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Dear Editors:

We read with great interest the recent article by Guilak et all, which summarizes the
significant advancements that have been made in our understanding of the development of
post-traumatic arthritis (PTOA) after articular fracture (AF). We would like to congratulate
the authors on their significant contributions to this field, including the development of a
murine model of AF2, the assessment of histologic changes and quantitative synovial fluid
biomarker concentrations involved in PTOA34, and the identification of pharmacologic
agents that can lessen the severity of PTOA after AF2,

We were most interested in the authors recent study on the use of anti-cytokine therapy to
prevent PTOA, in which the authors hypothesized that the intra-articular inhibition of IL-1,
TNF-a, or both would prevent the development of PTOA after AF®. The authors
demonstrated that sustained local inhibition of IL-1 by Interleukin-1 Receptor antagonist
(IL-1RA, anakinra, Kineret®) reduced the severity of arthritic changes in both the cartilage
and synovium after AF. Paradoxically, however, the authors found that the local inhibition
of TNF-a using soluble tumor necrosis factor receptor 11 (STNFRII, etanercept, Enbrel®)
resulted in detrimental effects on bone morphology, cartilage degeneration, and synovial
inflammation®.

There has been much interest in the role of TNF-a in the development of PTOA, as it is
significantly up-regulated after fracture®’ and is associated with chondrocyte destruction
and death8. There exists two distinct receptors for TNF-a, TNFR1 and TNFR29:10,
Although these receptors bind to TNF-a with almost equal affinity, they have been shown to
mediate different intracellular pathways. TNFR1 recruits TRADD, TRAF-2, and FADD,
and activates an inflammatory response!l. While TNFR2 signaling is less well understood,
several studies have shown that TNFR2 instead mediates an anti-inflammatory
responsel213, Using mouse models of inflammatory arthritis, investigators have shown that
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TNFR2 has an immunoregulatory role in reducing inflammation and preventing bone
destruction2.14. Studies from other fields have confirmed these findings, as TNF-a induced
cardiomyopathy and heart failure is mediated largely through TNFR1, whereas TNFR2 has
been shown to have cardioprotective effects,

Studies from our laboratory also reveal the differential role of TNFR1 and TNFR2 in
fracture healing and OA6-18, Our area of focus has been on a molecule termed progranulin
(PGRN), a potent anti-inflammatory growth factor®-23, Interestingly, our global genetic
screen for PGRN-associated proteins led to the discovery of TNFRs as PGRN-binding
receptors!®. PGRN and TNFa showed comparable binding affinity to TNFR1, in contrast,
PGRN had an approximately 600-fold higher binding affinity for TFNR2 than TNFa16.
Since PGRN and TNFa compete for binding to the same extracellular CRD2 and CRD3
domains of TNFR24, PGRN acts as a physiological antagonist of TNFa and disturbs the
binding of TNFa and TNFRs6. More importantly, PGRN also acts as an optimal ligand of
TNFR2 and directly activates the PGRN/TNFR2 protective and anti-inflammatory pathway.
We have demonstrated that TNFR2 is critical for PGRN-mediated protection in OA
development and bone fracture healing!18:25. Another group recently showed that Atsttrin,
an engineered protein composed of three TNFR-binding fragments of PGRN, ameliorated
OA development in a surgically-induced mouse model26. In brief, PGRN and its derived
Atsttrin appear to exert their anti-inflammatory and protective activities in OA by activation
of the PGRN/TNFR2 protective/anabolic pathway12:14:27-29 and by inhibition of TNFa/
TNFR1 inflammatory/catabolic signaling?+26,

Etanercept (Enbrel) is a fusion-soluble TNFR2 extracellular protein, and therefore inhibits
both TNFa and PGRN. PGRN may be even more inhibited than TNFa, as PGRN has a
much higher binding affinity to TNFR2 than TNFal. In this way, Etanercept may be
blocking PGRN’s protective and anti-inflammatory effect against the development of OA.
This would explain the detrimental effects of Etanercept in OA observed by Olson et al®.
Unlike Etanercept, mouse TNFa monoclonal antibody (Infliximab, Remicade) and
humanized TNFa monoclonal antibody (Adalimumab, Humira) are specific for TNFa, and
have been shown to be protective against the development of OA in animal models39-32,
This is supported by clinical trials in which Infliximab and Adalimumab have been reported
to alleviate symptoms of OA33-35, The opposing effects of TNFa-specific (i.e. Infliximab
and Adalimumab) and non-specific (i.e. Etanercept) inhibitors in OA indicate the critical
role of other ligand(s) of TNFR, such as PGRN, in the regulation of OA. TNFa is known to
be the dominant inflammatory molecule in the pathogenesis of rheumatoid arthritis, and
blocking TNFa with Etanercept is thus beneficial to the patients with rheumatoid arthritis.
However, in the case of OA, the PGRN/TNFR2 protective/anabolic pathway is likely to
outweigh the TNFa/TNFR1 inflammatory/catabolic pathway in regulating OA development.
Therefore, blocking both PGRN and TNFa with Etanercept may lead to more severe OA.

