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Abstract 

The Transversal–Longitudinal Pathogenetic Theory (TLPT) proposes an integrative framework

for understanding disease and protection as emergent states of the universal biological network.

Unlike organ-centric, etiological, or fragmentary models, TLPT describes pathogenesis through the

interaction of causal, amplifying, and consequential links, organized into axes, flows, loops, and

hyper-loops. Activation of master-switch nodes generates minimal and composite attractors, whose

aggregation leads to the formation of transversal meta-attractors, either protective or pathological. 

Transversality explains the multisystemic resilience of chronic diseases and the universality of

biological protection, while longitudinality clarifies temporal persistence and the transformation of

acute  processes  into  chronic  states.  Multi-modular  synergy,  transversal  amplification,  and

self-amplification are emergent phenomena that consolidate network coherence. 

The transversal-longitudinal blockade represents the final state of irreversible resilience, in which

all  protective  master-switches  are  maintained  within  critical  ranges,  while  pathological

master-switches are inhibited below their thresholds. 

TLPT is compatible with clinical pathophysiology, molecular biology, systems biology, and modern

biopharmacology, offering a universal framework for explaining acute and chronic diseases as well

as  multisystemic collapse,  and for  designing therapeutic  interventions  capable  of  switching the

network toward the transversal protective meta-attractor. 
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I. Introduction 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT)  describes  the  architecture  of

pathogenetic networks applicable to all types of diseases. It applies equally to acute and chronic

pathogenesis, demonstrating that the fundamental mechanisms are shared, while differences depend

only on duration, intensity, and persistence. 

In acute pathogenesis, processes are rapid and explosive, with massive simultaneous activation of

master-switch nodes (e.g., sepsis, acute myocardial infarction, cytokine storm). Acute pathogenetic

attractors  exhibit  high  intensity  but  short  duration,  and  the  transversal  meta-attractor  can  be

destabilized if intervention is prompt. 

In  chronic  pathogenesis,  processes  are  slow  and  persistent,  with  progressive  activation  and

maintenance through inertial nodes (e.g., TGF-β, mTOR, SIRT1). Chronic attractors stabilize over

the long term, and the transversal meta-attractor becomes nearly irreversible. 

Thus, UPT provides a universal framework capable of explaining both acute and chronic diseases

through the same pathogenetic pyramid and the same rules of transversality and longitudinality. 

1.1 Scientific Context 

TLPT is not merely a new theory but a paradigm shift: it replaces fragmentary explanations with an

integrated vision in which disease and health are understood as emergent states of the universal

biological network, governed by master-switches and attractors. This paradigm applies to both acute

and chronic  pathogenesis,  demonstrating  that  the  fundamental  mechanisms  are  common,  while

differences depend only on duration, intensity, and persistence. 

1.1.1 Limitations of Organ-Centric Models 

Organ-centric  models  have  long  dominated  classical  pathophysiology  by  reducing  disease  to

dysfunction of a single organ or system. This approach is incomplete and inconsistent with systems

biology because: 



• Fragmentation of explanation: chronic and acute diseases cannot be attributed exclusively

to one organ; they involve interactions among multiple biological links distributed across

several fundamental axes. 

• Neglect  of  biological  networks:  molecular  biology  and  network  dynamics  show  that

pathogenesis results from simultaneous activation of master-switch nodes and transversal

flows, not merely from localized lesions. 

• Absence of emergence: organ-centric models fail to capture the emergent phenomenon of

pathogenetic attractors, which arise from complex interactions among causal, amplifying,

and consequential links. 

• Incompatibility with biopharmacology:  modern therapeutic interventions (nutraceutical,

pharmacological,  phytotherapeutic)  do  not  target  a  single  organ  but  modulate  entire

networks, master-switches, and transversal meta-attractors. 

According to modern pathophysiology, disease is not an organ-specific phenomenon but a network

phenomenon.  All  diseases  are  combinations  of  pathogenetic  links  distributed  across  the  14

fundamental axes, and reduction to a single organ leads to incomplete explanations and limited

therapeutic interventions. 

1.1.2 Limitations of Etiological Models 

Classical etiological models define disease by a single dominant cause—infectious, genetic, toxic,

or  traumatic.  According  to  modern  pathophysiology  and  molecular  biology,  this  approach  is

insufficient because: 

• Causal reductionism: a single etiology cannot explain the diversity of clinical phenotypes.

For example, the same genetic mutation may generate different manifestations depending on

which pathogenetic links are activated. 

• Neglect of biological networks: systems biology shows that etiology is only a trigger, while

disease develops through cascade activation of causal, amplifying, and consequential links. 

• Absence  of  transversality:  etiological  models  fail  to  capture  that  an  initial  cause

simultaneously  activates  multiple  fundamental  biological  axes  (inflammatory,  redox,

metabolic, etc.), generating pathogenetic flows and loops. 

• Incompatibility  with  network  dynamics:  in  biological  networks,  activation  of  a

master-switch (e.g., NF-κB, Nrf2, mTOR) does not produce only a local effect but triggers

minimal and composite pathogenetic attractors. 

• Therapeutic limitations: modern biopharmacology demonstrates that interventions cannot

target only the “cause” (e.g., eradication of an infectious agent); they must modulate the

pathogenetic network and switch the system toward the transversal protective meta-attractor.



Thus,  etiology is only the starting point, not the complete explanation of disease. All diseases

are combinations of pathogenetic links, and etiology determines only which causal links are initially

activated.  The  evolution  of  disease  depends  on  how these  causal  links  trigger  amplifying  and

consequential links, leading to the formation of axes, flows, loops, and attractors. 

1.1.3 Limitations of Fragmentary Molecular Models 

Fragmentary  molecular  models  have  attempted  to  explain  pathogenesis  by  analyzing  isolated

pathways or single molecular mechanisms (e.g., NF-κB for inflammation, mTOR for proliferation,

Nrf2 for antioxidant response). According to modern pathophysiology and molecular biology, this

approach is insufficient because: 

• Excessive  reductionism:  a  single  molecular  pathway cannot  explain  the  complexity  of

disease.  Both chronic and acute conditions simultaneously involve multiple pathogenetic

links distributed across several fundamental axes. 

• Neglect of interactions: systems biology demonstrates that master-switch nodes do not act

independently  but  interact  through  pathogenetic  flows  and  loops,  generating  emergent

attractors. 

• Absence  of  transversality:  fragmentary  models  fail  to  capture  that  activation  of  one

molecular pathway (e.g., NF-κB) triggers cascades of amplifying and consequential links

across other axes (redox, metabolic, immune). 

• Incompatibility  with  network  dynamics:  in  biological  networks,  activation  of  a

master-switch does not produce only a local effect but reshapes the pathogenetic state space,

generating minimal and composite attractors. 

• Therapeutic limitations: biopharmacology shows that inhibition of a single pathway (e.g.,

blocking  mTOR)  is  insufficient;  effective  interventions  must  simultaneously  modulate

multiple  master-switches  and  redirect  the  network  toward  the  transversal  protective

meta-attractor. 

Thus,  fragmentary  molecular  models  cannot  explain  disease  emergence  as  a  network

phenomenon. Pathogenesis is not the sum of independent molecular pathways but the result of

interactions among causal, amplifying, and consequential links, organized into axes, flows, loops,

hyper-loops, and attractors. 

1.1.4 Necessity of a Network Theory 

Pathogenesis  cannot  be  explained  through  organ-centric,  etiological,  or  fragmentary  molecular

models. According to modern pathophysiology, molecular biology, and systems biology, disease is

the result of complex interactions among links, axes, flows, loops, and attractors, organized within a



dynamic biological network. 

• Integration  of  links:  every  disease  is  a  combination  of  causal,  amplifying,  and

consequential  links.  These links  do not  act  in isolation but  connect  into transversal  and

longitudinal networks. 

• Formation of axes: the 14 fundamental axes are aggregates of links, and their simultaneous

activation generates pathogenetic flows. 

• Propagation through flows and loops: pathogenetic flows stabilize through loops, while

hyper-loops  of  positive  feedback  can  destabilize  the  network  and lead  to  multisystemic

collapse. 

• Emergence of attractors: activation of master-switches produces minimal, composite, and

transversal meta-attractors that define the global state of the organism. 

• Compatibility  with  network  dynamics:  network  theory  demonstrates  that  pathological

states are attractors of the system, and therapeutic interventions must redirect the network

toward the transversal protective meta-attractor. 

• Need for a universal architecture: only a network-based theory can simultaneously explain

acute diseases, chronic diseases, and multisystemic collapse, integrating pathophysiology,

molecular biology, systems biology, and biopharmacology. 

Thus, a Transversal–Longitudinal Pathogenetic Theory (TLPT) formulated as a network theory

is necessary, in which disease is not a local phenomenon or a singular causal event but an emergent

state  of  the  biological  network,  governed  by  master-switches  and  transversal-longitudinal

dynamics. 

1.1.5 Necessity of an Emergent Theory 

Pathogenesis  cannot  be  reduced  to  single  causes  or  linear  mechanisms.  According  to  modern

pathophysiology, molecular biology, and systems biology, disease is an emergent phenomenon: it

arises  from complex  interactions  among  links,  axes,  flows,  loops,  and  master-switches,  which

generate stable states known as attractors. 

• Emergence  of  attractors:  network  dynamics  show  that  simultaneous  activation  of

master-switch  nodes  produces  minimal  attractors  (S₁  protective,  S₃  pathological).  These

attractors cannot be deduced from isolated analysis of a single link or axis but appear as

emergent properties of the network. 

• Formation  of  meta-attractors:  composite  attractors  aggregate  into  transversal

meta-attractors, which define the global state of the organism. This explains why chronic

diseases are not mere accumulations of lesions but persistent systemic states. 

• Transversality  and  longitudinality:  pathogenetic  emergence  is  transversal  (involving



multiple fundamental axes simultaneously) and longitudinal (persisting over time through

the inertia of loops and hyper-loops). 

• Compatibility  with  pathophysiology:  clinically,  diseases  manifest  as  multisystemic

syndromes, confirming that pathogenetic emergence surpasses organ-centric or etiological

explanations. 

• Compatibility with biopharmacology: therapeutic interventions cannot target only a single

cause or pathway; they must modulate the network to switch pathological emergence toward

the transversal protective meta-attractor. 

Thus,  an  emergent  theory  of  pathogenesis is  required,  in  which  disease  is  understood as  an

emergent state of the biological network, and protection as an alternative emergent state achieved

through master-switch modulation and blockade of causal links. 

1.1.6 Necessity of a Universal Theory Compatible with Systems Biology 

Pathogenesis  cannot  be  fully  explained  by local,  causal,  or  fragmentary  models.  According  to

modern pathophysiology, molecular biology, and systems biology, a universal theory is required—

one that is compatible with all fundamental branches of biological and medical science. 

• Integration of  disciplines:  a  universal  theory must  align with pathophysiology (clinical

description of disease), molecular biology (cellular mechanisms), systems biology (organ–

system  interactions),  network  dynamics  (attractors  and  meta-attractors),  and

biopharmacology (therapeutic interventions). 

• Transversal  compatibility:  the  theory  must  explain  how  causal,  amplifying,  and

consequential  links  combine into the  14 fundamental  axes,  generating flows,  loops,  and

hyper-loops. 

• Longitudinal  compatibility:  the  theory  must  describe  disease  persistence  over  time,

through the inertia of loops and the stability of composite attractors. 

• Conceptual  universality:  all  diseases,  regardless of etiology or organ affected,  must  be

explained as emergent states of the biological network, defined by pathogenetic attractors

and transversal meta-attractors. 

• Compatibility  with  interventions:  the  theory  must  integrate  nutraceutical,

phytotherapeutic,  and  pharmacological  interventions,  explaining  how  they  modulate

master-switches and redirect the network toward the transversal protective meta-attractor. 

• Validation  through  systems biology:  only  a  universal  theory  compatible  with  systems

biology  can  simultaneously  explain  acute  diseases,  chronic  diseases,  and  multisystemic

collapse, providing a unified framework for research and intervention. 

Thus, the necessity of a Transversal–Longitudinal Pathogenetic Theory (TLPT) compatible with



systems biology forms the foundation of this work. It ensures that every definition, statement, and

concept  within  UPT faithfully  reflects  biological  reality  and  is  consistently  integrated  into  the

architecture of fundamental sciences. 

1.2 Ontology of Pathogenesis in Modern Biology 

The  transversal-longitudinal pathogenetic  paradigm transforms the understanding of  disease:

from a fragmentary vision into an integrated one, where health and disease are emergent states of

the universal biological network. These states are governed by master-switches and attractors, and

the framework applies to any clinical context. 

• Health is defined as the emergent protective state of the network, stabilized by activation of

protective master-switches and consolidation of protective attractors. 

• Disease is defined as the emergent pathological state of the network, generated by activation

of pathological master-switches and stabilization of pathological attractors. 

• Universality: both acute and chronic diseases, regardless of etiology or organ involvement,

are explained as emergent attractor states of the same pathogenetic pyramid. 

• Transversality: emergence involves simultaneous activation of multiple fundamental axes

(inflammatory,  redox,  metabolic,  immune,  vascular,  etc.),  producing  flows,  loops,  and

hyper-loops. 

• Longitudinality: persistence of disease is explained by the inertia of loops and hyper-loops,

which stabilize pathological attractors over time. 

• Clinical compatibility: syndromes manifest as multisystemic phenomena, confirming that

disease is not local but systemic. 

• Therapeutic  compatibility:  interventions  must  destabilize  pathological  attractors  and

consolidate  protective  ones,  redirecting  the  network  toward  the  transversal  protective

meta-attractor. 

Thus, ontology in modern biology defines pathogenesis as a network phenomenon, where health

and disease are alternative emergent states of the same universal biological architecture. 

1.2.1 The Bistable Biological Link 

1.2.1.1 Definition 

The  biological  link  is  the  elementary  pathogenetic  unit,  with  two  possible  states—

protective/physiological and pathological. It represents the basic functional module of the biological

network,  capable  of  switching  between  these  states  depending  on  activation  or  inhibition  of



master-switches. 

1.2.1.2 Classification (Pathophysiology and Systems Biology) 

• Causal links (~20): initiate disease; directly controlled by master-switches. 

• Amplifying  links  (~25):  intensify  the  effects  of  causal  links  through  feed-forward

mechanisms. 

• Consequential links (~25): result from activation of causal and amplifying links, reflecting

the clinical phenotype. 

1.2.1.3 Role of the Biological Link 

• In  pathophysiology:  explains  how  a  localized  dysfunction  translates  into  clinical

syndromes. 

• In molecular biology: corresponds to gene, protein, and signaling interactions or bistable

molecular modules (e.g., NF-κB activation, Nrf2 inhibition). 

• In  systems  biology:  functions  as  the  elementary  node  of  the  pathogenetic  network,

integrated into a biological axis. 

• In network dynamics: acts as a switching unit that, once activated, triggers cascade effects

on other links. 

• In  biopharmacology:  serves  as  the  therapeutic  intervention  unit,  modulated  by  agents

capable of switching the bistable state from pathological to protective. 

1.2.1.4 Rule of Link Activation/Inhibition 

• Activation of a causal link → activates amplifying links → activates consequential links. 

• Inhibition of a causal link → inhibits amplifying links → inhibits consequential links. 

1.2.1.5 Universal Rule of Disease 

All diseases are combinations of causal, amplifying, and consequential links. 

1.2.1.6 Integration into the Network 

• Links cluster into fundamental biological axes (14 axes). 

• Axes generate pathogenetic flows. 

• Flows stabilize into loops and may amplify into hyper-loops. 

• From these structures emerge minimal and composite  attractors,  and at  the global level,

transversal meta-attractors. 



1.2.2 The Bistable Biological Axis 

1.2.2.1 Definition 

The  biological  axis  is  a  coherent  aggregate  of  biological  links  (causal,  amplifying,  and

consequential), organized into a bistable functional structure. It can exist in two states—protective

or  pathological—depending  on  how  its  component  links  are  activated  or  inhibited  by

master-switches. 

1.2.2.2 Fundamental Characteristics 

• Aggregation of links: each axis integrates approximately five biological links, distributed

among causal, amplifying, and consequential categories. 

• Bistability: the axis can switch between protective and pathological states, depending on the

critical thresholds of master-switches. 

• Transversality: axes do not act in isolation; they interconnect through pathogenetic flows

and loops, generating complex networks (Kitano, 2002). 

• Longitudinality: axes exhibit biological inertia, which explains the persistence of chronic

diseases (Barabási, Gulbahce & Loscalzo, 2011). 

1.2.2.3 Examples of Fundamental Axes (from the 14) 

• Inflammatory axis (NF-κB, NLRP3) 

• Redox axis (Nrf2, ROS) 

• Metabolic axis (AMPK, mTOR) 

• Adaptive immune axis (TGF-β, PPAR) 

• Vascular axis (NO/eNOS) 

These  axes  are  described  in  systems  biology  literature  as  emergent  structures  arising  from

molecular and cellular interactions (Kauffman, 1993; Kitano, 2002). 

1.2.2.4 Role of the Biological Axis 

• In pathophysiology: explains multisystemic syndromes (e.g., chronic inflammation is not

merely local but a transversal axis). 

• In molecular biology: corresponds to interconnected signaling pathways. 

• In systems biology: serves as the intermediate module between the biological link and the

pathogenetic flow. 



• In network dynamics: functions as the unit capable of generating minimal attractors when

causal links are activated (Kitano, 2002). 

• In  biopharmacology:  represents  the  target  of  multi-modular  interventions,  where

simultaneous  switching  of  multiple  links  allows  the  entire  axis  to  transition  from

pathological to protective. 

1.2.2.5 Universal Rule of Axes 

All  diseases  are  combinations  of  pathogenetic  axes.  This  formulation  is  supported  by systems

biology and  network  theory,  which  demonstrate  that  pathological  phenotypes  emerge  from the

simultaneous interaction of multiple axes (Barabási et al., 2011). 

1.2.2.6 Integration into the Network 

• Axes generate pathogenetic flows. 

• Flows stabilize into loops and amplify into hyper-loops. 

• From these structures emerge minimal and composite  attractors,  and at  the global level,

transversal meta-attractors. 

1.2.3 The Pathogenetic Flow 

1.2.3.1 Definition 

The pathogenetic flow is  the emergent direction of propagation of biological  axis activation.  It

describes  how causal,  amplifying,  and consequential  links  are  transmitted through the network,

generating the dynamics of disease. By nature, the flow is vectorial and bistable: it can be oriented

toward the protective state or the pathological state, depending on which master-switches are active.

1.2.3.2 Fundamental Characteristics 

• Origin of the flow: begins with activated causal links and propagates toward amplifying and

consequential links. 

• Directionality: flows are unidirectional (feed-forward) but can be stabilized or amplified

through feedback loops (Ferrell & Xiong, 2001). 

• Transversality:  flows  connect  multiple  fundamental  axes  simultaneously  (e.g.,

inflammatory,  redox,  metabolic),  explaining  multisystemic  syndromes  (Barabási  et  al.,

2011). 

• Longitudinality:  flows  persist  over  time  through  the  inertia  of  loops  and  hyper-loops,



accounting for chronicity of diseases. 

1.2.3.3 Types of Flows 

• Causal flow: triggered by causal links (e.g., NF-κB activation → inflammation). 

• Amplifying flow: intensifies propagation (e.g., ROS → amplifies inflammation). 

• Consequential flow: expresses the clinical phenotype (e.g., fibrosis, necrosis). 

1.2.3.4 Role of the Pathogenetic Flow 

• In pathophysiology: explains disease progression from cause to clinical manifestation. 

• In molecular biology: corresponds to propagation of intra- and intercellular signals. 

• In systems biology: serves as the intermediate module between axis and loop. 

• In network dynamics: functions as the vector directing the network toward protective or

pathological attractors (Kauffman, 1993). 

• In biopharmacology: represents the propagation direction that interventions can block or

redirect toward protective flows. 

1.2.3.5 Universal Rule of Flows 

All  diseases  are  combinations  of  pathogenetic  flows, emergent  from simultaneous activation of

axes. 

1.2.3.6 Integration into the Network 

• Flows stabilize into pathogenetic loops. 

• Multiple loops may amplify into hyper-loops. 

• From these structures emerge minimal and composite  attractors,  and at  the global level,

transversal meta-attractors. 

1.2.4 The Pathogenetic Loop 

1.2.4.1 Definition 

The pathogenetic  loop is  the feedback circuit  that stabilizes or amplifies  pathogenetic flows. It

represents  the  recurrence  module  of  the  biological  network,  capable  of  maintaining  either  a

pathological or protective state through retroaction. 



1.2.4.2 Fundamental Characteristics 

• Positive  and  negative  feedback:  loops  may  stabilize  (negative  feedback)  or  amplify

(positive feedback). 

• Persistence:  loops  explain  why chronic  diseases  persist  even after  the  initial  cause  has

disappeared (Ferrell & Xiong, 2001). 

• Transversality:  loops  connect  multiple  biological  axes  simultaneously,  generating

pathogenetic coherence (Kitano, 2002). 

• Longitudinality:  loops  exhibit  biological  inertia,  explaining  treatment  resistance  and

recurrence of diseases. 

1.2.4.3 Types of Loops 

• Stabilizing  loop:  maintains  the  pathogenetic  flow  in  a  constant  state  (e.g.,  chronic

inflammation). 

• Amplifying  loop:  intensifies  flow  propagation,  leading  to  disease  aggravation  (e.g.,

oxidative stress → inflammation → more oxidative stress). 

• Mixed  loop:  combines  stabilization  with  amplification,  generating  complex  phenomena

(e.g., diabetes mellitus, where inflammation and insulin resistance reinforce each other). 

1.2.4.4 Role of the Pathogenetic Loop 

• In pathophysiology: explains chronicity and recurrence of diseases. 

• In molecular biology: corresponds to intra- and intercellular signaling circuits. 

• In systems biology: functions as the recurrence module ensuring network coherence. 

• In network dynamics: mechanism by which attractors become stable and persistent states

(Kauffman, 1993). 

• In biopharmacology:  represents the critical point where interventions can break positive

feedback and restore homeostasis. 

1.2.4.5 Universal Rule of Loops 

All chronic diseases are maintained by pathogenetic loops. This statement is supported by systems

biology and network theory literature, which shows that the stability of chronic diseases derives

from internal feedback circuits of the network (Kitano, 2002; Barabási et al., 2011). 



1.2.4.6 Integration into the Network 

• Flows stabilize into pathogenetic loops. 

• Multiple loops may amplify into hyper-loops. 

• From these structures emerge minimal and composite  attractors,  and at  the global level,

transversal meta-attractors. 

1.2.5 The Pathogenetic Hyper-Loop (Positive Feedback) 

1.2.5.1 Definition 

The hyper-loop is the extreme form of positive feedback within the biological network, in which

pathogenetic  flows  self-amplify until  the  system destabilizes.  It  represents  the  critical  point  of

decompensation, where disease becomes irreversible or progresses to multisystemic collapse. 

1.2.5.2 Fundamental Characteristics 

• Self-amplification:  hyper-loops  intensify  activation  of  links  and  axes,  generating  an

accelerated pathological spiral (Ferrell & Xiong, 2001). 

• Destabilization:  unlike simple loops,  hyper-loops do not  stabilize flows but make them

divergent, leading to loss of homeostatic control (Kitano, 2002). 

• Transversality:  hyper-loops  simultaneously  involve  multiple  fundamental  axes

(inflammatory, redox, metabolic), explaining severe multisystemic syndromes (Barabási et

al., 2011). 

• Longitudinality: hyper-loops exhibit major inertia, making pathological states difficult to

reverse even after elimination of the initial cause. 

1.2.5.3 Clinical Examples 

• Sepsis:  systemic  inflammation  activates  ROS  →  ROS  amplifies  inflammation  →

inflammation generates more ROS → multisystemic collapse. 

• Severe  metabolic  syndrome:  insulin  resistance  → inflammation  → oxidative  stress  →

increased  insulin  resistance  →  accelerated  progression  to  diabetes  and  vascular

complications. 

• Acute  respiratory  failure:  hypoxia  →  inflammation  → alveolar  edema  → intensified

hypoxia → respiratory collapse. 



1.2.5.4 Role of Hyper-Loops 

• In pathophysiology: explain acute decompensations and multisystemic collapse. 

• In molecular biology: correspond to signaling circuits with uncontrolled positive feedback. 

• In systems biology: mechanisms by which disease surpasses organ-centric boundaries and

becomes systemic. 

• In  network  dynamics:  hyper-loops  are  the  mechanism  through  which  pathological

attractors become dominant and irreversible (Kauffman, 1993). 

• In  biopharmacology:  represent  the  target  of  combined  interventions  designed  to  halt

self-amplification and prevent multisystemic collapse. 

1.2.5.5 Universal Rule of Hyper-Loops 

Pathogenetic  hyper-loops  amplify  and  stabilize  flows,  transforming  local  dysfunctions  into

persistent systemic processes. Their intensity and persistence determine either chronicity of disease

or multisystemic collapse when amplification exceeds the network’s critical thresholds. 

1.2.5.6 Integration into the Network 

• Pathogenetic flows → stabilize into loops. 

• Multiple loops → amplify into hyper-loops. 

• Hyper-loops → destabilize the network and lead to irreversible pathological attractors. 

• At the global level → the pathological transversal meta-attractor is formed. 

1.2.6 The Biological Attractor (Stable Emergent State) 

1.2.6.1 Definition 

The biological  attractor  is  a stable  emergent state  of the biological  network,  generated through

activation or inhibition of master-switch nodes. It represents the persistent configuration of links

and axes, in which the system stabilizes either in a protective state or in a pathological state. 

1.2.6.2 Fundamental Characteristics 

• Stability:  attractors are robust states that persist even under moderate external variations

(Kauffman, 1993). 

• Emergence: attractors cannot be deduced from isolated analysis of a single link or axis; they

arise from the interaction of the entire network (Kitano, 2002). 



• Bistability: attractors may be protective or pathological, depending on the critical thresholds

of master-switches. 

• Transversality:  attractors  involve  multiple  fundamental  axes  simultaneously,  explaining

multisystemic syndromes (Barabási et al., 2011). 

• Longitudinality: attractors exhibit biological inertia, accounting for persistence of chronic

diseases and difficulty in returning to the healthy state. 

1.2.6.3 Types of Attractors 

• Minimal  protective  attractor (S₁):  activation  of  a  protective  master-switch  generates  a

minimal protective state. 

• Minimal pathological attractor (S₃): activation of a pathological master-switch generates a

minimal pathological state. 

• Composite  attractor:  results  from simultaneous  activation  of  multiple  master-switches,

with increased transversality. 

1.2.6.4 Clinical and Molecular Examples 

• Minimal protective attractor (S₁): activation of a protective master-switch leads to redox

resilience  (e.g.,  stabilization  of  antioxidant  response),  maintenance  of  metabolic  flux  in

energetic balance, and vascular protection through sustained vasodilation. 

• Minimal pathological attractor (S₃): activation of a pathological master-switch generates

persistent chronic inflammation, uncontrolled cellular proliferation, or stabilized hypoxia—

each representing a minimal but robust pathological state. 

• Composite  attractor:  simultaneous  activation  of  multiple  master-switches  produces

complex states.  In  pathological  regimes,  the combination of  inflammation  and oxidative

stress  leads  to  inflammatory-oxidative  syndromes;  in  protective  regimes,  coordinated

activation of energetic metabolism and epigenetic proteostasis supports cellular longevity. 

• Transversal  meta-attractor:  at  the  global  level,  composite  attractors  aggregate  into  a

dominant state. In protective regimes, all protective master-switches are maintained within

critical  intervals  while  pathological  ones  are  inhibited  below  thresholds,  resulting  in

biological  resilience.  In  pathological  regimes,  simultaneous  activation  of  multiple

pathological master-switches drives multisystemic collapse. 

1.2.6.5 Role of Attractors 

• In pathophysiology: explain stability of chronic diseases and multisystemic syndromes. 



• In molecular biology: correspond to stable configurations of signaling pathways. 

• In systems biology: represent emergent states of the biological network. 

• In network dynamics: attractors are equilibrium points toward which the system converges

(Kauffman, 1993). 

• In biopharmacology: the biological attractor is the stable state targeted by interventions to

destabilize pathological attractors and consolidate protective ones. 

1.2.6.6 Universal Rule of Attractors 

Health and disease are emergent states of the biological network, defined by attractors. 

1.2.6.7 Integration into the Network 

• Pathogenetic flows → stabilize into loops. 

• Multiple loops → amplify into hyper-loops. 

• From these structures → minimal and composite attractors emerge. 

• At the global level → transversal meta-attractors are formed. 

1.2.7 The Transversal Meta-Attractor (Global Emergent State) 

1.2.7.1 Definition 

The transversal meta-attractor is a global emergent state of the biological network, resulting from

the simultaneous aggregation of composite attractors. It represents the overall configuration of the

system, in which all links, axes, flows, and loops converge toward a stable global state—either

protective or pathological. 

1.2.7.2 Fundamental Characteristics 

• Global emergence: the transversal meta-attractor is not a simple sum of attractors but an

emergent state of the entire network (Kauffman, 1993). 

• Transversality:  involves  all  fundamental  axes  simultaneously,  explaining  multisystemic

syndromes and global collapse (Kitano, 2002). 

• Longitudinality: exhibits major inertia, accounting for persistence of chronic diseases and

resilience of protective states. 

• Dominance: the protective or pathological transversal meta-attractor becomes the dominant

state of the organism, governing the clinical phenotype (Barabási et al., 2011). 

• Practical  irreversibility:  once  established,  the  pathological  transversal  meta-attractor  is



difficult to destabilize, explaining treatment resistance. 

1.2.7.3 Types of Transversal Meta-Attractors 

• Protective  transversal  meta-attractor:  all  protective  master-switches  are  maintained

within their critical intervals, while pathological master-switches remain below pathological

thresholds. This state defines biological resilience. 

• Pathological transversal meta-attractor: pathological master-switches are simultaneously

activated while protective ones are inhibited, generating multisystemic collapse. 

1.2.7.4 Role of Transversal Meta-Attractors 

• In pathophysiology: explain why chronic and severe acute diseases are global states, not

merely local phenomena. 

• In molecular biology: correspond to stable configurations of large-scale signaling networks.

• In systems biology: represent emergent states of the organism as a whole. 

• In network dynamics:  function as global convergence points of the system (Kauffman,

1993; Kitano, 2002). 

• In  biopharmacology:  the  transversal  meta-attractor  is  the  ultimate  therapeutic  target—

redirecting the network toward the global protective state. 

1.2.7.5 Universal Rule of Transversal Meta-Attractors 

The global  state  of  the  organism is  defined by transversal  meta-attractors,  either  protective  or

pathological. 

1.2.7.6 Integration into the Network 

• Flows → stabilize into loops. 

• Multiple loops → amplify into hyper-loops. 

• From these structures → minimal and composite attractors emerge. 

• At the global level → transversal meta-attractors are formed, defining the organism’s final

state. 

1.2.7.7 Universal Rule of Transversal Meta-Attractors 

A transversal  meta-attractor  arises  when all  master-switch nodes  are  simultaneously maintained

within  their  protective  critical  intervals,  and  the  network  fulfills  the  conditions  of  coherence,

persistence, and practical irreversibility. This global state dominates the pathogenetic state space,



destabilizes  pathological  attractors,  and consolidates  protective attractors,  defining the universal

condition of resilient health. 

1.2.8 Master-Switch Nodes (Five Switching States) 

1.2.8.1 Definition 

Master-switch  nodes  are  central  control  points  of  the  biological  network,  capable  of  switching

between  protective  and  pathological  states.  They  represent  the  fundamental  “buttons”  of

pathogenesis, through which the network can be oriented toward health or disease. 

1.2.8.2 Fundamental Characteristics 

• Centrality:  master-switches  are  critical  nodes  with transversal  influence across  multiple

biological axes (Kitano, 2002). 

• Extended  bistability:  each  master-switch  can  exist  in  five  distinct  states,  providing

flexibility to the network. 

• Transversality:  their  activation  or  inhibition  simultaneously  affects  multiple  flows,

explaining multisystemic syndromes (Barabási et al., 2011). 

• Longitudinality:  master-switches exhibit  biological inertia,  accounting for persistence of

chronic diseases and resilience of protective states. 

1.2.8.3 The Five Switching States of Master-Switch Nodes 

1. S₀ – Hyper-inhibited: the node is completely blocked, with no biological activity. This state

produces vulnerability, regardless of whether the node is protective or pathogenic. 

2. S₁  –  Inhibited:  for  pathogenic  nodes,  inhibition  below  the  critical  threshold  prevents

formation of pathological attractors. For protective nodes, inhibition reduces resilience and

generates vulnerability. 

