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CD146+ mesenchymal stem cells display
greater therapeutic potential than CD146–

cells for treating collagen-induced arthritis
in mice
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Abstract

Background: The characteristics and therapeutic potential of subtypes of mesenchymal stem cells (MSCs) are

largely unknown. In this study, CD146+ and CD146– MSCs were separated from human umbilical cords, and their

effects on regulatory T cells (Tregs), Th17 cells, chondrogenesis, and osteogenesis were investigated.

Methods: Flow cytometry was used to quantify IL-6 and TGF-β1 expressed on CD146+ and CD146– MSCs. The

therapeutic potential of both subpopulations was determined by measuring the clinical score and joint histology

after intra-articular (IA) transfer of the cells into mice with collagen-induced arthritis (CIA).

Results: Compared with CD146– MSCs, CD146+ MSCs expressed less IL-6 and had a significantly greater effect on

chondrogenesis. After T lymphocyte activation, Th17 cells were activated when exposed to CD146– cells but not

when exposed to CD146+ cells both in vitro and in vivo. IA injection of CD146+ MSCs attenuated the progression of

CIA. Immunohistochemistry showed that only HLA-A+ CD146+ cells were detected in the cartilage of CIA mice.

These cells may help preserve proteoglycan expression.

Conclusions: This study suggests that CD146+ cells have greater potency than CD146– cells for cartilage protection

and can suppress Th17 cell activation. These data suggest a potential therapeutic application for CD146+ cells in

treating inflammatory arthritis.
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Background

Rheumatoid arthritis (RA) is a chronic destructive polyar-

thritis. Disease progression induces the production of le-

sions in joints, which can cause severe damage that leads

to cartilage destruction and bone erosion, and eventually

to the loss of joint function [1, 2]. Synovial fluid and the

serum of RA patients contain high levels of proinflamma-

tory cytokines such as interleukin (IL)-1β, IL-6, and tumor

necrosis factor alpha (TNFα) [3, 4]. TNFα in joints is pro-

duced mainly by macrophages and can induce cartilage

degradation and antigen-presenting cells, which can

trigger IL-17-producing effector T helper cells (Th17)

activation in RA [5, 6]. Th17 cells play an important role

in the progression of RA, and Th17 cells and IL-17 are

both highly correlated with disease activity in RA. IL-17

can induce the release of proinflammatory cytokines and

matrix metalloproteinases by synovial fibroblasts [7, 8].

Recent studies have shown that blocking IL-17 release can

control the disease progression and joint destruction in an

animal model of inflammatory arthritis [9, 10].

Mesenchymal stem cells (MSCs) may affect tissue

repair in RA because of their multipotent differenti-

ation capacity and their ability to modulate immune

responses [11, 12]. Based on the International Society

for Cellular Therapy criteria, MSCs can differentiate

into osteoblasts, adipocytes, chondroblasts, and chon-

drocytes in vitro [13]. Recent studies have shown that
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MSCs suppress immune cell functions directly by re-

leasing transforming growth factor beta (TGF-β) and

IL-10 or indirectly by inducing regulatory T (Treg)

cells in vitro and in vivo [11, 14–16].

CD146 (also known as melanoma cell adhesion mol-

ecule) is an antigen that is expressed on almost all kinds

of epithelial cells, activated T cells, and dendritic cells

[17–19]. The functions of CD146 remain elusive. It is

presumed that CD146 is involved in regulating cell mo-

bility, and might be involved in adhesive interactions

binding to CD146 receptors and ERM (ezrin, radixin

and moesin) proteins [20, 21]. CD146 has been identified

as an early mesenchymal marker present in MSCs ob-

tained from human bone marrow, dental pulp, adipose

tissues, and the umbilical cord [22–25]. CD146+ stem

cells have greater multilineage potency and in vitro im-

munomodulatory effects compared with CD146– cells,

and this subpopulation may be a candidate marker for

MSC isolation [26–29].

Our previous study showed that human stem cells de-

rived from umbilical cords may not be therapeutic for

RA because human umbilical cord-derived mesenchymal

stem cells (HUMSCs) induce IL-17 and Th17 cells in

TNFα-dominant situations [30]. To understand the po-

tentially different outcomes of MSCs used in stem cell

therapy, we hypothesized that these differences may be

attributed to the existence of distinct subpopulations in

the isolated stem cells. During RA progression, cartilage

degradation and bone erosion cause irreversible damage.

