MOLECULAR-GENETIC CRITERIA OF EFFICACY OF THE USE OF BIOACTIVE NANOMATERIALS  IN THE FIELD OF TRAUMATOLOGY AND ORTHOPAEDY.
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Introduction: traumatism and orthopaedic diseases cause huge damage to modern society. Annually more than 12 million men get hurt. More than 10 million men suffer from orthopaedic diseases. The diseases of bone tissue are originally different pathologic conditions, which become apparent with bone structure disturbance. The integral index of bone tissue metabolic activity is processes of active remodeling and renovation of bone structures, which continue the whole life. On the one hand, these processes are an important mechanism of maintenance of mineral homeostasis; on the other hand, they provide structural bone adaptation to changing conditions of functioning. The process of bone tissue remodeling is a mechanism directed on preservation of homeostasis, having a high sensitivity to different regulatory, supervisory mechanisms, as well as endogenous and exogenous influences. The most actual direction nowadays is detection and investigation of the main pathogenetic component of bone tissue pathology (both hereditary induced and multifactorial pathology) and search for ways of leading pathologic sign correction based hereon. 

From theoretical point of view, the relevance of the work in this direction is determined with necessity to get fundamentally new concepts of aetiology and pathogenesis of musculoskeletal system diseases, as a complex multifactorial phenotype of individual. At practical perspectives, importance of investigation is determined with a necessity of development and acquisition of new medical materials for treatment of complex orthopaedic pathology.   

The use of metallic materials for treatment of fractures causes a number of problems, such as corrosion, wear and/or negative tissue reaction, and in cases of difficult nosologic forms of bone tissue pathology, such as osteoporosis and osteogenesis imperfecta, there can be no clinical result at all. That’s why improved materials for biologically active prosthesis facilitating active bone tissue formation and causing no negative tissue reactions are actively searched for last time.           

The purpose of this research is development of complex of scientific-technological solutions for establishing systems of bioengineering solutions on the base of nanocomposite materials for treatment of patients of orthopaedic-traumatological profile taking into account individual criteria of bone tissue metabolic activity.    

Bone tissue is a complex system of interacting histogenetic lines, which are presented in the form of the osteoblastic and osteoclastic programmed differentiations. The main programmed differentiation is osteoblastic one; it is it that defines the main morphological, functional and regenerative properties of bone tissue that is the most important thing.  Precursors of osteoblasts are mesenchymal stem cells which undergo a number of specific changes laying in change of gene expression and proteins production correspondingly. 

Osteoblasts are the most active elements of bone tissue. They provide synthesis of the majority of organic components of bone matrix. Secreted matrix is presented with two fractions - collagen and noncollagenous proteins. Group of noncollagenous proteins is presented with approximately 15 proteins; some part of which is studied well enough.

Electron microscopic investigations of distribution of osteocalcin, osteonectin and bone sialoprotein show reproducibility of results. Some researchers have studied timing parameters of gene expression in details; others suppose that expression level of some genes in culture can reflect expression level in vivo.

The use of nanostructures in medicine is a prospective direction which allows to get absolutely new approaches to treatment of the most difficult and hopeless diseases. But the 100% use of nanostructures by formation of products for orthopaedy and traumatology sharply decreases implant biological activity. Thus, bone tissue forms on nanostructured calcium phosphate coatings made of hydroxyapatite particles only in 13% of cases at expected growth probability of 60 – 83%.

In this connection, attempt to create a surface relief design from nanometers units (5-10 nm for protein reactions) till micron decades (for single or system cell reactions) was made; that moves us nearer to “intellectual implants”. An opportunity of biological reactions activation in such range allows carrying out effective multilevel bioengineering of bone tissue.

Testing of experimental specimens of nanocomposite bioengineering materials in vivo was carried out with the purpose of determination of individual criteria of bioengineering correcting systems selection on different nosologic forms of orthopaedic-traumatological pathology.

It is recognized that in vivo investigations are the principal tool in determining of bone cells response to artificial surfaces.  But only few works dedicated to intercommunication of topography and chemistry of implants surface with differentiation of multipotent mesenchymal stem cells in osteogenous direction can be noted. Furthermore, it is emphasized that it is a question of epigenomic character of artificial surfaces influence on gene expression. Special population of peripheral blood cells was invented in the first half of the XX century, whose intensive investigation has begun since 1994. These cells with immunophenotyp collagen I+/CD13+/CD34+/CD45+/CD11b+/MHC class II+/CD86 making about 0.5% of all the amount of  peripheral blood leucocytes have intermediate characteristics between marrow hemopoetic and stromal cells. 


