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BACKGROUND. Rheumatoid arthritis (RA) is a chronic, progressive, autoimmune inflammatory disease of unknown aetiology that attacks the synovial tissue and leads to irreversible joint damage, chronic pain, stiffness, and functional impairment. Without treatment, most RA patients develop permanent bone erosions and joint space narrowing, in the chronic stage many disabled patients [pts] require joint replacement surgery. 

RA affects approximately 1% of the world's adult population; over 2 million people in the US alone.  They are mostly adults between the ages of 30 and 60 years, with a 2.5-fold higher prevalence in women than in men. 

Inflammation is the major factor driving the progression of structural damage in RA. The severity of inflammation and progression of joint damage varies from patient to patient. When inflammation is more severe, extensive joint damage can occur within only a few years of disease onset.

The goal of RA management is to suppress inflammation and prevent structural damage and decrease the clinical signs and symptoms. The American College of Rheumatology Guidelines for the management of RA, recommend combination therapy with currently approved agents for patients with active disease despite adequate doses of methotrexate [MTX]  treatment of 3-6 months' duration (1). All patients not responding satisfactorily to conventional disease-modifying anti-rheumatic drugs (DMARDs), particularly those who are progressing rapidly despite this therapy, should be considered for more aggressive treatment, e.g. with a biologic plus MTX. In many cases, this will require a more aggressive treatment strategy and close monitoring of structural damage.

Clinical diagnosis of RA bases on the recommended ACR criteria (1987) modified by ACR/EULAR (2009). 

Monitoring of RA course and response to therapy: a/ measurement of disease activity based on the American College of Rheumatology (ACR) and the European League Against Rheumatism (EULAR) response criteria as the Disease Activity Score (DAS 28). b/evaluation of functional ability (by functional tests  e.g. the health assessment questionnaire or a combined predictor of progression scoring system. 
Several types of biological markers have been used to assess disease activity/progression and treatment response in RA pts: genetic markers, auto-antibodies, inflammation markers, cartilage markers and bone markers. The most common are markers of inflammation (the acute-phase reactants C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). RA affects the different tissues of the joint including bone, cartilage and the synovial membrane. Serum biomarkers of cartilage/collagen damage and proteoglycan turnover are useful in evaluation of joint damage. Estimation of these markers in relation to radiographic joint destruction enable clinicians to identify rapidly progressing patients. 

Inflammation in RA involves synovium and is strongly associated with destruction of the bone marrow, cartilage and bone tissue. The inflammatory immune response is regulated by pro- and anti-inflammatory cytokines. Pro-inflammatory cytokines: IL-1, IL-6, IL-15, IL-18 and TNF-α, initiate an inflammatory response. Other cytokines: IL-4 and IL-10 control these responses. In RA, the balance unbalance between pro- and anti-inflammatory cytokines is responsible for continued inflammation; chronically increased levels of pro-inflammatory cytokines cause prolonged inflammation and progressing structural damages. TNF-α is one of the most important pro-inflammatory cytokine responsible for inflammation and joint destruction in RA. TNF-α stimulates the release of metalloproteinases by fibroblasts that destroy joint tissue. Anti-TNF-α-targeted biologic agents have been shown to reduce joint inflammation and  significantly slow radiographic progression of joint damage. 

Therapy. During past decades have been seen rapid advances in the understanding of the pathogenesis RA and in therapeutic options for many pts. Great advances have been made in the treatment of RA since the introduction of biologic therapy. The tumor necrosis factor [TNF]-α-antagonists infliximab, etanercept, adalimumab s. (HUMIRA), and the interleukin (IL)-1 receptor antagonist anakinra, were the first generation of biologics to be approved in the treatment of RA. However, approximately 30-40% of patients with established disease fail to respond to TNF-α antagonists and the majority of those that respond initially, do not achieve complete remission. 
TNF inhibitors. A number of clinical trials have evaluated the new biologics, the TNF inhibitors as well as IL-1 inhibitor in RA. Most of the initial studies included pts who had active disease despite receiving MTX therapy. Results showed that addition of a biologic to MTX significantly improved patient outcomes; the biologics were superior in preventing x-ray progression and structural damage in comparison to MTX. Three separated showed that  the combination of a disease-modifying antirheumatic drug (DMARD): MTX plus a biologic (etanercept, or adalimumab, or infliximab), is superior to either monotherapy with a biologic or MTX (2, 3, 4). There is still a large number of patients that have an incomplete response, or no response to TNF inhibitors (probably 5%-10%).

