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Introduction.

I have previously demonstrated, for the first time “clinically”, the primary role of mitochondrial alterations, genetically caused, in the pathogenesis of the most common and serious human diseaseas, including malignancies, both liquid and solid (1, 2, 3, 4) (See my site, HONCode 233637, www.semeioticabiofisica.it , Oncological Terrain and Oncogenesis (1° e 2° Parts, as well as  Biophysical Semeiotic Constitutions). After more than 20 years from the pubblication of my researches, almost all authors, although overlooking the data of my clinical investigations, are now-a-days corroborating them in a firm agreement, and I am delighted with their really tardy statements, of course.

In man, cells accumulate somatic mutations of mitochondrial DNA (mtDNA) as part of normal ageing. Although the overall concentration of mutant mtDNA is low in tissue as a whole, very high numbers of various mtDNA mutations develop in individual cells within the same person, which causes age-associated mitochondrial dysfunction. 

At this point, we have to remember an important fact, i.e., the particular mitochondrial abnormality, transmitted by mother, Congenital Acidosic Enzymic-Metabolic Hystangiopathy (CAEMH-() (1, 2, 3, 4), upon which can act a lot of environmental factors, causing damage to DNA, both mitochondrial and nuclear, bringing about  acquired mutations.
Some tumours contain high numbers of mtDNA mutations that are not present in healthy tissues from the same individual (5). The proportion of mutant mtDNA also rises in patients with progressive neurological disease due to inherited mtDNA mutations (3). This increase parallels the relentless clinical progression seen in these disorders. Mathematical models suggest that the same basic cellular mechanisms are responsible for the amplification of mutant mtDNA in ageing, in tumours, and in mtDNA disease. The accumulation of cells that contain high levels of mutant mtDNA may be an inevitable result of the normal mechanisms that maintain cellular concentrations of mtDNA. 

In this article I am going to examine what is already known and new knowledge of the demonstrated relation between mit-DNA mutations and the occurrence of tumours and all other most common and serious human diseases, based always on CAEMH-(. 

Abnormalities of mit-DNA and human diseases.

Somatic mitochondrial DNA (mtDNA) mutations accumulate with age in “apparently”  healthy individuals (6), who are really involved by CAEMH-( (1, 2, 3, 4). Old people typically harbour a wide range of different mtDNA deletions in post-mitotic tissues, such as skeletal muscle, myocardium, and brain (7, 8). These data have been corroborated clinically by Biophysical Semeiotics, which allowed to describe functional alterations, inherited from mother, referred above and formerly ignored. 

In my opinion, such as mit-DNA alterations, related to ageing and common human disorders, occur under negative environment action and with age, but necessarily in individuals CAEMH-(-positive of high seriousness: in my 45-year-long clinical experience, “all” people over 90 years do not show Co Q10 deficiency, essential coenzyme of mitochondrial respiratory chain (Q cicle).

These mutations do not seem to be present in young people. Although the overall amount of mutant mtDNA in old people is usually very low in the tissue as a whole, individual cells can contain high percentage concentrations of a single mutant species, and different cells usually contain different mutations (5). When the proportion of mutant mtDNA exceeds a critical threshold concentration, a defect of mitochondrial oxidative phosphorylation results. A combination of different respiratory chain complexes (I, III, IV, and V) can be involved, but complex IV (cytochrome c oxidase, COX) is often affected, and this effect is easily shown in single cells by enzyme histochemistry (9). Although only a few cells develop COX deficiency, the resultant cellular dysfunction might have substantial effects, especially if the cell is part of a complex network, e.g., the central nervous system (5). Clonal expansion of a single somatic mtDNA mutation has substantial implications for a cell, but we do not yet know how this process comes about. 
Polyak and colleagues (5) observed that various tumours contained mtDNA point-mutations that were not present in healthy tissues from the same individuals. This was an exciting observation, in view of the potential role of mitochondria in carcinogenesis, and potential new avenues for detection and treatment (1). Various explanations to account for these findings were suggested (5), but there was little evidence to lend support to them. Unlike the mutations that were identified in the COX-deficient cells of old individuals, the mutations in the tumour cells were at non-conserved sites of mtDNA that are regarded as functionally unimportant. Thus the presence of mtDNA mutations within tumours might not always be dependent on mitochondrial dysfunction. 

mtDNA mutations are also an important cause of disease (11), as I have been suggesting over the past three decades, conducting researches on mit-DNA for the first time “clinically” (See the cited site, CAEM-(, and Biophysical Semeiotic Constitutions). 