Material and methods of investigation

            Material of investigation was peripheral blood lymphocytes cultures. Lymphocytic mass was separated by means of standard method on ficoll-hypaque density gradient (Sigma). Inoculation was carried out in 24-basin-like dishes under density of 5106/basin. Proliferation was estimated according to inclusion of Н3- thymidine. Chromosome aberration level was estimated on metaphase plates prepared by means of standard method; no less than 300 plates were investigated. Cross-Laps procedure was carried out on IEA*- analyzer with the use of monoclonal antibodies of Osteometr BioTech A/S N-MID Osteocalcin One Step Elisa test-system (Nordicbioscience diagnostics).

Results: initial concepts of spatial distribution of key components of bone tissue matrix organic phase by means of developed bioengineering nanocomposite in vitro were obtained in our investigation.

  
High-grade cytological and molecule-genetic indices reaction was revealed by testing of multilevel bioengineering system in patients both with hereditary induced (osteogenesis imperfecta) and multifactorial pathology (phosphate diabetes). Thus there was decrease of rough genetic abnormalities level in vitro in patients with osteogenesis imperfecta in comparison both with control group (p<0.05) and primary level (p<0.05). Moreover, the greatest increase of synthetic phase intensity of cell cycle with the use of bioengineering nanocomposite in patients with osteogenesis imperfecta in comparison with control group (p<0.05) and primary level (p<0.05) was noted by estimation of leukocyte proliferation level in culture with inclusion of Н3- thymidine. Correlation of cytological and cytogenetic indices speaks for reduction of aberrant cells quantity at sufficiently big portion of cell death in culture and increase of the level of fibroblast-like cells in patients with dysplastic conditions of conjunctive tissue by the use of multilevel bioengineering system in comparison with the control (p<0.05).

Analysis of biochemical markers of bone metabolism (Cross-laps, osteocalcin, alkaline phosphatase – bone isoenzime) in patients with osteogenesis imperfecta showed primary increase of the content of collagen degradation products (Cross-laps), osteocalcin (as marker of metabolic activity of bone tissue osteoblasts) in comparison with control group indices. Stabilization of the above mentioned indices (p<0.05) was observed by the use of multilevel bioengineering system in vitro.

Thus, working hypothesis supposing following intercommunication of nanocomposite bioactive materials with structural components of bone tissue was made: 

1) stimulation of modification (or inclusion) of “silent” genes of stromal stem cells or clones of healthy osteoblasts due to 3D-relief of intercellular matrix (implant surface); 

2) substitution of osteoblast pathologic clone due to proliferation of normal stromal stem cells.  

Conclusions: positive influence of investigated materials on condition of cultivated lymphocytes received from donors suffering from dysplastic diseases of conjunctive tissue was shown.

More detailed investigations being carried out in this area with attraction of modern molecular-genetic and instrumental investigation methods will allow solving a range of questions concerning a control of bone tissue growth and development on different artificial surfaces (tissue engineering); mechanisms of purposeful regulation of proliferation and differentiation of multipotent mesenchymal stem cells; fundamental and applied aspects of intercommunication of cells and tissues with artificial materials including nanosized and nanostructural ones in vitro, in situ and in vivo. 

They will allow to design new implants from all types of modern materials for biology and medicine (metals, ceramics, polymers, carbon, composites) with optimal biological and mechanical properties including mechanisms of regulatory effect of  microenvironment physical-chemical factors on body’s vital activity, proliferation, differentiation, redistribution and death of cells in culture of tissue or in body.  They will allow to create pathogenetically proved approaches to implants design for multicellular systems which accomplishes not only a functional task but also become an integral part of the body; to develop multilevel (nano-, micro-, mesoscale) 3-dimensional scaffolds for practical bioengineering of supporting tissues with introduction into clinical practice, development of nanosized and nanostructural biomaterials and technologies, creation of a panel of implants giving the best fit for purposeful bioengineering of specific body tissues.

They will allow investigation of processes occurring on implant - bone tissue border on cell, molecular, epigenetic, genetic and atomic levels; investigation of (epi)genetic processes for treatment of orthopaedic pathology by means of gene activation or inactivation with perspective of possible reprogramming of (stem) cells; development of effective treatment methods for severe congenital and hereditary pathological conditions, diseases considered as incurable in a practical manner at present time; detection of fundamental mechanisms of mechanotransductional phenomena with the aim of controlling of plastic processes, occurring in marrow as a supplement to therapy of severe acquired, congenital and hereditary bone diseases resisting to traditional methods of treatment.

           Development of technological questions of production of implants for orthopaedy and traumatology, whose surface structure forms with regard to results of the whole complex of scientific and clinical work. 


In the context of realization of modern medical technologies, a doctor has to have an assortment of implants for clinic, which are “quasiintellectual”, from the point of view of intellectual parameters, corresponding to real disease which were inserted beforehand.

*	 Immune-enzyme analysis





