Cronicon
O P EN

A C C ESS

EC NEUROLOGY
Conceptual Paper

A Shared Mechanism in the Functioning of the Normal Brain and its
Dysfunction in the Diseases of the Brain and Mind
James E Trosko*
Department of Pediatrics and Human Development, College of Human Medicine, Michigan State University, East Lansing, Michigan, USA
*Corresponding Author: James E Trosko, Department of Pediatrics and Human Development, College of Human Medicine, Michigan

State University, East Lansing, Michigan, USA.

Received: November 13 2018; Published: December 27, 2018

Abstract
During the evolutionary transition from a single cell organism, existing in an anaerobic environment to a multi-cellular metazoan,

which had to cope with an oxygenated environment, new genes and phenotypes had to emerge. Among those genes, new structures
and functions that were associated with this transition were (a) stem cells, that had the ability to divide symmetrically and asym-

metrically; (b) low oxygen micro-environment stem cell niches; (c) epigenetic mechanisms to regulate, differentially, sets of genes in
the total genome; (d) and cell-type connexin genes and gap junctions to regulate, homeostatically, cell proliferation, differentiation,

apoptosis; and senescence. Furthermore, with the formation of neurons and brain functions, consciousness appeared. More than any
other organ, the brain contained unique regions that controlled either conscious or unconscious functions. With the appearance of

Homo sapiens, who became “conscious” of its “consciousness”, the philosophical and scientific question is: “How could this unique organ develop and maintain all these very different functions?” and “What happens when the underlying mechanism(s) are disrupted?”.

Given the unique appearance of adult organ-specific and function-specific brain stem cells, differential expression of the connexin

genes and gap junction functions in the brain, and genetic (mutational) or epigenetic alteration of the genes, that affect either stem
cell quality or quantity or the function of gap junctional intercellular communication, a hypothesis has been offered that might link
the very different brain and mind functions and diseases.

Keywords: Stem Cells; Cell-Cell Communication; Epigenetics; Gap Junctional Intercellular Communication; Inflammation in the Brain;
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“Placed in this context, the variables affecting epigenetic inheritance can be properly assessed as a key mechanistic principle of evolu-

tion that significantly alters our understanding of homeostasis, pleiotropy, and heterochrony, and the purposes of sexual reproduction….
Consideration within this frame reduces biology to cellular information sharing through cell-cell communication to resolve ambiguities
of every scope and scale” [1].

Introduction: The link between the normal functions of the brain and the diseases of the brain and mind
Over the ages, philosophers and more recently, scientists of every discipline, from physics to neuroscience, have tried to understand

how the brain of the Homo sapiens made the transition from being conscious of the exterior world to being conscious of one’s consciousness. Human consciousness of one’s consciousness ultimately led to the beginnings of the understanding of the normal functions of the

brain and now to the many very different clinical manifestations of the diseases of the brain and mind. That transition led Homo sapiens
to have abstract thinking and symbol-making of external objects, language formation, tool making and consequently, value or moral
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decision-making. In effect, the creation of “culture” occurred at that point. The interface of biological evolution with cultural evolution,

while always creating new conditions for the brain to adapt, more recently, has created a major cause of concern because of the influence
of the brain on so many factors affecting human health [2].

Guided by the wisdom afforded by the quote of Theodosius Dobzhansky: “Nothing makes sense except in the light of evolution” [3],

this short “Commentary”, tries to bridge the normal functions of the human brain and the many diseases associated with both the brain
and mind. While being fully conscious of the tens of thousands of writings and musings by philosophers, theologians and anthropologists

over hundreds of years, and more recently, by scientists of every discipline, a hypothesis will be offered to provide a biological basis, that

will not only bridge the gap between normal functions of the brain/mind and the diseases of the brain and mind, but help to bridge the
gap between the biology of the human body and to the “biology of human nature” [4]. Clearly, our scientific understanding of the brain/

mind issue is a philosophical issue, and one where many believe science will never understand that gap. On the other hand, Rene Dubos

believed that, because the brain and its consciousness that created culture and the humanities, including his ecstasy, logic, experiences of
happiness and despair, religions and ethical doctrines, philosophy, linguistics, literature, the arts, it leads to “…the preoccupations, which

constitute his humaneness, and are inseparable from the physiological needs and urges which biological experiences has inscribed in his
flesh and bones” [5]. While this objective is way beyond the goal of this “Commentary”, the task here is based on the assumption that the
normal functions of the brain/mind are the result of a shared fundamental mechanism by many of the diseases of the brain/mind [6].