Available TNF-α antagonists (infliximab, adalimumab and etanercept) are generally well tolerated, however  in series of clinical observations TNF-α antagonists increased susceptibility to infections and tumor development. TNF-α inhibition causes a significant clinical improvements but this cytokine also plays a pivotal role in defense against infections, especially intracellular organisms. At the infection site, TNF-α enhances endothelial cell activation, inflammatory cell recruitment also increases the ability of activated macrophages to phagocytose and kill mycobacteria. 

The data on anti-TNF drugs have produced conflicting messages, with some studies suggesting increased infection rates, and others no difference from controls. Possible explanation for this discordant data might be that anti-TNF agents are often given concomitantly with MTX and prednisolone, or other DMARDs, which may increase infection risk.

Healing of wounds. The injuries during orthopedic surgery initiate a complex of biological processes that result in wound healing. Wound healing is a complicated process composed of several stages such as  the inflammatory, proliferative, and remodeling. This process is performed and regulated by numerous growth factors, cytokines and chemokines. Of particular importance is the epidermal growth factor (EGF) family, transforming growth factor beta (TGF-beta) family, fibroblast growth factor (FGF) family, vascular endothelial growth factor (VEGF), granulocyte macrophage colony stimulating factor (GM-CSF), platelet-derived growth factor (PDGF), connective tissue growth factor (CTGF) [1]. 

Growth factors play a crucial role in the initial phases of wound healing like the cells  division, migration, differentiation. The major families of growth factors contain: epidermal growth factor (EGF), transforming growth factor-beta (TGF-β), insulin-like growth factor (IGF), platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), interleukins (ILs), and colony-stimulating factor (CSF)  [2]. 

Dynamic interactions between growth factors and extracellular matrix (ECM) are integral to wound healing. The  interactions between cells and  ECM via integrins, which enables cells to respond to growth factors expression. Growth factors such as TGF-β also regulate the  production of ECM components [3, 4]. 

The observations suggest that TGF-α may be released into the site of injury by macrophages or other cell types, and may play a crucial role during tissue inflammatory responses. Furthermore, TGF-α may play an important role after injury and inflammation during wound healing and repair [5].  

 The inflammatory phase in wound healing is considered to be a preparatory process for the formation of new tissue. A few experimental studies about influence of TNF-α on wound healing showed that TNF- α may play either a beneficial or detrimental role in wound healing. The impaired wound healing was related to high level of TNF-α in local tissue.
Animal studies have suggested that anti-TNF agents may have the potential to affect the healing response, but it is not clear whether their effects are deleterious or beneficial. The study on rats suggested that excessive TNF- α production may inhibit skin wound healing; and the blocking of TNF- α might restore fibroblast growth activity and normalize a healing response [1,2]. There are not many the large-scale prospective studies in humans about the TNF antagonists and surgical wound healing.

Patients with RA commonly used drugs decreasing the inflammatory or autoimmune response, among them are nonsteroidal antiinflammatory drugs, corticosteroids, DMARDs and biologic agents. These drugs affect inflammation and local immune responses, necessary for proper healing of operative wound, which results in potentially undesirable postoperative complications (wound dehiscence, infection, and impaired collagen synthesis) and delay in wound healing of soft tissue and bone. No clear consensus exists on the optimum time for withholding therapy before surgery. Some retrospective and prospective clinical studies were carried out on the effect anty-RA on recovery after orthopedic surgery and risk of postoperative complications. One group investigated the effects of TNF-α inhibition with etanercept or infliximab on infectious or healing complications after orthopedic foot and anklesurgery (115). Thirty-one patients with rheumatoid arthritis were enrolled in this prospective study. No differences were noted between the two groups with respect to usage of NSAIDs, methotrexate, leflunomide, or corticosteroids (doses were not specified). Investigators concluded that TNF-α inhibitors could be safely administered in the perioperative period without increasing the risk of infectious or healing complications. No clear-cut answer appeared in relation to perioperative management of antiinflammatory TNF-a blocking agents and their influence on the wound healing of patients undergoing orthopedic and other surgical procedures.
Pathology. In patients with RA, the affected joints develop chronic synovitis that is characterized by hyperplasia of lining cells, infiltration of inflammatory cells and abundant neovascularization. Various factors such as proteinases, growth factors and cytokines produced in synovium implicate in the destruction of articular cartilage and subchondral bones. Among the proteinases, matrix metalloproteinases (MMPs), a gene family of zinc metalloproteinases, play a major role in the proteolytic degradation of extracellular matrix (ECM) macromolecules of cartilage and bone. 
Angiogenesis in the synovium during RA begins at the early stage of the disease and is crucial for progression of the synovitis. Synovial angiogenesis is a central mechanism to synovial proliferation and pannus formation, is largely dependent on vascular endothelial growth factor (VEGF).Binding of VEGF to its receptors on endothelial cells enhances not only their proliferation and migration but also production of MMPs. In addition, VEGF stimulates other cells such as chondrocytes to induce expression of MMPs. 
Histopathological examination of synovial specimens can contribute to the diagnosis of chronic joint  diseases. For scoring of synovitis can be introduced grading system, based on the semiquantitative  or computer-assisted evaluation of the three determining features of chronic synovitis: enlargement of synovial lining, density of synovial stroma and inflammatory infiltrate. The intensity of the cellular infiltrate, the levels of activation and the amount of secreted products vary greatly between individual patients with RA. Many studies of synovial tissue have been reported that indicate associations between immunohistological features of inflammation and clinical measures of disease activity. Evidence for heterogeneity of the synovial component of RA comes from studies describing three distinct patterns of lymphoid organization in the synovium. Based upon the topography of tissue-infiltrating mononuclear cells, diffuse, follicular, and granulomatous variants of rheumatoid synovitis can be distinguished. Each pattern of lymphoid organization correlates with a unique profile of tissue cytokines, demonstrating that several pathways of immune deviation modulate disease expression in RA. 

