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Title : Becoming Archaea: Septic Shock, Warburg effect and loss of endosymbiotic 29 

relation-Billion year war of two genomes. 30 

ABSTRACT :   31 

          Septic shock is a major problem in medicine and carries high mortality rate. 32 

Irrespective  of the advances in this field the underlying mechanism behind septic shock still 33 

remains a mystery. To understand septic shock we need to understand the evolution of 34 

eukaryotic cell and the billion year war between archaeal/nuclear genome and the 35 

bacterial/mitochondrial genome. The ancient infection of archaeal host by the bacteria  36 

(α-proteobacteria) resulted in the formation of eukaryotes and mitochondrial endosymbiont 37 

occurred  >1.5 billion years ago and this extraordinary event is occurring from then on all the 38 

time till now resulted in formation of complex life forms. In this article I propose ‘Warburg 39 

common pathogenesis evolutionary model’, which has the potential to explain septic shock 40 

and most of the pathophysiological processes. I hypothesize that the bacterial/mitochondrial 41 

invasion of the eukaryote cell is supported by the mitochondrial system of the host 42 

eukaryotic cell and resisted by the innate immune system which is the archaeal part of the 43 

host eukaryotic cell, as archaea is the real host before it became eukaryote.Three major 44 

outcomes may result because of the bacterial /mitochondrial invasion related event, 45 

1) PAMP/DAMP via PRR eg.TLR4 over activates innate immune system which in turn 46 

inhibits the mitochondrial respiration and decreases the mitochondrial genome. Nuclear 47 

genome overpowers mitochondrial genome which results in the loss of the endosymbiotic 48 

relation between them, produces Warburg effect and the bacterial /mitochondrial invasion is 49 

successfully defeated. By Warburg effect, the eukaryotic host cell now returned to its original 50 

billion year old primitive form i.e. it became archaea like. This dedifferentiated state switching 51 

can be seen as the  cells local survival strategy in response to injuries as the cells are now 52 

archaea like which has the ability to live in harsh environments. But returning to their 53 

primitive forms leads to disorder and ends in global collapse of the organ systems and 54 

organism which requires order in terms of differentiation which is maintained by the 55 

mitochondrial system in the eukaryotic cell and across the cells by intercellular mitochondrial 56 

transfer. Death of the organism may be due to the immortality pathway chosen by the cells 57 

locally. 2) Successful bacterial /mitochondrial invasion of the eukaryotic host will increase the 58 

mitochondrial genome and overpower the nuclear genome which may trigger apoptosis by 59 

degrading the nuclear genome and expelling it. 3) Partially successful invasion may result in 60 

the formation of cellular memory by increase in both OXPHOS and glycolysis. 61 

         I propose that the treatment in septic shock should aim at activation of mitochondrial 62 

respiration  thereby decreasing the aerobic glycolysis and  changing the cell to its normal 63 

adult dynamic differentiation phenotype i.e all the drugs should be used as differentiation 64 



therapy. Adrenergic blockers and ascorbic acid may be the main treatment options, which 65 

are already used by some research groups. The author stresses the point that this model is 66 

general and applies to most of the pathophysiological process of all eukaryotic organisms 67 

from single celled to plants & animals.  68 

Keywords: Septic shock, Warburg effect, dedifferentiation, differentiation therapy, ascorbic 69 

acid, adrenergic blockers, glycolysis, Endosymbiosis, Archaea, Proteobacteria. 70 

Abbrevations :, Oxidative phosphorylation(OXPHOS),Pathogen associated molecular 71 

pattern(PAMP),Danger associated molecular pattern(DAMP),Pattern recognition 72 

receptor(PRR),Toll like receptor (TLR). 73 

 74 

 75 

INTRODUCTION: 76 

          Sepsis is the harmful systemic response of the host to the infection (1). According to 77 

Lewis Thomas the host’s response to pathogen is more detrimental than the pathogen itself 78 

(2).  Septic shock and severe sepsis associated multiorgan dysfunction carries high mortality 79 

rate ~ 40 – 70% (3, 4). Septic shock is refractory to the vasopressors in most of the cases, 80 

this includes norepinephrine,the primary drug used in reviving blood pressure in septic 81 

shock. Vascular hyporeactivity to various vasopressors in septic shock has been studied 82 

extensively, many reviews are available (5, 6). Irrespective of advances in this field, exact 83 

underlying mechanism behind the septic shock is still a mystery. Post mortem studies 84 

couldn’t find the underlying cause in most of the cases, surprisingly most of the organs 85 

looked normal and showed only minimal cell death (7,8). 86 

           Lot of treatment options which were successful in animal models failed to show 87 

benefit in human studies,ranging from Nitric oxide Synthase(NOS) inhibitors, 88 

cyclooxygenase (COX) Inhibitors, endotoxin neutralizing proteins, TNF alpha antagonists 89 

etc.., (3). Some of the recent promising directions include, counterintuitive use of 90 

antihypertensives in septic shock, alpha2 adrenergic receptor agonists - clonidine (9-11),  91 

beta blockers reviewed in (12, 13) - aimed to reduce the sympathetic hyperactivation and 92 

hypermetabolism associated with sepsis. Alpha2 AR antagonist also has been shown to 93 

improve survival in sepsis animal model (14). Vitamin C  has been used in sepsis reviewed 94 

in (15), glycolysis inhibitor shikonin (16), cytochrome C (17),caffeine (18), alternative 95 

oxidase(AOX) expression also showed protective effect in sepsis animal 96 

model( 19).Interestingly mitochondrial transfer improved sepsis in animal model has been 97 

shown recently (20).  98 

          I propose “Warburg common pathogenesis evolutionary model”, built by extending the 99 

Warburg effect, an extensively researched area in cancer biology, proposed by Otto 100 



Warburg in 1920's (21, 22) with ideas borrowed from the evolution of the eukaryotes and 101 

endosymbiosis. 102 

          Surprisingly this model which will be discussed in a later section, not only has the 103 

potential to explain septic shock but most of the pathophysiological processes of eukaryotic 104 

organisms including humans. Most of the supporting evidences were already done in the 105 

respective subfields, and this article's novelty lies in the fact that by putting the Warburg 106 

common pathogenesis evolutionary model, it connects most of the medical problems 107 

including septic shock and shows a common pathogenesis could be the underlying 108 

mechanism in most of the diseases and the same model may explain most of the 109 

pathophysiological processes of the eukaryotic organisms. A clear picture emerges from the 110 

fragmented details of different aspects of sepsis. 111 

 112 

 113 

Brief Overview:  114 

By giving the brief overview iam trying to present an integrated picture on the sepsis 115 

problem, this combined with evolutionary viewpoint gives a clear solution theoretically, which 116 

has the potential to solve not only septic shock but also most of the pathologies. The 117 

Hypothesis is very fundamental and experimentally verifying it will help in the understanding 118 

of physiological and pathological processes of the humans  and may extend to other 119 

divisions of life. 120 

 121 

Sepsis, Immunity, Warburg effect and Immunometabolism:   122 

                  Innate immune system recognizes the presence of the pathogen via 123 

PAMP/DAMP by PRR – TLR, NOD like receptor (NLR), RIG like receptor (RLR). Most of the 124 

pathways triggered by the PRRs lead to the activation of Nuclear factor kappa B (NFkB), 125 

which by its action on the nucleus  produces various effects that acts against the pathogen 126 