In  my opinion, mit-DNA mutations and negative environmentals factors, acting on DNA of individuals positive for CAEM-(, at least located in well circumscribed area of a biological systems, provokes severe neurological diseases, associated with multisistemic locations, as diabetes mellitus (13, 14)and cardio-myopathy (15).

These patients have usually inherited a mixture of mutant and wild-type mtDNA (heteroplasmy) from their mother. Why, therefore, do they fail to develop symptoms until late childhood or early adult life? mtDNA disorders are progressive, and clinical progression is accompanied by the accumulation of COX-deficient cells, which is similar to that seen in normal ageing. Understanding precisely how this accumulation takes place in people, particularly in those involved by CAEM-(, could provide the key to our understanding of mtDNA diseases and the development of novel treatments that act at the genetic level. 

From mitochondrial alterations to human diseases.

At this point, how can we explain the different ways in which mtDNA accumulates in these three different situations: ageing, cancer, and mitochondrial disease? In the ageing process, individual post-mitotic (non-dividing) cells acquire a single mutant mtDNA molecule in a cellular population of 10.000 or more mtDNAs. Different mutations clonally expand in parallel in individual cells, leading to randomly distributed COX-deficient cells. In tumours, a seemingly neutral mutation somehow takes over the whole neoplasm, probably because of clonal expansion of the neutral mutation within the single progenitor cell of the tumour, before the tumour forms (5). As I will illustrate later on, “functional” mitochondrial alterations (CAEM-() are present il all cells, although showing different seriousness, variable from tissue to tissue, as well as from area to area of the same tissue: a single progenitor cell of the tumour can proliferate because  the environment is favorable (See in the cited site Oncogenesis, and in http://Piazzetta.sfera.sfera.net,  URL http://digilander.libero.it/piazzettamedici/professione/professione.htm). 

By contrast, patients with mtDNA disease are usually born with high proportions (typically >20% mutant) of a single mtDNA mutation type in their tissues, and numbers of the same mutation increase in many different cells. This process leads to raised numbers of mutant mtDNA in tissues, and an increased number of COX-deficient cells.

The genetic processes in mitochondria are highly complex. Unlike nuclear DNA, which replicates once during the cell cycle, mitochondrial DNA is degraded and replaced continuously, even in non-dividing cells such as skeletal muscle fibres and central neurons, a process known as "relaxed replication” (18). 

Furthermore, in mitotic tissues, mitochondria and mtDNA molecules have to be roughly equally partitioned between daughter cells during binary cell division (= HOMOPLASMY) (19).

 In healthy ageing, mtDNA disease, and cancer, the situation is compounded still further by the mixed population of mtDNA species (heteroplasmy) (20). Because of these complexities, several research groups have taken a step away from the molecular biology laboratory, and used computer-modelling techniques to tackle this difficulty.

With the aid of highly sophysticated technique authors enlightened the action mechanism which brings about the clonal expansion of  mutated mit-DNA in individual’s life and the consequent accumulation of the same velocity as in vivo (21).

Analogously, other authors have studied mit-DNA mutations in neoplasms by simulation of a rapidly dividing population of cells that contained a given number of mtDNA molecules in each cell (22).

With this approach they showed that many cell divisions would also lead to substantial random genetic drift in the degree of heteroplasmy within the cell population. Daughter cell populations (which could become tumour progenitor cells) would therefore contain high numbers of mtDNA mutations that might fix the new mutant molecule, and hence tumours would contain homoplasmic mtDNA mutations (22).

As a whole, these researches were not able to demonstrate te real value of mit-DNA mutations in oncogenesis with the certainty observed in non-dividing tissues such as the central nervous system, skeletal muscle, and myocardium (23). Possible explanation could be the genetic variation is not the only mechanisms undrlying such processes, but it is a comple process, providing a lot of consequences, usually in ageing, cancer as well as disorders related to mit-DNA mutations (23). As evidence shows, mtDNA mutations appear to be the unavoidable consequence of cellular mechanism which maintains omeostasis of mit-DNA.

