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Functional change of synoviocytes and mesenchymal stromal cells through adipogenesis: A
possible model of pannus and bone edema formation in rheumatoid arthritis
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The biology of fibroblast-like cells is important in understanding of pathogeneis of rheumatoid
arthritis (RA). Fibroblast-like synovial cells (FLSs) is major component of pannus in inflamed
joint, and mesenchymal stromal cells (MSCs) is thought to be in bone edema, a recently reported RA lesion in bone marrow that is detectable by MRI. It is interesting that MSCs share
many characteristics with FLSs. Both types of cells can secrete cytokines, and differentiate into
mesenchymal lineage cells such as osteoblasts, chondrocytes, and adipocytes. In this review,
we discuss the possible contribution of the adipogenesis insufficency of FLSs or MSCs to the
development of synovial hyperplasia and bone edema in RA.
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Introduction

cytes, osteoclasts, and fibroblasts3, 4). It is also noteworthy

It is important to observe the pathological hallmarks of

that changes in fat tissue are evident in both lesions.

rheumatoid arthritis (RA) to understand the pathogenic

Namely, synovial hyperplasia seems to invade surround-

mechanism of the disease. In addition to synovial hyper-

ing fat tissue5) and bone edema replaces fat tissue with

plasia in inflamed joints, which is a well-known character-

non-fat tissue4). However, it is not understood how fat tis-

istic of the disease, bone edema was recently identified as

sue is replaced with other cells in joint or bone marrow and

a pathological change in RA bone marrow detected by

how the aberrant replacement of fat tissues affect the clini-

magnetic resonance imaging (MRI)

1, 2)

. Even though the

cal course of RA.

lesions are separated from each other by bone cortex, both

Fibroblasts in synovial hyperplasia are called fibroblast-

lesions have similar cellular components, including mono-

like synovial cells (FLSs). FLSs are regarded as a thera-
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secretion of IL-6 is significantly reduced after the adipo-

cytokines and proteases . Likewise, there are bone mar-

genesis of the cell. In addition, the production of IL-8 and

row resident fibroblast cells called mesenchymal stromal

matrix metalloprotease-3 (MMP-3) in troglitazone-differen-

6)

cells (MSCs) . The pathogenic role of MSCs in the patho-

tiated adipocyte-like FLSs is diminished13, 14). These func-

genesis of RA is not fully understood7-9). However, it is in-

tional changes in FLS can be explained by decreased

teresting that MSCs share many characteristics with

NF-κB nuclear activity induced by TNF-α in troglitazone-

FLSs. MSCs have high potential to proliferate and secrete

differentiated adipocyte-like FLSs compared to non-treated

interleukin-6 (IL-6)3, 10). Besides this, both types of cells can

ones. Since NF-κB is an important transcription factor for

differentiate into mesenchymal lineage cells such as os-

IL-6, IL-8, and MMP-3 expression, these transformations

11-13)

teoblasts, chondrocytes, and adipocytes

of FLSs are very favorable for the regression of RA. It is

.

In this review, we present the hypothesis that adipogen-

important that the differentiation of FLSs into adipocyte-

esis of FLSs and MSCs may be involved in the formation

like cells is not stable, because the production of IL-6, IL-8,

of synovial hyperplasia and bone edema, respectively. This

and MMP-3 is restored 8 days after the withdrawal of

hypothesis may give rise to a new therapeutic strategy to

troglitazone; this means that FLSs return to an undifferen-

regulate FLSs and MSCs to reduce their joint-destructing

tiated or active state without differentiating stimulus13, 14).

ability to ameliorate joint inflammation.

Adipogenesis of MSCs and RA
Adipogenesis of FLSs and RA

A recent histological examination of bone edema re-

In 2001, De Bari et al. reported that FLSs differentiate

vealed that adipose tissue, a major cellular component of

into mesenchymal lineage cells such as osteoblasts,

bone cavity, is replaced by inflammatory cells such as

12)

chondrocytes, and adipocytes . These discoveries paved

monocytes, fibroblasts, and osteoclasts4). More importantly,

the way to tissue engineering technology using FLSs to

the extent of bone edema is related to the prognosis of

repair damaged joint structure in RA patients. Another ap-

RA16, 17). Therefore, it is expected that bone edema plays

plication of the phenomena is to induce FLS differentiation

roles in inflammation and the destruction of joint in RA.

