
TISSULAR PATHOLOGIC PROCESSES

Cellular differentiation 

Ontogenesis (individual development of the body) has several steps: zygote – embryo – fetus – child – teenager – adult – old person. These stages develop on the basis of several cellular processes: cellular proliferation, cellular differentiation and organogenesis.

Cellular proliferation represents cellular multiplication, increasing of cell population due to continuous mitotic divisions in dichotomic growth: from one cell appear 2, from these – another 4,8,16 etc. During mitotic division, mother-cell transmits to descendent cell the whole cellular genome, all genetic information of the body. So, every cell of the body contains genetic information characteristic for the entire body. Proliferation represents the basis of cellular differentiation and of organogenesis. Cellular proliferation starts from the zygote stage and continues in some organs till death. 

Cellular differentiation represents the process by which the cells with similar genetic potential lose a part of inherited properties, keeping just some of them, in such a manner specializing into different groups of cells with the same structure and functions. So, differentiation represents a progressive limitation of totipotent genetic program of the zygote with generation of cell population with reduced genetic potential. More precise, this process is realized by deactivation of some genes and selective activation of other genes that codify specific protein-coded genes with special functions. From the whole genome, which is presented in differentiated cells, active are only those genes that determine functional and structural specificity of the cell. Therefore, ontogenesis passes through some steps characterized by a different degree of cellular potency:

1) totipotent zygote, from which the cells of the body develop;

2) multipotent cells of the embryo’s envelopes (endo-, ecto-, and mesoderm) which give birth to different tissues;

3) pluripotent stem cells, which are head of cellular series;

4) unipotent cells of tissues and organs;

                   Above exposed information corresponds to the concept about primordial totipotency of the zygote and progressive restrictive differentiation.  There is an embryonal mechanism, by which the initial cellular groups are imposed to develop by an irreversible way from toti-, multi-, and pluripotency to unipotency – one type of tissue. In such a way, cells become specialized biochemically, structurally and functionally.

Differentiation is a process of cellular cloning in different groups specialized structurally and functionally. A clone is a population of cells, developed from a single mother-cell with similar biochemical, structural and functional properties. Cloning represents the process of cellular separation from a cocktail of different cells, from which by successive proliferations, from a single cell develops population of similar cells (clones). The cell from a clone becomes the head of the cell series – stem-cell, source-cell.

Differentiation and organogenesis are concomitant processes, nonseparable, which take place continuously and are accompanied by mitosis. Conventionally, there can be distinguished differentiation from proliferation, by which the numeric population of cells is ensured proliferation from specialization and proliferation from organogenesis, by which cells become progressively more specialized. In most cases, the cells which achieve the final stage of specialization, lose their capacity of proliferation (multiplication) (ex. erythrocytes), for a period of time accomplishing their specific functions.

In period of embryonal development, the primary differentiation in the totipotent phase, intermediary differentiation in multipotent phase and terminal differentiation in pluripotent phase is taking place. After organogenesis is accomplished, in postnatal period just some tissues preserve their omnipotent potential (germinative epithelium, sexual cells) and pluripotent potential (ex. hematopoietic stem cells from red bone marrow).

Different types of differentiated cells are characterized by their own capacity and speed of proliferation, histological function and the final products of cellular biosynthesis. In this way nervous, epithelial, muscular, connective cells differ from one another. So, proliferation rate is maximal in the connective tissue and epithelial tissues, is limited in muscular tissue and absent in population of nervous cells.

The general rule is that the speed of proliferation in all tissues of the body is limited in comparison with period before organogenesis has finished, and proliferation rate which is measured by incidence of mitosis in cell population, is constant, being regulated by adaptive, compensatory, protective and reparative needs of the tissues. So, some tissues present a regenerative proliferation (physiologic reparation), which is permanent (ex: basal layer of the epidermis, epithelium of digestive tract, urogenital epithelium, epithelium of bronchial tree, hematopoietic bone marrow). The cells of other organs (ex. liver) have a low proliferation rate and finally, third category of cells is deprived of proliferation abilities (ex. neurons).

The basis of differentiation are explained by appearance in the cells of some active substances or structures able to execute specific functions – enzyme, protein, contractile structure, secretory and others. These depend of activation of some genes by inductors that lead to activation or depression of certain genes.

Cellular differentiation disorders in postnatal period are represented by cellular tumor   transformation.  Tumor transformation represents the process of dedifferentiation (loss of differentiation capability) of different cells, mainly with loss of biochemical, structural and functional peculiarities which are characteristic to this type of cell. Another characteristic of dedifferentiated cells is regained ability of rapid proliferation, which has an anarchic, unlimited character, which doesn’t correspond to actual needs of tissue of the body. Cellular multiplication gets out of control mechanism of cellular mitotic cycle and that of tissular growth.    Dedifferentiation is associated with cellular passage from mitotic pause to active mitosis, decreased length of cell cycle, increased number of dedifferentiated, proliferative cells. Mitotic process take place without differentiation stage, the cancer cells are continuously, uncontrolled and unlimited auto-productive. 