In following, briefly but not carelessly, I am going to illustrate the importance of mitochondrial abnormalities (CAEMH-() in the regulation of cellular duplication and consequently in oncogenesis, because they contribute in demonstrating the truth of my theory on tumour occurrence (See above cited sites and Medscape: http://boards.medscape.com/forums?50@8.9EJSap9MblC^2@.eea4b05, http://boards.medscape.com/forums?50@8.9EJSap9MblC^2@.eea4b05
The role of mitochondria in cellular proliferation and apoptosis.

Cardiolipin (CL) is essential for the functionality of several mitochondrial proteins. Its distribution between the inner and outer leaflet of the mitochondrial internal membrane is crucial for ATP synthesis. Authors investigated alterations in CL distribution during the early phases of apoptosis (24). In apoptotic cells CL moves to the outer leaflet of mitochondrial inner membrane in a time-dependent manner. This occurs before the appearance of apoptosis markers such as plasma-membrane exposure of phosphatidylserine, changes in mitochondrial membrane potential, DNA fragmentation, but after the production of reactive oxygen species (24). The exposure of a phospholipid on the outer surface during apoptosis thus occurs not only at the plasma membrane level but also in mitochondria, reinforcing the hypothesis of mitoptosis as a crucial regulating system for programmed cell death, also occurring in cancer cells after treatment with antineoplastic agents (24).

The "BH3-only" proteins of the BCL-2 family require "multidomain" proapoptotic members BAX and BAK to release cytochrome c from mitochondria and kill cells. As a consequence, the regulation of cell proliferation and apoptosis requires the physiological functioning of mit-DNA (25). Retinoid treatment induced formation of two biochemically distinct cell subpopulations, which preceded the appearance of cells with fragmented nuclei. Exposure to such as substance led to a transient increase in NADH level and mitochondrial oxidative turnover and a slow decline in reduced thiol level and mitochondrial membrane potential, suggesting that retinoid treatment induces a transient defense mechanism. The synthetic retinoid 4HPR, in contrast, caused a gradual decrease in mitochondrial oxidative turnover and cardiolipin level together with a small decline in mitochondrial membrane potential, suggesting that 4HPR induces oxidation of cardiolipin and subsequent leakage of the mitochondria, concluding  that atRA and 4HPR induce apoptosis in MCF7 cells by two distinct and novel biochemical mechanisms (26), corroborating, once again, the primary role of mit-DNA in cell apoptosis and proliferation.

In fact, the vanilloids capsaicin and resiniferatoxin are natural products that contain a vanillyl moiety (4-hydroxy-3-methoxybenzyl). Both vanilloids can induce apoptosis in certain cell types by a mechanism that has not been fully elucidated but may involve plasma membrane or mitochondrial targets (27). The induction of apoptosis in the research of authors, who utilised the above-cited vanilloids, was associated with the mitochondrial permeability transition (i.e., an increase in the permeability of the inner mitochondrial membrane associated with the opening of a nonspecific pore). Exposure of parental cells to either vanilloid was not associated with an increase in intracellular free Ca(2+) levels but was associated with a rapid increase in hydroperoxide generation and a decrease in oxygen consumption. The authors conclude that vanilloid-induced apoptosis in the cells appears to involve the inhibition of mitochondrial respiration. The apoptogenic effects promoted by vanilloid treatment, as well as the antiproliferative effects observed in their respiration-deficient clones, suggest that vanilloids may be useful for preventing or treating skin cancers or other hyperproliferative skin disorders (27), outlining the pivotal role of mitochondria (mit-DNA) in oncogenesis, in firm agreement with me, who over the last two decades have been suggesting that CAEMH-( is the conditio sine qua non of Oncological Terrain, and consequently of malignancies (See my above-cited site, Prctical Applications, Congenital Acidosic Enzyme-Metabolic Histangiopathy, and Oncogenesis in Oncologicl Terrain, first and second part; See also: http://digilander.libero.it/piazzettamedici/professione/professione.htm).

Mitochondria are principal actors in apoptosis as central hubs for diverse apoptotic signals (28, 29). A new paper demonstrates the therapeutic potential of directly engaging these apoptotic pathways by identifying a mitochondrial toxin selective for tumor cells (28). Mitochondria, play a pivotal role in the executive phase of apoptosis and could represent a novel attractive target for pro-apoptotic drugs. Indeed, unlike conventional anti tumour drugs which trigger pro-apoptotic signal transduction pathways upstream mitochondria, several compounds were shown to act directly on mitochondria to induce apoptosis (29).