In summary, the findings of Guilak et al on the negative effect of Etanercept in OALS,
reports on the positive role of Infliximab and Adalimumab in OA3%-32, and our data on
PGRN-mediated protection in OA through TNFR signaling26:17, all suggest a complex
interplay between TNFa, PGRN and their receptors in the pathogenesis of OA. Future
studies are warranted to clarify these molecular mechanisms, which will not only better our
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understanding of TNFR signaling in the pathogenesis of OA, but may lead to innovative
therapies for OA and other degenerative joint diseases via selectively targeting distinct
TNFR pathways.

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

Olson SA, Furman BD, Kraus VB, Huebner JL, Guilak F. Therapeutic opportunities to prevent post-
traumatic arthritis: Lessons from the natural history of arthritis after articular fracture. J Orthop Res.
2015; 33:1266—-77. [PubMed: 25939531]

. Furman BD, Strand J, Hembree WC, Ward BD, Guilak F, Olson SA. Joint degeneration following

closed intraarticular fracture in the mouse knee: a model of posttraumatic arthritis. Journal of
orthopaedic research: official publication of the Orthopaedic Research Society. 2007; 25:578-92.
[PubMed: 17266145]

. Lewis JS, Hembree WC, Furman BD, et al. Acute joint pathology and synovial inflammation is

associated with increased intra-articular fracture severity in the mouse knee. Osteoarthritis and
cartilage / OARS, Osteoarthritis Research Society. 2011; 19:864—73.

. Lewis JS Jr. Furman BD, Zeitler E, et al. Genetic and cellular evidence of decreased inflammation

associated with reduced incidence of posttraumatic arthritis in MRL/MpJ mice. Arthritis and
rheumatism. 2013; 65:660-70. [PubMed: 23203659]

. Furman BD, Mangiapani DS, Zeitler E, et al. Targeting pro-inflammatory cytokines following joint

injury: acute intra-articular inhibition of interleukin-1 following knee injury prevents post-traumatic
arthritis. Arthritis research & therapy. 2014; 16:R134. [PubMed: 24964765]

. Kimmerling KA, Furman BD, Mangiapani DS, et al. Sustained intra-articular delivery of IL-1RA

from a thermally-responsive elastin-like polypeptide as a therapy for post-traumatic arthritis. Eur
Cell Mater. 2015; 29:124-39. discussion 39-40. [PubMed: 25636786]

. Fazzalari NL. Bone fracture and bone fracture repair. Osteoporosis international: a journal

established as result of cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA. 2011; 22:2003-6.

. Fukui N, Purple CR, Sandell LJ. Cell biology of osteoarthritis: the chondrocyte’s response to injury.

Current rheumatology reports. 2001; 3:496-505. [PubMed: 11709112]

. Aggarwal BB. Signalling pathways of the TNF superfamily: a double-edged sword. Nat Rev

Immunol. 2003; 3:745-56. [PubMed: 12949498]

. Hehlgans T, Pfeffer K. The intriguing biology of the tumour necrosis factor/tumour necrosis factor
receptor superfamily: players, rules and the games. Immunology. 2005; 115:1-20. [PubMed:
15819693]

Aggarwal BB, Gupta SC, Kim JH. Historical perspectives on tumor necrosis factor and its
superfamily: 25 years later, a golden journey. Blood. 2012; 119:651-65. [PubMed: 22053109]
Bluml S, Scheinecker C, Smolen JS, Redlich K. Targeting TNF receptors in rheumatoid arthritis.
International immunology. 2012; 24:275-81. [PubMed: 22457216]

Peschon JJ, Torrance DS, Stocking KL, et al. TNF receptor-deficient mice reveal divergent roles
for p55 and p75 in several models of inflammation. Journal of immunology. 1998; 160:943-52.
McCann FE, Perocheau DP, Ruspi G, et al. Selective tumor necrosis factor receptor | blockade is
antiinflammatory and reveals immunoregulatory role of tumor necrosis factor receptor Il in
collagen-induced arthritis. Arthritis & rheumatology. 2014; 66:2728-38. [PubMed: 24965881]
Higuchi Y, McTiernan CF, Frye CB, McGowan BS, Chan TO, Feldman AM. Tumor necrosis
factor receptors 1 and 2 differentially regulate survival, cardiac dysfunction, and remodeling in
transgenic mice with tumor necrosis factor-alpha-induced cardiomyopathy. Circulation. 2004;
109:1892-7. [PubMed: 15051641]

Tang W, Lu Y, Tian QY, et al. The growth factor progranulin binds to TNF receptors and is
therapeutic against inflammatory arthritis in mice. Science. 2011; 332:478-84. [PubMed:
21393509]

J Orthop Res. Author manuscript; available in PMC 2016 January 12.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wei et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 4