Taking this Dobzhansky’s quote as a guiding principle, it now seems that the appearance of life in the single cell organisms was the

result of obtaining energy by the conversion of glucose to obtain ATP, via the process of glycolysis in an oxygen-deficient environment,
conditioned by the limited range of temperature, radiation, diurnal light, gravity, etc. These single cell organisms had to adjust after the

oxygenation of the earth, in order to find another way to survive and reproduce by new sets of genes and phenotypes. One of the adaptive

features was the ability to “communicate” with each other via extra-cellular signals (primitive “hormones”, cytokines, growth regulators),

that could trigger Intra-cellular signals to affect the physiology and behavior of that single cell organism. This has been referred to as
“quorum sensing” [7].

The new appearance of multi-cellular organisms occurred when, among other events, collagen-type molecules could be synthesized

[8], which allowed cells to adhere to each other. These new societies of adherent cells, in turn, created other situations to force new genes

to allow these cells to survive and reproduce. The reason for this new situation to select for new genes is because a 3-dimensional ball of
cells had to have growth control and means to assure that cells on the inside of the 3-dimensional organism had access to nutrients and
oxygen, which the cells on the exterior had. The new genes and phenotypes that eventually appeared included (a) stem cells; (b) stem

cell niches to provide low oxygen microenvironment;(c) epigenetic mechanisms to regulate, differentially, sets of genes from the total

genome; (d) ability to divide symmetrically or asymmetrically for maintaining self -reproduction, versus differentiation; (e) the ability to
remove, selectively, cells by apoptosis or autophagy; and (f) senescence.

During that evolutionary transition from uni-cellularity to multi-cellularity, there was not a discarding of all the early genes, but a new

“re-purposing” of these genes. In other words, the function of a particular gene in a single cell organism, that has no neurons or brain, was

re-purposed when that gene was saved during the appearance of multicellular metazoan. While many genes appeared during this early

transition of the multi-cellular metazoan, it turns out the connexin genes, that coded for a protein channels on the membranes of these
cells, allowed for the direct exchange of ions and small molecular weight regulatory molecules between contiguous cells [9] appeared in

the early metazoan [10]. The new form of communication or gap junctional -intercellular communication (GJIC) helped to integrate the
other two forms of communication, such that modulation of one form would modulate the other two forms. The introduction of the gap

junction allowed for a cell (a stem cell cell) to divide either symmetrically for self- replication or asymmetrically for self -replication of one
daughter but unique differentiation of the other daughter cell. In this manner, an ancient gene that served one function in a unicellular
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organism could have been integrated into the total genome of a multicellular organism and specifically expressed out of the total genome

in a specific differentiated cell, such as a neuron. After the connexin family of genes and epigenetic regulation of that gene’s expression
from the total genome in a cell that became a differentiated neuron, now found its new function [11].

It was shown early that “contact inhibition” [12], differentiation [13] and later apoptosis [14] of multi-cellular metazoans was cor-

related with functional gap junctional inter-cellular communication in normal cells, and the absence or dysfunction of the gap junctions

was correlated with cancer cells [15]. Later, it has been shown that various endogenous chemicals (hormones, growth factors, cytokines
[16-18], as well as many different exogenous agents (dietary factors; pollutants, pesticides, medications, etc. [19]) could modulate gap

junction function. Inherited mutated connexin genes have been associated with various unique human diseases [20]. Cancer cells, with
no gap junction function, have been associated with either no expressed connexin genes or with expressed connexins genes, but where

the protein has been rendered dysfunctional by some viral gene (e.g. SV40 [21]). Normal cells with expressed oncogenes, such as Hras,
SV40 or Neu [22], also, can convert a normal cell to a cancer cell with dysfunction GJIC. On the other hand, cancer cells with dysfunctional

GJIC can be restored to a “normal” phenotype by genetically engineering it with a “tumor suppressor” gene [23]. Along those lines, some

non- gap junctional intercellular communication cells can have either its gap junction gene expressed with drugs, such as SAHA [24], or

cancer cells, that have expressed connexin genes but have their protein non-functional, be restored by other agents that make the viral or
oncogene dysfunctional [25].