in vivo to alter the cellular characteristics of FLSs to ame-

These findings about bone edema also give rise to 2

liorate RA. In this regard, we attempted to induce the adi-

questions: (1) how does bone edema emerge in bone mar-

pogenesis of FLSs using troglitazone, a synthetic PPARγ

row, and (2) how does the lesion contribute to the disease

ligand

13, 14)

. Troglitazone induces adipogenesis of FLSs as

well as the established adipogenesis induction method in-

progression of RA?
MSCs are spindle-shaped adherent cells that can be
enriched from bone marrow. The most remarkable char-

troduced by De Bari et al.
We examined whether the inflammatory milieu in rheu-

acteristic of these cells is their ability to differentiate into

matoid synovial tissues affects the adipogenesis of FLSs.

mesenchymal lineage cells such as osteoblasts, adipocytes,

We tested the effects of interferon-γ (IFN-γ), tumor ne-

and chondrocytes11). Besides this, MSCs can maintain their

crosis factor-α (TNF-α), and IL-1β on a troglitazone-medi-

multipotency even after their expansion in vitro18). Interest-

ated FLS adipogenesis system. Troglitazone-induced

ingly, recent studies show that MSCs modulate the activi-

adipocyte differentiation of FLSs was effectively inhibited

ties of T, natural killer, and dendritic cells19). This suggests

by TNF-α and IL-1β. This can be explained by the report

the therapeutic potential of MSCs for treating RA20). How-

by Suzawa et al., which stated that MSC adipogenesis can

ever, it remains unclear whether MSCs are beneficial for

be blocked by a signal via nuclear factor-κB (NF-κB)-in-

RA therapy, because the cells are also implicated to have

15)

ducing kinase (NIK)--mediated NF-κB activation . Inter-

pathogenic roles in RA21).

estingly, IFN-γ also inhibits the adipogenesis process of

We examined whether cytokines block MSC adipogen-

FLSs. These findings indicate that the Janus kinase (JAK)/

esis, as is observed in FLSs. As a result, the adipogenesis

signal transducer and activator of transcription (STAT) sig-

of MSCs was dramatically reduced by culture with TNFα,

naling pathway also plays a role in inhibiting the adipogen-

IL-1β, IL-6, or transforming growth factor β (TGFβ). These

esis of FLSs

13, 14)

.

One of the striking changes in FLS function is that the

data suggest that the inflammatory milieu inhibits the adipogenesis of MSCs as is observed in FLSs; a variety of
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secrete IL-610). Interestingly, we confirmed a marked reduction of IL-6 in MSCs after adipogenesis22). This is consistent with the results of our previous study showing decreased IL-6 production by FLSs after adipogenesis13, 14).
These results highlight MSCs as a source of IL-6 in bone
edema that may support monocyte and osteoclast activation, aggravating RA.
Analyses of the intracellular structure of MSCs provide
another evidence of the functional changes in MSCs via
adipogenesis. These changes were initially noticed by a
simple observation that adipogenesis-induced MSCs move
less than undifferentiated MSCs in a migration assay22).
Cell staining examination was used to identify the molecule
responsible for causing the differences in the migration of
undifferentiated MSCs compared to MSCs after adipogenesis. These analyses revealed that the expression patterns
of F-actin and α-smooth muscle actin (α-SMA) are altered through adipogenesis22). As shown in Figure 1, the
expression pattern of F-actin visualized by phalloidin in
MSCs after adipogenesis is remarkably different from the
so-called stress fiber pattern in undifferentiated MSCs22).
Similar results were obtained by α-SMA immunostaining22).
Fig.1 Stress fibers in MSCs were visualized by staining F-actin with
fluorescent phalloidin after adipogenesis (top, and merge:
green). Hoechst staining was
used to visualize the nuclei
(middle, and merge: blue)
The arrows indicate mesenchymal stem
cells (MSCs) with lipid accumulation. Note
that MSCs after adipogenesis do not exhibit stress fibers.

Therefore, these results suggest that the loss of functional
α-SMA and F-actin in MSCs during adipogenesis causes
the cells’ loss of mobility.

