
shock group in IL-10 levels (Figure 6).
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Figure 6. Proinflammatory and anti-inflammatory cytokine levels. Cytokine levels in culture supernatants were analyzed after 72 hours via flow
cytometry and values were given in pg/mL. Statistical values of; IL-6, TNF-α, IFN-γ, IL-4, IL-10, IL-2 levels were shown. *: p<0.05, **: p<0.01, ***:
p<0.005 and ****: p<0.001

DISCUSSION

MSCs have been recently reported to have an anti-inflammatory
potential in experimental models of sepsis [26]. Recently,
the immunosuppressive effect of dental mesenchymal stem
cells was studied and reported that DF-MSCs have a strong
immunomodulatory impact on lymphocytes [18]. However,
it is still unclear whether DF-MSCs regulate sepsis-induced
inflammatory responses of lymphocytes.
In this study, we demonstrated that DF-MSCs can reduce the
proliferative response of T lymphocytes in PBMC of sepsis
patients, by increasing CD4+CD25+FoxP3+ Treg cell frequency
and increasing IL-10 levels in vitro. Although, it was not
noticeable in sepsis patients, the proliferation of T lymphocytes
was lowered with DF-MSCs in septic shock patients. The
regulatory effect of DFSCs on proliferation of lymphocytes of
sepsis and septic shock patients was further augmented with
the stimulation of IFN-γ. But, elevated Treg cell ratio and IL10 levels did not change notably in septic shock patients’ PBMC
in the presence of DF-MSCs. We evaluated the difference in
the decrease of lymphocyte proliferation in the presence of
unstimulated or IFN-γ stimulated DF-MSCs in sepsis and septic
shock patients together with T lymphocyte apoptosis, Treg cell
frequency and cytokine level.
In this study, we investigated the apoptosis and viability ratio of
lymphocytes in sepsis and septic shock patients and evaluated
the effect of DF-MSCs on cell viability. Lymphocyte apoptosis
was higher in sepsis and septic shock patients compared to

Sepsis is characterized by overwhelming systemic activation of
the immune response due to the release of various molecules
from invading microbial pathogens or damaged host tissue [19].
The pathophysiology of sepsis associates interplay between pro
– and anti-inflammatory responses. In the proinflammatory
response phase cytokines such as tumor necrosis factor (TNF)-a,
IL-1b, IL-6, and IFN-γ are produced which stimulate the effector
functions of mononuclear cells [20,21]. In the current study, we
evaluated the modulatory effects of DF-MSCs as an alternative
source of MSCs, on lymphocytes isolated from sepsis and septic
shock patients and compared those with healthy individuals. We
demonstrated that DF-MSCs can modulate TNF-a and IL-6 levels
in PBMC supernatants and regulate the proliferative response
of T cells in sepsis patients by enhancing Treg frequency, while
reducing Treg cell ratio and IL-10 levels and shifting Th2 cells in
favour of Th1 cells in septic shock patients.
Sepsis leads to changes in immunity and results in immune
paralysis. Anti-inflammatory stage of the host response to sepsis,
characterized by apoptosis of T-cell, paralysis of macrophage
and shift in the T-cell subsets from Th1 to the Th2 phenotype
is mediated by Treg cells [9]. Immunodepression also occurs by
decrease of IFN-γ levels and the increase of IL-10 and IL-4 levels
during this T cell phenotype shift [22-24].
DF-MSCs are multipotent cells with short doubling time thus
can reach the required number of cells in early passages [25].
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healthy individuals in PBMC cultures. DF-MSCs significantly
decreased apoptosis and increased viability of lymphocytes in
sepsis and septic shock patients, which demonstrated the antiapoptotic effect of DF-MSCs. These data indicated that the
decrease in proliferation of T lymphocytes was not caused by
apoptosis. In previous studies, it was shown that MSCs had
an anti-apoptotic effect on activated lymphocytes by contactdependent mechanisms [27,28], and modulated the function of
several immune cells which released inflammatory mediators
(IFNγ, IL1β and TNFα) [23,29,30]. In this regard, our results
were comparable with the previous studies.
Anti-inflammatory responses with IL-10 expression by Treg cells
in sepsis is a critical parameter. One of the studies showed that
increase in the IL-10 level in the early phase of sepsis resulted
with the improvement of the disease, but harmful, depending
on the time of intervention [31]. In our study, we analyzed IL-10
levels in PBMC cultures of sepsis and septic shock patients and
observed that level of this cytokine was significantly increased
in septic shock compared to sepsis and control groups. Results
showed that DF-MSCs did not change IL-10 levels in septic
shock in comparison with PBMC cultures but significantly
upregulated IL-10 secretion in sepsis group compared to PBMC
cultures without stem cells. In other words, DF-MSCs modulated
aggregated inflammatory response in sepsis whereas no change
occurred in septic shock patients which is a critical point for the
immunosuppression.
IL-2 is the key mediator of T lymphocyte proliferation and
promotes the expansion of T lymphocytes [32]. In our study,
IL-2 levels were high in sepsis patients which indicated increased
proliferative responses and induced activated lymphocytes for
clonal expansion. DF-MSCs decreased IL-2 levels in co-cultures
of PBMC of sepsis patients remarkably. These data indicated
that DF-MSCs regulated the lymphocyte proliferation by
increasing the number of Treg cells and decreasing IL-2 levels.
IFN-γ prestimulation of DF-MSCs enhanced Treg cell ratio and
further decreased IL-2 levels in sepsis group, whereas there was
no significant change in Treg cell ratio and IL-2 level in septic
shock group and IL-2 level in healthy individuals. These data
suggested that DF-MSCs may have a limited effect on effector
functions of inactivated lymphocytes but have the major
inhibitory effect on activated lymphocytes.
Our data indicated that immune cell profiles played a critical
role in the host response to sepsis. Following the early phase, the
immune cell phenotype shifted towards immune-suppression
status. While, sepsis patients in early phase had Th1 (T helper
1) cell mediated immune responses with the secretion of proinflammatory cytokines (IFN-γ, TNF-a, IL-6, IL-12), septic
shock patients had predominantly Th2 cell mediated responses
with the secretion of anti-inflammatory cytokines (IL-4, IL10) which showed the suppressive phase [33-35]. IL-4 is a
cytokine with variable immunoregulatory functions, and has an
important action in the differentiation of naive T lymphocyte
towards Th2 type cells and anti-inflammatory mechanism
suddenly occurs in this period of sepsis which could lead
to aggressive immune destructions [36,37]. IL-4 causes an
enhanced release of further IL-4 and other anti-inflammatory

