The Short Comment.

 This article was written during 5 days before the ISI International Conference at Imatra (Finland) - the Org.Comittee asked me to write just in this proposed theme. This Conference took place in June 2000. When I come there, cordially granted and accepted, this article was already published among 12 elected articles that comprise  the book 'Ad Honorem of Prof. T.Sebeok Octogenarii'. Now, as I'm informed from ISI, it must be re-published in the Proceedings of that ISI Conference, along with  <imatmyth>. 

  I Made at Imatra 2 30-min. lectures during the same morning. The 1st  corresponds to <imatmyth>, and the 2nd one to this article, <imatart>, but with some original color transparent pictures.

                                                                        Alexander E.Sedov (Russia)

Genes, cells, and societies: basic similarities among sign-interpreting systems.

    Abstract.     

    Modern experimental biology produces various biogenic tools that are recombinants sensu lato, i.e. re-patterned systems of different intraorganism levels. These  test-systems are useful for semiotic approach, as the different multilevel contexts for different interpretations of many single biological subjects. So, the multilevel situations 'single sign vehicle - various interpretations', or vice versa, can be tested. The main properties of the single genes as sign-interpreting systems are discussed, especially for the genes of highest semantical value in multilevel contexts. The multiaspect crucial points in modern genetics and cell biology of cancer are compared with abnormal social phenomena.

  It reveals the similarities that can be caused by similar interpretations of signs that are extremelly different physically but very similar semiotically. Some peculiar case studies are discussed.  
                    1. Reframing the multilevel intraorganism contexts. 
    Several semiotic interpretations of genes and cells were proposed last years (Chebanov, 1993; Hoffmeyer, 1997). It became necessary just now. Genomics, cell biology, and developmental biology still get their extensive "dictionary", i.e. the DNA and protein sequences, the appropriate dynamical spatial structures. But more and more, concerning any set of structural levels, this reductionist style is completed by the various holistic ones. More than 20 years ago, gene engineers came to the methodology named "reversed genetics": any certain DNA sequence, when strictly analyzed and sometimes directly altered, is aimed to display its meanings inside various multilevel biosystems, up to the entire phenotypes. Hence, the whole research turns to the syntax, semantics and pragmatics - to the genes' meanings and context-depending interpretations at different structural levels. Moreover, - often these contexts are experimentally changed by multilevel re-patterning of the native biogenic components. So, the genetic terms "constructs" and "recombinants" can be used sensu lato: for fused genes, host-vector systems, rebuilt or fused cells, allophenic and transgenic organisms. More and more, the native macromolecules, organelles, cells, tissues, organs, are experimentally tested inside them. Often these systems are heterological: their parts belonged before to very different organisms. So, when included as the same element inside such a various re-patterned test-systems, any single native structure can be comprehended as sign(s) with peculiar semiosis: its meanings are re-interpreted in various model contexts, and in different structural levels, with different pecularities and complexity, - both mentally  and experimentally. According to the Ch.Peirce's triangle, already both the investigator and his biogenic recombinants are not only the sign vehicles but also the sign interpreters. This switch is revealed quantitatively and structurally inside the professional discourse of genetics. Its metaphors - hundred of terms, and then many extended personal reasonings from monographies - were classified by their genetical structural levels and by the sources of words. It showed that the physical metaphors that were invented mostly 40-50 years ago even for the evidently self-behaving subjects - organisms and populations,  while being also are in use now, were supplemented by the cybernetical and linguistical ones, and then, during the last 20 years, by the ethological and psychological ones - mostly for functional DNAs, RNAs, and  proteins. (Sedov, 1999 a,b). So, implicitly, even these macromolecules became verbally interpreted as "the beings with their own will".  

   Semiotics must be helpful to understand multilevel biosystems by its approaches that are already fruitful in linguistics (especially for coding macromolecules), in analysis of temporal processes in oral speech and musics (these bio-literals also have the temporal interpretations), in architecture, technics and other areas where signs have the spatial morphology (biology is very deepened in multilevel dynamic morphology).

                                2. Single genes as sign interpreters.
   Even the single genes can be understood as the systems that specifically interpret various external signs. The primary gene expression includes many functional steps: changes in DNA conformation, lateral combinational control by its own promoter(s), (in eucaryotes, also by distant enhancers and silencers), then transcription, RNA processing (in eucaryotes, also its splicing) followed by its transport, translation, modifications of the obtained protein(s). It can be argued that the biosynthesis of the single protein is not the flexible interpretation of signs, but the predetermined binary response to the signals, "yes or no". But after that, even the single protein is often interpreted in many aspects and levels: by gene set(s), genome, cell, organism. So, in many cases the same gene can display various effects in various contexts, therefore acting itself as sign vehicle for different interpretants. It classical genetics, it names  "pleiotropy". The good example,  how the same gene is differently interpreted in different structural levels, is revealed by A.Garcia-Bellido still at 1970s. The Drosophila gene, lethal for the entire fly, when it's expressed only in the external cuticular cells, produces only various changes on their reliefs and on bristles. 