The Impact of Adipogenesis Inhibition in
RA
Inflammatory cytokines block the adipogenesis of both
FLSs and MSCs. This finding implies that inflammation
contributes to the replacement of adipose tissue with vigorously proliferating FLSs and MSCs, which may leads to
the formation of synovial hyperplasia or bone edema. It is

signaling pathway evoked by several cytokines mediates

important that these pathological changes already appear

this22). These phenomena can explain how bone edema

at the early stage of RA. Our data suggest that the inflam-

emerges in bone marrow under the inflammatory milieu.

mation that triggers the onset of RA may also block the

Bone edema can be regarded as a lesion that must be
treated to control RA, because the lesion contains inflam-

adipogenesis of FLSs and MSCs to form synovial hyperplasia or bone edema.

matory cells and osteoclasts, which are pivotal cells in

Interestingly, one arthritis model mouse exhibits a phe-

chronic inflammation and bone destruction4). Given that

notype consistent with this hypothesis. MSCs obtained from

bone edema is a joint-inflaming destructive lesion, we must

IL-1 receptor antagonist knockout mice (IL-1ra-/-), an ar-

determine whether MSCs are involved in the development

thritis model mouse, exhibit altered self-renewal and dif-

of such lesions. To do so, we performed a comprehensive

ferentiation ability23). Interestingly, the population of MSCs

cytokine screening test in the supernatants collected from

with adipogenic potential decreases prior to the onset of

MSCs cultured with or without adipogenesis by using the

arthritis. In addition, the adiposity of the IL-1ra-/- mouse

Human Inflammation Antibody Array. It is known that MSCs

decreases prior to arthritis. Thus, it is possible that inflam-
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The reduced migration capacity of MSCs after adipogenesis compared to undifferentiated MSCs is another important finding. It is thought that inflammatory cells and
proliferating synovial cells in inflamed joints break cortical
bone to generate bone edema2). We propose that MSCs
also have the potential to initiate this cortical breaking from
the bone cavity toward the joint cavity, because they can
vigorously migrate and secrete IL-6. Taken together, it is
possible that a bidirectional cortical break can occur in RA
in which synovial cells stimulate MSCs and vice versa. In
this scenario, treatments targeting RA lesions must explore
bone edema. Our model is demonstrated in Figure 2.

The Potential of Adipogenesis Induction
for RA Treatment
Fig.2 Due to their high ability to secrete IL-6, MSCs can be
potent pathogenic cells similar to fibroblast-like synovial
cells (FLSs) in the pannus of rheumatoid arthritis (RA)
joints
IL-6 blocks the adipogenesis of MSCs and maintains the undifferentiated cell state. In turn, the undifferentiated MSCs secrete large amounts
of IL-6. In this way, a vicious cycle involving IL-6 and undifferentiated
MSCs contributes to bone edema as a joint-destroying inflammatory
lesion. To treat such lesions, the adipogenesis induction by drugs such
as synthetic PPARγ ligands may diminish bone edema and ameliorate the inflammatory lesions in bone marrow in RA.

The marked induction of IL-8 in MSCs after adipogenesis compared to that observed in undifferentiated MSCs22)
completely contradicts the results described in our previous study using FLSs14). This can be explained by the difference in cells or the adipogenesis induction system used.
We used adipogenesis induction medium containing indomethacin, IBMX, insulin, and dexamethasone for MSC
adipogenesis. In the previous study on FLSs, we induced
the adipogenesis of FLS using troglitazone, a synthetic
PPARγ ligand. The synthetic PPARγ ligand, which is
proven in arthritis model mouse to be a potent anti-rheumatic drug25), may be a better choice for inducing the adi-

matory cytokines such as IL-1β inhibit the adipogenesis of

pogenesis of FLS and MSC because it can inhibit both IL-8

FLSs and MSCs, and bring about bone edema as well as

and IL-6 production14).

synovial hyperplasia at an early stage of RA.
The IL-6 produced by FLSs and MSCs is remarkably

