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Recent reviews of consecutive knee arthroscopies have 
demonstrated the occurrence of chondral defects ranging from 60% to 
65%, irrespective of the surgical indication [1]. Osteoarthritis, trauma, 
and disorders of the subchondral bone – such as osteochondritis 
dissecans or osteonecrosis, which secondarily affect articular cartilage 
– may cause defects in cartilage. Based on current trends, osteoarthritis
is predicted to be the fourth leading cause of disability worldwide by
the year 2020 [2]. Articular cartilage is a unique, hypocellular, avascular
tissue mostly made of extracellular collagens and proteoglycans; it has
a limited ability to self heal after trauma and degenerative disease [3].
Current clinical practice usually involves a bone marrow stimulation
technique in which subchondral bone is broken to facilitate cartilage
repair from bone marrow stromal cells (BMSCs) and cytokines.
However, with this procedure, cartilage defects are most often
repaired with fibrocartilage, which is known to be biochemically and
biomechanically different from native hyaline cartilage; this tissue
subsequently undergoes degeneration [4]. Autologous chondrocyte
transplantation (ACT) is currently used clinically; however, it has not
proven to be as successful as originally predicted [5]. Obtaining vital
and differentiated chondrocytes presents one of the major challenges
for successful ACT. Each biopsy presents an additional trauma to
already damaged joint cartilage and may cause postoperative pain
and increase the long-term risk of developing osteoarthritis [4].
Furthermore, the expansion phase the chondrocytes have to undergo
in vitro leads to rapid cell de-differentiation with a loss of chondrogenic
potential [6]. Additionally, isolation of cells from the cartilage matrix
by enzymatic digestion diminishes cartilage-specific mRNA levels and
changes are exaggerated during expansion [7]. The ex vivo expansion
of articular chondrocytes leads to a telomere erosion comparable to
30 years of aging in vivo [8]. Although re-differentiation of these cells
has been shown in vitro [9], only partial gene expression was restored
[7] and a progressive loss of cell ability to form stable ectopic cartilage
in vivo became evident [10]. Thus, newly synthesized cartilage often
consists of more fibrous tissue than hyaline cartilage [11].

It becomes important to find an alternative, easily obtainable cell 
source with stable chondrogenic potential [12]. Mesenchymal stem 
cells (MSCs) are a promising cell source for cartilage regeneration 
because, compared to articular chondrocytes, they are easily obtainable 
in high numbers, expand in vitro without losing their differentiation 
potential [13], and have more pronounced expansion ability with 
no higher risk for replicative aging [14]. Due to an ‘age phenotype’ 
of chondrocytes but not MSCs from patients of advanced age, 
MSCs were found to be more attractive for cartilage repair in older 
individuals. One possible source of MSCs is adipose tissue, which is 
easily accessible in large quantities. Apart from a similar osteogenic 
and adipogenic differentiation potential, however, adipose-derived 
MSCs showed a reduced chondrogenic differentiation capacity under 
standard induction conditions [15]. In addition to adipose tissue, 
bone marrow is a particularly attractive source for MSCs. Some 
recent reports indicated that BMSC-based repairs perform better 
than chondrocyte-based ones [16,17], despite one report suggesting 
that BMSC transplantation showed comparable results with ACT in 

the repair of articular cartilage defects [18]. Compared to the ACT 
approach having a greater effect in younger patients, transplantation 
with BMSCs did not show any difference in ages older or younger than 
45 [18]. A major hurdle in cartilage tissue engineering with BMSCs is 
their differentiation toward endochondral ossification [19]. During in 
vitro chondrogenesis, BMSCs up-regulate not only hyaline cartilage-
specific markers such as collagen II and aggrecan, but also markers 
typical for hypertrophic chondrocytes such as collagen X and alkaline 
phosphatase (ALP) [20-22]. Collagen X makes up 45% of the collagen 
produced in hypertrophic chondrocytes and is therefore considered an 
important marker of enchondral ossification [23]. In contrast, collagen 
X is almost negligible in healthy mature chondrocytes and engineered 
cartilage [24,25]. 

