
hyperplasia and vascularity, in absence of detectable levels of plasma 
hFVIII. In both studies, local production of FVIII may explain the hemo-
static and chondroprotective effects of MSCs by reducing acute bleedings 
in joints but it cannot be excluded that the engineered MSCs, and even 
the native MSCs, might retain their endogenous chondroprotective 
functions that were not specifically evaluated. Recently, we developed an 
in vitro model of blood-exposed murine chondrocytes mimicking he-
marthrosis conditions.91 In this model, syngeneic BM-MSCs improved 
the survival and reduced the apoptotic rate of chondrocytes when added 
either during the resolution or the acute phases of hemarthrosis but not 
in a preventive manner. They were shown to exert a chondroprotective 
effect by upregulating the expression of anabolic markers, and down- 
regulating catabolic and inflammatory markers. This is the first study 
demonstrating the therapeutic interest of native MSCs to counteract 
blood-induced cartilage damage and suggesting the need to determine 
the best window for MSC administration to optimize their effectiveness 
in vivo. Although the therapeutic efficacy of MSCs deserves to be eval-
uated in a relevant animal model of hemarthrosis, the study provided 
the proof-of-concept that MSCs-based treatments could be a therapeutic 
option in patients with HA. Finally, the homing capacity of native MSCs 
to a joint afflicted with hemarthrosis was confirmed in a patient with 
hemophilia A.88 Even though the effect to prevent arthropathy was not 
evaluated, the study suggests that MSC-based treatment might be of 
interest for improving the patients’ quality of life, including physical 
activities.

Conclusions and perspectives

Currently, there is some evidence that the paracrine activity of MSCs 
may dampen blood-induced alterations in cartilage but it warrants to be 
demonstrated on other joint compartments, in particular on the synovial 
membrane that plays a key role in inflammation, angiogenesis and 
oxidative stress activation in HA. The promising data obtained in vitro on 
chondrocytes and the demonstration of safety in gene therapy-based 
strategies highlight MSCs as promising therapeutics for treating patients 
with HA. The available data from patients are case reports and therefore 
represent studies for safety evaluation with low-level evidenced proofs 
of efficacy. However, hemophilia is a rare disease that represents a niche 
indication for MSC-based therapies. It will therefore be difficult to design 
clinical trials for treating/delaying arthropathy in this indication.

A number of issues will need to be addressed in animal models 
before clinical evaluation in humans. One of these will be to identify the 
right dose, the best route and the right therapeutic window for MSC 
administration since multiple joints can be impacted by bleedings and 
this will determine whether a local or systemic route should be envi-
sioned. Systemic injections might be prioritized as MSCs have been 
shown to target the diseased joints.88 The window for MSC adminis-
tration is of importance and will be particularly difficult to determine 
since a number of hemarthroses are asymptomatic and irreversible le-
sions may occur as soon as 48 h of bleedings.

While the therapeutic efficacy of MSCs has still to be demonstrated 
in HA, we may already discussed on the possibilities to evaluate MSC- 
derived EVs as novel medicinal biological drugs for HA treatments. 
Most of the paracrine effects of MSCs have been reproduced by their 
EVs and MSC-derived EVs are effective to prevent OA and RA devel-
opment in murine models.92,93 Clinical translation of MSC-derived EVs 
presents several advantages compared to MSCs, including low risk of 
blood toxicity on EVs, no risk of tumor formation or differentiation and, 
off-the-shelf availability of EV batches as soon as a hemarthrosis oc-
curs. Such approach warrants to be tested in the near future.

Role of the funding source

We acknowledge the Agence Nationale pour la Recherche for 
support of the national infrastructure: "ECELLFRANCE: Development 

of a national adult mesenchymal stem cell based therapy platform" 
(PIA/ANR-11-INSB-005).

Authors' contributions

All authors contributed to the analysis and interpretation of the 
data, drafting of the article, critical revision of the article for im-
portant intellectual content and final approval of the article.

Acknowledgments

We acknowledge funding support from the Inserm Institute, the 
University of Montpellier and the Coordination Médicale pour 
l’Etude et le Traitement des maladies Hémorragiques et con-
stitutionnelles (CoMETH). We are grateful to the Association 
Française des Hémophiles for its support and funding.