Serial synovial biopsies in open therapeutic studies and in randomised clinical trials showed that the immunohistological features of RA changed after treatment with DMARD, oral corticosteroids and targeted biological agents. The mediators of inflammation that changed in therapeutic studies include mononuclear cell populations, adhesion molecule expression, levels of cytokine production and MMPs. The effect of blockade of TNF-α on TNF-α production in synovial tissue was evaluated in patients treated with infliximab. The authors found that synovial TNF-α synthesis was reduced 2 weeks after infliximab treatment.
REFERENCES

1.Guidelines for the Management of Rheumatoid Arthritis: 2002 Update. Arthritis Rheum 2002;46;328-346. 
2.1987 ACR classification criteria for RA 

3.  2009 ACR/EULAR – published on 18 October 2009 by Michael E. Weinblatt (ACR Clinical Symposium ACR 2009 Philadelphia)

4.Felson DT, Anderson JJ, Boers M. et al. American College of Rheumatology preliminary definition of improvement in rheumatoid arthritis. Arthritis Rheum. 1995; 38:727-35.

5.Van Gestel AM, Prevoo MLL, van’t Hof MA at al. Development and validation of the European League Against Rheumatism response criteria for rheumatoid arthritis. Arthritis Rheum 1996; 39:34-40. 

6.Van der Heijde DM, van’t Hof MA, van Riel PLCM at all. Development of a disease activity score based on judgment in clinical practice by rheumatologists. J Rheumatol 1993. 20:579-81

7. Landewe R, Smolen J. EULAR Recommendation on the Management of RA  Annals of the Reum Dis 2007;66:34-45.

8. Haraoui B. Assessment and Management of Rheumatoid Arthritis. The Journal of Rheuamtology 2009; 36.Suppl 82: 2-10.

9.Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PREMIER study: A multicenter, randomized, double-blind clinical trial of combination 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. Arthritis Rheum 2006;54:26-37 

10.Van der Heijde D, Klareskog L, Rodriguez-Valverde V, et al. Comparison of etanercept and methotrexate, alone and in combination, in the treatment of rheumatoid arthritis: two-year clinical and radiographic results from the TEMPO study, a double-blind, randomized trial. Arthritis Rheum. 2006;54:1063-1074. 

11.Smolen JS, van der Heijde DMFM, St. Clair W. Predictors of joint damage in patients with early rheumatoid arthritis treated with high-dose methotrexate with or without concomitant infliximab. Results from the ASPIRE trial. Arthritis Rheum 2006; 54:702-710.
12. Choy EH, Panayi GS. Cytokine pathways and joint inflammation in rheumatoid arthritis. N Engl J Med 2001, 344:907–16. 