3. S₂ – Neutral:  the node remains in an intermediate state, without major influence on the

network. 

4. S₃  –  Activated:  for  protective  nodes,  activation  above  the  critical  threshold  generates

minimal  protective  attractors.  For  pathogenic  nodes,  activation  produces  minimal

pathological attractors. 

5. S₄ – Hyper-activated: the node is over-activated. If protective, it may consolidate resilience

and  stabilize  the  network;  if  pathogenic,  it  destabilizes  the  network  and  contributes  to

hyper-loop formation. 



1.2.8.4 Examples of Fundamental Master-Switches 

• Nrf2 – redox control 

• NF-κB / NLRP3 – inflammatory control 

• AMPK / mTOR – metabolic control 

• NO / eNOS – vascular control 

• SIRT1 / PPAR – epigenetic and energetic control 

These nodes are described in molecular and systems biology literature as critical control points of

pathogenesis (Kauffman, 1993; Kitano, 2002). 

1.2.8.5 Role of Master-Switches 

• In pathophysiology: explain why activation of a single pathway can trigger disease. 

• In molecular biology: correspond to transcription factors and central regulators. 

• In systems biology: function as switching nodes of the network. 

• In  network  dynamics:  represent  critical  variables  that  determine  attractors  (Kauffman,

1993). 

• In biopharmacology: serve as strategic therapeutic targets, with each intervention module

selected for its ability to switch these nodes. 

1.2.8.6 Universal Rule of Master-Switches 

• Protective  nodes  must  be  activated  to  generate  protective  attractors  and  the  transversal

protective meta-attractor. 

• Pathogenic nodes  must  be inhibited  to  prevent  pathological  attractors  and multisystemic

collapse. 

• Inhibition of protective nodes produces vulnerability and destabilization. 

• Activation  of  pathogenic  nodes  generates  pathological  attractors  and  the  transversal

pathological meta-attractor. 

1.2.8.7 Integration into the Network 

• Links → cluster into axes. 

• Axes → generate flows. 

• Flows → stabilize into loops. 

• Multiple loops → amplify into hyper-loops. 

• Master-switches → determine minimal attractors. 



• At the global level → transversal meta-attractors are formed. 

1.2.9 The Biological Network as an Emergent System 

1.2.9.1 Definition 

The  biological  network  is  the  integrated  ensemble  of  links,  axes,  flows,  loops,  hyper-loops,

attractors, and master-switch nodes, functioning as an emergent system. It cannot be reduced to the

sum of its components but generates new properties through their interaction. 

1.2.9.2 Fundamental Characteristics 

• Emergence: network properties cannot be deduced from isolated analysis of links or axes;

they arise from global interaction (Kauffman, 1993). 

• Complexity: the biological network is a complex adaptive system, capable of responding to

stimuli through reorganization and state switching (Kitano, 2002). 

• Transversality:  the  network  simultaneously  connects  all  fundamental  axes,  explaining

multisystemic syndromes. 

• Longitudinality:  the  network  exhibits  biological  inertia,  accounting  for  persistence  of

chronic diseases and resilience of protective states. 

• Robustness and fragility: the network is robust to moderate variations but fragile to major

perturbations, explaining multisystemic collapse (Barabási et al., 2011). 

1.2.9.3 Role of the Biological Network 

• In pathophysiology: explains why diseases are not local phenomena but emergent systems. 

• In molecular biology: corresponds to interactions among signaling pathways, genes, and

proteins. 

• In  systems  biology:  provides  the  conceptual  framework  integrating  all  levels  of

pathogenesis. 

• In network dynamics: represents the potential space in which attractors and meta-attractors

form (Kauffman, 1993). 

• In biopharmacology: serves as the strategic target of therapeutic interventions—modules

do not act on a single organ or pathway but switch master-nodes, destabilize pathological

attractors, and consolidate protective attractors, redirecting the system toward the transversal

protective meta-attractor. 



1.2.9.4 Universal Rule of the Biological Network 

Pathogenesis is an emergent phenomenon, not a local phenomenon. 

1.2.9.5 Final Integration 

• Links → cluster into axes. 

• Axes → generate flows. 

• Flows → stabilize into loops. 

• Multiple loops → amplify into hyper-loops. 

• Master-switches → determine minimal attractors. 

• Attractors → aggregate into transversal meta-attractors. 

• The network → functions as an emergent system, defining the global state of the organism. 

1.3 Necessity of the Transversal–Longitudinal Pathogenetic Theory (TLPT) 

The Transversal–Longitudinal Pathogenetic Theory (TLPT) is necessary to integrate all levels of

pathogenesis—from  biological  links  to  meta-attractors—into  a  unified  conceptual  framework.

Pathogenesis cannot  be sufficiently explained through local  or organ-centric approaches;  it  is  a

network phenomenon, transversal, longitudinal, emergent, universal, and bistable. 

• Transversal: involves simultaneous activation of multiple fundamental axes (inflammatory,

redox, metabolic, immune, vascular, etc.). 

• Longitudinal: persists over time through the inertia of loops and hyper-loops, explaining

chronicity and recurrence. 

• Emergent:  arises  from  complex  interactions  among  links,  axes,  flows,  loops,  and

master-switches, producing attractors and meta-attractors. 

• Universal:  applies  to  all  diseases,  acute  or  chronic,  regardless  of  etiology  or  organ

involvement. 

• Bistable: defines health and disease as alternative stable states of the biological network,

governed by master-switches. 

Thus,  TLPT  provides  the  necessary  universal  architecture for  understanding  disease  as  a

systemic, emergent state of the biological network, and for guiding therapeutic interventions toward

the transversal protective meta-attractor. 



1.3.1 Pathogenesis as a Network Phenomenon 

1.3.1.1 Definition 

Pathogenesis  is  not  a  linear  or  local  process  but  a  network phenomenon.  It  results  from the

complex interaction among biological  links,  axes,  flows,  loops,  hyper-loops,  and master-switch

nodes, which together form an integrated architecture. This network generates emergent properties

that cannot be reduced to individual elements. 

1.3.1.2 Fundamental Characteristics 

• Structural complexity:  the biological network is a complex adaptive system, capable of

responding to stimuli through reorganization and state switching (Kitano, 2002). 

• Interconnectivity: each link or axis is connected to multiple other elements, so perturbation

of a single node propagates throughout the entire network (Barabási et al., 2011). 

• Emergence: pathogenetic properties arise from global interaction, not from isolated analysis

of a single link or axis (Kauffman, 1993). 

• Robustness and fragility: the network is robust to moderate variations but fragile to major

perturbations, explaining multisystemic collapse (Barabási et al., 2011). 

1.3.1.3 Role of the Network Phenomenon 

• In  pathophysiology:  explains  why  diseases  cannot  be  understood  solely  through  local

mechanisms but require systemic interactions. 

• In molecular biology: corresponds to interactions among signaling pathways, genes, and

proteins. 

• In  systems  biology:  provides  the  conceptual  framework  for  integrating  all  levels  of

pathogenesis. 

• In network dynamics: represents the potential space in which attractors and meta-attractors

form (Kauffman, 1993). 

• In biopharmacology: the network phenomenon is the therapeutic target—treatments do not

act only on a single cause or organ but modulate the entire pathogenetic architecture. By

switching master-nodes, destabilizing pathological attractors, and consolidating protective

attractors,  biopharmacology reconfigures  the  network  and directs  the  system toward  the

transversal protective meta-attractor. 

1.3.1.4 Universal Rule 

Pathogenesis is a network phenomenon, not a local phenomenon. 



1.3.2 Pathogenesis as a Transversal Phenomenon 

1.3.2.1 Definition 

Pathogenesis  is  not  a  uniaxial  phenomenon  but  a  transversal  phenomenon,  meaning  it

simultaneously  involves  multiple  fundamental  biological  axes.  This  transversality  explains

multisystemic syndromes, where inflammatory, redox, metabolic, immune, and vascular processes

are activated concurrently and interconnect. 

1.3.2.2 Fundamental Characteristics 

• Multiplicity: transversality requires simultaneous activation of multiple biological axes. 

• Interdependence: axes do not act independently but influence one another through flows

and loops. 

• Coherence:  transversality  generates  pathogenetic  coherence,  explaining  why  clinical

phenotypes are multisystemic (Barabási et al., 2011). 

• Amplification: transversal activation produces cumulative and synergistic effects, stronger

than isolated activation of a single axis. 

1.3.2.3 Clinical Examples 

• Sepsis:  systemic  inflammation  simultaneously  activates  the  inflammatory,  redox,  and

vascular axes. 

• Metabolic syndrome:  insulin resistance involves the metabolic, inflammatory, and redox

axes. 

• Autoimmune diseases: transversal activation of immune, inflammatory, and metabolic axes.

1.3.2.4 Role of Transversality 

• In pathophysiology: explains multisystemic syndromes and global collapse. 

• In molecular biology: corresponds to interactions among multiple signaling pathways. 

• In systems biology: functions as the module integrating axes into a coherent network. 

• In network dynamics: transversality is the condition for meta-attractor formation (Kitano,

2002). 

• In biopharmacology: transversality is the principle that makes interventions effective only

when  they  modulate  multiple  axes  and  master-switch  nodes  simultaneously.  Through

multi-modular  action,  pathological  attractors  are  destabilized  and  protective  attractors



consolidated, redirecting the network toward the transversal protective meta-attractor. 

1.3.2.5 Universal Rule 

Disease is not a uniaxial phenomenon but a transversal phenomenon. 

1.3.3 Pathogenesis as a Longitudinal Phenomenon 

1.3.3.1 Definition 

Pathogenesis is not a punctual or transient phenomenon but a longitudinal phenomenon, unfolding

over time with biological inertia. This longitudinality explains why chronic diseases persist even

after  elimination  of  the  initial  cause,  and  why  acute  processes  may  evolve  into  long-lasting

complications. 

1.3.3.2 Fundamental Characteristics 

• Persistence: pathogenetic flows and loops are maintained over time, generating chronicity

(Ferrell & Xiong, 2001). 

• Biological inertia: once activated, the pathogenetic network tends to continue functioning

even if the initial stimulus disappears. 

• Recurrence: longitudinality explains disease relapses and the difficulty of returning to the

healthy state. 

• Treatment  resistance:  longitudinality  makes  therapeutic  interventions  often  insufficient

unless they target the network as a whole (Barabási et al., 2011). 

1.3.3.3 Clinical Examples 

• Diabetes mellitus: persists through loops of insulin resistance and chronic inflammation. 

• Autoimmune  diseases:  recurrence  explained  by  longitudinality  of  immune  and

inflammatory axes. 

• Cancer: cellular proliferation and angiogenesis maintained by persistent flows and loops. 

1.3.3.4 Role of Longitudinality 

• In pathophysiology: explains chronicity and recurrence of diseases. 

• In molecular biology: corresponds to signaling circuits with persistent feedback. 

• In systems biology: functions as the module ensuring continuity of the network. 

• In network dynamics: longitudinality is the condition for stability of pathological attractors



(Kauffman, 1993). 

• In biopharmacology: longitudinality is the critical point where interventions must break the

inertia of loops and hyper-loops. Modulation of the network does not stop at inhibiting an

initial  cause  but  aims  to  destabilize  chronic  attractors  and  switch  the  system  toward

persistent  protective  states.  Thus,  biopharmacology  becomes  the  science  capable  of

reversing chronicity and preventing recurrence through longitudinal reconfiguration of the

network. 

1.3.3.5 Universal Rule 

Disease is not a punctual phenomenon but a longitudinal phenomenon. 

1.3.4 Pathogenesis as an Emergent Phenomenon 

1.3.4.1 Definition 

Pathogenesis is an emergent phenomenon, meaning its properties cannot be deduced from isolated

analysis of links, axes, or flows. It arises from the global interaction of the biological network,

generating stable states (attractors) and global states (meta-attractors) that define health or disease. 

1.3.4.2 Fundamental Characteristics 

• Emergent properties:  disease  is  not  the  sum of  biological  links  but  the  result  of  their

complex interaction (Kauffman, 1993). 

• Multiple  levels:  emergence  occurs  at  the  level  of  loops,  hyper-loops,  and  attractors,

culminating in transversal meta-attractors (Kitano, 2002). 

• Unpredictability: clinical phenotypes cannot be anticipated solely from linear analysis of

causes; they arise from network dynamics. 

• Coherence:  emergence  generates  pathogenetic  coherence,  explaining  why  chronic  and

severe acute diseases are global states. 

• Universality:  the  emergent  phenomenon  is  present  in  all  types  of  disease,  from  local

inflammation to multisystemic collapse (Barabási et al., 2011). 

1.3.4.3 Clinical Examples 

• Cancer:  cellular  proliferation  and  angiogenesis  cannot  be  explained  solely  by  genetic

mutations but by emergence of the tumor network. 

• Sepsis: multisystemic collapse is not the result of a single pathway but of global emergence

of the inflammatory and redox networks. 



• Metabolic  syndrome:  obesity,  diabetes,  and  chronic  inflammation  appear  as  emergent

phenotypes from transversal and longitudinal interaction of multiple axes. 

1.3.4.4 Role of the Emergent Phenomenon 

• In pathophysiology: explains complex syndromes and global clinical phenotypes. 

• In molecular biology: corresponds to stable configurations of signaling networks. 

• In systems biology: serves as the conceptual module integrating all levels of pathogenesis. 

• In  network  dynamics:  emergence  is  the  mechanism  through  which  attractors  and

meta-attractors form (Kauffman, 1993). 

• In biopharmacology:  the emergent phenomenon is the therapeutic target—treatments do

not  act  only on a  single  cause  or  isolated  link  but  modulate  the  network  to  destabilize

pathological emergence and favor protective emergence. The ultimate objective is switching

the system toward the transversal protective meta-attractor, a global resilient and practically

irreversible state. 

1.3.4.5 Universal Rule 

Disease is not the sum of links but an emergent state of the biological network. 

1.3.5 Pathogenesis as a Universal Phenomenon 

1.3.5.1 Definition 

Pathogenesis is a universal phenomenon, present in all types of diseases—acute or chronic, local

or systemic, genetic or acquired. It is not limited to a single organ, a singular cause, or a specific

category of  pathology,  but  represents the common mode through which the biological  network

generates disease. 

1.3.5.2 Fundamental Characteristics 

• General  applicability:  pathogenesis  is  found  in  all  diseases,  regardless  of  etiology  or

localization. 

• Conceptual  unity:  from  local  inflammation  to  multisystemic  collapse,  pathogenetic

mechanisms follow the same network rules. 

• Scalability: principles of pathogenesis apply both at the molecular level (cellular signaling)

and at the organismic level (clinical syndromes). 

• Clinical  universality:  explains  why seemingly different  diseases  (e.g.,  cancer,  diabetes,

sepsis) share common network mechanisms (Barabási et al., 2011). 



1.3.5.3 Clinical Examples 

• Acute inflammation: a local phenomenon, yet governed by the same rules of flow and loop.

• Diabetes mellitus: a chronic disease explained through longitudinality and transversality of

the network. 

• Cancer: cellular proliferation and angiogenesis as universal emergent phenomena. 

• Sepsis: multisystemic collapse as an expression of transversality and hyper-loops. 

1.3.5.4 Role of Universality 

• In pathophysiology: shows that all diseases can be described through the same network

principles. 

• In molecular biology: highlights that pathogenetic mechanisms are common at the level of

signaling pathways. 

• In systems biology: provides a unified framework for understanding disease diversity. 

• In  network  dynamics:  universality  is  the  condition  for  formulating  a  general  theory

(Kauffman, 1993; Kitano, 2002). 

• In  biopharmacology:  universality  is  the  foundation  of  therapeutic  interventions—

treatments do not limit themselves to a specific etiology or organ but act upon the universal

biological  network.  By  simultaneously  modulating  master-switch  nodes,  destabilizing

pathological attractors, and consolidating protective attractors, biopharmacology confirms

that network principles apply to all diseases, regardless of cause or clinical manifestation. 

1.3.5.5 Universal Rule 

Disease is not a particular phenomenon but a universal phenomenon. 

1.3.6 Pathogenesis as a Bistable Phenomenon 

1.3.6.1 Definition 

Pathogenesis is a bistable phenomenon, governed by the capacity of master-switch nodes to toggle

between  two  fundamental  states:  protective  and  pathological.  This  bistability  explains  abrupt

transitions between health and disease, as well as the existence of critical thresholds that determine

stability or instability of the biological network. 



1.3.6.2 Fundamental Characteristics 

• Two dominant states: each master-switch can be maintained within a protective domain or

exceed the pathological threshold, generating minimal attractors (Ferrell & Xiong, 2001). 

• Critical thresholds: bistability is determined by activation/inhibition thresholds, above or

below which the network changes state. 

• Abrupt  transitions:  state  changes  are  not  gradual  but  sudden,  explaining  clinical

phenomena of rapid decompensation or remission. 

• Persistence:  once  the  network  enters  a  pathological  attractor,  bistability  explains  the

difficulty of returning to the protective state (Kauffman, 1993). 

• Coherence: bistability is present at the level of links, axes, and meta-attractors, ensuring

consistency of the pathogenetic phenomenon. 

1.3.6.3 Clinical Examples 

• Diabetes  mellitus:  transition  from  insulin  sensitivity  to  insulin  resistance  is  a  bistable

phenomenon. 

• Sepsis: shift from controlled inflammation to multisystemic collapse occurs through bistable

switching of inflammatory and redox axes. 

• Cancer: transition from controlled proliferation to uncontrolled proliferation explained by

bistability of signaling circuits. 

1.3.6.4 Role of Bistability 

• In pathophysiology: explains abrupt transitions between health and disease. 

• In molecular biology: corresponds to signaling circuits with positive and negative feedback.

• In systems biology: functions as the module ensuring network coherence. 

• In network dynamics:  bistability is  the mechanism by which protective or pathological

attractors become dominant states (Kitano, 2002). 

• In biopharmacology: bistability is the critical intervention point—treatments do not merely

aim to reduce local activation or inhibition but to switch the network between its two stable

regimes. The objective is destabilization of the pathological state and consolidation of the

protective state,  through modulation  of  master-switch  nodes  and disruption of  persistent

loops. 



1.3.6.5 Universal Rule 

Disease is not a linear phenomenon but a bistable phenomenon. 

1.4 Objectives of the Transversal–Longitudinal Pathogenetic Theory (TLPT) 

The central  objective of TLPT is  the  conceptual  unification of pathogenesis into a  universal,

transversal, and longitudinal framework that explains both disease and protection. Objectives are

formulated as canonical definitions, universal rules, and practical goals of interventions. 

1.4.1 Universal Definition of Disease 

1.4.1.1 Definition 

Disease is an emergent pathological state of the biological network, generated through activation

of pathogenic master-switch nodes and stabilized within pathological attractors. It is not a local or

punctual phenomenon but the result of complex interaction among links, axes, flows, loops, and

hyper-loops, which converge toward a global pathological configuration. 

1.4.1.2 Fundamental Characteristics 

• Network phenomenon: disease arises from interconnection of biological elements, not from

a single isolated cause (Barabási et al., 2011). 

• Transversality:  simultaneously  involves  multiple  biological  axes  (inflammatory,  redox,

metabolic, immune, vascular). 

• Longitudinality:  persists  over  time  through loops  and  flows,  explaining  chronicity  and

recurrence. 

• Emergence: properties of disease cannot be deduced from isolated analysis of links; they

arise from global network dynamics (Kauffman, 1993). 

• Universality: pathogenetic mechanisms are common to all diseases, regardless of etiology

or localization. 

• Bistability:  disease  is  defined  by  switching  of  master-switch  nodes  from protective  to

pathological states (Ferrell & Xiong, 2001). 

1.4.1.3 Clinical Examples 

• Sepsis:  multisystemic collapse through transversal  activation  of  inflammatory and redox

axes. 



• Diabetes  mellitus:  chronicity  through  longitudinal  loops  of  insulin  resistance  and

inflammation. 

• Cancer:  emergence  through  cellular  proliferation  and  angiogenesis,  stabilized  in

pathological attractors. 

1.4.1.4 Universal Rule 

Disease  is  an  emergent  pathological  state,  defined  by  pathological  attractors  and  transversal

meta-attractors of the biological network. 

1.4.2 Universal Definition of Protection 

1.4.2.1 Definition 

Protection  is  an  emergent  state of  the  biological  network,  generated  through  activation  of

protective  master-switch  nodes  and  stabilized  within  protective  attractors.  It  is  not  a  local  or

punctual phenomenon but the result of complex interaction among links, axes, flows, and loops,

which converge toward a global protective configuration. 

1.4.2.2 Fundamental Characteristics 

• Network phenomenon: protection arises from interconnection of biological elements, not

from a single isolated factor (Barabási et al., 2011). 

• Transversality:  involves  simultaneous  activation  of  multiple  protective  biological  axes

(redox, metabolic, immune, vascular). 

• Longitudinality:  persists  over  time  through  protective  flows  and  loops,  explaining

biological resilience. 

• Emergence: protective properties cannot be deduced from isolated analysis of links; they

arise from global network dynamics (Kauffman, 1993). 

• Universality:  protective  mechanisms  are  common  to  all  states  of  health,  regardless  of

context. 

• Bistability:  protection  is  defined  by  maintaining  master-switch  nodes  within  protective

domains, below pathological thresholds (Ferrell & Xiong, 2001). 

1.4.2.3 Clinical Examples 

• Resistance to oxidative stress:  activation of Nrf2 maintains the network in a protective

redox state. 



• Metabolic  resilience:  activation  of  AMPK and  inhibition  of  mTOR stabilize  metabolic

protective attractors. 

• Immune resilience: activation of SIRT1 and PPAR maintains immune balance and prevents

chronic inflammation. 

1.4.2.4 Role of Protection 

• In pathophysiology: explains organismal resilience and disease prevention. 

• In molecular biology: corresponds to signaling circuits with protective roles. 

• In systems biology: serves as the conceptual module defining the state of health. 

• In network dynamics: protection is the mechanism by which protective attractors become

dominant states (Kitano, 2002). 

• In biopharmacology: protection is the objective of therapeutic interventions—nutraceutical

and  pharmacological  modules  activate  protective  master-switch  nodes,  destabilize

pathological attractors, and consolidate protective attractors, switching the network toward

the state of health. 

1.4.2.5 Universal Rule 

Protection  is  an  emergent  state,  defined  by  protective  attractors  and  transversal  protective

meta-attractors of the biological network. 

1.4.3 Defining Transversality and Longitudinality 

1.4.3.1 Definition 

Pathogenesis is simultaneously transversal and longitudinal. 

• Transversality describes  the  concurrent  involvement  of  multiple  fundamental  biological

axes (inflammatory, redox, metabolic, immune, vascular), which interconnect and amplify

one another. 

• Longitudinality describes  the  persistence  of  pathogenetic  flows  and  loops  over  time,

generating chronicity, recurrence, and treatment resistance. 

1.4.3.2 Fundamental Characteristics 

• Transversality: 

• involves simultaneous activation of multiple axes; 

• produces pathogenetic coherence and multisystemic phenotypes; 



• explains global collapse in severe acute diseases (e.g., sepsis). 

• Longitudinality: 

• manifests through biological inertia of flows and loops; 

• explains chronicity of diseases (e.g., diabetes, cancer, autoimmunity); 

• generates recurrence and difficulty in returning to the healthy state. 

1.4.3.3 Clinical Examples 

• Sepsis:  transversality  (inflammatory  +  redox  +  vascular  axes)  and  longitudinality

(persistence of inflammatory loops). 

• Diabetes  mellitus:  transversality  (metabolic  +  inflammatory  +  redox  axes)  and

longitudinality (sustained insulin resistance). 

• Cancer:  transversality  (proliferation  +  angiogenesis  +  immunity)  and  longitudinality

(persistence of pathological attractors). 

1.4.3.4 Role of Transversality and Longitudinality 

• In pathophysiology: explain multisystemic syndromes and chronicity of diseases. 

• In molecular biology: correspond to interactions among multiple signaling pathways and

persistent feedback. 

• In systems biology: represent the necessary conditions for meta-attractor formation. 

• In network dynamics: transversality and longitudinality are the rules governing stability

and evolution of the network (Kitano, 2002; Kauffman, 1993). 

• In  biopharmacology:  major  therapeutic  targets—nutraceutical  and  pharmacological

modules must act simultaneously on multiple pathogenetic axes (transversality) and break

the inertia of persistent loops (longitudinality), in order to destabilize pathological attractors

and consolidate the protective meta-attractor. 

1.4.3.5 Universal Rule 

Pathogenesis is transversal and longitudinal, not uniaxial and punctual. 

1.4.4 Defining Attractors and Transversal Meta-Attractors 

1.4.4.1 Definition 

• Attractors are stable emergent states of the biological network, protective or pathological,

generated  through  activation  of  master-switch  nodes.  They  represent  persistent



configurations of flows and loops toward which the system converges. 

• Transversal  meta-attractors are  global  emergent  states,  protective  or  pathological,

resulting from simultaneous aggregation of composite attractors. They define the organism’s

final state—either biological resilience or multisystemic collapse. 

1.4.4.2 Fundamental Characteristics 

• Attractors: 

• may be  minimal (resulting from activation of a single master-switch) or  composite

(resulting from simultaneous activation of multiple master-switches); 

• exhibit  stability and persistence,  explaining chronicity of diseases or resilience of

protective states; 

• are bistable: protective or pathological. 

• Transversal meta-attractors: 

• are not a simple sum of attractors but a global emergent state; 

• involve transversality and longitudinality of the entire network; 

• exhibit dominance and practical irreversibility, explaining global clinical phenotypes.

1.4.4.3 Clinical Examples 

• Minimal pathological attractor: activation of NF-κB/NLRP3 → chronic inflammation. 

• Minimal protective attractor: activation of Nrf2 → redox resilience. 

• Pathological  transversal  meta-attractor:  sepsis  →  multisystemic  collapse  through

simultaneous activation of inflammatory, redox, and vascular axes. 

• Protective  transversal  meta-attractor:  global  biological  resilience  through  coordinated

activation of protective master-switches. 

1.4.4.4 Role of Attractors and Transversal Meta-Attractors 

• In pathophysiology: explain stability of chronic diseases and multisystemic syndromes. 

• In molecular biology: correspond to stable configurations of signaling pathways. 

• In systems biology: represent emergent states of the organism as a whole. 

• In network dynamics: attractors and transversal meta-attractors are convergence points of

the system (Kauffman, 1993; Kitano, 2002). 

• In  biopharmacology:  major  therapeutic  targets—nutraceutical  and  pharmacological

interventions  destabilize  pathological  attractors  and  consolidate  protective  attractors,

switching  the  network  toward  the  transversal  protective  meta-attractor  and  maintaining



health. 

1.4.4.5 Universal Rule 

The state of the organism is defined by attractors and transversal meta-attractors, protective or

pathological. 

1.4.5 Defining Master-Switches and the Switching Vector 

1.4.5.1 Canonical Definition 

• Master-switches are critical control nodes of the biological network, capable of switching

between protective and pathological states. They represent the central points through which

the network can be oriented toward health or disease. 

• The  switching  vector is  the  biological  order  in  which  master-switches  are  activated  or

inhibited, determining the global direction of the network toward protective or pathological

attractors. 

1.4.5.2 Fundamental Characteristics 

• Centrality:  master-switches  exert  transversal  influence  across  multiple  biological  axes

(Kitano, 2002). 

• Bistability: each master-switch can be maintained in either a protective or pathological state

(Ferrell & Xiong, 2001). 

• Transversality:  their  activation  or  inhibition  simultaneously  affects  multiple  flows,

explaining multisystemic syndromes. 

• Longitudinality:  master-switches exhibit  biological inertia,  accounting for persistence of

chronic diseases and resilience of protective states. 

• Vectoriality: the order of switching defines the pathogenetic or protective direction of the

network. 

1.4.5.3 Examples of Fundamental Master-Switches 

1. Nrf2 – redox control 

2. NF-κB / NLRP3 – inflammatory control 

3. AMPK / mTOR – metabolic control 

4. NO / eNOS – vascular control 

5. SIRT1 / PPAR – epigenetic and energetic control 



1.4.5.4 The Switching Vector 

• Protective vector: biological order of activation of protective master-switches (e.g., Nrf2 →

AMPK → SIRT1 → PPAR → eNOS). 

• Pathological  vector:  biological  order  of  activation  of  pathogenic  master-switches  (e.g.,

NF-κB → mTOR → HIF-1α → NLRP3). 

• The  vector  determines  the  network’s  direction:  toward  protective  attractors  or  toward

pathological attractors. 

1.4.5.5 Role of Master-Switches and the Switching Vector 

• In pathophysiology: explains why activation of a single pathway can trigger disease. 

• In molecular biology: corresponds to transcription factors and central regulators. 

• In systems biology: function as the switching nodes of the network. 

• In  network  dynamics:  the  switching  vector  is  the  mechanism through  which  minimal

attractors transform into meta-attractors (Kauffman, 1993). 

• In  biopharmacology:  master-switches  and  the  switching  vector  are  major  therapeutic

targets—activation  of  protective  nodes  and  inhibition  of  pathogenic  nodes  through

nutraceutical  or  pharmacological  modules  enables  reconfiguration  of  the  network,

destabilization of pathological attractors, and consolidation of the protective meta-attractor. 

1.4.5.6 Universal Rule 

Switching of master-switches immediately determines minimal attractors and the pathogenetic or

protective vector of the network. 

1.4.6 Defining the Transversal-Longitudinal Blockade 

1.4.6.1 Definition 

The  transversal-longitudinal  blockade  represents  the  state  of  the  biological  network  in  which

pathogenesis  is  halted,  through simultaneous maintenance  of  master-switch nodes  within  their

protective  domains  and adherence  to  conditions  of  coherence  and persistence.  It  is  the  critical

condition for stabilizing the organism in the state of health. 

1.4.6.2 Fundamental Characteristics 

• Transversality: all protective master-switches are activated within their protective domains,



while pathogenic ones are maintained below critical thresholds. 

• Longitudinality:  protective  flows  and  loops  persist  over  time,  ensuring  biological

resilience. 

• Coherence: the network functions in synchrony, without contradictions among nodes. 

• Persistence: protective attractors remain stable, preventing pathogenetic relapse. 

• Dominance: the protective meta-attractor becomes the global state of the network. 

1.4.6.3 Clinical Examples 

• Controlled sepsis: blockade achieved through simultaneous inhibition of inflammatory and

redox axes, with activation of the protective vascular axis. 

• Stabilized  diabetes:  blockade  achieved  through  activation  of  AMPK  and  inhibition  of

mTOR, maintaining metabolic flows within protective domains. 

• Cancer in remission:  blockade achieved through inhibition of  pathological  attractors  of

proliferation and angiogenesis, with activation of protective epigenetic nodes. 

1.4.6.4 Role of the Transversal-Longitudinal Blockade 

• In  pathophysiology:  explains  cessation  of  pathogenesis  and  stabilization  of  chronic

diseases. 

• In  molecular  biology:  corresponds  to  maintaining  signaling  pathways  within  critical

protective intervals. 

• In systems biology: serves as the conceptual module defining the stable condition of health. 

• In network dynamics: blockade is the condition for formation of the transversal protective

meta-attractor (Kauffman, 1993; Kitano, 2002). 

• In  biopharmacology:  the  transversal-longitudinal  blockade  is  the  ultimate  objective  of

therapeutic interventions—nutraceutical and pharmacological modules maintain protective

master-switch  nodes  within  their  critical  intervals,  inhibit  pathogenic  nodes  below

thresholds, and ensure simultaneity, coherence, and persistence of the network, irreversibly

consolidating the protective meta-attractor. 

1.4.6.5 Universal Rule 

The transversal-longitudinal blockade exists when all protective master-switches are within their

protective  domains,  pathogenic  ones  are  below  critical  thresholds,  and  the  network

simultaneously fulfills conditions of transversality, coherence, and persistence. 



1.4.7  The  Final  Goal  of  Interventions:  Switching  Toward  the  Transversal  Protective

Meta-Attractor (MATP) 

1.4.7.1 Definition 

The  final  goal  of  any  therapeutic  intervention  is  not  merely  symptom  reduction  or  punctual

inhibition  of  a  pathogenetic  link,  but  the  switching  of  the  biological  network  toward  the

transversal  protective  meta-attractor  (MATP).  This  represents  the  global  state  of  biological

resilience, in which the network is stabilized and pathogenesis is blocked both transversally and

longitudinally. 

1.4.7.2 Fundamental Characteristics of MATP 

• Functional  simultaneity:  all  protective  master-switches  are  maintained  within  their

protective domains, while pathogenic ones remain below critical thresholds. 