Competing interests

The authors declare no competing interests.

References

1. Blanchette VS, Key NS, Ljung LR, et al. Definitions in hemophilia: 
communication from the SSC of the ISTH. J Thromb Haemost 
2014;12(11):1935–9. https://doi.org/10.1111/jth.12672

2. Pulles AE, Mastbergen SC, Schutgens REG, Lafeber FPJG, van 
Vulpen LFD. Pathophysiology of hemophilic arthropathy and 
potential targets for therapy. Pharmacol Res 2017;115:192–9. 
https://doi.org/10.1016/j.phrs.2016.11.032

3. Aquino CC, Borg Debono V, Germini F, et al. Outcomes for studies 
assessing the efficacy of hemostatic therapies in persons with 
congenital bleeding disorders. Haemophilia 2021;27(2):211–20. 
https://doi.org/10.1111/hae.14247

4. Dunn AL. Pathophysiology, diagnosis and prevention of arthropathy 
in patients with haemophilia. Haemophilia 2011;17(4):571–8. 
https://doi.org/10.1111/j.1365-2516.2010.02472.x

5. Lafeber FPJG, Miossec P, Valentino LA. Physiopathology of hae-
mophilic arthropathy. Haemophilia 2008;14(Suppl 4):3–9. 
https://doi.org/10.1111/j.1365-2516.2008.01732.x

6. Kirkpatrick CJ, Mohr W, Haferkamp O. Alterations in chondrocyte 
morphology, proliferation and binding of 35SO4 due to Fe(III), Fe(II), 
ferritin and haemoglobin in vitro. Virchows Arch B Cell Pathol 
1982;38(3):297–306. https://doi.org/10.1007/BF02892825

7. Hooiveld MJJ, Roosendaal G, Jacobs KMG, et al. Initiation of de-
generative joint damage by experimental bleeding combined 
with loading of the joint: a possible mechanism of hemophilic 
arthropathy. Arthritis Rheum 2004;50(6):2024–31. https://doi. 
org/10.1002/art.20284

8. Hooiveld MJJ, Roosendaal G, van den Berg HM, Bijlsma JWJ, 
Lafeber FPJG. Haemoglobin-derived iron-dependent hydroxyl 
radical formation in blood-induced joint damage: an in vitro 
study. Rheumatology 2003;42(6):784–90. https://doi.org/10. 
1093/rheumatology/keg220

9. Hooiveld M, Roosendaal G, Vianen M, van den Berg M, Bijlsma J, 
Lafeber F. Blood-induced joint damage: longterm effects in vitro 
and in vivo. J Rheumatol 2003;30(2):339–44.

10. Letizia G, Piccione F, Ridola C, Zummo G. Ultrastructural appearance 
of human synovial membrane in the reabsorption phase of acute 
haemarthrosis. Ital J Orthop Traumatol 1980;6(2):275–7.

11. Nieuwenhuizen L, Roosendaal G, Coeleveld K, et al. 
Haemarthrosis stimulates the synovial fibrinolytic system in 
haemophilic mice. Thromb Haemost 2013;110(1):173–83. 
https://doi.org/10.1160/TH13-01-0080

A. Théron et al. / Osteoarthritis and Cartilage xxx (xxxx) xxx–xxx 6



12. Simão M, Cancela ML. Musculoskeletal complications associated 
with pathological iron toxicity and its molecular mechanisms. 
Biochem Soc Trans 2021;49(2):747–59. https://doi.org/10.1042/ 
BST20200672

13. van Vulpen LFD, Schutgens REG, Coeleveld K, et al. IL-1β, in contrast 
to TNFα, is pivotal in blood-induced cartilage damage and is a po-
tential target for therapy. Blood 2015;126(19):2239–46. https://doi. 
org/10.1182/blood-2015-03-635524

14. Calcaterra I, Iannuzzo G, Dell’Aquila F, Di Minno MND. 
Pathophysiological role of synovitis in hemophilic arthropathy 
development: a two-hit hypothesis. Front Physiol 2020;11, 541. 
https://doi.org/10.3389/fphys.2020.00541

