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Abstract. Multipotent differentiation ability, low expres-
sion of co-stimulatory molecules and immunosuppressive 
effects render mesenchymal stem cells (MSCs) the best 
candidate for use in cell-based therapy. At present, MSCs 
are widely used in clinical trials, which have, however, failed 
to demonstrate any long‑term therapeutic benefits of MSCs. 
Therefore, to improve the therapeutic potential of MSCs, it is 
important to understand the underlying mechanisms of the 
rapid disappearance of MSCs after transplantation. Toll-like 
receptors (TLRs) have important roles in the induction of the 
immune response and the regulation of biological functions. 
The present study employed TLR5 agonist flagellin in order 
to assess whether the activation of the TLR5 pathway alters 
the immune status and influences the differentiation ability 
of MSCs isolated from umbilical cords (UC). Assessment 
of the proliferation of peripheral blood mononuclear cells 
co-cultured with UCMSCs as well as their lactate dehydro-
genase release indicated that flagellin stimulation failed to 
increase the immunogenicity of UCMSCs. Flow cytometric 
and histological cell differentiation analyses also confirmed 
that TLR5 activation neither enhanced the expression of 
co-stimulatory molecules (CD80, CD86 and human leuko-
cyte antigen‑E), nor influenced the differentiation ability 
of UCMSCs. However, polymerase chain reaction analysis 
indicated the induction of pro‑inflammatory molecules by 
flagellin, which suggested that the induced immune‑associ-
ated molecules may mediate biological functions of UCMSCs 
other than those assessed by the present study. Future studies 

should focus on the role of TLR5 in regulating other func-
tions of UCMSCs.

Introduction

Mesenchymal stem cells (MSCs) were initially isolated from 
bone marrow (BM) but are now known to reside in almost every 
type of connective tissue. MSCs are a heterogeneous subset 
of cells which can proliferate in vitro as plastic-adherent cells 
to develop as fibroblast colony-forming units (1). The most 
important characteristics of MSCs are their self-renewal and 
differentiation ability (2). Other important features of MSCs 
include the lack of co-stimulator molecules [CD80, CD86 
and human leukocyte antigen (HLA)-E] (3) and immunosup-
pressive effects (4). All of these properties render MSCs as 
the best candidate for use in cell-based therapy. MSCs have 
now been widely evaluated in clinical trials on the treatment 
of conditions including left ventricular ejection fraction, graft 
versus host disease, pancreatic regeneration and rheumatoid 
arthritis (5). However, the results of clinical trials have not met 
their primary aims, and the current understanding of the fate of 
MSC following systemic infusion is limited (6). Previous studies 
indicated an enhanced immunogenicity of MSCs under specific 
conditions or upon specific stimulation, as indicated by changes 
in their differentiation status (7), as well as the activation of the 
memory T cell response (8) and the complement response (9).

Toll-like receptors (TLRs) are type I integral membrane 
glycoproteins known as pathogen-associated molecular patterns 
(PAMPs). The human TLR family has 11 members, which all 
have important roles in recognizing microbial components (10). 
It has also been indicated that TLRs are important in regulating 
the biological functions of MSCs isolated from BM and adipose 
tissues (11). However, to date, no study has elucidated the role 
of TLRs in influencing the immunogenicity of MSCs isolated 
from umbilical cords (UCs). Our group has performed system-
atic investigations to confirm the role of TLRs in promoting 
the immunogenicity of MSCs from UCs, which indicated 
that the activation of TLR7 enhances the immunogenicity of 
UCMSCs (12). In the present study, the TLR5 pathway was 
stimulated in UCMSCs by flagellin treatment and the effects of 
the activation of TLR5 on the immunogenicity of UCMSCs 
were investigated.