Among the early changes observed is the release of cytochrome c from mitochondria, as during administration of etoposide (30), although the mechanism responsible for this effect is unclear. Apart from inhibiting cytochrome c release, undermining caspase-2 activity results in an attenuation of downstream events, such as pro-caspase-9 and -3 activation, phosphatidylserine exposure on the plasma membrane, and DNA fragmentation. Taken together, these data indicate that caspase-2 provides an important link between etoposide-induced DNA damage and the engagement of the mitochondrial apoptotic pathway (30).

In summary, DNA damage induced by the cancer chemotherapeutic drug etoposide triggers the onset of a series of intracellular events characteristic of apoptosis (31), showing that once again mitochondrial dysfunction influence, positively or negatively, on cell proliferation and, consequntly on oncogenesis. Among the early changes observed is the release of cytochrome c from mitochondria, although the mechanism responsible for this effect is unclear, as demonstrates the role for caspase-2 in etoposide-induced cytochrome c release (31). 
            Mitochondrion is not only the major ATP manufacture center of animal cells, but also plays a key role, as a main switch, in the regulation of apoptosis. Opening of the mitochondrion permeability transition pore (MPTP), the life-or-death switch of cells, causes an increase of the permeability of mitochondrial membrane and the release of several types of apoptogenic factors from the intermembrane space, such as cytochrome c, apoptosis inducing factors (AIFs), procaspases and Ca(2+) (31). These apoptotic factors can either activate caspases, the main member of apoptotic proteins, or destruct independently the intranuclear chromatin, or interact with other Ca(2+) -dependent proteins. These result in structural rupture and dysfunction of cells, and the cells are finally degraded into apoptotic bodies and died. Studies on the regulation mechanisms of mitochondrion in apoptosis will be of great value theoretically as well as potential practical usage in designing drugs for cancer, Parkinson's disease and so on, using mitochondria as targets (31), in firm agreement with I stated over the last two decades, from the clinical view-point (1).

A mechanism decreasing oxidative metabolism during normal cell division and growth is expected to direct substrates toward biosyntheses rather than toward complete oxidation to CO(32). Hence, any event decreasing oxidative phosphorylations (OXPHOS) could provide a proliferating advantage to a transformed or tumor cell in an oxidative tissue. To test this hypothesis, authors studied mitochondrial enzymes, DNA and OXPHOS protein content in two types of renal tumors from 25 patients. Renal cell carcinomas (RCCs) of clear cell type (CCRCCs) originate from the proximal tubule and are most aggressive. Chromophilic RCCs, from similar proximal origin, are less aggressive. The benign renal oncocytomas originate from collecting duct cells. Mitochondrial enzyme and DNA contents in all tumor types or grades differed significantly from normal tissue. Mitochondrial impairment increased from the less aggressive to the most aggressive RCCs, and correlated with a considerably decreased content of OXPHOS complexes (complexes II, III, and IV of the respiratory chain, and ATPase/ATP synthase) rather than to the mitochondrial content (citrate synthase and mitochondrial (mt)DNA). In benign oncocytoma, some mitochondrial parameters (mtDNA, citrate synthase, and complex IV) (31)were increased 4- to 7-fold, and some were slightly increased by a factor of 2 (complex V) or close to normal (complexes II and III). A low content of complex V protein was found in all CCRCC and chromophilic tumors studied. However F(1)-ATPase activity was not consistently decreased and its impairment was associated with increased aggressiveness in CCRCCs. Immunodetection of free F(1)-sector of complex V demonstrated a disturbed assembly/stability of complex V in several CCRCC and chromophilic tumors. All results are in agreement with the hypothesis that a decreased OXPHOS capacity favors faster growth or increased invasiveness (31), corroborating what I have demonstrated “clinically” for more than 20 years ago (1, 2, 3, 4).

There is now-a-days a large literature demonstrating that apoptosis is an important  form of cell programmed death, essential in tissue development and omeoastasis of multicellular organisms. Abnormality in cell death control can bring about numerous disorders, including tumours and degenerative diseases (32), corroborating my clinical data, referred above (See also: Biophysical-Semeiotic Constitutions, in the cite site).

