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Modulation of nuclear factor-kB-mediated pro-inflammatory
response is associated with exogenous administration of
bone marrow-derived mesenchymal stem cells
for treatment of experimental colitis
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Abstract. Mesenchymal stem cells (MSCs) inhibit the
immune response in vitro and prevent the induction of disease
in certain experimental models. As a result, MSC-mediated
therapy is a rapidly growing field of research. However,
the efficacy of MSCs in the treatment of inflammatory
bowel disease (IBD) has remained to be determined. In the
present study, rats with 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced colitis were injected with prepared MSCs
(1x10°) into the tail vein. Two weeks following intravenous
MSC administration, the concentration of tumor necrosis
factor-a (TNF-a) in the serum was measured by an ELISA.
The protein expression of nuclear factor-kB (NF-kBp65) in
the colonic mucosa was assessed by western blot analysis.
mRNA expression of TNF-a and NF-kBp65 was determined
by reverse-transcription quantitative polymerase chain reac-
tion. MSCs were shown to exert an immunomodulatory effect
on TNBS-induced colitis and may be of use in the treatment
of IBD. In addition, modulation of the NF-xB-mediated
pro-inflammatory response may contribute to the underlying
mechanism by which MSCs ameliorate the clinical and
histological changes associated with IBD.
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Introduction

Crohn's disease (CD) and ulcerative colitis (UC) are the two
most common forms of inflammatory bowel disease (IBD).
They are chronic inflammatory disorders, which may be
progressive or relapsing, and are characterized by a range
of symptoms, including abdominal pain, severe diarrhoea,
rectal bleeding and wasting. The pathological findings in IBD
are correlated with a number of factors, including genetic
predisposition, environmental factors, gut dysbiosis and an
inadequate immune response (1-3). Retrospective studies have
shown that the balance between pro- and anti-inflammatory
cytokines is critical in maintaining normal gut homeostasis
in the colonic mucosa. A disturbance of the cytokine profile,
in particular, pro-inflammatory cytokine overexpression, has
been reported in IBD (4,5). The present treatment for IBD
comprises a number of approaches, including the rapid induc-
tion of clinical remission, steroid-free maintenance of clinical
remission, mucosal healing and improvements in quality of
life. Other anti-tumor necrosis factor (TNF) agents and novel
biological therapies have been developed and introduced into
clinical trials for IBD (6,7). Despite recent advances in the
clinical management of IBD, the long-term efficacy of these
agents remains to be determined.

Mesenchymal stem cells (MSCs) are easily isolated from
a number of tissue sources, including bone marrow (BM),
fat, the umbilical cord and other tissues with the ability to
differentiate into multiple cell lineages, including adipocytes,
chondrocytes and osteocytes. They are a promising tool for
use in cell therapies (8). MSCs are able to directly differentiate
into multiple cell lineages and also indirectly exhibit a range of
immunomodulatory functions through the secretion of proteins
and cytokines. As BM-derived MSCs (BM-MSCs) are easily
isolated from adult sources, may be cultured in vitro, display
low expression of HLA and costimulatory molecules, and are
relatively free from ethical controversy, they have been used
in a number of preclinical and clinical studies (9,10). An early
study into MSC immunobiology showed that MSCs acquire
immunosuppressive or immunostimulating properties within a
typical inflammatory environment (11). More recently, MSCs
were shown to exhibit immunomodulatory functions in innate
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and adaptive immune responses. Other findings have demon-
strated that MSC transplantation therapies may be applied to
graft versus host disease and CD (12,13).

Increasing evidence indicated that a number of the common
immunological responses present in IBD are mediated by
cytokines. MSCs are also known to regulate the immune
function by modulating the secretion of pro-inflammatory
cytokines and chemokines in inflamed tissues. However, the
effect of exogenously administered MSCs on IBD remains to
be elucidated. In the present study, the effect of exogenously
administered BM-MSCs in a 2,4,6-trinitrobenzenesulfonic
acid (TNBS)-induced rat model of colitis was investigated in
addition to the possible interactions between MSCs and the
pro-inflammatory response in mediating this process.