Thus, intra-articular (IA) injection of MSCs may be an

effective technique for inducing the local repair of joint

destruction [12, 31]. The main point of this study was

using the IA injection method to collect possible direct

evidence for tissue repair. We assume IA injection might

be a possible therapeutic option in the future. In this

study, we investigated the disease progress and joint

histological change in arthritis mice after IA injection of

CD146+ cells and CD146– cells. To our knowledge, this

is the first study to show the role of CD146 antigen in

the immunomodulatory effects of MSCs. Our results

show that CD146 antigen is a marker of progenitor cells

and a suppressor of Th17 cells, and plays a role in pro-

moting chondrogenesis. Our data suggest that these cells

have therapeutic potential for treating RA.

Methods

Patients’ samples

The protocol for the sampling of human umbilical

cords was approved by the Institutional Review Board

of the Tri-Service General Hospital, National Defense

Medical Center, Taiwan, Republic of China (Protocol No.

097-05-0005). The participants signed an informed con-

sent form before participating.

The protocols for the collection and expansion of

HUMSCs were as described in our previous study [30].

Briefly, umbilical cords were obtained from consenting pa-

tients who delivered a full-term infant by cesarean section.

After the arteries and veins were removed, the remaining tis-

sue was transferred to fresh growth medium. The cells were

left undisturbed for 5–7 days in a 37 °C humidified incubator

with 5 % carbon dioxide (CO2) to allow migration of cells

from the explants, after which the medium was replaced

every 2 days. When cells reached 80–90 % confluence they

were harvested using 0.05 % trypsin–0.53 mM EDTA solu-

tion and frozen at –80 °C until use in the experiments.

The protocol for sampling human synovial fluid was ap-

proved by the Institutional Review Board of the Tri-Service

General Hospital, National Defense Medical Center, Taiwan,

Republic of China (Protocol No. 2-101-05-108). The partici-

pants signed an informed consent form before participation.

Synovial fluid was obtained from five patients with RA. All

patients met the American College of Rheumatology 1987

revised criteria for RA [32]. To avoid possible interindividual

differences between patients, the synovial fluid samples from

the five patients were pooled together and centrifuged at

1600 xg for 15 minutes to remove cartilage. The combined

synovial fluid was stored at –80 °C until use.

Isolation and identification of CD146 stem cells

Before the CD146 sorting, the expression of stem cell

markers and the differentiation potential of the HUMSCs

were determined to exclude the effects of other major

stem cell markers [30]. CD146+ cells were collected and

isolated from human umbilical cord-derived stem cells

using a BD IMag Magnetic Cell Separation System (BD

Biosciences, San Diego, CA, USA). Biotin-conjugated

CD146 antibody (P1H12; Abcam, Cambridge, MA, USA)

was used to sort CD146+ cells. Twelve to 25 % of the total

HUMSCs were CD146+. The protocol for cell isolation

followed the instructions for the BD IMag Cell Separation

System. Briefly, the cells were cultured with anti-CD146

antibody for 30 minutes at 37 °C, added to BD IMag

Streptavidin Particles Plus-DM and incubated for

30 minutes at 37 °C, and sorted using the BD IMag-

net. The sorted cells were cultured in growth medium

to a sufficient quantities for further research. Duplications

of isolated MSCs from passages 3–7 were used for the ex-

periments. The doubling time of CD146 cell subpopula-

tions was calculated using the Doubling Time

algorithm(http://www.doubling-time.com/compute.php).

Enzyme-linked immunosorbent assay to measure 5-

bromo-2′-deoxyuridine incorporation

For the 5-bromo-2′-deoxyuridine (BrdU) enzyme-linked

immunosorbent assay (ELISA; Roche, Indianapolis, IN,

USA), the protocol followed the manufacturer’s instruc-

tions. Briefly, 1 × 103 or 5 × 103 cells were loaded into a
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96-well plate with Dulbecco’s modified Eagle’s medium

(DMEM 11885, Gibco, Gaithersberg, MD, USA) con-

taining 10 % fetal bovine serum (FBS, Invitrogen, Carls-

bad, CA, USA), the plate was incubated overnight,

BrdU-labeling dye was added, and the plate was incu-

bated for 0, 2, or 4 hours. The cells were incubated with

BrdU–peroxidase-linked monoclonal antibody for 90 mi-

nutes, and tetramethylbenzidine staining was detected.

Cell proliferation was measured at 450 nm in an ELISA

reader.

Chondrogenesis and osteogenesis of HUCSCs

To analyze the effects of inflammation on chondrogenic

and osteogenic capacities, the CD146+ and CD146– cells

were cultured in chondrogenic and osteogenic medium.