15. Melchiorre D, Manetti M, Matucci-Cerinic M. Pathophysiology of 
hemophilic arthropathy. J Clin Med 2017;6(7):63. https://doi. 
org/10.3390/jcm6070063

16. Acharya SS, Kaplan RN, Macdonald D, Fabiyi OT, DiMichele D, 
Lyden D. Neoangiogenesis contributes to the development of 
hemophilic synovitis. Blood 2011;117(8):2484–93. https://doi. 
org/10.1182/blood-2010-05-284653

17. van Vulpen LFD, Mastbergen SC, Lafeber FPJG, Schutgens REG. 
Differential effects of bleeds on the development of arthropathy 
- basic and applied issues. Haemophilia 2017;23(4):521–7. 
https://doi.org/10.1111/hae.13236

18. Roosendaal G, van Rinsum AC, Vianen ME, van den Berg HM, Lafeber 
FP, Bijlsma JW. Haemophilic arthropathy resembles degenerative 
rather than inflammatory joint disease. Histopathology 1999;34(2): 
144–53.

19. Hilliard P, Zourikian N, Blanchette V, et al. Musculoskeletal 
health of subjects with hemophilia A treated with tailored 
prophylaxis: Canadian Hemophilia Primary Prophylaxis (CHPS) 
Study. J Thromb Haemost 2013;11(3):460–6. https://doi.org/10. 
1111/jth.12113

20. Manco-Johnson MJ, Soucie JM, Gill JC. Joint Outcomes 
Committee of the Universal Data Collection, US Hemophilia 
Treatment Center Network. Prophylaxis usage, bleeding rates, 
and joint outcomes of hemophilia, 1999 to 2010: a surveillance 
project. Blood 2017;129(17):2368–74. https://doi.org/10.1182/ 
blood-2016-02-683169

21. Lin CY, Hosseini F, Squire S, Jackson S, Sun HL. Trends of out-
comes and healthcare utilization following orthopaedic proce-
dures in adults with haemophilia: A 3-decade retrospective 
review. Haemophilia 2022;28(1):151–7. https://doi.org/10.1111/ 
hae.14451

22. Chowdary P, Nissen F, Burke T, et al. The humanistic and eco-
nomic burden of problem joints for children and adults with 
moderate or severe haemophilia A: Analysis of the CHESS po-
pulation studies. Haemophilia 2023;29(3):753–60. https://doi. 
org/10.1111/hae.14766. Published online March 10.

23. Osooli M, Lövdahl S, Steen Carlsson K, et al. Comparative burden 
of arthropathy in mild haemophilia: a register-based study in 
Sweden. Haemophilia 2017;23(2):e79–86. https://doi.org/10. 
1111/hae.13166

24. Zwagemaker AF, Kloosterman FR, Hemke R, et al. Joint status of 
patients with nonsevere hemophilia A. J Thromb Haemost 
2022;20(5):1126–37. https://doi.org/10.1111/jth.15676

25. Ling M, Heysen JPH, Duncan EM, Rodgers SE, Lloyd JV. High in-
cidence of ankle arthropathy in mild and moderate haemophilia 
A. Thromb Haemost 2011;105(2):261–8. https://doi.org/10.1160/ 
TH10-07-0492

26. Puetz J. Nano-evidence for joint microbleeds in hemophilia pa-
tients. J Thromb Haemost 2018;16(10):1914–7. https://doi.org/ 
10.1111/jth.14242

27. Hanley J, McKernan A, Creagh MD, et al. Guidelines for the 
management of acute joint bleeds and chronic synovitis in 
haemophilia: A United Kingdom Haemophilia Centre Doctors’ 

Organisation (UKHCDO) guideline. Haemophilia 2017;23(4): 
511–20. https://doi.org/10.1111/hae.13201

28. van Bergen EDP, Mastbergen SC, Vogely HC, et al. Ankle joint 
distraction is a promising alternative treatment for patients 
with severe haemophilic ankle arthropathy. Haemophilia 
2022;28(6):1044–53. https://doi.org/10.1111/hae.14633