(23-28). In this article, I will focus on TLR but the model which will be explained later applies 127 

generally to all aspects of immune system. 128 

               Sepsis has been shown to have 2 phases of immune responses –initial immune 129 

storm and late immunoparalysis (29, 30). Immunometabolism  and Warburg effect is a hot 130 

topic in the sepsis research area( 31-35). In 1926 Warburg showed tumors relied on aerobic 131 

glycolysis metabolism (21). He extended the thoughts in his 1956 paper and showed that the 132 

cancer cells originate in two phases, 1.Irreversible inhibition of cell respiration - OXPHOS by 133 

agents like H2S, arsenious acid which he called respiratory poisons and this necessitates 134 

the cell to change to aerobic glycolysis metabolism for survival and proliferation, 2. This  in 135 

turn causes a normal differentiated cell to change to a dedifferentiated cancer cell. He also 136 

suggested that there may be some cancer like states in between these 2 terminal states, 137 



which he called sleeping cancer cell states (22).These 2 changes –structural (cellular 138 

phenotype to dedifferentiated states) and  functional ( metabolic phenotype to glycolysis ) 139 

are inseparable. Warburg effect is an extensively researched area in cancer biology; many 140 

excellent reviews are available (36). Essentially Warburg told everything what is required for 141 

understanding septic shock 90 years back.       142 

             Immune cells on activation (e.g. sepsis), shifts from OXPHOS to glycolysis and its 143 

relation to Warburg effect has been shown already (31,32,34,37). Dendritic cells shift to 144 

glycolysis on activation (34,37). Macrophages on activation shift to glycolysis and exhibit M1 145 

Macrophage phenotype and these changes are associated with increased mTOR 146 

activation,HIF1α stabilization, iNOS activation, activation of glycolytic enzymes and 147 

decreased AMP activated protein kinase (AMPK) (32),i.e these cells shift to proinflammatory 148 

phenotype which may happen in the initial immune phase. During immunoparalysis phase  149 

the cells may return to their anti-inflammatory OXPHOS  phenotype  e.g. M2 macrophage 150 

phenotype shift (31). A similar phenomena is seen in lymphocytes also, whereas T effector 151 

cells exhibit glycolysis, T regulatory and T memory cells exhibit OXPHOS (38- 40).The fate 152 

of Tcells to Teff or T reg or T memory cells  itself depends on the metabolism(39,40). 153 

Activated B cells depend on glycolysis/Warburg effect for antibodies production has been 154 

shown already and inhibiting the glycolysis reduced the antibodies production (41). 155 

Neutrophils normal resting state itself is glycolytic (42) and this is exacerbated on activation. 156 

Interestingly it has been shown recently that the Neutrophils in resting state showed SOX2 157 

(SRY related HMG box 2) expression and it acted as a cytoplasmic sensor to detect dsDNA 158 

(43). This implies that neutrophils even in normal resting state are in mild Warburg effect and 159 

this is one of the examples that some cells in the body are already in Warburg effect. Also it 160 

has been shown that Neutrophil extracellular Traps (NETs) depend on glycolysis and 161 

glycolytic inhibitor 2 deoxy D-glucose(2 DG) inhibited NETosis (44). One can see from the 162 

above details that the immune storm or inflammatory phase may be governed by the 163 

glycolysis/Warburg effect and the immunoparalysis or anti-inflammatory phase may be 164 

governed by the OXPHOS. 165 

 166 

 167 

 Mitochondria & innate immunity:        Zhang et al showed that  mitochondrial DNA 168 

(mtDNA)  is a DAMP and it elicits innate immune response through TLR9 and speculated 169 

that this process may due to the relation that mitochondria has bacterial origin, i.e. 170 

Mitochondrial DNA is a DAMP because of its bacterial origin (45).They also showed using 171 

inhibitory oligonucleotide (TTAGGG) which binds to CpG motifs to inhibit the activation of 172 

TLR9 , this points importance in relation to aging will be discussed in a later section. It has 173 

been already shown that the mitochondrial production of reactive species during infection 174 



due to inhibition of mitochondrial respiration & mitophagy  activates NLRP3 inflammasome 175 

,which results in caspase 1 activation and interleukin 1 beta (IL1-β) release (46,47).Central 176 

role of mitochondria in innate immunity in relation to activation of TLR pathway, NLRP3 177 

inflammosome and glycolysis has been reviewed by many (47-49).   178 

 179 

Mitochondrial dysfunction in sepsis :    Nitric oxide (NO) role in septic shock is an 180 

extensively researched area, reviewed in (50, 51). Biphasic vascular response has been 181 

shown in sepsis, initial  hypotension phase is considered to be due to increased endothelial 182 

nitric oxide synthase (eNOS) activity and late hypotension phase is considered to be due to 183 

inducible nitric oxide synthase (iNOS) activity (52, 53).Also it has been shown eNOS 184 

regulates mitochondrial β fatty acid oxidation(FAO) (54) and mitochondrial biogenesis via 185 

beta adrenergic receptor(β AR) (55). Mitochondrial dysfunction in sepsis is known for a long 186 

time, many reviews are available (7, 8, 56). Usually eNOS produces low level increase in NO 187 

and iNOS produces high level increase in NO . Inhibition of mitochondrial respiration by nitric 188 

oxide is reversible or irreversible depends on the level of Nitric oxide.(57,58). Like NO, 189 

carbon monoxide (CO) and hydrogen sulphide (H2S) also inhibit mitochondrial respiration by 190 

their action on cytochrome C oxidase (58). It has been shown that CO, H2S are used to treat 191 

sepsis in animal models (8), implies along with other actions CO and H2S  might have 192 

competitive inhibition with NO and this may activate the mitochondrial respiration. I will 193 

generalize this in a later section.  194 

           Briefly, when the the mitochondrial respiration is inhibited for example by NO, the 195 

electron flux will be stopped, the energy need will be met by the glycolysis and the glycolytic 196 

ATP  move to the mitochondrial matrix, which makes the ATP synthase to work in reverse 197 

way i.e ATP hydrolysis instead of synthesis and pumps the proton from the mitochondrial 198 

matrix to the outer aspect of the inner membrane, all this will result in mitochondrial 199 

membrane hyperpolarization (57).It has been already shown mitochondrial membrane 200 

depolarization lead to cytochrome C release and apoptosis (59) and mitochondrial 201 

hyperpolarization is related to cancer state (60). Mitochondrial membrane hyperpolarization 202 

may inhibit the release of cytochrome C. Mitochondrial membrane hyperpolarization has 203 

been shown in sepsis (61, 19).Increased electron leak during mitochondrial respiration 204 

inhibition will lead  to increased reactive species-reactive oxygen species (ROS) & reactive 205 

nitrogen species (RNS) (7).This along with Hypoxia inducible factor 1 alpha (HIF 1alpha) 206 

stabilization due to mitochondrial inhibition by NO and mTORC1  activation leads to 207 

antiapoptosis and survival(19,32,57). NFkB activation may inhibit caspase 8 activation  (62) 208 

and as shown earlier mitochondrial membrane hyperpolarization may lead to inhibition of 209 

cytochrome C release in sepsis, thus both intrinsic and extrinsic pathway of apoptosis may 210 

be inhibited in sepsis. It is known that   reactive nitrogen species(RNS) peroxynitrite(ONOO-)  211 



activate PARP which leads to decrease in NAD+ (63). Also the NADH will not be converted 212 

to NAD+ due to the inhibition of the mitochondrial respiration; this also contributes to the 213 

decrease in NAD+ level. Decreased NAD+ inturn lead to activation of glycolysis/Warburg 214 

effect and loss of nuclear-mitochondrial communication has been already proposed in the 215 

aging process (64). 216 

       Decreased mtDNA  in the cells in sepsis has been already shown by many (65-67). 217 