Then saline, 10 ng/ml TNFα, or 10 % synovial fluid from

patients with RA (RASF) was added to the two differen-

tial medium.

For the chondrogenesis experiment, 5 × 105 MSCs were

trypsinized and cultured in 1 ml complete DMEM in

15 ml polypropylene conical tubes. The FBS-containing

medium was replaced with 1.5 ml basal medium contain-

ing low-glucose DMEM, 100 U/ml penicillin, 100 μg/ml

streptomycin, 1 mM sodium pyruvate, 1 % insulin- trans-

ferrin- selenium (Sigma Aldrich, St. Louis, MO, USA), 100

nM dexamethasone (Sigma Aldrich), 50 μg/ml ascorbic

acid (Sigma Aldrich), 5.35 mg/ml linoleic acid (Sigma

Aldrich), and 1.25 mg/ml bovine serum albumin (Sigma

Aldrich) with or without 10 ng/ml TGF-β3 (PeproTech

EC, London, UK). For quantification, the Safranin O-

stained pellets were measured on a slide using US

National Institutes of Health Image software at 100×

magnification (ImageJ, http://imagej.nih.gov/ij/).

For the osteogenesis experiment, 6 × 104 MSCs were

added to a 24-well culture plate containing osteogen-

esis medium. The medium was replaced every 3 days.

The osteogenesis medium contained high-glucose

DMEM, 100 U/ml penicillin, 100 μg/ml streptomycin,

10 mM β-glycerophosphate (Sigma Aldrich), 100 nM

dexamethasone (Sigma Aldrich), and 50 μg/ml ascorbic

acid (Sigma Aldrich). After 2 weeks, the differentiated cells

were stained with Alizarin Red S (Sigma Aldrich) to

detect osteogenesis. For quantification, the Alizarin

Red S-stained slides were measured on a slide using

US National Institutes of Health Image software at

100× magnification [33].

Animals

All animal experiments were approved by the Animal

Care and Use Committee of the National Defense Medical

Center, Taiwan, Republic of China (IACUC-08-032).

DBA/1J mice aged 7 weeks were purchased from the

Jackson Laboratory (Bar Harbor, ME, USA) and housed

under specific pathogen-free conditions in the Laboratory

Animal Center of the National Defense Medical Center.

All animals were housed individually and monitored daily.

The mice were euthanized by inhalation of CO2 14 days

after arthritis onset, and the joints, spleens, and lymph

nodes were harvested for further studies.

Lymph node isolation and MSC–T cell coculture

Lymph nodes were isolated from healthy male DBA/1J mice.

The mice were euthanized by inhalation of CO2, and the

lymph nodes and spleen were harvested and crushed in

phosphate-buffered saline (PBS). To isolate the cells, the sus-

pension in 4 ml PBS was slowly placed on 8 ml Ficoll–Hypa-

que, the mixture was centrifuged at 500 × g for 30 minutes,

and the cells were collected and suspended in RPMI 1640.

To determine the effects of MSCs on T cells, 105 MSCs

were treated with or without 10 ng/ml TNFα for 24 hours,

and then stimulated with 1 × 106 splenocytes with

phytohemagglutinin-L (Sigma Aldrich) and 1 μg/ml anti-

CD146 antibody in RPMI 1640 containing 10 % FBS. After

2 days, the suspended cells were harvested and Th17 and

Treg cells were identified by flow cytometry. The superna-

tants from MSC–T cell cocultures were harvested and de-

tected the cytokine levels for an ELISA assay. The

antibodies used were fluorescein isothiocyanate (FITC)-

conjugated rat anti-mouse CD4 (eBioscience, San Diego,

CA, USA), phycoerythrin (PE)-conjugated rat anti-mouse

IL-17A (eBioscience), and PE-conjugated rat anti-mouse

Foxp3 (eBioscience). Analyses were performed on a FAC-

Sort cytometer using CellQuest software (BD Bioscience).

Measurement of immunomodulatory cytokines

The intracellular cytokines were detected by flow cytome-

try. For intracellular staining, cells were permeabilized

using a BD Fixation/Permeabilization kit (BD Bioscience).

The antibodies used were FITC-conjugated anti-human

IL-6 (eBioscience), PE-conjugated anti-human TGF-β1

(BioLegend, San Diego, CA, USA), and PE-conjugated

anti-human IL-10 (eBioscience). Analyses were performed

on a FACSort cytometer using CellQuest software (BD

Bioscience). Immunotyping was detected according to our

previous study [30].