One of the challenges that need to be solved for the advancement of 
regenerative cartilage medicine is to find a tissue-specific stem cell that 
generates articular cartilage-like chondrocytes and does not undergo 
hypertrophy as a terminal differentiation stage. Under chondrogenic 
induction, BMSCs showed a 5- to 10-fold increase in osteocalcin 
and ALP compared to synovium-derived stem cells (SDSCs) [26]; in 
contrast, SDSCs have fewer tendencies to become hypertrophic when 
incubated in a chondrogenic induction medium [27-33]. Figure 1 
shows the different lineage tendencies of both human stem cells. There 
is increasing evidence demonstrating that SDSCs are a tissue-specific 
stem cell for chondrogenesis [34]. Synovium is the closest tissue to 
articular cartilage, not only in development but also in function; synovial 
cells share properties with chondrocytes, such as cartilage oligomeric 
matrix, link protein, and sulfated glycosaminoglycans (GAGs). 
Synovium is also the only tissue that can produce hyaline cartilage in 
benign conditions; under appropriate stimulatory conditions, synovial 
cells are able to migrate into articular cartilage defects and subsequently 
undergo chondrogenic differentiation. It was demonstrated that 
SDSCs match more closely with articular chondrocytes in gene profile 
than BMSCs and are better at chondrogenic differentiation than stem 
cells from bone marrow, periosteum, adipose tissue, and muscle. Both 
chondrocytes and synovial cells bordering the joint cavity could also 
synthesize superficial zone protein (SZP) that provides a protective 
microenvironment for cartilage progenitor cells at the surface of 
articular cartilage. 

*Corresponding author: Ming Pei, Stem Cell and Tissue Engineering Laboratory, 
Department of Orthopaedics, Exercise Physiology, and Mechanical and Aerospace 
Engineering, West Virginia University, One Medical Center Drive, Morgantown, 
PO Box 9196, WV 26506, USA, Tel: 304-293-1072;  Fax: 304-293-7070; E-mail: 
mpei@hsc.wvu.edu

Received September 04, 2012; Accepted September 05, 2012; Published 
September 07, 2012

Citation: Pei M (2012) Can Synovium-derived Stem Cells Deposit Matrix 
with Chondrogenic Lineage-specific Determinants? J Tissue Sci Eng 3:e112. 
doi:10.4172/2157-7552.1000e112

Copyright: © 2012 Pei M. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Can Synovium-derived Stem Cells Deposit Matrix with Chondrogenic 
Lineage-specific Determinants?
Ming Pei*

Stem Cell and Tissue Engineering Laboratory, Department of Orthopaedics, Exercise Physiology, and Mechanical and Aerospace Engineering, West Virginia University, 
Morgantown, WV 26506, USA

Journal of

Tissue Science & EngineeringJo
ur

na
l o

f T
iss

ue Science &Engineering

ISSN: 2157-7552



Citation: Pei M (2012) Can Synovium-derived Stem Cells Deposit Matrix with Chondrogenic Lineage-specific Determinants? J Tissue Sci Eng 3:e112. 
doi:10.4172/2157-7552.1000e112

Page 2 of 3

Volume 3 • Issue 3 • 1000e112
J Tissue Sci Eng
ISSN:2157-7552 JTSE an open access journal 

Another challenge is preventing dedifferentiation and enhancing 
proliferation and chondrogenic capacity during in vitro cell expansion. 
A recent study indicated that a functional stem cell niche exists in adult 
knee joint synovium in vivo [35]. Extracellular matrix (ECM) can be 
used to imitate the features of an in vivo environment [36]. Our reports 
demonstrated that, for the first time, decellularized stem cell matrix 
(DSCM) deposited by SDSCs is a promising and novel cell expansion 
system for cartilage tissue engineering, not only enhancing cell 
proliferation but also promoting expanded cell chondrogenic potential 
instead of (or even against) hypertrophy [37-44]. DSCM could be 
deposited by either SDSCs [37,41] or BMSCs [45]; the former enhanced 
SDSC chondrogenic potential while preventing hypertrophy and 
the latter enhanced BMSC chondrogenic capacity with up-regulated 
hypertrophic markers. These results suggest that DSCM deposited by 
SDSCs or BMSCs may provide a tissue-specific microenvironment for 
lineage-specific differentiation. 