Materials and methods

Animals. Female Sprague Dawley rats (age, 6-8 weeks), which
were specific pathogen-free and weighed 200-250 g, were
purchased from the Experiment Animal Center of Centers for
Disease Control (Hubei, China). Rats were randomly assigned
to each group (n=6 per group). Then were given ad libitum
access to water and a standard diet; rats were kept in a
temperature controlled enviroment (20-22°C), with a humidity
of ~52% and a 12-h light/dark cycle. The present study was
approved by the ethics committee of Tongji Medical College,
Huazhong University of Science and Technology (Wuhan,
China) and the experimental protocol was approved by the
Experimental Animal Center of Tongji Medical College,
Huazhong University of Science and Technology.

Isolation, culture and characterization of BM-MSCs. The
isolation and culture of BM-MSCs was conducted as previ-
ously described (14). Four-week-old rats were sacrificed by
cervical dislocation. Rats were immersed in 75% ethanol
for 5 min, following which the bone marrow was isolated
bilaterally from femurs and tibias. BM mononuclear cells
were isolated by density gradient centrifugation for 5 min
at 350 x g. Cells were plated in a plastic tissue culture
flask (Corning Inc., Corning, NY, USA) and cultured in
a low-glucose complete cell culture medium consisting
of a minimum essential medium (a-MEM; GIBCO, Life
Technologies, Grand Island, NY, USA) with 10% fetal
bovine serum (FBS; GE Healthcare, Life Sciences, Logan,
UT, USA). Nonadherent cells were removed by replacing the
medium at 48 h and every 3-4 days thereafter. All cultures
were maintained at 37°C in a 5% CO, atmosphere. Over the
course of 1-2 weeks, adherent cells were collected using
0.25% trypsin solution (GIBCO). Cells were passaged once
they reached ~80% confluency. Third-passage cells were
used in subsequent experiments. To evaluate the surface
marker phenotype of the cultured MSCs, cells were trypsin-
ized and incubated with the following fluorescent anti-rat
monoclonal antibodies for 30 min at room temperature:
Anti-CD29-phycoerythrin (PE)-Cy7; anti-CD90-Alexa-
Fluor®488; anti-CD45-PE; and anti-CD11b-AlexaFluor®647
(BioLegend Inc., San Diego, CA, USA). Cells were washed
twice with phosphate-buffered saline (PBS; Biosciences
Co., Ltd., Wuhan, China), and then resuspended in PBS.
Detection of PE-Cy7/AlexaFluor488/PE and AlexaFluor647
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labeling was conducted using flow cytometry (FACSCalibur;
Becton-Dickinson, Franklin Lakes, NJ, USA).

Transduction of BM-MSCs with green fluorescent protein
(GFP). Third-passage BM-MSCs at ~40% confluence were
seeded in fibronectin-coated six-well plates (Corning Inc.).
At 24 h following plating, the medium containing 10% FBS
was removed. Transduction was conducted at a multiplicity of
infection (MOI) of 15 units, according to the manufacturer's
instructions. Cells were added to the recombinant replica-
tion-defective lentivirus carrying GFP (LV-GFP; Genechem
Co., Ltd., Shanghai, China) supernatant, containing 5 pg/ml
polybrene (Genechem Co., Ltd.), to obtain a final volume of
3 ml. Following incubation with LV-GFP for 2 h, the trans-
duction medium was replaced with a fresh culture medium
containing 10% FBS. An additional transduction was
conducted at 48 h. The expression of the GFP transgene in
the BM-MSCs was observed using fluorescence microscopy
(GpJ9-TS100-F; Nikon, Co., Tokyo, Japan). BM-MSCs were
then trypsinized for five minutes and used in the subsequent
experiments.

Induction of experimental colitis and treatment.In the present
study, TNBS (Sigma-Aldrich, St. Louis, MO, USA) was used
to induce an experimental colitis as described previously (15).
On days 0, 3 and 7, GFP-transduced BM-MSCs at a dose of
1x10° cells in 0.3 ml PBS were injected into the tail vein of
the rats with TNBS-induced colitis. In the control experi-
ments, animals received 0.3 ml PBS without BM-MSCs and
followed an otherwise identical protocol. The disease activity
index (DAI) was recorded as a combination of weight loss,
stool consistency and bleeding as previously described (16).
Scores were assigned according to the following criteria:
(1) Weight loss (0, <1%; 1, 1-5%; 2, 5-10%; 3, 10-15%; and 4,
>15%); (2) stool consistency (0, normal; 2, soft stools; and 4,
liquid stools); and (3) rectal bleeding (0, negative; 2, positive;
and 4, serious bleeding). On day 15, mice were sacrificed
and blood was collected by ventral aortic puncture for the
analysis of serum inflammatory cytokine levels. In addition,
the entire colon was excised and colon tissue samples were
harvested for histological examination and evaluation of the
mRNA expression of inflammatory cytokines in the intes-
tinal mucosa.

