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Abstract 
Immunomodulation has shown good prospects but is still complex. The 
research proposed a theory for simple liver-dependent 
immunomodulation. We searched databases including Medline, 
Sciencedirect and Researchgate for relationships between disease, cell 
death, redox, the immune system and the liver. The searches were done 
to establish that the liver significantly affects the immune system through 
redox and non-redox pathways. We evaluated 173 publications. The liver 
affects immune functions by the synthesis, storage or metabolism of acute 
phase proteins,  galanin, neuropeptide Y, vitamin B12, vitamin A, vitamin 
D,  vitamin E and other self  molecules. It also metabolizes non-self 
molecules. Besides, the liver controls systemic redox via its synthesis of 
glutathione and other thiol and non –thiol antioxidants. Systemic redox 
was implicated in the inflammatory response, antigen presentation, 
immune cell proliferation, helper T-cell balance, induction of tolerance to 
harmful molecules, the stress response and the capacity of cells to 
regenerate. The research defined the Liver-Redox Disease Theory thus: 
‘All diseases are due to disorderly cell death resulting from pro-oxidant 
induced aberrant redox reactions which leads to immune compromise in 
the absence of optimal liver function.’ It is possible to manipulate the 
immune system through the liver to prevent, treat and potentially cure all 
diseases. We named the process hepatoimmunotherapy (HIT). HIT can be 
tested by hepato-protection, optimal liver health, proper nutrition, and 
minimal systemic toxicity. HIT may elongate lifespan. 
Key words: disease, redox, liver, immunomodulation, hepatoimmunology, 
hepatoimmunotherapy. 
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INTRODUCTION 
CELLULAR BASIS OF DISEASE 

Human disease is as old as mankind and over the ages, there have been different 

approaches geared towards disease prevention, treatment or cure. Till date, disease is 

still a serious issue. In the ancient times, different natural portions were prepared 

against particular manifestations of diseases, with varying degrees of efficacy. However, 

towards the third century BCE, Alchemists in China, India and Europe began thinking of 

a single portion that could eradicate all forms of disease and bring about eternal life or 

at least a significantly elongated youthful life. This portion was variously called ‘The 

Elixir of Life’ or ‘The Elixir of Immortality’. The issue here is not the historical success of 

that concept but its possibility. However, disease prevention, treatment and cure have 

so far evolved over the years on disease-specific bases with restricted success at 

eradicating diseases. 

Disease is a common word, understood in different ways by different people. Disease 

generally means an abnormal condition, a deviation from normal body structure or 

function which affects a part or the whole of an organism and capable of causing 

temporal or permanent harm or even death. In a wider sense, disease can include 

injuries, disabilities, disorders, syndromes, infections, isolated symptoms, deviant 

behaviors, and atypical variations of structures and functions. There are four main types 

of disease: pathogenic diseases, deficiency diseases, physiological diseases and 

hereditary diseases. Considering the different types, natures and manifestations of 

diseases, is it possible to find a single approach to the prevention, treatment or cure of 

all diseases? If a common pathway exists, through which all disease processes must 

traverse, the answer is yes. We have therefore made an attempt to link all disease types, 

irrespective of etiology through a single pathway: the cell. 

The German scientist and physician Rudolph Virchow, was the first person to propose in 

1858 that all diseases are disturbances at the cellular level. [1] At a time when Louis 

Pasteur’s Germ Theory of disease was still making waves, it seemed absurd. Contrary to 

the Germ Theory which held that diseases were as a result of germs (pathogens), 

Virchow maintained that diseases could not occur in healthy cells, even in the presence 

of pathogens. Expectedly, his theory was disregarded at that time. Presently, it is 

common knowledge among scientists that every disease is eventually traced to 

defective cells or groups of cells. What remains to be established is whether the defect is 



Journal of Global Biosciences             Vol. 9(4), 2020 pp. 7092-7126 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7094 

caused solely by factors external to the cell (Germ-Theory) or solely by factors specific 

to the cell (Virchow’s Theory) or a blend of both. The cellular bases of malaria [2-5] 

(pathogenic disease), sickle cell anemia [6-9]  (hereditary disease), beriberi(deficiency 

disease), and Alzheimer’s disease [10] (physiological disease) have been discussed in 

the literature. It is therefore an acceptable argument that disease cannot occur unless it 

involves at least a group of cells. Of course, disease is a distortion of life processes and 

the basic unit of life is the cell. There are several scientific researches and reviews on 

the cellular basis of diseases such as [11-20] among others. Conversely, and to the best 

of our knowledge, there has not been a single research or review to demonstrate the 

nullity of the cellular basis of diseases. Consequently, immunomodulation, which 

involves manipulation of cell processes towards aborting the initiation and 

development of diseases processes in cells, is of key interest as a panacea to diseases.  

HOW DISEASE OCCURS IN A CELL 

 Cell metabolism and homeostasis  

We have tried to show that disease is no more than a change in structure or function of 

a group of cells. Cell structure regulation is a cellular function [21]. Essentially, 

therefore, disease is a change in a cell function or some cell functions. For that reason, a 

brief tour will be taken of basic cell functions (summed up as metabolism and 

homeostasis) and the kinds of distortions that generally lead to disease. Metabolism and 

homeostasis are essentially the same. Whereas homeostasis regulates metabolism, 

metabolism is necessary for homeostasis.  No single metabolic activity can constitute 

homeostasis on its own but every metabolic activity affects at least one homeostatic 

system directly or indirectly.. For these reasons, a study of all the cell’s homeostatic 

systems can be said to be a study of the cell’s total normal metabolism. Although the 

cell’s total metabolic activities and homeostatic systems are not yet known till date the 

most important ones have been well characterized. 