Increased plasma mtDNA has been shown to be associated with mortality (68). Also as 218 

mentioned earlier Zhang et al showed that mtDNA acts as a DAMP.(Zhang 2010). Calvano 219 

et al  by gene network analysis of the data from sepsis induced in humans showed 220 

decreased OXPHOS machinery genes, decreased pyruvate dehydrogenase(PDH), 221 

increased pyruvate  dehydrogenase kinase(PDK), decreased porin or voltage dependant 222 

anion channel (VDAC) and Adenine nucleotide translocator(ANT) genes (69). 223 

           Activation of NFkB leads to activation of genes like iNOS, glycolytic enzymes in the 224 

nucleus which leads to irreversible inhibition of mitochondrial respiration, decreases mtDNA, 225 

alters the tricarboxylic acid(TCA) cycle –it may be broken or works as reverse TCA and 226 

transformed to glyoxalate cycle , increase citrate and succinate, activates hypoxia inducible 227 

factor 1 alpha(HIF1- α) - all these changes leads to Warburg effect (19 ,32,70). NFkB  also 228 

shown to negatively regulate the mitochondria directly (71).Biphasic mitochondrial response 229 

similar to biphasic vascular response with initial increase in mitochondrial activity and late 230 

decrease in mitochondrial activity in sepsis has been proposed already (7).  231 

 232 

        Mitochondrial inhibition lead mtROS increase activates NLRP3 inflammasome (46). It 233 

has been shown in animal sepsis models that mitochondrial fusion was decreased and 234 

mitochondrial fission was increased (72). Mannam et al showed in sepsis animal models that  235 

increased MAP Kinase kinase 3 (MKK3) lead to decreased mitochondrial biogenesis and 236 

mitophagy and these effects are inhibited by inhibiting MKK3 (73).Also It has been shown 237 

that lipopolysacchride(LPS) preconditioning lead to mitochondrial biogenesis and protective 238 

effect (74). Mitochondrial biogenesis is shown to be associated with the survival in sepsis 239 

(75). As mentioned earlier eNOS plays a key role in mitochondrial biogenesis (55).              240 

             Inhibition of mitochondrial respiration in sepsis  may be the underlying cause for 241 

multi organ dysfunction in sepsis has been proposed by many, for reviews (7,8, 56,76). 242 

Interestingly as mentioned earlier treatments focussed on activating the mitochondrial 243 

respiration in animal models of sepsis has been already tried - cytochrome C given 244 

exogenously to overcome the mitochondrial inhibition in sepsis animal model showed 245 

increased cytochrome C oxidase activity and improved the survival (17),caffeine treatment in 246 

the sepsis model also showed  similar findings (18).It has been already suggested that the  247 

mitochondrial respiration inhibition in sepsis can be seen as an adaptive response(8). 248 



Alternative oxidase expression also showed protective effect in sepsis animal model (19). 249 

Recently Islam et al showed that mitochondrial transfer from bone marrow derived stromal 250 

cells (BMSC) via connexin 43 showed protective effect in sepsis acute lung injury animal 251 

model (20 ).The significance of this will be discussed in a later section. 252 

 253 

Evolution of the eukaryotic cell and endosymbiosis. 254 

    Endosymbiotic theory says that the association of α-proteobacteria  with the archaeal host 255 

cell resulted in the evolution of eukaryotic cell and the α-proteobacteria became 256 

mitochondrial endosymbiont after gene transfer from α-proteobacteria  to archaeal genome 257 

(77). It is already proposed by many that endosymbiosis resulted in the origin of  apoptosis 258 

and eukaryotic aerobic metabolism  (77-79). The ancient infection of archaeal host by the 259 

bacteria (α-proteobacteria) which resulted in the formation of eukaryotes and mitochondrial 260 

endosymbiont might have occurred >1.5  billion years ago (80) and  occurring continuously 261 

from then on till now resulting in the formation of complex life forms. Nuclear genome is 262 

mainly archaeal (81). In short there are 2 genomes in our eukaryotic cell –archaeal/nuclear 263 

genome and bacterial/mitochondrial genome and they have a endosymbiotic pact and 264 

continuous negotiations by gene transfer occur, generally from mitochondria to nucleus.It 265 

has been already showed that mitochondria continuously colonize the nuclear genome and 266 

the horizontal gene transfer from mitochondrial genome to the nuclear genome results in the 267 

formation of nuclear mitochondrial sequences(NUMTs) (82 -84).  268 

 269 

 Increased catecholamines in sepsis, quorum sensing and host-pathogen interaction: 270 

                  It is well known that the catecholamines in the plasma are increased in sepsis 271 

(85, 86). In spite of increased catecholamine level is sepsis, it seems odd to give exogenous 272 

catecholamines like norepinephrine for the treatment in septic shock. Many had already 273 

pointed out catecholamine treatment carries risk in treating shock, catecholamine treatment 274 

in septic shock may do harm rather than saving the patient (85, 87,88). In fact adrenergic 275 

blockers – α & β adrenergic blockers were already used long time back in shock states in 276 

animals and in patients(85,89,90).It is interesting to see the use of prazosin for treating 277 

scorpion sting in this context (91). 278 

          It is known that Quorum sensing is used by bacteria via bacterial adrenergic receptors 279 

for the bacterial growth, cell to cell communication, virulence and biofilm formation and this 280 

has been shown to be blocked by adrenergic receptor blockers, reviewed in (92,93).Thomas 281 

Rudel et al already proposed based on the similarity between bacterial porin and 282 

mitochondrial porin that the pathogen invasion is similar to mitochondrial endosymbiosis 283 

(94). Frade & Michaelidis extended this idea and proposed that bacterial invaders use  284 

porins to enter the host and cause host cell death and this process is similar to the 285 



apoptosis/programmed cell death (79).  286 

          Lyte pointed out that catecholamines lead to bacterial growth via quorum sensing  and 287 

it can be blocked by adrenergic blockers.He also pointed out that as the plasma 288 

catecholamine levels are already elevated in sepsis, catecholamine treatment may produce 289 

detrimental results and mentioned that alpha and adrenergic blockers are used to treat 290 

septic shock long back(88).It has been already proposed by Kravchenko and Kaufmann that 291 

bacteria may use the quorum sensing to suppress the innate immune system by inhibiting 292 

NFkB and this helps in the bacterial colonization of the host(95). 293 

            294 

 Hypothesis: Warburg common pathogenesis evolutionary model.(Figure1) 295 

              The model that is going to be discussed below is a highly simplified model, for   the 296 

sake of clarity lot of other contributing variables are not included e.g. cholinergic system. 297 

One of the key questions to be asked is why PAMP/DAMP is recognized via PRR by the 298 

innate immune system and produces response to prevent/destroy the pathogen. What is the 299 

self/identity of the cell? The answer lies in the evolution of eukaryotes. The ancient infection 300 

of archaeal host cell by the proteobacterial cell >1.5 billion years ago is continuously 301 

occurring from then on till now. As mentioned earlier mitochondrial colonization of nuclear 302 

genome occurs even now ( 82). Recently intercellular mitochondrial transfer is shown to 303 

occur  through tunnelling nanotubes, gap junctions etc.. reviewed in (96 ).  304 

 305 

1. Real identity/self of the eukaryotic cell is Archaeal: It is known that innate 306 

immune system recognizes - non-self (pathogen), normal and abnormal self 307 

and produces different responses (97). Eukaryotic cell recognizes LPS using 308 

TLR4 or mtDNA using TLR9 for the non-self bacteria/mitochondria. 309 

Eventhough TLR4 recognization of LPS and LPS is a part of bacterial cell wall 310 

is well known, significance is not understood so far. It is also well known that  311 