Histological examination. Colon samples were fixed in
4% paraformaldehyde, embedded in paraffin (Rutgers Co.,
Ltd.), and cut into sections (4 ym) prior to staining with
hematoxylin and eosin (Rutgers Co., Ltd.). Histological
evaluation was completed semi-quantitatively according to
the scale described previously (17). The parameters that were
evaluated included the extent of mucosal injury, leukocyte
infiltration, crypt abscesses and loss of goblet cells. Each of
these parameters was graded on a 0-3 scale according to the
following criteria: 0, none; 1, slight; 2, moderate; 3, severe.
The final histological score was defined as the sum of the
scores of these parameters.

Tracing of BM-MSCs by GFP labeling. BM-MSCs were
transduced with LV-GFP as described previously (18) in
order to trace the infused BM-MSCs in vitro. Colonic tissue
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samples, excised from the inflamed and the non-inflamed
regions of the colon, were embedded in an optimum cutting
temperature compound (Sakura Finetechnical Co., Ltd.,
Tokyo, Japan), and frozen in dry ice. One of these sections was
used to detect GFP-positive cells via fluorescence confocal
microscopy (E600; Nikon Co.) and the other was stained with
an antibody against GFP (1:600; EMD Millipore, Billerica,
MA, USA) and visualized using a fluorescein isothio-
cyanate (FITC)-conjugated secondary antibody (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). In addition, further
samples were prepared in order to analyze the expression of
the GFP protein by western blotting.

Detection of serum pro-inflammatory cytokines. Blood
samples were centrifuged at 1,000 x g for 15 min and the
sera were stored at -80°C prior to the evaluation of cytokine
levels. TNF-a concentration in the sera was determined using
a rat TNF-a enzyme-linked immunosorbent assay (ELISA)
kit (BioSource, Inc., Camarillo, CA, USA) according to the
manufacturer's instructions.

Western blot analysis. Total protein was isolated and
quantified using a bicinchoninic acid protein assay kit
(Pierce-Perbio Science, Tattenhall, UK). The isolation of
nuclear proteins was performed using NE-PER® nuclear
and cytoplasmic extraction reagents (Thermo Fisher
Scientific, Waltham, MA, USA). Ice-cold nuclear extraction
buffer (25 ul) was added and the mixture was incubated for
30 min with intermittent mixing. Extracts were centrifuged
at 1,500 x g for 15 mins and the supernatant (consisting of
the nuclear extracts) was stored at -80°C prior to use. The
primary antibody against NF-xB p65 was used at a dilu-
tion of 1:1,000. For evaluation of the levels of the control
proteins, anti-ACTION and anti-HISTON antibodies were
used at a dilution of 1:10,000. Protein extracts were resolved
by 0.1% SDS-PAGE electrophoresis (Beyotime Co., Ltd.,
Shanghai, China) and transferred onto polyvinylidene difluo-
ride membranes (Rutgers Co., Ltd.), which were blocked with
5% bovine serum albumin and incubated with the relevant
antibody.

mRNA expression of TNF-o. and NF-kBp65 in the colon.
Colonic segments were frozen in liquid nitrogen at -80°C
prior to use. RNA was isolated from colonic tissues using
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's instructions.
cDNA was synthesized from 0.5 ug total RNA using a
reverse transcription (RT) kit (Toyobo Co., Ltd., Osaka,
Japan) according to the manufacturer's instructions.
Following this step, a quantitative polymerase chain reac-
tion (QPCR) using the SYBR-Green I Realtime PCR Master
mix (Takara Bio, Inc., Otsu, Japan) with a final volume of
20 ul, was conducted using the ABI PRISM 7900 sequence
detector system (Applied Biosystems, Life Technologies,
Foster City, CA, USA). Primers (Takara Bio, Inc., Dalian,
China) were designed according to data from Gen-Bank and
the sequences of primers for the qPCR experiments were as
follows: Forward, 5'-CCGTCTCCTACCAGACCAAGG-3'
and reverse, 5'-CTGGAAGACCCCTCCCAGATAG-3' for
TNF-a; forward, 5'-CTTCTCGGAGTCCCTCACTG-3' and
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reverse, 5'-CCAATAGCAGCTGGAAAAGC-3' for NF-«xB;
and forward, 5'-GGGGCTCTCTGCTCCTCCCTG-3'
and reverse, 5'-CGGCCAAATCCGTTCACACCG-3' for
GAPDH. The relative gene expression levels (the amount
of target mRNA, normalized to that of the endogenous and
control genes) was calculated using the comparative Ct
method via the formula 2-44¢,