29. van Bergen EDP, Mastbergen SC, Lafeber FPJG, et al. Structural 
changes after ankle joint distraction in haemophilic arthro-
pathy: an explorative study investigating biochemical markers 
and 3D joint space width. Haemophilia 2023;29(3):874–82. 
https://doi.org/10.1111/hae.14784

30. Jansen MP, Mastbergen SC. Joint distraction for osteoarthritis: clin-
ical evidence and molecular mechanisms. Nat Rev Rheumatol 
2022;18(1):35–46. https://doi.org/10.1038/s41584-021-00695-y

31. Morfini M, Haya S, Tagariello G, et al. European study on or-
thopaedic status of haemophilia patients with inhibitors. 
Haemophilia 2007;13(5):606–12. https://doi.org/10.1111/j.1365- 
2516.2007.01518.x

32. Rodriguez-Merchan EC. Risks and patient outcomes of surgical in-
tervention for hemophilic arthropathy. Expert Rev Hematol 
2019;12(5):325–33. https://doi.org/10.1080/17474086.2019.1602035

33. Rodriguez-Merchan EC. Surgical approaches to hemophilic ar-
thropathy. Blood Coagul Fibrinolysis 2019;30(1S Suppl 1):S11–3. 
https://doi.org/10.1097/MBC.0000000000000824

34. Nieuwenhuizen L, Roosendaal G, Mastbergen SC, et al. 
Antiplasmin, but not amiloride, prevents synovitis and cartilage 
damage following hemarthrosis in hemophilic mice. J Thromb 
Haemost 2014;12(2):237–45. https://doi.org/10.1111/jth.12467

35. Nieuwenhuizen L, Schutgens REG, Coeleveld K, et al. Silencing of 
protease-activated receptors attenuates synovitis and cartilage da-
mage following a joint bleed in haemophilic mice. Haemophilia 
2016;22(1):152–9. https://doi.org/10.1111/hae.12770

36. Forsyth AL, Rivard GÉ, Valentino LA, et al. Consequences of intra- 
articular bleeding in haemophilia: science to clinical practice 
and beyond. Haemophilia 2012;18(Suppl 4):112–9. https://doi. 
org/10.1111/j.1365-2516.2012.02835.x

37. van Meegeren MER, Roosendaal G, Coeleveld K, Nieuwenhuizen 
L, Mastbergen SC, Lafeber FPJG. A single intra-articular injection 
with IL-4 plus IL-10 ameliorates blood-induced cartilage de-
generation in haemophilic mice. Br J Haematol 2013;160(4): 
515–20. https://doi.org/10.1111/bjh.12148

38. van Meegeren MER, Roosendaal G, van Veghel K, Mastbergen SC, 
Lafeber FPJG. A short time window to profit from protection of 
blood-induced cartilage damage by IL-4 plus IL-10. 
Rheumatology ((Oxford)) 2013;52(9):1563–71. https://doi.org/ 
10.1093/rheumatology/ket005

39. Narkbunnam N, Sun J, Hu G, et al. IL-6 receptor antagonist as 
adjunctive therapy with clotting factor replacement to protect 
against bleeding-induced arthropathy in hemophilia. J Thromb 
Haemost 2013;11(5):881–93. https://doi.org/10.1111/jth.12176

40. Zhang F, Xu M, Yang Q, et al. A translational study of TNF-alpha 
antagonists as an adjunctive therapy for preventing hemophilic 
arthropathy. J Clin Med 2019;9(1):75. https://doi.org/10.3390/ 
jcm9010075

41. Kocaoğlu B, Akgun U, Erol B, Karahan M, Yalçin S. Preventing 
blood-induced joint damage with the use of intra-articular iron 
chelators: an experimental study in rabbits. Arch Orthop Trauma 
Surg 2009;129(11):1571–5. https://doi.org/10.1007/s00402-009- 
0885-x

42. Nieuwenhuizen L, Roosendaal G, Mastbergen SC, et al. 
Deferasirox limits cartilage damage following haemarthrosis in 
haemophilic mice. Thromb Haemost 2014;112(5):1044–50. 
https://doi.org/10.1160/TH14-01-0029