Conclusion

reduced by adipogenesis. IL-6 is an important cytokine for

We discussed the possibility that MSCs may be a com-

the development of RA and is an evident therapeutic tar-

ponent of bone edema as well as a potent therapeutic tar-

24)

get in RA treatment . Therefore, it is possible that the

get that deserves exploration. Accordingly, we propose

undifferentiated MSCs in bone edema intrinsically contrib-

adipogenesis induction in FLSs and MSCs in the treatment

ute to inflammation and bone destruction in RA, the same

of early-stage RA as a future study. An existing group of

as FLSs in inflamed joint cavities. It is also important to

drugs can induce MSCs adipogenesis; synthetic PPARγ

note that IL-6 blocks the adipogenesis of MSCs. This im-

ligands are now widely used to treat diabetes and can in-

plies that IL-6 can trigger bone edema at the early stage of

duce FLSs and MSCs adipogenesis. Using these com-

RA. In this regard, it is plausible that the development of

pounds may diminish inflammatory lesions during the early

RA involves a vicious cycle involving IL-6 production and

stage of RA such as synovial hyperplasia and bone edema,

bone edema in bone marrow; that is, IL-6 prevents MSCs

blocking their progression to persistent and established

from differentiating into adipocytes, and the undifferenti-

joint-destructing lesions.

ated MSCs persist in secreting IL-6, which again contrib-

Further basic and clinical research is also desired to

utes to the spreading of bone edema and chronic inflam-

determine whether bone edema can be an indicator for an

mation in RA.

affirmative treatment in RA.
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dendritic cells through an interleukin-6-dependent

Acknowledgments
A Grant-in-Aid for Young Scientists (B) [21790949 to S.Y.] from
the Ministry of Education, Science, Sports, and Culture supported
this study.

mechanism. Stem Cells. 2007; 25: 2025-2032.
11)Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, Moorman MA, Simonetti DW, Craig
S, Marshak DR: Multilineage potential of adult human

Conflict of interests

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

None

12)De Bari C, Dell’Accio F, Tylzanowski P, Luyten FP:
Multipotent mesenchymal stem cells from adult human

References
1) McQueen FM, Stewart N, Crabbe J, Robinson E, Yeo-

synovial membrane. Arthritis Rheum. 2001; 44: 19281942.

man S, Tan PL, McLean L: Magnetic resonance imag-

13)Yamasaki S, Nakashima T, Kawakami A, Miyashita T,

ing of the wrist in early rheumatoid arthritis reveals pro-

Tanaka F, Ida H, Migita K, Origuchi T, Eguchi K: Cyto-

gression of erosions despite clinical improvement. Ann

kines regulate fibroblast-like synovial cell differentia-

Rheum Dis. 1999; 58: 156-163.

tion to adipocyte-like cells. Rheumatology (Oxford).

2) Schett G: Bone marrow edema. Ann NY Acad Sci.
2009; 1154: 35-40.

2004; 43: 448-452.
14)Yamasaki S, Nakashima T, Kawakami A, Miyashita T,

3) Pap T, Muller-Ladner U, Gay RE, Gay S: Fibroblast

Ida H, Migita K, Nakata K, Eguchi K: Functional

biology: Role of synovial fibroblasts in the pathogen-

changes in rheumatoid fibroblast-like synovial cells

esis of rheumatoid arthritis. Arthritis Res. 2000; 2: 361-

through activation of peroxisome proliferator-activated

367.

receptor gamma-mediated signaling pathway. Clin Exp

4) Dalbeth N, Smith T, Gray S, Doyle A, Antill P, Lobo M,

Immunol. 2002; 129: 379-384.

Robinson E, King A, Cornish J, Shalley G, Gao A,

15)Suzawa M, Takada I, Yanagisawa J, Ohtake F, Ogawa

McQueen FM: Cellular characterization of magnetic

S, Yamauchi T, Kadowaki T, Takeuchi Y, Shibuya H,

resonance imaging bone oedema in rheumatoid

Gotoh Y, Matsumoto K, Kato S: Cytokines suppress

arthritis; implications for pathogenesis of erosive dis-

adipogenesis and PPAR-gamma function through the

ease. Ann Rheum Dis. 2009; 68: 279-282.

TAK1/TAB1/NIK cascade. Nat Cell Biol. 2003; 5: 224-

5) Jacobson JA, Lenchik L, Ruhoy MK, Schweitzer ME,
Resnick D: MR imaging of the infrapatellar fat pad of
Hoffa. Radiographics. 1997; 17: 675-691.
6) Caplan AI: Mesenchymal stem cells. J Orthop Res.
1991; 9: 641-650.
7) Salem HK, Thiemermann C: Mesenchymal stromal
cells: current understanding and clinical status. Stem
Cells. 2010; 28: 585-596.