Statistical analysis. Values are presented as the mean + stan-
dard deviation. The un-paired t-test and the Mann-Whitney
U test were used for parametric and non-parametric analyses
between two groups, which was assessed using SPSS
18.0 software (IBM, Armonk, NY, USA) and Microsoft
EXCEL 2003 (Microsoft Corp., Redmond, WA, USA). P<0.05
was considered to indicate a statistically significant difference
between values.

Results

Characterization of BM-MSCs. Flow cytometric analysis
confirmed that the BM-MSCs were positive for CD29 and
CD90, but that they stained negative for the hematopoietic
surface markers CD45 and CD11b (Fig. 1).

General conditions. All TNBS-treated rats developed looser,
bloody and purulent stools, and exhibited a marked weight
loss following administration of this compound. By contrast,
rats that were not treated with TNBS did not display any
of these symptoms and gained weight over time. Following
infusion of BM-MSCs, the DAI score of the TNBS-treated
rats gradually decreased and the symptoms were signifi-
cantly alleviated in comparison with those in the PBS-treated
control group (Fig. 2).

Histological findings. On microscopic examination, rats
in the BM-MSC group had a relatively intact structure of
their colonic mucosa, with more organized mucosal glands,
more abundant goblet cells, a milder degree of congestion
and edema, and less infiltration of inflammatory cells in the
mucosa and sub-mucosa compared with the PBS-treated
control group (Fig. 3). The histological score, which was
defined as the sum of scores of the parameters outlined in
the materials and methods section, was significantly reduced
in the BM-MSC-treated group compared with that in the
PBS-treated group (Fig. 4).

Localization of infused BM-MSCs in the colon. In vitro,alarge
proportion of GFP-labeled BM-MSCs were observed (Fig. 5B).
GFP fluorescence was not detected using a confocal microscope
in vivo. Distinct GFP-positive cells were observed when a GFP
antibody and FITC-conjugated secondary antibody were used
as described in the materials and methods section (Fig. 5C).
Furthermore, western blotting revealed a high expression of
GFP in the colonic tissue was observed in the GFP-labeled
BM-MSC group (Fig. 6). By contrast, no immunoreactivity
was detected in the PBS-treated control group or the normal
control group.

Concentration of serum TNF-o. The effect of adminis-
tration of BM-MSCs on the serum levels of TNF-a was
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Figure 1. Flow cytometric analysis of cell-surface antigens of BM-MSCs. Cells were stained with monoclonal antibodies conjugated to PE-Cy7/AlexaFluor488/PE
and AlexaFluor647. BM-MSCs expressed surface antigens for CD29 and CD90, but not for CD45 or CD11b. BM-MSCs, bone marrow-derived mesenchymal

stem cells; PE, phycoerythrin; FITC, fluorescein isothiocyanate.

evaluated using an ELISA. A significant increase in TNF-a
levels was observed in the PBS-treated group of rats with
TNBS-induced colitis. Following treatment with BM-MSCs,
the concentration of TNF-a was significantly reduced in
the treatment group compared with that in the PBS control
group (Fig. 7).

Protein expression of NF-kBp65 in colonic mucosa. The
total protein and nucleoprotein expression of NF-kBp65 in
the inflamed colon was investigated. Western blotting showed
that total protein and nucleoprotein were strongly expressed
in the PBS-treated colitis group. Systemic administration of
BM-MSCs markedly downregulated the expression of p65
in nucleoprotein. However, no significant difference in the

expression of p65 in total protein was identified between the
MSC-treated and the PBS-treated groups (Fig. 8).

mRNA expression of TNF-o and NF-kBp65 in the colonic
mucosa. mRNA expression of TNF-a and NF-xBp65 in the
colonic mucosa was significantly increased in the PBS-treated
group compared with that in the control group. As shown
in Fig. 9, treatment with BM-MSCs resulted in a reduction of
the expression of TNF-a and NF-kBp65.