Flagellin influences the expression of a variety of important 
cytokines and chemokines without affecting the immune 
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Materials and methods

Isolation and culture of UCMSCs. The UCMSCs (Sichuan 
Umbilical Cord Blood Stem Cell Bank, Sichuan, China) were 
isolated from two UCs as previously reported (13). After disin-
fection in 75% ethanol for 20 min, the UC was dissected into 
cubical-shaped pieces, which were planted on 25 mm2 plates. 
Complete Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen Life Technologies, Carlsbad, CA, USA) with 10% 
fetal bovine serum (Invitrogen Life Technologies) was added 
to the plates with the small UC tissues tightly attached to the 
bottom. The tissues were removed when dissociated MSCs 
were observed following culture for almost eight days. The 
UCMSCs were then digested with trypsin (Invitrogen Life 
Technologies) and either stored in liquid nitrogen for future 
use or subjected to further culturing. The present study was 
approved by the ethics committee of the West China Hospital, 
Sichuan University (Chengdu, China), and written informed 
consent was obtained from the patients.

TLR5 stimulation. TLR5 agonist flagellin (no. AG‑40B‑0025; 
Adipogen, San Diego, CA, USA) was dissolved in sterile 
water at a concentration of 0.1 mg/ml. UCMSCs were seeded 
into a six-well plate at a density of 1.5x105 in 2 ml medium 
and flagellin was added to the medium at a final concentra-
tion of 50 ng/ml.

Assessment of leukocyte proliferation. Peripheral blood 
mononuclear cells (PBMCs) were obtained from two healthy 
student volunteers were recruited from the Laboratory of 
Pathology, West China Hospital, Sichuan University, and 
isolated by density centrifugation gradient (300 x g, 20 min) 
and labeled by carboxyfluorescein diacetate succinimidyl 
ester (CFSE; eBioscience, San Diego, CA, USA) at a final 
concentration of 10 µM. Pre-cooled complete DMEM was 
added following 10 min to terminate the reaction. The 
CFSE-labeled PBMCs were then washed three times with 
cold phosphate-buffered saline (1,200 xg, 5-min). PBMCs 
were cultured alone or co-cultured with UCMSCs (10:1) in 

the absence or presence of flagellin for 72 h and collected 
for fluorescence-associated cell sorting (FACS) detection 
(FACScan flow cytometer; Beckman Coulter, Brea, CA, 
USA).

Lactate dehydrogenase (LDH) assay. Supernatants from the 
PBMC-UCMSC co-culture system were collected at 24, 48 
and 72 h post-stimulation and assessed using the cytotoxicity 
detection LDH kit (cat. no. G1780; Promega Corporation, 
Madison, WI, USA). The release of LDH from damaged cells 
was assayed according to the manufacturer's instructions. 
Colorimetric evaluation was conducted using a MQX200 
plate reader, BioTek, Winooski, VT, USA. Percentage 
of lysed cells was calculated by the following formula: 
(E-M)/(T-M) x100%, where E is experimental release, M is 
the spontaneous release in the presence of media alone, and 
T is the maximum release in the presence of 5% Triton X-100 
(Invitrogen Life Technologies).

Flow c y tomet r ic  a na lys i s  o f  sur face  m arkers. 
Flagellin-treated and untreated UCMSCs were harvested 72 h 
post-stimulation and stained with antibodies (eBioscience; 
1:100 dilution; incubated for 30 min at room temperature) 
against surface marker molecules (Table II). Flow cytometric 
results were analyzed using CXP flow cytometry software 

Table I. Primers used for real-time polymerase chain reaction analysis.

Gene Forward primer (5'-3') Reverse primer (5'-3') GenBank number

IL-1β ACGAATCTCCGACCACCACT CCATGGCCACAACAACTGAC M15330
IL-6 GACCCAACCACAAATGCCA GTCATGTCCTGCAGCCACTG M14584
IL-8 CTGGCCGTGGCTCTCTTG CCTTGGCAAAACTGCACCTT NM_000584
IL-10 GGTGATGCCCCAAGCTGA TCCCCCAGGGAGTTCACA U16720
IL-12 CGGTCATCTGCCGCAAA CAAGATGAGCTATAGTAGCGGTCCT M65272
IFN-β CAGCAATTTTCAGTGTCAGAAGCT TCATCCTGTCCTTGAGGCAGT M28622
IP-10 TGAAATTATTCCTGCAAGCCAA CAGACATCTCTTCTCACCCTTCTTT NM_001565
NF-κB AGAGTGCTGGAGTTCAGGATA AAGGTGGATGATTGCTAAGTGT AJ271718
TGF-β TATCGACATGGAGCTGGTGAAG CAGCTTGGACAGGATCTGGC X02812
TNF-α GGTGCTTGTTCCTCAGCCTC CAGGCAGAAGAGCGTGGTG M10988
CCL5 AGCAGAGGCTGGAGAGCTACA GGGTCAGCACAGATCTCCTTGT NM_006273
CCL24 CCTCTCCTGCCTCATGCTTATT CTCTGTCTCTGCATCATTTGTGAA U58914
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC J04038

Table II. Monoclonal antibodies used for fluorescence‑assisted 
cell sorting analysis.