230.
16)Bφyesen P, Haavardsholm EA, Ostergaard M, van
der Heijde D, Sesseng S, Kvien TK: MRI in early rheumatoid arthritis: synovitis and bone marrow oedema
are independent predictors of subsequent radiographic
progression. Ann Rheum Dis. 2011; 70: 428-433.
17)Hetland ML, Stengaard-Pedersen K, Junker P,
Ostergaard M, Ejbjerg BJ, Jacobsen S, Lottenburger

8) Djouad F, Bouffi C, Ghannam S, Noël D, Jorgensen

T, Hansen I, Tarp U, Andersen LS, Svendsen A,

C: Mesenchymal stem cells: innovative therapeutic

Pedersen JK, Lauridsen UB, Ellingsen T, Lindegaard

tools for rheumatic diseases. Nat Rev Rheumatol.

H, Podenphant J, Vestergaard A, Jurik AG, Horslev-

2009; 5: 392-399.

Petersen K; CIMESTRA study group: Radiographic

9) Tomita T, Kashiwagi N, Shimaoka Y, Ikawa T, Tanabe

progression and remission rates in early rheumatoid

M, Nakagawa S, Kawamura S, Denno K, Owaki H,

arthritis - MRI bone oedema and anti-CCP predicted

Ochi T: Phenotypic characteristics of bone marrow cells

radiographic progression in the 5-year extension of the

in patients with rheumatoid arthritis. J Rheumatol. 1994;

double-blind randomised CIMESTRA trial. Ann Rheum

21: 1608-1614.

Dis. 2010; 69: 1789-1795.

10)Djouad F, Charbonnier LM, Bouffi C, Louis-Plence P,
Bony C, Apparailly F, Cantos C, Jorgensen C, Noël D:
Mesenchymal stem cells inhibit the differentiation of

18)Caplan AI: Mesenchymal stem cells. J Orthop Res.
1991; 9: 641-650.
19)Salem HK, Thiemermann C: Mesenchymal stromal

Mini Review Adipogenesis in Rheumatoid Arthritis
Inflammation and Regeneration

Vol.32 No.5

cells: current understanding and clinical status. Stem
Cells. 2010; 28: 585-596.

NOVEMBER 2012

207

23)Mohanty ST, Kottam L, Gambardella A, Nicklin MJ,
Coulton L, Hughes D, Wilson AG, Croucher PI,

20)Djouad F, Bouffi C, Ghannam S, Noël D, Jorgensen C:

Bellantuono I: Alterations in the self-renewal and dif-

Mesenchymal stem cells: innovative therapeutic tools

ferentiation ability of bone marrow mesenchymal stem

for rheumatic diseases. Nat Rev Rheumatol. 2009;5:

cells in a mouse model of rheumatoid arthritis. Arthri-

392-399.

tis Res Ther. 2010; 12: R149.

21)Tomita T, Kashiwagi N, Shimaoka Y, Ikawa T, Tanabe
M, Nakagawa S, Kawamura S, Denno K, Owaki H, Ochi

24)Nishimoto N: Interleukin-6 in rheumatoid arthritis. Curr
Opin Rheumatol. 2006; 18: 277-281.

T: Phenotypic characteristics of bone marrow cells in

25)Kawahito Y, Kondo M, Tsubouchi Y, Hashiramoto A,

patients with rheumatoid arthritis. J Rheumatol. 1994;

Bishop-Bailey D, Inoue K, Kohno M, Yamada R, Hla

21: 1608-1614.

T, Sano H: 15-deoxy-delta(12,14)-PGJ(2) induces

22)Okada A, Yamasaki S, Koga T, Kawashiri S, Kita J,

synoviocyte apoptosis and suppresses adjuvant-in-

Nakamura H, Tamai M, Eguchi K, Kawakami A: Func-

duced arthritis in rats. J Clin Invest. 2000; 106: 189-

tional change of bone marrow derived mesenchymal

197.

stem cell through adipogenesis. In press.