LPS is not a part of archaeal cell (98). Does it not implies that the self could be 312 

archaeal? which may be the reason why LPS is used to sense the bacterial 313 

invasion by the archaeal innate immune system. I propose, the self/identity of 314 

the eukaryotic cell could be the real host cell (Archaea) before  it became 315 

eukaryote after alpha proteobacterial ancient infection. 316 

2.     Innate immune system is governed by the archaeal part of the 317 

eukaryotic cell:      I hypothesize that the bacterial/mitochondrial invasion of 318 

the eukaryote cell is supported by the mitochondrial system of the host 319 

eukaryotic cell and resisted by the innate immune system which is the archaeal 320 

part of the host eukaryotic cell, as archaea is the real host before it became 321 

eukaryote  because of alpha proteobacterial endosymbiosis which resulted in 322 



mitochondria.  323 

3. Normal adult differentiated state or ordered state is regulated by 324 

mitochondria: Win-Win state for both archaeal/nuclear and bacterial 325 

/mitochondrial genomes:  326 

             As mentioned earlier bacterial invasion of the archaeal host and 327 

healthy endosymbiotic relation between 2 genomes occurred after negotiations 328 

like gene transfer from bacterial genome to archaeal genome which resulted in 329 

the formation of mitochondrial endosymbiont. This is a win-win situation for 330 

both bacterial and archaeal genome.  Allen’s CORR hypothesis says that the 331 

reduced  bacterial genome is  retained in the mitochondria mainly to regulate 332 

the redox balance and production/ regulation of OXPHOS  machinery and vice 333 

versa (99). This state which has healthy mitochondrial-nuclear endosymbiotic 334 

relation  may be equivalent to our normal adult differentiated cell phenotype. 335 

Mitochondrial system may regulate the differentiated state of the cells/organ 336 

systems intracellularly and across the cells via intercellular mitochondrial 337 

transfer using tunnelling nanotubes/ gap junctions  and quorum sensing. 338 

Similar to the regulation of the bacterial biofilm by quorum sensing , 339 

mitochondria may also regulate cells/organ systems via catecholmines and 340 

other chemicals like hormones. Catecholamines in turn help in mitochondrial 341 

biogenesis / bacterial growth. As mentioned earlier Lyte had already pointed 342 

out the catechomines via quorum sensing may help bacterial growth(88). As 343 

mentioned earlier, beta2 adrenergic stimulation via eNOS  leads to 344 

mitochondrial biogenesis (55). I speculate that eNOS may have bacterial origin 345 

and iNOS may have archaeal origin.In short,  mitochondrial/bacterial genome 346 

regulates  order in the cells/organ system/organism by maintaining the 347 

differentiated state. 348 

4. Three major outcomes: 349 

         I propose, atleast three possible major outcomes occur from the 350 

bacterial/mitochondrial invasion of the eukaryotic cell and deviate it from the 351 

normal differentiated state and healthy endosymbiotic relation. 352 

A) Ist outcome: Bacterial/mitochondrial genome Wins (becoming 353 

bacteria): Successful invasion of the bacteria in the eukaryotic host will 354 

strengthen the mitochondrial/bacterial genome which overpowers the 355 

archaeal/nuclear genome and degrades it, utilizes the host cells resources 356 

and destroys it - this is a win situation for bacteria. This  may be the basis of 357 

the apoptosis in the eukaryotic cells. The relation between the origin of 358 

apoptosis and the mitochondrial endosymbiosis has been speculated long 359 



back (78, 79).As mentioned earlier Frade & Michaelidis brilliantly  pointed 360 

out the relation between endosymbiosis, apoptosis, host-pathogen 361 

interaction and showed the similarity between  the ancient bacterial  invasion 362 

using bacterial porins which caused host cell death and apoptosis (79). 363 

 I would like to call this as Irreversible differentiated state /Apoptotic 364 

state/ anti-warburg effect/ anti-inflammatory state. The term irreversible is 365 

used here in the sense that it will be difficult to return back to normal 366 

differentiated state. Yadav et al showed recently that  mt DNA and OXPHOS  367 

are increased   during apoptosis (100) supports this view. Also it is well 368 

known that apoptosis produces anti-inflammatory / immunosuppressive  369 

effects and this can be seen in this context (101, 102). The 1st outcome if it 370 

occurs in small scale will not produce any major change in the organ 371 

systems. But if  1st outcome state occurs in major scale is detrimental in 2 372 

ways – a)acute effect, it will deplete the host cells resources and b) chronic 373 

effect, the 1st outcome may tend towards 3rd outcome finally. For visual 374 

clarity 1st outcome state is not connected to the 3rd outcome in the figure1. 375 

 376 

 377 

B) 2nd outcome: Cellular Memory/Immune memory - acquired/trained 378 

immunity/vaccination effects: 379 

                        As mentioned earlier, it is well known that activation of 380 

immune cells during sepsis produces immune memory e.g. T cell memory. 381 

Whereas effector T cells exhibit glycolysis, memory T cells exhibit OXPHOS 382 

has been shown already .It is already showed that  memory cells not only 383 

has increased mitochondrial content, OXPHOS and mitochondrial β fatty 384 

acid oxidation but it also has increased glycolysis (39).As mentioned earlier, 385 

metabolism of the T cells  determine its fate to become effector T cells or 386 

regulatory T cells or memory T cells. It has been proposed recently that 387 

Sepsis induced acute kidney injury (AKI) has produced biological memory in 388 

kidney cells as it produced increased response to TLR ligands like LPS 389 

(103) and Warburg effect in relation to AKI is reviewed in (104). 390 

                    I propose that  partially successful bacterial or mitochondrial 391 

invasion leads to mitochondrial biogenesis and this change may be 392 

registered in the metabolic phenotype by increase in both 393 

OXPHOS/mitochondrial Fatty acid oxidation  and glycolysis (as the invasion 394 

is only partially successful and is resisted by the archaeal/innate immune 395 

system) and  the cellular phenotype may show both differentiated and 396 



dedifferentiated features. This may create a stable structure and may 397 

produce amplified response when the bacterial/mitochondrial invasion 398 

related event occurs again. This may be the reason why the sublethal dose 399 

of LPS produces mitochondrial biogenesis and this may also be the 400 

mechanism behind – acquired immunity, trained immunity and vaccination 401 

effects. In short, this may be the underlying mechanism in all forms of 402 

cellular memory – neuronal memory, cardiac memory, Immune memory-403 

Acquired Immunity/Trained Immunity/ Vaccination effects etc. Memory is a 404 

property that occurs not only in neurons , cardiomycytes  and immune cells - 405 

but in all eukaryotic cells in response to bacterial /mitochondrial related 406 

invasion event. 407 

             408 

 409 

C)   3rd outcome: Warburg effect & becoming Archaea:  (Archaeal /nuclear 410 

genome wins, both present and ancient bacterial/mitochondrial invasion 411 

successfully defeated).  412 

                Both present and ancient bacterial/mitochondrial invasion is 413 

successfully defeated by the archaeal/nuclear genome by their innate 414 

immune system and the eukaryotic cell now becomes archaea like – it’s a 415 

win situation for archaeal genome. Due to the loss of endosymbiotic relation 416 

, both the cellular phenotype and metabolic phenotype of the eukaryotic cell 417 

now  switches to its billion year old primitive form before the ancient infection 418 

by α –proteobacteria occurred, i.e the eukaryotic cell becomes archaea like. 419 

This becoming arachea like  state may have many substates which i would 420 

like to call it as - Irreversible dedifferentiated state/Warburg effect/cancer 421 

state/stem cell or induced pluripotent stem cell (iPSC) state /Inflammatory 422 

state. Most of the pathologies end point may be this state and lethal 423 

infection/lethal dose of LPS may produce this state.   These substates 424 

eventhough mostly similar may have some minor differences depends on 425 

the severity of the endosymbiotic relation loss. 426 

        Reduced mitochondrial variants state: Bacterial/mitochondrial 427 

invasion occurred and the archaeal/nuclear genome successfully enslaved it 428 

and reduced to mitochondrial variants like mitosomes, hydrogenosomes. 429 

The process is similar the reductive evolution of anerobic eukaryotes (77). 430 

By Allen’s CORR hypothesis (99), if the OXPHOS machinery is not working 431 

as it occurs in most of the pathologies like septic shock because of 432 

irreversible inhibition, there is  no need to retain the mitochondrial genome 433 