43. Anagnostis P, Vyzantiadis TA, Charizopoulou M, et al. The effect of 
monthly ibandronate on bone mineral density and bone turnover 

A. Théron et al. / Osteoarthritis and Cartilage xxx (xxxx) xxx–xxx 7



markers in patients with haemophilia A and B and increased risk for 
fracture. Thromb Haemost 2013;110(2):257–63. https://doi.org/10. 
1160/TH13-01-0030

44. Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for defining 
multipotent mesenchymal stromal cells. The International Society 
for Cellular Therapy position statement. Cytotherapy 2006;8(4): 
315–7. https://doi.org/10.1080/14653240600855905

45. van Niel G, D’Angelo G, Raposo G. Shedding light on the cell 
biology of extracellular vesicles. Nat Rev Mol Cell Biol 
2018;19(4):213–28. https://doi.org/10.1038/nrm.2017.125

46. Maumus M, Rozier P, Boulestreau J, Jorgensen C, Noël D. 
Mesenchymal stem cell-derived extracellular vesicles: oppor-
tunities and challenges for clinical translation. Front Bioeng 
Biotechnol 2020;8, 997. https://doi.org/10.3389/fbioe.2020. 
00997

47. Bouffi C, Djouad F, Mathieu M, Noël D, Jorgensen C. Multipotent 
mesenchymal stromal cells and rheumatoid arthritis: risk or 
benefit? Rheumatology ((Oxford)) 2009;48(10):1185–9. https:// 
doi.org/10.1093/rheumatology/kep162

48. Augello A, Tasso R, Negrini SM, Cancedda R, Pennesi G. Cell 
therapy using allogeneic bone marrow mesenchymal stem 
cells prevents tissue damage in collagen-induced arthritis. 
Arthritis Rheum 2007;56(4):1175–86. https://doi.org/10.1002/ 
art.22511

49. Choi JJ, Yoo SA, Park SJ, et al. Mesenchymal stem cells over-
expressing interleukin-10 attenuate collagen-induced arthritis 
in mice. Clin Exp Immunol 2008;153(2):269–76. https://doi.org/ 
10.1111/j.1365-2249.2008.03683.x

50. Bouffi C, Bony C, Courties G, Jorgensen C, Noël D. IL-6-dependent 
PGE2 secretion by mesenchymal stem cells inhibits local in-
flammation in experimental arthritis. PLoS ONE 2010;5(12), 
e14247. https://doi.org/10.1371/journal.pone.0014247

51. Luz-Crawford P, Tejedor G, Mausset-Bonnefont AL, et al. 
Glucocorticoid-induced leucine zipper governs the therapeutic 
potential of mesenchymal stem cells by inducing a switch from 
pathogenic to regulatory Th17 cells in a mouse model of col-
lagen-induced arthritis: GILZ-mediated therapeutic potential of 
MSCs. Arthritis Rheumatol 2015;67(6):1514–24. https://doi.org/ 
10.1002/art.39069

52. Lopez-Santalla M, Fernandez-Perez R, Garin MI. Mesenchymal 
stem/stromal cells for rheumatoid arthritis treatment: an up-
date on clinical applications. Cells 2020;9(8):1852. https://doi. 
org/10.3390/cells9081852

53. Ruiz M, Cosenza S, Maumus M, Jorgensen C, Noël D. Therapeutic 
application of mesenchymal stem cells in osteoarthritis. Expert 
Opin Biol Ther 2016;16(1):33–42. https://doi.org/10.1517/ 
14712598.2016.1093108

54. Djouad F, Mrugala D, Noël D, Jorgensen C. Engineered me-
senchymal stem cells for cartilage repair. Regen Med 
2006;1(4):529–37. https://doi.org/10.2217/17460751.1.4.529

55. Djouad F, Delorme B, Maurice M, et al. Microenvironmental 
changes during differentiation of mesenchymal stem cells to-
wards chondrocytes. Arthritis Res Ther 2007;9(2):R33. https:// 
doi.org/10.1186/ar2153

