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   Rheumatoid arthritis (RA) is a common autoimmune inflammatory disease causing bone de-
struction. Although the etiology of RA remains unanswered, it is well known that inflammatory
cytokines play key roles. Although biological agents targeting these inflammatory cytokines
strongly suppress inflammation as well as bone damages, repair of destructed bone is still
challenging. Mesenchymal stem cells (MSCs) are capable to differentiate into osteoblasts and
chondrocytes and moreover, they have been reported to possess immunomodulative effects
without severe adverse events in patients with graft versus host disease. Recently, we have
reported that MSCs produce osteoprotegerin (OPG), a decoy receptor of the receptor activator
of NFκκκκκB ligand (RANKL) resulting in reduced osteoclastogenesis. We herein demonstrate the
promotive effect of inflammatory cytokines on osteoblast differentiation through Wingless-type
MMTV integration site family (Wnt) 5a/ receptor tyrosine kinase-like orphan receptor (Ror) 2
signaling pathway. Our results suggest that MSCs is a powerful treatment tool for RA patients to
aim suppression of inflammation and bone regeneration in parallel.
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Introduction
　Rheumatoid arthritis (RA) is a common autoimmune in-

flammatory disease represented by chronic inflammation

at the articular joints. Excessive inflammation leads not only

to bone destruction by activating osteoclasts with sup-

pressed osteoblast differentiation, but also is in connection

with multiple organ involvement1). Although the cause of

RA is still uncertain, it is well known that inflammatory

cytokines such as tumor necrosis factor-α (TNF-α),

interleukin-1β (IL-1β), interleukin-6 (IL-6) and interleukin-

17 (IL-17) play key roles in pathogenesis, and biological

agents targeting these cytokines are highly effective in

controlling disease activity. Approximately 30% of patients

are able to achieve clinical remission with complete inhibi-

tion of progressive bone damages2-4). Although bone re-

pair at the involved joints can be observed in rare cases3),
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in general joint repair cannot be achieved even though

biologics are used. In the early phase of joint inflamma-

tion, bone destruction is observed at the bare-area where

the synovium is directly attached to the bone. As a matter

of fact, this anatomical aspect is considered as a cause of

joint subluxation at the early phase of the disease. Mesen-

chymal stem cells (MSCs) are the stem cells that are known

to be able to differentiate to mesenchymal tissues. How-

ever, these cells are also known to possess an immuno-

suppressive effect. Therefore, we have considered MSCs

as a treatment tool aimed at both suppression of inflam-

mation and bone regeneration in RA patients.

　　

Mesenchymal stem cells
　MSCs have been reported as a cell population able to

differentiate into several different lineages such as osteo-

blasts, chondrocytes and adipocytes5). Recently, MSCs

have been administered to patients with graft versus host

disease GVHD and have shown clinical efficacy without

severe adverse events, proving their potential for immuno-

suppressive potency6). Following this report, the efficacy

of MSCs on a variety of diseases has been investigated

intensively. Previously, human MSCs were reported to ef-

fectively suppress collagen-induced arthritis (CIA), an ani-

mal model of RA.

　Regarding skeletal tissue engineering, Quarto et al. have

shown in vivo osteogenesis by autologous transplantation

of MSCs with macroporous hydroxyapatite scaffolds in

patients with large bone defects7). In order to obtain effi-

cient bone regeneration, transplantation of MSCs with par-

tially demineralized bone matrix scaffolds8) or gene trans-

fection9) has resulted in some success.

　Recently, we have reported the production of osteo-

protegerin (OPG), a decoy receptor for the receptor acti-

vator of NFκB ligand (RANKL) by MSCs, resulted in inhi-

bition of osteoclast differentiation10). In addition to multi-

potency and immunosuppressive effects, our finding adds

another basis for MSCs to be a suitable tool for cell-therapy

aimed at joint repair in RA patients.