which may results in the loss of mtDNA. Even without mitochondrial genome 434 

mitochondria may be maintained for other purposes. It is already known that 435 

the reduced mitochondrial variants –mitosomes ,hydrogenosomes main 436 

function is not OXPHOS but maintaining the mitochondrial membrane 437 

potential by the proton gradient due to ATP hydrolysis and synthesis of iron 438 

sulfur clusters (105). Martin and Muller proposed ‘Hydrogen hypothesis’  to 439 

understand these mitochondrial variants, they proposed archaea may be the 440 

hydrogen acceptor and the bacteria may be the hydrogen donor (106). 441 

 The mitochondrial genome may be degraded and expelled:  This may  442 

be  the reason behind NETosis? It has been already showed that the DNA 443 

that is released from neutrophil & eosinophils  extracellular traps during its 444 

activation by pathogens is mtDNA (107,108). As mentioned earlier, NETosis 445 

is governed by glycolysis and glycolysis inhibitors like 2-deoxy-glucose (2-446 

DG) inhibit NETosis (44). 447 

Increased introns & Numts in Nuclear/archaeal genome: In most of the 448 

pathologies e.g. septic shock, there may be increased acquisition of 449 

mitochondrial genome by the nuclear genome and this may increase the 450 

introns and nuclear mitochondrial sequences (Numts) in the nuclear 451 

genome. 452 

 453 

5) Induction of pluripotency / stemness in sepsis: 454 

                     This state may be one of the substates mentioned in the third 455 

outcome. LPS induced macrophage activation has been shown to express 456 

kruppel like factor 4 (KLF4) and KLF4 upregulated iNOS by its interaction with 457 

NFkB (109). A similar finding has been also shown in microglia (110). As 458 

mentioned earlier,an unusual role of  SOX2 has been shown recently,it acted 459 

as a cytoplasmic sensor to detect dsDNA (43). Anne Schuster et al already 460 

proposed that LPS may play a role in maintaining  stem cell property during 461 

inflammation and showed LPS produced dedifferention state (111). Sandbo et 462 

al showed that LPS reduced the expression of alpha-SMA in vascular smooth 463 

muscle cells(VSMC),implies VSMC dedifferentiation(112).The relation 464 

between pluripotent stem cell  and the warburg effect is known already, these 465 

cells depend on glycolysis like cancer cells (113).  466 

                   One can see from the above details that induction of pluripotency 467 

/ stemness occur during sepsis, all the key transcription factors that produce 468 

iPSC e.g. all four Yamanaka factors, may be expressed in the cell  during 469 

septic shock. These transcription factors eg.SOX2 may  not only produces 470 



pluripotency but keep a strict vigilance on the bacterial/mitochondrial invasion. 471 

In short, one can say that sepsis produces induced pluripotency or stem cell 472 

state.  This process may occur in most of the pathologies.  473 

 474 

 475 

6)  Death of the organism/failure of the organ systems:  476 

         I propose that the death of the organism / failure of the organ systems  477 

may due to the successful  local strategy of the eukaryotic cell  in response to 478 

injuries related to bacterial/mitochondrial invasion which results in loss of 479 

endosymbiotic relation and lead to irreversible dedifferentiation states/Warburg 480 

effect. Eukaryotic cells  by switching to irreversible dedifferentiation states, 481 

goes back to its original primitive form by becoming Archaea like and  has the 482 

survival advantage to live in harsh environments as archaea is well known for 483 

its ability to live in harsh conditions. At the same time this produces disorder 484 

due to the  collapse of the order of the organ systems/ organism. As mentioned 485 

earlier order of the cells/organ systems may be maintained by the 486 

mitochondrial genome in terms of differentiation. 487 

 488 

7) Mitochondrial respiration uncouplers-good or bad ?  489 

                  Even though high level of NO via iNOS activation may lead 490 

Warburg effect in most of the pathologies like septic shock, irreversible 491 

inhibition of mitochondrial respiration by any respiratory poison will do the 492 

same. This may be  due to the  pathological uncoupling of mitochondrial 493 

respiration.I propose that when one respiratory poison is irreversibly inhibiting 494 

the mitochondrial respiration for eg. High NO, other respiratory poisons like 495 

hydrogen sulphide (H2S),carbon monoxide (CO), cyanide, arsenic may relieve 496 

the inhibition by competitive inhibition. For example one can use arsenic 497 

trioxide or low dose cyanide to treat sepsis. As mentioned earlier that CO, H2S 498 

are used to treat sepsis in animal models (8). Also the current treatment 499 

options of using sodium nitrite and sodium thiosulfate  for cyanide poisoning 500 

treatment may work in this way.  501 

          As mentioned earlier low level NO via eNOS by adrenergic receptor 502 

activation  lead to mitochondrial biogenesis and eNOS also regulates 503 

uncoupling protein 1 (UCP1) (55).This implies that adrenergic system via 504 

eNOS and by increased UCP1  produces mitochondrial biogenesis. This may 505 

be due to  physiological uncoupling of mitochondrial respiration, it may be mild 506 

and reversible compared to the pathological uncoupling mentioned above and 507 



this physiological uncoupling may be regulated by mitochondrial/bacterial 508 

system of the cell. 509 

 510 

 511 

8)    Aging:             512 

                 Most  of the pathophysiological processes can be seen in the 513 

context of the above hypothesis. For example  decreased NAD+ leads to  loss 514 

of communication between nucleus and mitochondrial may be the underlying 515 

process in aging has been proposed already (64). Also it is interesting to see 516 

the oligonucleotide sequence used to inhibit the CpG motif /mtDNA interaction 517 

with TLR9 , the sequence used is TTAGGG (45). This is telomere sequence 518 

and it raises many questions.  519 

               I propose that the telomere sequence in the chromosomes is 520 

regulated by mitochondria and the same telomere sequence may be used by 521 

mitochondrial system of the cell to help successful bacterial/mitochondrial 522 

invasion by inhibiting the innate immune system activation by its inhibitory 523 

action on TLR9 .As mentioned earlier most of the pathologies eg. septic shock 524 

lead to loss of endosymbiotic relation and decreased mitochondrial genome,  525 

this produces Warburg effect (please see the 3rd outcome in hypothesis 526 

section).In these conditions the telomere sequence regulation by mitochondrial 527 

system will be affected/decreased and may produce accelerated aging. 528 

 529 

 530 

9) Biphasic Immune response in septic shock : 531 

               As mentioned earlier there are 2 phases of immune response shown in 532 

septic shock , initial increased immune response and late immunoparalysis. Also 533 

it has been shown already that the immune cells have 2 different phenotypes 534 

that is related to these 2 phases, on activation they  exhibits glycolysis 535 

/inflammatory phenotype  and later they may exhibit OXPHOS/anti-inflammatory 536 

phenotype (32,39). Also as mentioned earlier metabolism determines the fate of 537 

the Tcells, by returning to OXPHOS the Tcells produce T regulatory or T 538 

memory rather  than T effector cells (39,40).  539 

                The immune response results should be seen in the light of survival, 540 

A) if the innate immune system is over activated the response will be the 3rd 541 

outcome mentioned earlier and the patients less likely to survive. B) But if the 542 

patient survives which  implies that the bacterial /mitochondrial invasion has 543 

overcome the resistance offered by the innate immune system  and leads to 544 



mitochondrial biogenesis and increased OXPHOS. Depending on the success 545 

of the mitochondrial/bacterial invasion event the response may vary, if the 546 

invasion is successful,  the cells tend to move towards the 1st outcome to 547 

irreversible differentiation state /apoptotic state/anti-inflammatory state which  548 

inturn makes the cells and system prone for further infections. If  the 549 

mitochondrial/bacterial  invasion is partially successful, the 550 

mitochondrial/bacterial invasion event is registered in the cells phenotype and 551 

metabolic phenotype, resulting in the  memory formation as mentioned earlier in 552 