Zhao YP, Liu B, Tian QY, Wei JL, Richbourgh B, Liu CJ. Progranulin protects against
osteoarthritis through interacting with TNF-alpha and beta-Catenin signalling. Ann Rheum Dis.
2014

Zhao YP, Tian QY, Frenkel S, Liu CJ. The promotion of bone healing by progranulin, a
downstream molecule of BMP-2, through interacting with TNF/TNFR signaling. Biomaterials.
2013; 34:6412-21. [PubMed: 23746860]

Zanocco-Marani T, Bateman A, Romano G, Valentinis B, He ZH, Baserga R. Biological activities
and signaling pathways of the granulin/epithelin precursor. Cancer Res. 1999; 59:5331-40.
[PubMed: 10537317]

Shoyab M, McDonald VL, Byles C, Todaro GJ, Plowman GD. Epithelins 1 and 2: isolation and
characterization of two cysteine-rich growth-modulating proteins. Proc Natl Acad Sci U S A.
1990; 87:7912-6. [PubMed: 2236009]

Plowman GD, Green JM, Neubauer MG, et al. The epithelin precursor encodes two proteins with
opposing activities on epithelial cell growth. J Biol Chem. 1992; 267:13073-8. [PubMed:
1618805]

Anakwe OO, Gerton GL. Acrosome biogenesis begins during meiosis: evidence from the synthesis
and distribution of an acrosomal glycoprotein, acrogranin, during guinea pig spermatogenesis. Biol
Reprod. 1990; 42:317-28. [PubMed: 1692485]

Zhou J, Gao G, Crabb JW, Serrero G. Purification of an autocrine growth factor homologous with
mouse epithelin precursor from a highly tumorigenic cell line. J Biol Chem. 1993; 268:10863-9.
[PubMed: 8496151]

Jian J, Zhao S, Tian Q, et al. Progranulin directly binds to the CRD2 and CRD3 of TNFR
extracellular domains. FEBS Lett. 2013; 587:3428-36. [PubMed: 24070898]

Wei FH, Zhang Y, Jian JL, et al. PGRN protects against colitis progression in mice in an IL-10
and TNFR2 dependent manner. Sci Rep-Uk. 2014:4.

Xia Q, Zhu S, Wu Y, et al. Intra-articular transplantation of atsttrin-transduced mesenchymal stem
cells ameliorate osteoarthritis development. Stem cells translational medicine. 2015; 4:523-31.
[PubMed: 25824140]

Bluml S, Binder NB, Niederreiter B, et al. Antiinflammatory effects of tumor necrosis factor on
hematopoietic cells in a murine model of erosive arthritis. Arthritis Rheum. 2010; 62:1608-19.
[PubMed: 20155834]

Faustman D, Davis M. TNF receptor 2 pathway: drug target for autoimmune diseases. Nat Rev
Drug Discov. 2010; 9:482-93. [PubMed: 20489699]

Aggarwal BB. Editorial: Balancing tumor necrosis factor receptor | and tumor necrosis factor
receptor |1 jointly for joint inflammation. Arthritis & rheumatology. 2014; 66:2657—60. [PubMed:
24965670]

Ma CH, Lv Q, Yu YX, et al. Protective effects of tumor necrosis factor-alpha blockade by
adalimumab on articular cartilage and subchondral bone in a rat model of osteoarthritis. Brazilian
journal of medical and biological research = Revista brasileira de pesquisas medicas e biologicas /
Sociedade Brasileira de Biofisica [et al]. 2015 0.

Zhang Q, Lv H, Chen A, Liu F, Wu X. Efficacy of infliximab in a rabbit model of osteoarthritis.
Connect Tissue Res. 2012; 53:355-8. [PubMed: 22288847]

Urech DM, Feige U, Ewert S, et al. Anti-inflammatory and cartilage-protecting effects of an intra-
articularly injected anti-TNF{alpha} single-chain Fv antibody (ESBA105) designed for local
therapeutic use. Annals of the rheumatic diseases. 2010; 69:443-9. [PubMed: 19293161]

Maksymowych WP, Russell AS, Chiu P, et al. Targeting tumour necrosis factor alleviates signs
and symptoms of inflammatory osteoarthritis of the knee. Arthritis research & therapy. 2012;
14:R206. [PubMed: 23036475]

Verbruggen G, Wittoek R, Vander Cruyssen B, Elewaut D. Tumour necrosis factor blockade for
the treatment of erosive osteoarthritis of the interphalangeal finger joints: a double blind,
randomised trial on structure modification. Annals of the rheumatic diseases. 2012; 71:891-8.
[PubMed: 22128078]

J Orthop Res. Author manuscript; available in PMC 2016 January 12.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Wei et al.

Page 5

35. Grunke M, Schulze-Koops H. Successful treatment of inflammatory knee osteoarthritis with
tumour necrosis factor blockade. Annals of the rheumatic diseases. 2006; 65:555-6. [PubMed:
16531556]

J Orthop Res. Author manuscript; available in PMC 2016 January 12.