　　

Efficacy of MSCs on collagen induced
arthritis
　Several groups have demonstrated conflicting results

regarding treatment effects of MSCs on animal arthritis

models. The first report by Djouad et al. demonstrated that

administration of murine mesenchymal cell line C3H10T1/2

to CIA mice11) worsened arthritis through IL-6 production.

However, a report by Augello et al. has shown the inhibi-

tory effect of a single intraperitoneal injection of murine

allogenic bone marrow-derived MSCs (BM-MSCs) by

modulating the abnormal T cell response, cytokine pro-

duction and induction of CD4+CD25+Foxp3+ Tregs12). On the

other hand, other reports utilizing BM-MSCs showed no

beneficial effects13). Under these conflicting results and

limited effects of primary MSCs on established CIA, some

modulation on MSCs has been performed with beneficial

effects. For instance, IL-10-transduced MSCs revealed

treatment effect on CIA after onset by suppressing IL-6

and increasing IL-4, while non-transduced BM-MSCs did

not show any effects14). More recently, Park et al. succeeded

in improving established arthritis and prevented bone de-

struction using TGF-β-transduced MSCs that modulated

not only T cell response and Th17 induction but also os-

teoclast differentiation15).

　Although these data have shown the possibility of using

modified MSCs as a useful treatment tool for established

RA, its application to clinical practice is far in the future

considering its genetic approach. Recently, Liu et al. suc-

cessfully treated established CIA with human MSCs origi-

nated from umbilical cord (UC)16). In addition to previous

reports, their results also intimate the safety and conve-

nience of MSCs. In contrary to the results with mouse

MSCs, human MSCs seem to be more efficacious and

safety has been proven not only by the animal models but

also with clinical trials on GVHD. We have recently ob-

served that human MSCs possessed prophylactic effects

on the incidence of CIA rats, whereas rat MSCs did not

(Zhang et al., in preparation). According to these previous

results and from a viewpoint of clinical application, human

MSCs were utilized in our experiments to assess their pos-

sible use as a novel treatment tool aimed at joint repair in

RA patients.

　　

MSCs for bone regeneration
　Previous reports have demonstrated the potential of

MSCs as a treatment tool for large bone defects7). How-

ever, it is uncertain whether MSCs are able to differentiate

into osteoblasts under inflammatory circumstances. In or-

der to address this question, MSCs were cultured in os-

teoblast induction media in the presence of inflammatory

cytokines and osteoblast differentiation was evaluated

by expression of osteoblastic markers. Among the evalu-
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ated inflammatory cytokines (TNF-α, IL-1β, IL-6 or IL-17),

IL-1β prominently enhanced expression of RUNX2, a

marker for osteoblasts. Moreover, enhanced mineraliza-

tion was observed with the activation of the Wnt5a/Ror2

pathway (Fig.1). We also confirmed that OPG production

by MSCs did not change even after osteoblast differentia-

tion by osteogenic condition with IL-1β (data not shown).

Our results indicate that MSCs are able to differentiate into

osteoblasts even under inflammation and suggest the use-

fulness of MSCs on bone regeneration in patients with RA.

However, we have also noticed that higher concentrations

of cytokines as detected in severely inflamed sites inhib-

ited osteoblast differentiation (data not shown). Thus, cell-

therapy with MSCs should be considered as a subsidiary

treatment to achieve bone repair after controlling the pre-

existing synovitis.

　In healthy individuals, osteoblasts are in fine tune with

osteoclasts. This so called bone-coupling mediates bone

turnover determining the bone density. Osteoblasts are

associated with bone formation expressing RANKL, which

simultaneously leads to differentiation of osteoclasts. There-

fore, alteration of the bone-coupling can cause either loss

or gain of bone tissue. In the RA joint, up-regulated ex-

pression of RANKL on synovial fibroblasts or auto-reac-

tive lymphocytes induces differentiation of osteoclasts, re-

sulting in inadequate bone resorption17). Thus, MSCs pos-

sessing anti-inflammatory effect and their multipotency is

the most relevant tool to cell-therapy aimed at regenera-

tion of destructed joints in RA patients. In previous clinical

trials, intravenous or local infusion has been performed for

treatment with MSCs. For our purpose, delivery of MSCs

directly to the destructed lesion is a reasonable strategy

and the most simplistic approach might be intra-articular

injection. However, intra-articular injection of MSCs is

known to result in diffusion into the articular tissue, which

prevents the cells from appropriate delivery of the neces-

sary number of cells to the targeted lesion.