Name Catalog number

CD80 11-0809
CD86 12-0869
HLA-E 17-9953
CD90 45-0909
CD59 11-0596
CD29 17-0299
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(Beckman Coulter). The positive standard of cells was gated 
according to the fluorescence intensity of the negative control 
group.

UCMSC differentiation. UCMSCs were seeded into six-well 
plates at 1.5x105 cells per well. Differentiation medium 
specific for chondrocytes (no. A10071-01; Gibco-BRL, 

Invitrogen Life Technologies), osteocytes (no. A10072-01; 
Gibco-BRL) and adipocytes (no. A10070-01; Gibco-BRL) 
was added to the respective wells together with 10 µg/ml 
imiquimod (Novus Biologicals, LLC, Littleton, CO, USA). 
Oil-red O (eBioscience) was used for staining of adipocytes, 
alizarin red (eBioscience) for osteocytes and safranine (eBio-
science) for chondrocytes at 7, 14 and 21 days of culture.

Figure 2. Analysis of surface markers and co‑stimulatory molecules in umbilical cord mesenchymal stem cells upon flagellin stimulation. (A) Surface stem cell 
markers and (B) co-stimulatory molecules. The results are representative of three experiments with similar results. HLA, human leukocyte antigen.

Figure 1. PBMC proliferation and LDH release in a PBMC-UCMSC co-culture system. (A) Co-culture of PBMC and UCMSC; the percentage of PBMCs is 
shown. (B) Detection of LDH for the assessment of cytotoxicity. Values are expressed as the mean ± standard error of the mean from three experiments with 
similar results. PBMC, peripheral blood mononuclear cells; UCMSC, umbilical cord mesenchymal stem cells; LDH, lactate dehydrogenase.
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Reverse transcription quantitative polymerase chain reac‑
tion (RT‑qPCR). The RNA extraction, cDNA synthesis and 
quantitative PCR were performed according to a protocol 
of our previous study (12). After treatment with flagellin 
(50 ng/ml) for 4, 12, 24, 72 or 120 h, total RNA was isolated 
from the UCMSCs using an RNeasy mini kit (Qiagen, Hilden, 
Germany). cDNA was synthesized from 50 ng RNA using the 
ReverTra Ace qPCR kit (FSQ-101; Toyobo, Osaka, Japan). 
The RT conditions were 65˚C for 5 min, followed by 37˚C 
for 15 min and 98˚C for 5 min. qPCR was performed using 
RealMaster mix (SYBR Green; FP202; Tiangen, Beijing, 
China) with 50 ng cDNA. qPCR was performed in an iCycler 
iQTM Optical Module (Beckman Coulter) under the following 
conditions: One cycle at 95˚C for 30 sec, then 40 cycles at 95˚C 
for 30 sec, 58˚C for 30 sec and 72˚C for 30 sec, followed by a 

melting curve from 55-95˚C in 0.5˚C increments and 10-sec 
intervals. The primers used (Chengdu Branch Zi Qing Xi 
Biotechnology Co., Ltd., Chengdu, China) are listed in Table I. 
All experiments were performed three times. 

Statistical analysis. The qPCR data were analyzed using 
Bio-Rad iQ5 software (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). GAPDH was used as an internal control. Normal 
peripheral blood lymphocytes were used as a negative control. 
Values are expressed as the mean ± standard error of the mean. 
Statistical analyses were performed using SPSS 16.0 (SPSS, 
Inc., Chicago, IL, USA). Values of P<0.05 and P<0.001 were 
considered to indicate a significant difference compared with 
the control group. Graphs were prepared using GraphPad 
Prism5 (GraphPad Software, Inc., La Jolla, CA, USA).