cytokines and results with immunosuppression [33]. A recent
study demonstrated the increase in the mortality ratio was
correlated with high expression of IL-4 [38]. In this study, we
investigated IL-4 levels in PBMCs of sepsis and septic shock
patients. The elevated level of IL-4 in septic shock patients was
significant compared to sepsis and healthy individuals, which
indicated that Th2 mediated anti-inflammatory response was
dominant in septic shock patients. DF-MSCs reduced IL-4 levels
in septic shock patients’ co-cultures while no remarkable change
was observed in sepsis and healthy subjects . This reduction
in the cytokine level in septic shock patients provides hope of
returning to anti-inflammatory phase of septic shock by DFMSCs. On the contrary, some of the studies demonstrated that
bone marrow or adipose tissue derived MSCs enhanced IL-4
production of T lymphocytes [39,40] in sepsis murine models.
The reason for this difference in the results may be the use of
different cell sources (bone marrow, adipose tissues, dental
tissues) and the lymphocyte profile of sepsis or septic shock.
In a study, lymphocyte anergy or unresponsiveness occurred
resulting in immune system declining, which caused the
immune system susceptibility to bacterial and viral infections
{41]. Clinical studies signed that the duration of sepsis-induced
immune alterations was associated with increased risk of death
[42]. Some biomarkers are important in disease progression for
sepsis. Recent studies demonstrated that increased IFN-γ level
resulted in improved patient outcomes with the restoration of
immune cell functions in sepsis and septic shock [33]. In our
study, we evaluated the effect of DF-MSCs on IFN-γ levels in
sepsis and septic shock. IFN-γ level was significantly lower in
septic shock patients compared to sepsis patients and healthy
volunteers in PBMC cultures without stem cells. DF-MSCs
increased IFN-γ levels in PBMC of septic shock patients,
whereas downregulated in sepsis and healthy individuals. Also,
IFN-γ prestimulation of DF-MSCs further increased IFN-γ
levels in septic shock patients. This may be an evidence of
selective immunoregulatory effect of DF-MSCs on distinctly
activated T lymphocytes.
The current study demonstrates that DF-MSCs can downregulate
the inflammatory responses in sepsis patients and can modulate
Th2 mediated responses in favor of Th1 cells in septic shock
patients. This data shows variable regulatory functions of DFMSCs in sepsis in response to cytokine profile and inflammatory
conditions, and further in vivo studies are required to confirm
the regulatory role of DF-MSCs in sepsis.

Limitations
A power analysis was not performed to determine sample
size because we did not have preliminary data of the
immunomodulatory properties of DF-MSCs in sepsis and septic
shock in vitro to perform a power analysis. Thus, this study must
be considered an exploratory pilot study rather than a formal
test of a hypothesis.
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Conclusion

[9]

In this study, we demonstrated that IFN-γ stimulation of DFMSCs had regulatory effects on inflammatory responses in
sepsis, and reduced lymphocyte apoptosis in septic shock. DFMSCs may be further investigated to use as a novel treatment
strategy by the mean of restoring immune system homeostasis
for sepsis and septic shock in vivo studies, and also the way of
administration and dose responses can be determined.
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