The fundamental role of this integrated cell communication network in normal brain /mind function
During the development from a single fertilized egg to the embryo, fetus, neonate, adolescent, mature and senile human being contain

approximately two hundred trillion cells [26], the differential expression of the connexin genes must take place in a delicate sequential

manner. All organs of the human being have both adult-specific stem cells that differentiate into several differentiated cells within that
organ. Evidence seems to show that stem cells express the Oct4 gene and do not have either expressed connexin genes or functional gap

junctions [27-29]. The adult stem cells give that organ specific physiological functions, such as hepatocytes in liver for detoxication; renal
medullary tubular cells of the kidney for filtering; gut epithelial and immune cells for both nutrient extraction and ability to deal with

microbiome toxins; keratinocytes for barrier function; rod cells for visual light detection; beta cells in the pancreas for insulin production;

and glial, astrocytes, oligodendrocytes, neuron and microglia cells in the brain for the multiple discrete functions of different regions of
the brain.

Of course, many organs seem to have multiple functions; however, few other organs have as many functions as does the brain, with

specific regions associated with either unconscious but vital physiological functions, whereas others with more abstract mind-like conscious functions (Figure 1).

Figure 1: Diagram illustrating the many discreet unconscious physiological functions of regions of the brain and the many
discreet conscious functions of unique regions of the brain. Copyright © 2016-2018 www.humanbrainfacts.org.
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Underlying these functions affecting the unconscious physiological functions, which do affect the conscious mind-like functions, are the

few brain stem cells, the glial, astroglia, microglia, astrocytes, and different kinds of neurons. While the current idea that the main com-

munication of the neuronal function is via chemical neural transmission between the neurons, neurons not only communicate with other
neurons via gap junctions, but also, they are dependent on glia -neuronal gap junctional communication [30]. Gap junctions appear to play
a fundamental role in exocrine and endocrine secretion of organs, including the brain [31].

Clearly, as with the development in other organs, gap junctional intercellular communication is well documented in the brain [32]. In

addition, the microglial, which serves as an immune modulator of inflammation, helps to integrate the extra-, intra- and gap junctional
inter-cellular communication network [33].

With both endogenous chemicals, such as serotonin [34], melatonin hormone [35]; oxytocin impacts emotional, cognitive, and social

behaviors [36] and any cytokine secreted from microglial, that might affect brain inflammation [37], or exogenous chemicals, such as caffeine [38], alcohol [39], marijuana [40] affecting gap junction in brain cells [41], can affect both physiological brain and mind functions.

Interference with this ability of the gap junctions to be expressed or function could lead to death of the embryo, as is seen with knock out

connexin 26 and connexin Cx43 mice [42]. Furthermore, modulation of gap junction function by a sedative drug, such as thalidomide [43]
or valproate acid [44] can lead to birth defects. Alcohol, which can inhibit GJIC during fetal development, can also lead to “fetal alcohol syn-

drome”. Too much alcohol in the alcoholic can lead to dysfunction of the brain and mind of the adult. One needs only to search the literature
to see that GJIC has been associated with all kinds of diseases, including hypertension [45], cancer [46], hearing dysfunction [47], diabetes
[48] and sleep disorders associated with Oleamide [49], seem to be mediated by gap junctions. Again, the expression level of connexins

in glial cells and in particular, astrocytes, normally is very high [50], however, in the depression state, dramatic changes in the expression
is observed. The function of connexin43 in astrocytes has been noted when anti-depressive drugs are used [51]. Modafinil, a drug used to
treat sleep disorders, narcolepsy, cataplexy, increases glial gap junctions [52] and cortical astrocytes [53].

To illustrate the “good news/bad news” aspect of agents that could affect the role of cell-cell communication in different regions of

the brain, is the recent evidence of the role of the chemicals in marijuana. Smoking marijuana or taking extracts has shown physiological

effects, such as alleviation of nausea; stopping convulsions; alleviation of eye pressure and the decreasing of muscle spasms [54]. At this

time, the mechanistic basis for these marijuana-linked physiological effects are not known, several chemicals in marijuana, such as tetrahydrocannabinol (THC), which modulates the immune systems, might give insight by which it works to affect many organ systems, including the brain. Many of the organs have intrinsic immune cells (liver, brain, skin, gut, etc.) that also respond to immune secreted factors from
other organs. Therefore, many physiological effects seen after exposure to marijuana might be due to these intrinsic immune responses.