Not only for stem cells [37,38,40-42,45], our findings suggest 
that this cell expansion system also works for primary cells, such as 
chondrocytes [42,43] and nucleus pulposus cells [39,44]; the results 
have been summarized in our recent review paper [46]. Figure 2 shows 
porcine chondrocyte morphology and polarity when expanded on 
either plastic flasks or DSCM. DSCM may also provide an excellent 
model for other specific lineage tissue engineering and regeneration, 
which needs further investigation. The DSCM approach combined 
with SDSCs may provide a novel and promising approach to overcome 
replicative senescence [47] and chondrogenic hypertrophy, which 
are two significant hurdles for cell-based cartilage engineering and 
regeneration. DSCM will be significant not only in advancing the 
development of new generations of stem cell-based approaches 
for cartilage engineering and regeneration, but also will provide 
fundamental new knowledge regarding the interaction between stem 
cell and matrix microenvironment as well as the potential mechanisms 
underlying stem cell rejuvenation or reprogramming by surrounding 
stem cell matrix.
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Figure 1: Human adult synovial fibroblasts (Asterand plc, Detroit, MI, USA) 
and BMSCs (Lonza Group Ltd., Switzerland) were characterized for their 
multi-lineage differentiation capacities. Human synovial fibroblasts were 
positively stained for alkaline phosphatase (ALP), adipose drops [Oil Red O 
(ORO) staining], GAG (Alcian blue staining) and collagen II (immunostaining), 
indicating they are hSDSCs. After incubation in osteogenic medium for 
two weeks, hBMSCs were intensively stained with calcium matrix [stained 
by Alizarin Red S (ARS)] and ALP, indicating that, compared to hSDSCs, 
hBMSCs are tissue-specific stem cells for osteogenesis. There was non-
detectable ARS staining and comparable ALP staining in hSDSCs, suggesting 
that there was less osteogenic potential for the hSDSC group. After incubation 
in chondrogenic medium for two weeks, hSDSCs exhibited intensive staining 
of GAG and collagen II compared to hBMSCs, suggesting that hSDSCs had 
more chondrogenic differentiation capacity than hBMSCs. The scale bar is 
800 µm.
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Figure 2: Dil-stained chondrocytes (red) with DAPI as a nuclear counterstain 
(blue) were expanded on either Plastic (A) or DSCM deposited by SDSCs (B). 
DSCM plated with (C) or without the stained porcine chondrocytes (D) were 
immunostained with collagen I antibody (green). See reference 43 for details.

http://www.ncbi.nlm.nih.gov/pubmed/21332441
http://www.ncbi.nlm.nih.gov/pubmed/21332441
http://www.ncbi.nlm.nih.gov/pubmed/21332441
http://www.ncbi.nlm.nih.gov/pubmed/14710506
http://www.ncbi.nlm.nih.gov/pubmed/14710506
http://www.ncbi.nlm.nih.gov/pubmed/15830323
http://www.ncbi.nlm.nih.gov/pubmed/15830323
http://www.ncbi.nlm.nih.gov/pubmed/12056848
http://www.ncbi.nlm.nih.gov/pubmed/12056848
http://www.ncbi.nlm.nih.gov/pubmed/12056848
http://www.ncbi.nlm.nih.gov/pubmed/11798989
http://www.ncbi.nlm.nih.gov/pubmed/11798989
http://www.ncbi.nlm.nih.gov/pubmed/11798989
http://www.ncbi.nlm.nih.gov/pubmed/15734258
http://www.ncbi.nlm.nih.gov/pubmed/15734258
http://www.ncbi.nlm.nih.gov/pubmed/12054597
http://www.ncbi.nlm.nih.gov/pubmed/12054597
http://www.ncbi.nlm.nih.gov/pubmed/12054597
http://www.ncbi.nlm.nih.gov/pubmed/12054597
http://www.ncbi.nlm.nih.gov/pubmed/12428231
http://www.ncbi.nlm.nih.gov/pubmed/12428231
http://www.ncbi.nlm.nih.gov/pubmed/12428231
http://www.ncbi.nlm.nih.gov/pubmed/12162496
http://www.ncbi.nlm.nih.gov/pubmed/12162496
http://www.ncbi.nlm.nih.gov/pubmed/11465712
http://www.ncbi.nlm.nih.gov/pubmed/11465712
http://www.ncbi.nlm.nih.gov/pubmed/11465712
http://www.ncbi.nlm.nih.gov/pubmed/15634813
http://www.ncbi.nlm.nih.gov/pubmed/15634813
http://www.ncbi.nlm.nih.gov/pubmed/15634813
http://www.ncbi.nlm.nih.gov/pubmed/15634813
http://www.ncbi.nlm.nih.gov/pubmed/17561986
http://www.ncbi.nlm.nih.gov/pubmed/17561986
http://www.ncbi.nlm.nih.gov/pubmed/17561986