Figure 3. Differentiation measure of umbilical cord MSCs upon flagellin stimulation. (A) Osteoblast differentiation (stain: Alizarin red; x100 magnification), 
(B) chondrocyte differentiation (stain: Safranin; x100 magnification) and (C) adipocyte differentiation (stain: Oil red O; x200 magnification). The results are 
representative of three experiments with similar results. Scale bar, 50 µm. MSC, mesenchymal stem cell.
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Results

TLR5 activation did not affect the proliferation of PBMCs 
or leukocyte‑mediated cytotoxicity. PBMCs from human 
volunteers were labeled with CFSE and then co-cultured with 
UCMSCs in the presence of flagellin. PBMCs were collected 
and their proliferation was assessed by flow cytometric 
analysis following 72 h of co-culture. The results showed that 
the proliferation of PBMCs in the PBMC-UCMSC co-culture 
system in the presence of TLR5 agonist (9.7%) was not obvi-
ously different from that in the control groups (21.3% for 
PBMC-MSCs and 15.6% for PBMCs only), which suggested 
that TLR5 activation did not stimulate the immune response 
(Fig. 1A).

Leukocyte-mediated cytotoxicity was determined by 
measuring the LDH release by damaged cells in the culture 
supernatant. The results indicated that LDH levels were 
not significantly different between the experimental group 
(PBMC‑UCMSCs co‑culture in the presence of flagellin) and 
control group (PBMCs + MSCs) following 24, 48 and 72 h of 
incubation (Fig. 1B). This result indicated that the activation 
of the TLR5 pathway did not stimulate the in vitro immune 
response in the PBMC-UCMSC co-culture system.

TLR5 activation does not affect the expression of co‑stimu‑
latory molecules and stem cell markers. The observation that 
flagellin did not change the immune status motivated us to 
investigate whether the activation of TLR5 influences the 
expression of surface molecules on UCMSCs, particularly 
that of co-stimulatory molecules and stem cell markers. 
UCMSCs were incubated with or without flagellin, and the 
co-stimulatory molecules CD80, CD86 and HLA-E, as well 

as the surface stem cell markers CD29, CD59 and CD90 
were assessed by RT-qPCR. The results showed that stimula-
tion with flagellin for five days did not significantly alter the 
expression of the co-stimulatory factors (P>0.05; CD80, 5.1 
vs. 1.1%; CD86, 3.6 vs. 2.9%; HLA-E, 0.3 vs. 1.3; control vs. 
flagellin group, respectively) (Fig. 2A). The expression of stem 
cell markers was also not significantly changed (CD29, 99.7 vs. 
91.6%; CD59, 97.8 vs. 98.1%; CD90, 97.2 vs. 97.7%; control vs. 
flagellin group, respectively) (Fig. 2B).

Activation of the TLR5 pathway does not affect the 
differentiation ability of UCMSCs. Next, the present study 
examined the role of the TLR5 pathway in regulating the 
differentiation of UCMSCs. Culture was performed in 
differentiation media specific for adipocytes, osteoblasts and 
chondrocytes to induce UCMSC differentiation (Fig. 3). The 
cell phenotypes were identified by staining with alizarin red 
for osteoblasts, safranine for chondrocytes and Oil red O 
for adipocytes in order to assess the differentiation levels 
of UCMSCs at 7, 14 and 21 days of culture in the presence 
of flagellin. The results clearly showed that there were no 
differences between the control and flagellin‑treated groups, 
indicating that the TLR5 pathway was not involved in the 
differentiation of UCMSCs (Fig. 3A-C).