• Coherence: network nodes function in synchrony, without contradictions among flows. 

• Persistence: protective attractors remain stable, preventing pathogenetic relapse. 

• Dominance:  the  protective  meta-attractor  becomes  the  global  state  of  the  network,

prevailing over pathological attractors. 

• Practical irreversibility (resilience): once achieved, MATP cannot be easily destabilized by

pathogenic factors, ensuring long-term protection. 

1.4.7.3 Clinical Examples 

• Controlled sepsis: interventions aim not only at reducing inflammation but at switching the

network  toward  MATP  through  activation  of  Nrf2  and  eNOS  and  inhibition  of

NF-κB/NLRP3. 

• Stabilized diabetes: the goal is not merely lowering blood glucose but switching toward

MATP through activation of AMPK and SIRT1 and inhibition of mTOR. 

• Cancer in remission: interventions aim not only at reducing proliferation but at switching

toward  MATP  through  activation  of  protective  epigenetic  nodes  and  inhibition  of

pathological attractors. 

1.4.7.4 Supreme Role of Interventions 

• In pathophysiology: MATP is the final condition for cessation of pathogenesis. 

• In molecular biology: MATP corresponds to maintaining signaling pathways within critical



protective intervals. 

• In systems biology: MATP is the conceptual module defining the resilient state of health. 

• In network dynamics: MATP is the global protective attractor toward which the network

must be oriented (Kauffman, 1993; Kitano, 2002). 

• In biopharmacology: MATP is the supreme objective of interventions—nutraceutical and

pharmacological  modules  act  simultaneously  on  master-switch  nodes,  maintaining  them

within protective critical intervals and inhibiting pathogenic nodes below thresholds. This

transversal and longitudinal switching irreversibly consolidates the protective meta-attractor,

ensuring resilience of the network and stability of health. 

1.4.7.5 Universal Rule 

The final goal of interventions is the switching of the biological network toward the transversal

protective meta-attractor (MATP). 

II. Methods 

2.1 Conceptual Architecture of TLPT  

The conceptual architecture of the Transversal–Longitudinal Pathogenetic Theory (TLPT) is built

upon a pyramidal structure with seven levels, supported by a vertical axis of master-switches and

complemented  by  transversal  and  longitudinal  architectures.  This  architecture  defines  the

pathogenetic  state  space,  the  switching  vector,  and  biological  compatibility  among  nodes,

integrating all levels into a unified framework. 

2.1.1 The Transversal-Longitudinal Pathogenetic Pyramid (Levels 1–7) 

2.1.1.1 Definition 

The  Transversal-Longitudinal  Pathogenetic  Pyramid  is  the  fundamental  conceptual  structure  of

TLPT, composed of seven hierarchical levels that describe the progression of pathogenesis from

initial causes to the final longitudinal architecture. It represents the integrative framework through

which disease and protection are understood as network phenomena. 

2.1.1.2 Levels of the Pyramid 

1. Causal links 

• Initial mechanisms: genetic mutations, infections, toxins, trauma. 



• These are the starting points of pathogenesis. 

2. Pathogenetic axes 

• Fundamental  biological  pathways:  inflammatory,  redox,  metabolic,  immune,

vascular. 

• They structure the main pathogenetic flows. 

3. Transversal flows 

• Interconnection of axes, generating multisystemic syndromes. 

• Explain global collapse in severe acute diseases (e.g., sepsis). 

4. Pathogenetic loops 

• Positive and negative feedback circuits. 

• Responsible for chronicity, recurrence, and treatment resistance. 

5. Pathogenetic attractors 

• Stable emergent pathological states. 

• May  be  minimal  (single  master-switch)  or  composite  (multiple  nodes

simultaneously). 

6. Transversal meta-attractor 

• Global pathological or protective state. 

• Represents the final emergence of the biological network. 

7. Longitudinal architecture 

• Temporal stability, inertia, and persistence of flows. 

• Explains chronicity and biological resilience. 

2.1.1.3 Fundamental Characteristics of the Pyramid 

• Hierarchy: each level depends on and amplifies the preceding one. 

• Integration: all levels are connected through master-switches. 

• Emergence: pathological and protective properties arise from global interaction. 

• Universality: the pyramid applies to all diseases, regardless of etiology. 

2.1.1.4 Clinical Examples 

• Sepsis:  causal  link  (infection),  inflammatory  +  redox  axes,  transversal  flows,  feedback

loops, pathological attractor, pathological meta-attractor, longitudinal collapse architecture. 

• Diabetes  mellitus:  causal  link  (insulin  resistance),  metabolic  +  inflammatory  axes,

transversal  flows,  persistent  loops,  pathological  attractor,  pathological  meta-attractor,

chronic longitudinal architecture. 



• Cancer:  causal  link  (mutations),  proliferative  +  angiogenesis  axes,  transversal  flows,

feedback loops,  pathological  attractor,  pathological  meta-attractor,  persistent  longitudinal

architecture. 

2.1.1.5 Universal Rule 

The Transversal-Longitudinal Pathogenetic Pyramid describes the progression of pathogenesis in

seven hierarchical levels, from initial causes to the final longitudinal architecture. 

2.1.2 The Vertical Axis of Master-Switches (12 Nodes) 

2.1.2.1 Definition 

The vertical  axis of master-switches represents the  backbone of the Transversal-Longitudinal

Pathogenetic Pyramid, composed of 12 critical control nodes. These nodes are the central points

through which the biological network can be switched between protective and pathological states.

They govern the transversality and longitudinality of the entire architecture. 

2.1.2.2 List of the 12 Fundamental Master-Switches 

1. Nrf2 – principal regulator of redox protection and detoxification. 

2. NF-κB / NLRP3 – central inflammatory regulator, responsible for cytokine cascade. 

3. SCFA–GPR – metabolic and immune control via short-chain fatty acids. 

4. AhR (Aryl hydrocarbon receptor) – immune and metabolic control through xenobiotic

signaling. 

5. NO / eNOS – vascular and redox regulator, involved in endothelial homeostasis. 

6. AMPK – energy sensor, regulates metabolism and inhibits mTOR. 

7. GLP-1 – metabolic and neuroendocrine regulator, with anti-inflammatory effects. 

8. SIRT1 – epigenetic and energetic regulator, involved in longevity and resilience. 

9. TGF-β – immune and fibrotic regulator, with dual protective/pathological role. 

10.PPAR (α/γ) – metabolic and inflammatory control via transcriptional regulation. 

11.mTOR –  proliferative  and  metabolic  regulator,  implicated  in  cancer  and  metabolic

syndrome. 

12.HIF-1α – hypoxic regulator, involved in angiogenesis and stress adaptation. 

2.1.2.3 Fundamental Characteristics 

• Centrality: each master-switch exerts transversal influence across multiple biological axes. 

• Bistability: each node can be maintained in either a protective or pathological state. 



• Vectoriality:  the  order  of  activation/inhibition  of  master-switches  defines  the  network’s

direction. 

• Integration:  master-switches  connect  all  levels  of  the  pyramid,  from  causal  links  to

meta-attractors. 

2.1.2.4 Clinical Examples 

• Sepsis:  activation  of  NF-κB/NLRP3 and inhibition  of  Nrf2  → inflammatory and redox

collapse. 

• Diabetes mellitus: inhibition of AMPK and activation of mTOR → insulin resistance and

metabolic chronicity. 

• Cancer: activation of HIF-1α and mTOR → uncontrolled proliferation and angiogenesis. 

• Biological  resilience:  activation  of  Nrf2,  AMPK,  SIRT1,  and  PPAR  →  protective

meta-attractor. 

2.1.2.5 Universal Rule 

The vertical axis of master-switches is the  backbone of the pathogenetic pyramid, determining

the network’s direction toward protective or pathological attractors. 

2.1.3 Transversal Architecture (Relations among Links, Axes, Flows, Loops, Attractors) 

2.1.3.1 Definition 

The  transversal  architecture  describes  how  causal  links,  pathogenetic  axes,  flows,  loops,  and

attractors  interconnect  simultaneously,  generating  multisystemic  phenomena.  It  represents  the

horizontal dimension of the Universal Pathogenetic Pyramid, responsible for coherence and global

emergence of disease or protection. 

2.1.3.2 Transversal Structure 

• Causal links → pathogenetic axes: initial causes (mutations, infections, toxins) propagate

transversally through multiple biological axes. 

• Axes → flows: axes interconnect, forming transversal flows (e.g., inflammatory + redox +

metabolic). 

• Flows → loops: flows generate feedback loops that amplify or stabilize processes. 

• Loops → attractors: loops converge toward stable states (attractors), either protective or

pathological. 



• Attractors  →  meta-attractor:  attractors  aggregate  transversally,  forming  the  global

meta-attractor. 

2.1.3.3 Fundamental Characteristics 

• Simultaneity: transversality implies concurrent activation of multiple axes. 

• Coherence:  relationships  among  links,  flows,  and  loops  generate  unified  clinical

phenotypes. 

• Emergence:  pathological  or  protective  properties  arise  from transversal  interaction,  not

from a single axis. 

• Universality:  transversality  is  present  in  all  diseases,  from  local  inflammation  to

multisystemic collapse. 

2.1.3.4 Clinical Examples 

• Sepsis: infection (causal link) → inflammatory + redox + vascular axes → transversal flows

→ cytokine loops → pathological attractor → meta-attractor of multisystemic collapse. 

• Diabetes mellitus:  insulin  resistance (causal  link) → metabolic + inflammatory axes →

transversal flows → persistent loops → pathological attractor → chronic meta-attractor. 

• Cancer: genetic mutations (causal link) → proliferative + angiogenesis axes → transversal

flows → proliferative loops → pathological attractor → tumoral meta-attractor. 

2.1.3.5 Role of Transversal Architecture 

• In pathophysiology: explains multisystemic syndromes and complex phenotypes. 

• In molecular biology: corresponds to interactions among multiple signaling pathways. 

• In systems biology: serves as the conceptual module integrating all levels of the pyramid. 

• In  network  dynamics:  transversality  is  the  condition  for  meta-attractor  formation

(Kauffman, 1993; Kitano, 2002). 

• In  biopharmacology:  transversal  architecture  is  the  therapeutic  objective—nutraceutical

and  pharmacological  modules  must  act  simultaneously  on  multiple  causal  links  and

pathogenetic axes, breaking pathological flows and consolidating protective master-switch

nodes. This transversal switching destabilizes pathological attractors and consolidates the

transversal protective meta-attractor, ensuring network resilience. 

2.1.3.6 Universal Rule 

The transversal architecture is the  horizontal dimension of the pyramid, responsible for global



emergence of disease or protection. 

2.1.4 Longitudinal Architecture (Persistence, Inertia, Temporal Stability) 

2.1.4.1 Definition 

The longitudinal architecture describes the temporal dimension of pathogenesis, i.e., the way in

which flows, loops, and attractors are maintained over time. It explains the persistence, inertia, and

temporal  stability  of  the  biological  network,  being  responsible  for  chronicity,  recurrence,  and

resilience. 

2.1.4.2 Fundamental Characteristics 

• Persistence:  pathogenetic flows do not vanish spontaneously but are maintained through

feedback loops. 

• Inertia: once a pathological or protective attractor is formed, the network tends to remain in

that state. 

• Temporal  stability:  longitudinality  explains  why  chronic  diseases  persist  and  why

protective states can be resilient. 

• Practical  irreversibility:  once  a  pathological  or  protective  meta-attractor  dominates  the

network, reverse transition is difficult. 

• Universality: longitudinality is present in all types of diseases, from chronic inflammation

to cancer. 

2.1.4.3 Clinical Examples 

• Diabetes mellitus:  insulin resistance persists through metabolic and inflammatory loops,

generating chronicity. 

• Cancer:  proliferation and angiogenesis  are  maintained through epigenetic  and metabolic

loops, explaining tumor recurrence. 

• Sepsis: multisystemic collapse persists through inflammatory and redox loops, explaining

clinical instability. 

• Biological  resilience:  persistent  activation  of  Nrf2,  AMPK,  and  SIRT1  maintains  the

protective state over time. 

2.1.4.4 Role of Longitudinal Architecture 

• In pathophysiology: explains chronicity and recurrence of diseases. 



• In molecular biology: corresponds to persistent feedbacks within signaling pathways. 

• In systems biology:  serves  as  the  conceptual  module  defining  temporal  stability of  the

network. 

• In network dynamics:  longitudinality is the condition for maintenance of attractors and

meta-attractors (Kauffman, 1993; Kitano, 2002). 

• In biopharmacology: longitudinal architecture is the target of therapeutic interventions that

break  the  inertia  of  persistent  loops  and  prevent  disease  recurrence—nutraceutical  and

pharmacological  modules  act  on  master-switch  nodes  with  high  inertia,  reducing

pathogenetic feedbacks and consolidating persistence of protective nodes. This longitudinal

switching destabilizes chronic attractors and stabilizes the protective meta-attractor, ensuring

temporal resilience of the network. 

2.1.4.5 Universal Rule 

The  longitudinal  architecture  is  the  temporal  dimension  of  the  pyramid,  responsible  for

persistence and stability of pathogenesis or protection. 

2.1.5 Pathogenetic State Space (Configurations S₀–S₄ of Master-Switches) 

2.1.5.1 Definition 

The pathogenetic state space represents the  set of possible configurations of master-switches,

through which  the  biological  network  can  be described as  healthy,  pre-pathological,  minimally

pathological, transversally pathological, or terminal. This state space defines bistable dynamics and

abrupt transitions between health and disease. 

2.1.5.2 Fundamental Configurations (S₀–S₄) 

S₀ – Healthy state 

• All protective master-switches are active within their protective domains. 

• All pathogenic master-switches are below critical thresholds. 

• The network resides in the transversal protective meta-attractor. 

S₁ – Pre-pathological state 

• Activation of a single pathogenic master-switch. 

• A minimal pathological attractor emerges, but the network remains partially reversible. 

• Example: activation of NF-κB → incipient inflammation. 

S₂ – Minimal pathological state 



• Stable  activation  of  one  pathogenic  master-switch,  or  simultaneous  activation  of  two

pathogenic master-switches. 

• Minimal pathological attractors are consolidated. 

• Example: NF-κB + mTOR → inflammation + proliferation. 

S₃ – Transversal pathological state 

• Multiple pathogenic master-switches activated simultaneously. 

• Composite attractors emerge, leading to multisystemic collapse. 

• Example: sepsis → inflammatory + redox + vascular axes. 

S₄ – Terminal state 

• Dominance of the transversal pathological meta-attractor. 

• The network can no longer spontaneously return to the protective state. 

• Example: advanced cancer, multiple organ failure. 

2.1.5.3 Fundamental Characteristics 

• Bistability: each master-switch can be protective or pathogenic. 

• Abrupt transitions: progression from S₀ to S₁–S₄ occurs suddenly, not gradually. 

• Persistence:  once  the  network  enters  S₂–S₄,  pathological  attractors  are  difficult  to

destabilize. 

• Universality: these configurations apply to all diseases, regardless of etiology. 

2.1.5.4 Clinical Examples 

• Diabetes  mellitus:  S₁  (incipient  insulin  resistance)  →  S₂  (inflammation  +  metabolic

resistance) → S₃ (multisystemic metabolic collapse). 

• Sepsis: S₁ (inflammatory activation) → S₂ (inflammation + redox) → S₃ (inflammation +

redox + vascular) → S₄ (terminal collapse). 

• Cancer:  S₁  (initial  mutation)  → S₂  (proliferation + angiogenesis)  → S₃  (proliferation +

angiogenesis + immunity) → S₄ (tumoral meta-attractor). 

2.1.5.5 Role of the Pathogenetic State Space 

• In pathophysiology: explains disease progression. 

• In molecular biology: corresponds to configurations of signaling pathways. 

• In systems biology: defines network dynamics. 

• In network dynamics: the state space is the framework for attractors and meta-attractors

(Kauffman, 1993; Kitano, 2002). 



• In biopharmacology: the pathogenetic state space is the terrain of therapeutic interventions

—nutraceutical and pharmacological modules shift the network from pathological domains

to  protective  intervals,  destabilize  chronic  attractors,  and  consolidate  the  transversal

protective meta-attractor.  Through this  switching,  the state  space is  reconfigured so that

health becomes the dominant and resilient state. 

2.1.5.6 Universal Rule 

The pathogenetic state space is defined by  configurations S₀–S₄ of master-switches, describing

progression from health to terminal disease. 

2.1.6 Master-Switch Switching Vector (Representation of Node States) 

2.1.6.1 Definition 

The  master-switch  switching  vector  represents  the  biological  order  and  configuration  of

master-switch node states, through which the biological network is oriented toward protective or

pathological attractors. It is the mathematical and conceptual instrument that describes the bistable

dynamics of the network and its pathogenetic or protective direction. 

2.1.6.2 Structure of the Switching Vector 

• Each master-switch has two fundamental states: 

• Protective (P): the node resides within its protective domain. 

• Pathological (D): the node surpasses its critical threshold and generates pathological

attractors. 

• The switching vector is an ordered sequence of states: 

V=(S1,S2,S3,…,S12) 

where Si represents the state of each master-switch (P or D). 

2.1.6.3 Examples of Vectors 

• Protective vector: 

VP=(PNrf2,PAMPK,PSIRT1,PPPAR,PeNOS,…) 

→ directs the network toward protective attractors and the transversal protective meta-attractor. 

• Pathological vector: 

VD=(DNFκB,DmTOR,DHIF−1α,DNLRP3,…) 

→ directs the network toward pathological attractors and the transversal pathological meta-attractor.



2.1.6.4 Fundamental Characteristics 

• Directionality: the vector indicates the trajectory of network evolution (toward protection or

disease). 

• Biological order: switching of nodes is not random but follows a biological sequence. 

• Transversality: the vector simultaneously involves multiple biological axes. 

• Longitudinality:  the  vector  exhibits  inertia,  explaining  persistence  of  pathological  or

protective states. 

• Bistability: the vector can be protective or pathological, depending on node states. 

2.1.6.5 Clinical Examples 

• Sepsis:  pathological  vector  →  activation  of  NF-κB,  NLRP3,  mTOR,  HIF-1α  →

multisystemic collapse. 

• Diabetes  mellitus:  pathological  vector  → inhibition  of  AMPK,  activation  of  mTOR →

metabolic chronicity. 

• Cancer:  pathological  vector  →  activation  of  HIF-1α  and  mTOR  →  proliferation  and

angiogenesis. 

• Biological resilience: protective vector → activation of Nrf2, AMPK, SIRT1, PPAR, eNOS

→ protective meta-attractor. 

2.1.6.6 Role of the Switching Vector 

• In pathophysiology: explains disease progression through the order of node activation. 

• In  molecular  biology:  corresponds  to  sequences  of  activations/inhibitions  in  signaling

pathways. 

• In systems biology: serves as the conceptual module defining network direction. 

• In  network  dynamics:  the  vector  is  the  mechanism  through  which  minimal  attractors

transform into meta-attractors (Kauffman, 1993; Kitano, 2002). 

• In biopharmacology:  the switching vector  is  the target of therapeutic interventions that

direct the network toward the protective state—nutraceutical and pharmacological modules

sequentially activate protective master-switch nodes and inhibit pathogenic ones in critical

order,  reconfiguring  flows  and  loops.  Through  this  controlled  succession,  pathological

attractors  are  destabilized  and  the  transversal  protective  meta-attractor  becomes  the

dominant and resilient state. 



2.1.6.7 Universal Rule 

The master-switch  switching vector  determines  the  network’s  direction toward protective  or

pathological attractors, through the biological order of node states. 

2.1.7 Biological Compatibility Between Nodes and Structures 

2.1.7.1 Definition 

Biological  compatibility describes  how master-switches  interact  with  one  another  and with  the

structures  of  the  pathogenetic  pyramid  (links,  axes,  flows,  loops,  attractors).  It  determines  the

coherence  of  the  network  and  the  possibility  of  forming  meta-attractors,  either  protective  or

pathological. 

2.1.7.2 Types of Compatibility 

• Protective compatibility: 

• Protective  master-switch  nodes  (e.g.,  Nrf2,  AMPK,  SIRT1,  PPAR,  eNOS)  are

mutually compatible. 

• Simultaneous activation generates synergy and transversal stability. 

• Example: Nrf2 + AMPK → redox + metabolic protection. 

• Pathogenic compatibility: 

• Pathogenic master-switch nodes (e.g., NF-κB, mTOR, HIF-1α, NLRP3) are mutually

compatible. 

• Simultaneous activation generates transversal and longitudinal collapse. 

• Example: NF-κB + mTOR → inflammation + proliferation. 

• Mixed compatibility: 

• Protective and pathogenic nodes may be active simultaneously. 

• The  network  becomes  bistable,  oscillating  between  protective  and  pathological

states. 

• Example:  Nrf2  active  +  NF-κB  active  →  competition  between  protection  and

inflammation. 

2.1.7.3 Fundamental Characteristics 

• Coherence:  compatibility  determines  whether  the  network  functions  synchronously  or

contradictorily. 



• Emergence: compatibility among nodes generates composite attractors. 

• Transversality: compatibility manifests simultaneously across multiple biological axes. 

• Longitudinality: compatibility determines persistence and temporal stability of states. 

• Universality: biological compatibility is present in all diseases and protective states. 

2.1.7.4 Clinical Examples 

• Sepsis: pathogenic compatibility → NF-κB + NLRP3 + HIF-1α → multisystemic collapse. 

• Diabetes mellitus: mixed compatibility → AMPK active + mTOR active → competition

between protection and pathology. 

• Cancer: pathogenic compatibility → HIF-1α + mTOR → proliferation and angiogenesis. 

• Biological  resilience:  protective compatibility → Nrf2 + AMPK + SIRT1 → protective

meta-attractor. 

2.1.7.5 Role of Biological Compatibility 

• In pathophysiology: explains coexistence or dominance of pathological states. 

• In molecular biology: corresponds to interactions among signaling pathways. 

• In systems biology: serves as the conceptual module defining network coherence. 

• In  network  dynamics:  compatibility  is  the  condition  for  stability  of  attractors  and

meta-attractors (Kauffman, 1993; Kitano, 2002). 

• In  biopharmacology:  biological  compatibility  is  the  essential  criterion  for  intervention

efficiency—nutraceutical  and  pharmacological  modules  must  be  compatible  with  one

another and with the biological network to avoid signaling conflicts and ensure functional

coherence.  Through  this  compatibility,  protective  attractors  are  consolidated  and  the

transversal protective meta-attractor becomes stable and resilient. 

2.1.7.6 Universal Rule 

Biological  compatibility  between  nodes  and  structures  determines  network  coherence  and

emergence of meta-attractors, whether protective or pathological. 

2.1.8 Integration of Master-Switches with All Levels of the Pyramid 

2.1.8.1 Definition 

Integration  of  master-switches  with  the  levels  of  the  Transversal-Longitudinal  Pathogenetic

Pyramid represents the mechanism through which critical control nodes (master-switches) connect



to and influence each level of the pyramid, from causal links to the transversal meta-attractor. This

integration  ensures  network  coherence  and  explains  how  a  single  activation  or  inhibition  can

reconfigure the entire pathogenetic architecture. 

2.1.8.2 Integration Across Levels 

1. Causal links 

• Master-switches act as initiation points of biological responses. 

• Example: NF-κB activated by infection → triggers the inflammatory cascade. 

2. Pathogenetic axes 

• Master-switches are central nodes of axes. 

• Example: Nrf2 → redox axis; AMPK → metabolic axis; NF-κB → inflammatory

axis. 

3. Transversal flows 

• Master-switches interconnect axes, generating multisystemic flows. 

• Example: NF-κB + HIF-1α → inflammation + angiogenesis. 

4. Pathogenetic loops 

• Master-switches stabilize or destabilize feedback loops. 

• Example: mTOR + AMPK → antagonistic metabolic loops. 

5. Pathogenetic attractors 

• Activation of pathogenic master-switches generates minimal pathological attractors. 

• Activation of protective master-switches generates minimal protective attractors. 

6. Transversal meta-attractor 

• Simultaneous  integration  of  master-switches  determines  the  global  state  of  the

network. 

• Example: activation of Nrf2 + AMPK + SIRT1 → protective meta-attractor. 

7. Longitudinal architecture 

• Master-switches confer persistence and inertia to flows. 

• Example:  NF-κB  maintained  active  →  chronic  inflammation;  SIRT1  active  →

epigenetic resilience. 

2.1.8.3 Fundamental Characteristics of Integration 

• Coherence: master-switches synchronize pyramid levels. 

• Emergence: integration generates attractors and meta-attractors. 

• Transversality: master-switches connect multiple axes simultaneously. 



• Longitudinality: master-switches determine temporal persistence of states. 

• Universality: integration applies to all diseases and protective states. 

2.1.8.4 Clinical Examples 

• Sepsis: NF-κB (causal link) → inflammatory axis → transversal inflammatory + redox flow

→ cytokine loops → pathological attractor → collapse meta-attractor. 

• Diabetes mellitus:  AMPK inhibited + mTOR activated → metabolic axis → transversal

metabolic  +  inflammatory flow → persistent  loops  → pathological  attractor  → chronic

meta-attractor. 

• Cancer:  HIF-1α +  mTOR activated  → proliferative  +  angiogenesis  axes  → transversal

proliferative flow → epigenetic loops → tumoral attractor → pathological meta-attractor. 

2.1.8.5 Universal Rule 

Master-switches  are  integrated  across  all  levels  of  the  pyramid,  determining  coherence,

emergence, and the network’s direction toward health or disease. 

2.2 Formal Definition of Pathogenetic Structures 

The architecture of the Transversal-Longitudinal Pathogenetic Theory (UPT) is based on a set of

formal  structures—links,  axes,  flows,  loops,  hyper-loops,  attractors,  and  meta-attractors—all

governed  by the  vertical  axis  of  master-switches.  These  structures  define  how pathogenesis  is

initiated, amplified, stabilized, and becomes emergent. 

• Links (verigi): initial causal mechanisms (mutations, infections, toxins, trauma) that trigger

the pathogenetic process. 

• Axes  (axe):  fundamental  biological  pathways  (inflammatory,  redox,  metabolic,  immune,

vascular) that organize pathogenetic progression. 

• Flows  (fluxuri):  transversal  interconnections  among  axes,  generating  multisystemic

syndromes. 

• Loops (bucle): feedback circuits (positive and negative) that sustain chronicity, recurrence,

and treatment resistance. 

• Hyper-loops  (hiper-bucle):  higher-order  feedback  structures,  integrating  multiple  loops

into persistent systemic cycles. 

• Attractors  (atractori):  stable  emergent  states  of  the  network,  either  protective  or

pathological, minimal or composite. 

• Meta-attractors  (meta-atractori):  global  emergent  states,  protective  or  pathological,



resulting  from  aggregation  of  attractors  and  defining  the  organism’s  final  condition

(resilience or collapse). 

Together,  these  structures  form  the  formal  grammar  of  pathogenesis,  providing  a  unified

framework for describing the dynamics of disease and protection across all biological levels. 

2.2.1 Biological Links (~70 Links: Causal, Amplifying, Consequential) 

2.2.1.1 Definition of the Biological Link 

A biological link is an elementary pathogenetic unit, representing a molecular, cellular, or tissue

mechanism. It constitutes the fundamental “building block” of the UPT architecture, through which

initiation, propagation, and consequences of pathogenetic processes are described (Kitano, 2002). 

2.2.1.2 Types of Biological Links 

• Causal links (~20): starting points of disease, directly controlled by master-switches. 

• Examples:  initial  oxidative  stress  (ROS),  oncogenic  mutations,  acute  infections

(Barabási, Gulbahce & Loscalzo, 2011). 

• Amplifying  links  (~25):  multiply  causal  effects  through  feed-forward  mechanisms,

generating pathogenetic cascades. 

• Examples: NLRP3 inflammasome, fibroblast proliferation (Ferrell & Xiong, 2001). 

• Consequential links (~25): final clinical phenotypes, resulting from causal and amplifying

activation. 

• Examples: fibrosis, pathological angiogenesis, tissue necrosis (Kauffman, 1993). 

2.2.1.3 Rule of Link Activation/Inhibition 

• Activation of a causal link → activation of amplifying links → activation of consequential

links. 

• Inhibition of a causal link → inhibition of amplifying links → inhibition of consequential

links. 

This rule defines the direction of pathogenetic flow and demonstrates that intervention at causal

links produces cascading effects across the entire network (Kitano, 2002). 

2.2.1.4 Distribution of Links Across Axes (~5 links/axis, 14 fundamental axes) 

The  ~70  pathogenetic  biological  links  are  distributed  across  the  14  fundamental  axes  of  the

Transversal-Longitudinal Pathogenetic Pyramid, approximately five per axis. Each axis integrates

causal  links,  amplifying  links,  and  consequential  links,  reflecting  the  physiopathological



progression from initiation to final clinical phenotype. 

1. Inflammatory Axis – cytokine cascade, inflammasome, innate immune response 

• Causal: NF-κB (Nuclear Factor kappa-B) 

• Amplifying:  IL-1β  (Interleukin-1  beta),  TNF-α  (Tumor  Necrosis  Factor-alpha),  NLRP3

inflammasome (NOD-like receptor family pyrin domain containing 3) 

• Consequence: Cytokine storm (hypercytokinemia) 

2. Redox Axis – oxidative stress, mitochondrial dysfunction, antioxidant protection 

• Causal: ROS (Reactive Oxygen Species), RNS (Reactive Nitrogen Species) 

• Amplifying:  Mitochondrial  dysfunction,  Glutathione  depletion  (GSH  deficiency),  Lipid

peroxidation 

• Consequence: Apoptosis (programmed cell death) 

3. Metabolic Axis – insulin resistance, energetic dysfunctions, metabolic syndrome 

• Causal: Insulin resistance 

• Amplifying: Hyperglycemia, Lipotoxicity, Mitochondrial metabolic dysfunction 

• Consequence: Chronic metabolic complications (nephropathy, retinopathy, angiopathy) 

4. Immune Axis – dysregulation of adaptive and innate immunity 

• Causal: Aberrant T-cell activation (Th1/Th17 imbalance) 

• Amplifying:  Autoantibody production  (ANA,  anti-dsDNA),  Regulatory T-cell  deficiency

(Treg loss), Persistent CD8 cytotoxicity 

• Consequence: Clinical autoimmunity (e.g., systemic lupus erythematosus) 

5. Vascular Axis – endothelial dysfunction, hypertension, ischemia 

• Causal: Endothelial dysfunction 

• Amplifying:  Nitric  oxide  (NO)  deficiency,  Hemodynamic  stress,  Hypercoagulability

(thrombophilia) 

• Consequence: Tissue ischemia 

6. Proliferative Axis – cell growth, oncogenesis, hyperplasia 

• Causal: Oncogenic mutations (e.g., KRAS, TP53) 

• Amplifying: mTOR activation (mammalian target of rapamycin), Dysregulated cell cycle,

Genomic instability 

• Consequence: Invasive tumor 

7. Apoptotic Axis – programmed cell death, necrosis, apoptotic evasion 

• Causal: Caspase activation (caspase-3, caspase-9) 

• Amplifying:  p53  deregulation,  Endoplasmic  reticulum  stress,  Loss  of  mitochondrial

membrane potential 



• Consequence: Tissue necrosis / Tumoral apoptotic evasion 

8. Epigenetic Axis – methylation changes, histone modifications, transcriptional regulation 

• Causal: Histone deregulation (acetylation/deacetylation imbalance) 

• Amplifying: Aberrant DNA methylation, microRNA deregulation, Epigenetic instability 

• Consequence: Epigenetic malignancy (e.g., leukemogenesis) 

9. Neuroendocrine Axis – stress, cortisol, hormonal dysregulation 

• Causal: Chronic stress (HPA axis activation – hypothalamic-pituitary-adrenal) 

• Amplifying: Hypercortisolism, HPA dysfunction, Neuroinflammation 

• Consequence: Burnout, Neurodegeneration (e.g., Alzheimer’s disease) 

10. Fibrotic Axis – fibroblast activation, collagen deposition, pathological scarring 

• Causal: TGF-β activation (Transforming Growth Factor-beta) 

• Amplifying: Fibroblast proliferation, Collagen deposition, Tissue stiffening 

• Consequence: Clinical fibrosis (hepatic, pulmonary, renal) 

11. Hypoxic Axis – HIF-1α, angiogenesis, adaptation to oxygen deficit 

• Causal: Tissue hypoxia 

• Amplifying: HIF-1α activation, Pathological angiogenesis, Hypoxic metabolic stress 

• Consequence: Ischemic necrosis 

12. Angiogenetic Axis – new vessel formation, tumoral vascularization 

• Causal: HIF-1α activation (in tumoral context) 

• Amplifying:  VEGF  overexpression  (Vascular  Endothelial  Growth  Factor),  Endothelial

proliferation, Pathological neoangiogenesis 

• Consequence: Metastasis 

13. Microbiotic Axis – intestinal dysbiosis, SCFA, microbiome–host interactions 

• Causal: Intestinal dysbiosis 

• Amplifying:  Endotoxemia,  SCFA deficiency (short-chain  fatty  acids),  Chronic  intestinal

inflammation 

• Consequence:  Intestinal  metabolic  syndrome (obesity,  diabetes,  NAFLD – non-alcoholic

fatty liver disease) 

14. Energetic Axis – AMPK, mTOR, balance between catabolism and anabolism 

• Causal: AMPK inhibition (AMP-activated protein kinase) 

• Amplifying: mTOR activation, Catabolic/anabolic imbalance, ATP depletion 

• Consequence: Cellular energetic collapse 



2.2.1.5 Illustrative Clinical Examples 

• Sepsis: 

• Causal links: bacterial infection. 