Citation: Pei M (2012) Can Synovium-derived Stem Cells Deposit Matrix with Chondrogenic Lineage-specific Determinants? J Tissue Sci Eng 3:e112. 
doi:10.4172/2157-7552.1000e112

Page 3 of 3

Volume 3 • Issue 3 • 1000e112
J Tissue Sci Eng
ISSN:2157-7552 JTSE an open access journal 

13. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, et al. (1999) 
Multilineage potential of adult human mesenchymal stem cells. Science 284: 
143-147.

14. Parsch D, Fellenberg J, Brümmendorf TH, Eschlbeck AM, Richter W (2004) 
Telomere length and telomerase activity during expansion and differentiation of 
human mesenchymal stem cells and chondrocytes. J Mol Med (Berl) 82: 49-55.

15. Winter A, Breit S, Parsch D, Benz K, Steck E, et al. (2003) Cartilage-like gene 
expression in differentiated human stem cell spheroids: a comparison of bone 
marrow-derived and adipose tissue-derived stromal cells. Arthritis Rheum 48: 
418-429.

16. Li WJ, Chiang H, Kuo TF, Lee HS, Jiang CC, et al. (2009) Evaluation of articular 
cartilage repair using biodegradable nanofibrous scaffolds in a swine model: a 
pilot study. J Tissue Eng Regen Med 3: 1-10.

17. Yan H, Yu C (2007) Repair of full-thickness cartilage defects with cells of 
different origin in a rabbit model. Arthroscopy 23: 178-187.

18. Nejadnik H, Hui JH, Feng Choong EP, Tai BC, Lee EH (2010) Autologous 
bone marrow-derived mesenchymal stem cells versus autologous chondrocyte 
implantation: an observational cohort study. Am J Sports Med 38: 1110-1116.

19. Krebsbach PH, Kuznetsov SA, Bianco P, Robey PG (1999) Bone marrow 
stromal cells: characterization and clinical application. Crit Rev Oral Biol Med 
10: 165-181.

20. Barry F, Boynton RE, Liu B, Murphy JM (2001) Chondrogenic differentiation 
of mesenchymal stem cells from bone marrow: differentiation-dependent gene 
expression of matrix components. Exp Cell Res 268: 189-200.

21. Bian L, Zhai DY, Zhang EC, Mauck RL, Burdick JA (2012) Dynamic compressive 
loading enhances cartilage matrix synthesis and distribution and suppresses 
hypertrophy in hMSC-laden hyaluronic acid hydrogels. Tissue Eng Part A 18: 
715-724.

22. Yoo JU, Barthel TS, Nishimura K, Solchaga L, Caplan AI, et al. (1998) The 
chondrogenic potential of human bone-marrow-derived mesenchymal 
progenitor cells. J Bone Joint Surg Am 80: 1745-1757.

23. Gibson GJ, Flint MH (1985) Type X collagen synthesis by chick sternal cartilage 
and its relationship to endochondral development. J Cell Biol 101: 277-284.

24. Riesle J, Hollander AP, Langer R, Freed LE, Vunjak-Novakovic G (1998) 
Collagen in tissue-engineered cartilage: types, structure, and crosslinks. J Cell 
Biochem 71: 313-327.