Homeostasis regulates the functions of life which include movement, respiration, 

nutrition, adaptation, growth, excretion, proliferation and death. These functions can 

occur either at the level of the cell, tissue, organ or system and specialized cells carry 

out specific functions. Disease is alteration in cell function and thus, disease cannot 

occur without the disruption of homeostasis.The basis of cell homeostasis is a 

communication system within the cell involving a sensor, a control center, a negative 

feedback mechanism and an effector. Disease is a breakdown of this homeostatic 
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communication system.. It is this intracellular and intercellular communication that 

determines whether a cell will feed, respire, grow, excrete, proliferate, move, adapt or 

die. Cells communicate by means of waves or by means of molecules. The later method, 

known precisely as cell signaling, is more predominant and holds extensive significance. 

All signal transmissions within or between cells involve molecules. This is not 

surprising since the cell is composed wholly of molecules. These molecules may be 

called ligands, receptors, kinases, second messengers, or effectors based on their 

specific roles in the signal transmission sequence. The number of molecules involved 

may be a few or a multitude. The chain of events between ligands and effectors 

determines cellular homeostasis and the fate of the cells and hence the organism. This is 

because there is no single metabolic reaction that does not proceed from a signal or give 

rise to a signal. Indeed, as long as a cell is living, signal transmission is a continuous loop 

as the end of one signal triggers the start of another signal [22].. To that end, it is our 

opinion that life may be defined as a coded sequence of cyclic reactions involving 

organic and inorganic molecules for the purpose of definite applications. Ligands may 

be gases, enzymes, hormones, neurotransmitters or cytokines and may be proteins, 

non-proteins or inorganic molecules. Receptors, kinases, second messengers and 

effectors may be protein or non-protein, organic or inorganic. 

Cellular communication can be classified as intracrine, autocrine, juxtacrine, paracrine 

or endocrine. Intracrine signaling involves the transmission of signals generated within 

a cell leading to changes in the same cell. . Autocrine signals are however generated on 

the surface of a cell and transduced into the cell to effect changes on the surface or 

inside that cell via cell surface receptors [22].. Cytokines are examples of ligands that 

induce autocrine signaling[23]..Juxtacrine signaling occurs when a cell sends signals to 

another cell that maintains physical contact with it. The physical contact may be direct 

in notch signaling or indirect through extracellular matrix [24]..  Cytokines, chemokines, 

growth factors and neurotransmitters are involved in juxtacrine signaling. Paracrine 

signaling is when a cell releases chemicals that affect the functions of only nearby cells. 

Molecules that act in a paracrine manner include the cytokines transforming growth 

factor (TGF-B) and fibroblast growth factors (FGFs). Paracrine signaling mainly affects 

proliferation and specialization (differentiation) [25]. .Endocrine signals travel through 

the blood over long distances to target organs. Hormones and cytokines are involved in 
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endocrine signaling. The endocrine system in man has been extensively studied and 

comprises a vast array of biochemicals that affect most or all body cells. 

It is obvious now that there is no cellular activity that occurs in the body unless it 

involves molecules and is regulated by molecules. The fact indeed is that an elemental 

tour of the body demonstrates that it is made up of atoms of eleven elements (oxygen, 

hydrogen, nitrogen, calcium, phosphorus, sulphur, potassium, sodium and chlorine and 

magnesium) over 99% by mass distributed as water, protein, mineral (osseous and 

cellular), glycogen and fat [26].. The remaining 1% is made up of over fifty other 

elements mostly in trace quantities, some of which are very important for cellular 

functions and some still under investigation. 

Oxidative stress and cell death 

Typical mechanisms of cell death include pyroptosis, apoptosis and oncosis, any of 

which may occur in any cell. The molecular mechanisms of the different forms of cell 

death will give an insight into how distortion of routine homeostasis leads to cell death. 

Even though not all cell deaths lead to disease, cell death is a common feature in 

diseases [27-34]. According to Kroemer et al 2010 ‘If pathophysiology were a fan 

propeller, cell death would constitute the pivot’ [27]. 

A very beautiful review of the mechanisms of cell death has been given by Susan Fink 

and Brad Cookson 2005, [35] in which  they noted that while apoptosis, pyroptosis, and 

oncosis describe specific processes of cell death, necrosis does not. Necrosis is actually a 

post death status which may arise from oncosis, pyroptosis, extensive apoptosis, or 

from other newly described mechanisms of cell death such as autophagy and paraptosis 

[35, 36]. Evidence suggests that the method of cell death in a particular situation would 

depend on the type of stimulus, the physiological status of the cell and the status of the 

cell’s surroundings.[37-41] Indeed, in a particular dying cell there is the tendency 

towards different methods of death until eventually one mechanism supervenes [42, 

43]. Types of cell death that have so far been properly characterized such as apoptosis, 

autophagy, and pyroptosis have been shown to depend on the activation of previously 

inactive molecules which occurs in a situation of ATP inadequacy [35] while in oncosis 

there is a depletion of ATP stores [36]. It would therefore seem likely that the major 

difference between the mechanisms of cell death depends on the net energy profile of 

the cell at the point of initiation of a death sequence. In apoptosis [35, 44] and 

pyroptosis [35, 45] these molecules are called caspases( cysteine dependent aspartate 
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specific proteases) while PARP (poly ADP-ribosome polymerase) [35, 46], cysteine 

proteases of the calpain family [47] and UCP2( uncoupling protein 2) [48] are involved 

in oncosis. In autophagy, activated GTPases [49] and phosphatidylinositol kinase [50] 

are involved. 