2nd outcome which gives a stable structure and amplified response when the 553 

invasion event occurs next time. 554 

 555 

10) Evolutionary importance of the Warburg effect:  556 

                  Eventhough Warburg effect is known for a long time, it is not clear 557 

so far as why it has to occur and what survival advantage it carries. I 558 

hypothesize that Warburg effect  is due to the return of the eukaryotic cells to 559 

their original primitive form  before the ancient bacterial infection of the 560 

archaeal host cell occurred i.e they become Archaea. All the changes in the 561 

septic shock or most of the pathologies can be seen in this context. Warburg 562 

effect  produced in these conditions produce a shift in metabolic phenotype 563 

from OXPHOS to Glycolysis i.e the cells shift from mitochondrial metabolism to 564 

archaeal metabolism and a shift in cellular phenotype from differentiated state 565 

to dedifferentiated states, i.e, the cells phenotype regulation by mitochondrial 566 

genome inside the cell and across the cells by intercellular mitochondrial 567 

transfer is lost and now the cell phenotype is governed by archaeal/Nuclear 568 

genome .Warburg effect or by becoming archaea gives  survival advantage, as 569 

now it has the ability to live in harsh enviroments like archaea. Many changes 570 

that occur in most of the pathologies can be seen in this light, for example               571 

I speculate that eNOS which is constitutively active in our cells may have 572 

bacterial origin and iNOS which activated during most of the pathologies may 573 

have archaeal origin. 574 

                Some of the cells in our body which live in the harsh environments of 575 

the body may already be in Warburg effect which gives the survival advantage 576 

to live in these harsh environments eg. epithelial and smooth muscle cells in 577 

the bronchi  which live in high oxygen environment  and often exposed to  578 

pathogens present in the air and epithelial/smooth muscle cells in the  intestine 579 

which live in high pathogen environment, renal cells  which live in 580 

hyperosmolar environment, chondrocytes in the hypoxic and hyperosmolar 581 



environment etc.. It has been shown already that the  metabolism is 582 

predominantly glycolytic  in intestine (114),renal cells (115,116),chondrocytes 583 

(117). 584 

                Specific expression of archaeal phenotype or bacterial phenotype or 585 

the normal hybrid healthy archaeal and bacterial phenotype at different spatial 586 

and temporal points due to various internal and external environmental 587 

constraints may be the underlying design principle of multicellular eukaryotic 588 

organisms. 589 

                       590 

Archaea and Warburg effect: 591 

                   Kaminski et al  proposed that activation of ADP dependent glucose 592 

kinase(ADPGK) in T Cell activation leads to Warburg effect and pointed out 593 

that the ADPGK is archaeal (118).It has been showed that  changes in 594 

cholesterol metabolism in some pathologies like multiple sclerosis is related to 595 

activation by archaea  and this triggers Warburg effect (119).  596 

                    A similar idea to the present model has been proposed by 597 

Mazzocca et al for cancer recently, which this article’s author was unaware till 598 

recently. They used an evolutionary approach for cancer and showed that 599 

reemergence of prokaryotic subsystems ( archaea and bacteria ) may be the 600 

underlying mechanism for cancer and this leads to Warburg effect 601 

(120).However unlike the model presented here, it is not detailed and 602 

generalized to most of the pathophysiological process. Also they did not 603 

delineated the roles played by bacterial/mitochondrial part and 604 

archaeal/nuclear part. As per the present model in relation to cancer, it says 605 

that the eukaryotic cell becomes archaeal like and it degrades the 606 

mitochondria/bacterial genome to reduced mitochondrial variants or integrates  607 

it to the nuclear genome or expels it (please see figure 1 and text). 608 

 609 

 610 

 611 

11)   Understanding vascular dysfunction in septic shock using this 612 

model.(Figure 2) 613 

       As mentioned earlier there are 2 phases of vascular response in septic 614 

shock similar to 2 phases of mitochondrial response. Differentiating the septic 615 

shock into 2 different phases is crucial from the viewpoint of treatment as some 616 

drugs which work in one phase may not work or detrimental  in other phase.It 617 

has been already showed that methylene blue was beneficial in late phase of 618 



sepsis but it increased mortality when given in the initial phase (121).It has 619 

been also shown that alpha1 blocker e.g. prazosin is beneficial in initial phase 620 

of sympathetic storm conditons and beta blocker eg. propranolol may be 621 

beneficial in the late phase but not in initial phase.It is well known that 622 

sympathetic  storm occurs in septic shock also(122, 123). 623 

 624 

Initial phase of septic shock:  625 

       Vascular smooth muscle cells (VSMCs) in normal adult differentiated state 626 

may have alpha1 receptor as the predominant adrenergic receptor, as  it is 627 

already known that alpha1 adrenergic receptors are the predominant 628 

adrenergic receptors in adult aorta but not in fetal aorta (124). During the initial 629 

phase of septic shock, increased exogenous/endogenous catecholamines lead 630 

to  adrenergic hyperactivation/quorum sensing through alpha adrenergic 631 

receptors(α-AR) predominantly via α1-AR leads to eNOS activation and 632 

mitochondrial biogenesis. It is already known that the initial phase of 633 

hypotension  in septic shock is due to eNOS usually results in increased NO in 634 

nanomolar range produce mild reversible inhibition of mitochondrial respiration. 635 

As mentioned earlier eNOS  activation has been shown to induce 636 

mitochondrial biogenesis (55 ). 637 

        Some of the possibilites already explored  in understanding the vascular 638 

hyporeactivity in sepsis reviewed in (5,6) e.g., NO induced alteration in alpha1 639 

adrenergic receptors by peroxynitrite (125) ,inhibition of RhoA/Rhok (52) etc .. 640 

may be some of the reasons for vascular hyporeactivity. 641 

         Adrenergic hyperactivation may act through G beta gamma (G βγ) 642 

subunit and activates phosphatidylinositol 3 Kinase (PI3K)/Akt , mitogen 643 

activated protein kinase (MAPK) pathways, this may involve calcium 644 

independent protein kinase C (PKC) isoforms (126-130) and all this finally lead 645 

to eNOS hyperactivation (131), then eNOS uncoupling (132,133) and iNOS 646 

activation (52,53).  The increased NO due to eNOS activation inhibits the 647 

mitochondrial respiration reversibly leading  to increased reactive species 648 

(ROS/RNS) and the reactive species may oxidize the tetrahydrobiopterin (BH4) 649 

resulting in eNOS uncoupling (132,133).  650 

Late phase of septic shock: Late phase of hypotension in septic shock  has 651 

been shown due to iNOS  & high level increase in NO may irreversibly inhibit 652 

the mitochondrial respiration( 57,58).  Generally iNOS  activation leads to very 653 

high NO and irreversible inhibition of mitochondrial respiration. But in some 654 

cases like anaphylaxis it may happen through eNOS hyperactivation (134). It 655 



was pointed out by Lowenstein et al that what matters is the high NO level 656 

(135). 657 

          Irreversible mitochondrial respiration may leads to mtDNA decrease. For 658 

the changes in mitochondria please see figure1 and mitochondrial dysfunction 659 

section. Briefly, eNOS and liver kinase B1(LKB1) /AMP activated protein 660 

kinase(AMPK)/Sirtuin / peroxisome proliferator activated receptor gamma 661 

coactivator 1 alpha (PGC1α) mediated mitochondrial biogenesis is activated 662 

during the initial phase of septic shock and is  inhibited in the late phase due to 663 

innate immune system overactivation which results in NFkB activation and this 664 

in turn leads to changes like activation of glycolytic enzymes,iNOS etc. .All 665 

these changes may lead to Warburg effect as mentioned earlier (Please see 666 

figures 1 & 2 and text).  667 

       The normal adult differentiated vascular smooth muscle cells (VSMCs) 668 

may change in the late phase initially to –embryonic/ fetal phenotype and later 669 