Activation of TLR5 enhances the expression of cytokines and 
chemokines. Finally, the present study performed an RT-qPCR 
analysis to assess the expression of several important cytokines 
and chemokines, which have significant roles in biological 
functions of UCMSCs. Eight important pro-inflammatory 
molecules (IL-1β, IL-6, IL-8, IL-10, IL-12, IFN-β, NF-κB and 
TNF-α) were analyzed, which showed that the expression of all 

Figure 4. Flagellin promotes the expression of pro‑inflammatory molecules as well as chemokines. (A) Pro‑inflammatory molecules and (B) chemokines. 
Values are expressed as the mean ± standard error of the mean of three independent experiments. **P<0.001; *P<0.05 versus control group.
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tested factors except IL-10 was markedly enhanced at 4, 12, 24, 
72 and 120 h post-stimulation (all P<0.05 or P<0.001) (Fig. 4A). 
IL-10 expression was significantly inhibited following 4-h 
treatment with flagellin, which persisted for 120 h until the end 
of the experiment (P<0.05 or P<0.001) (Fig. 4A). With regard 
to chemokine expression, CCL5 was inhibited in the presence 
of flagellin stimulation for 4‑120 h (P<0.05), and IP‑10 was 
also found inhibited following treatment for 12-120 h (P<0.05) 
(Fig. 4B). The expression of the other two chemokines, CCL24 
and TGF-β, was significantly induced upon flagellin stimula-
tion (P<0.05 and P<0.001) (Fig. 4B).

Discussion

MSCs can differentiate into mesodermal cells, including 
bone, cartilage, adipocyte and connective stromal cells. 
Furthermore, it was evidenced that MSCs differentiate into 
not only ectodermal lineages, including neurons and epithelial 
cells, but also endodermal lineages, including hepatocytes 
and muscle cells (14). The immune phenotypes of MSCs 
are positive expression of CD29, CD59, CD90 and CD105, 
but lack of expression of CD14, CD19, CD31 and CD34, and 
specifically, negative expression of the co‑stimulators CD80, 
CD86 and HLA-E (15). MSCs also possess immunomodula-
tory properties, which enables them to suppress the activation 
and proliferation of T- and B-lymphocyte-mediated immune 
responses, as well as to interfere with the maturation and func-
tion of dendritic cells and natural killer cells (16). However, 
accumulating evidence indicated that the in vivo microenvi-
ronment is able to modify the low immune status of MSCs to 
finally result in an enhanced immune response (7,8,9).

The TLR family is the most important class of signaling 
molecules associated with pathogen-associated molecular 
patterns and has a critical function in bridging innate and adap-
tive immune responses. In addition, TLR ligands have been 
linked with the perpetuation of inflammation in a number of 
chronic inflammatory diseases due to the permanent presen-
tation of the immune system with TLR‑specific stimuli (17). 
A previous study indicated that the activation of numerous 
TLR-associated pathways did not alter the immune status 
of MSCs (11); however, the study used MSCs isolated from 
BM. In recent years, the human UC has attracted increasing 
attention due to its increased efficiency with regard to the 
expansion, proliferation and differentiation potential of its 
MSCs. UCMSCs and BMMSCs show marked similarities in 
metabolic, biological regulatory and multicellular processes, 
although there are also differences between BMMSCs and 
UCMSCs, with the predominant genes in UCMSCs including 
neurogenesis transcriptional factors such as sex determining 
region Y-box 11 and paired-like homeodomain 1 (18).

Our group has investigated the role of TLRs in influencing 
the immune status of UCMSCs and has shown that a TLR7 
agonist enhanced the immunogenicity of UCMSCs (19). 
The present study assessed the role of TLR5 in regulating 
the immune status and differentiation ability of UCMSCs. 
Among all TLR members, TLR5 locates on the cell surface, 
is responsible for the detection of flagellin and specifically 
recognizes the constant domain D1. The results of the present 
study indicated that activation of the TLR5 pathway did not 
increase the proliferation of PBMCs or the release of LDH in a 

PBMC‑UCMSC co‑culture system in the presence of flagellin. 
Assessment of co-stimulatory molecules also showed that these 
were not affected by TLR5 activation. Furthermore, TLR5 had 
no influence or inductive effects on the differentiation ability 
of UCMSCs into adipocytes, osteoblasts or chondrocytes. 
These results indicated that activation of TLR5 did not affect 
the immune status and differentiation ability of UCMSCs. 
However, the present study detected an increased expression of 
pro‑inflammatory molecules in UCMSCs upon flagellin treat-
ment, which may indicate that the induced immune-associated 
factors have biological functions in UCMSCs other than those 
assessed in the present study, which will be addressed in a 
future study.
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