Discussion

The mechanisms by which MSCs exert their reparative
benefits have remained elusive. However, numerous studies
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Figure 2. Transplantation of BM-MSCs protects against TNBS-induced
colitis. The DAI score consisting of body weight, stool consistency and
rectal bleeding is shown. Data are presented as the mean =+ standard error
of the mean (n=6) of three separate experiments. ‘P<0.05 compared with
the PBS-treated group. BM-MC-MSCs, bone marrow-derived mesenchymal
stem cells; TNBS, 2,4,6-trinitrobenzene sulfonic acid; DAI, disease activity
index; PBS, phosphate-buffered saline.
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Figure 3. Histological analysis following BM-MSC therapy in experimental
colitis. Colon specimens were sectioned and stained with hematoxylin and
eosin. (A) Control group; (B) phosphate-buffered saline-treated group;
and (C) BM-MSC-treated group (magnification, x20). BM-MSCs, bone
marrow-derived mesenchymal stem cells.

show that BM-MSCs are present in areas of inflammation and
promote tissue repair by differentiation into a range of cell
lineages. Recently, MSCs have been demonstrated to possess
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Control TNBS+PBS TNBS+MSCs
Figure 4. Effects of BM-MSC administration on histological scores.
Histological severity score was lower in the BM-MSC-treated group com-
pared with the PBS-treated group. Data are presented as the mean + standard
error of the mean (n=6) from three separate experiments. ‘P<0.05 compared
with the PBS-treated and control groups. BM-MSC, bone marrow-derived
mesenchymal stem cell; PBS, phosphate-buffered saline; TNBS, 2,4,6-trini-
trobenzene sulfonic acid.

-

Figure 5. Localization of administered BM-MSCs. (A) Recombinant repli-
cation-defective LV-GFP-labeled BM-MSCs under a common microscope;
(B) in vitro LV-GFP-labeled BM-MSCs; and (C) in vivo exogenously admin-
istered BM-MSCs were observed in the inflamed colon (magnification, x20).
LV-GFP, lentivirus carrying green fluorescent protein; BM-MSCs, bone
marrow-derived mesenchymal stem cells.

immunomodulatory properties, including the suppression of
T-cell proliferation, influence on dendritic cell maturation and
function and the suppression of B-cell proliferation and terminal
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Figure 6. Western blot analysis of GFP. GFP, green fluorescent protein;
TNBS, 2.4,6-trinitrobenzene sulfonic acid; PBS, phosphate-buffered saline;
MSCs, mesenchymal stem cells.

250+
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Figure 7. Effect of BM-MSCs on the concentration of TNF-a in serum. Data
are expressed as the mean =+ standard error of the mean (n=6) from three sepa-
rate experiments. "P<0.05 compared with the PBS-treated and control groups.
BM-MSCs, bone marrow-derived stem cells; TNF-a., tumor necrosis factor-a;
TNBS, 2.4,6-trinitrobenzene sulfonic acid; PBS, phosphate-buffered saline.

differentiation, as well as the immune modulation of other
immune cells, including NK cells and macrophages (19-21).
The majority of in vitro studies have demonstrated that
MSCs limit T-cell expansion by impairing interferon-y and
TNF-a production in addition to increasing the production of
IL-10 (22). Recently, Kazunari et al (23) reported that in the
systemic injection of ex vivo-cultured BM-MSCs, these cells
accumulated exclusively in the region of the inflamed rectum
and localized in the lamina propria, in particular at the base
of the crypts. Another study demonstrated that MSCs may
treat dextran sulfate sodium-induced colitis via an interaction
with immune mediators, including TNF-a, interleukin-1 and
cyclooxygenase-2 (24).