The process of apoptosis and pyroptosis involving caspases will serve to illustrate the 

nature of molecular activation that triggers off cell death and the cascade of events that 

follow. Caspases are classified as initiator caspases or executioner caspases. The 

executioner caspases are activated by the initiator caspases. The question then is: what 

activates the initiator caspases? In apoptosis, it has been shown that the initiator 

caspases are activated via an intrinsic pathway or an extrinsic pathway. The intrinsic 

pathway (also known as mitochondrial apoptosis) depends on factors released from the 

mitochondria when a cell is subjected to such stressors as growth factor deprivation, 

cytoskeletal disruption, DNA damage, accumulation of unfolded proteins or hypoxia. 

The effect of the stress is to cause the release of cytochrome c from the mitochondria. 

Cytochrome c combines with Apaf-1(apoptotic protease activating factor-1) and 

procaspase-9 to form a complex called the apoptosome which initiates a caspase 

cascade leading to apoptosis [51, 52]. Extrinsic pathway involves activation of death 

receptors such as the TNF family by ligands such as TNFalpha, FasL, APO3L and APO2L. 

In the case of pyroptosis, an inflammasome is formed by an interaction of procaspase-1, 

a Pattern Recognition Receptor (PRR)such as NLR (nucleoside binding domain leucine-

rich repeat-containing) protein and a toxic ligand (such as danger associated molecular 

pattern DAMP, or pathogen associated  molecular pattern PAMP) [53]. The 

inflammasome\activated caspase-1 then activates pro-inflammatory cytokines (IL-1, IL-

18) [54].. 

It can be deduced from the above that there is a direct relationship between 

pyroptotic/apoptotic cell death and the molecules of cytochrome c on one hand and that 

of DAMP/PAMP on the other hand. More light can be thrown on what actually triggers 

cell death by investigating these molecules and the nature of the roles they play. In the 

case of cytochrome c, a volume of evidence has shown that a failure of cytochrome c 

oxidase to mediate the transfer of electrons from cytochrome c to oxygen invariably 

leads to increased mitochondrial production of reactive oxygen species, cellular toxicity 

and death [55]..This involves the leakage of highly oxidized cytochrome c into the 

cytosol to trigger a caspase mediated apoptosis. This picture has been termed oxidative 
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stress [55-59]..It has also been shown that both DAMPs and PAMPs engage Pattern 

Recognition Receptors (PRRs) via Oxidation Specific Epitopes (OSE) present on DAMPs 

and PAMPs.[56, 57] For instance, the OSE present in the DAMP oxidized low density 

lipoprotein is malondialdehyde which is extensively implicated in mutagenesis and 

carcinogenesis.[58]. Therefore between DAMPs and PAMPs the common events or 

pattern that activates the Pattern Recognition Receptors (PRR) is a propensity to 

oxidize the PRR. A similar reasoning was followed by some scientists who proposed that 

pathogen associated molecular patterns should be called microbes associated molecular 

patterns (MAMPs) since such patterns are found in microbes that are not pathogens.[59, 

60] As an extrapolation from this argument, we propose that PAMPs and DAMPs be 

merged into DISease Associated Molecular Patterns (DISAMPs) since both DAMPs and 

PAMPs are essentially the same in terms of mechanism of PRR stimulation, namely 

oxidation.[56,57,61] It has been shown that the leucine-rich repeat domains of PRR are 

associated with N- or C- terminal cysteine rich domains or cysteine-housed iron-sulphur 

clusters all of which are sensitive to oxidation [62-66]. 

Before concluding this section, it would be worthwhile to revisit the body’s molecular 

composition. Apart from water which makes up about 55-60% of the human body, the 

rest is made up of mostly proteins, lipids, carbohydrates, and nucleic acids. Members of 

these molecular groups exhibit reactions based mostly on well-known functional groups 

such as thiol, disulphide, carboxyl, amine, carbonyl, aldehyde, hydroxyl, and phosphate 

groups. Other functional groups include esters, ether, acetyl, anhydride, amido, imine, 

enol, phenyl and alkyl groups. It is therefore most likely that DAMPs and PAMPs would 

cause disease based on the functional groups present on the molecules and that the 

toxicity of such molecules will depend on the types of functional groups present, the 

number of each type, the size of the molecules, the position of the functional groups and 

the primary, secondary, tertiary and quarternary structures of the molecules. 