25. Tallheden T, Karlsson C, Brunner A, Van Der Lee J, Hagg R, et al. (2004) 
Gene expression during redifferentiation of human articular chondrocytes. 
Osteoarthritis Cartilage 12: 525-535.

26. Djouad F, Bony C, Häupl T, Uzé G, Lahlou N, et al. (2005) Transcriptional 
profiles discriminate bone marrow-derived and synovium-derived mesenchymal 
stem cells. Arthritis Res Ther 7: R1304-1315.

27. Chen S, Emery SE, Pei M (2009) Coculture of synovium-derived stem cells and 
nucleus pulposus cells in serum-free defined medium with supplementation of 
transforming growth factor-beta1: a potential application of tissue-specific stem 
cells in disc regeneration. Spine (Phila Pa 1976) 34: 1272-1280.

28. Pei M, Chen D, Li J, Wei L (2009) Histone deacetylase 4 promotes TGF-
beta1-induced synovium-derived stem cell chondrogenesis but inhibits 
chondrogenically differentiated stem cell hypertrophy. Differentiation 78: 260-
268.

29. Pei M, He F, Boyce BM, Kish VL (2009) Repair of full-thickness femoral condyle 
cartilage defects using allogeneic synovial cell-engineered tissue constructs. 
Osteoarthritis Cartilage 17: 714-722.

30. Pei M, He F, Kish VL, Vunjak-Novakovic G (2008) Engineering of functional 
cartilage tissue using stem cells from synovial lining: a preliminary study. Clin 
Orthop Relat Res 466: 1880-1889.

31. Pei M, He F, Vunjak-Novakovic G (2008) Synovium-derived stem cell-based 
chondrogenesis. Differentiation 76: 1044-1056.

32. Pei M, Yan Z, Shoukry M, Boyce BM (2010) Failure of xenoimplantation using 
porcine synovium-derived stem cell-based cartilage tissue constructs for the 
repair of rabbit osteochondral defects. J Orthop Res 28: 1064-1070.

33. Tan Y, Zhang Y, Pei M (2010) Meniscus reconstruction through coculturing 
meniscus cells with synovium-derived stem cells on small intestine submucosa-
-a pilot study to engineer meniscus tissue constructs. Tissue Eng Part A 16: 
67-79.

34. Jones BA, Pei M (2012) Synovium-derived stem cells: a tissue-specific stem 
cell for cartilage engineering and regeneration. Tissue Eng Part B Rev 18: 301-
311.

35. Kurth TB, Dell’accio F, Crouch V, Augello A, Sharpe PT, et al. (2011) Functional 
mesenchymal stem cell niches in adult mouse knee joint synovium in vivo. 
Arthritis Rheum 63: 1289-1300.

36. Yamada KM, Cukierman E (2007) Modeling tissue morphogenesis and cancer 
in 3D. Cell 130: 601-610.

37. He F, Chen X, Pei M (2009) Reconstruction of an in vitro tissue-specific 
microenvironment to rejuvenate synovium-derived stem cells for cartilage 
tissue engineering. Tissue Eng Part A 15: 3809-3821.

38. He F, Pei M (2011) Extracellular matrix enhances differentiation of adipose 
stem cells from infrapatellar fat pad toward chondrogenesis. J Tissue Eng 
Regen Med .

39. He F, Pei M (2012) Rejuvenation of nucleus pulposus cells using extracellular 
matrix deposited by synovium-derived stem cells. Spine (Phila Pa 1976) 37: 
459-469.

40. Li J, He F, Pei M (2011) Creation of an in vitro microenvironment to enhance 
human fetal synovium-derived stem cell chondrogenesis. Cell Tissue Res 345: 
357-365.

41. Li J, Pei M (2011) Optimization of an in vitro three-dimensional microenvironment 
to reprogram synovium-derived stem cells for cartilage tissue engineering. 
Tissue Eng Part A 17: 703-712.

42. Pei M, He F, Wei L (2011) Three dimensional cell expansion substrate for 
cartilage tissue engineering and regeneration: a comparision in decellularized 
matrix deposited by synovium-derived stem cells and chondrocytes. J Tissue 
Sci Eng 2: 104. 