  By means of the above-named  recombinant test-systems, we're already aknowledged  that the more complex and multilevel is the entire context - genome, cell, and organism - the more complicated is the semantics of its typical single genes' nucleotide sequences. So, the "mightier" are these genes as sign interpreters. It can be proved by numerous facts (Alberts et al., 1994; Spurr et al., 1999), observed from semiotic positions. In eucaryotic genes, appeared various gene domain patterns displayed by introns and exons for splicing, the sequences in 5'- and 3'- nontranslated regions recognized by specific proteins on their RNAs to control their lifespan and translation, the specific DNA sequences for distant conformational cis-regulation (enhancers, silencers). (We won't discuss here other various eucaryotic functional DNA sequences that aren't genes.). Much more regulatory proteins interact with the single gene in eucaryotes than in procaryotes. In eucaryotes,  those genes that have the highest semantic values in the whole multicellular organism's context (sex-determining genes, inductors, morphogenes, neural genes) often display  the alternative splicing: the single DNA sequence can produce many polypeptides - different mRNA joint combinations for variois functions, mighty regulators that can switch different cascades of multilevel ontogenetic events. The choice between these variants and their relative ratios depend on the previous context - on other signs sent by the higher levels (other genes, cells, or parts of organism). So, the more multiaspect and multilevel is the organism, the more signs can be interpreted by its single genes - especially by those of highest value. 

   It's impossible to discuss here the semiotics of innumerable gene sets, but they surely act as sign interpreters. It's just proved for ontogenesis: in genome imprinting, cell differentiation, determination, competence, morphogenesis. During megaevolution,  some integral genomic characteristics are shown to be increased: gene number, entire fidelity (percent of genes whose mutations aren't harmful for the organism), amount and diversity of DNA regulatory sequences, transposable elements (including the selfish ones), etc..

                     3. Crucial genes in normal and abnormal behavior: 

                                cancer cells and totalitarian  societies. 

   Now, let's deepen into the small fragment of our giant main subject. It's  the case study, the comparisons of empirical pecularities during extremely dramatic events: emergence and development of neoplasias and totalitarian societies. These severe pathologies do have the high semantic values inside the whole context, and their semiotic analysis can reveal some crucial points that are still "black boxes", even in our understanding of the bases of normal development. Maybe it's the step to the strict analysis of real mechanisms still hidden from us. This approach differs from above-named works on intraorgansim biosemiotics: it's mostly inductive, from empiric pecularities to some generalizations. Maybe these approaches will complete each other. We'll focus on genetical and cytological bases of neoplasias, i.e. cancer malignization, while comparing them with some social phenomena. As it's shown below, now the old R.Virchow's and H.Spencer's metaphor about the organism as "the state of cells" is highly productive in various empiric aspects. While consisting of absolutely different substrates and receiving absolutely different signals, and even representing different structural levels of reality, - neoplasias and some societies emerge and develop with extremely similar sets of interrelated phenomena. The interpretative processes inside them seem to be similar - not physically but logically and semiotically. Their common mechanisms, however, still remain obscure. The facts are following. 

  The highest semantical value(s) in normal healthy organism is the common feature of those genes that can produce cancer while being damaged: they are most necessary for cell metabolism, communication, reproduction, and differentiation. (Hanahan, Weinberg, 2000).Therefore they're crucial for normal ontogenesis, and some of them do have high sequence homologies with some above-named highly-valuable genes -  morphogenes (homeotic genes), and neural genes.  Now, more than 100 different types of cancer deseases are known. Near 150 different genes - normal components of the human genome - can cause cancer when damaged, i.e. when the crucial senses of their DNA-texts  are altered. The human genome contains 60000-80000 genes, so these genes represent only near 2% of the human gene set. The damages in DNA texts that transform these genes to the cancer signs are either certain recombinational events (rejoining of some of these genes under the strong promoters or enhancers), or certain point mutations (nucleotide substitutions).  Even some of the single point mutations are crucial - they have much greater semantical values than the other ones, reflecting the concrete meanings even of the small points in the appropriate genes in metabolic, cytological and developmental contexts. For example, in the oncogene ha-ras, even the single concrete substitution  of 8th nucleotide in protein-coding region changes the 3rd aminoacid of the appropriate protein so crucially that its tertiary structure changes,   revealing oncogenic functions. As a rule, the malignization is the result of 4-5 consequent mutational events in some combinations of these genes. 

    Let's compare the genome inside the cell with the brain inside the individual: it's known that both of them contain a lot of information - actual "programs", past "archives", and prospective "sketches";  they perform the control and management of surrounding structures and interpretations of their signals. So, it will be shown below that cancer can be metaphorized as "the madness of the cell", and damages in the named set of genes causes injuries in cellular individuality that resemble very much the psychopathological traits.

  When undamaged, these so-called oncogenes and cell social control genes have highest semantic values, i.e. they provide the ontogenesis by performing the main aspects of cellular lives and organisms' development. Their normal functions are named below. (The social analogs of these functions are mentioned in parentheses).

1. Near 100 of these genes define the earliest stages of cell differentiation, causing the 

    specificity of different embryonic stem cells. Many of them are switched on at the 

    first stages of embryonic morphogenesis. (Individuality, professional specialization).