Redox basis of all diseases 

The great American chemist and two times Nobel laureate, Linus Pauling, was the 

person who gave reduction and oxidation or redox their full meaning. In a 1932 paper 

‘The nature of the chemical bond (iv): the energy of single bonds  and the relative 

electronegativity of atom’[67] he gave a precise picture of what happens in a redox 

reaction. Oxidation is presently defined as a loss of electrons or electron density and 

reduction as gain of electron or electron density. This follows from an understanding of 
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the concept of electronegativity. Electronegativity, with symbol X is the property of an 

atom or functional group that describes its tendency to attract electron or electron 

density towards itself. Electron density is the measure of the probability of an electron 

being present at a specific location. Drawing from the definition of electronegativity it 

follows that an atom or functional group with a higher electronegativity will definitely 

have a higher oxidizing capacity and vice versa. Based on this, redox reactions are no 

more than the interplay of the electronegativities of reactants. The electronegativities of 

all the elements on the periodic table have been calculated by Linus Pauling [67] and 

subsequently confirmed in 1934 by Robert Muliken [68], in 1958 by Allred and Rochow 

[69] and Allen Leland in 1989 [70].  It ranges ( in Pauling’s units )   from 0.79 for 

caesium to 3.98 for flourine . The electronegativity for the ten most abundant elements 

in the human body are oxygen (3.44), carbon (2.55), hydrogen (2.22), nitrogen (3.04), 

calcium (1.00), phosphorus (2.19),sulphur (2.58), potassium (0.82),sodium (0.93)and 

chlorine (3.16) 

The inference here is that for each chemical bond where two different kinds of atoms 

are involved, there in at least a ‘relative loss’ and a ‘relative gain’ of electron density and 

hence may be regarded as a redox reaction. The effects of this ‘quasi- redox’ reaction 

with tiny positive (delta plus) and tiny negative (delta minus ) poles can be seen in the 

3D structures of large molecules such as proteins, DNA, lipoproteins, et cetera and are 

involved in biological processes. These effects are variously described as hydrogen 

bonds, van der Waals forces, electrostatic forces, pi-pi interactions, molecular 

recognition and so on. 

 The idea that disease-causing molecules initiate, perpetuate or disrupt redox reactions 

in the body as disease-inducing mechanisms is not new. Jones D. P. in a 2008 paper that 

defined his ‘Redox Hypothesis’ [71] and Jones D. P. et al in a 2010 paper titled ‘Redox 

Compartmentalization and Cellular stress’[72] showed accumulating evidence that 

disruption of the cell’s redox organization is a common  basis for disease. The role of 

redox has been implicated in several diseases such as peptic ulcer [73-75], Alzheimer’s 

disease [76-78], diabetes [79-81], cancer [82-85], sickle cell disease [9, 86, 87], malaria 

[88,89], HIV/AIDS [90], tuberculosis [91,92], kwashiorkor [93], and asthma [94,95]. It is 

obvious from the argument drawn from the concepts of electronegativity, redox and 

‘quasi-redox’ above that no reaction interaction or bonding involving different atoms 

can proceed anywhere, not excluding the human body, without having a recourse to 
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redox protocols. In spite of this fact, health scientists have acknowledged the role of 

redox in some diseases only. However, the fact is that all diseases are redox reactions. 

 

Redox basis of the immune system 

Two expressions aptly describe the immune system; ‘self-molecules’ and ‘non-self 

molecules’[96].  The immune system is the body’s system that protects against disease. 

Since diseases have been shown to be aberrant redox reactions, the effective duty of the 

immune system is to recognize and eliminate molecules that could trigger such 

undesirable redox reactions. For the purpose of descriptive convenience, the immune 

system has been divided into the innate immune system and the adaptive immune 

system each of which is further subdivided into its humoral and cell mediated aspects. 

In practice, the innate and adaptive immune systems overlap in many respects. The 

innate immune system is composed of physical, chemical, biological or process barriers 

that effectively prevent some diseases. The work of the innate immune system is 

immediate, non-specific and does not endure for long.[97, 98]  The cellular aspect of the 

innate immune system includes white blood cells such as natural killer cells, mast cells, 

eosinophils, basophils, macrophages, neutrophils and dendritic cells. The humoral 

aspect of the innate immune system is composed of three major categories: 

complement, coagulation and natural antibodies, all of which include a complex array of 

macromolecules. [99,100] The adaptive immune system is activated when the innate 

immune system fails and the process is called antigen presentation involving 

professional antigen presenting cells (APCs) such as macrophages, dendritic cells and  

non-professional APCs. 

The adaptive immune system is disease or pathogen specific and the effects endure for 

variable lengths of time due to an immunological memory. The cell medicated aspect of 

the adaptive immune system involves the T-lymphocytes while the humoral aspect 

involves the B-lymphocytes. T-lymphocytes are further divided into T-helper cells and 

cytotoxic T-cells. Both B- and T-lymphocytes may be naïve cells if not yet activated, 

effector cells when activated or memory cells if they persist after clearance of antigen. 

The adaptive immune system becomes activated when an antigen presenting cell (APC) 

encounters an antigen, digests it binds the antigenic epitope to a Major 

Histocompatibility Complex (MHC) molecule and displays it on its surface. This display 

is recognized by naïve T-cells which then transform into either T-helper cells or 
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cytotoxic T-cells depending on the type of antigen and MHC class. While cytotoxic T-

cells kill infected or damaged cells using perforin, granulysin or granzyme, T-helper 

cells play an auxiliary role. The T-helper cell also enables the B-lymphocyte to ‘see’ 

antigens and initiate the production of antibodies (also known as immunoglobins). Each 

antibody is specific for an antigen and this is achieved through clonal selection after a B-

lymphocyte cell has been activated. Antibodies bind to antigens and make them easier 

for phagocytosis. 