Members of the TNF protein superfamily exist in either
a membrane-bound or soluble form. The family contains
18 type 2 proteins, and the receptors for these ligands are
type 1 transmembrane proteins (25,26). Binding of TNF-like
ligands to their receptors, including the TNF/TNF-receptor
protein superfamilies, triggers the activation of intracellular
pathways, which are involved in numerous components of
the immune response, including direct involvement in cell
proliferation, differentiation and survival (25-27). TNF-a is
one of the primary cytokines involved in the pathogenesis of
IBD (28). A number of possible mechanisms underlying its
protective effects in this disease have been postulated. One
factor may be that TNF-a effects the apoptotic elimination
of effector immunocytes in the lamina propria. A second
possible mechanism is the upregulation of endogenous corti-
costeroids by TNF-a. A third possible factor is that TNF-a. is
able to maintain the integrity of the epithelial barrier (29-31).
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Figure 9. Colonic mucosal mRNA expression of (A) TNF-a and
(B) NF-kBp65. Data are presented as the mean + standard error of the mean
(n=6) from three separate experiments). "P<0.05 compared with PBS-treated
group. TNF-a, tumor necrosis factor-a; NF-kBp65, nuclear factor-kBp65;
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Subsequent research has shown that the serum levels of
TNF-a are negatively correlated with the clinical activity of
UC and CD, which may indicate the use of anti-TNF therapies
for the treatment of Crohn's Disease (32,33). To the best of our
knowledge, there is currently no study reporting the admin-
istration of anti-TNF agents as a first-line therapy in UC, but
a recent study suggested that biological therapies may have
potential for use as first-line treatments in the future. In the
present study, serum TNF-a levels were assayed by ELISA
and mRNA expression of TNF-a in the colonic mucosa was
evaluated by RT-qPCR. The data showed that following the
administration of BM-MSCs, the concentration of TNF-a in
the serum and its mRNA expression in the colonic mucosa
decreased significantly compared with that in the PBS control
group.

There are five members of the NF-kB family: RelA (p65),
RelB, C-Rel, p105 (NF-kBI; a precursor of p50) and p100
(NF-kB2; a precursor of p52) (34). The NF-«kB family is a
family of transcription factors and has been hypothesized to be
involved in tumorigenesis, inflammation and cellular processes,
including cell proliferation and apoptosis (35). Under unstimu-
lated conditions, NF-kB is maintained in the cytoplasm in an
inactive form by interaction with a family of inhibitor proteins,
termed IkB proteins. NF-kB activation occurs in response to
various stimuli, when the rapid phosphorylation of IkB leads
to its degradation by the proteasome pathway, resulting in the
migration of NF-«B into the nucleus (36,37). NF-«B is one of
the primary factors involved in the formation of the molecular
network, which can lead to various changes in cellular function
that are associated with IBD. For example, IL-1, TNF-a, IL-12
and IL-23 are NF-kB-dependent pro-inflammatory mediators
and are known to be upregulated in patients with IBD (38,39).
The role of NF-kB in the transcriptional control of a number of
inflammatory genes, including cytokines, chemokines, growth
factors and leukocyte adhesion molecules, as well as the
involvement of ROS, led to the concept of NF-«B as a thera-
peutic target in numerous disorders. It has been reported that
antibodies targeting NF-«B and pro-inflammatory cytokines,
including TNF-a and IL-6 and their signaling pathways, were
effective in ameliorating the inflammation-associated intes-
tinal damage in patients with IBD (40,41). In the present study,
the protein expression of NF-kBp65 in the inflamed colon
was assessed by western blot analysis. Systemic administra-
tion of BM-MSCs markedly downregulated the expression
of nucleoprotein but not that of the total protein. However,
data obtained from RT-qPCR suggested that the BM-MSCs
downregulated mRNA expression of NF-kBp65 in the colonic
mucosa. This information suggested that BM-MSCs may affect
TNBS-induced colitis via modulation of the NF-kB-mediated
pro-inflammatory response.

In conclusion, BM-MSCs may attenuate TNBS-induced
colitis in rats. Increased body weight and a marked histo-
logical improvement were observed in the BM-MSC-treated
group compared with those in the PBS-treated control group.
Therefore, the present study demonstrated that modulation of
the NF-kB-mediated pro-inflammatory response was associ-
ated with exogenous administration of BM-MSCs in the
treatment of experimental colitis. Future studies should focus
on investigating the effect of MSCs on the NF-xkB-mediated
pro-inflammatory signaling pathway.
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