To measure the secretions of human IL-6 and TGF-

β1 on TNFα- treating MSCs, MSCs were treated with or

without 10 ng/ml TNFα for 3 days. The concentration of

these cytokines was measured in the supernatants using

Platinum ELISA kits (eBioscience) and murine IL-10 and

IL-17 ELISA kits (R&D Systems, Minneapolis, MN,

USA). All of the samples from cocultured superna-

tants or serum were quantified according to the manu-

facturer’s instructions.

Induction of the collagen-induced arthritis model

Five independent immunized mice were analyzed in each

group. To determine the effects of CD146+ and CD146–
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cells in arthritic mice, each mouse’s hind limb was given

an IA injection of 106 cells after the appearance of joint

swelling in the same mice. The collagen-induced arthritis

(CIA) mice were given an IA injection of saline as control.

To avoid individual variation, the same offspring were

injected intra-articularly at the same arthritis scores (arth-

ritis score = 3) in all groups.

We used the same protocol as in our previous study

[30]. Briefly, 8-week-old male DBA/1 mice were immu-

nized by subcutaneous injection into the tail with 100 μg

bovine type II collagen emulsified in Freund’s complete

adjuvant (Chondrex, Redmond, WA, USA). After 21 days,

a booster intradermal injection of the tail was given with

100 μg bovine type II collagen emulsified in Freund’s in-

complete adjuvant (Chondrex). Paw swelling began 21–28

days after immunization. Upon appearance of the signs of

arthritis, defined as severe swelling, each mouse was given

an IA injection of 106 cells or saline control. Fourteen days

after IA injection, the mice were euthanized by inhalation

of CO2, and the joint tissues were fixed for further studies.

The arthritis signs were scored as clinical signs of in-

flammation: 0 = normal, 1 = slight swelling, 2 = moder-

ate swelling, 3 = severe swelling and reversible joint

immobility, and 4 = severe swelling and irreversible

joint immobility.

Histological staining

Immunohistochemical staining for human leukocyte

antigen (HLA-A) and IL-17 was performed using heat-

induced antigen retrieval with Dako REAL™ Target Re-

trieval Solution (Dako, Carpinteria, CA, USA). Paraffin

sections were treated with goat blocking serum for

20 minutes and then incubated with primary antibodies.

Primary antibodies against human HLA-A (A-18) and

IL-17 (H-132) were purchased from Santa Cruz Biotech-

nology (Dallas, TX, USA) and antibodies against human

CD146 (P1H12) were purchased from Abcam. Sections

were incubated with primary antibodies at 4 °C over-

night and then incubated for 1 hour with bovine anti-

goat FITC–IgG or bovine anti-rabbit rhodamine–IgG

(Santa Cruz Biotechnology). Fluorescence was detected

on a Leica fluorescence microscope LeicaDMI6000B

(Wetzlar, Germany).

To identify cartilage degradation, tissue sections were

stained with 0.05 % (w/v) Fast Green (Sigma) for 5 mi-

nutes, washed quickly in 0.1 % acetic acid, and then

stained with Safranin O (Sigma) for 5 minutes. The cartil-

age degradation score from 0 to 3 was defined as either no

loss of proteoglycans or complete loss of staining for

proteoglycans.

Statistical analysis

Each experimental group had five independent samples.

Mean ± standard error of the mean (SEM) values were

calculated, and the significance of differences was calcu-

lated using Tukey’s test to compare pairs in an analysis

of variance. P <0.05 was considered significant.

Results

Morphology and proliferation of CD146+ and CD146– MSCs

The isolated CD146+ and CD146– MSCs showed similar

morphology, but only CD146+ cells exhibited CD146 on

the cell surface (Fig. 1a). The fast growth in CD146– MSCs

was confirmed by the shorter doubling time and higher

proliferation rate (Fig. 1b, c). Figure 1b shows that the

doubling time was significantly longer in CD146+ cells

than in CD146– cells. A BrdU ELISA showed signifi-

cant differences between CD146+ cells and CD146– cells

after 2 hours and 4 hours of culture (Fig. 1c; 1 × 103 cells,

P <0.05; 5 × 103 cells, P ≤0.001). Moreover, there was a

significant difference in growth rate between HUCSCs

(human umbilical derived mesenchymal stem cells) and

CD146+ cells after 4 hours of culture (Fig. 1c; 5 × 103 cells,

P ≤0.001).