• Amplifying links: inflammasome activation, mitochondrial dysfunction. 

• Consequential links: multiple organ failure. 

• Diabetes mellitus: 

• Causal links: insulin resistance. 

• Amplifying links: chronic inflammation, oxidative stress. 

• Consequential links: persistent hyperglycemia, vascular complications. 

• Cancer: 

• Causal links: oncogenic mutations. 

• Amplifying links: angiogenesis, cellular proliferation. 

• Consequential links: invasive tumor, metastasis. 

2.2.1.6 Universal Rule of Disease 

All diseases are  combinations of causal, amplifying, and consequential links (Barabási et al.,

2011). 

2.2.2 Fundamental Biological Axes (14 axes) 

2.2.2.1 Definition of the Biological Axis 

A biological axis is an aggregate of causal, amplifying, and consequential links that describes a

fundamental  pathogenetic  direction.  It  represents  a  line  of  disease  progression,  structured  on

interconnected molecular and cellular mechanisms (Kitano, 2002). 

2.2.2.2 Structure of the Biological Axis 

Axis = causal links + amplifying links + consequential links 

• Causal links: initiate the pathogenetic process. 

• Amplifying links: multiply causal effects. 

• Consequential links: express the final clinical phenotype. 

Thus, each axis is a coherent “pathogenetic chain,” but one that is  transversally interconnected

with other axes (Barabási, Gulbahce & Loscalzo, 2011). 



2.2.2.3 List of the 14 Fundamental Axes (ordered physiopathologically) 

1. Inflammatory axis – cytokine cascade, inflammasome, innate immune response. 

2. Redox axis – oxidative stress, mitochondrial dysfunction, antioxidant protection. 

3. Metabolic axis – insulin resistance, energetic dysfunctions, metabolic syndrome. 

4. Immune axis – dysregulation of adaptive and innate immunity. 

5. Vascular axis – endothelial dysfunction, hypertension, ischemia. 

6. Proliferative axis – cell growth, oncogenesis, hyperplasia. 

7. Apoptotic axis – programmed cell death, necrosis, apoptotic evasion. 

8. Epigenetic  axis –  DNA  methylation  changes,  histone  modifications,  transcriptional

regulation. 

9. Neuroendocrine axis – stress, cortisol, hormonal dysregulation. 

10.Fibrotic axis – fibroblast activation, collagen deposition, pathological scarring. 

11.Hypoxic axis – HIF-1α, angiogenesis, adaptation to oxygen deficit. 

12.Angiogenetic axis – new vessel formation, tumoral vascularization. 

13.Microbiotic axis – intestinal dysbiosis, SCFA, microbiome–host interactions. 

14.Energetic axis – AMPK, mTOR, balance between catabolism and anabolism. 

This list reflects the major directions of pathogenesis, each axis being an aggregate of distributed

and interconnected links (Kauffman, 1993). 

2.2.2.4 Illustrative Clinical Examples 

• Sepsis: inflammatory axis + redox axis + vascular axis → multisystemic collapse. 

• Diabetes  mellitus:  metabolic  axis  +  inflammatory  axis  +  immune  axis  →  metabolic

chronicity. 

• Cancer:  proliferative  axis  +  angiogenetic  axis  +  epigenetic  axis  +  hypoxic  axis  →

tumorigenesis and metastasis. 

2.2.2.5 Universal Rule of Biological Axes 

All diseases are combinations of pathogenetic axes (Barabási et al., 2011). This rule demonstrates

that no disease can be explained by a single axis. Pathogenesis is the result of the  simultaneous

and coherent interaction of multiple axes, interconnected both transversally and longitudinally. 



2.2.3 Pathogenetic Flows 

2.2.3.1 Definition of the Pathogenetic Flow 

A pathogenetic flow is an emergent direction of axis activation, representing how interconnected

links  and  axes  generate  a  coherent  movement  of  the  biological  network.  Flows  express  the

transversal and longitudinal dynamics of pathogenesis (Kitano, 2002). 

2.2.3.2 Structure of Pathogenetic Flows 

Flows arise from the interconnection of biological axes. They are not simple linear sequences but

dynamic networks that connect causes, amplifications, and consequences. 

• Example:  inflammatory  axis  +  redox  axis  →  inflammatory-oxidative  flow (Barabási,

Gulbahce & Loscalzo, 2011). 

2.2.3.3 Types of Pathogenetic Flows 

• Causal flows: initiated by causal links, they trigger the pathogenetic process. 

• Example: bacterial infection → initial inflammatory flow. 

• Amplifying flows: multiply causal effects, creating cascades and loops. 

• Example: ROS + cytokines → amplified inflammatory-redox flow (Ferrell & Xiong,

2001). 

• Consequential flows: express the final clinical phenotype. 

• Example:  ischemia  +  fibrosis  → vascular-fibrotic  consequential  flow (Kauffman,

1993). 

2.2.3.4 Illustrative Clinical Examples 

• Sepsis: inflammatory flow + redox flow + vascular flow → multisystemic collapse. 

• Diabetes mellitus: metabolic flow + inflammatory flow → metabolic chronicity. 

• Cancer:  proliferative  flow  +  angiogenetic  flow  +  hypoxic  flow  →  tumorigenesis  and

metastasis. 

2.2.3.5 Universal Rule of Pathogenetic Flows 

All diseases are combinations of pathogenetic flows (Barabási et al., 2011). This rule shows that

flows are the emergent expression of axis interactions, defining the progression of disease from

cause to consequence. 



2.2.4 Pathogenetic Loops 

2.2.4.1 Definition of the Pathogenetic Loop 

A pathogenetic loop is a feedback circuit between flows and axes that maintains or amplifies the

pathological  state.  Such  loops  explain  the  persistence  and  recurrence  of  diseases,  being

fundamental mechanisms of biological network dynamics (Kitano, 2002). 

2.2.4.2 Types of Pathogenetic Loops 

• Stabilizing loops (negative feedback): 

• Maintain homeostasis or limit disease progression. 

• Example:  Nrf2  activation  →  increased  antioxidant  enzymes  →  reduction  of

oxidative stress (Barabási, Gulbahce & Loscalzo, 2011). 

• Amplifying loops (positive feedback): 

• Intensify pathogenetic processes, leading to chronicity or collapse. 

• Example: NF-κB → pro-inflammatory cytokines → further NF-κB activation (Ferrell

& Xiong, 2001). 

2.2.4.3 Relationships Between Loops, Flows, and Axes 

Loops are formed through the interaction of flows and axes: 

• Causal flows + amplifying loops → rapid progression. 

• Amplifying flows + stabilizing loops → controlled chronicity. 

• Consequential flows + amplifying loops → recurrence and aggravation. 

Thus,  loops are  responsible  for the  temporal  persistence and recurrence of  chronic diseases

(Kauffman, 1993). 

2.2.4.4 Illustrative Clinical Examples 

• Sepsis: amplifying inflammatory loops → cytokine storm → multiple organ failure. 

• Diabetes  mellitus: amplifying  metabolic  loops  →  persistent  hyperglycemia  →  chronic

inflammation. 

• Cancer: proliferative and angiogenetic amplifying loops → continuous tumor growth. 

• Fibrosis: fibrotic  amplifying  loops  →  fibroblast  activation  →  progressive  collagen

deposition. 



2.2.4.5 Universal Rule of Loops 

All diseases are combinations of pathogenetic loops (Barabási et al., 2011). This rule shows that,

regardless of etiology, every disease involves the formation of feedback loops—either stabilizing or

amplifying. 

2.2.5 Hyper-Loops (Extreme Positive Feedback) 

2.2.5.1 Definition of the Hyper-Loop 

A hyper-loop is an extreme form of positive feedback, in which amplification mechanisms surpass

any  homeostatic  control.  It  represents  a  self-reinforcing  pathogenetic  circuit,  capable  of

destabilizing the biological network and driving it toward collapse (Ferrell & Xiong, 2001). 

2.2.5.2 Characteristics of the Hyper-Loop 

• Amplifies pathogenetic flows without limit. 

• Characterized by self-propagation and absence of braking mechanisms. 

• Example: simultaneous activation of NF-κB + ROS → exponential increase in inflammation

and oxidative stress (Barabási, Gulbahce & Loscalzo, 2011). 

2.2.5.3 Role of the Hyper-Loop 

• Responsible for multisystemic collapse, through final destabilization of the network. 

• In sepsis, inflammatory hyper-loops drive cytokine storm and multiple organ failure. 

• In cancer, proliferative and angiogenetic hyper-loops sustain uncontrolled tumor growth. 

• In heart failure, fibrotic and neuroendocrine hyper-loops amplify pathological remodeling

(Kitano, 2002). 

2.2.5.4 Illustrative Clinical Examples 

• Severe sepsis: inflammatory + redox hyper-loops → multisystemic collapse. 

• Advanced cancer: proliferative + angiogenetic hyper-loops → accelerated metastasis. 

• Terminal  heart  failure: fibrotic  +  neuroendocrine  hyper-loops  →  irreversible

decompensation. 

2.2.5.5 Universal Rule of Hyper-Loops 

Hyper-loops are extreme positive feedback structures that, once formed, tend toward persistence



and  irreversibility;  the  convergence  of  multiple  hyper-loops  destabilizes  the  network  and  may

culminate in multisystemic collapse. 

2.2.6 Minimal Attractors 

2.2.6.1 Definition of the Minimal Attractor 

A minimal attractor is a stable state generated by the activation of a master-switch, representing

the  simplest  form  of  pathogenetic  or  protective  organization.  It  constitutes  the  basic  unit  of

biological network dynamics, emerging from the interaction between master-switches and causal

links (Kauffman, 1993; Kitano, 2002). 

2.2.6.2 Protective Minimal Attractor (Regime S₁) 

• Occurs when a protective master-switch is activated in regime S₁. 

• Example: Nrf2 activation → induction of antioxidant enzymes → stabilization of the redox

state. 

• Represents a  functional equilibrium state, with roles in defense and resilience (Barabási,

Gulbahce & Loscalzo, 2011). 

2.2.6.3 Pathological Minimal Attractor (Regime S₃) 

• Occurs when a pathogenic master-switch is activated in regime S₃. 

• Example: NF-κB activation → excessive cytokine production → chronic inflammation. 

• Represents  a  stable  disequilibrium state,  maintaining  disease  and favoring  progression

(Ferrell & Xiong, 2001). 

2.2.6.4 Illustrative Clinical Examples 

• Early sepsis: pathological minimal attractor (S₃, NF-κB). 

• Controlled oxidative stress: protective minimal attractor (S₁, Nrf2). 

• Diabetes mellitus: pathological minimal attractor (S₃, insulin resistance). 

• Ischemic preconditioning: protective minimal attractor (S₁, NO/eNOS). 

2.2.6.5 Universal Rule of Minimal Attractors 

Minimal attractors arise in regimes S₁ and S₃ of master-switches (Barabási et al., 2011). This rule

shows that minimal attractors are the direct expression of master-switch activation and constitute

the starting points for the formation of composite attractors and meta-attractors. 



2.2.7 Composite Attractors 

2.2.7.1 Definition of the Composite Attractor 

A composite  attractor  is  an  aggregate of minimal attractors,  resulting from their  overlap and

interaction  within  the  network.  Unlike  minimal  attractors,  which  express  elementary  states,

composite attractors describe  complex and persistent configurations of the biological network

(Kauffman, 1993; Kitano, 2002). 

2.2.7.2 Role of Composite Attractors 

• Explain chronic diseases, where persistence and recurrence are generated by the overlap of

multiple minimal attractors. 

• Integrate protective and pathological regimes simultaneously, creating hybrid states. 

• Example: in  diabetes mellitus,  pathogenic minimal attractors (insulin resistance,  chronic

inflammation) combine with consequential attractors (hyperglycemia, vascular dysfunction),

forming a stable composite attractor (Barabási, Gulbahce & Loscalzo, 2011). 

• In cancer, proliferative, angiogenetic, and epigenetic minimal attractors overlap, generating

a persistent tumoral composite attractor. 

2.2.7.3 Illustrative Clinical Examples 

• Diabetes mellitus: composite attractor metabolic + inflammatory + vascular. 

• Cancer: composite attractor proliferative + angiogenetic + epigenetic + hypoxic. 

• Pulmonary fibrosis: composite attractor fibrotic + inflammatory + hypoxic. 

• Rheumatoid arthritis: composite attractor immune + inflammatory + redox. 

2.2.7.4 Universal Rule of Composite Attractors 

Chronic  diseases  are  combinations  of  composite  attractors (Barabási  et  al.,  2011).  This  rule

shows that  chronic pathogenesis cannot  be explained by a  single minimal  attractor,  but  by the

aggregation and stabilization of multiple attractors, which together define the persistent disease

state. 



2.2.8 Transversal Meta-Attractors 

2.2.8.1 Canonical Definition of the Transversal Meta-Attractor 

A transversal  meta-attractor  is  the  global  state  of  the  biological  network,  resulting  from the

simultaneous and coherent interaction of master-switches and composite attractors. It represents the

highest  level  of  pathogenetic  organization,  where  health  or  disease  is  expressed  as  a  stable

emergent state of the entire system (Kauffman, 1993; Kitano, 2002). 

2.2.8.2 Protective Transversal Meta-Attractor 

• Occurs when protective nodes dominate. 

• Example: activation of Nrf2, AMPK, and SIRT1 → maintenance of redox, energetic, and

epigenetic homeostasis. 

• Represents  a  global  resilience  state,  in  which  the  biological  network  resists  stress  and

prevents collapse (Barabási, Gulbahce & Loscalzo, 2011). 

2.2.8.3 Pathological Transversal Meta-Attractor 

• Occurs when pathogenic nodes dominate. 

• Example:  activation  of  NF-κB,  mTOR,  and  HIF-1α  →  chronic  inflammation,  tumor

proliferation, hypoxia. 

• Represents a global destabilization state, in which the biological network is locked into a

persistent pathological regime (Ferrell & Xiong, 2001). 

2.2.8.4 Illustrative Clinical Examples 

• Severe sepsis: pathological transversal meta-attractor → multisystemic collapse. 

• Diabetes  mellitus: pathological  transversal  meta-attractor  →  metabolic  and  vascular

chronicity. 

• Cancer: pathological transversal meta-attractor → proliferation and metastasis. 

• Healthy longevity: protective transversal meta-attractor → redox, metabolic, and epigenetic

resilience. 

2.2.8.5 Universal Rule of Transversal Meta-Attractors 

The global state of the organism is a transversal meta-attractor (Barabási et al., 2011). This rule

shows  that  health  and  disease  are  not  merely  local  phenomena,  but  emergent  states  of  the



universal biological network, defined by the balance between protective and pathogenic attractors.

2.2.9 Vertical Axis of Master-Switches (12 Nodes) 

The pathogenetic structures—links, axes, flows, loops, hyper-loops, attractors, and meta-attractors

—are governed by the vertical axis of master-switches. This axis defines disease progression and

the conditions for health or collapse. 

2.2.9.1 Definition of the Vertical Control Axis 

The  vertical  axis  is  the  backbone  of  the  universal  pathogenetic  pyramid,  composed  of  12

master-switches. It represents the  central command line of the biological network, capable of

determining the global direction of pathogenesis (Kitano, 2002). 

2.2.9.2 List of the 12 Master-Switches 

1. Nrf2 – protective redox regulator. 

2. NF-κB/NLRP3 – pathogenic inflammatory regulator. 

3. SCFA–GPR – protective microbiotic signaling. 

4. AhR – receptor for xenobiotics and microbial signals. 

5. NO/eNOS – vascular control and nitric oxide signaling. 

6. AMPK – protective energetic sensor. 

7. GLP-1 – metabolic and endocrine regulator. 

8. SIRT1 – protective epigenetic and metabolic regulator. 

9. TGF-β – fibrotic and immune mediator. 

10.PPAR (α/γ) – metabolic and lipid control. 

11.mTOR – pathogenic proliferative and energetic regulator. 

12.HIF-1α – hypoxic and angiogenetic sensor. 

These 12 master nodes constitute the vertical switching axis of the entire pathogenetic pyramid

(Barabási, Gulbahce & Loscalzo, 2011). 

2.2.9.3 Switching States (S₀–S₄) 

• S₀: healthy state, homeostatic equilibrium. 

• S₁: protective minimal activation (protective attractor). 

• S₂: intermediate, unstable state. 

• S₃: pathogenic minimal activation (pathological attractor). 

• S₄: terminal state, multisystemic collapse. 

These states define the functional regimes of master-switches (Ferrell & Xiong, 2001). 



2.2.9.4 Critical and Pathological Thresholds 

• Critical thresholds (protective): activation levels that maintain the network in a protective

regime. 

• Pathological  thresholds  (triggering): activation  levels  that  push  the  network  into  a

pathological regime. 

Thresholds determine the bifurcation points of the biological network (Kauffman, 1993). 

2.2.9.5 Master-Switch ↔ Causal Links 

Master-switches  directly  control  causal  links,  acting  as  the  initiation  points  of  pathogenetic

processes. 

2.2.9.6 Master-Switch ↔ Higher Structures 

Master-switches determine the direction of: 

• Biological axes (inflammatory, redox, metabolic, etc.) 

• Pathogenetic flows 

• Loops and hyper-loops 

• Minimal and composite attractors 

• Transversal meta-attractors 

Thus, the vertical axis is the central governing mechanism of the entire universal pathogenetic

pyramid (Barabási et al., 2011). 

2.3 Modeling Bistability 

Bistability is the key to understanding health and disease. It shows that the biological network

does  not  evolve  linearly,  but  stabilizes  into  two  fundamental  regimes:  S₁  (protective) and  S₃

(pathological).  All  pathogenetic  structures—links,  axes,  flows, loops,  and master-switches—are

governed by this bistable logic, and transitions between regimes depend on the critical thresholds

of the network. 

2.3.1 Bistability of Links 

2.3.1.1 Definition of Link Bistability 

A biological link can operate in two distinct stable states, called minimal attractors: 

• Protective  regime  (S₁): the  link  contributes  to  maintaining  homeostasis  and  biological



resilience. 

• Pathological  regime  (S₃): the  link  stabilizes  a  pathogenetic  process,  favoring  disease

progression. 

This ability to remain locked in one of two stable states defines the bistability of links (Ferrell &

Xiong, 2001). 

2.3.1.2 Mechanism of Bistability 

• Positive feedback: maintains the link in a pathological regime (e.g., ROS ↔ mitochondrial

dysfunction). 

• Negative  feedback: stabilizes  the  link in  a  protective  regime (e.g.,  Nrf2 ↔ antioxidant

enzymes). 

• Critical  thresholds: the  transition  between  S₁  and  S₃  occurs  when  the  activation  level

surpasses a molecular or cellular threshold (Kauffman, 1993). 

2.3.1.3 Illustrative Examples 

• Redox link: 

• S₁ → Nrf2 activation → increased glutathione and antioxidant enzymes → redox

protection. 

• S₃ → ROS accumulation → chronic oxidative stress → apoptosis and necrosis. 

• Inflammatory link: 

• S₁ → IL-10 and Treg stabilize the immune response. 

• S₃ → NF-κB and pro-inflammatory cytokines generate chronic inflammation. 

• Metabolic link: 

• S₁ → insulin sensitivity → energetic homeostasis. 

• S₃ → insulin resistance → persistent hyperglycemia. 

2.3.1.4 Universal Rule of Link Bistability 

Every biological link is bistable, capable of remaining locked in either a protective regime (S₁) or a

pathological regime (S₃) (Barabási, Gulbahce & Loscalzo, 2011). 

This rule shows that the bistability of links is the foundation of biological network dynamics and

explains why diseases can persist—or be prevented—by maintaining links in the protective regime. 



2.3.2 Bistability of Biological Axes 

2.3.2.1 Definition of Axis Bistability 

A biological axis is an aggregate of causal, amplifying, and consequential links. It can operate in

two stable regimes: 

• Protective regime (S₁): dominance of protective links stabilizes homeostasis. 

• Pathological regime (S₃): dominance of pathogenic links stabilizes disease progression. 

Thus,  axes  are  bistable,  capable  of  remaining locked  either  in  a  physiological  regime or  in  a

persistent pathological regime (Kitano, 2002). 

2.3.2.2 Mechanism of Axis Bistability 

• Overlap  of  links: the  axis  results  from  the  interaction  of  causal,  amplifying,  and

consequential links. 

• Internal feedback: feedback loops within the axis can stabilize either a protective or a

pathological regime. 

• Critical  thresholds: transition  between  S₁  and  S₃  occurs  when  causal  links  surpass  a

molecular or cellular threshold (Ferrell & Xiong, 2001). 

2.3.2.3 Illustrative Examples 

• Inflammatory axis: 

• S₁ → dominance of IL-10 and Treg → controlled inflammation. 

• S₃  →  dominance  of  NF-κB  and  pro-inflammatory  cytokines  →  chronic

inflammation. 

• Redox axis: 

• S₁ → Nrf2 activation → antioxidant protection. 

• S₃ → ROS accumulation → persistent oxidative stress. 

• Metabolic axis: 

• S₁ → insulin sensitivity → energetic homeostasis. 

• S₃ → insulin resistance → chronic hyperglycemia. 

2.3.2.4 Universal Rule of Axis Bistability 

Every biological axis is bistable, capable of remaining locked in either a protective regime (S₁) or a

pathological regime (S₃) (Barabási, Gulbahce & Loscalzo, 2011). 

This rule shows that axes are fundamental pathogenetic directions, and their bistability explains



why diseases can become chronic—or be prevented—by maintaining axes in the protective regime. 

2.3.3 Bistability of Loops 

2.3.3.1 Definition of Loop Bistability 

A pathogenetic loop is a feedback circuit between flows and axes. It can stabilize the biological

network in two distinct regimes: 

• Protective  regime  (S₁): negative  feedback  limits  excessive  activation  and  maintains

homeostasis. 

• Pathological regime (S₃): positive feedback amplifies pathogenetic processes and stabilizes

disease. 

Thus, loops are bistable, capable of maintaining either health or pathology (Kitano, 2002). 

2.3.3.2 Mechanism of Loop Bistability 

• Negative  feedback  (S₁): reduces  the  signal,  stabilizes  protective  links,  and  prevents

escalation. 

• Example:  Nrf2  activation  →  induction  of  antioxidant  enzymes  →  reduction  of

oxidative stress. 

• Positive  feedback  (S₃): amplifies  the  signal,  stabilizes  pathogenic  links,  and  favors

chronicity. 

• Example: NF-κB → pro-inflammatory cytokines → further NF-κB activation. 

• Critical thresholds: transition between S₁ and S₃ occurs when feedback intensity surpasses

a molecular or cellular threshold (Ferrell & Xiong, 2001). 

2.3.3.3 Illustrative Examples 

• Inflammatory loop: 

• S₁ → IL-10 ↔ NF-κB inhibition → controlled inflammation. 

• S₃ → NF-κB ↔ pro-inflammatory cytokines → chronic inflammation. 

• Redox loop: 

• S₁ → Nrf2 ↔ antioxidant enzymes → redox protection. 

• S₃ → ROS ↔ mitochondrial dysfunction → persistent oxidative stress. 

• Metabolic loop: 

• S₁ → insulin sensitivity ↔ energetic homeostasis. 

• S₃ → insulin resistance ↔ chronic hyperglycemia. 



2.3.3.4 Universal Rule of Loop Bistability 

Every pathogenetic loop is bistable, capable of remaining locked in either a protective regime (S₁)

or a pathological regime (S₃) (Barabási, Gulbahce & Loscalzo, 2011). 

This rule shows that loops are the temporal persistence mechanisms of diseases, explaining their

recurrence. 

2.3.4 Bistability of Master-Switches 

2.3.4.1 Definition of Master-Switch Bistability 

A master-switch is a central control node of the biological network, capable of determining the

global direction of pathogenesis. Its bistability lies in the fact that it can remain locked in one of two

stable states: 

• Protective  regime  (S₁): activation  of  a  protective  master-switch  generates  a  protective

minimal attractor. 

• Pathological regime (S₃): activation of a pathogenic master-switch generates a pathological

minimal attractor. 

Thus,  master-switches  are  the  fundamental  bistable  switching  points of  the  universal

pathogenetic pyramid (Kitano, 2002). 

2.3.4.2 Mechanism of Master-Switch Bistability 

• Internal  feedback: each  master-switch  is  connected  to  feedback loops that  stabilize  its

state. 

• Critical thresholds: transition between S₁ and S₃ occurs when activation levels surpass a

molecular or cellular threshold. 

• Vertical  interconnection: master-switches  are  arranged  along  the  vertical  axis  (Nrf2,

NF-κB/NLRP3,  SCFA–GPR,  AhR,  NO/eNOS,  AMPK,  GLP-1,  SIRT1,  TGF-β,  PPAR,

mTOR, HIF-1α),  and their  bistability governs the entire network (Barabási,  Gulbahce &

Loscalzo, 2011). 

2.3.4.3 Illustrative Examples 

• Nrf2: 

• S₁ → activated → redox protection, induction of antioxidant enzymes. 

• S₃ → inactivated → persistent oxidative stress. 



• NF-κB/NLRP3: 

• S₁ → inhibited → controlled inflammation. 

• S₃ → activated → chronic inflammation, cytokine storm. 

• AMPK: 

• S₁ → activated → energetic homeostasis, insulin sensitivity. 

• S₃ → inactivated → insulin resistance, metabolic dysfunction. 

• MTOR: 

• S₁ → controlled → physiological proliferation. 

• S₃ → hyperactivated → tumoral proliferation, cancer. 

2.3.4.4 Universal Rule of Master-Switch Bistability 

Every master-switch is bistable, capable of remaining locked in either a protective regime (S₁) or a

pathological regime (S₃) (Ferrell & Xiong, 2001). 

This rule shows that health and disease depend on the state of master-switches, which govern all

pathogenetic structures: links, axes, flows, loops, hyper-loops, attractors, and meta-attractors. 

2.3.5 Critical Thresholds and State Transitions 

2.3.5.1 Definition of Critical Thresholds 

A critical threshold is the activation or inhibition level of a link, axis, loop, or master-switch that

determines the irreversible transition between two stable regimes: protective (S₁) and pathological

(S₃).  Critical  thresholds  are  bifurcation  points  of  the  biological  network,  where  small  signal

variations can produce major state changes (Ferrell & Xiong, 2001). 

2.3.5.2 Types of Thresholds 

• Protective thresholds: maintain master-switches in the protective regime. 

• Example:  Nrf2  activation  above  a  critical  threshold  →  induction  of  antioxidant

enzymes → redox protection. 

• Pathological thresholds: trigger transition into the pathological regime. 

• Example:  NF-κB  activation  above  a  critical  threshold  →  excessive  cytokine

production → chronic inflammation. 

2.3.5.3 Mechanism of State Transitions 

• Below critical threshold: the system remains in the protective regime (S₁). 



• Above critical threshold: the system shifts into the pathological regime (S₃). 

• Transition: once  the  threshold  is  surpassed,  the  network  stabilizes  into  a  new minimal

attractor, explaining the irreversibility of many pathological processes (Kauffman, 1993). 

2.3.5.4 Illustrative Examples 

• Redox: 

• Below threshold → Nrf2 activation → antioxidant homeostasis. 

• Above threshold → excessive ROS → chronic oxidative stress. 

• Inflammation: 

• Below threshold → IL-10 and Treg maintain immune control. 

• Above threshold → NF-κB and NLRP3 → chronic inflammation, cytokine storm. 

• Metabolism: 

• Below threshold → insulin sensitivity → energetic homeostasis. 

• Above threshold → insulin resistance → diabetes mellitus. 

2.3.5.5 Universal Rule of Critical Thresholds 

State  transitions  of  the  biological  network  occur  when  links,  axes,  loops,  or master-switches

surpass protective or pathological critical thresholds (Barabási, Gulbahce & Loscalzo, 2011). 

This rule shows that  health and disease are not merely gradual phenomena, but state shifts

determined by the crossing of critical thresholds within the network. 

2.3.6 Physiological vs. Pathological Regimes 

2.3.6.1 Definition of Regimes 

A regime represents the global state of the biological network, determined by the position of links,

axes, loops, and master-switches relative to critical thresholds. Regimes can be divided into two

major categories: physiological and pathological. 

2.3.6.2 Physiological Regimes (S₀–S₁) 

• S₀: healthy  state,  complete  homeostasis,  equilibrium between  protective  and  pathogenic

processes. 

• S₁: protective minimal activation → stabilized protective attractors. 

• Example:  Nrf2  activation  →  redox  protection;  AMPK  activation  →  energetic

homeostasis. 



• Characteristics: resilience, reversibility, functional stability. 

• The  biological  network  remains  flexible  and  capable  of  responding  to  stress  without

collapsing. 

2.3.6.3 Pathological Regimes (S₂–S₃–S₄) 

• S₂: intermediate, unstable state, where links oscillate between protection and pathology. 

• S₃: pathogenic minimal activation → stabilized pathological attractors. 

• Example: NF-κB activation → chronic inflammation; mTOR activation → tumoral

proliferation. 

• S₄: terminal state, multisystemic collapse, dominance of pathogenic hyper-loops. 

• Characteristics: chronicity, recurrence, practical irreversibility. 

• The biological network becomes locked in a persistent pathological regime, with loss of

resilience. 

2.3.6.4 Mechanism of Regime Transition 

• Critical thresholds: determine irreversible shifts from protective to pathological regimes. 

• Positive feedback: stabilizes pathological regimes. 

• Negative feedback: stabilizes physiological regimes. 

• Master-switches: act as central switching points between S₁ and S₃. 

2.3.6.5 Illustrative Clinical Examples 

• Healthy longevity: physiological regime (S₁, Nrf2, AMPK, SIRT1 active). 

• Diabetes mellitus: pathological regime (S₃, insulin resistance, chronic inflammation). 

• Severe sepsis: terminal regime (S₄, cytokine storm, multisystemic collapse). 

• Cancer: persistent pathological regime (S₃, mTOR and HIF-1α hyperactivated). 

2.3.6.6 Universal Rule of Regimes 

The global state of the organism oscillates between physiological regimes (S₀–S₁) and pathological

regimes  (S₂–S₃–S₄),  determined  by  critical  thresholds  and  the  bistability  of  master-switches

(Barabási, Gulbahce & Loscalzo, 2011). 

This  rule  shows  that  health  and  disease  are  not  merely  local  phenomena,  but  system-wide

emergent states defined by regime transitions within the biological network. 



2.4 Modeling the Master-Switch Network 

The master-switch network is the central governing mechanism of health and disease. It defines

pathogenetic  progression  through node interactions,  stabilization of  attractors,  and formation of

meta-attractors. Higher pathogenetic structures (axes, flows, loops, attractors, meta-attractors) are

governed by this network, and the global state of the organism depends on the switching vector and

the position of nodes relative to critical thresholds. 

Thus, health corresponds to the dominance of protective nodes, while chronic disease corresponds

to the dominance of pathogenic nodes. 

2.4.1 Master-Switch Nodes and Their Biological Functions 

2.4.1.1 Definition of Master-Switch Nodes 

A master-switch node is a central molecular regulator, capable of determining the global direction

of  the  biological  network.  These  nodes  are  bistable  control  points,  able  to  stabilize  either  a

protective regime (S₁) or a pathological regime (S₃). They form the  backbone of the universal

pathogenetic pyramid and govern all higher structures: links, axes, flows, loops, attractors, and

meta-attractors (Kitano, 2002). 

2.4.1.2 List of the 12 Master-Switches and Their Biological Functions 

1. Nrf2 (Nuclear factor erythroid 2–related factor 2) 

• Function: activation of antioxidant genes, detoxification, redox protection. 

• Role: maintains redox homeostasis and prevents oxidative stress (Ferrell & Xiong,

2001). 