43. Pei M, He F (2012) Extracellular matrix deposited by synovium-derived stem 
cells delays replicative senescent chondrocyte dedifferentiation and enhances 
redifferentiation. J Cell Physiol 227: 2163-2174.

44. Pei M, Shoukry M, Li J, Daffner SD, France JC, et al. (2012) Modulation of in 
vitro microenvironment facilitates synovium-derived stem cell-based nucleus 
pulposus tissue regeneration. Spine (Phila Pa 1976) 37: 1538-1547.

45. Pei M, He F, Kish VL (2011) Expansion on extracellular matrix deposited by 
human bone marrow stromal cells facilitates stem cell proliferation and tissue-
specific lineage potential. Tissue Eng Part A 17: 3067-3076.

46. Pei M, Li JT, Shoukry M, Zhang Y (2011) A review of decellularized stem cell 
matrix: a novel cell expansion system for cartilage tissue engineering. Eur Cell 
Mater 22: 333-343.

47. Li J, Pei M (2012) Cell senescence: a challenge in cartilage engineering and 
regeneration. Tissue Eng Part B Rev 18: 270-287.

http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/14647922
http://www.ncbi.nlm.nih.gov/pubmed/14647922
http://www.ncbi.nlm.nih.gov/pubmed/14647922
http://www.ncbi.nlm.nih.gov/pubmed/12571852
http://www.ncbi.nlm.nih.gov/pubmed/12571852
http://www.ncbi.nlm.nih.gov/pubmed/12571852
http://www.ncbi.nlm.nih.gov/pubmed/12571852
http://www.ncbi.nlm.nih.gov/pubmed/19004029
http://www.ncbi.nlm.nih.gov/pubmed/19004029
http://www.ncbi.nlm.nih.gov/pubmed/19004029
http://www.ncbi.nlm.nih.gov/pubmed/17276226
http://www.ncbi.nlm.nih.gov/pubmed/17276226
http://www.ncbi.nlm.nih.gov/pubmed/20392971
http://www.ncbi.nlm.nih.gov/pubmed/20392971
http://www.ncbi.nlm.nih.gov/pubmed/20392971
http://www.ncbi.nlm.nih.gov/pubmed/10759420
http://www.ncbi.nlm.nih.gov/pubmed/10759420
http://www.ncbi.nlm.nih.gov/pubmed/10759420
http://www.ncbi.nlm.nih.gov/pubmed/11478845
http://www.ncbi.nlm.nih.gov/pubmed/11478845
http://www.ncbi.nlm.nih.gov/pubmed/11478845
http://www.ncbi.nlm.nih.gov/pubmed/21988555
http://www.ncbi.nlm.nih.gov/pubmed/21988555
http://www.ncbi.nlm.nih.gov/pubmed/21988555
http://www.ncbi.nlm.nih.gov/pubmed/21988555
http://www.ncbi.nlm.nih.gov/pubmed/9875932
http://www.ncbi.nlm.nih.gov/pubmed/9875932
http://www.ncbi.nlm.nih.gov/pubmed/9875932
http://www.ncbi.nlm.nih.gov/pubmed/4008531
http://www.ncbi.nlm.nih.gov/pubmed/4008531
http://www.ncbi.nlm.nih.gov/pubmed/9831069
http://www.ncbi.nlm.nih.gov/pubmed/9831069
http://www.ncbi.nlm.nih.gov/pubmed/9831069
http://www.ncbi.nlm.nih.gov/pubmed/15219567
http://www.ncbi.nlm.nih.gov/pubmed/15219567
http://www.ncbi.nlm.nih.gov/pubmed/15219567
http://www.ncbi.nlm.nih.gov/pubmed/16277684
http://www.ncbi.nlm.nih.gov/pubmed/16277684
http://www.ncbi.nlm.nih.gov/pubmed/16277684