　In order to resolve these issues, we and others have

considered utilizing tissue engineering techniques. Trans-

plantation of MSCs in combination with scaffolds, such as

β-tricalcium phosphate, poly-lactic-co-glycolic acid and

hydroxyapatite18), provide not only strength but also a three

dimensional environment which seems to be an adequate

circumstance for osteoblast or chondrocyte differentiation.

Although a large number of studies with scaffolds have

focused on the efficacy on bone defect animal models,

adequate conditions in inflammatory circumstances should

be investigated.

　　

Source of MSCs
　Tissue sources of MSCs are of interest. MSCs reside

mainly in the bone marrow5), adipose tissue19) and synovial

membrane20). No matter the tissue source, they possess

the potency to differentiate into three different lineages,

Fig.1  IL-1β enhances osteoblast differentiation
Human MSCs were cultured in osteogenic induction medium (OIM) with or without IL-1β. (A) IL-1β
enhanced the mRNA expression of runt-related gene 2 (RUNX2), (B) mineralization detected by alizarin

red S staining. (C) IL-1β up-regulated the gene expression of Wingless-type MMTV integration site (Wnt)

5a, and inhibition of Wnt5a resulted in suppression of mineralization (D).
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although their differentiation potency seems to be quite

different and depends on the tissue source. Sakaguchi Y.

et al., reported that MSCs originating from bone marrow,

synovium and periosteum are advantageous in bone

regeneration21). On the other hand, donor of MSCs is also

another issue providing some ideas to the pathology of the

disease. Sun L.Y. et al. have demonstrated that MSCs from

patients with systemic lupus erythematosus (SLE) have

less ability for self expansion and concluded that MSCs

play an important role in the pathogenesis22). MSCs from

RA patients are not well understood. Based on the report

by Sakaguchi Y. et al., utilizing MSCs from synovium rather

than other tissues might be an ideal strategy for the pur-

pose of joint repair. Morimoto D. et al. have reported the

potency of hMSCs to differentiate to osteoblasts originat-

ing from different disease and found no difference between

osteoarthritis and RA23). However, based on the previous

reports pointing out the possible role of MSCs on SLE pa-

thology, autologous MSCs may possess disadvantages in

osteogenesis and immune suppression. Thus, even though

autologous transplantation is an ideal treatment strategy,

allogenic transplantation should also be considered to

achieve appropriate regeneration of the joint tissue.

Conclusion
　Biologics targeting inflammatory cytokines have altered

the treatment goals in RA. Prominent and immediate sup-

pression of arthritis can be achieved and joint destruction

can be ceased with biologics. However, repair of the de-

structed joints is observed in rare cases and cannot be

achieved intentionally. Therefore, we have defined our next

treatment goal of RA treatment as bone repair. Based on

these ideas, we have considered MSCs as valuable cell-

therapy tools in the post-biologic era. Although there still

are numbers of problems to be solved, we have shown here

that inflammatory cytokines enhance osteoblastogenesis

and are able to support bone regeneration even under the

presence of inflammation (Fig.2).

Acknowledgement
　The authors thank Chad E. Pashcall for critical reviewing of this

manuscript.

Source of funding
   This work was supported in part by Research Grants-In-Aid for
Scientific Research from the Ministry of Health, Labor and Welfare

of Japan, the Ministry of Education, Culture, Sports, Science and

Technology of Japan, and the University of Occupational and Envi-

ronmental Health, Japan and UOEH Grant for Advanced Research.