56. Maumus M, Manferdini C, Toupet K, et al. Adipose mesenchymal 
stem cells protect chondrocytes from degeneration associated 
with osteoarthritis. Stem Cell Res 2013;11(2):834–44. https:// 
doi.org/10.1016/j.scr.2013.05.008

57. Manferdini C, Maumus M, Gabusi E, et al. Adipose-derived me-
senchymal stem cells exert antiinflammatory effects on chon-
drocytes and synoviocytes from osteoarthritis patients through 
prostaglandin E2. Arthritis Rheum 2013;65(5):1271–81. https:// 
doi.org/10.1002/art.37908

58. ter Huurne M, Schelbergen R, Blattes R, et al. Antiinflammatory 
and chondroprotective effects of intraarticular injection of 

adipose-derived stem cells in experimental osteoarthritis. 
Arthritis Rheum 2012;64(11):3604–13. https://doi.org/10.1002/ 
art.34626

59. Schwabe K, Garcia M, Ubieta K, et al. Inhibition of osteoarthritis by 
adipose-derived stromal cells overexpressing Fra-1 in mice: Fra-1- 
transgenic mouse ADSCs protect against OA. Arthritis Rheumatol 
2016;68(1):138–51. https://doi.org/10.1002/art.39425

60. Maumus M, Roussignol G, Toupet K, et al. Utility of a mouse 
model of osteoarthritis to demonstrate cartilage protection by 
IFNγ-primed equine mesenchymal stem cells. Front Immunol 
2016;7:392. https://doi.org/10.3389/fimmu.2016.00392

61. Pers YM, Rackwitz L, Ferreira R, et al. Adipose mesenchymal 
stromal cell-based therapy for severe osteoarthritis of the knee: 
a phase I dose-escalation trial. Stem Cells Transl Med 
2016;5(7):847–56. https://doi.org/10.5966/sctm.2015-0245

62. Song Y, Zhang J, Xu H, et al. Mesenchymal stem cells in knee 
osteoarthritis treatment: A systematic review and meta-ana-
lysis. J Orthop Transl 2020;24:121–30. https://doi.org/10.1016/j. 
jot.2020.03.015

63. Huldani H, Abdalkareem Jasim S, Olegovich Bokov D, et al. 
Application of extracellular vesicles derived from mesenchymal 
stem cells as potential therapeutic tools in autoimmune and 
rheumatic diseases. Int Immunopharmacol 2022;106, 108634. 
https://doi.org/10.1016/j.intimp.2022.108634

64. Stavely R, Nurgali K. The emerging antioxidant paradigm of 
mesenchymal stem cell therapy. Stem Cells Transl Med 
2020;9(9):985–1006. https://doi.org/10.1002/sctm.19-0446

65. Xia C, Zeng Z, Fang B, et al. Mesenchymal stem cell-derived 
exosomes ameliorate intervertebral disc degeneration via anti- 
oxidant and anti-inflammatory effects. Free Radic Biol Med 
2019;143:1–15. https://doi.org/10.1016/j.freeradbiomed.2019.07. 
026

66. Bertolino GM, Maumus M, Jorgensen C, Noël D. Therapeutic po-
tential in rheumatic diseases of extracellular vesicles derived from 
mesenchymal stromal cells. Nat Rev Rheumatol 2023;19(11): 
682–94. https://doi.org/10.1038/s41584-023-01010-7

67. Christy BA, Herzig MC, Montgomery RK, et al. Procoagulant ac-
tivity of human mesenchymal stem cells. J Trauma Acute Care 
Surg 2017;83(1 Suppl 1):S164–9. https://doi.org/10.1097/TA. 
0000000000001485

68. Chance TC, Rathbone CR, Kamucheka RM, Peltier GC, Cap AP, 
Bynum JA. The effects of cell type and culture condition on the 
procoagulant activity of human mesenchymal stromal cell-de-
rived extracellular vesicles. J Trauma Acute Care Surg 
2019;87(1S Suppl 1):S74–82. https://doi.org/10.1097/TA. 
0000000000002225