Etiology of tumor transformation is multiple and includes physical, chemical, biological factors. Pathogenesis of cancer dedifferentiation can be explained by reactivation of some cellular genes leading to loss of biochemical, structural and functional characteristics of the respective cells, but with concomitant recovery of embryonal characteristics, discordant with biological age of the body. This process of dedifferentiation is called anaplasia.

Disorders of regenerative process

Regeneration – represents the process of recovery of the structures lost in physiological or pathological way, oriented towards reestablishment of structural and functional homeostasis of the body.

The capacity of recovery is a natural ability for all body structures. In function of hierarchic level of regenerative substrate, regeneration can be:

a) molecular regeneration – recovery of molecules (example: recovery of DNA molecules);

b) subcellular regeneration – reestablishment of subcellular structures (cellular organelle), injured by pathogenic factors;

c) cellular regeneration - reestablishment  of monovalent cellular population of injured tissue (hepatocyte regeneration in liver cirrhosis without structural recovery of the organ – of hepatic lobe);

d) tissular regeneration – recovery of all tissular components – of cells and tissular infrastructures (cellular interconnection, intracellular matrix: fibers, fundamental substance);

e) organ regeneration – reestablishment of organ parenchyma and stroma (vessels, nervous structures with preservation of specific architecture of the organ);

Molecular regeneration represents the DNA recovery after injuries caused by different pathogenic factors which imply specific enzymes activation which perform the biochemical resection of injured segment of ADN, its lysis and resynthesis of normal segment, what will replace the injured portion. 

Subcellular regeneration represents the multiplication of intact cell organelles; the same way as a cell can originate only from a cell, organelles can originate only from other cellular organelles (these can’t be synthesized de novo). In this way, mitochondria, ribosomes, Golgi apparatus regeneration is performed.

Cellular regeneration is performed by mitotic and amitotic cellular multiplication.

Tissular regeneration and organ regeneration may include in addition to cellular regeneration, blood vessel and lymphatic vessels regeneration (angiogenesis) as well as recovery of nervous structures (axons, nerve endings).

In function of biological significance, can be recognized physiologic and pathologic regeneration.

 Physiologic regeneration targets recovery of cells lost as result of physiological processes (old cell after normal functioning), as result of functional overuse and accelerated use or cellular necrosis under the influence of some pathogenic factor which lead to cellular injuries and targets the maintenance of structural and functional homeostasis of the body. Physiological regeneration occurs in the basis of the same biologic mechanisms and is qualitatively and quantitatively adequate to the organ of residence – regeneration is performed with the same histologic structures and in sufficient volume to maintain the structural and functional homeostasis of the involved tissue or organ. To be mentioned that, after functional overuse of the organ, volume of physiological regeneration can overcome the characteristic normal regeneration necessary for maintaining the normal physiological function, in this case we speak about hyperegeneration associated with excess of structures.

Physiological regeneration is classified in following types:

a) homeostatic regeneration – recovery of used and old structures in result of vital physiological  processes; this is the continuous regeneration of the epithelial cells of the digestive tract, urogenital tract, bronchial tree, skin, blood cells during lifetime.

b) adaptive regeneration –  regeneration which is initiated by a functional overuse of a tissue oriented toward increasing  structural mass, such satisfying the functional requirements in new conditions. A typical example of adaptive regeneration is regeneration of erythroblasts in healthy mountain dwellers.

c) compensatory regeneration – regeneration initiated by compensatory hyperfunction of synergist organs with the aim to increase healthy structural mass, in order to maintain functional homeostasis of the body. An example of compensatory regeneration is regeneration of erythrocyte series of red bone marrow in cardiac vices or lung diseases. 

d) protective regeneration – regeneration of mesenchymal structures of the organs in order to protect from harmful effects of pathogenic factors. Protective regeneration of connective tissue occurs in infectious-inflammatory focus. 

e) reparative regeneration – regeneration oriented towards recovery of  parenchymatous structures of the injured organ. By this type of regeneration parenchyma of majority of organs (liver, stomach, intestine, skin and so on) is reestablished.

For every organ an own capacity and form of regeneration is characteristic. So, in some organs only cellular regeneration is possible – myocardial cells, neurons; in other organs, cellular mitotic and amitotic regeneration is characteristic, and is accompanied by concomitant regeneration and hypertrophy of subcellular structures – in the liver, kidney, pancreas. There is the third category of organs in which cellular regeneration occurs without hypertrophy of cellular organelles – in the skin epithelium, bone marrow.

Pathologic regeneration is initiated by the same stimuli as those of physiologic regeneration, but differs by inadequate qualitative or quantitative features.

I. Quantitative inadequate regeneration – heterometry

a.  hyporegeneration – insufficient regeneration for maintaining structural and functional homeostasis (negative structure balance).
b. hyperregeneration with overproduction of structures, which outrun homeostatic necessities of the body (positive structure balance), for example development of  keloid scars on the skin).