Comparing the short -term physiological responses to cigarette smoking, such as perceived pleasurable effects and unperceived ad-

diction, the long-term consequences can lead to lung dysfunctions. To make the comparison even more convincing, it has been well documented that cigarette smoke chemicals can modulate gap junctional intercellular communication [55].

Even more interestingly, marijuana has been correlated with slowing mental declines in many HIV patients [56]. The cannabinols have

been documented as potential inhibitors of gap junctional intercellular communication [40] and that there exists gap junction coupled cell

networks which can be targets of inflammation [51]. A hypothesis could be generated that states any disrupted cognitive function that is
associated with modulated gap junction function might be modulated anti-inflammatory agents. Therefore, marijuana compounds seem
to be acting as anti-inflammatory agents, by blocking the effects of inflammatory inhibitors of gap junctional intercellular communication

[57]. This speculation implies that this fundamental biological process that regulates homeostasis in all organs, including the brain, might
be the target for further experimentation [51].
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Given that inflammation is associated with many chronic diseases, by preventing inflammation by a natural chemical, such as THC,

if given in the right protocol, rather than smoking a “joint”, could be an effective preventive/therapeutic strategy to affect multiple brain
dysfunctions. Natural anti-inflammatory chemicals found in fruits and vegetables, many of which are known to modulate gap junctional

intercellular communication, some mixture might be found that might be effective in treating several brain dysfunctions. Care must

always be practiced since these chemicals, under different circumstances, can be converted from an anti-inflammatory agent to a pro-

inflammatory agent. Indeed, these chemicals could have very different effects at different stages of development and in different genders.
Given the current complex link between the microbiome on both the normal physiology [58], cancer [59] and neurodegeneration [60],

via chronic inflammation due to various cytokines, again a suggestion of organ-specific stem cell number modulation, and changes in gap
junction function might be inferred.

In general, the mechanism by which these chemicals work to modulate gap junctional intercellular communication in the brain is via

epigenetic mechanisms, not by mutagenic or cytotoxic mechanisms. However, another mechanism that has to be considered, especially
during development, is that mechanism, which can predispose the fetus and neonate to diseases later in life, could be the modulation of

adult brain stem cell numbers. In other words, by either increasing or decreasing adult brain stem cells in various regions of the brain
during early development could alter either or both physiological or mind/behavioral functions attributed to specific brain regions. While
there has been no evidence to date to test this hypothesis, the Downs syndrome might be a human example. This syndrome, the result

of a chromosomal mutation whereby an extra set of normal genes on the 21 chromosome seems to cause, by epigenetic mechanisms,
abnormal regulation of genes during development. As a result, many chronic abnormal development features and diseases are associ-

ated, with variable severity, the classic birth defects, predisposition to diabetes, leukemia, cardiovascular diseases [61], premature aging,

Alzheimer’s [62] and autism-like spectrum disorders [63]. In non-Downs individuals, these multi-factorial diseases can be the result of
multiple mechanisms during a multi-stage process. Yet in the Downs syndrome, these syndromic features seem to be the complex result
of epigenetic mechanisms that can affect many organ systems, including the brain.

In summary, although many genes and phenotypes evolved in the emergence of the brain of the Homo sapiens, the thesis, presented

in this short “Commentary”, proposed that two fundamental biological structures and function must be kept in mind, in order to understand both the normal functions and diseases of the brain and mind, namely, the appearance of stem cells and gap junctional intercellular
communication. Both genetic and environmental factors can affect both the quality and quantity of adult stem cells, especially during development, and the functioning of the gap junction in the homeostatic regulation of genes via epigenetic mechanisms to control cell pro-

liferation, differentiation, apoptosis and senescence in all organs, including the brain. Untimely disruption of both the stem cells and gap
junctional intercellular communication does lead to normal brain function and multi-kinds of diseases of the brain and conscious mind.

Finally, while Rene Dubos [5] and Joseph R Royce [64] tried to address, as hundreds of others have, how does one bridge the “gap”

between the sciences and the humanities, or between the “facts versus values” or the “is” and “ought” issue? Biological evolution led to the
Homo sapiens brain, which involved genetic and epigenetic alterations in the DNA of cells, enabling the brain to create an ever -changing
culture. This has and is forcing ethical choices to be made. If there continues to be a view that the conscious brain has no underpinning

biological influences on our moral decision- making activity, there will be a global train wreck. This does not imply the science can determine values from fact, i.e. the “Naturalistic Fallacy” or “Scientism”. However, as Dr. Van R. Potter has stated, “One can’t ignore or arrogantly
defy facts when making value decisions”. That was his basic philosophy encompassed by “Global Bioethics” [65].