Antigens are mostly proteins though some are polysaccharides, or complexes of 

different types of molecules.  Some antigens are also single stranded nucleic acids. Most 

antigens made of partly or wholly of protein require T-cell processing before B-cell 

recognition and antibody production and are said to be T-cell dependent.[101] Antigens 

made of polysaccharides, polysaccharide complexes or polymeric proteins activate B-

cells directly and are T-independent.[101] T-cell identify protein antigens presented by 

APCs using either class I or class II major histocompatibility complex (MHC) molecules. 

The common feature of both class I and Class II MHC is the involvement of disulphide 

bonds.[102-105]In both pathways, a conversion of disulphide bonds to thiol groups 

(class II) or thiol groups to disulphide bond (class I) is a critical step in antigen 

recognition. Therefore it is proper to state that antigen presentation is a redox process. 

Researches have shown that a tripeptide thiol reducing agent, glutathione, is essential 

for antigen presentation.[106,107] Glutathione concentration also determines whether 

Th1 ( increased cellular immunity) or Th2 (increased humoral immunity) prevails.[108] 

The organ that controls both extracellular and intracellular concentration of GSH in the 

body is the liver.[109]. The non-inclusion of the liver as one of the organs of the immune 

system is therefore an aberration. 

THE LIVER AND THE IMMUNE SYSTEM 

The term ‘Hepatoimmunology’ was first proposed by Ian MacKay in 2002 when he 

argued for the significance of the liver in the immune system contrary to prior neglect 

by immunologists. In a landmark paper captioned ‘Hepatoimmunology: A perspective’ 

he elucidated the liver’s contributions to cell-mediated and humoral aspects of innate 

and adaptive immune system.[110] Usually organs and components of the immune 

system are listed as thymus and bone narrow (central) and spleen,lymph, lymph nodes 

and disseminated leucocytes (peripheral).[111] Recently,  however, there has been a 

keen interest in the controversial place of the liver in the immune system.[110, 112-
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115] In a 2005 paper titled ‘Liver immunobiology ‘, Parker G. A.et al  summarized the 

immunological roles of the liver viz [116]:’Contributions to the innate immune system 

include production of acute phase proteins, nonspecific phagocytosis of particles, 

nonspecific pinocytosis of molecules and nonspecific cell killing; involvement in the 

adaptive immune system includes deletion of activated T-cells, induction of tolerance to 

ingested and self-antigens, extra-thymic proliferation of T-cells and deletion of many of 

the signaling and effector molecules.’ They concluded that a distortion of liver structure 

or function can affect the immune system significantly. 

The liver is a very interesting organ. It is the largest internal organ, made up (in terms of 

number of cells) of about 60% hepatocytes while the remaining 40% is made up of 

sinusoidal endothelial cells (SEC), phagocytic macrophages known as Kupffer cells (KC), 

hepatic stellate cells (HSC), dendritic cells (DC) and non-resident lymphocytes 

[115,117,118]. The hepatocytes are involved in the synthesis and breakdown of both 

small and complex biochemicals, some of which affect all the cells of the body. It has 

been estimated that the liver executes at least 500 physiological functions and human 

life is impossible without the liver [119, 120]. Different hepatocytes metabolize 

different types of molecules [121]. The liver has an amazing regenerative power which 

according to Grattagliano I. et al (2003) could depend on mitochondrial glutathione 

content [122].  Another interesting feature of the liver is its capacity to induce tolerance 

to both self and ingested antigens, a property that could depend on glutathione 

metabolism [123]. The question that then comes to mind is: ’What is so special about 

the liver cells as to confer these amazing properties on it?’ The simple answer is 

probably ‘mitochondria’. Whereas some cells such as erythrocytes do not have any 

mitochondrion and some cells have only one or two, hepatocytes typically have about 

1000 mitochondria per cell.[124,125] With over 240 billion hepatocytes in the liver 

compared to about 37.2 trillion cells in the human body [126], the liver probably 

contains more mitochondria than the rest of the body. This huge arsenal of 

mitochondria powers its extensive synthetic activities mediated by specific liver 

enzymes. 

 Although the liver synthesizes an extensive array of biochemicals ranging from amino 

acids and glucose to proteins, lipids and carbohydrates, emphasis will be placed on 

biomolecules that are involved in the immune system and more specifically 

biomolecules involved in the body’s redox reactions. The liver is the source of N-
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acetyltransferases (NAT) and Cyt P450 enzymes involved in the metabolism of drugs 

and xenobiotics. The liver is also the source of  the acute phase proteins released into 

the blood stream in response to the inflammatory mediators IL-1B, IL-6, TNF-alpha, 

IFN-gamma and others. Acute phase proteins are defined as proteins whose serum 

concentrations increase or decrease by at least 25% as a consequence of the 

inflammatory response.[127] They include C-reactive proteins, serum amyloid A (SAA), 

complement proteins, coagulation factors (fibrinogen, prothrombin, factor viii) ferritin, 

hepcidin,ceruloplasmin, haptoglobin and so on. C-reactive proteins and serum amyloid 