13. Ledingham J, Deighton C: Update on the British Society for Rheumatology guidelines for prescribing TNFα blockers in adults with rheumatoid arthritis (update of previous guidelines of April 2001). Rheumatology (Oxford) 2005, 44, 157-163 

14. Furst DE, Breedveld FC, Kalden JR et al.: Updated consensus statement on biological agents, specifically tumour necrosis factor α (TNFα) blocking agents and interleukin-1 receptor antagonist (IL-1ra), for the treatment of rheumatic diseases, Ann. Rheum. Dis. 2005. 64(Suppl. 4) IV2-IV14 

15. Scott DL and Kingsley GH: Tumor necrosis factor inhibitors for rheumatoid arthritis. N. Engl. J. Med. 2006, 355, 704-712 

16. Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson EL, Montori V: Anti-TNF antibody therapy in rheumatoid arthritis and the risk of serious infections and malignancies: systematic review and meta-analysis of rare harmful effects in randomized controlled trials. JAMA 2006, 295, 2275-2285 

17. Dixon WG, Watson K, Lunt M, Hyrich KL, Silman AJ, Symmons DP: Rates of serious infection, including site-specific and bacterial intracellular infection, in rheumatoid arthritis patients receiving anti-tumor necrosis factor therapy: results from the British Society for Rheumatology Biologics Register. Arthritis Rheum. 2006,54, 2368-2376 

18. Anstead GM. Steroids, retinoids, and wound healing. Adv Wound Care 1998;11:277-85

19. Flynn LG, Goldstein MM, Chan J et al. Tumor necrosis factor-α is required in the protective immune response against Mycobacterium tuberculosis in mice. Immunity 1995;2:561-72 

20. Centocor, Inc. Remicade (infliximab) package insert. Malvern, PA; 2004. 

14.Bibbo C, Goldberg JW. Infectious and healing complications after elective orthopaedic foot and ankle surgery during tumor necrosis factor-α inhibition therapy. Foot Ankle Int 2004.25:331-5. 

21. Krenn V, Morawietz L , Burmester G-R, Kinne R W, Mueller-Ladner U, Muller B & Haupl T: Synovitis score: discrimination between chronic low-grade and high-grade synovitis. Histopathology 2006; 49(4):358-364.
22. Morawietz L, Schaeper F, Schroeder JH, Gansukh T, Baasanjav N, Krukemeyer MG,

Gehrke T, Krenn V: Computer-assisted validation of the synovitis score. Virchows Arch (2008) 452:667–673 

23. Weyand CM, Klimiuk PA, Goronzy JJ.: Heterogeneity of rheumatoid arthritis: from phenotypes to genotypes. Springer Semin Immunopathol. 1998;20(1-2):5-22.

18. Bresnihan B: Are synovial biopsies of diagnostic value? Arthritis Res Ther. 2003; 5(6): 271–278
24.  Ulfgren AK, Andersson U, Engström M, Klareskog L, Maini RN, Taylor PC.: Systemic anti-tumor necrosis factor alpha therapy in rheumatoid arthritis down-regulates synovial tumor necrosis factor alpha synthesis. Arthritis Rheum. 2000 Nov;43(11):2391-6.

25. Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic-Canic M: Growth factors and cytokines in wound healing. Wound Repair Regen. 2008;16(5):585-601
26. Komarcević A.The modern approach to wound treatment. Med Pregl. 2000;53(7-8):363-368

27. Schultz GS, Wysocki A. Interactions between extracellular matrix and growth factors in wound healing. Wound Repair Regen. 2009;17(2):153-162.

28. Chung AS, Kao WJ. Fibroblasts regulate monocyte response to ECM-derived matrix: the effects on monocyte adhesion and the production of inflammatory, matrix remodeling, and growth factor proteins. J Biomed Mater Res A. 2009 15;89(4):841-853

29. Wang Y, Crisostomo PR, Wang M, Markel TA, Novotny NM, Meldrum DR. TGF-alpha increases human mesenchymal stem cell-secreted VEGF by MEK- and PI3-K- but not JNK- or ERK-dependent mechanisms. Am J Physiol Regul Integr Comp Physiol.2008;295(4): 1115-1123.
30. Rapala K. The effect of tumor necrosis factor-alpha on wound healing. An experimental study. Ann Chir Gynaecol Suppl. 1996;211:1-53

31. Sugiyama K, Yamaguchi M, Kuroda J, Takanashi M, Ishikawa Y, Fujii H, Ishii T, Esumi H Improvement of radiation-induced healing delay by etanercept treatment in rat arteries. Cancer Sci. 2009;100(8):1550-5

32. Wallace HJ, Stacey MC. Levels of tumor necrosis factor-alpha (TNF-alpha) and soluble TNF receptors in chronic venous leg ulcers--correlations to healing status. J Invest Dermatol. 1998;110(3):292-6.]

