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Scientific Novelty of Connective Tissue Biochemistry
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Resume: The article is of an overview and discussion nature, devoted to the problems of
physiology and biochemistry of the connective tissue system, its interactions with the mononuclear
phagocyte system (SMF) in the initiation and implementation of fibrosis processes. The view of fibrotic
conditions as a "hypertrophied” nonspecific reaction of the body aimed at preserving homeostasis, in
which the pathological activation of SMF cells plays an initiating role as a result of their endocytosis of
biocompatible factors of various nature, coupled with non-specific activation of expression, synthesis
and secretion of lysosomal enzymes and growth factors, is presented and reasoned by their own data and
research results of other authors. factors.
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Connective tissue, including the extracellular matrix, resident and transient cellular elements, along with
the regulatory systems of the body, unites various organs into a multifunctional self-regulating
supersystem.

Unlike softer tissues such as the brain and liver, connective tissue is a more durable fibrous material
necessary for the mechanical function of the body. The fibrous proteins that make up the extracellular
matrix of a tissue determine whether it will have structural stiffness (bones), tensile strength (tendons)
or elasticity (blood vessels, skin, lungs). They are embedded in an amorphous base substance consisting
of hyaluronic acid, non-fibrous glycoproteins and proteoglycans.

Several different types or superfamilies of collagen differ in the composition of a-chains, which
determines their function and, consequently, their location. For example, type | collagen consists of two
al chains and one a2 chain (a12a2).

1. Type I collagen: found in most connective tissues, including bones.
2. Type Il collagen: found in cartilage and vitreous.

3. Type Il collagen: found in the skin, lungs and blood vessels.

4

Type IV collagen: located in the basement membranes and forms networks, gathering into a flexible
leaf-shaped multilayer network.

Collagen spontaneously collects into fibrils. To avoid premature assembly of fibers inside the cell, a
precursor form, procollagen, is synthesized. Procollagen synthesis involves (1) extensive
posttranslational modification of the a-chain polypeptide and (2) assembly of the a-chain into
procollagen.

a-chain (preprocollagen) It is first directed to the endoplasmic reticulum (ER) by means of a signal
sequence, which is immediately removed into the ER. The selected proline and lysine residues are then
hydroxylated into ER. The selected hydroxylysine residues are glycosylated by galactosyltransferase
and glucosyltransferase.
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The pro-a chains spontaneously assemble into procollagen triple helices inside the ER. The resulting
molecule has propeptide elongations at both ends, which still prevents spontaneous assembly into
collagen fibrils. Procollagen is transferred from the EPR to the Golgi apparatus and packed into secretory
vesicles.

Procollagen is secreted into the extracellular matrix by exocytosis (fusion with the plasma membrane),
and procollagen peptidases remove the ends of the propeptide. Procollagen then forms units called
tropocollagen, which spontaneously assemble into collagen fibrils.

Collagen fibrils are further strengthened by the formation of cross-links between adjacent lysine side
chains by the enzyme lysyl oxidase. This is a slow, continuous process throughout a person's life.
Stitching allows scar tissue to strengthen over time after wound healing, but also causes collagen to
harden, which contributes to a decrease in vascular elasticity with age.

Collagen can be reconstructed by degradation by metalloproteinases. The action of these digestive
enzymes is balanced by a tissue metalloproteinase inhibitor. In patients with osteoarthritis, there is an
imbalance between metalloproteinases and their tissue inhibitors, which allows degradation to prevail
over reconstruction.

The cause of osteogenesis imperfecta is unstable type | collagen molecules. They form an abnormal
matrix and lead to the formation of weakened bones. One form of the disease leads to death in utero;
with a less severe form, the patient's bones easily break ("brittle bones™) and wound healing slows down.
Patients with a less severe disease, Ehlers-Danlos syndrome, have defective, poorly stitched collagen
molecules, which leads to skin stretching and sagging joints.

At the same time, various insufficiently studied, but often occurring pathological processes occur in this
system, which are commonly referred to by the terms: sclerosis, fibrosis, cirrhosis, keloid scar.

In particular, in myocardial infarction, necrosis of cardiomyocytes is accompanied by a change in the
content of extracellular matrix components involved in scar formation: fibronectin [2],
glycosaminoglycans [3] depending on the size of the necrosis site and hydroxyproline (collagen marker)
depending on the age of patients [4]. From the first days of the disease, there has been an increase in the
concentration of the amino terminal peptide procollagen type 111, a marker of type 111 collagen synthesis
[5]. At the same time, there is evidence that the processes of organ fibrosis can develop simultaneously
with the processes of destruction, but not at these loci. In them, fibrous tissue is formed after the cessation
of the damaging factor, that is, as a replacement fibrosis. This was especially pronounced in the lymphoid
organs of the same animals [8]. A similar pattern was also observed in the lungs after infection of mice
with influenza A/H1N1 viruses (manifestations of early pneumofibrosis) [9, 10]. However, fibrosis
processes do not always develop due to the destruction of cells and tissues. Thus, we have previously
shown that fibrosis processes begin to form long before the development of destruction processes both
in structures that are not commonly referred to as organs and tissues (tuberculous granulomas) and in
the parenchyma of organs [11-13].

All this indicates that there are some opportunities and tools for studying the mechanisms of regulation
of metabolic processes in connective tissue both in ontogenesis and pathology conditions. However, the
mechanisms of the achieved results require further research. It is obvious that not only fibroblastic cells,
but also macrophages are related to the processes of connective tissue homeostasis. Lysosomal proteases
and the family of matrix metalloproteinases of macrophages are able to realize their potential in case of
their probable contacts with elements of connective tissue and under appropriate conditions for
interaction. Currently, the molecular mechanisms underlying the processes of collagen degradation have
not been sufficiently studied. Collagen metabolism is a two-stage process that includes extracellular
cleavage by proteases, followed by absorption by SMF cells and an intracellular stage of lysosomal
depolymerization. Extracellular degradation of collagen involves the identification of specific sites of
cleavage by enzymes of matrix metalloproteinases (MMRaz) [18].

It should be emphasized that the processes of fibrosis develop only in a multicellular organism consisting
of cells of various types, some of which have direct contact with the external environment, while for
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others such an external environment is probably nearby cells (of one or another histotype) and
extracellular matrix, or foreign bodies. At the same time, it is obvious that with the loss of cells of one
or more cells of other histotypes by the mechanism of necrosis, fibrosis develops according to the
substitution principle. But at the same time, outside the necrosis zone and, in general, even before the
formation of necrosis in the body, in the presence of activated macrophages among intact parenchymal
cells, constitutive fibroblasts and their synthesis of connective tissue structures proliferate and activate.
Thus, it can be assumed that the process of fibrosis is a non-specific reaction of the body, and is initiated
by activated macrophages in a multicellular organism, the "purpose™ of which, in its most general form,
is probably to isolate cells from contact with the external environment with their potential or real
possibility as a factor of homeostasis disturbance in the body. It is acceptable that macrophages can
"perceive" not only living organisms, but also contacts with inanimate structures (prostheses, etc.) by
the external environment.
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