A are usually increased over a thousand fold in response to inflammation. Acute phase 

proteins serve different functions during infection including direct inhibition of 

microbial growth and control of inflammation.[128] The liver also produces and 

secretes under stimuli, the bulk of the neuropeptides such as galanin and neuropeptide 

Y which are involved in the crosstalk between the immune system and the 

neuroendocrine system.[129-131]  

The liver stores about 80% of the body’s whole Vitamin A in hepatic stellate cells [132] 

and about 70%-90% of the body’s Vitamin B 12 [133] The liver also stores and activates 

vitamins D [134] and produces bile which helps in the absorption of fat soluble vitamin 

A, D, and E that play important roles in the immune system [135]. The liver synthesizes 

liver expressed antimicrobial peptides (LEAP-2) which are cysteine rich proteins that 

are thought to have antimicrobial activity against several gram-positive bacteria.[136] 

The liver synthesizes the amino acid cysteine from methionine via the transsulfuration 

pathway. The transulfuration pathway is significant since most dietary sources of 

cysteine are not bioavailable. The thiol group of cysteine is highly sensitive to redox 

reactions in proteins, contributing to protein structure and function including redox 

signaling.[137] Reversible thiol-disulphide transitions referred to as ‘sulphur 

switches’[71] constitute a very important mechanism in the immune system. 

Cysteine (from dietary cystine or liver metabolism of methionine) goes into the 

synthesis of glutathione. Although almost all cells synthesize glutathione, liver synthesis 

of glutathione is essential for life.[138] Glutathione is a tripeptide synthesized from 

glutamate, cysteine and glycine in a two-step process catalyzed by Glutamate-Cysteine 

Ligase (GCL) and glutathione synthetase (GS). Cysteine availability is the rate-limiting 

step in glutathione synthesis.  Glutathione, glutathione reductase and NADPH make up 

the glutathione system (also known as the glutaredoxin system) which together with 
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the thioredoxin system make up the two most important redox systems in the 

body.[139-141]  It has also been recently shown by Huijun et al that the liver synthesis 

of thioredoxin (Trx) and thioredoxin reductase(TrxR) is important for health as 

deficient liver production was implicated in insulin resistance, an important marker for 

type-2 diabetes mellitus.[142] Holmgren and Luthman [143] have demonstrated that 

the liver (as well as the brain, erythrocytes, thymus and kidney) contain the highest 

quantity of thioredoxin among bovine (calf) tissues. The nexus between redox, 

inflammation and disease makes the liver an organ to give attention. 

The liver involvement with the neuroendocrine immune system is represented, in part 

by the neuropeptides galanin and neuropeptide Y. A brief explanation of this system in 

that cytokines (especially IL-1, IL-6) are able to stimulate the stress response of the 

endocrine system via the hypothalamus.[144] The stress response leads to the release 

of cortisol by the adrenal glands which modulates the inflammatory response and 

potentially diminishes the immune response.[145] The liver is also a party to this whole 

process via glutathione which has been shown to abolish the stress response.[146] 

Although the place of galanin and neuropeptide Y in this whole interaction has not been 

fully defined, evidence from researches suggests that they may enhance the stress 

response at low liver concentrations and suppress it at high liver 

concentrations.[147,148] The implication is that higher hepatic levels of galanin and/or 

neuropeptide Y may be a predictor of better immune response. 

The bottom line is that the high mitochondrial [149] density of the liver vis-à-vis an 

extensive physiological function [119] positions it for enormous synthetic capabilities 

via anabolic and catabolic pathways. It is our opinion that there is no biomolecule in the 

human body that is not metabolized either by the liver or through the agency of liver-

metabolized molecules. 

THE LIVER REDOX DISEASE THEORY (LRDT) 

The Liver Redox Disease Theory (LRDT) states that ‘All diseases are due to disorderly 

cell death resulting from pro-oxidant induced aberrant redox reactions which leads to 

immune compromise in the absence of optimal liver function.’ The major assumptions 

of the LRDT are as follows: 

1. All human diseases result from cell death even though not all cell death results 

in diseases. The cell is the basic functional and structural unit of man. Disease is a 

change in structure or function that results in temporal or permanent harm. Every day 
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about ten billion cells die [150] in the human body out of about 37.2 trillion [126] 

without resulting in diseases, probably because the dying cells are replaced by mitosis. 

However a significant loss of cells in a particular tissue must result in a significant 

change in function or structure of such tissues, hence disease.  