to synthetic/proliferative phenotype, this state may have 2 phases -acute 670 

phase, and rarely may go to chronic phase if the patient survives.  671 

 672 

VSMC Embryonic dedifferentiated state (Figure 2): 673 

          When the VSMC are in this state, i propose a change in adrenergic 674 

receptor expression by VSMC and the cells may have β2 AR as the 675 

predominant receptors like it was in fetal state (124).It has been already 676 

showed that β ARs  are overexpressed in sepsis late phase in animal models 677 

(136). Activation of eNOS via β ARs produce mitochondrial biogenesis has 678 

been shown already(55).For visible clarity in figure 2, β2 AR is directly linked to 679 

show eNOS activation/mitochondrial biogenesis and α 1 AR during 680 

hyperactivation may also work in the same way.  681 

     Paradoxical vascular responses to Norepinehrine: Exogenous/endogenous 682 

catecholamines given when the VSMCs are in embroyonic state in septic 683 

shock may produce paradoxical vasorelaxation via β2 AR. It is interesting to 684 

see that noradrenaline induced vasorelaxation in neonatal arteries in this 685 

context (137) where VSMCs are expected to be in embryonic dedifferentiated 686 

state expressing β 2 AR as the predominant ARs. Also it has been shown 687 

already that norepinehrine induced vasodilation in the isolated coronary 688 

arterioles of heart failure patients in this context, where the VSMCs are 689 

expected to be in dedifferentiated state (138). Based on the above details, 690 

catecholamines used in the septic shock treatment may produce detrimental 691 

effect of decreasing the blood pressure further. 692 



     Also it is well known that in normal conditions itself catecholamines produce 693 

relaxation effects in intestinal and bronchial smooth muscle, without knowing 694 

the significance, it is generally assumed that a simple model like  695 

catecholamines action via β-ARs produced relaxation explains it. Here I 696 

propose that these bronchial & intestinal smooth muscle cells may already in 697 

warburg effect even in normal physiological state and that’s how they survive in 698 

these harsh enviroments. The normal physiological catecholamine response in 699 

intestine/bronchi which produces relaxation  is equivalent to the pathological 700 

condition in septic shock where catecholamines may produce hyporeaction or 701 

vasorelaxation. In other terms vascular smooth muscle  becomes like 702 

bronchial/intestinal muscle during septic shock. 703 

 704 

2. VSMC synthetic / proliferative dedifferentiated state (Figure 2): 705 

          This state can be further divided into acute phase and chronic phase. In 706 

acute phase, the cells contractile apparatus may be decreased due to the 707 

VSMC phenotype change. It is already known that VSMC contractile 708 

phenotype to VSMC synthetic / proliferative phenotype resulted in decreased 709 

contractile apparatus (139). It has been already shown that lipopolysacchride 710 

(LPS) produced decrease in alpha smooth muscle actin (α-SMA) in VSMC, 711 

which implies the VSMC dedifferentiated state switching in sepsis and they 712 

proposed that it may contribute to the vascular hyporeactivity to 713 

catecholamines in sepsis (112), this finding  supports the present model. In this 714 

state the due to decreased contractile apparatus and β2 AR overexpression 715 

the vascular response to exogenous/endogenous catecholamines may 716 

produce hyporeaction or paradoxical vasorelaxation. 717 

         In chronic phase, the vascular tone may be increased due to increased 718 

VSMC proliferation or hypercontractile due to the presence of myofibroblasts. I 719 

propose that this chronic phase is equivalent to systemic hypertension (SHT) 720 

and pulmonary arterial hypertension (PAH), patient may not be alive till this 721 

stage. 722 

  723 

         We also need differentiate the lethal and sublethal infection effects as 724 

they produce different results, please see (Figure 1 ) 725 

 a) Sublethal  infection effect ( indicate partially successful invasion): In this 726 

condition, Innate immune system of the host eukaryotic cell is not alarmed 727 

much and its resistance to mitochondrial/ bacterial invasion is not much, which 728 

leads partially successful invasion and produces mitochondrial biogenesis via 729 



activation of adrenergic receptors, AMPK, Sirtuins, PGC 1 α and eNOS. But 730 

the partial invasion is also resisted partially by the archaeal/innate immune 731 

system, so the cells may have both increased OXPHOS and increased 732 

glycolysis, as mentioned earlier in the cellular memory section, this forms 733 

cellular memory of the bacterial/mitochondrial invasion related event by stable 734 

cell structure and produces amplified response when the event occurs next 735 

time. 736 

b) Lethal effect of mitochondrial/bacterial infection(indicate 737 

bacterial/mitochondrial invasion is successfully defeated): Innate immune 738 

system of the host eukaryotic cell is alarmed much and its resistance to 739 

mitochondrial/ bacterial invasion is high, which leads not only to successfully 740 

defeat the present bacterial/mitochondrial invasion but also the ancient 741 

invasion which resulted in the mitochondrial endosymbiont.  This may occur by 742 

irreversible inhibition of mitochondrial respiration and degradation of 743 

mitochondrial genome which results in Warburg effect (Figure 1). Lethal dose 744 

LPS via TLR4 activate NFkB ,PI3K/AKT/mTOR  which leads to the activation of 745 

iNOS,HIF -1α stabilization and glycolytic enzymes Increased NO due to iNOS 746 

irreversibly inhibit the mitochondrial respiration by inhibiting cytochrome C 747 

oxidase. As mentioned earlier, this  will lead to mitochondrial membrane 748 

hyperpolarization  due to the proton build up by ATP hydrolysis as the F0F1 749 

ATP synthase is working in reverse mode(57). From the above details one may 750 

say that instead of F0F1 ATP synthase working in reverse mode, it may be 751 

transformed to V-ATPase and it has to be seen in this context that V-ATPase 752 

might have originated from Archaea (140). Irreversible inhibition of 753 

mitochondrial respiration leads to decreased mtDNA. It has been already 754 

showed that mtDNA is decreased in sepsis (65-67). Other events happening in 755 

mitochondria are – inhibition of mitophagy (73), inhibition of mitochondrial 756 

fusion and increased mitochondrial fission (72) and decreased cytochrome C 757 

release(61).The TCA cycle may be modified in sepsis has been proposed 758 

already– it may be broken or work as reverse TCA cycle or as a glyoxalate 759 

cycle(70). In short, lethal effect of the bacterial/mitochondrial related event  760 

triggers the activation of the innate immune system fully which leads to the 761 

inhibition of mitochondrial respiration ,decreased mitochondrial DNA ,loss of 762 

endosymbiotic relation and produces Warburg effect/Irreversible 763 

dedifferentiated states/stem cell or iPSC state, antiapoptotic state/inflammatory 764 

state – the eukaryotic cell will became Archaea like.  765 

 766 



    767 

Few treatment options for septic shock: 768 

               Based on this model many treatment options are possible like use of red light 769 

or  maintaining cold temperature  in intensive care units to activate mitochondrial 770 

respiration in most of the pathologies like septic shock. Due to space constraint I will 771 

specify 3 treatment options only.All the drugs used in the septic shock  should be used 772 

as differentiation therapy – aiming  to revive mitochondrial respiration and thereby 773 

maintain the order of the cells/organ systems/organism in terms of differentiation . 774 

             Primary drug options mentioned here are already used by some research 775 

groups but they have simple assumptions of blocking  the adrenergic hyperactivation 776 

induced hypermetabolism or activating the antioxidant system without knowing the 777 

essence of the problem like the present model.  778 

1. Vasopressors like Norepinephrine should not be used in septic shock. As 779 

discussed earlier, catecholamine treatment in septic shock may do harm rather than 780 

saving the patient (85,87,88). 781 

2. Adrenergic blockers should be used in the septic shock and most of the 782 

pathologies. Alpha blockers especially α 1 blockers  e.g. Prazosin should be used in 783 

the initial phase of the septic shock and β blocker should be used in the late phase of 784 

septic shock eg. Propranolol. Infact all the current antihypertensive drugs may be used 785 

to treat septic shock, as mentioned earlier, hypertension can be seen as the chronic 786 

phase result of septic shock (Please see figure 2). As mentioned earlier adrenergic 787 

blockers were already used in septic shock long time back and now there is a revived 788 

interest in using adrenergic blockers in septic shock (89, 90, 9-11,13,141-143).Also as 789 

mentioned earlier treatment depends on which phase the patient is in, as some drugs 790 

which are helpful in one phase may not work or detrimental in other phase, e.g. 791 

methylene blue and β blockers should be given only in late phase.                 792 