II. Qualitative inadequate regeneration – regeneration characterized by  production

of structures which histologically differ from initial one. Is manifested by:

·  dysplasia – regeneration with production of abnormal, embryonal, monstrous structures; 

· metaplasia – regeneration with production of normal structures but with another histologic character – in other words - heterotopy (cylindrical epithelium is replaced by squamous epithelium); 

· sclerosis – regeneration with substitution of specific parenchymatous structures with nonspecific structures (connective tissue);

·  malignization – regeneration with production of tumor cells;

Metaplasia represents a reversible replacement of adult cells (epithelial or mesenchymal origin) with other adult cells and is an adaptive phenomenon of substitution of sensitive cells with other more resistant cells (for example: during chronic irritation of respiratory airways cylindrical epithelial cells are replaced with squamous epithelial cells). It’s important to mention that those stimuli which cause adaptive metaplasia can lead to pathologic metaplasia – cancerous transformation. Metaplasia can occur not only in parenchymatous cell but also in these of mesenchymal origin. For example, fibrous connective tissue can be transformed into osteoblast, chondroblast.

Regenerative process in the mouth

Tissues of oral cavity have high regenerative potential. Pulp of the teeth is composed of conjunctive tissue, blood vessels, nervous ends as well as odonthoblasts, fibroblasts, macrophages and low differentiated cells.

Odonthoblasts differentiation (the process through which the cells with similar genetic potential lose a part of inherited characteristics and specialize to form groups of cells with identical structure and function) begins in the central part of the germ, extended after along mezenchymal papilla. This phenomenon marks the start of coronary dentinogenesis. Odonthoblasts differentiation is accompanied by vascular development in the sub-odonthoblastic area. This vascular network, which is located in the immediate vicinity to odonthoblasts has the role of supplying these with metabolic substances in the process of dentine production.

Plastic role of the pulp is obvious in the stage of tooth development, and continue as well after teeth eruption. The process of dentinogenesis continues as long as the process of differentiation of low differentiated cells of the pulp into odonthoblasts. One of the factors which control tooth pulp regeneration isfluor. At moderate but constant supply (0,2mg/24h),fluor facilitate proliferation of pulp cells, this intensifying the process of dentin regeneration (useful phenomenon after pulp amputation), but in high doses fluor reduce osteoblasts activity.

Unlike tooth pulp, tooth enamel has a low regenerative potential, due to very low metabolic rate in the tissue. Enamel regenerative process is reduced as result of very specific structure of this tissue: proteins of the enamel form with calcium ions an insoluble complex. Protein matrix, in turn, is bound to hydroxyapatite crystals with their crystallization.  These particularities contribute to preservation of organic and mineral composition of the teeth enamel all life long, meantime reducing considerably its potential to regenerate.

High regenerative potential in the mouth has as well epithelial cells and cell of the mucosal layer. A high role in the process of regeneration play the granular tissue, fibroblasts, which can differentiate in similar cells regarding function and structure as smooth muscle cells. 

The process of regeneration of facial teguments is actively controlled by the endocrine system. So, cortisol reduces mitotic activity of proliferative epithelium, inhibits development of inflammatory edema, diminishes phagocytic activity of macrophages, limits the process of granular tissue formation. Somatotropine, mineralocorticoids and thyroxin stimulate formation of conjunctive tissue.

Removal of tooth plaque and granular tissue from parodontal pockets stimulates regeneration of paradentium tissues. 
Hyperplasia, Hypertrophy

Hyperplasia – represents the process of intensified cellular multiplication which leads to increased number of cell in cell population or in the organ. 
Physiologic hyperplasia. Physiologic hyperplasia due to the action of hormones or growth factors occurs in several circumstances: when there is a need to increase functional capacity of hormone sensitive organs; when there is need for compensatory increase after damage or resection. Physiologic hyperplasia can be divided into: (1) hormonal hyperplasia, which increases the functional capacity of a tissue when needed, and (2) compensatory hyperplasia, which increases tissue mass after damage or partial resection. Hormonal hyperplasia is well illustrated by the proliferation of the glandular epithelium of the female breast at puberty and during pregnancy, usually accompanied by enlargement (hypertrophy) of the glandular epithelial cells. The classical illustration of compensatory hyperplasia comes from the myth of Prometheus, which shows that the ancient Greeks recognized the capacity of the liver to regenerate. As punishment for having stolen the secret of fire from the gods, Prometheus was chained to a mountain, and his liver was devoured daily by an eagle, only to regenerate anew every night. In individuals who donate one lobe of the liver for transplantation, the remaining cells proliferate so that the organ soon grows back to its original size.
Pathologic hyperplasia. Most forms of pathologic hyperplasia are caused by excesses of hormones or growth factors acting on target cells. Endometrial hyperplasia is an example of abnormal hormone-induced hyperplasia. This form of hyperplasia is a characteristic response to certain viral infections, such as papillomaviruses, which cause skin warts and several mucosal lesions composed of masses of hyperplastic epithelium. Here, growth factors produced by viral genes or by infected cells may stimulate cellular proliferation.

Mechanisms of hyperplasia

Hyperplasia is the result of growth factor–driven proliferation of mature cells and, in some cases, by increased output of new cells from tissue stem cells. For instance, after partial hepatectomy growth factors are produced in the liver that engage receptors on the surviving cells and activate signaling pathways that stimulate cell proliferation. But if the proliferative capacity of the liver cells is compromised, as in some forms of hepatitis causing cell injury, hepatocytes can instead regenerate from intrahepatic stem cells. Biological significance of physiological hypertrophy and hyperplasia are determined by the final objective, which consists in maintaining the functional homeostasis of the body through structure modification. Meantime, hyperplasia ensured through acceleration of the cellular multiplication, leads to early consumption of genetic cell resources and probably decreased adaptive potential of the body. This, probably, explains premature aging of the hypertrophic heart, explained through decreased cellular population and myocardial sclerosis.
Hypertrophy represents increased volume and mass of an organ because of increased number of cells (hyperplasia) or increased volume and mass of every separate cell (cellular hypertrophy).