2. NF-κB/NLRP3 (Nuclear factor kappa B / NLRP3 inflammasome) 

• Function: activation of pro-inflammatory genes, cytokine production. 

• Role:  regulates acute and chronic inflammation (Barabási,  Gulbahce & Loscalzo,

2011). 

3. SCFA–GPR (Short-chain fatty acids – G protein receptors) 

• Function: protective microbiotic signaling, regulation of intestinal metabolism. 

• Role:  maintains  intestinal  barrier  integrity and metabolic  homeostasis  (Kauffman,

1993). 

4. AhR (Aryl hydrocarbon receptor) 



• Function: receptor for xenobiotics and microbial signals. 

• Role: regulates detoxification and immune response (Kitano, 2002). 

5. NO/eNOS (Nitric oxide / endothelial nitric oxide synthase) 

• Function: nitric oxide production, vasodilation. 

• Role: maintains vascular homeostasis and blood flow (Barabási et al., 2011). 

6. AMPK (AMP-activated protein kinase) 

• Function: energetic sensor, metabolic regulation. 

• Role:  stabilizes  energetic  homeostasis  and  insulin  sensitivity  (Ferrell  &  Xiong,

2001). 

7. GLP-1 (Glucagon-like peptide-1) 

• Function: incretin hormone, glycemic regulation. 

• Role: enhances insulin secretion and protects metabolism (Kitano, 2002). 

8. SIRT1 (Sirtuin 1) 

• Function: epigenetic deacetylase, regulation of metabolism and longevity. 

• Role: protects against premature aging and metabolic stress (Kauffman, 1993). 

9. TGF-β (Transforming growth factor beta) 

• Function: fibrotic and immune mediator. 

• Role: regulates cell proliferation and tissue remodeling (Barabási et al., 2011). 

10. PPAR (Peroxisome proliferator-activated receptor α/γ) 

• Function: lipid and metabolic control. 

• Role: regulates fatty acid oxidation and insulin sensitivity (Ferrell & Xiong, 2001). 

11. mTOR (Mechanistic target of rapamycin) 

• Function: proliferative and energetic regulator. 

• Role: controls cell growth and protein synthesis (Kitano, 2002). 

12.HIF-1α (Hypoxia-inducible factor 1 alpha) 

• Function: hypoxic sensor, activation of angiogenetic genes. 

• Role: regulates adaptation to hypoxia and angiogenesis (Barabási et al., 2011). 

2.4.1.3 Universal Rule of Master-Switch Nodes 

The  12  master-switches  are  the  central  nodes  of  the  biological  network,  each  with  critical

functions that determine health or disease. They are  bistable switching points, and their global

state defines the direction of the entire universal pathogenetic pyramid (Kitano, 2002; Barabási et

al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 



2.4.2 Interactions Between Master-Switches 

2.4.2.1 Definition of Interactions 

Master-switches do not act in isolation, but form an interconnected network in which each node

influences  the  state  of  the  others.  These  interactions  can  be  synergistic (co-activation,  either

protective or pathogenic) or antagonistic (mutual inhibition). Their dynamics determine the global

direction of the biological network (Kitano, 2002). 

2.4.2.2 Types of Interactions 

1. Protective Synergies 

• Nrf2  ↔  AMPK  ↔  SIRT1  ↔  PPAR:  simultaneous  activation  stabilizes  redox,

metabolic, and epigenetic homeostasis. 

• Example:  Nrf2  induces  antioxidant  enzymes,  while  AMPK  and  SIRT1  amplify

energetic and epigenetic protection (Ferrell & Xiong, 2001). 

2. Pathogenic Synergies 

• NF-κB  ↔  mTOR  ↔  HIF-1α  ↔  TGF-β:  co-activation  stabilizes  chronic

inflammation, tumoral proliferation, hypoxia, and tissue fibrosis. 

• Example:  NF-κB  activates  pro-inflammatory  cytokines,  mTOR  stimulates

proliferation, and HIF-1α induces pathological angiogenesis (Barabási, Gulbahce &

Loscalzo, 2011). 

3. Antagonistic Interactions 

• Nrf2 inhibits NF-κB: redox protection limits inflammation. 

• AMPK inhibits mTOR: energetic homeostasis prevents pathological proliferation. 

• GLP-1 stabilizes metabolism against insulin resistance. 

• These antagonisms are essential for maintaining physiological balance (Kauffman,

1993). 

2.4.2.3 Illustrative Examples 

• In  diabetes  mellitus,  the  antagonism GLP-1 ↔ insulin  resistance  is  disrupted,  and  the

metabolic axis enters a pathological regime. 

• In  cancer,  the  synergy  NF-κB–mTOR–HIF-1α  dominates,  generating  proliferation  and

angiogenesis. 

• In  healthy  longevity,  the  synergy  Nrf2–AMPK–SIRT1–PPAR  maintains  metabolic  and



redox resilience. 

2.4.2.4 Universal Rule of Master-Switch Interactions 

The  global  direction of  the  biological  network is  determined by synergistic  and antagonistic

interactions among master-switches. 

• When protective synergies dominate, the network stabilizes health. 

• When pathogenic synergies dominate, the network stabilizes disease. 

(Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.4.3 Biological Compatibility Matrix 

2.4.3.1 Definition of Biological Compatibility 

Biological compatibility between master-switches represents their  capacity for co-activation or

co-inhibition in either a protective or pathological regime. This compatibility is  not static,  but

depends on physiological context, critical thresholds, and dynamic interactions within the network

(Kitano, 2002). 

2.4.3.2 Protective Compatibilities 

• Nrf2–AMPK–SIRT1–PPAR: synergistic  activation  maintains  redox,  metabolic,  and

epigenetic homeostasis. 

• GLP-1–AMPK: stabilizes insulin sensitivity and prevents metabolic resistance. 

• NO/eNOS–Nrf2: protects  the  vascular  endothelium  by  reducing  oxidative  stress  and

maintaining blood flow. 

These compatibilities define the  protective subspace of the network,  where resilient attractors

dominate (Ferrell & Xiong, 2001). 

2.4.3.3 Pathogenic Compatibilities 

• NF-κB–mTOR–HIF-1α–TGF-β: co-activation  stabilizes  chronic  inflammation,  tumoral

proliferation, hypoxia, and tissue fibrosis. 

• NLRP3–NF-κB: amplifies the inflammatory response and generates persistent pathogenic

loops. 

• mTOR–HIF-1α: stimulates pathological proliferation and angiogenesis. 

These  compatibilities  define  the  pathological  subspace  of  the  network,  where  maladaptive

attractors dominate (Barabási, Gulbahce & Loscalzo, 2011). 



2.4.3.4 Mixed (Context-Dependent) Compatibilities 

• AhR: can be protective (detoxification, immune regulation) or pathogenic (inflammation,

intestinal dysbiosis), depending on ligands. 

• SCFA–GPR: can  be  protective  (beneficial  microbiotic  signaling)  or  pathogenic

(pro-inflammatory signaling in dysbiosis). 

These  nodes  are  contextual  bistable  regulators,  oscillating  between  protection  and  pathology

depending on the biological environment (Kauffman, 1993). 

2.4.3.5 Universal Rule of Biological Compatibility 

Biological compatibility among master-switches determines the global direction of the network: 

• Protective synergies stabilize health. 

• Pathogenic synergies stabilize disease. 

• Mixed nodes can tilt the balance depending on molecular and ecological context. 

(Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.4.4 Master-Switch Switching Vector 

2.4.4.1 Definition of the Switching Vector 

The master-switch switching vector represents the simultaneous state of the 12 central nodes of

the biological network. Each node can exist in one of five regimes: 

• S₀: healthy (complete homeostasis) 

• S₁: protective minimal (stabilized protective attractor) 

• S₂: intermediate unstable (oscillation between protection and pathology) 

• S₃: pathological minimal (stabilized pathological attractor) 

• S₄: terminal (multisystemic collapse) 

Thus, the switching vector is denoted as: 

V=(s1,s2,…,s12) 

where each si represents the regime of a master-switch (Ferrell & Xiong, 2001). 

2.4.4.2 Functions of the Switching Vector 

• Global state description: provides an instantaneous snapshot of the biological network. 

• Modeling transitions: a change in any element si beyond its critical threshold drives the

entire vector toward a new attractor. 



• Regime prediction: identifies protective subspaces  (dominant  in S₁)  versus  pathological

subspaces (dominant in S₃/S₄). 

• Therapeutic control: pharmacological or nutraceutical interventions can be described as

modifications of vector components (Barabási, Gulbahce & Loscalzo, 2011). 

2.4.4.3 Illustrative Examples 

• Healthy longevity: 

V = (S₁_{Nrf2}, S₁_{AMPK}, S₁_{SIRT1}, S₁_{PPAR}, S₀_{NF\text{-}κB}, \dots) 

→ dominance of protective nodes. 

• Cancer: 

V = (S₃_{NF\text{-}κB}, S₃_{mTOR}, S₃_{HIF\text{-}1α}, S₂_{TGF\text{-}β}, S₀_{Nrf2}, \dots) 

→ dominance of pathogenic proliferative and hypoxic nodes. 

• Severe sepsis: 

V =  (S₄_{NF\text{-}κB},  S₄_{NLRP3},  S₄_{HIF\text{-}1α},  S₄_{mTOR},  S₄_{TGF\text{-}β},

\dots) 

→ multisystemic collapse, dominance of the terminal regime. 

2.4.4.4 Universal Rule of the Switching Vector 

The master-switch switching vector defines the global state of the biological network. 

• Dominance of protective nodes stabilizes health. 

• Dominance of pathogenic nodes stabilizes disease. 

(Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.4.5 Pathogenetic State Space of the Master-Switch Network 

2.4.5.1 Definition of the Pathogenetic State Space 

The pathogenetic state space represents the set of all possible configurations of the master-switch

switching vector, each configuration corresponding to a distinct pathogenetic state. This space is a

theoretical construct derived from biological network dynamics, but restricted by molecular and

physiological compatibility (Kitano, 2002). 

2.4.5.2 Dimensionality of the Pathogenetic Space 

• Each of the 12 master-switches can exist in one of five regimes (S₀–S₄). 

• The total number of theoretical combinations is: 



512=244,140,625 

→ over 244 million possible pathogenetic states (Kauffman, 1993). 

2.4.5.3 Structure of the Pathogenetic Space 

• Protective subspace: dominance of nodes in regime S₁ → protective attractors. 

• Pathological subspace: dominance of nodes in regimes S₃/S₄ → pathological attractors. 

• Mixed subspace: unstable combinations (S₂) → transitions between health and disease. 

• Critical frontiers: zones where a node surpasses its threshold, triggering a state shift of the

entire network (Ferrell & Xiong, 2001). 

2.4.5.4 Biological Exclusion Rules 

Not  all  theoretical  combinations  are  biologically  realizable.  The  pathogenetic  state  space  is

restricted by: 

1. Functional incompatibility: 

• Antagonistic nodes cannot coexist stably in contradictory regimes. 

• Example: Nrf2 maximally active (S₁) and NF-κB maximally active (S₃/S₄) cannot

coexist stably. 

2. Hierarchical dependency: 

• Some master-switches are functionally dependent. 

• Example: AMPK inhibits mTOR → both cannot be stably hyperactivated. 

3. Physiological constraints: 

• A viable organism does not permit certain terminal combinations. 

• Example: GLP-1 cannot be in terminal regime S₄ if the pancreas is functional. 

4. Contextual compatibility: 

• Nodes  such  as  AhR  and  SCFA–GPR  can  be  protective  or  pathogenic,  but  not

simultaneously both. 

5. Systemic coherence: 

• Incoherent configurations (contradictory feedbacks) are excluded. 

• Example:  simultaneous  maximal  activation  of  pro-inflammatory  and

anti-inflammatory loops. 

2.4.5.5 Clinical Implications 

• Healthy longevity: biologically realizable protective subset. 

• Chronic disease: stabilized pathological subset. 



• Severe sepsis: terminal subset realizable only under extreme conditions. 

• Combinatorial  therapy: transitions  within  the  pathogenetic  state  space  must  respect

exclusion rules,  otherwise viable  phenotypes  cannot  be achieved (Barabási,  Gulbahce &

Loscalzo, 2011). 

2.4.5.6 Universal Rule of the Pathogenetic State Space 

The pathogenetic  state  space of the master-switch network is  vast and multidimensional,  but

biologically  restricted.  Only  molecularly,  physiologically,  and  systemically  compatible

combinations are realizable, and these define the subspaces of health and disease (Kitano, 2002;

Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.5 Modeling Transversal Attractors and Meta-Attractors 

Attractors are stable emergent states of the master-switch network, resulting from the activation

of  pathogenetic  or  protective  nodes  and feedback loops.  They explain  both  the  persistence  of

chronic diseases and the resilience of health. 

Transversal meta-attractors are  higher-order global forms that dominate the entire network and

define the overall direction of the organism (Kitano, 2002). 

2.5.1 Conditions for the Emergence of Minimal Attractors 

2.5.1.1 Definition of the Minimal Attractor 

A minimal attractor is the simplest form of stabilization of the pathogenetic network, arising from

the activation of a single master-switch or a pathogenetic/protective loop. It represents the  first

level of emergent stability in biological network dynamics (Ferrell & Xiong, 2001). 

2.5.1.2 Conditions of Emergence 

1. Activation of a pathogenic master-switch 

• Example: NF-κB → chronic inflammation. 

• Result: pathological minimal attractor with local stability. 

2. Activation of a protective master-switch 

• Example: Nrf2 → redox protection. 

• Result: protective minimal attractor with resilient effect. 

3. Crossing the critical threshold of a transversal flow 

• Example: SCFA–GPR → protective microbiotic signaling. 



• Result: local stabilization of intestinal homeostasis. 

4. Persistence of feedback loops 

• Positive feedback → stable pathological attractor. 

• Negative feedback → stable protective attractor. 

2.5.1.3 Characteristics of Minimal Attractors 

• Locality: act on a single axis or loop. 

• Partial  reversibility: can  be  destabilized  through  pharmacological  or  nutraceutical

interventions. 

• Rapid emergence: appear immediately once a node surpasses its critical threshold. 

• Nuclear function: serve as  the  foundation  for  building  composite  attractors  (Kauffman,

1993). 

2.5.1.4 Illustrative Clinical Examples 

• Acute inflammation: NF-κB activation → pathological minimal attractor. 

• Antioxidant protection: Nrf2 activation → protective minimal attractor. 

• Transient hypoxia: HIF-1α activation → pathological minimal attractor. 

2.5.1.5 Universal Rule of Minimal Attractors 

Minimal  attractors  emerge  through  the  activation  of  a  single  master-switch  or

pathogenetic/protective loop, surpassing the critical threshold and stabilizing the network into a

local state (Kitano, 2002; Barabási, Gulbahce & Loscalzo, 2011; Ferrell & Xiong, 2001; Kauffman,

1993). 

2.5.2 Construction of Composite Attractors 

2.5.2.1 Definition of the Composite Attractor 

A composite attractor is a stable state of the pathogenetic network, resulting from the overlap of

multiple minimal attractors. It is not merely their sum, but an emergent structure with superior

transversality and coherence,  capable of dominating the network in the long term (Kauffman,

1993). 

2.5.2.2 Mechanism of Construction 

1. Simultaneous activation of multiple master-switches 



• Protective nodes activate resilient loops. 

• Pathogenic nodes activate maladaptive loops. 

2. Overlap of minimal attractors 

• Each minimal attractor contributes a stable loop. 

• Their overlap generates a coherent network of interconnected loops. 

3. Conditions of emergence 

• Functional coherence among nodes. 

• Persistence of feedbacks. 

• Simultaneous crossing of critical thresholds. 

2.5.2.3 Examples of Composite Attractors 

• Protective: 

• Nrf2  +  AMPK  +  SIRT1  +  PPAR → composite  protective  attractor  with  redox,

metabolic, and epigenetic resilience. 

• GLP-1  +  AMPK  → composite  protective  metabolic  attractor,  preventing  insulin

resistance. 

• Pathogenic: 

• NF-κB  +  mTOR  +  HIF-1α  →  composite  pathogenic  attractor  with  tumoral

proliferation and angiogenesis. 

• NF-κB  +  NLRP3  →  composite  pathogenic  inflammatory  attractor  with  chronic

inflammation and fibrosis. 

2.5.2.4 Characteristics of Composite Attractors 

• Increased transversality: involve multiple pathogenetic axes simultaneously. 

• Coherence: active nodes synchronize functionally. 

• Persistence: more difficult to destabilize than minimal attractors. 

• Dominance: can  control  the  network  long-term,  generating  chronicity  or  resilience

(Barabási, Gulbahce & Loscalzo, 2011). 

2.5.2.5 Clinical Implications 

• Healthy longevity: composite protective attractors stabilize health. 

• Chronic disease: composite pathogenic attractors stabilize pathology. 

• Combinatorial  therapy: interventions  must  target  multiple  nodes  simultaneously  to

destabilize composite attractors (Kitano, 2002). 



2.5.2.6 Universal Rule of Composite Attractors 

Composite  attractors  emerge  through  the  overlap  of  multiple  minimal  attractors,  generating

superior transversality, coherence, and persistence. They determine the chronicity of disease or the

resilience of health (Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.5.3 Conditions for the Emergence of Transversal Meta-Attractors 

2.5.3.1 Definition of the Transversal Meta-Attractor 

A transversal  meta-attractor  (MAT) is  a  global  emergent  state  of  the  pathogenetic  network,

dominating the entire  architecture  through the  coherence and persistence  of  master-switches.

Unlike  minimal  or  composite  attractors,  meta-attractors  are  not  mere  overlaps,  but  systemic

configurations that reorient the entire pathogenetic pyramid (Kitano, 2002). 

2.5.3.2 Conditions of Emergence 

1. Simultaneous activation of multiple master-switches 

• Protective → protective MAT (resilience). 

• Pathogenic → pathological MAT (chronicity). 

2. Coherence among nodes 

• Active nodes must be functionally synchronized. 

• Example: Nrf2–AMPK–SIRT1–PPAR act coherently to ensure metabolic and redox

protection. 

3. Persistence of nodes with inertia 

• Nodes such as SIRT1 or TGF-β exhibit high inertia and stabilize the state. 

4. Dominance over the network 

• The meta-attractor must be stronger than local attractors. 

• Example: NF-κB–mTOR–HIF-1α dominate in cancer. 

5. Practical irreversibility 

• Once stabilized, the meta-attractor is difficult to destabilize. 

• Protective MAT → resilience. 

• Pathological MAT → chronicity. 

2.5.3.3 Illustrative Clinical Examples 

• Protective MAT: Nrf2 + AMPK + SIRT1 + PPAR → healthy longevity,  metabolic and



redox resilience. 

• Pathological MAT: NF-κB + mTOR + HIF-1α + TGF-β → cancer, chronic inflammation,

fibrosis. 

• Mixed MAT: AhR + SCFA–GPR → protective or pathogenic depending on microbiotic

context. 

2.5.3.4 Distinctive Characteristics 

• Transversality: involves multiple levels of the pathogenetic pyramid. 

• Coherence: synchronization among master-switches. 

• Persistence: long-term stability. 

• Dominance: controls the entire network. 

• Irreversibility: difficult to destabilize without complex interventions (Barabási, Gulbahce

& Loscalzo, 2011). 

2.5.3.5 Universal Rule of Transversal Meta-Attractors 

Transversal meta-attractors emerge through the simultaneous, coherent, and persistent activation

of master-switches, dominating the network and stabilizing either health or disease (Kitano, 2002;

Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.5.4 Stability of Transversal Attractors and Meta-Attractors 

2.5.4.1 Definition of Stability 

The stability of a transversal attractor or meta-attractor represents the capacity of the pathogenetic

network  to  maintain  an  emergent  state  despite  external  or internal  fluctuations.  Stability

depends  on  internal  feedbacks,  the  position  of  nodes  relative  to  critical  thresholds,  and  the

transversal coherence of master-switches (Ferrell & Xiong, 2001). 

2.5.4.1.1. Mechanisms of Stability 

1. Positive feedback 

• Amplifies the signal and stabilizes the pathological state. 

• Example: NF-κB ↔ NLRP3 → chronic inflammatory loop. 

2. Negative feedback 

• Attenuates the signal and stabilizes the protective state. 

• Example: Nrf2 ↔ AMPK ↔ SIRT1 → resilient redox-metabolic loop. 



3. Critical thresholds 

• Crossing the threshold determines transition into a stable attractor. 

• Example: mTOR activation beyond threshold → stable tumoral proliferation. 

4. Transversal coherence 

• Synchronization of multiple master-switches increases stability. 

• Example: Nrf2 + AMPK + PPAR → global protective stability. 

2.5.4.2 Stability of Minimal Attractors 

• Local: limited to a single node or loop. 

• Reversible: can be destabilized through pharmacological or nutraceutical interventions. 

• Example: Nrf2 activation → reversible antioxidant protection. 

2.5.4.3 Stability of Composite Attractors 

• Transversal: involve multiple pathogenetic axes. 

• Increased persistence: harder to destabilize than minimal attractors. 

• Example: NF-κB + mTOR + HIF-1α → persistent tumoral proliferation. 

2.5.4.4 Stability of Transversal Meta-Attractors 

• Global: dominate the entire network. 

• Practical irreversibility: difficult to destabilize without complex interventions. 

• Protective example: MATP → resilient health. 

• Pathogenic example: MATPa → persistent chronic disease. 

2.5.4.5 Clinical Implications 

• Healthy longevity: stability of MATP maintains resilience. 

• Chronic disease: stability of MATPa maintains pathology. 

• Severe sepsis: terminal stability leads to multisystemic collapse. 

• Combinatorial  therapy: destabilization  of  attractors  requires  simultaneous  action  on

multiple master-switches (Barabási, Gulbahce & Loscalzo, 2011). 

2.5.4.6 Universal Rule of Stability 

The  stability  of  transversal  attractors  and  meta-attractors  is  determined  by  feedbacks,  critical

thresholds, and transversal coherence. 

• Positive feedback stabilizes pathology.



• Negative feedback stabilizes protection. 

(Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.6 Modeling Transversality and Longitudinality 

Transversality describes  how pathogenetic  flows  traverse  different  axes  and  links,  connecting

processes that  appear independent (Kitano, 2002).  Longitudinality expresses the persistence of

these flows over time, through the inertia of loops and the stability of the architecture (Ferrell &

Xiong, 2001). 

Together,  they explain  the  spatial  and temporal  propagation of  pathogenesis and  define  the

conditions  for  the  emergence  of  attractors  and  meta-attractors  (Kauffman,  1993).  The

transversal-longitudinal  blockade is  the  only  strategy  capable  of  simultaneously  halting

pathogenetic  propagation  and  stabilization,  by  blocking  causal  links  (Barabási,  Gulbahce  &

Loscalzo, 2011). 

2.6.1 Transversal Flows Between Axes and Links 

2.6.1.1 Definition of Transversal Flows 

Transversal  flows are  functional  connections between pathogenetic  axes  and distinct  causal

links, through which pathogenesis propagates from a local process to other systems. They express

the interconnected nature of biological networks, where an initial signal does not remain isolated

but traverses multiple levels of the pathogenetic pyramid (Kitano, 2002). 

2.6.1.2 Mechanisms of Transversal Propagation 

1. Interconnection of master-switch nodes 

• Example:  NF-κB  (inflammation)  influences  mTOR  (metabolism)  and  HIF-1α

(angiogenesis). 

• Result:  propagation  of  inflammation  toward  proliferation  and  vascularization

(Barabási, Gulbahce & Loscalzo, 2011). 

2. Traversal of causal links 

• Flows do not remain confined to consequences but directly affect causal links. 

• Example: oxidative stress (Nrf2) traverses into energetic metabolism (AMPK). 

3. Formation of multi-axial networks 

• Transversal flows create connections between seemingly independent axes. 

• Example:  microbiome  (SCFA–GPR)  ↔  inflammation  (NF-κB)  ↔  metabolism



(mTOR). 

2.6.1.3 Characteristics of Transversal Flows 

• Multidirectionality: propagate signals in multiple directions simultaneously. 

• Interdependence: activation of one axis influences others. 

• Rapid emergence: appear immediately once a node surpasses its critical threshold. 

• Causal role: transversal flows are essential links for the emergence of loops and attractors. 

2.6.1.4 Clinical Implications 

• Chronic  inflammation: transversal  flows  between  NF-κB  and  mTOR  explain  the

association of inflammation with obesity and cancer. 

• Healthy longevity: protective flows between Nrf2, AMPK, and SIRT1 stabilize metabolic

and redox resilience. 

• Severe sepsis: pathogenic transversal flows connect systemic inflammation with metabolic

and vascular collapse. 

2.6.1.5 Universal Rule of Transversal Flows 

Transversal flows connect distinct axes and causal links, propagating pathogenesis from a local

process to the entire network. They are the primary strategic targets for transversal-longitudinal

pathogenetic blockade (Kitano, 2002; Barabási et al., 2011; Kauffman, 1993). 

2.6.2 Transversal (Multi-Axial) Loop 

2.6.2.1 Definition of the Transversal Loop 

A transversal loop is a pathogenetic or protective circuit that involves flows across multiple axes

simultaneously, connecting causal links from different domains. It represents a form of multi-axial

self-amplification,  where  biological  signals  circulate  and  reinforce  each  other,  surpassing  the

boundaries of a single pathogenetic axis (Kitano, 2002). 

2.6.2.2 Mechanisms of Formation 

1. Interactions among master-switches 

• Example: NF-κB (inflammation) ↔ mTOR (metabolism) ↔ HIF-1α (angiogenesis). 

• Result: inflammatory-proliferative loop with systemic effects (Barabási, Gulbahce &

Loscalzo, 2011). 



2. Traversal of causal links 

• Flows do not remain local but close into multi-axial circuits. 

• Example: oxidative stress (Nrf2) ↔ energetic metabolism (AMPK) ↔ inflammation

(NF-κB). 

3. Multi-axial feedback 

• The transversal loop stabilizes through positive or negative feedback. 

• Positive feedback → pathogenic amplification. 

• Negative feedback → protective stabilization (Ferrell & Xiong, 2001). 

2.6.2.3 Characteristics of Transversal Loops 

• Multi-axiality: involve multiple pathogenetic axes simultaneously. 

• Self-amplification: signals reinforce each other. 

• Persistence: harder to destabilize than uniaxial loops. 

• Causal role: form the foundation for the emergence of transversal attractors (Kauffman,

1993). 

2.6.2.4 Illustrative Clinical Examples 

• Pathogenic: NF-κB ↔ mTOR ↔ HIF-1α ↔ TGF-β → inflammatory-proliferative loop

associated with cancer and fibrosis. 

• Protective: Nrf2 ↔ AMPK ↔ SIRT1 ↔ PPAR → resilient redox-metabolic loop associated

with healthy longevity. 

2.6.2.5 Clinical Implications 

• Transversal loops explain why chronic diseases are complex and difficult to treat. 

• Therapeutic  interventions  must  target  multiple  nodes  simultaneously  to  destabilize  the

circuit. 

• In the absence of blockade, the transversal loop inevitably leads to transversal attractors and

subsequently to meta-attractors. 

2.6.2.6 Universal Rule of Transversal Loops 

A transversal loop is a multi-axial self-amplifying circuit that connects causal links from different

domains. It constitutes the foundation for the emergence of transversal attractors and must be

destabilized to achieve pathogenetic blockade (Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong,

2001; Kauffman, 1993). 



2.6.3 Composite Attractors 

2.6.3.1 Definition 

A  composite  attractor is  an  emergent  state  of  the  pathogenetic  network,  resulting  from  the

superposition and interaction of two or more minimal attractors. This aggregation generates

transversal coherence, longitudinal persistence, and stable clinical phenotypes, either protective

or pathological (Kauffman, 1993; Kitano, 2002). 

2.6.3.2 Fundamental Characteristics 

1. Increased  Transversality –  composite  attractors  simultaneously  involve  multiple

fundamental axes (inflammatory, redox, metabolic, proliferative, etc.) (Barabási, Gulbahce,

& Loscalzo, 2011). 

2. Functional  Coherence –  minimal  attractors  overlap  compatibly,  producing  convergent

fluxes across shared axes (Kitano, 2002). 

3. Temporal Persistence – loops and fluxes sustaining the composite attractor exhibit inertia,

explaining long-term clinical stability (Ferrell & Xiong, 2001). 

4. Network  Dominance –  the  composite  attractor  becomes  the  preferential  state  of  the

network, surpassing the minimal attractors from which it originates (Kauffman, 1993). 

2.6.3.3 Mechanisms of Formation 

1. Aggregation  of  Minimal  Attractors –  simultaneous  activation  of  compatible  minimal

attractors produces a shared emergent state. 

2. Multi-axial  Synchronization –  composite  attractors  extend  across  several  pathogenetic

axes, generating multisystemic phenotypes (Kitano, 2002). 

3. Coherence  and  Persistence –  existence  requires  both  transversal  coherence  and

longitudinal persistence of the overlapped minimal attractors (Ferrell & Xiong, 2001). 

2.6.3.4 Clinical Implications 

• Multisystemic  Phenotypes –  composite  attractors  explain  complex  syndromes

(inflammatory-oxidative,  metabolic-inflammatory,  proliferative-hypoxic)  (Barabási  et  al.,

2011). 

• Chronicity  and  Pathological  Resilience –  persistence  of  loops  makes  pathological

composite attractors difficult to destabilize (Kauffman, 1993). 



• Consolidated  Protection –  protective  composite  attractors  (redox-metabolic,

vascular-redox) explain biological resilience (Kitano, 2002). 

• Differential Therapeutic Response – interventions must target multiple master-switches

simultaneously  to  destabilize  pathological  composite  attractors  or  consolidate  protective

ones (Loscalzo, Kohane, & Barabási, 2007). 

2.6.3.5 Clinical Examples of Composite Attractors 

Pathological Composite Attractors 

1. Chronic  Inflammatory-Oxidative –  NF-κB  active  +  Nrf2  inhibited →  systemic

inflammation, persistent oxidative stress (obesity, diabetes, atherosclerosis). 

2. Metabolic-Inflammatory (Metaflammation) – AMPK inhibited + NF-κB active → insulin

resistance, low-grade inflammation, metabolic syndrome progression. 

3. Proliferative-Hypoxic-Angiogenic – mTOR active + HIF-1α active + VEGF increased →

tumor growth, pathological angiogenesis, invasive phenotype. 

4. Fibrotic-Inflammatory –  TGF-β active  + NF-κB active → hepatic/pulmonary fibrosis,

chronic tissue remodeling. 

Protective Composite Attractors 

1. Redox-Metabolic Protective –  Nrf2 active + AMPK active → reduced oxidative stress,

improved insulin sensitivity, vascular protection. 

2. Anti-Inflammatory-Metabolic – PPAR active + AMPK active → decreased inflammation,

improved lipid profile, hepatic and cardiometabolic protection. 

3. Vascular-Redox Protective – NO/eNOS active + Nrf2 active → physiological vasodilation,

reduced vascular oxidative stress, anti-atherosclerotic protection. 

2.6.3.6 Universal Rule of Composite Attractors 

A composite attractor exists ontologically only if the overlapped minimal attractors

are simultaneously transversal-coherent and longitudinally persistent (Kauffman,

1993; Kitano, 2002; Ferrell & Xiong, 2001). Absence of either condition prevents the

emergence and stability of the composite attractor. 



2.6.4 Transversal Meta-Attractor 

2.6.4.1 Definition of the Transversal Meta-Attractor 

A transversal  meta-attractor  (MAT) is  a  global  emergent  state  of  the  pathogenetic  network,

dominating the entire  architecture  through the  coherence and persistence  of  master-switches.

Unlike transversal attractors, which involve local multi-axial loops, the transversal meta-attractor

represents a systemic configuration that reorients the entire pathogenetic pyramid (Kitano, 2002). 

2.6.4.2 Conditions of Emergence 

1. Simultaneous activation of multiple master-switches 

• Protective → protective MAT (resilience). 

• Pathogenic → pathological MAT (chronicity). 

2. Coherence among nodes 

• Active nodes must be functionally synchronized. 

• Example:  Nrf2–AMPK–SIRT1–PPAR  act  coherently  for  metabolic  and  redox

protection. 

3. Persistence of nodes with inertia 

• Nodes such as SIRT1 or TGF-β exhibit high inertia and stabilize the state. 

4. Dominance over the network 

• The transversal meta-attractor must be stronger than local attractors. 

• Example: NF-κB–mTOR–HIF-1α dominate in cancer. 

5. Practical irreversibility 

• Once stabilized, the transversal meta-attractor is difficult to destabilize. 

• Protective MAT → resilience. 