Chondrogenesis and osteogenesis of CD146+ and

CD146– MSCs

The chondrogenic and osteogenic potential did not differ

significantly between CD146+ and CD146– MSCs. How-

ever, in isolated MSCs cultured in conditioned medium

containing 10 ng/ml TNFα or 10 % RASF, CD146– cells

exhibited significantly less chondrogenic and osteogenic

differentiation compared with CD146+ cells (Fig. 2;

chondrogenesis, 10 ng/ml TNFα, P <0.05; osteogenesis,

10 % RASF, P <0.05).

Expression of IL-6 and TGF-β in CD146+ and CD146– MSCs

To examine the effects of TNFα on isolated MSCs, we used

flow cytometry and an ELISA to analyze the ability of MSCs

to secrete TGF-β1 and IL-6 after treatment with 10 ng/ml

TNFα (Fig. 3a–c). CD146– cells expressed higher levels of

IL-6 than CD146+ cells (Fig. 3a). Treatment with TNFα

inhibited the expression of TGF-β1 in both CD146+ and

CD146– cells. The number of TGF-β1-expressing cells de-

creased after TNFα treatment in both CD146+ and CD146–

cells. By contrast, TNFα treatment caused a significantly

greater increase in the number of IL-6-expressing cells in

the CD146– subpopulation compared with the CD146+ sub-

population (Fig. 3b; P <0.05). The ELISA showed that TNFα

inhibited the expression of TGF-β1 in both subpopulations

(Fig. 3c; CD146– cells, P <0.05; CD146+ cells, P <0.05),

but promoted greater expression of IL-6 in CD146–

cells than in CD146+ cells (Fig. 3c; CD146– cells,

P ≤0.001; CD146+ cells, P <0.01).

Effects of CD146+ and CD146– MSCs on Treg and Th17 cells

To clarify the role of MSC subpopulations in mediating

T-cell function, we analyzed the changes in Treg (CD4+
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Foxp3+) cells and Th17 (CD4+ IL-17A+) cells after co-

culture with MSCs. Intracellular cytokines were detected

in MSCs using flow cytometry, and the concentrations

of IL-10 and IL-17 were measured by ELISA (Fig. 3d–f ).

Coculture with CD146+ or CD146– cells had similar ef-

fects on IL-10 production by Treg cells (Fig. 3d, f left).

By contrast, compared with coculture with CD146+ cells,

coculture with CD146– cells caused greater Th17 cell ac-

tivation in vitro (P <0.05). Figure 3e, f (right) show that,

compared with CD146+ cells, coculture with CD146–

cells caused significantly greater activation of the Th17

cell population (P <0.05) and IL-17 secretion (P <0.01).

TNFα caused a significant increase in the Th17 cell

population and IL-17A secretion in Th17 cells cocul-

tured with CD146– cells, but this effect was not seen in

cocultures with CD146+ cells (P <0.01).

Immunomodulation of CD146+ and CD146– MSCs

To clarify the role of CD146 antigen in mediating T-cell

function, we analyzed the changes in the CD4+ population

after coculture with MSCs for 3 days. The CD4+ cell popula-

tion decreased significantly after splenocytes were cocultured

with CD146+ cells but not with CD146– cells or with anti-

CD146 antibody alone (Fig. 4a; P <0.05). To investigate

the effects of CD146 antigen in lymphocyte–MSC

cocultures, we measured the changes in the Treg and

Th17 cell populations after coculture with CD146+ cells

that had been treated with anti-CD146 antibody.

Figure 4b shows that the Th17 population increased

after coculture of lymphocytes with MSCs that had

been exposed to anti-CD146 antibody, but that the

Treg population was not affected by antigen blocking.

The ELISA also showed a significant increase in IL-17 con-

centration in the culture supernatants (Fig. 4c; P <0.01).

Therapeutic potential of CD146+ and CD146– MSCs in a

mouse model of CIA

To examine the role of MSCs in joint inflammation and

protection of cartilage in vivo, CIA mice with advanced arth-

ritis in their paws were given an IA injection of isolated

MSCs (clinical score = 3). Figure 5a shows that the arthritis

score was significantly higher from 11 days after IA injection

of CD146– cells compared with IA injection of CD146+ cells

(P <0.05). By contrast, the arthritis scores decreased signifi-

cantly from 13 days after injection of CD146+ cells com-

pared with the saline control (Fig. 5a; P <0.01). IA injection

of CD146– cells significantly worsened the disease progres-

sion from day 13 (Fig. 5a; P <0.01). These results suggest

that CD146 subpopulations have different effects on arthritis

disease progression in vivo.