Cellular hypertrophy represents growth in volume and mass of cells due to increased number of cell organelles. Because cellular hypertrophy is realized through increasing number and volume of cellular organelles, it is also called ,,intracellular hyperplasia” or, in other words, multiplication of cellular organelles. Organs, which during evolution preserved the capacity of cellular regeneration, have both type of hypertrophy – subcellular hypertrophy and cellular hyperplasia (for example: liver, pancreas, kidney); organs which during ontogenesis lost their ability of cellular regenerations manifest only subcellular hypertrophy (for example: myocardium). But, because the objectives and final effects of both processes (hyperplasia and hypertrophy) are the same - functional homeostasis or equilibrium between structure and function, these two phenomena, physiologically, can be examined together.

In function of initial cause and biologic significance hypertrophy is divided in:

    
 I. Physiological hypertrophy: orientated to maintain structural and/or functional homeostasis of the body in different conditions of existence and during action of pathogenic factors; it is adequate qualitatively and quantitatively in order to maintain homeostasis and ensure stability of function in adaptive process. Physiological hypertrophy can be:

a. Adaptive hypertrophy (hypertrophy of  skeletal muscles in physical effort, absolute hypoxic erythrocytosis);

b. Compensatory hypertrophy (hypertrophy of myocardium in heart failure, hypertrophy of one of the kidney when the second was removed);

c. Protective hypertrophy (hyperplasia and formation of a capsule around a foreign body in the tissue);

d. Functional hypertrophy (hypertrophy of pregnant uterus, of mammary gland during lactation)

II. Pathologic hypertrophy – hypertrophy which is inadequate qualitatively and quantitatively for maintaining homeostasis. Pathologic hypertrophy can be:

a. Endocrine hypertrophy – develops during non-physiological hypersecretion of hormones (ex. tumoral secretion of estrogen with endometrial hypertrophy aside of menstrual cycle; hormonal mammary adenopathy);

b. Neurotrophic hypertrophy  - hypertrophy of adipose tissue in denervated organs;

c. Inflammatory hypertrophy - excessive growth of connective tissue in chronic inflammation;

d. Tumoral hypertrophy - hyperplasia of tumoral tissue;
Mechanisms of hypertrophy

Pathogeny of hypertrophy has common features in different organs and includes some stereotype processes.

Hypertrophy begins with an initial period triggered by many stimuli: functional deficiency (absolute or relative with increased demand); generation of specific biologic stimuli – growth factor, hormones, hypoxia, oxidative stress, inflammation mediators, metabolic wastes and other biologic active substances). These initial factors act in a specific way, activate synthesis of cellular structures through induction of genetic process or stimulate the cellular multiplication (for example: action of erythropoietin); or acts as adjuvants which ensure the process of stimulation and multiplication (catabolic hormones – glucocorticoids, glucagon, catecholamines and anabolic hormones - estrogens, androgens, insulin, somatotropin). Under the influence of these factors growth is stimulated leading to hyperplasia/ hypertrophy. When the adequate degree of growth is achieved, sufficient to satisfy functional overload, hypertrophy process is stopped both, by cessation of triggering factor action as well as by action of some growth inhibitory factors. This process is regulated through the feed-back mechanism on the cellular, tissular and systemic level.

Hypertrophy is the result of increased production of cellular proteins. Much of our understanding of hypertrophy is based on studies of the heart. Hypertrophy can be induced by the linked actions of mechanical sensors (that are triggered by increased work load), growth factors (including TGF-β, insulin-like growth factor-1 [IGF-1], fibroblast growth factor), and vasoactive agents (such as α-adrenergic agonists, endothelin-1, and angiotensin II). Indeed, mechanical sensors themselves induce production of growth factors and agonists. These stimuli work coordinately to increase the synthesis of muscle proteins that are responsible for the hypertrophy. Hypertrophy may also be associated with a switch of contractile proteins from adult to fetal or neonatal forms. For example, during muscle hypertrophy the α isoform of myosin heavy chain is replaced by the β isoform, which has a slower, more energetically economical contraction. In addition, some genes that are expressed only during early development are re-expressed in hypertrophic cells, and the products of these genes participate in the cellular response to stress. For example, the gene for atrial natriuretic factor (ANF) is expressed in both the atrium and the ventricle in the embryonic heart, but it is down-regulated after birth. Cardiac hypertrophy, however, is associated with reinduction of ANF gene expression. ANF is a peptide hormone that causes salt secretion by the kidney, decreases blood volume and pressure, and therefore serves to reduce hemodynamic load.Pathogeny of hypertrophy has common features in different organs and includes some stereotype processes.

Hypertrophic process in the mouth

Gingival hypertrophy represents an increased size of cellular elements which represent the gum as result of accelerated mitotic rate, enhanced metabolic rate of inflammation. Gingival hypertrophy can be localized and generalized. Generalized hypertrophy can be of some types: inflammatory, symptomatic and idiopathic. 