• Pathological MAT → chronicity. 

2.6.4.3 Distinctive Characteristics 

• Global transversality: involves multiple levels of the pathogenetic pyramid. 

• Coherence: synchronization among master-switches. 

• Persistence: long-term stability. 

• Dominance: controls the entire network. 

• Irreversibility: difficult to destabilize without complex interventions (Barabási, Gulbahce

& Loscalzo, 2011). 



2.6.4.4 Illustrative Clinical Examples 

• Protective MAT: Nrf2 + AMPK + SIRT1 + PPAR → healthy longevity,  metabolic and

redox resilience. 

• Pathological MAT: NF-κB + mTOR + HIF-1α + TGF-β → cancer, chronic inflammation,

fibrosis. 

• Mixed MAT: AhR + SCFA–GPR → protective or pathogenic depending on microbiotic

context. 

2.6.4.5 Clinical Implications 

• Healthy longevity: stability of MATP maintains resilience. 

• Chronic disease: stability of MATPa maintains pathology. 

• Severe sepsis: MATPa may lead to multisystemic collapse. 

• Combinatorial therapy: destabilization of transversal meta-attractors requires simultaneous

action on multiple master-switches (Kitano, 2002). 

2.6.4.4 Clinical Examples of Meta-Attractors (MAT) 

Protective MATs 

1. Redox-Metabolic-Longevity –  Nrf2  +  AMPK + SIRT1  +  PPAR → healthy  longevity,

metabolic and redox resilience, cardiovascular protection (Barabási et al., 2011). 

2. Vascular-Redox-Anti-Inflammatory –  NO/eNOS + Nrf2 + PPAR → vascular protection,

reduced chronic inflammation, prevention of atherosclerosis (Kitano, 2002). 

3. Neuroprotective-Metabolic – BDNF + AMPK + SIRT1 → neuronal resilience, protection

against neurodegeneration, maintenance of synaptic plasticity (Kauffman, 1993). 

Pathological MATs 

1. Inflammatory-Proliferative-Fibrotic –  NF-κB + mTOR + HIF-1α + TGF-β → cancer,

chronic inflammation, progressive fibrosis (Loscalzo et al., 2007). 

2. Metabolic-Oxidative-Inflammatory –  mTOR  +  ROS  +  NF-κB →  severe  metabolic

syndrome, type 2 diabetes, vascular complications (Barabási et al., 2011). 

3. Hypoxic-Angiogenic-Proliferative –  HIF-1α  +  VEGF  +  mTOR →  invasive  tumors,

pathological angiogenesis, accelerated oncogenic progression (Kitano, 2002). 



Mixed (Context-Dependent) MATs 

1. Microbiotic-Immunomodulatory – AhR + SCFA–GPR → protective in eubiotic microbiota

(intestinal resilience),  pathological in dysbiosis (chronic inflammation) (Ferrell & Xiong,

2001). 

2. Immuno-Metabolic –  IL-10  +  AMPK →  protective  in  acute  inflammation  (immune

resolution), pathological in chronic inflammation (excessive immunosuppression) (Loscalzo

et al., 2007). 

3. Redox-Hypoxic  –  Nrf2  +  HIF-1α →  protective  in  acute  ischemia  (metabolic

adaptation), pathological in solid tumors (malignant survival) (Barabási et al., 2011). 

2.6.4.6 Universal Rule of Transversal Meta-Attractors 

Transversal meta-attractors emerge through the simultaneous, coherent, and persistent activation

of master-switches, dominating the network and stabilizing either health or disease (Kitano, 2002;

Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 

2.6.5 Longitudinal Architecture (Persistence and Inertia) 

2.6.5.1 Definition of Longitudinality 

Longitudinality describes the temporal dimension of the pathogenetic network, i.e., how flows

and  loops  are  maintained  over  time  through  persistence  and  inertia.  It  explains  why certain

pathological or protective states become  chronic and difficult to reverse, even after the initial

stimulus disappears (Ferrell & Xiong, 2001). 

2.6.5.2 Persistence of Pathogenetic Flows 

• Persistence represents the  sustained activation of master-switch nodes beyond critical

thresholds. 

• Example: NF-κB remains active even after the inflammatory stimulus disappears, generating

chronic inflammation (Barabási, Gulbahce & Loscalzo, 2011). 

• Persistence is supported by positive feedback and recurrent loops. 

2.6.5.3 Inertia of Pathogenetic Loops 

• Inertia is the resistance to change of multi-axial loops. 

• Nodes such as SIRT1 or TGF-β exhibit high inertia, stabilizing chronic states. 

• Example: hepatic fibrosis → the TGF-β ↔ NF-κB ↔ mTOR loop remains active even after



the initial cause is eliminated (Kitano, 2002). 

2.6.5.4 Characteristics of Longitudinal Architecture 

• Temporality: flows are not only spatial but persist over time. 

• Stability: inertia of loops makes states difficult to destabilize. 

• Dominance: longitudinality consolidates transversal attractors and meta-attractors. 

• Practical  irreversibility: once  stabilized,  longitudinal  architecture  requires  complex

interventions to be destabilized (Kauffman, 1993). 

2.6.5.5 Illustrative Clinical Examples 

• Pathogenic: chronic inflammation, fibrosis, cancer → explained by persistent activation of

NF-κB, TGF-β, and mTOR. 

• Protective: healthy longevity → explained by resilient inertia of the Nrf2–AMPK–SIRT1–

PPAR loops. 

• Severe sepsis: pathogenic longitudinality leads to multisystemic collapse. 

2.6.5.6 Clinical Implications 

• Longitudinality explains why chronic diseases are difficult to reverse. 

• Interventions must target the destabilization of loops with high inertia. 

• Transversal-longitudinal  blockade  cannot  be  complete  without  disrupting  longitudinal

architecture. 

2.6.6 Transversal-Longitudinal Pathogenetic Blockade 

2.6.6.1 Definition 

The  transversal-longitudinal  pathogenetic  blockade  is  the  fundamental  strategy  for

simultaneously  halting  the  spatial  and  temporal  propagation  of  pathogenesis.  It  requires

blocking  causal  links,  not  merely  consequences,  in  order  to  destabilize  transversal  flows  and

longitudinal architecture (Kitano, 2002). 

2.6.6.2 Essential Principle 

• Only causal links must be blocked. 

• Blocking  consequences  (inflammation,  fibrosis,  proliferation)  does  not destabilize  the

network. 



• Blocking  causes  (oxidative  stress,  metabolic  deregulations,  microbiotic  dysfunctions)

disrupts flows and loops. 

2.6.6.3 Connection of Blockade to Network Elements 

1. Pathogenetic axes: blockade halts propagation across major directions. 

2. Loops and hyper-loops: blockade breaks self-amplifying circuits. 

3. Attractors: blockade destabilizes transversal pathogenic attractors. 

4. Transversal meta-attractors: blockade weakens pathogenic transversal meta-attractors and

reinstalls the protective transversal meta-attractor. 

5. Master-switches: blockade acts on master nodes to switch the network from the pathogenic

domain into the protective domain (Barabási, Gulbahce & Loscalzo, 2011). 

2.6.6.4 Illustrative Clinical Examples 

• Cancer: blockade  of  causal  redox  (Nrf2)  and  metabolic  (AMPK)  links  destabilizes  the

transversal proliferative attractor. 

• Chronic  inflammation: blockade  of  the  causal  NF-κB  link  disrupts  the  multi-axial

inflammatory loop. 

• Healthy longevity: protective blockade of causal links Nrf2–AMPK–SIRT1 reinstalls the

protective transversal meta-attractor. 

2.6.6.5 Clinical Implications 

• The  transversal-longitudinal  blockade  is  the  final  condition  for  destabilizing  the

pathogenetic network. 

• Therapeutic interventions must be  multi-modular,  simultaneously targeting causal nodes

across multiple axes. 

• Without  blockade,  pathogenesis  remains  stabilized  through  transversal  attractors  and

meta-attractors. 

2.6.6.6 Universal Rule of the Transversal-Longitudinal Blockade 

The  transversal-longitudinal  pathogenetic  blockade  exists  only  when  causal  links  are

simultaneously blocked, destabilizing flows, loops, attractors, and meta-attractors. It is the  sole

strategy  capable  of  halting  both  the  spatial  propagation  and  temporal  persistence  of

pathogenesis (Kitano, 2002; Barabási et al., 2011; Ferrell & Xiong, 2001; Kauffman, 1993). 



III. Results 

3.1 TLPT Axioms (Ontological Level) 

The  axioms  of  the  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT)  constitute  the

fundamental ontological level of the theory. From these axioms derive the laws of TPU (structural

level), and from the laws derive the  principles of TLPT (emergent level). Together, these three

levels form the  formal architecture of the Transversal-Longitudinal Pathogenetic Theory, in

which: 

• Axioms establish existence. 

• Laws describe structure. 

• Principles explain emergence. 

This hierarchical framework ensures that TPU is both ontologically grounded, structurally coherent,

and  mechanistically  emergent,  providing  a  unified  systems  biology  model  of  pathogenetic

processes. 

3.1.1 Canonical Definition of a TLPT Axiom 

A TLPT axiom is a fundamental, irreducible, and universally valid ontological proposition that

establishes the existence properties of the transversal-longitudinal pathogenetic network. An axiom

does not derive from any other proposition, does not contain consequences, and does not depend on

pathogenetic context. 

A TLPT axiom is valid only if it simultaneously fulfills the following criteria: 

1. Universality – applies to all pathogenetic networks, regardless of intensity or context. 

2. Ontologicity – describes properties of existence of the network, not of interventions. 

3. Minimality – does not include consequences, examples, or explanations. 

4. Irreducibility – cannot be deduced from another axiom. 

5. Non-redundancy – does not overlap the conceptual domain of other axioms. 

3.1.2 TLPT Axioms (Ontological Level) 

3.1.2.1.  Axiom  1.  Existence  of  Causal  Links The  universal  pathogenetic  network  exists

ontologically as a structure of interconnected causal links. 

3.1.2.2.  Axiom 2.  Critical  Thresholds  of  Causal  Links Each  causal  link  possesses  a  critical

threshold, whose surpassing produces a structural transition in the network. 



3.1.2.3.  Axiom  3.  Existence  of  Pathogenetic  Flows Exceeding  critical  thresholds  generates

pathogenetic flows that connect causal links transversally and longitudinally. 

3.1.2.4. Axiom 4. Existence of Pathogenetic Loops Pathogenetic flows may close into loops and

hyper-loops, which constitute emergent structures of the network. 

3.1.2.5. Axiom 5. Existence of Minimal Attractors Activation of a causal link beyond its critical

threshold generates a minimal attractor of the network. 

3.1.2.6. Axiom 6. Existence of Composite Attractors The superposition of two or more minimal

attractors generates a composite attractor. 

3.1.2.7.  Axiom  7.  Existence  of  Transversal  Attractors Multi-axial  loops  generate  transversal

attractors of the network. 

3.1.2.8.  Axiom  8.  Existence  of  Transversal  Meta-Attractors Simultaneous  and  coherent

activation of multiple master-switches generates a transversal meta-attractor. 

3.1.2.9. Axiom 9. Existence of Network Longitudinality Persistence of flows and inertia of loops

confer a longitudinal dimension to the network. 

3.2 The Laws of TLPT (Mechanistic Level) 

3.2.1 Definition of a TLPT Law 

A TLPT law is a fundamental mechanistic proposition, derived from axioms, that describes the

structural functioning of the transversal-longitudinal pathogenetic network. A law expresses

causal relationships and propagation rules between links, flows, loops, and attractors. Unlike

axioms, laws do not establish existence but define the mode of operation of the network. 

A TPU law is valid only if it simultaneously fulfills: 

1. Derivability – originates directly from TPU axioms. 

2. Mechanisticity – describes processes of functioning, not ontological properties. 

3. Universality – applies to all pathogenetic networks. 

4. Coherence – does not contradict axioms and does not redundantly overlap with other laws. 

5. Formal irreducibility – once formulated, cannot be reduced to an axiom. 



3.2.2 List of TLPT Laws 

3.2.2.1. Law 1. Integrated Transversality Transversality of pathogenetic flows prevails over any

uniaxial intensity. 

3.2.2.2.  Law  2.  Blocking  of  Causal  Links Blocking  causal  links  is  superior  to  blocking

consequence links. 

3.2.2.3. Law 3. Rupture of Flows Breaking pathogenetic flows is superior to inhibiting a single

axis. 

3.2.2.4. Law 4. Switching of Master-Switches Switching master-switches is superior to acting on

peripheral nodes. 

3.2.2.5.  Law  5.  Destabilization  of  Attractors Destabilization  of  pathogenetic  attractors  is

mandatory for halting pathogenesis. 

3.2.2.6.  Law  6.  Weakening  of  the  Transversal  Meta-Attractor Weakening  the  transversal

pathogenic meta-attractor is the final condition of blockade. 

3.2.2.7. Law 7. Switching of Longitudinal Architecture Switching longitudinal architecture is

necessary for blockade stability. 

3.2.2.8.  Law  8.  Dominance  of  Transversal  Protection Transversal  protection  must  surpass

transversal pathological pressure. 

3.2.2.9. Law 9. Network Synergy Synergy between modules and nodes is superior to additivity. 

3.2.2.10. Law 10. Transversal-Longitudinal Pathogenetic Blockade as a Network Phenomenon

The  transversal-longitudinal  pathogenetic  blockade  is  a  network  phenomenon,  not  an  organ

phenomenon. 

3.3 Principles of TLPT (Emergent Level) 

The principles of TLPT represent the emergent level of the theory. 



• Axioms establish the existence of the universal pathogenetic network. 

• Laws describe its mechanistic functioning. 

• Principles explain how these mechanisms generate complex phenomena. 

Together, axioms, laws, and principles form the formal triad of TLPT architecture, where axioms

define existence, laws describe structure, and principles explain emergence. 

3.3.1 Definition of a TLPT Principle 

A TLPT principle is an emergent proposition, derived from mechanistic laws, that describes how

the transversal-longitudinal pathogenetic network generates complex phenomena. 

Principles do not establish existence (axioms) and do not describe structural functioning (laws);

instead, they explain the emergence and coherence of pathogenetic and protective phenomena. 

A TLPT principle is valid only if it simultaneously fulfills: 

1. Derivability – originates directly from TPU laws. 

2. Emergence –  expresses  emergent  properties  of  the  network,  not  simple  mechanistic

relations. 

3. Universality – applies to all pathogenetic configurations. 

4. Coherence – does not contradict axioms or laws and avoids redundancy. 

5. Explanativity – provides understanding of complex network phenomena. 

3.3.2 Principles of TLPT 

3.3.2.1 Principle 1 of Emergent Intensity 

The intensity of pathogenesis is an emergent property of the network, not the sum of causal link

intensities. 

3.3.2.2. Principle 2 of Transversality Dominance 

The  transversality  of  the  network determines  the  emergence  of  pathogenetic  phenomena,

surpassing any uniaxial intensity. 

3.3.2.3. Principle 3 of Longitudinal Persistence 

The longitudinality of the network confers stability and chronicity to pathogenetic phenomena. 

3.3.2.4 Principle 4 of Emergent Synergy 

Synergy among links, loops, and master-switches is superior to additivity and generates emergent

coherence. 



3.3.2.5 Principle 5 of Attractor Dominance 

Attractors and transversal meta-attractors dominate the network, determining its global direction

toward health or disease. 

3.3.2.6 Principle 6 of Practical Irreversibility 

Pathogenic transversal meta-attractors exhibit practical irreversibility, surmountable only through

transversal-longitudinal blockade. 

3.3.2.7 Principle 7 of Protective Resilience 

Protective transversal meta-attractors exhibit emergent resilience, ensuring the stability of healthy

states. 

3.4  The  Complete  Architecture  of  the  Transversal-Longitudinal  Pathogenetic

Pyramid 

The  architecture  of  the  Transversal-Longitudinal  Pathogenetic  Pyramid  represents  the  full

integration  of  the  ontological,  mechanistic,  and  emergent  levels into  a  single  hierarchical

structure. 

The pyramid consists of  seven fundamental levels, ranging from  biological causal links to the

transversal meta-attractor, all connected through the vertical axis of master-switches. 

This architecture describes: 

• how biological causes aggregate into axes, flows, and loops, 

• how these structures generate attractors and meta-attractors, 

• and how the entire network is controlled by master-switches. 

The pyramid is not merely a descriptive model, but a formal framework that explains: 

• the progression of pathogenesis, and 

• the conditions required for transversal-longitudinal blockade. 

3.4.1 Level 1 – Biological Links (~70 links) 

3.4.1.1 Definition 

Biological links are the fundamental causal units of the universal pathogenetic network. They are

organized into 14 major biological axes, each axis comprising causal links, amplifying links, and

consequence links. Crossing the critical thresholds of these links activates the axes and initiates



pathogenetic flows. 

3.4.1.2 Grouping of Links Across the 14 Fundamental Biological Axes 

Axis 1. Redox 

• Causal links: oxidative stress, glutathione deficiency, accumulation of free radicals. 

• Amplifying links: Nrf2 dysfunction, antioxidant enzyme deficiency, lipid peroxidation. 

• Consequence links: oxidative DNA damage, carbonylated proteins, secondary mitochondrial

dysfunction. (Reference: Kensler et al., 2007 – role of Nrf2 in redox homeostasis) 

Axis 2. Epigenetic 

• Causal links: DNA methylation deregulation, aberrant histone acetylation. 

• Amplifying links: pathogenic microRNAs, chromatin remodeling. 

• Consequence  links:  genomic  instability,  aberrant  expression  of  inflammatory  genes.

(Reference: Berdasco & Esteller, 2019 – epigenetics and pathogenesis) 

Axis 3. SASP (Cellular Senescence) 

• Causal links: replicative senescence, stress-induced senescence. 

• Amplifying links: pro-inflammatory SASP secretion, accumulation of senescent cells. 

• Consequence  links:  low-grade  chronic  inflammation,  immunosenescence.  (Reference:

Coppé et al., 2010 – SASP as inflammatory driver) 

Axis 4. Telomeric 

• Causal links: telomere shortening, telomerase deficiency. 

• Amplifying links: chromosomal instability, p53/p21 activation. 

• Consequence  links:  irreversible  senescence,  loss  of  regenerative  capacity.  (Reference:

Blackburn et al., 2015 – telomeres and aging) 

Axis 5. Anti-Fibrosis 

• Causal links: TGF-β activation, fibroblast activation. 

• Amplifying links: excessive collagen secretion, active myofibroblasts. 

• Consequence  links:  tissue  fibrosis,  pathological  scarring,  organ  stiffening.  (Reference:

Wynn, 2008 – fibrosis and TGF-β) 

Axis 6. Proteostasis (including autophagy sub-axis) 

• Causal links: protein aggregation (β-amyloid, α-synuclein), autophagy deficiency. 

• Amplifying links: proteasome dysfunction, accumulation of misfolded proteins. 

• Consequence  links:  neurodegeneration,  synaptic  dysfunction.  (Reference:  Mizushima  &

Komatsu, 2011 – autophagy and protein homeostasis) 

Axis 7. Vascular (including endothelial sub-axis) 



• Causal links: endothelial dysfunction, NO/eNOS deficiency. 

• Amplifying links: vascular inflammation, hemodynamic stress. 

• Consequence  links:  pathological  angiogenesis,  atherosclerosis,  chronic  ischemia.

(Reference: Deanfield et al., 2007 – endothelium as vascular regulator) 

Axis 8. Epithelial 

• Causal links: loss of epithelial integrity, excessive epithelial apoptosis. 

• Amplifying links: deregulation of cell junctions, epithelial inflammation. 

• Consequence links: increased permeability, loss of tissue barrier. 

Axis 9. Digestive 

• Causal links: intestinal dysbiosis, SCFA deficiency. 

• Amplifying links: chronic intestinal inflammation, increased permeability. 

• Consequence links: endotoxemia, systemic NF-κB activation.  (Reference: Tilg & Zmora,

2020 – microbiome and inflammation) 

Axis 10. Metabolic (including mitochondrial sub-axis) 

• Causal links: insulin resistance, mitochondrial dysfunction (PGC-1α–ETC–SIRT1). 

• Amplifying links: ATP deficiency, lactate accumulation, AMPK deregulation. 

• Consequence  links:  metabolic  syndrome,  type  2  diabetes,  visceral  obesity.  (Reference:

Wallace, 2010 – mitochondria and metabolic disease) 

Axis 11. Immunological 

• Causal links: autoimmunity, immune tolerance deficiency. 

• Amplifying links: complement activation, cytokine hyperinflammation. 

• Consequence links: immunosenescence,  T-cell  exhaustion.  (Reference: Akbar & Henson,

2011 – immunosenescence) 

Axis 12. Neuro-Metabolic / Neurovegetative 

• Causal links: glutamatergic excitotoxicity, neurotrophin deficiency. 

• Amplifying links: HPA axis deregulation, chronic stress. 

• Consequence links: depression,  anxiety,  neurodegeneration.  (Reference: McEwen, 2007 –

stress and HPA axis) 

Axis 13. Regenerative 

• Causal links: stem cell deficiency, loss of cellular plasticity. 

• Amplifying links: deregulated tissue regeneration, chronic inflammation. 

• Consequence links: impaired repair, progressive degeneration. 

Axis 14. Osmotic / Barrier 



• Causal links: deregulation of blood-brain, intestinal, renal, or skin barriers. 

• Amplifying links: local inflammation, osmotic stress. 

• Consequence links: increased permeability, pathogen invasion, tissue edema. 

3.4.1.3 Role in the Pyramid 

Biological  links  constitute  Level  1  of  the  pyramid and  form  the  foundation  of  the  entire

architecture. Their grouping into the 14 biological axes enables the transition to  Level 2, where

axes become major causal structures, preparing the formation of pathogenetic flows. 

3.4.2 Level 2 – Biological Axes (14 Fundamental Axes) 

3.4.2.1 Definition 

A biological axis is a major causal structure, formed through the aggregation of biological links.

Each axis has its own critical thresholds and determines the propagation of pathogenetic flows.

Axes  act  as  points  of  convergence  and  propagation,  and  their  interconnection  generates  the

transversality and longitudinality of the network. 

3.4.2.2 Canonical Order of Biological Axes 

1. Redox 

2. Epigenetic 

3. SASP (Cellular Senescence) 

4. Telomeric 

5. Anti-Fibrosis 

6. Proteostasis (including autophagy) 

7. Vascular (including endothelial) 

8. Epithelial 

9. Digestive 

10.Metabolic (including mitochondrial) 

11.Immunological 

12.Neuro-Metabolic / Neurovegetative 

13.Regenerative 

14.Osmotic / Barrier 

3.4.2.3 Description of Axes 

Axis 1. Redox 



• Function: regulates oxidative balance and antioxidant defense capacity. 

• Critical threshold: activation of Nrf2 and maintenance of glutathione. 

• Role: foundational axis of transversality, influences all other axes. (Kensler et al., 2007) 

Axis 2. Epigenetic 

• Function: controls gene expression via methylation, acetylation, and microRNAs. 

• Critical threshold: chromatin stability. 

• Role: determines predisposition to axis activation/inhibition. (Berdasco & Esteller, 2019) 

Axis 3. SASP (Cellular Senescence) 

• Function: cellular senescence and SASP secretion. 

• Critical threshold: accumulation of senescent cells. 

• Role: amplifies chronic inflammation. (Coppé et al., 2010) 

Axis 4. Telomeric 

• Function: replicative stability via telomeres and telomerase. 

• Critical threshold: telomere length. 

• Role: determines irreversibility of senescence. (Blackburn et al., 2015) 

Axis 5. Anti-Fibrosis 

• Function: regulates fibrosis and scarring. 

• Critical threshold: activation of TGF-β. 

• Role: drives tissue stiffening and loss of function. (Wynn, 2008) 

Axis 6. Proteostasis (including autophagy) 

• Function: protein homeostasis via autophagy and proteasome. 

• Critical threshold: capacity to degrade misfolded proteins. 

• Role: prevents neurodegeneration. (Mizushima & Komatsu, 2011) 

Axis 7. Vascular (Endothelial) 

• Function: endothelial integrity and vascular flow. 

• Critical threshold: activation of NO/eNOS. 

• Role: transversal gateway for systemic flows. (Deanfield et al., 2007) 

Axis 8. Epithelial 

• Function: epithelial barrier integrity. 

• Critical threshold: stability of cell junctions. 

• Role: first line of defense. 

Axis 9. Digestive 

• Function: microbiome and SCFA regulation. 



• Critical threshold: maintenance of eubiosis. 

• Role: major source of transversal signaling. (Tilg & Zmora, 2020) 

Axis 10. Metabolic (including mitochondrial) 

• Function: energetic metabolism and mitochondrial function. 

• Critical threshold: ATP production. 

• Role: central axis for cellular homeostasis. (Wallace, 2010) 

Axis 11. Immunological 

• Function: immune tolerance and adaptive response. 

• Critical threshold: Th1/Th2 balance. 

• Role: transversal amplifier. (Akbar & Henson, 2011) 

Axis 12. Neuro-Metabolic / Neurovegetative 

• Function: connection between metabolism and nervous system. 

• Critical threshold: stability of the HPA axis. 

• Role: determines chronic stress and neurodegeneration. (McEwen, 2007) 

Axis 13. Regenerative 

• Function: tissue plasticity and regeneration. 

• Critical threshold: availability of stem cells. 

• Role: ultimate barrier against degeneration. 

Axis 14. Osmotic / Barrier 

• Function: tissue barriers and osmotic homeostasis. 

• Critical threshold: barrier permeability. 

• Role: final consequence axis, pathogen invasion. 

3.4.2.4 Role in the Pyramid 

The  14 biological axes constitute  Level 2 of the pyramid. They aggregate biological links into

major causal  structures,  preparing  the  formation  of  pathogenetic  flows  (Level  3).  Axes  are

points of convergence and propagation, and their interconnection determines the transversality

and longitudinality of the network. 

3.4.3 Level 3 – Pathogenetic Flows 

3.4.3.1 Definition 

Pathogenetic flows are  dynamic connections between biological axes, arising when the  critical

thresholds  of  causal  links  are  surpassed.  They  propagate  causal  signals,  generating  both



transversality and longitudinality within the network. 

3.4.3.2 Number and Classification 

• Transversal flows: ~180 (all possible combinations among the 14 axes). 

• Longitudinal flows: ~40–50 (internal propagations within each axis). 

• Hybrid flows: ~20–30 (combine transversality and longitudinality). 

 In total, approximately 250–260 pathogenetic flows are identified in the pyramid architecture. 

3.4.3.3 Essential Characteristics 

1. Origin – flows arise from causal links. 

2. Direction – transversal or longitudinal. 

3. Critical condition – surpassing thresholds and achieving coherence between axes. 

4. Function – systemic propagation of pathogenesis. 

5. Reversibility – possible only through transversal-longitudinal blockade. 

3.4.3.4 Major Examples of Flows 

• Redox  →  Epigenetic  →  SASP: oxidative  stress  induces  epigenetic  deregulation,

amplifying cellular senescence. (Kensler et al., 2007; Coppé et al., 2010) 

• Metabolic  → Mitochondrial  → Neuro-Metabolic: mitochondrial  energetic  dysfunction

propagates to the nervous system, generating neurodegeneration. (Wallace, 2010; McEwen,

2007) 

• Digestive → Immunological → Vascular: intestinal dysbiosis and endotoxemia activate

NF-κB, propagating systemic inflammation and endothelial  dysfunction.  (Tilg  & Zmora,

2020; Deanfield et al., 2007) 

• Telomeric → Regenerative → Fibrosis: telomere shortening reduces regenerative capacity,

favoring tissue fibrosis. (Blackburn et al., 2015; Wynn, 2008) 

3.4.3.5 Role in the Pyramid 

Flows constitute Level 3 of the Pyramid. They act as the bridge between biological axes (Level

2) and pathogenetic loops (Level 4).  Through flows, the network acquires  transversality and

longitudinality, making pathogenesis systemic and persistent. 



3.4.4 Level 4 – Pathogenetic Loops 

3.4.4.1 Definition 

Pathogenetic loops are circular structures of causal propagation, arising when pathogenetic flows

(Level 3) close and reintroduce the signal into the original links or axes. They confer  stability,

recurrence,  and persistence to  pathogenetic  processes,  transforming  transient  phenomena into

chronic states. 

3.4.4.2 Essential Characteristics 

1. Causal circularity – the flow returns to its origin, maintaining activation. 

2. Emergent  stability –  loops  allow  pathogenesis  to  persist  even  after  the  initial  cause

disappears. 

3. Amplification – each feedback cycle intensifies the pathogenetic signal. 

4. Practical  irreversibility –  once  formed,  loops  are  difficult  to  destabilize  without

transversal-longitudinal blockade. 

5. Transversal  role –  loops  connect  multiple  axes  simultaneously,  increasing  network

coherence. 

3.4.4.3 Number and Classification 

• Simple loops (intra-axial): each of the 14 axes has on average 2–3 internal loops → ~30–

40 loops. 

• Complex  loops  (inter-axial): combinations  between  transversal  flows  (e.g.,  redox–

inflammatory–vascular) → ~80–100 loops. 

• Hybrid  loops  (cause–consequence): arise  when  a  consequence  becomes  a  cause  (e.g.,

fibrosis → hypoxia → fibrosis) → ~30–40 loops. 

 In total, the pyramid architecture contains approximately 150–180 identified pathogenetic loops. 

3.4.4.4 Major Examples of Pathogenetic Loops 

• Redox–Inflammatory Loop: oxidative stress → NF-κB activation → chronic inflammation

→ oxidative stress. (Kensler et al., 2007; Deanfield et al., 2007) 

• SASP–Immunological Loop: cellular senescence → SASP secretion → inflammation →

accumulation of senescent cells. (Coppé et al., 2010; Akbar & Henson, 2011) 

• Metabolic–Mitochondrial  Loop: insulin  resistance  →  mitochondrial  dysfunction  →

energetic deficit → oxidative stress → insulin resistance. (Wallace, 2010) 



• Telomeric–Regenerative Loop: telomere shortening → senescence → stem cell deficit →

impaired regeneration → accelerated telomere shortening. (Blackburn et al., 2015) 

• Fibrosis–Hypoxia  Loop: TGF-β  activation  →  fibrosis  →  tissue  hypoxia  →  HIF-1α

activation → fibrosis. (Wynn, 2008) 

3.4.4.5 Role in the Pyramid 

Pathogenetic loops constitute Level 4 of the pyramid. They transform flows (Level 3) into stable

structures,  conferring  persistence  and recurrence  to  the  network.  Loops  are  critical  points  of

emergence,  preparing the ground for the formation of  hyper-loops (Level 5) and subsequently

pathogenetic attractors (Level 6). 

3.4.5 Level 5 – Pathogenetic Hyper-Loops 

3.4.5.1 Definition 

Pathogenetic  hyper-loops  are  extreme  positive  feedback  structures,  formed  through  the

interconnection  and  overlap  of  multiple  pathogenetic  loops  (Level  4).  They simultaneously

involve 3–6 biological axes and generate systemic persistence. Hyper-loops are the “hard cores”

of chronic pathogenesis, marking the transition from instability to emergent stability. 

3.4.5.2 Essential Characteristics 

1. Structural complexity – involve multiple axes simultaneously. 

2. Extreme positive feedback – pathogenetic signals mutually amplify each other. 

3. Persistence –  once  formed,  they  are  nearly  irreversible  without  transversal-longitudinal

blockade. 

4. Central role – precursors of pathogenetic attractors (Level 6). 

5. Emergence – arise only when pathogenetic loops synchronize and overlap. 

3.4.5.3 Number and Classification 

• From the  ~150–180 pathogenetic  loops,  approximately  25 hyper-loops are  identified  as

stable higher-order structures. 

• Classification: 

• Transversal – connect different axes. 

• Longitudinal – deep propagations within the same axis. 

• Hybrid – combine transversality and longitudinality. 