Therefore, the aim of future brain/mind studies will have to study how various biological mechanisms influence the so-called “free

will” or conscious decisions, and therefore are influenced by these conscious decisions. One must understand those biological mechanisms, via evolution, led to the creation of stem cells and an integrated cell- cell communication network that shaped the brain and its
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many physiological “body” functions, in addition to the emergent mind or conscious functions. To ignore one’s creative thought, feeling of

sadness, fear, joy or ethical value decision, as having biological underpinnings in one’s experiences, that locked in information, epigeneti-

cally, from one’s social and cultural interactions, is to perpetuate our current failed view of human nature. The concept of Free Will, which
assumes the false assumption that those external experiences were not involved in any choice made, is that barrier to an adaptive “global
quorum sensing” [66].

Bibliography

1.

Torday SS. “Evolutionary biology redux”. Perspectives Biology Medicine 56 (2013): 455-484.

3.

Dobzhansky T. “Nothing in Biology Makes Sense Except in the Light of Evolution”. American Biology Teacher 35.3 (1973): 125-129.

2.

4.
5.
6.
7.
8.
9.

Trosko JE. “Global bioethical prevention of the collision of biological and cultural evolution on miserable human survival”. Sociological Study 5 (2015): 295-313.
Jennings HS. “The Biological Basis of Human Nature”. The International Journal of Ethics 41.4 (1931): 516-518.
Dubos R. “Humanistic Biology”. American Scientist 53.1 (1965): 4-19.

Trosko JE. “Modulation of Cell-Cell Communication and Epigenetic Mechanisms as a Shared Cellular Mechanism in Diverse Childhood
Brain Diseases, Such as Cancer and Autism”. EC Neurology 10.3 (2018): 134-156.
Miller M and Bassler BL. “Quorum sensing in bacteria”. Annual Review Microbiology 55 (2001): 165-199

Towe KM. “Oxygen-Collagen priority and the early metazoan fossil record”. Proceedings National Academy Science USA 65 (1970):
781-788.
Mehta PP. “Introduction: a tribute to cell-to-cell channels”. Journal Membrane Biology 217 (2007): 5-12.

10. Revel JP. “The oldest multicellular animal and its junctions”. In Gap Junction; Hertzberg EL, Johnson R, Eds.; Alan Liss, Inc.: New York,
NY, USA, (1988): 135-149.

11. Ovesepian SV and Vesselkin NP. “Wiring prior to firing: The evolutionary rise of electrical and chemical modes of synaptic transmission Review”. Neuroscience 25 (2014): 821-832.
12. Eagle H. “Growth inhibitor effects of cellular interactions”. Israel Journal Medical Science 1 (1965): 1220-1228.
13. Chaneny S. “Role of gap junctions in development”. Annual Review Physiology 47 (1985): 319-335.

14. Wilson MR., et al. “Cell population dynamics (apoptosis, mitosis and cell-cell communication) during disruption of homeostasis”.
Experimental Cell Research 254.2 (2000): 257-268.
15. Loewenstein WR and Kanno Y. “Intercellular communication and the control of tissue growth: Lack of communication between cancer cells”. Nature 209 (1966): 1248-1249.

16. Puri CP and Garfield RE. “Changes in hormone levels and gap junctions in the rat uterus during pregnancy and parturition”. Biology
Reproduction 27 (1982): 967-975.

Citation: James E Trosko. “A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain
and Mind”. EC Neurology 11.1 (2019): 29-37.

A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain and Mind
35

17. Lau AF., et al. “Epidermal Growth Factor Disrupts Gap-Junctional Communication and Induces Phosphorylation of Connexin43 on
Serine”. Molecular Biology of the Cell 3 (1992): 865-874.

18. Chansona M., et al. “Gap junctional communication in tissue inflammation and repair”. Biochimica et Biophysica Acta 1711 (2005):
197-207.

19. Trosko J and Chang CC. “Nongenotoxic mechanisms in carcinogenesis: Role of inhibited intercellular communication”. In: Hart R, Hoerger FD, eds. Banbury Report 31: New Directions in the Qualitative and Quantitative Aspects of Carcinogen Risk Assessment. New
York, NY: Cold Spring Harbor Press, Cold Spring Harbor. (1989): 139-170.
20. Srinivas M., et al. “Human diseases associate with connexin mutation”. Biochimica Biophysica Acta-Biomembranes 1860 (2018): 192201.