Inflammatory gingival hypertrophy is the result of interaction between local irritative factors and the gum. The process begins at the level of proximal interdental gum, thereafter extends involving vestibular and oral gum as well. There can be found inflammatory lympho-plasmocyte infiltrate in the corion associated with proliferation of epithelial cells and fibrocytes.

Symptomatic gingival hypertrophy can have various etiology (hypovitaminosis, hormonal disorders, blood disorders) and has an interdental onset, thereafter spreading to margin of the gum finally involving entire gum in the mouth. For this tuype of hypertrophy there is characteristic : fibrous hyperplasia of the corion, inflammatory subepithelial infiltration and ulcerations. 

Idiopathic gingival hypertrophy represents a non-inflammatory hypertrophy  characterized by proliferation of fibrous conjunctive tissue and collagen fibers in the corion , from there is the other name for this process “gingival elephanthiasis” or congenital macrogingia.

Localized gingival hypertrophy represents a pseudo-tumoral, nodular hyperplasic  mass which is limited by the gum. The process is the result of excessive proliferation of mucosa under the influence of some chronic irritative factors. Evolution is slow, and during development can lead to injury of the bone tissue.
Atrophy

Atrophy (from greek a – negation, trophe -nutrition) represents a process of lowering in volume of cellular organelles, cells, tissues and organs associated with decreased or stopped functions. Atrophy can be regarded as a form of structural dyshomeostasis or as a disbalance between destructive processes (physiological or pathological) and relative or absolute insufficiency of the regenerative processes. 

Because structural homeostasis is a derivate of functional homeostasis, is necessary to underline the role of function in determination of structure volume. So, the volume of a necessary function to ensure the homeostasis of the body determines the structure volume. In other words, in the balance function/structure, the main role has the function. From this point of view, different normal equilibrium structure/function can be present: increased function – increased structure; decreased function – decreased volume of structures.

So, atrophy has no equivocal biological significance: decrease in the volume structure can be with preservation of the normal balance function/ structure (when the function primary suffers); and with structure deficit which is not able to satisfy functional requirements (when the structure is primary affected).

In function of biological significance and the balance between function and structures there can be recognized physiological and pathological atrophy:

I. Physiological atrophy is the atrophy with preservation of the equilibrium between structure and function.

a) hypofunctional atrophy – develops through decreased functional requirements (ex. atrophy of the skeletal muscle in the physical inactivity, atrophy with demineralization of the bones in cast immobilization, physiologic anemia in prolonged physical inactivity);

b) involutive atrophy – atrophy of the organs and tissues characterized only for a ontogenetic period (thymus atrophy with age);

c) involutive senile atrophy – atrophy of all organs especially skin, muscle, bones with aging;

d) endocrine atrophy – atrophy of the hormone-dependent organs, accompanied by reduction of the respective hormone concentration (prostate atrophy in insufficiency of androgens, atrophy of mammary glands in prolactin hyposecretion; atrophy of endometrium in insufficiency of estrogens; thymus atrophy during high doses of glucocorticoids);

e) Atrophy  developed as result of growth factor lacking (endocrine gland atrophy as result of insufficient or lack of tropic hormones);

f) post-hypertrophic  atrophy - involution of the hypertrophied organs as result of cessation of hypertrophic stimuli action (post-partum involution of the uterus, decreased mass of the hypertrophied myocardium in cardiac vices after surgical correction of the defect, involution of the skeletal muscle in sportsmen after stopping training).

II. Pathological atrophy – atrophy accompanied by function and structure deficit; develops as result of cellular necrosis of different origins associated with insufficiency of regenerative potential of the tissue. There are some types of pathologic atrophy:

a) atrophy as result of long action of the mechanical forces (atrophy of cranial bones in intracranial hypertension);

b) atrophy as result of destruction of structures caused by physical, chemical, biological factors (ex. inflammation);

c) hemo- and lymph-dyscirculatory atrophy (ex: ischemia, venous hyperemia, hemo-lymphostasis);

d) deficit atrophy – atrophy and teeth destruction in fluor insufficiency.
In function of structure which suffers atrophy, there can be recognized:

a) atrophy of cellular organelles (mitochondria, nucleus, reticulus endoplasmaticus);

b) cellular atrophy

· parenchymal and stromal atrophy with decreased volume of the organ;

· parenchymal atrophy concomitant with stromal hypertrophy, hypertrophy of the adipose tissue (false hypertrophy).

Atrophy pathogeny 

Atrophy results from decreased protein synthesis and increased protein degradation in cells. Protein synthesis decreases because of reduced metabolic activity. The degradation of cellular proteins occurs mainly by the ubiquitin-proteasome pathway. Nutrient deficiency and disuse may activate ubiquitin ligases, which attach the small peptide ubiquitin to cellular proteins and target these proteins for degradation in proteasomes. This pathway is also thought to be responsible for the accelerated proteolysis seen in a variety of catabolic conditions, including cancer cachexia.