3.4.5.4 Complete Enumeration of the 25 Hyper-Loops (Canonical Order of Biological Axes) 

Redox 

1. Redox–Epigenetic–SASP–Immunological  (Kensler et al., 2007; Coppé et al., 2010; Akbar

& Henson, 2011) 

2. Redox–Mitochondrial–Proteostasis–Neuro (Wallace, 2010; Mizushima & Komatsu, 2011) 

3. Redox–Proteostasis–Autophagy–Neuro–Metabolic 

Epigenetic 

4. Epigenetic–Immunological–Inflammatory–Fibrosis  (Berdasco  &  Esteller,  2019;  Wynn,

2008) 

5. Epigenetic–Telomeric–Regenerative–SASP 

SASP 

6. SASP–Telomeric–Regenerative–Immunological 

7. SASP–Immunological–Inflammatory–Fibrosis 

Telomeric 

8. Telomeric–Regenerative–Fibrosis–Hypoxia (Blackburn et al., 2015; Wynn, 2008) 

9. Telomeric–SASP–Epigenetic–Regenerative 

10.Telomeric–Redox–Regenerative–Immunological 

Fibrosis 

11.Fibrosis–Hypoxia–HIF-1α–Inflammatory (Wynn, 2008) 

12.Fibrosis–Regenerative–Telomeric–Hypoxia 

13.Fibrosis–Hypoxia–Inflammatory–Metabolic–Redox 

Proteostasis (Autophagy) 

14.Proteostasis–Autophagy–Neuro–Redox (Mizushima & Komatsu, 2011) 

15.Proteostasis–Autophagy–Epigenetic–Neuro 

Vascular (Endothelial) 

16.Vascular–Endothelial–Redox–Inflammatory (Deanfield et al., 2007) 

17.Digestive–Immunological–Vascular–Endothelial  (Tilg  &  Zmora,  2020;  Deanfield  et  al.,

2007) 

18.Digestive–Epithelial–Vascular–Endothelial 

Epithelial 

19.Digestive–Epithelial–Immunological–Inflammatory 

20.Digestive–Epithelial–Vascular–Endothelial 

Digestive 

21.Digestive–Metabolic–Immunological–Neuro–Redox (Tilg & Zmora, 2020; McEwen, 2007) 



22.Metabolic–Digestive–Immunological–Neuro 

Metabolic (Mitochondrial) 

23.Metabolic–Mitochondrial–Neuro–Redox (Wallace, 2010; McEwen, 2007) 

24.Metabolic–Redox–Epigenetic–Immunological 

25.Metabolic–Mitochondrial–Redox–Proteostasis 

3.4.5.5 Role in the Pyramid 

Hyper-loops constitute Level 5 of the pyramid. They transform pathogenetic loops (Level 4) into

extreme positive feedback structures, conferring emergent stability to the network and preparing

the ground for the formation of pathogenetic attractors (Level 6). 

3.4.6 Level 6 – Pathogenetic Attractors (Minimal and Composite) 

3.4.6.1 Definition 

Pathogenetic attractors are  stable states of the biological network,  emerging from hyper-loops

(Level  5).  They  represent  persistent  configurations in  which  the  system  stabilizes  within  a

“pathological landscape” that is difficult to destabilize. 

In general systems biology literature, these are referred to as pathological attractors. In TPU, the

official  term  is  “pathogenetic  attractors”,  emphasizing  the  causal  mechanism  and  network

architecture. 

3.4.6.2 Essential Characteristics 

1. Emergent  stability –  once  formed,  the  attractor  persists  even  if  the  initial  stimulus

disappears. 

2. Dominance – the attractor takes control of the network, reducing biological plasticity. 

3. Transversality and longitudinality – simultaneously involve multiple axes and flows. 

4. Persistence – difficult to reverse, requiring transversal-longitudinal blockade. 

5. Central role – precursors of the transversal meta-attractor (Level 7). 

3.4.6.3 Number and Classification 

• Minimal attractors: 12, each corresponding to one master-switch. 

• Composite  attractors: no  fixed  number;  they  result  from  combinations  of  minimal

attractors. Practically, any subset of 2 or more minimals can generate a composite. 

3.4.6.3.1. Classification: 



• Minimal: elementary, one per master-switch. 

• Composite: overlaps of minimals, with greater stability. 

• Acute: explosive, high intensity, short duration. 

• Chronic: persistent, lower intensity, but difficult to reverse. 

3.4.6.4 Enumeration of Minimal Attractors (12, one per master-switch) 

1. Nrf2 → redox protector/pathologic attractor. 

2. NF-κB / NLRP3 → inflammatory attractor. 

3. SCFA–GPR → digestive-immunological attractor.

4. AhR → epigenetic-immunological attractor. 

5. NO/eNOS → vascular-endothelial attractor. 

6. AMPK → metabolic-energetic attractor. 

7. GLP-1 → regenerative-fibrotic attractor. 

8. SIRT1 → epigenetic-metabolic attractor. 

9. TGF-β → fibro-regenerative attractor. 

10.PPAR (α/γ) → metabolic-lipid attractor. 

11.mTOR → proteostasis-neuro attractor. 

12.HIF-1α → hypoxic-inflammatory attractor. 

3.4.6.5 Composite Attractors (Major Examples) 

• Fibro-Regenerative: TGF-β + HIF-1α + telomeric. 

• Metabolic-Mitochondrial-Neuro: AMPK + mTOR + PPAR. 

• Barrier-Digestive-Vascular: SCFA–GPR + NF-κB/NLRP3 + eNOS. 

• Epigenetic-Endocrine: AhR + SIRT1 + PPAR. 

• Neuro-Endocrine-HPA: mTOR + NF-κB/NLRP3 + HPA axis. 

3.4.6.6 Role in the Pyramid 

Pathogenetic attractors constitute  Level 6 of the pyramid. They transform hyper-loops (Level 5)

into stable states, conferring pathological dominance to the network. 

• Minimal attractors → explain elementary pathogenesis linked to a single master-switch. 

• Composite  attractors →  explain  complex  pathogenesis  through  overlap  of  multiple

minimals. 

• Acute attractors → explain acute diseases (sepsis, infarction, septic shock). 

• Chronic  attractors →  explain  chronic  diseases  (diabetes,  atherosclerosis,



neurodegeneration). 

They are  critical  points  where  pathogenesis  becomes  practically  irreversible,  preparing  the

ground for the formation of the transversal meta-attractor (Level 7). 

3.4.7 Level 7 – Transversal Meta-Attractor 

3.4.7.1 Definition 

The transversal meta-attractor represents the global state of the network in which all pathogenetic

attractors (Level 6) interconnect and stabilize into a unified configuration. It is the  culmination

point of the Universal Pathogenetic Pyramid, where pathogenesis becomes dominant and nearly

irreversible. 

In general systems biology literature, this is described as a “super-pathological attractor”. In TPU,

the  official  term  is  transversal  pathogenetic  meta-attractor  (MATP),  emphasizing  both

transversality and network architecture. 

3.4.7.2 Essential Characteristics 

1. Uniqueness – there is only one pathological transversal meta-attractor and one protective

transversal meta-attractor. 

2. Unification – simultaneously integrates all minimal and composite attractors. 

3. Maximum  transversality –  involves  all  major  biological  axes  (redox,  metabolic,

immunological, telomeric, proteostasis, etc.). 

4. Systemic coherence – each attractor contributes to global stability. 

5. Irreversible  persistence –  once  formed,  the  meta-attractor  cannot  be  destabilized  by

uniaxial interventions. 

6. Global  dominance –  the  biological  network  is  “captured”  in  a  global  pathogenetic  or

protective state. 

3.4.7.3 Structure and Emergence 

• The pathological transversal meta-attractor (MATP) results from the convergence of the

12 minimal attractors and their composite combinations. 

• Its  structure  is  modular:  each  minimal  or  composite  attractor  becomes  a  “sub-core”

integrated into the meta-attractor. 

• The  protective  transversal  meta-attractor  (MATP-P) forms  through  simultaneous

activation of protective master-switches and destabilization of pathogenetic attractors. 



3.4.7.4 Functional Types 

Although  the  transversal  meta-attractor  is  unique,  it  manifests  functional  types  determined  by

dominant attractor combinations: 

1. Inflammatory–Redox–Immunological → chronic inflammatory dominance. 

2. Metabolic–Mitochondrial–Circadian → pathological energetic dominance. 

3. Fibro–Regenerative–Hypoxic → fibro-regenerative irreversibility. 

4. Neuro–Endocrine–HPA–Redox → neuro-endocrine dominance. 

5. Barrier–Digestive–Vascular–Osmotic → barrier-vascular dominance. 

6. Epigenetic–Endocrine–Inflammatory → epigenetic-endocrine stability. 

These functional types are not separate entities but  variants of the same unique meta-attractor,

reflecting how the network stabilizes. 

3.4.7.5 Acute vs. Chronic Forms 

• Acute transversal  meta-attractor – forms rapidly through explosive interconnection of

acute minimal and composite attractors (e.g., sepsis, septic shock). It can be destabilized if

intervention is prompt and multi-axial. 

• Chronic transversal meta-attractor – forms slowly through overlap and consolidation of

chronic  attractors  (e.g.,  diabetes  with  systemic  complications,  irreversible

neurodegeneration). It is nearly irreversible, sustained by the final longitudinal architecture. 

3.4.7.6 Role in the Pyramid 

The transversal meta-attractor constitutes Level 7 of the pyramid and represents the final state of

universal pathogenesis. At this level: 

• Integrated transversality surpasses any uniaxial intensity. 

• Pathogenetic blockade becomes complete. 

• The biological network enters a global dominance (pathological or protective). 

• Reversibility  is  practically  impossible without  multi-modular  and  multi-axial

interventions. 

3.4.8 Level 7 – Final Longitudinal Architecture 

3.4.8.1 Definition 

The final longitudinal architecture represents the network skeleton that forms when the transversal

meta-attractor (Level 7) consolidates and becomes practically irreversible. It is the last stage of



the Transversal-Longitudinal Pathogenetic  Pyramid,  where flows, loops,  and attractors align

into a stable structure that dominates the entire biology of the system. 

3.4.8.2 Essential Characteristics 

1. Structural unification – all pathogenetic flows are integrated into a single architecture. 

2. Persistence – once formed, the longitudinal architecture cannot be destabilized by uniaxial

interventions. 

3. Global dominance – the biological network is “captured” in a stable pathogenetic scheme. 

4. Skeletal role – the final longitudinal architecture supports the transversal meta-attractor and

confers irreversibility. 

5. Duality – there exists both a pathological and a protective final longitudinal architecture,

each with functional types. 

3.4.8.3 Acute vs. Chronic Forms 

• Acute longitudinal architecture 

• Forms rapidly through explosive interconnection of pathogenetic flows. 

• Example: multi-organ failure, septic shock. 

• Can be interrupted if intervention is prompt and multi-axial. 

• Chronic longitudinal architecture 

• Forms slowly through gradual consolidation of chronic flows and attractors. 

• Example: advanced diabetes, atherosclerosis, irreversible neurodegeneration. 

• Becomes nearly irreversible, sustained by master-switch inertia and stability of the

transversal meta-attractor. 

3.4.8.4 Relationship with Attractors 

• Minimal attractors → basic elements, one for each master-switch. 

• Composite attractors → combinations of minimals, generating partial stabilities. 

• Transversal meta-attractor → unique, but with multiple functional types. 

• Final longitudinal architecture → global skeleton that fixes the meta-attractor and makes

it irreversible. 

3.4.8.5 Functional Types of Longitudinal Architecture 

1. Inflammatory–Redox–Immunological → chronic inflammatory skeleton. 

2. Metabolic–Mitochondrial–Circadian → pathological energetic skeleton. 



3. Fibro–Regenerative–Hypoxic → irreversible fibro-regenerative skeleton. 

4. Neuro–Endocrine–HPA–Redox → neuro-endocrine skeleton. 

5. Barrier–Digestive–Vascular–Osmotic → barrier-vascular skeleton. 

6. Epigenetic–Endocrine–Inflammatory → epigenetic-endocrine skeleton. 

These functional types are  variants of the same final longitudinal architecture, reflecting how

the network stabilizes in the long term. 

3.4.8.6 Role in the Pyramid 

The final longitudinal architecture constitutes the ultimate skeleton of the Universal Pathogenetic

Pyramid. It is the point at which: 

• Integrated transversality becomes irreversible. 

• The transversal meta-attractor is structurally fixed. 

• The biological network enters a global dominance (pathological or protective). 

• Reversibility is practically impossible without multi-modular, multi-axial, and long-term

interventions. 

3.5 Master-Switch Architecture (12 Nodes) 

3.5.1 Canonical Definition 

The  master-switch  architecture  represents  the  vertical  switching  axis  of  the  Transversal-

Longitudinal Pathogenetic Pyramid. The 12 master-switch nodes are  strategic control points

capable of generating, destabilizing, or blocking pathogenetic attractors. They are the “command

buttons” of the network, determining the direction between protection and pathology. 

3.5.2 Essential Characteristics  

1. Centrality – each master node exerts transversal influence across the entire network. 

2. Bidirectional  switching –  activation  can  be  protective  or  pathogenic,  depending  on

thresholds. 

3. Dominance – master nodes have priority over peripheral nodes. 

4. Synchronization – effects are amplified when multiple nodes are activated simultaneously. 

5. Axial role – they form the backbone of the pyramid, linking Levels 1–7. 

3.5.3 Complete List of the 12 Master-Switch Nodes (S_blocaj) 

1. Nrf2 – redox regulator; maximal activation → resilient protection. 

2. NF-κB  /  NLRP3 –  inflammatory  regulator;  activation  →  inflammatory  pathogenetic



attractors. 

3. SCFA–GPR – digestive-immunological module; influences intestinal barrier and systemic

inflammation. 

4. AhR – xenobiotic sensor; involved in epigenetics and immunity. 

5. NO / eNOS – vascular regulator; influences permeability and endothelial function. 

6. AMPK – metabolic-energetic node; regulates mitochondrial homeostasis. 

7. GLP-1 – endocrine-metabolic module; influences insulin resistance and neuroprotection. 

8. SIRT1 – epigenetic-metabolic regulator; involved in senescence and cellular protection. 

9. TGF-β – fibrotic-regenerative node; activates fibrosis and inhibits regeneration. 

10.PPAR (α/γ) – metabolic-lipid regulator; influences inflammation and energetic homeostasis.

11.mTOR – central growth and metabolism node; involved in proteostasis and senescence. 

12.HIF-1α – hypoxic regulator; stabilizes fibro-inflammatory attractors. 

3.5.4 Fundamental Rules of Master-Switches 

• Law  of  activation: activation  of  master  nodes  generates  attractors  (pathological  or

protective). 

• Law of deactivation: deactivation does not generate attractors, but modifies the potential

landscape. 

• Pathogenic  axiom: activation  of  any  pathogenic  master  node  → minimal  pathological

attractor. 

• Protective axiom: activation of any protective master node → minimal protective attractor. 

• Transversality: intensity  of  attractors  increases  proportionally  with  the  number  of

simultaneously activated nodes. 

3.5.5 Clinical Examples 

• Pathogenic: simultaneous  activation  of  NF-κB  +  mTOR  +  HIF-1α  →

inflammatory-proliferative meta-attractor, associated with cancer and fibrosis. 

• Protective: simultaneous activation of Nrf2 + AMPK + SIRT1 + PPAR → redox-metabolic

meta-attractor, associated with healthy longevity. 

3.5.6 Clinical Implications 

• Master nodes are major therapeutic targets. 

• Modular  interventions  must  aim  at  sequential  switching to  destabilize  pathological

attractors. 



• Transversal-longitudinal blockade depends on maintaining master nodes within  protective

thresholds. 

• The protective transversal meta-attractor cannot be achieved without synchronization of

master nodes. 

3.5.7 Universal Rule of Master-Switch Architecture 

The master-switch architecture constitutes the vertical axis of the Transversal-Longitudinal

Pathogenetic Pyramid. Sequential and synchronized activation of master nodes determines

the network’s  direction between pathology and protection.  Pathogenetic  blockade and the

protective  transversal  meta-attractor  depend  on  maintaining  master  nodes  within  critical

protective intervals. 

3.6 Master-Switch Switching Vector (VMS) 

3.6.1 Definition 

The Master-Switch Switching Vector (VMS) represents the global state of the 12 master nodes

(S_blocaj), expressed as a vector of 12 components, each with five possible states (S0–S4). It is the

formal instrument describing the simultaneous configuration of master-switches and the way they

determine the emergence of pathogenetic or protective attractors (Kauffman, 1993; Kitano, 2002). 

3.6.2 Switching States (S0–S4) 

• S0 – Inactive: the node is below the functional threshold, with no effect on the network. 

• S1 – Sub-critical activation: the node is activated at a sub-critical level, with peripheral

effects. 

• S2  –  Critical  threshold:  the  node  reaches  the  critical  threshold,  triggering  a  minimal

attractor. 

• S3 – Pathogenic activation: the node exceeds the pathogenic threshold, generating a stable

pathological attractor. 

• S4 – Protective activation: the node is within the protective domain, generating a stable

protective attractor (Ferrell & Xiong, 2001). 

3.6.3 Vector Structure 

VMS=(SNrf2,SNFκB/NLRP3,SSCFA−GPR,SAhR,SNO/eNOS,SAMPK,SGLP−1,SSIRT1,STGF−β

,SPPAR,SmTOR,SHIF−1α) 



Each component Si can take values between S0 and S4. The vector describes the simultaneous state

of the 12 master-switches, and its configuration determines the type of attractor (pathogenetic or

protective). 

3.6.4 Biological Order of Master-Switch Activation 

Master-switches are activated or inhibited in a  precise biological sequence,  in which protective

activation  precedes  pathogenic  inhibition.  The  canonical  order  is:  Nrf2  → NF-κB/NLRP3 →

SCFA–GPR → AhR → NO/eNOS → AMPK → GLP-1 → SIRT1 → TGF-β → PPAR (α/γ) →

mTOR → HIF-1α. 

This sequence ensures transversal coherence and longitudinal persistence of the network, being the

necessary condition for the emergence of the transversal protective meta-attractor (Kitano, 2002;

Barabási, Gulbahce, & Loscalzo, 2011). 

3.6.5 Fundamental Rules 

1. Pathogenic activation (≥ S3) of any node → generates a minimal pathological attractor. 

2. Protective activation (S4) of any node → generates a minimal protective attractor. 

3. Transversality –  the  intensity of  attractors  increases  proportionally  with  the  number  of

nodes activated simultaneously. 

4. Coherence – attractors become stable only if nodes are synchronized in compatible states. 

5. Persistence – nodes with inertia (e.g., TGF-β, mTOR, HIF-1α) maintain attractors even after

the stimulus disappears (Ferrell & Xiong, 2001). 

3.6.6 Link to Pathogenetic Attractors 

• Minimal attractors (12): each master-switch in state S2–S3–S4 generates its corresponding

minimal attractor. 

• Composite attractors: emerge from combinations of nodes simultaneously in S2–S3–S4;

their number is unlimited. 

• Transversal meta-attractor: arises when the vector configuration involves convergence of

all master-switches in pathogenic (≥ S3) or protective (S4) states. 

3.6.7 Examples of Vectors 

• Typical pathogenetic vector 

VMS=(SNrf2=S0,SNFκB/NLRP3=S3,SSCFA−GPR=S2,SAhR=S1,SNO/eNOS=S2,SAMPK=S3,S

GLP−1=S1,SSIRT1=S2,STGF−β=S3,SPPAR=S2,SmTOR=S3,SHIF−1α=S3) 

→ inflammatory-fibrotic dominance, with a stable fibro-inflammatory attractor. 



• Typical protective vector 

VMS=(SNrf2=S4,SNFκB/NLRP3=S0,SSCFA−GPR=S4,SAhR=S1,SNO/eNOS=S4,SAMPK=S4,S

GLP−1=S4,SSIRT1=S4,STGF−β=S0,SPPAR=S4,SmTOR=S1,SHIF−1α=S0) 

→ redox-metabolic protective dominance, with a transversal protective attractor. 

3.6.8 Clinical Implications 

• VMS enables mapping of the simultaneous state of the 12 master-switches. 

• Defines  the  conditions  for  the  emergence  of  minimal,  composite,  and  transversal

meta-attractors. 

• Provides the key to understanding transversal-longitudinal pathogenetic blockade. 

• Offers the basis for modular interventions by reconfiguring master-switch states (Loscalzo,

Kohane, & Barabási, 2007). 

3.6.9 Universal Rule of the Master-Switch Switching Vector 

The Master-Switch Switching Vector describes  the simultaneous state of  the 12

master-switches.  Its  configuration  determines  the  emergence  of  minimal,

composite,  or transversal  meta-attractors.  Transversal-longitudinal  pathogenetic

blockade and resilient protection depend on maintaining master-switches within

their critical thresholds (Kauffman, 1993; Kitano, 2002; Barabási et al., 2011; Ferrell

& Xiong, 2001). 

3.7 The Transversal-Longitudinal Disease Model 

3.7.1 Definition 

The transversal-longitudinal  disease  model  describes  how the  biological  network  progressively

traverses  the  seven  levels  of  the  Transversal-Longitudinal  Pathogenetic  Pyramid,  from

elementary causal links to the final transversal meta-attractor. It is the  formal architecture that

explains  both  acute and  chronic  pathogenesis,  integrating  all  components:  links,  axes,  flows,

loops, hyper-loops, attractors, and meta-attractors. 

3.7.2 Stages of the Transversal-Longitudinal Model 

1. Causal Links (Level 1) 

• Elementary  events:  oxidative  stress,  inflammation,  dysbiosis,  hypoxia,  metabolic



deregulations. 

• Represent the basic units of pathogenesis. 

2. Pathogenetic Axes (Level 2) 

• Aggregation  of  links  into  major  biological  axes:  redox,  inflammatory,  metabolic,

immunological, telomeric, proteostatic. 

• Axes define coherent causal directions. 

3. Pathogenetic Flows (Level 3) 

• Interconnection  of  axes  into  transversal  flows:  redox–inflammatory,  metabolic–

mitochondrial, digestive–vascular, etc. 

• Flows enable systemic propagation of pathogenesis. 

4. Pathogenetic Loops (Level 4) 

• Formation  of  feedback  loops:  inflammatory–redox,  metabolic–HPA,  proteostasis–

neuro. 

• Positive loops amplify pathogenesis; negative loops destabilize temporarily. 

5. Hyper-Loops (Level 5) 

• Overlap of loops into complex structures with recurrence and self-amplification. 

• From ~25 hyper-loops emerge the minimal attractors. 

6. Pathogenetic Attractors (Level 6) 

• Minimal (12): one for each master-switch (Nrf2, NF-κB/NLRP3, SCFA–GPR, AhR,

NO/eNOS, AMPK, GLP-1, SIRT1, TGF-β, PPAR, mTOR, HIF-1α). 

• Composite: combinations  of  minimals,  with  greater  stability  (e.g.,

fibro-regenerative, metabolic-neuro, barrier-vascular). 

• Acute vs. chronic: acute attractors are explosive and partially reversible;  chronic

attractors are persistent and difficult to reverse. 

7. Transversal Meta-Attractor (Level 7) 

• Unique: one pathological meta-attractor and one protective meta-attractor. 

• Functional  types:  six dominant  variants (inflammatory-redox,  metabolic-circadian,

fibro-regenerative, neuro-endocrine, barrier-vascular, epigenetic-endocrine). 

• Acute  vs.  chronic:  acute  meta-attractors  can  be  destabilized  by rapid  multi-axial

interventions; chronic meta-attractors become nearly irreversible. 

• Final longitudinal architecture: the ultimate skeleton that fixes the meta-attractor

and confers irreversibility. 

3.7.3 Universal Rules of the Disease Model 



1. Transversality –  Integrated  transversal  blockade  overcomes  any  uniaxial  intensity  of

pathogenetic activation (Kitano, 2002). 

2. Causality vs. Consequence – Blocking causal links is superior to blocking consequence

links (Barabási, Gulbahce, & Loscalzo, 2011). 

3. Flux  Disruption –  Breaking  pathogenetic  fluxes  is  superior  to  inhibiting  a  single  axis

(Ferrell & Xiong, 2001). 

4. Master-Switch  Priority –  Switching  master-switches  is  superior  to  peripheral  nodes

(Kauffman, 1993). 

5. Attractor Destabilization – Pathogenetic attractors must be destabilized to prevent chronic

persistence (Kitano, 2002). 

6. Meta-Attractor  Weakening –  Weakening  the  transversal  meta-attractor  is  the  final

condition for therapeutic success (Barabási et al., 2011). 

7. Longitudinal  Architecture –  Longitudinal  switching  is  necessary  for  stable  protection

(Ferrell & Xiong, 2001). 

8. Protective  Dominance –  Transversal  protection  must  exceed  transversal  pathological

pressure (Kauffman, 1993). 

9. Synergy Principle – Synergy is  superior to additivity in modular  interventions (Kitano,

2002). 

10.Network Principle – The transversal-longitudinal blockade is a network phenomenon, not

an organ-specific phenomenon (Barabási et al., 2011). 

11.Bio-pharmacological  Principle – Effective interventions respect  the biological  order  of

switching: protective master-switches must be activated first, followed only afterwards

by inhibition of pathogenic master-switches, ensuring coherent transition of the network

toward protection and preventing systemic vulnerability (Kitano, 2002; Barabási et al., 2011;

Ferrell & Xiong, 2001; Kauffman, 1993). 

3.7.4 Role of the Transversal-Longitudinal Model 

• Integrates all levels of the pyramid into a single architecture. 

• Explains how elementary links lead to the final meta-attractor. 

• Provides  the  basis  for  modular  interventions:  destabilizing  attractors,  switching

master-switches, breaking flows. 

• Serves  as  the  key  to  understanding  acute  pathogenesis (explosive  but  potentially

reversible) and chronic pathogenesis (persistent and nearly irreversible). 



3.8 The Transversal-Longitudinal Protection Model 

3.8.1 Definition 

The  transversal-longitudinal  protection  model  describes  the  symmetric  architecture  of  the

Transversal-Longitudinal  Pathogenetic  Pyramid,  but  oriented  toward  resilience  and

homeostasis.  It  shows  how  protective  links,  axes,  flows,  loops,  and  hyper-loops  combine  to

generate minimal and composite protective attractors, culminating in the transversal protective

meta-attractor and the final protective longitudinal architecture. 

3.8.2 Stages of the Transversal-Longitudinal Protection Model 

1. Protective Links (Level 1) 

• Elementary events: activation of Nrf2, production of NO/eNOS, generation of SCFA,

epigenetic regulation via SIRT1, activation of AMPK, stimulation of GLP-1. 

• Represent the basic units of biological protection. 

2. Protective Axes (Level 2) 

• Aggregation  of  links  into  major  axes:  redox  protective,  metabolic  protective,

immunological  protective,  epigenetic  protective,  vascular  protective,  regenerative

protective. 

• Axes define causal directions of defense. 

3. Protective Flows (Level 3) 

• Interconnection of axes into transversal flows: redox–metabolic, digestive–vascular,

neuro-endocrine, epigenetic–immunological. 

• Flows enable systemic propagation of protection. 

4. Protective Loops (Level 4) 

• Formation  of  negative  feedback  loops:  Nrf2–redox,  AMPK–metabolic,  SCFA–

immunological, GLP-1–regenerative. 

• Resilient loops stabilize homeostasis and prevent pathogenic escalation. 

5. Protective Hyper-Loops (Level 5) 

• Overlap  of  protective  loops  into  complex  structures  with  recurrence  and

self-stabilization. 

• From hyper-loops emerge the minimal protective attractors. 

6. Protective Attractors (Level 6) 



• Minimal (12): one for each master-switch in state S4. 

• Composite: combinations  of  minimal  protective  attractors,  with  greater  stability

(e.g.,  redox-metabolic  protective,  fibro-regenerative  protective,  barrier-vascular

protective). 

• Acute vs. chronic: acute attractors confer resilience to acute stress; chronic attractors

maintain long-term protection. 

7. Transversal Protective Meta-Attractor (Level 7) 

• Unique: there is only one transversal protective meta-attractor. 

• Functional  types:  six  dominant  variants  (redox-inflammatory  protective,

metabolic-mitochondrial  protective,  fibro-regenerative  protective,  neuro-endocrine

protective, barrier-vascular protective, epigenetic-endocrine protective). 

• Acute  vs.  chronic:  acute  meta-attractor  rapidly  stabilizes  the  network  against

aggression; chronic meta-attractor confers irreversible resilience. 

• Final  protective  longitudinal  architecture: the  ultimate  skeleton  that  fixes  the

transversal protective meta-attractor and confers global stability. 

3.8.3 Transversal-Longitudinal Blockade 

The  transversal-longitudinal  blockade  is  the  final  condition  of  transversal-longitudinal

protection. It occurs when: 

• all protective master nodes are in their protective domain (S4), 

• all pathogenic master nodes are maintained below critical thresholds (≤ S2), 

• the  network  simultaneously  fulfills  conditions  of  transversality,  coherence,  and

persistence. 

Role: 

• prevents formation of the pathological transversal meta-attractor, 

• stabilizes the protective transversal meta-attractor, 

• confers irreversible resilience to the network. 

3.8.4 Universal Rules of Protection 

1. Integrated protective transversality surpasses any uniaxial pathological pressure (Kitano,

2002). 

2. Activation of protective master-switches destabilizes pathogenetic attractors (Kauffman,

1993). 

3. Blocking pathogenetic fluxes is achieved through antagonistic protective fluxes (Barabási,



Gulbahce, & Loscalzo, 2011). 

4. Coherence of protective nodes is required for global stability (Ferrell & Xiong, 2001). 

5. Persistence of protective inertia nodes (SIRT1, AMPK, GLP-1) maintains resilience even

if the protective stimulus disappears (Ferrell & Xiong, 2001). 

6. Protective synergy is superior to simple additivity (Kitano, 2002). 

7. Transversal-longitudinal  blockade is  the  final  condition  for  irreversible  homeostasis

(Barabási et al., 2011). 

8. Redox resilience – Redox protection must obligatorily withstand perturbation; if the redox

axis collapses, all biological axes collapse in cascade. Nrf2 must be maintained within its

maximal  protective  domain,  because  antioxidants  that  do  not  activate  Nrf2  generate

superficial  protection vulnerable to major oxidative stress (Kitano, 2002; Barabási et al.,

2011). 

3.8.5 Role in the Pyramid 

The transversal-longitudinal protection model is the mirror image of the transversal-longitudinal

disease model. It: 

• integrates all pyramid levels into a resilient architecture, 

• explains how elementary protective links lead to the final protective meta-attractor, 

• provides  the  basis  for  modular interventions:  activation  of  protective  master-switches,

breaking pathogenetic flows, destabilizing pathological attractors, 

• is the  key to understanding acute resilience (rapid stabilization) and  chronic resilience

(long-term stability). 

3.8.6 Axial Resilience Principles  

1. Redox resilience – Redox protection must obligatorily withstand perturbation; if the redox

axis collapses, all other biological axes collapse in cascade. Nrf2 must be maintained within

its  maximal  protective  domain,  because  antioxidants  that  do  not  activate  Nrf2  generate

superficial  protection vulnerable to major oxidative stress (Kitano, 2002; Barabási et al.,

2011). 

2. Inflammatory resilience – If the inflammatory axis (NF-κB/NLRP3) escapes control, all

catabolic  and  fibrotic  fluxes  amplify  in  cascade,  generating  stable  fibro-inflammatory

attractors. 

3. Metabolic resilience – If the metabolic axis (AMPK–GLP-1–SIRT1) collapses, all energetic

and reparative processes fail, compromising transversal protection. 

4. Fibrotic resilience – If the fibrotic axis (TGF-β–mTOR–HIF-1α) enters hyperactivation, all



tissue structures are captured in an irreversible fibro-inflammatory attractor. 

5. Vascular resilience – If the vascular axis (NO/eNOS) collapses, all transversal fluxes are

compromised and systemic protection disintegrates. 

6. Microbiome resilience – If the SCFA–GPR axis collapses, all immunometabolic fluxes fail,

reducing transversal coherence and destabilizing the protective meta-attractor. 

3.8.7 Pyramidal Scheme of  Axial Resilience 

• Level 1 – Redox axis (Nrf2) The foundation of the pyramid. If the redox axis collapses, all

other axes fail in cascade. 

• Level  2  –  Inflammatory  axis  (NF-κB/NLRP3) Loss  of  redox  control  triggers

hyperinflammation and amplification of catabolic fluxes. 

• Level 3 – Metabolic axis (AMPK–GLP-1–SIRT1) Oxidative stress destabilizes energetic

metabolism and reparative processes. 

• Level 4 – Fibrotic axis (TGF-β–mTOR–HIF-1α) Redox and metabolic dysfunction favor

the emergence of irreversible fibro-inflammatory attractors. 

• Level 5 – Vascular axis (NO/eNOS) Redox collapse compromises transversal fluxes and

vascular homeostasis. 

• Level  6  –  Microbiome  axis  (SCFA–GPR) Redox  dysfunction  destabilizes

immunometabolic fluxes and transversal coherence. 

Conclusion:  Pyramidal  resilience  obligatorily  begins  with  the  redox  axis.  If  it  collapses,  the

pyramid fails  in  cascade,  and the transversal-longitudinal  protective blockade can no longer  be

sustained. 