21. Ahuja D., et al. “SV40 large T antigen targets multiple cellular pathways to elicit cellular transformation”. Oncogene 24.52 (2005):
7729-7745.
22. Trosko JE., et al. “Gap junction and the regulation of cellular functions of stem cells during development and differentiation”. Methods
20.2 (2000): 245-264.

23. de Feijter-Rupp., et al. “Restored gap junctional communication in non-tumorigenic Hela-normal human fibroblast hybrids”. Carcinogenesis 19 (1998):747-754.

24. Ogawa T., et al. “Suberoylanilide hydroxamic acid enhances gap junctional intercellular communication via acetylation of histone
containing connexin43 gene locus”. Cancer Research 65 (2005): 9771-9778.

25. Leone A., et al. “The chemopreventive role of dietary phytochemicals through gap junctional intercellular communication”. Phytochemistry Review 11 (2012): 285-307.

26. Sender R., et al. “Revised Estimates for the Number of Human and Bacteria Cells in the Body”. PLoS Biology 14.89 (2016): e1002533.

27. Scholer HR., et al. “Octamer binding proteins confer transcriptional activity in early mouse embryogenesis”. EMBO Journal 8 (1989):
2551-2557.

28. Tai MH., et al. “Oct-4 expression in adult stem cells: Evidence in support of the stem cell theory of carcinogenesis”. Carcinogenesis 26
(2005): 495-502.

29. Zhou Y., et al. “Endogenous authentic OCT4A proteins directly regulate FOS/AP-1 transcription in somatic cancer cells”. Cell Death
and Disease 9 (2018): 585.
30. Söhl G., et al. “Expression and functions of neuronal gap junctions”. Nature Reviews Neuroscience 6 (2005): 191-200.

31. Michon L., et al. “Involvement of gap junctional communication in secretion”. Biochimica et Biophysica Acta (BBA) - Biomembranes
1719.1-2 (2005): 82-101.

32. Sutor B and Hagerty T. “Involvement of gap junctions in the development of the neocortex”. Biochimica. Biophysica Acta 1719 (2005):
59-68.
33. Hansson E and Skiöldebrand E. “Coupled cell networks are target cells of inflammation, which can spread between different body
organs and develop into systemic chronic inflammation”. Journal of Inflammation 12 (2015): 44.

Citation: James E Trosko. “A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain
and Mind”. EC Neurology 11.1 (2019): 29-37.

A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain and Mind
36

34. Moore LK., et al. “Gap junction function in vascular smooth muscle: influence of serotonin”. American Journal Physiology 269.4Pt2
(1995): H1481-H1489.

35. Peters JL., et al. “Melatonin modulates intercellular communication among cultured chick astrocytes”. Brain Research 1031.1 (2005):
10-19.

36. Burghardt RC., et al. “Correlation between Connexin43 Expression, Cell-Cell Communication, and Oxytocin-lnduced Ca2+ Responses
in an Immortalized Human Myometrial Cell Line”. Biology of Reproduction 55 (1996): 433-438.
37. Garré JM., et al. “FGF-1 triggers pannexin-1 hemichannels opening in spinal astrocytes of rodents and promotes inflammatory responses in acute spinal cord slices”. Journal of Neuroscience 36.17 (2016): 4785-4801.

38. Dias MIS. “Caffeine Effects on the Gene Expression Profile of iPSC-derived Neuronal Cells”. Dissertação para obtenção do Grau de
Mestre em. Genética Molecular e Biomedicina. Facculdade de Ciuencias Technologia (2017).
39. Miguel-Hidalgo JJ., et al. “Reduced connexin43 immunolabeling in the orbitofrontal cortex in alcohol dependence and depression”.
Journal of Comparative Neurology 302 (1990): 853-883.
40. Upham BL., et al. “Cannnabinoids inhibit gap junctional intercellular communication and activate ERK in a rat liver epithelial cell line”.
International Journal Cancer 104 (2003): 12-18.
41. Dere E. “Gap junctions in the brain: Physiological and Pathological Roles”. Academic Press. San Diego, Ca., (2013).
42. Oyamada M., et al. “Gap junctions in health and disease”. Medical Electron Microscroscopy 31 (1998): 115-120.