In many situations, atrophy is also accompanied by increased autophagy, with resulting increases in the number of autophagic vacuoles. Autophagy (“self eating”) is the process in which the starved cell eats its own components in an attempt to find nutrients and survive. Autophagic vacuoles are membrane-bound vacuoles that contain fragments of cell components. The vacuoles ultimately fuse with lysosomes, and their contents are digested by lysosomal enzymes. Some of the cell debris within the autophagic vacuoles may resist digestion and persist as membrane-bound residual bodies that may remain as a sarcophagus in the cytoplasm. An example of such residual bodies is the lipofuscin granules. When present in sufficient amounts, they impart a brown discoloration to the tissue (brown atrophy). Autophagy is associated with various types of cell injury.

Manifestations: characteristic manifestations of the atrophy are diminished volume and mass of subcellular structures, cells, tissues, organs, lower than normal limits.

Consequences of atrophy depend on its character. Every atrophy is accompanied with proportional diminishing of function, but if in case of hypofunction due to physiological atrophy, this function is adequate to current requirements and is capable to ensure homeostasis of the body in optimal conditions (but with decreasing diapason of adaptation), in case of pathologic atrophy deficiency of function leads to dyshomeostasis in the body even in optimal conditions of existence.

Atrophy in the mouth

Atrophy of hard tooth tissue is a process which occurs in every human being in the result of physiological functions and mastication. Atrophy manifest first of all at the level of masticatory face of molars and premolars as well as at the level of canins. There was shown a direct correlation between atrophy of teeth and age. So, at 40 years there can be found a slight abrasion of the adamantine, at 50-60 years teeth abrasion is manifested by massive losses from the tissue of premolars and molars. At the level of incisives, frequently on the cutting edge, there can be found an aureole which shortens the tooth length.

Besides physiological atrophy there can be found pathological one (pathological abrasion). In this situation massive losses of hard tissues can be consequences of:  overload of teeth because of reduced number, wrong prosthesis, professional harmful factors as well as imperfection in the tissue structure. Being neglected, teeth abrasion can progress rapidly,  the teeth crowns becoming shorter and shorter this leading to changes at the level of temporomandibular joint. 

Endocrine pathogeny of teeth abrasion (disorders in the function of pituitary gland, thyroid gland, parathyroid gland) is conditioned by reduced functional resistance of mouth tissues. Excessive teeth abrasion can be found in persons who work in environment with many mechanical particles, in primary hypoplasia of adamantine and dentine, as well as in osteoporosis and fluorosis.

In marked abrasion, together with massive deposition of substitution dentine, there can be observed as well obstruction of dentin canalicules. There are important changes at the level of tooth pulp: reduction of odonthoblast number, reticular atrophy. In the central layer of the pulp, especially in the radicular pulp, develops petrification. In this case dental pulp due to morphofunctional particularities reacts promptly to excitation and having a lot of compensatory and adaptive mechanisms opposes to action of harmful factors ensuring such normalization of injured function and structure. 

Atrophy of epithelium with reduction of glycogen amount can be attested at the level of paradentium in non-specific chronic inflammation being induced by changes of some protective factor from saliva. 

Atrophy of ligaments of paradentium in atrophic marginal paradontosis starts with marginal osteoporosis, this leading to loss of insertion of ligaments at the level of alveolar border. This atrophic form develops in conditions with teeth inactivity or under the influence of some general factors (endocrine disorders, senile involution). Marked atrophy of lingual papilla can be attested in atrophic chronic candidiasis, leucoplasia, cancer, tuberculous ulceration, medicamentousstomatitits, B12defficiency. 

Atrophic changes of mouth mucosa are characteristic for collagenosis. In these clinical cases mouth mucosal layer is atrophied, thin, pale with pronounced vascular network and ulceration. On the mouth there can develop white deposition with atrophy (in situation when there is muscle involvement), movement limitation. As result of atrophic processes can be found thinning of lips and nose.

Atrophic changes at the level of mouth mucosa and salivary gland can be found in actinic disease. In massive radiation doses (more than 5000-6000 rads) can develop irreversible changes both in mucosa of the mouth and salivary glands. 
Sclerosis

If tissue injury is severe or chronic, and results in damage of both parenchymal cells and the stromal framework of the tissue, healing cannot be accomplished by regeneration. Under these conditions, the main healing process is repair by deposition of collagen and other ECM components, causing the formation of a scar or fibrosis. In contrast to regeneration which involves the restitution of tissue components, repair is a fibroproliferative response that “patches” rather than restores the tissue. The term scar is most often used in connection to wound healing in the skin, but is also used to describe the replacement of parenchymal cells in any tissue by collagen, as in the heart after myocardial infarction.
The spectrum of pathologic regeneration phenomena includes sclerosis, fibrosis, cirrhosis and cicatrizations.
Sclerosis is the process of pathological regeneration, consequence of cellular necroses, characterized by diffuse or focal induration of organs due to excessive growth of dense connective tissue, collagen fibers exceeding cellular structures. Sclerosis process means substitution of parenchymal specialized structures or of the specialized connective tissue with acellular structures. 

Fibrosis – from morpho-pathological point of view, represents moderate sclerosis of the organ without induration; should be mentioned that the delimitation of this two phenomena – sclerosis a fibrosis – doesn’t exist; often there is the equivalent sign between them.

Cirrhosis –represents sclerosis accompanied by organ deformation.