2. The gene set for DNA replication, repair, recombination,  i.e. the subset of self-

    maintaining and self-healing of the genome. (Storage, copying and creative 

    combining of knowledge).

3. The genes crucial for different stages of cell cycle, including the division - mitosis, 

    and maybe also meiosis. (Genetical and cultural translation to the progeny).

4. The genes that code specific enzymes - phosphorylases and protein-kinases; each of 

    them can modify many various proteins and thus has highest semantical value in the 

    context of cell metabolism - in the main metabolic bundles (Physical and mental 

    patterning of the individual).

5. The genes that code the macromolecular intercellular signals, including more than 

    600 different neuropeptides classified in 40 groups according to their sequence 

    homologies; and also their receivement and initial interpretations - these are different 

    membrane receptors, many of them are the multiprotein ones (Interpersonal 

    communications and interrelations). 

   Hence, the appropriate carcinogenic mutations and/or their combinations lead to various consequences that can be interpreted as the forms of "genomic madness". When such damaged cells do prevail, they cause abnormal cell societies. Then, they  manifest as following.

1). The retarded, immoderate and badly coordinated action of early genes. 

     (Belated retreats to the childish behavioral stereotypes that lead to mania,  

     fixed ideas, aggression). 

2). The diminished cellular diversity. (Social, mental, and emotional uniformity).

3). The loss of coordination both with the normal cells and with the entire 

     organism regulation. (Breaks of economical and cultural connections, loss  

     of common human values, opposition to the global community).

4).  The immune deficiencies. (Lack of effective defense by law).

5).  The extinction of normal cells from malignant clones. (Xenophobias that 

      force death and emigration, "the iron curtain").

6).  The loss of contact inhibition and adhesion causing the lateral overgrowth 

       and/or metastases. (Respectively, the frontier interventions and/or international 

       terrorism, export of revolutions).

7).  The increase of new malignant mutations in other cells along with forced 

      selection of most pathological cells against the normal ones. (Class, ethnic, and 

      cultural genocide, "struggle between classes").

8). The low-efficient defective metabolism, preferentially anaerobiosis, with 

      the overproduction of harmful wastes. (Defects in economics and in common 

      health, environmental pollution).

9). The integral tumors' strategies against their host organisms. (The world wars). 

   Hence, cancer neoplasias resemble the totalitarian societies - countries, parties, gangs, - formed by anarchical violence against the integrative development: the exaggerated spontaneous cellular "selfish wills", even united, contradict to high evolutionary achievements of multicellular organisms impressed in their developmental genes, i.e. to their preceding natural history. 

   Let's turn to some certain cancer genes as the sign interpreters.  Fungi diverged from animals more than milliard years ago, but some of human oncogenes still reveal more than 90% homologies with the genes found in yeast. And their functions remain similar,necessary and thus  highly-conservative: to force fast cell proliferation. So, very similar DNA structures enable the growth of the population (in the context of single yeast cells) and the malignization (in the context of the entire human body). However, this proliferation can be useful also for normal human embryonic stem cells.   

  But some types of cancer can defend themselves using several "special" genes, - against all the organism's reasons. The human multidrug-resistance gene, mdr-1(Chen et al., 1986), in some tumors is amplified (from 1 to 8 copies per cell), intensively transcribed and translated. It produces the polypeptide P-glycoprotein that inactivates two mitostatic drugs, colchicine and vinblastine. They're helpful in cancer therapy because they break the self-assembly of tubuline threads needed to pull the chromosomes apart; as a result, the mitoses become arrested. The molecules of these drugs haven't any topological similariries, they're obtained from taxonomically different plants (Colchicum and Vinca), and hardly could affect the human cells during all the evolution and history - until XX century, when this therapy was invented. But the pre-existed mdr-1 gene keeps from them the preferential rapid mitoses of cancer cells. Then, these cells die when dies the patient. So, this "tool for cancer defense" couldn't be maintained through generations by any natural selection. This paradoxal "evil teleology" was clarified. Very similar gene was found in bacterial genome. Its protein acts as the cell membrane pump: it throws out of the bacterial cell the molecules poisonous for it. So, this advantage of relatively primitive cells was then inherited and kept during milliards of years, passed through the evolution up to humans, and became especially useful in the pathological  context, cancer cell communities, but paradoxally became very harmful in the higher context - for the entire organism defeated by cancer. 

    Here, extremely similar are the natural substances, the coding macromolecules, involved in semiosis: the sign interpreter, mdr-1, and its bacterial homolog. But their meanings for the entire organisms were diverged and became extremely opposite ones - helpful for most primitive cells but harmful for most highly-organized living bodies. As to the human societies, this case can be compared  with some relict modes of behavior that could save the individuals in some abnormal situations, while being extremely harmful for the societies - for example, with cannibalism. 

    Maybe these analogies are even broader, and also reflect the conflict between the mankind and the biosphere as a whole, that led to the global ecological crysis.

    So, I hope that now semiotics becomes ready to promote the interchanges by the prognostic approaches - mathematical, empirical, and experimental ones - between all-level biology (both the interorganism and the intraorganism ones), and social sciences. 
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