Conflict of interests
   Dr. Tanaka has received consulting fees, speaking fees, and/or
honoraria from Mitsubishi-Tanabe, Chugai, Eisai, Takeda, Astellas,

and Abbott and has received research grant support from Mitsubishi-

Tanabe, Takeda, MSD, Pfizer, Astellas, Chugai, Abbott, and Eisai.

The other authors declare no conflict of interest.

References
1) Lipsky PE: Rheumatoid arthritis; Harrison’s principles

of internal medicine. 17th ed. (ed. Harrison TR), McGraw-

Hill, New York, 2008, Vol.2, pp2083-2092.

2) Lipsky PE, van der Heijde DM, St Clair EW, Furst DE,

Breedveld FC, Kalden JR, Smolen JS, Weisman M,

Emery P, Feldmann M, Harriman GR, Maini RN:

Infliximab and methotrexate in the treatment of rheu-

matoid arthritis. Anti-Tumor Necrosis Factor Trial in

Rheumatoid Arthritis with Concomitant Therapy Study

Group. N Engl J Med. 2000; 343: 1594-1602.

3) Klareskog L, van der Heijde D, de Jager JP, Gough A,

Kalden J, Malaise M, Martin Mola E, Pavelka K, Sany

J, Settas L, Wajdula J, Pedersen R, Fatenejad S, Sanda

M: Therapeutic effect of the combination of etanercept

and methotrexate compared with each treatment alone

in patients with rheumatoid arthritis: double-blind

randomised controlled trial. Lancet. 2004; 363: 675-681.

Fig.2    MSCs as a novel treatment tool for RA
MSCs suppress inflammation as well as osteoclast differen-

tiation. Since MSCs are able to differentiate into osteoblasts,

MSCs can be a novel treatment tool of RA from the viewpoint

of both inflammation control and bone repair.



192Inflammation and Regeneration    Vol.32  No.5    NOVEMBER  2012

Mini Review　Mesenchymal stem cells on rheumatoid arthritis

4) Breedveld FC, Weisman MH, Kavanaugh AF, Cohen

SB, Pavelka K, van Vollenhoven R, Sharp J, Perez

JL, Spencer-Green GT: The PREMIER study: A multi-

center, randomized, double-blind clinical trial of com-

bination therapy with adalimumab plus methotrexate

versus methotrexate alone or adalimumab alone in

patients with early, aggressive rheumatoid arthritis who

had not had previous methotrexate treatment. Arthri-

tis Rheum. 2006; 54: 26-37.

5) Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Dou-

glas R, Mosca JD, Moorman MA, Simonetti DW, Craig

S, Marshak DR: Multilineage potential of adult human

mesenchymal stem cells. Science. 1999; 284: 143-147.

6) Le Blanc K, Frassoni F, Ball L, Locatelli F, Roelofs H,

Lewis I, Lanino E, Sundberg B, Bernardo ME, Remberger

M, Dini G, Egeler RM, Bacigalupo A, Fibbe W, Ringden

O: Mesenchymal stem cells for treatment of steroid-

resistant, severe, acute graft-versus-host disease: a

phase II study. Lancet. 2008; 371: 1579-1586.

7)Quarto R, Mastrogiacomo M, Cancedda R, Kutepov

SM, Mukhachev V, Lavroukov A, Kon E, Marcacci M:

Repair of large bone defects with the use of autolo-

gous bone marrow stromal cells. N Engl J Med. 2001;

344: 385-386.

8) Shih HN, Shih LY, Sung TH, Chang YC: Restoration

of bone defect and enhancement of bone ingrowth

using partially demineralized bone matrix and marrow

stromal cells. J Orthop Res. 2005; 23: 1293-1299.

9) Noel D, Gazit D, Bouquet C, Apparailly F, Bony C,

Plence P, Millet V, Turgeman G, Perricaudet M, Sany

J, Jorgensen C: Short-term BMP-2 expression is suffi-

cient for in vivo osteochondral differentiation of mes-

enchymal stem cells. Stem Cells. 2004; 22: 74-85.