Cicatrization (scarring) – represents sclerosis localized in foci of inflammation or necrosis.
Etiology of sclerosis:

-  action of harmful factors, which cause direct cellular injuries and disorganization of the connective tissue (mechanical factor, physical, chemical and biological factors);

-  local and generalized hemo- and lympho-circulatory disorders, which cause cellular injuries (venous hyperemia, blood and lymphatic stases, systemic circular insufficiency);

- cellular dystrophy;

- all types of necrosis;

-  productive chronic inflammation;

- thrombus formation, fibrin deposition\

 Pathogeny of sclerosis
Repair by connective tissue deposition includes the following basic stages: 

  •     inflammation

  •     angiogenesis, 

  •     migration and proliferation of fibroblasts, 

  •     scar formation 

  •     connective tissue remodeling.
Generally, sclerosis represents excess growth of connective tissue structures, which replace specific parenchymal structures. Sclerosis develops through several general pathogenetic variants:

a) through neogenesis (de novo formation) of connective tissue with fibroblast proliferation, synthesis  by fibroblast of collagen, extracellular formation of collagen (fibrilogenesis);

b) lack of fibroblast proliferation  but with aging of connective tissue and intense formation of collagen (circulatory hepatic cirrhoses, nephrosclerosis); this process is also called fibrosclerosis;

c) induration of organ due to collapse (annihilation) of the stroma but without sclerosis.

From reversibility point of view, sclerosis process is divided in:

a) labile sclerosis – which is totally reversible;

b) stable sclerosis – partial reversible;

c) progressive sclerosis – irreversible;
Deposition of collagen is part of normal wound healing. However, the term fibrosis is used more broadly to denote the excessive deposition of collagen and other ECM components in a tissue. As already mentioned, the terms scar and fibrosis are used interchangeably, but fibrosis most often indicates the deposition of collagen in chronic diseases. The basic mechanisms that occur in the development of fibrosis associated with chronic inflammatory diseases are generally similar to the mechanisms of skin wound healing. However, in contrast to the short-lived stimulus that triggers the orderly steps of wound healing in the skin, the injurious stimulus caused by infections, autoimmune reactions, trauma, and other types of tissue injury persists in chronic diseases, causing organ dysfunction and often organ failure.

The persistence of injury leads to chronic inflammation, which is associated with the proliferation and activation of macrophages and lymphocytes, and the production of a plethora of inflammatory and fibrogenic growth factors and cytokines.
Macrophages are key cellular constituents of tissue repair, clearing extracellular debris, fibrin, and other foreign material at the site of repair, and promoting angiogenesis and ECM deposition.
Histological base of sclerosis process are connective tissue structures. Lax connective tissue consists of cells and cellular structures with the support, trophic and protective functions. Fibroblasts of connective tissue are divided into: poorly differentiated fibroblast, mature fibroblasts which are functionally active and fibrocytes, which are weakly active. Fibroblasts produce intercellular components – collagen, elastin, proteoglycans, glycoproteins. These cells participate in metabolism regulation, ensuring structural and architectonic stability of the organ and performing epithelial-mesenchymal interrelation.
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Multiple roles of macrophages in wound healing and fibrosis. Macrophages participate in wound debridement, have antimicrobial activity, stimulate chemotaxis and the activation of inflammatory cells and fibroblasts, promote angiogenesis, and stimulate matrix remodeling and synthesis. ROS, reactive oxygen species. (From Robbins-Cotran; Pathologic basis of disease).
Migration of fibroblasts to the site of injury is driven by chemokines, TNF, PDGF, TGF-β, and FGF. Their subsequent proliferation is triggered by multiple growth factors, including PDGF, EGF, TGF-β, FGF, and the cytokines IL-1 and TNF. Macrophages are the main source for these factors, although other inflammatory cells and platelets may also produce them.
In sclerosis, growth of connective tissue is modified through nervous and endocrine influences, through disorders of cellular interrelation of connective structures, collagen, proteoglycans and epithelial cells, through modification of intercellular contacts  as result of action of soluble cellular mediators (lymphokine, monokine, fibrokine) or insoluble mediators (cellular debris,  products of cellular and acelullar structures desintegration). All these mechanism act by feed-back mechanism on different levels.

As result of intensified synthesis, collagen excess is created, which by feed-back mechanism inhibits collagenogenesis, transforming active fibroblast in inactive fibrocytes, such diminishing collagen synthesis.

Another process initiated by collagen surplus and orientated toward reducing collagen mass is activation of collagenolysis through transformation of active fibroblast into fibroclast – cells that phagocytize collagen. Concomitant with phagocytosis, extracellular collagenolysis occurs, and final result of these two processes is inhibition of connective tissue growth, remodeling and involution of this. So, scarring process forms a chain of injury effects – inflammation – reparation. These above described successive phenomena lead to stabilization of connective tissue by balancing processes of collagenogenesis and collagenolysis (ex: scar on the skin).  This is the first mode of sclerotic process evolution. 

The second way of evolution of sclerosis represents connective tissue involution and reduction of mass by predominance of collagenolysis under collagenogenesis. 