33.Kawaguchi HH, Hizuta AA, Tanaka NN, Orita KK (1995) Role of endotoxin in wound healing impairment. Res Commun Mol Pathol Pharmacol 89:317–327
34. Goren I, Müller E, Schiefelbein D at all. Systemic anti-TNFalpha treatment restores diabetes-impaired skin repair in ob/ob mice by inactivation of macrophages. J Invest Dermatol . 2007; 127(9):2259-67

35. Bibbo C, Goldberg JW (2004) Infectious and healing complications after elective orthopaedic foot and ankle surgery during tumor necrosis factor-alpha inhibition therapy. Foot Ankle Int 25:331–335

36.Busti AJ, Hooper JS, Amya CJ at all. Effects of Perioperative Antiinflammatory and Immunomodulating Therapy on Surgical Woung Healing. Pharmacotherapy.2005; 25 (11): 1566-1591.

PROGRAM OF THE STUDY
Amis: Tracking the immunological and pathomorphological responses of a healing wound and the joint tissues in the RA patients during TNF-α inhibitors therapy modified in perioperative setting. 

Material and methods: The prospective study on 150 – 200 patients [pts] with RA .

The patients selection: clinical evaluation the RA degree: questionnaires, DAS 28, radiological and immunological data. General conditions of the pts. From the study will be excluded the pts presenting other diseases like: diabetes mellitus, other autoimmunological diseases, obesity and advanced stage of chronic diseases. Operation: type, postoperative course, anaesthesia, duration of the operation. The pts will be divided in 3 groups: A, B and C according to the treatment protocol; each group of 50 - 65 pts. 

Group A: RA pts treated with TNF-α inhibitors (and other anti-inflammatory drugs such as: steroids and/or non-steroid anti-inflammatory drugs but without methotrexate). HUMIRA treatment for 4-6 months before operation; suspended for 2 weeks before and 2 weeks after operation. 
Group B: RA pts treated with TNF-α inhibitors continuously (and other anti-inflammatory drugs such as: steroids and/or non-steroid anti-inflammatory drugs but without methotrexate). HUMIRA treatment for 4-6 months before operation and continuing during and after operation. Group C: RA pts without TNF-α inhibitors treated by various anti-inflammatory drugs such as: steroids and/or non-steroid anti-inflammatory drugs but without methotrexate and without HUMIRA.
HUMIRA: Treatment by TNF-α inhibitors will be reconsidered according to its characteristics, concentration, indications, period of therapy. 

The therapeutic effect of TNF-α inhibitors will be explored as: a/ local effect: in soft tissues, bone ; and b/ systemic effect - concentration of the immunological parameters measured in the blood before operations, evaluation of the RA regression, clinical and laboratory analyses. The list of parameters used for the therapeutic effectiveness of the biological treatment: DAS28, RTG and serological: RF, anti-CCP, CRP, TNFα, IL-1, IL-6. 
Material: I/ blood (24 hrs before operation) and postoperative fresh joint tissues for: *drug concentration (TNF-α inhibitors);  * the histopathological study; *tissue concentration of TGF-β, TNFα, VEGF, IL-1, IL-6, MMP-1, MMP-9, TIMP-1.
II/ blood (systemic effect) and drainage fluid (local effect) for serological study – 12 hrs, 36 hrs , 7th and 14th day after operation. Drainage fluid analysis for: PDGF, TGF- β, białka BMP, IGF, TNF, VEGF, IL-1, IL-6, MMP-1, MMP-9, TIMP-1, leptin, GM-CSF.
Serum analysis for: PDGF, TGF-β, białka BMP, IGF, TNF, VEGF, IL-1, IL-6, MMP-1, MMP-9, TIMP-1, leptin, GM-CSF, procalcitonine .
III/ Synovial tissue samples obtained from patients at the time of joint replacement surgery (knees or hips). Synovial tissue samples for histopathology:H&E staining (synovitis scoring by automated analysis, cell inflammatory response – macrophages, limfocytes T and B) and immunohistochemistry: VEGF receptors, CD31, CD34, TGF-β.
Follow up; clinical assessment of the pts in 7th and 14th day. After 3, 6 months on the base of the questionnaires.

Final evaluation of the data
Dissemination: seminars/trainings for postgraduated doctors in perioperative management of the RA patients with the biological therapy.

Publications, conferences presentations, Ph.D. theses.
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