10)Oshita K, Yamaoka K, Udagawa N, Fukuyo S,

Sonomoto K, Maeshima K, Kurihara R, Nakano K, Saito

K, Okada Y, Chiba K, Tanaka Y: Human mesenchymal

stem cells inhibit osteoclastogenesis through osteoprote-

gerin production. Arthritis Rheum. 2011; 63: 1658-1667.

11)Djouad F, Fritz V, Apparailly F, Louis-Plence P, Bony

C, Sany J, Jorgensen C, Noel D: Reversal of the im-

munosuppressive properties of mesenchymal stem

cells by tumor necrosis factor alpha in collagen-induced

arthritis. Arthritis Rheum. 2005; 52: 1595-1603.

12)Augello A, Tasso R, Negrini SM, Cancedda R, Pennesi

G: Cell therapy using allogeneic bone marrow mesen-

chymal stem cells prevents tissue damage in collagen-

induced arthritis. Arthritis Rheum. 2007; 56: 1175-1186.

13)Chen B, Hu J, Liao L, Sun Z, Han Q, Song Z, Zhao

RC: Flk-1+ mesenchymal stem cells aggravate col-

lagen-induced arthritis by up-regulating interleukin-6.

Clin Exp Immunol. 2010; 159: 292-302.

14)Choi JJ, Yoo SA, Park SJ, Kang YJ, Kim WU, Oh IH,

Cho CS: Mesenchymal stem cells overexpressing

interleukin-10 attenuate collagen-induced arthritis in

mice. Clin Exp Immunol. 2008; 153: 269-276.

15)Park MJ, Park HS, Cho ML, Oh HJ, Cho YG, Min SY,

Chung BH, Lee JW, Kim HY, Cho SG: Transforming

growth factor beta-transduced mesenchymal stem cells

ameliorate experimental autoimmune arthritis through

reciprocal regulation of Treg/Th17 cells and osteo-

clastogenesis. Arthritis Rheum. 2011; 63: 1668-1680.

16)Liu Y, Mu R, Wang S, Long L, Liu X, Li R, Sun J, Guo

J, Zhang X, Yu P, Li C, Huang Z, Wang D, Li H, Gu Z,

Liu B, Li Z: Therapeutic potential of human umbilical

cord mesenchymal stem cells in the treatment of rheu-

matoid arthritis. Arthritis Res Ther. 2010; 12: R210.

17)Takayanagi H: Osteoimmunology: shared mechanisms

and crosstalk between the immune and bone systems.

Nat Rev Immunol. 2007; 7: 292-304.

18)Karageorgiou V, Kaplan D: Porosity of 3D biomaterial

scaffolds and osteogenesis. Biomaterials. 2005; 26:

5474-5491.

19)Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI,

Mizuno H, Alfonso ZC, Fraser JK, Benhaim P, Hedrick

MH: Human adipose tissue is a source of multipotent

stem cells. Mol Biol Cell. 2002; 13: 4279-4295.

20)De Bari C, Dell’Accio F, Tylzanowski P, Luyten FP: Multi-

potent mesenchymal stem cells from adult human syn-

ovial membrane. Arthritis Rheum. 2001; 44: 1928-1942.

21)Sakaguchi Y, Sekiya I, Yagishita K, Muneta T: Com-

parison of human stem cells derived from various mes-

enchymal tissues: superiority of synovium as a cell

source. Arthritis Rheum. 2005; 52: 2521-2529.

22)Sun LY, Zhang HY, Feng XB, Hou YY, Lu LW, Fan

LM: Abnormality of bone marrow-derived mesenchy-

mal stem cells in patients with systemic lupus erythe-

matosus. Lupus. 2007; 16: 121-128.

23)Morimoto D, Kuroda S, Kizawa T, Nomura K, Higuchi

C, Yoshikawa H, Tomita T: Equivalent osteoblastic dif-

ferentiation function of human mesenchymal stem cells

from rheumatoid arthritis in comparison with osteoar-

thritis. Rheumatology (Oxford). 2009; 48: 643-649.