2. Cell death cannot occur without redox reactions. Different mechanisms of cell 

death have been described such as apoptosis, pyroptosis, oncosis, autophagy, and 

paraptosis. In apoptosis, pyroptosis and paraptosis, protease activation via formation of 

disulphide bonds have been reported [150-152] which are redox reactions. For oncosis, 

the active site of calpains is made up of cysteine, histidine and aspartate residues and is 

subject to electrostatic activation upon calcium binding.[153,154] Thiol-disulphide 

transitions have also been noted in autophagy.[155] It has been suggested [35] that 

there are many potential patterns or types of cell death based on a balance between the 

intensity of the toxic insult and the integrity of the cell at the point of insult, giving rise 

to different reactive pathways.[156,157] 

3. All diseases are aberrant redox reactions. The cytosol, the nucleus and the 

mitochondrion are maintained at relatively reduced redox potentials compared to the 

extracellular space.[71] This is achieved by the thiol groups of the glutathione, 

glutaredoxin and thioredoxin systems among others.[141] These thiol systems maintain 

the essential thiol groups of other proteins, enzymes, ligands and receptors in a reduced 

form.[137] Disease associated molecular patterns including pathogen associated 

molecular patterns (PAMPS) and damage associated molecular patterns  (DAMPS) 

interact with cells through their pattern recognition receptors (PRR).The result of this 

interaction is the over production of reactive oxygen species and reactive nitrogen 

species [158] that oxidize essential thiol groups on enzymes and proteins leading to the 

formation of wrong disulphide bonds and hence disturbing cellular functions to cause 

cell death [159]. 

4.  All disease causing redox reactions are initiated primarily or secondarily by 

pro-oxidant molecules. One question that readily comes to mind is how do some 

micro-organisms decide to be pathogens while some are even probiotics? It is most 

likely that the metabolic pathways in pathogens dictate the production of molecule with 

functional groups whose electronegativities are opposite to what obtains in the human 

body. It has already been shown that in addition to valence shell electrons, the 

difference in the electronegativities of two different atoms is the most important 
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predictor of how the atoms will react.[67] There is an enormous pool of free thiol 

groups in the body which is definitely a good target for any pro-oxidant molecule. It 

therefore makes sense that only pro-oxidant molecules can sufficiently distort the redox 

profile of the body as to cause disease. The literature contains abundant evidence of 

oxidative stress related disease but scanty evidence on reductive stress related diseases 

[160-162]. A look at some of the cases of reductive stress related diseases suggests that 

such case of reductive stress were just part of the processes leading up to oxidative 

stress as the disease develops which according to Lioret et al (2015) is a result of ‘small 

but persistent generation of oxidants’[161] 

Pattern recognition receptors (PRR) are usually the receptors that interface between 

the cell and diseases causing molecules. [163,164] PRR include four families: Toll-like 

receptors (TLRs), c-type lectin receptors (CLRs), retinoic acid- inducible gene-I-like 

receptors (RLRs) and NOD-like receptors (NLRs). PRR recognize DAMPs and PAMPs. It 

has been suggested that DAMPS are oxidation specific epitopes produced by the 

oxidation of proteins, lipids, phospholipids and DNA [56, 57, 165] and that PAMPs are 

identical in molecular structure to DAMPs [57]. It has also been shown that stimulation 

of PRR by DAMPS and PAMPS leads to the increased production of oxidative species 

[158]. It is also known that the active sites of PRR are sensitive to oxidation.[62-66] and 

that PAMPs and DAMPs stimulate PRR via oxidation [56,57,61] 

 

5.The liver controls the body’s redox balance primarily by the glutathione system 

and secondarily by other thiol systems such as the glutaredoxin and thioredoxin 

systems. Thiol  groups in the body provide readily available reducing hydrogen atoms 

and are the most abundant reducing moieties in the body.[137,141] Glutathione is a 

tripeptide whose small molecular size and highest body concentration [166] and 

ubiquitous nature in the body makes it the first point of contact for pro-oxidant groups. 

The liver produces most of the bodily needs of glutathione and this production is tightly 

regulated by both positive feedback from ROS and negative feedback by glutathione 

concentrations, involving the enzymes glutamate-cysteine ligase (GCL) and glutathione 

synthetase (GS). Whereas the glutathione, glutaredoxin, thioredoxin and all the thiol 

systems can be said to be interdependent [141] the supremacy of glutathione is simply 

based on its ready availability in much higher concentrations at redox points. However, 

specific thiol systems exert specific reducing effects in specific tissues which cannot be 
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executed by any other thiol system. For instance, the thioredoxine system is inevitable 

for DNA synthesis.[167] 

 

6.Other level of control of the body’s redox balance such as superoxide dismutase 

(SOD), catalase, peroxidase, antioxidant vitamins and antioxidant nutrients are 

dependent on the glutathione system. SOD, catalase and peroxidase mediate the 

addition of hydrogen atoms to ROS to form water. These hydrogen atoms are readily 

supplied by the thiol systems, especially the glutathione system which in turn is 

replenished by glutathione reductase in the presence of NADPH. [168] Antioxidant 

vitamins and nutrients exert effects limited by molecular size and body concentrations. 

 

7.The immune system depends on proper redox balance to function properly. The 

immune system in impaired by both insufficient and excess glutathione. Th1-Th2 balance 

is affected by glutathione concentration.[108]  Glutathione is also required for antigen 

processing and presentation [106,107] Glutathione concentrations has also been 

implicated in the induction of tolerance to harmful molecules [123] and the capacity of 

cells to regenerate [122].  It should be noted that clinical trials of antioxidant therapies 

without cognizance of redox balance may give rise to excessive glutathione body levels 

and result in the development of tolerance instead of cure. 