Fig. 1 Phenotypes of expanded CD146+ and CD146– MSCs, and their proliferative properties. The phenotypes and anti-CD146 immunohistochemical

staining of CD146+ and CD146– cells (magnification, 100×). a–c The proliferation rates of CD146+ and CD146– cells were detected by their doubling

time and analyzed by BrdU ELISA. Data are expressed as mean ± SEM from five independent experiments. *P <0.05, **P <0.01. BrdU 5-bromo-2′-

deoxyuridine, ELISA enzyme-linked immunosorbent assay, Hr hours, IHC immunohistochemistry
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To evaluate the possible mechanisms responsible for the

apparent beneficial effects of CD146+ cells, we analyzed the

influence of CD146 cells on T cells after IA injection. Con-

trary to our expectation, the number of Treg cells did not

increase after IA injection of either CD146+ or CD146– cells

compared with the saline control. However, the population

of Treg cells differed significantly between mice injected

with CD146+ cells and those injected with CD146– cells. A

highly significant increase in the Th17 cell population was

detected in the joints of CIA mice injected with CD146–

cells (Fig. 5b, c; P ≤0.001). To clarify the effects in Treg and

Th17 cells, we also measured the concentrations of IL-10

and IL-17A in serum from CIA mice. The level of IL-17A

increased after CD146– cell injection in CIA mice (Fig. 5d).

Histological staining of joints from CIA mice after IA

injection of isolated MSCs

As shown in Fig. 6a, histological staining showed severe

cartilage damage and bone erosion in CIA mice after IA

injection of CD146– cells. The pathology scores also

showed more severe bone erosion in the CD146– cell-

injected group than in the saline or CD146+ cell-injected

group. To track the intercellular interactions and the re-

lationship between injected stem cells and IL-17 expres-

sion in the joints, we used immunofluorescent staining

to analyze the expression of HLA-A and IL-17. CD146+

cells were detected in the cartilage but were seen rarely

in the synovium. There was no significant difference in

the serum concentrations of IL-17 between the groups

of mice (Fig. 5d). As expected, IL-17 expression was

higher in the synovium after injection of CD146– cells

compared with injection of saline or CD146+ cells

(Fig. 6b; P <0.01).

To determine whether isolated MSCs can protect

cartilage in vivo, the tissues were stained with Fast

Green and Safranin O to detect the expression of

proteoglycans in cartilage. Figure 6c shows that IA

injection of CD146+ cells increased proteoglycan

Fig. 2 In vitro differentiation potential of CD146+ and CD146– MSCs. Isolated MSCs were cultured in chondrogenesis or osteogenesis condition

medium, and then treated with 10 ng/ml TNFα or 10 % synovial fluid from RA patients. The cells were stained with Safranin O a, b and Alizarin

Red S c, d to detect the differentiation potential for chondrogenesis and osteogenesis, respectively. Quantitative data for chondrogenesis and

osteogenesis are expressed as mean ± SEM compared with the nondifferentiation-negative control. *P <0.05. RASF synovial fluid from rheumatoid

arthritis patients, TNFα tumor necrosis factor alpha
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expression in cartilage, suggesting protection of cartil-

age, whereas injection of CD146– cells did not show

a similar effect.

Discussion

Our study shows that CD146+ cells tended to suppress

arthritis progression, as shown by their effects on

Fig. 3 Immunomodulation of CD146+ and CD146– cells in vitro. IL-6 and TGF-β1 expression on CD146+ and CD146– cells was analyzed by flow

cytometry and ELISA. MSCs were treated with or without 10 ng/ml TNFα for 3 days, and the concentrations of IL-6 and TGF-β1 were measured

intracellularly and in the supernatants a–c. CD4+ Foxp3+ cells and CD4+ IL-17A+ cells were cocultured with TNFα-pretreated CD146+ cells or

CD146– cells for 2 days. The T cells were analyzed by flow cytometry (d Treg cells; e Th17 cells) and ELISA (f left IL-10, right IL-17). Data are

expressed as mean ± SEM from five independent experiments. *P <0.05, **P <0.01, ***P ≤0.001. Ctrl control, IL interleukin, TGF-β transforming

growth factor beta, TH17 T-helper type 17, TNFα tumor necrosis factor alpha, Treg regulatory T
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chondrogenesis, IL-6 and IL-17 cytokine expression, and

joint histology. CD146– cells seemed to accelerate dis-

ease progression in CIA mice by inducing the prolifera-

tion of Th17 cells in vivo.