http://www.ncbi.nlm.nih.gov/pubmed/19455002
http://www.ncbi.nlm.nih.gov/pubmed/19455002
http://www.ncbi.nlm.nih.gov/pubmed/19455002
http://www.ncbi.nlm.nih.gov/pubmed/19455002
http://www.ncbi.nlm.nih.gov/pubmed/19716643
http://www.ncbi.nlm.nih.gov/pubmed/19716643
http://www.ncbi.nlm.nih.gov/pubmed/19716643
http://www.ncbi.nlm.nih.gov/pubmed/19716643
http://www.ncbi.nlm.nih.gov/pubmed/19128988
http://www.ncbi.nlm.nih.gov/pubmed/19128988
http://www.ncbi.nlm.nih.gov/pubmed/19128988
http://www.ncbi.nlm.nih.gov/pubmed/18512111
http://www.ncbi.nlm.nih.gov/pubmed/18512111
http://www.ncbi.nlm.nih.gov/pubmed/18512111
http://www.ncbi.nlm.nih.gov/pubmed/18637024
http://www.ncbi.nlm.nih.gov/pubmed/18637024
http://www.ncbi.nlm.nih.gov/pubmed/20140938
http://www.ncbi.nlm.nih.gov/pubmed/20140938
http://www.ncbi.nlm.nih.gov/pubmed/20140938
http://www.ncbi.nlm.nih.gov/pubmed/19619075
http://www.ncbi.nlm.nih.gov/pubmed/19619075
http://www.ncbi.nlm.nih.gov/pubmed/19619075
http://www.ncbi.nlm.nih.gov/pubmed/19619075
http://www.ncbi.nlm.nih.gov/pubmed/22429320
http://www.ncbi.nlm.nih.gov/pubmed/22429320
http://www.ncbi.nlm.nih.gov/pubmed/22429320
http://www.ncbi.nlm.nih.gov/pubmed/21538315
http://www.ncbi.nlm.nih.gov/pubmed/21538315
http://www.ncbi.nlm.nih.gov/pubmed/21538315
http://www.ncbi.nlm.nih.gov/pubmed/17719539
http://www.ncbi.nlm.nih.gov/pubmed/17719539
http://www.ncbi.nlm.nih.gov/pubmed/19545204
http://www.ncbi.nlm.nih.gov/pubmed/19545204
http://www.ncbi.nlm.nih.gov/pubmed/19545204
http://www.ncbi.nlm.nih.gov/pubmed/22095700
http://www.ncbi.nlm.nih.gov/pubmed/22095700
http://www.ncbi.nlm.nih.gov/pubmed/22095700
http://www.ncbi.nlm.nih.gov/pubmed/21540772
http://www.ncbi.nlm.nih.gov/pubmed/21540772
http://www.ncbi.nlm.nih.gov/pubmed/21540772
http://www.ncbi.nlm.nih.gov/pubmed/21805113
http://www.ncbi.nlm.nih.gov/pubmed/21805113
http://www.ncbi.nlm.nih.gov/pubmed/21805113
http://www.ncbi.nlm.nih.gov/pubmed/20929284
http://www.ncbi.nlm.nih.gov/pubmed/20929284
http://www.ncbi.nlm.nih.gov/pubmed/20929284
http://www.ncbi.nlm.nih.gov/pubmed/21792932
http://www.ncbi.nlm.nih.gov/pubmed/21792932
http://www.ncbi.nlm.nih.gov/pubmed/21792932
http://www.ncbi.nlm.nih.gov/pubmed/22391443
http://www.ncbi.nlm.nih.gov/pubmed/22391443
http://www.ncbi.nlm.nih.gov/pubmed/22391443
http://www.ncbi.nlm.nih.gov/pubmed/21740327
http://www.ncbi.nlm.nih.gov/pubmed/21740327
http://www.ncbi.nlm.nih.gov/pubmed/21740327
http://www.ncbi.nlm.nih.gov/pubmed/22116651
http://www.ncbi.nlm.nih.gov/pubmed/22116651
http://www.ncbi.nlm.nih.gov/pubmed/22116651
http://www.ncbi.nlm.nih.gov/pubmed/22273114
http://www.ncbi.nlm.nih.gov/pubmed/22273114

	Title
	Corresponding author
	Acknowledgements
	Figure 1
	Figure 2
	References