As a consequence, apoptotic process is firmely roled by indipendent and numerous signaling pathways, which initiate such as event series by stimuli originated either within cell or at cellular membrane. Recently, mitochondria are considered as central components of these signaling pathways and now it is well known that all this happens by releasing particular apoptotic proteins (33).

From the point of view of the primary role of CAEM-( in occurring most common and severe humane diseases. Including cancer, as I am suggesting for years (See: Stagnaro S. “A new possible mechanism of oncogenesis”: http://boards.medscape.com/forums?50@182.lDjZaIfdb9J^1@.ee9d518 and “A new possible mechanism of oncogenesis”: http://boards.medscape.com/forums?50@182.lDjZaIfdb9J^1@.ee9d518), appears to be really interesting the results of a research, that showed that bacterial esoproducts (esotoxin of pseudomonas aeruginosa) can bring about damage to respiratory tract epithelial cells and during epithelial reparative process, respiratory epithelial cells do not sinthetise physiological intercellular junctional complexes, so that it is observed a particular susceptibility to the virulence of various bacterial factors (34). In addition, such as results demonstrated that the epithelial cell death, caused by toxin, followed to early mitochondrial dysfunction, mit-DNA qbnormality, and superoxide anion production, but not classic alterations of apoptosis, corroborating the urgency of physiological functioning of mit-DNA as regards cell life (34).

Mitochondria and oxidative stress play  a primary role in neuro-degenerative apoptosis, as a large of ongoing researces demonstrate (34). For eample, authors have demonstrated that the toxicity of (-amiloide-25-35 peptide, observed in cultural cells, is related to the induction of apoptosis on mitochondrial function, which become altered (34). In fact, cancer cells (human teratocarcinoma), due to such as substance, released citochrome c, which activates caspase 9 and 3, bringing about increase of O2 free radicals, demonstrating that mitochondrial physiological activity is essential for cell destiny (34).

Clinical Microangiology and  biophysical constitutions Constitutions.

At this point, we are able to assess separately the biophysical semeiotic constitutions from the clinical micrological point of view, underlining eventual characteristics, firstly saying that various patterns, which will be described later on, differentiate each other and result necessarily different, and appear easily recognizable at the bed-side, although they are only variations of identical theme. It follows that it is impossible to draw an unique clinical microangiological model of biophysical-semeiotic constitution, fit for various disorders different each from other as far as origin, nature and pathogenesis are concerned, although their basis is practically identical.

For instance, let us think likeness-difference, as regards clinical microangiology, among hypertensive constitution (pre-hypertension stage) (35), on the one hand, and diabetic constitution, on  the other hand (pre-diabetes stage) (36), where histangium alterations are common, but those pancreatic, hepatic, and of adipose tissue are present exclusively in the later.

In actual fact, as we often remembered it, the most severe human diseases, including metabolic and oncological in origin, arise from the CAEMH-( (See Oncological Terrain in this site, and 1, 2, 3), which represents the  conditio sine qua non of these disorders, and is certainly the genetic link,   we have clinically demonstrated a many years ago.

In 80’s years, by a dia representing a tree, at a great number of national, international and world congresses,  we illustrated  our thought about this topic, showing CAEMH-( as trunk and root, while the branches of the tree were metabolic-endocrine disorders, oncological diseases, arterial hypertension, lithiasis, a.s.o.

At that time, we did not possess, of course, the necessary biophysical-semeiotic knowledges reliable in suggesting actual theory of diverse consitutions. In fact, Biophysical Semeiotics and consequently Clinical Microangiology originated slowly and by degrees afterward, since 1990 year.

It is easy  to show the “link”, genetic in nature, between the most serious human diseases, i.e. CAEMH-( (37) on the contrary, it is not at all easy to illustrate briefly the “differences”, which characterize genomic expressions on clinical-microangiological dimension as regards Biophysical Semeiotics. Consiquently we must go on with logic evidence, and describe, without opposing them but exceeding them in the synthesis, general concepts as well as particular aspects at the base of our interpretation of microangiological constitutions or inheritance.

It is unquestionable that not “all” women positive for CAEMH-(, in the age between 20 and 55 years, involved by flu viruses suffer successively from Acute Benigne Variant Polymyalgya Rheumatica (PRABV), we  described in former papers (16, 17, 18), which shows likenesses and differences with classic polymyalgya.