MSCs can be derived from many tissues, including bone

marrow, dental pulp, adipose tissue, and umbilical cord

matrix [34–37]. However, these cells show different prop-

erties, multilineage potential, and immune-mediating abil-

ities related to their different cell niches [38, 39]. Several

cell surface markers are used to identify MSC subtypes.

For example, MSCs expressing CD56 and CD271 have

greater capacity for differentiation than CD56– or CD271–

MSCs even though these cells also express CD73, CD90,

and CD105 [40]. Recent reports showed that the expres-

sion of CD146 by MSCs had no significant effects on MSC

characters [41, 42]. We checked the stem cell markers,

such as CD73, CD90, and CD105, but they have no signifi-

cant difference between CD146+ and CD146– cells. This

result has been presented in our previous publication [30].

Our data showed that CD146+ cells have a longer doubling

time than CD146– cells, which agrees with Espagnolle

et al. [23, 41]. Their data show TGFβ1 treatment decreased

MSC proliferation and enhanced CD146 expression. The

endogenous TGFβ1 might also affect the MSC

proliferation. Our data showed the CD146+ cells

expressed higher TGFβ1 than CD146– cells, Moreover,

the CD146+ MSCs share some properties with vascular

smooth muscle cell, and so the CD146+ cells might have

better potential for contraction of collagen matrix than

CD146– cells. In our data, the CD146+ cells have longer

doubling time than CD146– cells, but both cells have simi-

lar differentiation on chondrogenesis and osteogenesis.

It has been known that the proinflammatory cytokine

TNFα can suppress chondrogenesis and osteogenesis in

MSCs [43, 44]. In our study, the potential for chondrogen-

esis and osteogenesis did not differ between CD146+ and

CD146– cells under normal conditions. By contrast, we

also found that inflammation can suppress the effects of

both CD146+ and CD146– cells on osteogenesis and that

the chondrogenic and osteogenic potential of both sub-

populations was reduced in cells exposed to TNFα or

RASF-conditioned medium. We plan future experiments

using qPCR and western blotting to assess the expression

of osteo-related genes to confirm the role of TNFα in

determining the effects of CD146+ cells on cartilage.

The proinflammatory cytokines IL-1β and TNFα can

induce MSCs to produce IL-6, which might promote the

population of IL-17A-secreting cells and secretion of IL-

Fig. 4 Changes in the T-cell population after coculture with CD146+ cells incubated with anti-CD146 in vitro. The splenocytes were cocultured

with anti-CD146 antibody-treated CD146+ cells or CD146– cells for 3 days, and the CD4+ cell population was measured by flow cytometry

a. Changes in the Treg and Th17 cell populations of CD4+ cells were analyzed further by flow cytometry b and ELISA c. Data are expressed as mean ±

SEM from five independent experiments. *P <0.05, **P <0.01 versus CD146+ cells alone. ab antibody, Ctl CD4+ T cells, IL interleukin, TH17 T-helper

type 17, Treg regulatory T
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17A [45, 46]. By contrast, MSCs can release immuno-

modulatory factors such as IL-10 and TGF-β1, which

suppress inflammation by inducing Treg cells and sup-

pressing the proliferation of Th17 cells [14, 15]. How-

ever, the effects of MSCs on Th17 cells have not been

linked to the CD146 antigen. We found that CD146+

and CD146– cells expressed similar levels of TGF-β1,

but that CD146– cells induced the proliferation of Th17

cells. In the inflammatory state, IL-6 is an important

proinflammatory cytokine that can promote the differen-

tiation of naive T cells into Th17 cells, suppress the dif-

ferentiation of Treg cells, and accelerate the progression

Fig. 5 Disease progression after IA injection of CD146+ and CD146– cells. The arthritis sign was determined as severe swelling (arthritis score = 3).

IA injection of 106 cells or saline control was administered to the joints of the hind paw of CIA mice. The arthritis sign and the clinical scores after

IA injection of stem cells a. Populations of Treg and Th17 cells in CIA mice 14 days after IA injection b. Quantitative data for Treg and Th17 cells

c. Serum IL-17A concentration 14 days after IA injection d. Data are expressed as mean ± SEM for five mice. *P <0.05 for the MSC-injected

group compared with the saline control, #P <0.05 for the CD146+ cell-injected group compared with the CD146– cell-injected group,

**P <0.01, ***P ≤0.001, ##P <0.01. CIA collagen-induced arthritis, IA intra-articular, IL interleukin, TH17 T-helper type 17, Treg regulatory T
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of experimental arthritis [47]. Our data suggest that these

differences in activities between CD146+ and CD146–

MSCs may be related to IL-6 production. An increase in

IL-6 production may suppress the proliferation of Treg

cells and promote the maturation of Th17 cells.