The third variant represents progressive sclerosis, with prevalence of collagenogenesis over collagenolysis with connective tissue growth. Progressive sclerosis is the final result of many processes: massive injury of parenchyma and stroma collapse; long-acting activity of inflammatory pathogenic factor (ex., in chronic inflammation);  abundant proliferation of fibroblast; induction of collagenogenesis in general hypoxia, in local hemo- and lympho-circulatory disorder (ex: venous hyperemia, ischemia, stasis); action of toxin, metabolic wastes, organ infiltration with blood cells and cells of other origin; local homeostatic growth disorder of connective tissue; congenital defects of collagenogenetic-collagenolytic system. The common feature of this process is development of sclerosis and cirrhosis of the organ.

Concomitant with fibrogenetic mechanisms, which lead to progressive sclerosis, there are collagenolytic mechanisms, which can ensure involution of sclerosis process. From these mechanisms can be numerated:  desmolytic function of epithelial cells, intracellular collagenolysis by phagocytosis of collagen fibres with further digestion of these (ex. in post/partum period, in the uterus, function of collagenolysis is realized by macrophages, fibroblasts-fibroclasts), enzymatic extracellular collagenolysis, especially of hepatocytes and hepatic macrophages. Collagen catabolism is performed by collagenolytic enzymes, both of lysosomal (catepsine B, D) and non-lysosomal (tripsine, extracellular collagenase) origin, released from epithelial cells, cells of mesenchymal origin (ex: in inflammatory process collagenolysis is performed by leukocytes, neutrophils, macrophages, fibroblasts). Production of collagenase is regulated by estrogen, androgen, mast-cells, eosinophils, lymphocytes.

Consequences of organ sclerosis (cardiosclerosis, pneumosclerosis, nephrosclerosis, hepatic cirrhosis) are diminished mass of specialized cellular structures with functional insufficiency and respective consequences (cardiac insufficiency, respiratory failure, renal failure, hepatic failure).

Biological significance of sclerosis is biologically ambiguous, summing some favorable and unfavorable conditions. By one hand, sclerosis marks the end of a pathological process (ex: inflammation), assures reparation and regeneration of intercellular matrix, injured by the pathological process, such having a favorable signification. Concomitant with this, sclerosis assure regeneration, although incomplete, of organs submitted to action of all pathogen factors and in all form of tissular alteration. That’s why, in some skin affection, ex: in trophic ulcer or in gastric or duodenal ulcer, end of process through cicatrization represent a favorable resolution and a variant of barrier function reestablishment of these organs. But, on the other hand, functional incompetence of connective tissue, which substitutes specific functional tissue and structural deformations, failures the affected organs.

In function of pathogeny, treatment principles of sclerotic organs, comprise inhibition of fibrogenesis and stimulation of collagenolysis. Fibrogenesis inhibition can be performed through liquidation of chronic processes – inflammation, hypoxia, dystrophic processes, through removal of some injurious factors of mechanic, physical and chemical nature; through administration of immune-modulators , immune- suppressors, steroid and non-steroid anti-inflammatory drugs, of some iatrogenic drugs (substances which inhibit intramolecular collagen association); of antioxidants, which inhibits formation of lateral joints in collagen molecule.

Characteristics of sclerotic process in the mouth

In parodontitis sclerotic process involve frequently sub-epithelial tissues, rarely can be fibroid changes. Frequently there can be found surface disorganization of conjunctive tissue as mucoid infliltration at the level of gingival pocket as well as in the deepness of the gum tissue. Concomitantly can be attested increased number of neutral mucopolisacharides and lysis of collagen fibers. In the area of inflammation there can be attested sclerosis of vascular vessels. Changes at the level of stroma and vessels lead to secondary injuries in the epithelial cells, characterized by persistence of atrophic and dystrophic changes till necrosis. Initially, vascular vessels of paradentium are dilated, there are manifestations of sclerosis and hyalinosis with reduction of vascular lumen and perivascular sclerosis.
Similar changes occur in paradontosis. In this case in the deep layers of alveolar bone develop signs of bone tissue disorganization (foci of osteoporosis alternate with foci of osteosclerosis).

In some paradontomas (gingival fibromatosis) can be found both distortion of interdental gum as well as distortion of alveolar gum with infiltration of fibrous conjunctive tissue with cellular elements and underdevelopment of vascular network.

Mechanical trauma of the mouth mucosa, which develop suddenly after injury or more lowly after action of other weak excitants are characterized by development of a lobular fibroma – a hard, tumor-like colorless mass. Most frequently development of lobular fibroma is induced by prosthesis. 

Pathogeny of changes in the mouth in patient with sclerodermia is determined by primary involvement of microcirculatory bed, caused by immune-pathological reactions, these leading to generalized disorganization of conjunctive tissue and secondary changes in the tissues of the tongue as well as in other organs and tissues, parallel with development of pathologic processes in the skin and mouth mucosa (edema, atrophy , induration). Consequences of this disorders can be desquamative glossitis and xerostomy, which make speech and swallowing very difficult and creates conditions for inflammatory changes in the mouth mucosal layer.

Development of sclerosing glossitis is characteristic for tertiary syphilis. In this case, back of the tongue become uneven with fissures, harden with reduced mobility. Specific inflammatory infiltrate is replaced ultimately by fibrous tissue with development of sclerosis. 
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