In other words, in a group of patients CAEMH-( positive, comparable each other as regards age,  sex, basal disease (flu), socio-economic conditions, a.s.o. fortunately we observe a small number with predisposition to PRABV and/or other connectivitis. At this regard, one has to remember that these individuals involved by autoimmune disorders, when antibody synthesis is increased and modified, are generally negative for oncological terrain.
Therefore, it is a matter of assessing the difference,  which is ruled by genome, molecular-biological in nature, certainly exsisting between the two women sub-groups (or men, although less frequently), only seemengly equal, in order to obtain hopefully the definition of rheumatic constitution.

The presence of rheumatic disorders in the same family and the frequent association of various rheumatic diseases in the same individual (CREST), and, on the contrary, the absence of these disorders in other subjects of well-defined family groups  suggest  the existence of such condition.

As we refer widely in future, microangiological-clinical expression of  “rheumatic” genotype is akin to the rheumatic histangiopaty, althoug of light intensity.

At this moment, it is necessary to remember and underline a really interesting datum, which corroborates the scientific truth of biophysical-semeiotic theory, rheumatic constitution is based on: in rheumatic polymyalgya exclusively rhizomelic joints, i.e. those articulations involved by connectivitis, show the characteristic microvessels alterations, which bring about autoimmune biophysical-semeiotic signs (Local Autoimmune Syndrome, see Glossary), as we will describe in next articles, while all other joints – always spared – schow physiological tissue-microvascular system. Moreover, women at “real” risk of PRABV, or recovered after an acute episode since years or decades, present characteristic biophysical-semeioticm signs of rheumatic constituition, whose intensity is decreasing from the great rhizomelic joints to those peripheral (small joints are never involved by rheumatic polymyalgya, neither classic nor variant).

Therefore, clinical evidence corroborates the scientific values of our interpretation, illustrated in some papers and particularly as rheumatic constitution is concerned.

In reality, clinical evidence underlines the general validity of our interpretation of initial intuition of the contemporaneous microangiological manifestations, that can be assessed at the bed-side in “quantitative” manner, of genomic information, even when it is the side of mutation or of whatever different alterations, until now reveald notoriously by means of parenchymal modifications and, of course, of genome itself, by very sophysticated methods. 

Parallel considerations are to be shown for osteoporotic constitution (41).

A further clinical evidence, which upholds biophysical-semeiotic theory, is represented by the type of abdominal adipose tissue microvessels (but not that of “peripheral” adipose tissue) in individuals at “real” risk of dyslipidaemia and subjects actually health, who in the past time have suffered from cholesterol, total and/or LDL and/or triglycerides high  blood levels.

In a long and well established experience at the bed-side, we have observed that in “all” these individuals, without exception  (from epistemological point of view, the statement “all” is really full of both informations and scientific value, due to the fact that it could be easy falsified), doctor observes always a characteristic alteration of Endothelial Blocking Devices (EBD) (See later on), i.e. opening duration, assessed as duration of mean ureteral reflex (= dilation of the mean third of ureter: See, Technical Page, N° 3, in this site) during stimulation  of “middle” intensity of related trigger-points by lasting pinching of lateral abdominal skin, is < 20 sec. (NN = 20 sec.), and closure duration, i.e. duration of reflex disappearing, is > 6 sec. (NN = 6 sec.).

From hemorheological point of view, such situation coincides with lowering capillary-venous blood-flow, showing local parenchymal alteration. This microcirculatory modification precedes by years or decades the onset of dyslipidaemia, which obviously can be “potential”, i.e. without becoming clinically evident, if the individual undergoes a correct diet, ethimologically speaking. 

The reader comprehends certainly that there are very numerous evidences, similar to those above briefly illustrated, that corroborate our “intutition” as regards the microcirculatory aspect of the diverse constitutions and of their pathogenetic interpretation, i.e. as consequence of genome action on structure and function of the tissue microvascular units of different biological systems, and not only on related parechymas.

At this point, if the various biophysical-semeiotic constitutions really exist, the problem that we face  is how can we recognize them at the bed-side, namely with the aid of the new phsical semeiotics (See in above-cited site, Biophysical Semeiotic Constitutions).   
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