We found that treatment with TNFα significantly in-

creased IL-6 expression in CD146– MSCs. Coculture of

TNFα-treated CD146– cells also showed that CD146–

cells significantly activated Th17 cells and increased the

production of IL-17. These findings were confirmed by

Fig. 6 Histological and immunofluorescent (IFC) staining of HLA-A (green) and IL-17A (red) in the joints of CIA mice after IA injection of MSCs

a. IFC staining of IL-17A (red) in the joints of CIA mice after IA injection of MSCs and quantification of IL-17A expression b. Proteoglycan expression was identi-

fied by Fast green and Safranin O staining of the joints of CIA mice after IA injection of MSC cells c. Data are expressed as mean± SEM from five independent

mice. *P <0.05, **P <0.01. CIA collagen-induced arthritis, HE hematoxylin and eosin stain, HLA human leukocyte antigen, IA intra-articular, IL interleukin
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our experiments in the mouse CIA model. TNFα acti-

vated the Th17 cell population by promoting IL-6 secre-

tion by CD146– cells, but CD146+ cells did not activate

the Th17 population. However, the effect of CD146 anti-

gen on MSCs remains unclear. In future research, we

will use quantitative PCR to investigate the role of

CD146 in stem cells, specifically whether CD146 affects

the inflammatory response by modulating genes for in-

flammatory mediators such as NF-κB and AP-1.

The number of CD4+ T cells decreased significantly

during coculture with CD146+ cells but not during co-

culture with CD146– cells (Fig. 4a). Our data suggest

that both subpopulations of stem cells may have differ-

ent properties related to the mediation of T-cell func-

tion. Recent studies have reported a high concentration

of CD146 in RASF [48, 49]. CD146 expression on the

cell surface might be involved in interactions between T

cells and endothelial cells [50, 51]. We found that

neutralization of CD146 by anti-CD146 antibody in-

creased the population of Th17 cells. These results sug-

gest that the interaction of CD146+ MSCs with Th17

cells may suppress Th17-mediated cellular processes

through the binding of CD146 or other cell adhesion

molecules. The local protective effects of CD146 might

be similar to those reported for the IL-1 receptor antag-

onist in RA patients [52].

Kehoe et al. and Swart et al. have shown that stem

cells are retained in the joints after IA injection over

several weeks [12, 53]. These cells can reduce disease

activity or protect the cartilage from damage by directly

homing to the sites of lesions. This protection might be

due to MSC decreased the Th17 activity in the syno-

vium, and then suppressed the systemic effects of IL-17.

In our study, the stem cells were detectable 2 weeks

after injection. The increase in IL-17A concentration

was found only in the synovium, which suggests that the

immune modulation may have local effects after IA in-

jection of stem cells. In terms of cartilage repair, im-

munofluorescent staining showed that the injected

CD146+ MSCs homed to cartilage. The mice treated

with CD146+ cells showed significant improvements in

disease progression, and the attachment of CD146+ cells

to the cartilage preserved proteoglycans, which suggests

a possible role of these stem cells in cartilage repair.

The cartilage degradation scores did not differ signifi-

cantly between the saline control and CD146+ cell-

injected groups. Some reports have shown that synovial

inflammation can also affect cartilage repair induced by

stem cell therapy [54, 55]. Thus, combined treatment

with CD146+ cells and anti-tumor necrosis factor drugs

might be helpful for cartilage repair. To provide clinical

data, grip strength or the indentation test on cartilage

may be needed to confirm that the transfused stem cells

are active in chondrogenesis [56, 57].

Conclusions

The expression of CD146 by MSCs seems to play an im-

portant role in determining their stem cell properties.

CD146+ and CD146– stem cells differed in terms of their

cell differentiation and immunomodulatory effects. Our

data suggest that CD146+ MSCs are more capable of

promoting immunosuppression than are CD146– cells

and that part of this effect seems to involve the suppres-

sion of Th17 cells. The lack of CD146 antigen might

weaken Th17 suppression in MSCs. Our in vitro and in

vivo data also suggest that CD146+ MSCs may have

greater therapeutic potential than CD146– cells in treat-

ing inflammatory arthritis.
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