69. George MJ, Prabhakara K, Toledano-Furman NE, et al. Clinical 
cellular therapeutics accelerate clot formation. Stem Cells Transl 
Med 2018;7(10):731–9. https://doi.org/10.1002/sctm.18-0015

70. George MJ, Prabhakara K, Toledano-Furman NE, et al. 
Procoagulant in vitro effects of clinical cellular therapeutics in a 
severely injured trauma population. Stem Cells Transl Med 
2020;9(4):491–8. https://doi.org/10.1002/sctm.19-0206

71. O’Rourke B, Nguyen S, Tilles AW, et al. Mesenchymal stromal cell 
delivery via an ex vivo bioreactor preclinical test system at-
tenuates clot formation for intravascular application. Stem Cells 
Transl Med 2021;10(6):883–94. https://doi.org/10.1002/sctm. 
20-0454

72. Kootstra NA, Matsumura R, Verma IM. Efficient production of 
human FVIII in hemophilic mice using lentiviral vectors. Mol 
Ther 2003;7(5 Pt 1):623–31. https://doi.org/10.1016/s1525- 
0016(03)00073-x

73. Brown BD, Shi CX, Rawle FEM, et al. Factors influencing ther-
apeutic efficacy and the host immune response to helper-de-
pendent adenoviral gene therapy in hemophilia A mice. J 

A. Théron et al. / Osteoarthritis and Cartilage xxx (xxxx) xxx–xxx 8



Thromb Haemost 2004;2(1):111–8. https://doi.org/10.1111/j. 
1538-7836.2004.00552.x

74. Gangadharan B, Parker ET, Ide LM, Spencer HT, Doering CB. High- 
level expression of porcine factor VIII from genetically modified 
bone marrow-derived stem cells. Blood 2006;107(10):3859–64. 
https://doi.org/10.1182/blood-2005-12-4961

75. Wang Q, Gong X, Gong Z, et al. The mesenchymal stem cells derived 
from transgenic mice carrying human coagulation factor VIII can 
correct phenotype in hemophilia A mice. J Genet Genomics 
2013;40(12):617–28. https://doi.org/10.1016/j.jgg.2013.11.002

76. Watanabe N, Ohashi K, Tatsumi K, et al. Genetically modified 
adipose tissue-derived stem/stromal cells, using simian im-
munodeficiency virus-based lentiviral vectors, in the treatment 
of hemophilia B. Hum Gene Ther 2013;24(3):283–94. https:// 
doi.org/10.1089/hum.2012.162

77. Li SJ, Luo Y, Zhang LM, Yang W, Zhang GG. Targeted introduction 
and effective expression of hFIX at the AAVS1 locus in me-
senchymal stem cells. Mol Med Rep 2017;15(3):1313–8. https:// 
doi.org/10.3892/mmr.2017.6131

78. Olmedillas López S, Garcia-Arranz M, Garcia-Olmo D, Liras A. 
Preliminary study on non-viral transfection of F9 (factor IX) gene 
by nucleofection in human adipose-derived mesenchymal stem 
cells. PeerJ 2016;4, e1907. https://doi.org/10.7717/peerj.1907

79. Hemşinlioğlu C, Aslan ES, Taştan C, et al. In vitro FVIII encoding 
transgenic mesenchymal stem cells maintain a successful coa-
gulation in FVIII- deficient plasma mimicking hemophilia A. 
Turk J Haematol 2023;40(2):118–24. https://doi.org/10.4274/tjh. 
galenos.2023.2022.0318

80. Qiu L, Xie M, Zhou M, Liu X, Hu Z, Wu L. Restoration of FVIII 
function and phenotypic rescue in hemophilia a mice by 
transplantation of MSCs derived from F8-modified iPSCs. Front 
Cell Dev Biol 2021;9, 630353. https://doi.org/10.3389/fcell.2021. 
630353

81. Kumar P, Gao K, Wang C, et al. In utero transplantation of pla-
centa-derived mesenchymal stromal cells for potential fetal 
treatment of hemophilia A. Cell Transplant 2018;27(1):130–9. 
https://doi.org/10.1177/0963689717728937