3. Antioxidants : Ascorbic acid may work as a differentiating factor regulating 793 

the differentiated state of the cell by activating mitochondrial respiration at cytochrome 794 

C oxidase there by making the electron flux to proceed normally.It should be used only 795 

by parenteral route and not by oral route. Use of ascorbic acid in sepsis and in many 796 

pathologies has been already shown (15,144,145).Ascorbic acid levels were shown to 797 

be decreased in sepsis patients  and it was used  intravenously in a phase 1 trial 798 

which showed it is safe and reduces multi organ dysfunction  (145).Ascorbic acid has 799 

been shown to restore the endothelial dysfunction, insulin sensitivity, restored eNOS,, 800 

decreased HIF 1α level (146), inhibited TNF α induced NFkB (147), enhanced eNOS 801 

action by increasing BH4 level (148). Ascorbic acid has been shown to inhibit iNOS 802 

and  restore vascular response to norepinephrine in sepsis animal model (149). 803 



Ascorbic acid has been used intravenously which reversed the vascular hyporeactivity 804 

to vasopressors during the  inflammation made by endotoxin in healthy humans 805 

(150).N acetyl cysteine can also be used to increase glutathione and glutathione may 806 

protect the respirtatory inhibition by NO (151). But ascorbate itself may increase 807 

glutathione level (152). 808 

 809 

 810 

Conclusion:  811 

                   To understand most of the pathologies we need to understand the evolution of 812 

eukaryotic cells. I had proposed Warburg common pathogenesis evolutionary model to 813 

understand septic shock and it has the potential to explain most of the pathophysiological 814 

processes. During septic shock and most pathologies the eukaryotic cell tend to move 815 

towards Warburg effect, i.e they became archaea like – the metabolic phenotype shifts from 816 

OXPHOS (mitochondrial/bacterial based metabolism) to glycolysis (archaea based 817 

metabolism) and the cell phenotype changes from ordered, differentiated phenotype  818 

(mitochondria/bacteria regulated phenotype) to disordered, irreversible dedifferentiated 819 

phenotypes ( archaea regulated phenotype). Many key processes like apoptosis , memory, 820 

cell self-identity, death etc.. are redefined using this model. Differentiation therapy is 821 

suggested for septic shock treatment. This model is fundamental and general, may have the 822 

potential to explain most of the pathophysiological process of all eukaryotic organisms from 823 

single celled to humans, plants and animals.  If experimentally  verified, Warburg common 824 

pathogenesis evolutionary model will act like a fundamental theorem for medicine and open 825 

many new unknown avenues. 826 
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Figure1: Warburg common pathogenesis evolutionary model. 

 

 

Figure 1 . Warburg common pathogenesis evolutionary model:  Bacterial/Mitochondrial invasion 

event of the eukaryotic host cell (which is in normal adult differentiated state /predominant  

OXPHOS metabolism/healthy endosymbiotic relation) via PAMP/DAMP  and PRR may trigger 3 major 

outcomes. The invasion event may be supported by the mitochondrial system of the host cell and 

resisted by the innate immune system of the host cell .A)Ist outcome, Increased catecholamines 

during the sepsis may act similar to bacterial quorum sensing through alpha1 receptors initially and 

beta2 receptor during late phase results in mitochondrial biogenesis via eNOS .Bacterial and 

mitochondrial porins,connexin 43(CX 43) may play a role in supporting the invasion. Increased 

mitochondrial genome and OXPHOS shifts the cell to irreversible differentiation state. In this state 

mitochondrial genome overpowers nuclear genome, this degrades nuclear genome and expels it, i.e 

it produces apoptosis.And this state is anti-inflammatory and as the invasion of the host is successful 

the system is now prone for further bacterial/mitochondrial invasion. B)Second outcome is due to 

partially successful  bacterial/mitochondrial invasion which results in increased mitochondrial 

biogenesis and increased OXPHOS but as the invasion is only partially successful glycolysis may also 

be increased.This state can be seen as a hybrid of 1st and 3rd outcome –cell has increased both 



OXPHOS &glycolysis and the cell phenotype may have features of both differentiated and 

dedifferentiated features.This state may form the basis of cellular memory/Acquired 

Immunity/Vaccination effect. This state may produce stable structure and future invasions will 

produce amplified response. C) 3rd outcome, due to high resistance by the innate immune system 

and via TLR4 pathway NFkB is activated. Proinflammatory Cytokines also produce similar effect. 

MAPK and PI3K/AKT /mTORC may also be activated.NFkB  in the nucleus may induce the genes 

responsible for iNOS,glycolytic enzymes and pluripotency.  NFkB may negatively regulate 

mitochondrial genome. High level of NO due to iNOS irreversibly inhibits the mitochondrial 

respiration , decreases  mtDNA and leads to the loss of endosymbiotic relation. Also it increases 

Reactive oxygen/Nitrogen species .mTOR activation stabilize HIF1 alpha and activate glycolytic 

enzymes. AMPK/Sirtuin /PGC1 alpha  -mitochondrial biogenesis pathway is inhibited in sepsis. 

Activation of PARP and  inhibition of mitochondrial respiration results in decreased NAD+ , this 

inturn activates glycolysis.Increased Reactive species will activate NLRP3 inflammasome, which leads 

to caspase 1 activation and IL 1beta release.All these will produce Warburg effect – cells metabolic 

phenotype switches to glycolysis and cellular phenotype switches to irreversible dedifferentiation 

states.This state gives survival advantage as the cells  became Archaea like.For more details please 

see the text. 
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Figure 2: Understanding Vascular dysfunction in septic shock using this model. 

 

 

 

Figure 2: Vascular Dysfunction in Sepsis: Normally alpha adrenergic receptors (ARs )are the 

predominant ARs in the adult differentiated vascular smooth muscle cells(VSMC). Increased 

catecholamines in sepsis leads to hyperactivation of adreneric receptors(ARs) which are G protein 

coupled receptors (GPCRs) resulting in activation of G beta gamma subunit (G βγ)pathway, and 

inhibition of G alpha subunit (Gα) pathway leading to decreased contractility or paradoxical 

vasorelaxation by inhibition of - IP3/Calcium, DAG /PKC,Rho kinase pathways. Activation of G βγ 

pathway through mitogen activated protein kinase(MAPK) and phosphatidylinositol 3 Kinase (PI3K) / 

Akt pathway lead to hyperactivation of eNOS which results in increased NO and reversible inhibition 

of mitochondrial respiration and reactive speacies production. Increased eNOS  will lead to 

mitochondrial biogenesis and increased OXPHOS. NO may act on alpha ARs and inhibiting the Gα 

pathway further.Reactive species may affect eNOS leading to eNOS uncoupling and the same 

pathways may now activate iNOS. PAMP/DAMP eg. lipopolysacchride (LPS),Bacterial/mtDNA via PRR 

eg.TLR4 and Cytokines activate NFkB .This inturn activate iNOS and glycolytic enzyme genes in the 

nucleus. High NO irreversibly inhibits mitochondrial respiration at cytochrome C Oxidase and 



decreases the mitochondrial genome(For more details please see figure 1). This triggers the 

metabolic phenotype change to glycolysis and cell phenotype change to-irreversible 

dedifferentiation states – initially to VSMC embryonic phenotype and then to VSMC synthetic / 

proliferative phenotype. In the late phase of sepsis Beta ARs may be overexpressed and they are  the 

predominant ARs in these states resulting in paradoxical vasorelaxation response to 

catecholamines.For more details please see the text. 

 

 