43. Onat D., et al. “Stimulation of gap junctional intercellular communication by thalidomide and thalidomide analogs in human fetal skin
fibroblasts (HFFF2) and in rat liver epithelial cells (WB-F344)”. Biochemical Pharmacology 62.8 (2001): 1081-1086.

44. Sinha SR., et al. “Anticonvulsant Activity of Quinine in Rat Models of Seizure in Comparison with Valproate and Phenytoin”. Journal of
Young Pharmacists 6.3 (2014): 32-36.
45. Xavier F., et al. “Vascular Gap Junctions in Hypertension”. Hypertension 48 (2006): 804-811.

46. Loewenstein., et al. “Intercellular communication and the control of tissue growth: lack of communication between cancer cells”.
Nature 209 (1966):1248-1249.

47. Martínez AD., et al. “Gap-junction channels dysfunction in deafness and hearing loss”. Antioxidant Redox Signal 11.2 (2009): 309-322.
48. Wright JA., et al. “Connexins and Diabetes”. Cardiology Research and Practice (2012).

49. Boger DL., et al. “Chemical requirements for inhibition of gap junction communication by the biologically active lipid oleamide’. Proceedings National Academy Sciences USA 95 (1998): 4810-4815.

50. Jeanson T., et al. “Antidepressants impact connexin43 channel functions in astrocytes”. Frontiers in Cell Neuroscience 9 (2015): 48104815.

51. Charveriat M., et al. “Connexin-dependent neuroglial networking as a therapeutic target”. Frontiers. Cellular Neuroscience 11 (2017):
174.

52. Lu J and Chen M. “Glial gap junctions boost modafinil action on arousal”. Sleep 39.6 (2016): 1175-1177.

Citation: James E Trosko. “A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain
and Mind”. EC Neurology 11.1 (2019): 29-37.

A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain and Mind
37

53. Liu X., et al. “The psychostimulant modafinil enhances gap junctional communication in cortical astrocytes”. Neurophamacology 75
(2013): 533-538.
54. Walsh Z., et al. “Medical cannabis and mental health: A guided systematic review”. Clinical Psychology Review 51 (2017): 15-29.

55. Upham BL., et al. “Modulated gap junctional intercellular communication as a biomarker of PAH’s epigenetic toxicity in structure/
function relationship”. Environmental Health Perspectives 106 (1998): 975-981.
56. Rizzoa D., et al. “HIV-infected cannabis users have lower circulating CD16R monocytes and IFN-g-inducible protein 10 levels compared with non - using HIV patients”. AIDS 32 (2018): 419-429.
57. Hampson AJ., et al. “Neuroprotective antioxidants from marijuana”. Annual New York Academy Science 899 (2000): 274-284.
58. Andoh A. “Physiological Role of Gut Microbiota for Maintaining Human Health”. Digestion 93 (2016): 176-181.

59. Trosko., et al. “What roles do colon stem cells and gap junctions play in the left and right location of the origin of colorectal cancers”.
Journal of Cell Communication and Signaling 11.1 (2017): 79-87.
60. Kim S., et al. “Maternal gut bacteria promote neurodevelopmental abnormalities in mouse offspring”. Nature 549 (2017): 528-532.
61. Bull MJ. “Health supervision for children with Down syndrome”. Pediatrics 128.2 (2011): 393-406.

62. Zigman WB., et al. “Alzheimer’s Disease in Adults with Down Syndrome”. International Review Research Mental Retardation 36 (2008):
103-145.
63. Reilly C. “Autism spectrum disorders in Down syndrome: A review”. Research in Autism Spectrum Disorders 3.4 (2009): 829-839.
64. Royce JR. “The search for meaning”. American Scientist 47.4 (1959): 515-535.

65. Potter VR. “Global Bioethics”. Michigan State University Press, East Lansing, Michigan (1988).

66. Trosko JE. “Evolution of microbial quorum sensing to human global quorum sensing: An insight to how gap junctional intercellular
communication might be linked to global metabolic disease crisis”. Biology 5 (2016).

Volume 11 Issue 1 January 2019
© All rights reserved by James E Trosko.

Citation: James E Trosko. “A Shared Mechanism in the Functioning of the Normal Brain and its Dysfunction in the Diseases of the Brain
and Mind”. EC Neurology 11.1 (2019): 29-37.