82. Gao K, Kumar P, Cortez-Toledo E, et al. Potential long-term 
treatment of hemophilia A by neonatal co-transplantation of 
cord blood-derived endothelial colony-forming cells and pla-
cental mesenchymal stromal cells. Stem Cell Res Ther 
2019;10(1), 34. https://doi.org/10.1186/s13287-019-1138-8

83. Kashiwakura Y, Ohmori T, Mimuro J, et al. Intra-articular injec-
tion of mesenchymal stem cells expressing coagulation factor 
ameliorates hemophilic arthropathy in factor VIII-deficient 

mice. J Thromb Haemost 2012;10(9):1802–13. https://doi.org/ 
10.1111/j.1538-7836.2012.04851.x

84. Lee SS, Sivalingam J, Nirmal AJ, et al. Durable engraftment of 
genetically modified FVIII-secreting autologous bone marrow 
stromal cells in the intramedullary microenvironment. J Cell 
Mol Med 2018;22(7):3698–702. https://doi.org/10.1111/jcmm. 
13648

85. Trevisan B, Rodriguez M, Medder H, et al. Autologous bone 
marrow-derived MSCs engineered to express oFVIII-FLAG en-
graft in adult sheep and produce an effective increase in plasma 
FVIII levels. Front Immunol 2022;13, 1070476. https://doi.org/10. 
3389/fimmu.2022.1070476

86. Coutu DL, Cuerquis J, El Ayoubi R, et al. Hierarchical scaffold 
design for mesenchymal stem cell-based gene therapy of he-
mophilia B. Biomaterials 2011;32(1):295–305. https://doi.org/ 
10.1016/j.biomaterials.2010.08.094

87. Barbon S, Stocco E, Rajendran S, et al. In vitro conditioning of 
adipose-derived mesenchymal stem cells by the endothelial 
microenvironment: modeling cell responsiveness towards non- 
genetic correction of haemophilia A. Int J Mol Sci 
2022;23(13):7282. https://doi.org/10.3390/ijms23137282

88. Sokal EM, Lombard CA, Roelants V, et al. Biodistribution of liver- 
derived mesenchymal stem cells after peripheral injection in a 
hemophilia A patient. Transplantation 2017;101(8):1845–51. 
https://doi.org/10.1097/TP.0000000000001773

89. Ravanbod R, Torkaman G, Mophid M, Mohammadali F. 
Experimental study on the role of intra-articular injection of 
MSCs on cartilage regeneration in haemophilia. Haemophilia 
2015;21(5):693–701. https://doi.org/10.1111/hae.12659

90. Porada CD, Sanada C, Kuo CJ, et al. Phenotypic correction of hemo-
philia A in sheep by postnatal intraperitoneal transplantation of 
FVIII-expressing MSC. Exp Hematol 2011;39(12):1124–1135.e4. 
https://doi.org/10.1016/j.exphem.2011.09.001

91. Théron A, Maumus M, Bony-Garayt C, et al. Mesenchymal stromal 
cells prevent blood-induced degeneration of chondrocytes in a new 
model of murine hemarthrosis. Hemasphere 2023;7(7), e924. 
https://doi.org/10.1097/HS9.0000000000000924

92. Cosenza S, Ruiz M, Toupet K, Jorgensen C, Noël D. Mesenchymal 
stem cells derived exosomes and microparticles protect cartilage 
and bone from degradation in osteoarthritis. Sci Rep 2017;7(1), 
16214. https://doi.org/10.1038/s41598-017-15376-8

93. Cosenza S, Toupet K, Maumus M, et al. Mesenchymal stem cells- 
derived exosomes are more immunosuppressive than micro-
particles in inflammatory arthritis. Theranostics 2018;8(5): 
1399–410. https://doi.org/10.7150/thno.21072

A. Théron et al. / Osteoarthritis and Cartilage xxx (xxxx) xxx–xxx 9


	What is the rational for mesenchymal stromal cells based therapies in the management of hemophilic arthropathies?
	Conclusions and perspectives
	Role of the funding source
	Authors' contributions
	Acknowledgments
	Competing interests
	References