 

8.Disease cannot occur under optimal liver-redox balance and all diseases can be 

prevented, treated or cured by optimizing the liver-redox balance. A proper liver 

function test should be pro-active and give a complete assessment of liver’s role in 

preventing diseases. The state of glutathione, glutaredoxine, thioredoxine, cysteine and 

other thiol systems should be a good start. Other reducing enzymes system such as GCL, 

GS, SOD, catalase, glutathione reductase, thioredoxin reductase and peroxidase systems 

should also be evaluated. The xenobiotic metabolizing systems such as cytP450 and N-

acetyl transferases should also be given proper assesments. It is also important to 

evaluate the adequacy and proportionality of nutrients necessary for synthesis and to 

avoid excesses. At the other end of the spectrum, the total pro-oxidant profile of the 

whole body should be evaluated as part of a proper liver function test.  

 An optimal liver-redox balance is a theoretical situation in which the body’s production 

of oxidative species are counteracted by the liver’s synthesis of antioxidant molecules to 
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such a degree that the net subsisting pro-oxidant profile is just sufficient to propagate 

redox signals  for all cellular functions with the exception of cell death. The level of ROS 

required for cell death is much more than what is required for cellular 

communication.[169] Since disease cannot occur without extensive cell death, the 

practical objective of optimizing liver-redox balance is to minimize ROS production and 

thus minimize cell death. In reality, a minimal degree of cell death, especially pyroptotic 

cell death, ensures the activation of the immune system while the induction of tolerance 

[123] impairs immune response.  

 

9.Lifespan and ageing depends on the frequency, intensity and duration of 

aberrant redox reactions in the body. 

Deviations from the optimal liver-redox balance are inevitable because the body’s redox 

systems are compartmentalized.[71]. For instance, the redox potential within the 

cytosol is different from that of the nucleus which in turn is different from that of the 

mitochondrion and extracellular space. Whenever there is an overflow of ROS, the 

antioxidant systems (especially the glutathione system), may fail transiently and 

therefore allow for partial damage to DNA. This partial damage translates to a 

shortening of the telomere and the Hayflick’s limit. Currently, there is a body of 

evidence that strongly suggests that Hayflick’s limit is nothing but the result of 

cumulative oxidative stress [170,171]. As such, the proposal of Alexis Carrel that a cell is 

immortal under the right conditions may be right after all. 

 

10.Life span may be extended by optimizing liver-redox balance. Theorically, man 

was made to last forever. As we proposed, life may be seen as a ‘coded sequence of 

cyclic reactions’. Unfortunately oxidative stress constitutes interferences to the cycles of 

reactions that could have gone on forever. Oxidative stress abounds in life through 

mental activity, physical activity, environmental radiations, metabolism, intake of 

xenobiotics through food and drugs and the presence of pathogens. It would be 

worthwhile to design a panel that measures the total oxidative stress profile of the body 

and matches it with the body’s total antioxidant profile. That way, it could be possible to 

drastically minimize oxidative stress mediated telomere damage and achieve cellular 

near- immortality and lifespan elongation 

CONCLUSION: APPLICATION OF THE LRDT 
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Hepatoimmunotherapy (HIT) 

Hepatoimmunotherapy (HIT) can be defined as immunomodulation for the prevention 

or cure of diseases by optimizing the liver’s anti-oxidant/synthetic functions and 

conscious control of oxidative stressors. HIT can also be defined as the process of 

titrating the body’s total antioxidant defenses against fluctuant pro-oxidant events for 

the purpose of optimizing immune function and achieving disease prevention and cure, 

with the liver as the major instrument. HIT employs the concept of redox balance while 

taking cognizance of the liver’s enormous roles in this balance and conscious of the fact 

that the degree of pro-oxidant stress changes significantly depending on circumstances. 

It has been noted in the literature [71,172] that many clinical trials involving 

antioxidant therapies failed because redox balance and redox compartmentalization 

was not considered in designing the trials. However it seems that redox balance is the 

more important factor since redox compartments, even though not in equilibrium are 

highly interdependent [141, 173].  A typical formula for HIT would include an 

antioxidant which should have hepatoprotective property, and a comprehensive 

nutrient supplementation. Flavonoids are good antioxidant and hepatoprotective 

agents. Optimal quantities and proportionality of sugar, vitamins, minerals, amino acids, 

fatty acids and other nutrients are also important. It must be noted that one of the 

cardinal aspects of HIT is to avoid unnecessary metabolic burden on the liver. 

Therefore, it must be ensured that every ingredient used in HIT has negligible hepato-

toxicity profile.  HIT also involves a conscious control of pro-oxidant events such as 

excess mental, physical and metabolic activities or the ingestion of pro-oxidant foods, 

drugs and environmental pollutants. 

Two physiological processes militate against HIT and should be controlled or avoided: 

the stress response and immunological tolerance. The stress response is initiated by the 

neuro-endocrine system in response to a persistent excess of cytokines as a result of the 

inflammatory reaction.[144] However, it has been shown that the stresss response is 

minimized in the presence of adequate glutathione.[146] At the other end of the 

spectrum, a high level of glutathione has been implicated in the induction of 

immunological tolerance [123].  A comparison of these data indicates that the 

maintenance of a balanced level of glutathione in the liver and in the body is important 

in HIT. Another supporting evidence for a careful control of body glutathione levels is 
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that glutathione levels are implicated in the balance between the cytotoxic (TH1) and 

humoral (TH2) systems of the adaptive immune system [108].  
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