3.8.8 Interdependence of Master-Switch Nodes 

Master-switch  nodes  form  an  integrated  vertical  network  in  which  each  node  modulates  the

functional domain of adjacent nodes. Their interdependence determines the emergence of protective

attractors, transversal-longitudinal stability, and the obligatory biological order of switching. 

1. Redox–inflammation interdependence (Nrf2 ↔ NF-κB/NLRP3) Nrf2 activation inhibits

NF-κB  and  NLRP3,  while  inflammatory  hyperactivation  reduces  redox  capacity.  This

relationship defines the primary bifurcation of the network. 

2. Inflammation–metabolism interdependence (NF-κB/NLRP3 ↔ AMPK–GLP-1–SIRT1)

Chronic  inflammation  inhibits  AMPK  and  SIRT1,  while  metabolic  activation  reduces

inflammatory pressure. This interdependence governs the transition between catabolism and

repair. 



3. Metabolism–fibrosis  interdependence  (AMPK–SIRT1  ↔  TGF-β–mTOR–HIF-1α)

Metabolic nodes inhibit mTOR and TGF-β, while fibrotic activation suppresses AMPK and

SIRT1. This relationship determines the emergence of fibro-inflammatory attractors. 

4. Fibrosis–vascular  interdependence  (TGF-β–mTOR  ↔  NO/eNOS) Fibrotic  activation

reduces  NO  bioactivity,  while  eNOS  activation  inhibits  mTOR.  This  interdependence

controls transversal fluxes. 

5. Vascular–microbiome  interdependence  (NO/eNOS  ↔  SCFA–GPR) SCFA  enhance

eNOS,  while  vascular  dysfunction  reduces  immunometabolic  fluxes.  This  relationship

stabilizes or destabilizes transversal coherence. 

6. Global  transversal  interdependence Activation  of  any  master-switch  node  shifts  the

functional domain of all downstream nodes. The network operates as a vertical switching

system in which the state of each node influences the global attractor. 

Conclusion:  Master-switch  nodes  are  not  independent;  they  form a  coherent  vertical  network

whose interdependence determines protective attractors, switching order, and the feasibility of the

transversal-longitudinal blockade. 

3.9 The Acute Disease Model 

3.9.1 Definition 

The acute disease model describes how the pathological transversal meta-attractor (acute form)

is formed rapidly, through  simultaneous and explosive activation of multiple master nodes in

pathogenic states (≥ S3). It is the  maximal expression of acute pathogenesis, characterized by

intense transversality, critical longitudinality, and global instability. 

3.9.2 Essential Characteristics 

1. Explosiveness – acute disease arises suddenly, with high intensity. 

2. Intense  transversality –  involves  multiple  biological  axes  simultaneously  (redox,

inflammatory, metabolic, vascular, neuro-endocrine). 

3. Critical  longitudinality –  pathogenetic  flows  align  into  an  unstable  architecture

predisposed to collapse. 

4. Partial  reversibility –  if  intervention  is  prompt  and  multi-axial,  acute  disease  can  be

destabilized. 

5. Temporary  global  dominance –  the  biological  network  is  “captured”  in  an  intense

pathogenetic state, but not necessarily irreversible. 



3.9.3 Mechanism of Formation 

• Master-switch vector: multiple nodes simultaneously in S3. 

• Acute  minimal  attractors: each  critically  activated  master-switch  generates  an  acute

minimal attractor. 

• Acute  composite  attractors: rapid  overlap  of  acute  minimals  →  explosive  composite

attractors. 

• Acute pathological transversal meta-attractor: formed through simultaneous convergence

of acute attractors, dominating the network. 

• Acute  longitudinal  architecture: pathogenetic  flows  align  into  an  unstable  skeleton,

predisposed to multisystem collapse. 

3.9.4 Clinical Examples 

• Sepsis / septic shock → inflammatory-redox-vascular collapse. 

• Acute myocardial infarction → vascular-metabolic collapse. 

• Severe acute pancreatitis → digestive-inflammatory collapse. 

• Severe COVID-19 (acute form) → barrier-vascular-hypoxic collapse. 

3.9.5 Multisystem Collapse (Extreme Form of Acute Disease) 

3.9.5.1 Definition 

Multisystem  collapse  is  the  extreme  situation  in  which  the  acute  pathological  transversal

meta-attractor destabilizes all major biological systems simultaneously, leading to multi-organ

failure. 

3.9.5.2 Characteristics 

• Maximum explosiveness. 

• Global transversality. 

• Critical longitudinality. 

• Practical irreversibility if immediate intervention is absent. 

3.9.5.3 Clinical Examples 

• Severe sepsis with multi-organ failure. 

• Refractory septic shock. 



• Acute respiratory distress syndrome + renal failure + hepatic failure. 

3.9.6 Universal Rules of Acute Disease 

1. Simultaneous activation of ≥ 4–6 master nodes in S3 → acute disease. 

2. Persistence of inertia nodes (TGF-β, mTOR, HIF-1α) → maintenance of acute disease even

if stimulus disappears. 

3. Explosive transversality → multi-organ failure. 

4. Critical longitudinality → unstable architecture. 

5. Destabilization  of  acute  disease  requires  multi-modular,  simultaneous,  and  rapid

interventions. 

3.9.7 Role in the Pyramid 

The acute disease model represents the explosive form of universal pathogenesis. It: 

• shows how the acute pathological transversal meta-attractor destabilizes the network, 

• explains multi-organ failure as a network phenomenon, not an organ phenomenon, 

• provides the basis for understanding critical medical emergencies, 

• emphasizes the necessity of multi-axial and multi-modular interventions for survival. 

3.10 The Chronic Disease Model 

3.10.1 Definition 

The chronic disease model describes how the  pathological transversal meta-attractor (chronic

form) is  formed  slowly  and  consolidated  through  master-node  inertia,  overlap  of  chronic

attractors, and fixation of the  final longitudinal architecture. It is the  maximal expression of

chronic  pathogenesis,  where  the  biological  network  enters  a  stable,  persistent,  and  nearly

irreversible state. 

3.10.2 Essential Characteristics 

1. Latency and slow progression – chronic disease develops gradually, through accumulation

of causal links and persistent flows. 

2. Cumulative  transversality –  involves  multiple  axes  simultaneously,  with  moderate

intensity but long duration. 

3. Stable longitudinality – pathogenetic flows align into a chronic longitudinal architecture

resistant to destabilization. 



4. Persistence through inertia – master nodes with inertia (TGF-β, mTOR, HIF-1α) maintain

chronic attractors even if the initial stimulus disappears. 

5. Practical irreversibility – once formed, chronic disease cannot be destabilized by uniaxial

or symptomatic interventions. 

3.10.3 Mechanism of Formation 

• Master-switch  vector: master  nodes  predominantly  in  states  S2–S3,  with  persistent

activations. 

• Chronic  minimal  attractors: each  master-switch  generates  a  stable  attractor  of  lower

intensity but long duration. 

• Chronic composite attractors: combinations of chronic minimals (e.g., metabolic-neuro,

fibro-regenerative, barrier-vascular). 

• Chronic  pathological  transversal  meta-attractor: formed  through  overlap  and

consolidation of chronic attractors, dominating the network. 

• Chronic longitudinal  architecture: pathogenetic  flows align into  a  stable  skeleton  that

fixes the meta-attractor. 

3.10.4 Clinical Examples 

• Type 2 diabetes mellitus → chronic metabolic-mitochondrial collapse, with cardiovascular

and neurodegenerative complications. 

• Advanced  atherosclerosis →  chronic  vascular-inflammatory  collapse,  with  progressive

ischemia. 

• Pulmonary / hepatic fibrosis → chronic fibro-regenerative collapse, irreversible. 

• Neurodegeneration (Alzheimer’s, Parkinson’s) → chronic proteostasis-neuro-epigenetic

collapse. 

3.10.5 Universal Rules of Chronic Disease 

1. Persistent activation of inertia master nodes → maintenance of chronic attractors. 

2. Overlap  of  chronic  attractors  →  formation  of  the  chronic  pathological  transversal

meta-attractor. 

3. Chronic longitudinal architecture → stable, irreversible skeleton. 

4. Cumulative transversality → long-term global dominance. 

5. Destabilization  of  chronic  disease  requires  multi-modular,  long-term,  synergistic

interventions. 



3.10.6 Role in the Pyramid 

The chronic disease model represents the final form of chronic pathogenesis. It: 

• shows how the chronic pathological transversal meta-attractor consolidates slowly, 

• explains chronic diseases as network phenomena, not organ phenomena, 

• provides the basis for understanding slow, irreversible progression, 

• emphasizes the necessity of multi-axial and multi-modular interventions for stability and

protection. 

3.11 Critical Thresholds 

3.11.1 Definition 

Critical thresholds are transition values that separate the discrete states of master nodes (S0–S4).

They mark the functional limits at which a master node shifts from an inactive or sub-critical state

into a critical, pathogenic, or protective state. 

Thus,  critical  thresholds  are  directly  correlated  with  activation thresholds:  each  state  (S0–S4)

corresponds to an interval, and the critical thresholds are the  points of transition between these

intervals. 

3.11.2 Structure of Critical Thresholds 

For each master node there exist: 

• Inferior  critical  threshold → separates  S1  from S2  (sub-critical  activation  → critical

activation). 

• Pathogenic  critical  threshold →  separates  S2  from  S3  (critical  activation  →  stable

pathogenic activation). 

• Protective  critical  threshold → separates  S3 from S4 (pathogenic  activation  → stable

protective activation). 

Thus, critical thresholds are the switching points of the master-switch vector. 

3.11.3 Correlation with States S0–S4 

• S0 – Sub-threshold: node is inactive, below inferior threshold. 

• S1 – Sub-critical: node is minimally activated, but has not reached critical threshold. 

• S2 – Critical threshold: node surpasses inferior threshold → minimal attractor emerges. 

• S3  –  Pathogenic  threshold: node  surpasses  pathogenic  critical  threshold  →  stable



pathological attractor emerges. 

• S4 – Protective threshold: node surpasses protective critical threshold → stable protective

attractor emerges. 

3.11.4 Examples of Critical Thresholds 

• Nrf2 

• Inferior critical threshold → minimal redox activation. 

• Pathogenic critical threshold → severe inhibition, oxidative stress. 

• Protective critical threshold → maximal activation, stable redox protective attractor. 

• NF-κB / NLRP3 

• Inferior critical threshold → sub-critical inflammatory activation. 

• Pathogenic critical threshold → cytokine storm, stable inflammatory attractor. 

• Protective  critical  threshold  →  complete  inhibition,  stable  anti-inflammatory

protective attractor. 

• AMPK 

• Inferior critical threshold → minimal metabolic activation. 

• Pathogenic critical threshold → persistent inhibition, insulin resistance. 

• Protective  critical  threshold  →  resilient  activation,  stable  metabolic  protective

attractor. 

• TGF-β 

• Inferior critical threshold → sub-critical regeneration. 

• Pathogenic critical threshold → irreversible fibrosis. 

• Protective  critical  threshold  →  controlled  regeneration,  stable  fibro-regenerative

protective attractor. 

3.11.5 Role of Critical Thresholds in Transversal-Longitudinal Blockade 

Transversal-longitudinal blockade occurs when: 

• all protective master nodes are above their protective critical thresholds (S4), 

• all pathogenic master nodes are maintained below their pathogenic critical thresholds (≤ S2),

• the  network  simultaneously  fulfills  conditions  of  transversality,  coherence,  and

persistence. 

Thus,  critical  thresholds  are  the  formal  condition for  the  existence  of  transversal-longitudinal

blockade. 



3.11.6 Role in the Pyramid 

Critical thresholds constitute the switching points of the Universal Pathogenetic Pyramid. They: 

• define transitions between pathogenic and protective states, 

• establish conditions for the emergence of minimal, composite, and meta-attractors, 

• are the key to understanding transversal-longitudinal blockade, 

• provide  the  basis  for  modular  interventions,  by  maintaining  nodes  within  protective

intervals. 

3.12 Modular Synergy and Attractor Destabilization 

3.12.1 Definition 

Modular  synergy  is  the  phenomenon  by  which  conceptual  intervention  modules  act

simultaneously on  master  nodes  and  strategic  peripheral  nodes,  producing  a  network  effect

superior to simple additivity. Attractor destabilization is the  mandatory process through which

these modules break pathogenetic stability, weaken the pathological transversal meta-attractor, and

favor the emergence of the protective transversal meta-attractor. 

3.12.2 Classification of Modules by Nature 

• Pharmacological – synthetic or derivative molecules acting directly on master-switches,

used for targeted inhibition or activation. 

• Nutraceutical – dietary compounds with effects: 

• redox (antioxidants, Nrf2 activators), 

• metabolic (AMPK, SCFA, PPAR regulators), 

• epigenetic (SIRT1, AhR modulators), 

• anti-inflammatory (NF-κB/NLRP3 inhibitors), 

• vascular-protective (NO/eNOS activators), 

• fibro-regenerative (TGF-β modulators), 

• neuro-protective (neurotransmission and proteostasis modulators), 

• circadian (biological rhythm regulators). 

• Phytotherapeutic –  plant  extracts  with  actions:  anti-inflammatory,  immunomodulatory,

regenerative, antifibrotic, metabolic, neuro-protective, circadian, vascular-hypoxic. 

• Vegetal  (whole  food/plant  complexes) –  combinations  with  transversal  effects:

redox-metabolic, barrier-epithelial, vascular-hypoxic, circadian, multi-axial. 



3.12.3 Classification of Modules by Master-Switch (12 Conceptual Types) 

1. Redox–Nrf2 module 

2. Inflammatory–NF-κB/NLRP3 module 

3. Metabolic–SCFA–GPR module 

4. Epigenetic–AhR module 

5. Vascular–NO/eNOS module 

6. Energetic–AMPK module 

7. Hormonal–GLP-1 module 

8. Epigenetic–SIRT1 module 

9. Fibrotic–TGF-β module 

10.Metabolic–PPAR (α/γ) module 

11.Hypoxic–mTOR module 

12.Hypoxic–HIF-1α module 

3.12.4 Classification of Modules by Strategic Peripheral Nodes (12 Conceptual Types) 

1. Redox-enzymatic → amplifier for Nrf2. 

2. Microbiotic–SCFA → permissive for SCFA–GPR. 

3. Circadian-metabolic → permissive for AMPK. 

4. Proteostatic-epigenetic → stabilizer for SIRT1. 

5. Endothelial-vascular → stabilizer for NO/eNOS. 

6. Lipid-metabolic → amplifier for PPAR. 

7. Fibro-stromal → stabilizer for TGF-β. 

8. Mitochondrial-hypoxic → permissive for HIF-1α. 

9. Inflammatory-cytokinic → amplifier for NF-κB/NLRP3. 

10.Neuro-endocrine → stabilizer for GLP-1. 

11.Epithelial–AhR → permissive for AhR. 

12.Energetic–mTOR → amplifier for mTOR. 

3.12.5 Synergy, Transversal Amplification, and Auto-Amplification 

• Transversal synergy: modules act simultaneously on multiple axes, breaking pathogenetic

flows. 

• Transversal amplification: effects of one module on a master-switch propagate across the

network, increasing efficiency of others. 

• Example:  Nrf2  activation  reduces  oxidative  stress  and  amplifies  metabolic  and



fibro-regenerative modules. 

• Auto-amplification mechanisms: 

• Redox: Nrf2 activation increases antioxidant enzyme expression, reinforcing initial

redox module. 

• Metabolic: AMPK stimulates mitochondrial biogenesis, amplifying energetic effects. 

• Fibro-regenerative:  controlled  TGF-β  induces  ordered  regeneration,  amplifying

protective effects. 

• Epigenetic: SIRT1 stabilizes proteostasis, reinforcing epigenetic protection. 

• Inflammatory  protective:  NF-κB/NLRP3  inhibition  reduces  cytokines,  amplifying

anti-inflammatory effects. 

3.12.6 Destabilization of Attractors 

• Minimal attractors destabilize when a master-switch is shifted into S4. 

• Composite attractors destabilize through multi-modular combinations. 

• Pathological transversal meta-attractor weakens when protective transversality surpasses

pathogenic pressure. 

• Transversal-longitudinal blockade is achieved only through simultaneous destabilization

of pathogenetic attractors and maintenance of protective nodes above critical thresholds. 

3.12.7 Universal Rules of Modular Synergy 

1. Synergy is superior to additivity. 

2. Destabilization of attractors is mandatory for reversibility. 

3. Switching protective master-switches destabilizes the pathological meta-attractor. 

4. Transversal-longitudinal blockade is achieved only through multi-modular synergy. 

5. Transversal amplification increases efficiency of protective networks. 

6. Auto-amplification  of  modules  (redox,  metabolic,  fibro-regenerative,  epigenetic,

inflammatory) enhances resilience and stability. 

7. Uniaxial interventions are insufficient; only multi-axial combinations produce resilience. 

3.12.8 Role in the Pyramid 

Modular  synergy,  transversal  amplification,  and  auto-amplification  constitute  the  practical

instrument of the Universal Pathogenetic Pyramid. They: 

• explain how conceptual modules reconfigure the master-switch vector, 

• provide the basis for multi-modular interventions, 



• demonstrate that transversal protection is not the result of a single module but of a network, 

• bridge the theoretical pyramid with its biological applicability in interventions. 

IV. Discussions 

4.1 Implications for Molecular Biology 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT) introduces  a  network-based

paradigm into  molecular  biology.  Genes,  proteins,  and  signaling  pathways  are  no  longer

interpreted  as  isolated  elements  but  as  master-switch  nodes and  strategic  peripheral  nodes

embedded in a coherent pathogenetic architecture. 

The  concept  of  critical  thresholds becomes  central:  each  node  operates  within  a  functional

interval,  and  crossing  these  thresholds  determines  whether  the  system  stabilizes  into  a

pathogenetic attractor or a protective attractor. 

4.1.1 Critical Thresholds and Master-Switch Switching 

• In classical molecular biology, signaling pathways were described in binary terms: “on/off”

or “up/down regulation”. 

• TPU introduces discrete states (S0–S4) and critical thresholds that separate these states. 

• Example: Nrf2 activation is not simply “increased” or “decreased.” Instead, it can be: 

• Sub-threshold (S0): inactive. 

• Critical (S2): minimal attractor formation. 

• Pathogenic (S3): severe inhibition, oxidative stress. 

• Protective (S4): maximal activation, stable redox protective attractor. 

This granularity redefines how we interpret gene expression and molecular signaling: not as linear

changes in activity, but as state transitions across thresholds that reconfigure the entire biological

network. 

4.1.2 Master-Switch Nodes (12 Conceptual Types) 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT)  identifies  12  fundamental

master-switches, which act as the molecular command points of the pathogenetic pyramid. Their

activation or inhibition determines the emergence of pathogenetic or protective attractors: 



1. Nrf2 (redox) – central regulator of oxidative stress and antioxidant defense. 

2. NF-κB / NLRP3 (inflammatory) – key drivers of cytokine signaling and inflammasome

activation. 

3. SCFA–GPR (metabolic–microbiotic) – mediates gut microbiota metabolites and systemic

immune-metabolic balance. 

4. AhR  (epigenetic–immune) –  xenobiotic  sensor,  modulating  epigenetic  regulation  and

immune tolerance. 

5. NO / eNOS (vascular) – regulator of endothelial function, vascular tone, and permeability. 

6. AMPK (energetic) – master controller of mitochondrial homeostasis and cellular energy

balance. 

7. GLP-1 (hormonal–metabolic) –  modulates  insulin  sensitivity,  glucose  metabolism,  and

neuroprotection. 

8. SIRT1  (epigenetic–proteostatic) –  regulator  of  cellular  senescence,  proteostasis,  and

metabolic adaptation. 

9. TGF-β (fibro-regenerative) – dual role in fibrosis induction and regenerative control. 

10. PPAR  (α/γ)  (metabolic–lipidic) –  orchestrates  lipid  metabolism,  inflammation,  and

energetic homeostasis. 

11. mTOR  (hypoxic–energetic) –  central  growth  and  metabolism  regulator,  linked  to

proteostasis and hypoxic adaptation. 

12. HIF-1α  (hypoxic–angiogenetic) –  stabilizer  of  hypoxic  responses,  angiogenesis,  and

fibro-inflammatory attractors. 

4.1.2.1. Conceptual Role in Molecular Biology 

• These 12 master-switches are the vertical axis of control in the pathogenetic pyramid. 

• Each one represents a decision node: depending on its critical threshold state (S0–S4), it can

generate either pathogenetic attractors or protective attractors. 

• Their synchronization determines whether the biological network stabilizes into pathology

or resilience. 

4.1.3 Strategic Peripheral Nodes (12 Conceptual Types) 

In addition to the master-switches, the  Transversal–Longitudinal Pathogenetic Theory (TLPT)

defines  12 strategic peripheral nodes,  each serving as an  amplifier,  stabilizer,  or permissive

unlocker for the master-switches. These nodes are not master-switches themselves, but they are

indispensable for modulating their activity and ensuring network coherence. 

1. Redox-enzymatic → amplifier for Nrf2. 



2. Microbiotic–SCFA → permissive for SCFA–GPR. 

3. Circadian–metabolic → permissive for AMPK. 

4. Proteostatic–epigenetic → stabilizer for SIRT1. 

5. Endothelial–vascular → stabilizer for NO/eNOS. 

6. Lipidic–metabolic → amplifier for PPAR. 

7. Fibro-stromal → stabilizer for TGF-β. 

8. Mitochondrial–hypoxic → permissive for HIF-1α. 

9. Inflammatory–cytokinic → amplifier for NF-κB/NLRP3. 

10.Neuro-endocrine → stabilizer for GLP-1. 

11.Epithelial–AhR → permissive for AhR. 

12.Energetic–mTOR → amplifier for mTOR. 

4.1.3.1. Conceptual Role in Molecular Biology 

• These nodes act as secondary regulators that fine-tune the activity of master-switches. 

• They provide network leverage points: amplifying protective signals, stabilizing resilience,

or unlocking pathways otherwise inaccessible. 

• Their presence explains why interventions targeting only master-switches may fail unless

peripheral nodes are simultaneously modulated. 

4.1.4 Transversal Amplification and Auto-Amplification 

Within the  Transversal–Longitudinal Pathogenetic Theory (TLPT),  amplification phenomena

explain how protective or pathogenic signals propagate across the network: 

• Transversal  amplification –  activation  of  a  single  master-switch  produces  effects  that

spread across multiple axes, increasing the efficiency of other modules. 

• Example: Nrf2 activation reduces oxidative stress and simultaneously enhances the

efficiency of AMPK (energetic regulation) and TGF-β (fibro-regenerative control). 

• Auto-amplification – certain modules reinforce their own effects through positive feedback

loops, creating resilience or pathology depending on the state: 

• Nrf2 → increases antioxidant enzyme expression → amplifies redox protection. 

• AMPK → stimulates mitochondrial biogenesis → amplifies energetic effects. 

• SIRT1 → stabilizes proteostasis → amplifies epigenetic protection. 

• Controlled TGF-β → induces ordered regeneration → amplifies fibro-regenerative

protection. 

These  mechanisms  demonstrate  that  molecular  interventions  are  not  linear,  but



network-propagating  processes.  A  single  protective  activation  can  cascade  into  transversal

stabilization, while auto-amplification ensures persistence of resilience. 

4.1.5 Implications for Molecular Biology 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT) reshapes  molecular  biology  by

introducing a discrete, network-based framework: 

• Critical  thresholds transform  signaling  interpretation  from  a  vague  continuum  into  a

predictable discrete system. Each molecular node is defined by functional intervals (S0–

S4), with transitions across thresholds determining whether pathology or protection emerges.

• The 12 master-switches provide a  unified framework for understanding disease at  the

molecular  level,  reframing  canonical  regulators  (Nrf2,  NF-κB,  AMPK,  SIRT1,  mTOR,

TGF-β, etc.) as vertical control points of the pathogenetic pyramid. 

• The 12 strategic peripheral nodes highlight that molecular biology is not only about genes

and  proteins,  but  about  network  interactions—amplifiers,  stabilizers,  and  permissive

unlockers that modulate master-switch activity. 

• Transversal  amplification  and  auto-amplification  phenomena explain  why  certain

interventions have disproportionately large effects: they do not act linearly, but  multiply

signals across the network, reinforcing resilience or pathology depending on the state. 

4.1.5.1. Paradigm Shift 

Thus, 4.1 Implications for Molecular Biology demonstrates how TLPT changes the paradigm: 

• From linear interpretations of signaling to a discrete, networked architecture, 

• With critical thresholds, master-switches, strategic peripheral nodes, and amplification

phenomena as the new language of molecular causality. 

4.2 Implications for Systems Biology 

If  in  molecular  biology the  focus  was  on  critical  thresholds,  master-switches,  and strategic

peripheral nodes, in  systems biology the emphasis shifts to the network level: how interactions

among these nodes generate  emergent phenomena such as  synergy, transversal amplification,

and auto-amplification. 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT) provides  a  framework  for

understanding not just individual molecules, but the integrated dynamics of the biological system.

4.2.1 Modular Synergy as a Systemic Phenomenon 

• In  systems  biology,  synergy  is  not  merely  the  sum  of  modular  effects,  but  a  true



emergent property of the network. 

• Conceptual  modules  (pharmacological,  nutraceutical,  phytotherapeutic,  vegetal)  act

simultaneously on multiple master-switches and peripheral nodes. 

• The result is  transversal coherence: the biological network reorganizes, and pathogenetic

flows are disrupted. 

• Synergy  explains  why  multi-modular  interventions produce  disproportionately  large

effects compared to uniaxial interventions: they do not act linearly, but reshape the entire

network architecture. 

This section highlights how TLPT extends molecular insights into systems-level causality, showing

that resilience and pathology are network phenomena. 

4.2.2 Transversal Amplification 

• Definition: the effects of one module on a master-switch propagate  transversally across

the network, increasing the efficiency of other modules. 

• Example: activation of  Nrf2 reduces oxidative stress → this amplifies the efficiency of

metabolic modules (AMPK, PPAR) and fibro-regenerative modules (TGF-β). 

• Transversal  amplification  is  a  systemic  feedforward  phenomenon:  a  protective

master-switch becomes a “source node” for protection across other axes. 

• In systems biology, this is equivalent to a cascade of protection, where one protective node

activates entire subnetworks. 

4.2.3 Auto-Amplification 

• Definition: a module increases its own effect through internal positive feedback loops. 

• Examples: 

• Redox: Nrf2 → increases antioxidant enzymes → amplifies redox protection. 

• Metabolic: AMPK → stimulates mitochondrial  biogenesis  → amplifies  energetic

effects. 

• Epigenetic: SIRT1 → stabilizes proteostasis → amplifies epigenetic protection. 

• Fibro-regenerative: controlled TGF-β → induces ordered regeneration → amplifies

fibro-regenerative protection. 

• Auto-amplification is a phenomenon of internal stabilization: once activated, the module

consolidates its effects and reduces the risk of reverting to a pathological state. 



4.2.4 The Network as a Dynamic System 

• Classical systems biology describes networks as graphs of interactions. 

• TLPT adds the dimension of  critical thresholds and attractors: the network is not only

connected, but has discrete states and transitions. 

• Synergy, transversal amplification, and auto-amplification are the  mechanisms by which

the network shifts from a pathological attractor to a protective one. 

• Transversal-longitudinal  blockade is  the  systemic  expression  of  this  transition:  the

network becomes resilient and irreversibly protective. 

4.2.5 Implications for Systems Biology 

• TLPT provides a framework for understanding  how protection propagates in biological

networks. 

• Modular synergy explains the disproportionate effects of multi-modular combinations. 

• Transversal  amplification shows  that  protection  is  not  local,  but  extends  across  the

network. 

• Auto-amplification explains the stability and persistence of protective states. 

• Overall, TLPT transforms systems biology from a static description of connections into a

dynamic model of transitions between attractors. 

Thus, 4.2 Implications for Systems Biology demonstrates how the concepts introduced in Chapter

III  (synergy,  transversal  amplification,  auto-amplification)  translate  into  network  phenomena,

offering  a  new  framework  for  understanding  biological  systems  as  dynamic  architectures  of

resilience and collapse. 

4.3 Implications for Pathophysiology 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT)  provides  a  new  framework  for

pathophysiology: diseases are no longer viewed merely as organ or system dysfunctions, but as

pathogenetic attractors of the biological network. Pathophysiology thus becomes a science of

transitions  between  discrete  network  states,  determined  by  master-switches  and  strategic

peripheral nodes. 



4.3.1 Pathogenetic Attractors and Acute Disease 

• Minimal attractors emerge when a single pathogenic master-switch is activated beyond its

critical threshold. 

• These  correspond  to  acute  disease  forms:  acute  inflammation,  acute  oxidative  stress,

transient hypoxia. 

• Examples: 

• NF-κB/NLRP3 activation → cytokine storm. 

• Nrf2 inhibition → severe oxidative stress. 

• In pathophysiology, such states are reversible if the master-switch is brought back below the

pathogenic threshold. 

4.3.2 Composite Attractors and Chronic Disease 

• When  multiple  pathogenic  master-switches  are  activated  simultaneously,  composite

attractors emerge. 

• These correspond to chronic diseases: diabetes, atherosclerosis, fibrosis, neurodegeneration.

• Example: NF-κB/NLRP3 activation + Nrf2 inhibition + AMPK dysregulation → chronic

metabolic syndrome. 

• In  pathophysiology,  these  states  are  persistent  and  difficult  to  reverse without

multi-modular interventions. 

4.3.3 Pathological Transversal Meta-Attractor 

• Represents the  supreme form of pathogenetic stability:  the entire network locked in a

maladaptive state. 

• Corresponds  to  multisystem diseases:  multi-organ  failure,  advanced  cancer,  irreversible

neurodegeneration. 

• Characteristics: maximal  transversality,  coherent  pathogenic alignment,  persistence,  and

dominance over other states. 

• Explains why certain diseases become irreversible and refractory to treatment. 

4.3.4 Transversal-Longitudinal Blockade and Physiopathological Protection 

• TLPT introduces the concept of transversal-longitudinal blockade: 

• all protective master-switches maintained above protective thresholds, 

• all pathogenic master-switches kept below pathogenic thresholds. 



• This  state  corresponds  to  physiopathological  resilience:  the  organism cannot  be  easily

destabilized by external aggression. 

• Example: simultaneous activation of Nrf2, AMPK, SIRT1, and NO/eNOS → transversal

protection against oxidative, metabolic, and vascular stress. 

4.3.5 Role of Strategic Peripheral Nodes in Pathophysiology 

Peripheral nodes explain indirect modulation of disease: 

• Redox-enzymatic → amplifies antioxidant protection. 

• Microbiotic–SCFA → enables metabolic regulation. 

• Circadian–metabolic → ensures energetic coherence. 

• Proteostatic–epigenetic → stabilizes protein protection. 

• Endothelial–vascular → stabilizes perfusion. 

• Lipidic–metabolic → amplifies lipid regulation. 

• Fibro-stromal → stabilizes regeneration. 

• Mitochondrial–hypoxic → enables hypoxic adaptation. 

• Inflammatory–cytokinic → amplifies inflammatory cascades. 

• Neuro-endocrine → stabilizes hormonal homeostasis. 

• Epithelial–AhR → enables barrier protection. 

• Energetic–mTOR → amplifies cellular growth. 

Thus,  pathophysiology  becomes  a  science  of  interactions  between  master-switches  and

peripheral nodes, not merely of organs. 

4.3.6 Practical Implications for Pathophysiology 

• Acute and chronic diseases can be described as pathogenetic attractors. 

• Physiopathological resilience is explained through transversal-longitudinal blockade. 

• Strategic peripheral nodes provide new indirect intervention targets. 

• Synergy, transversal amplification, and auto-amplification explain why some therapies have

disproportionately large effects. 

In  summary,  4.3  Implications  for  Pathophysiology shows  how  TLPT  transforms  disease

interpretation:  from  an  organ- and  symptom-based  description into  an  architecture  of

pathogenetic and protective attractors, defined by critical thresholds, blockades, and resilience

dynamics. 



4.4 Implications for Biological Network Dynamics 

The Transversal–Longitudinal Pathogenetic Theory (TLPT) redefines the dynamics of biological

networks: they are no longer seen as simple graphs of interactions, but as systems with discrete

states, critical thresholds, and attractors. Network dynamics are not only about connections, but

about transitions between states and the way modular synergy, transversal amplification, and

auto-amplification reconfigure the architecture of the system. 

4.4.1 The Network as a Discrete Dynamic System 

• Biological networks are composed of master-switches and strategic peripheral nodes. 

• Each node has discrete states (S0–S4) and critical thresholds that determine transitions. 

• Network  dynamics  are  governed  by  attractors:  stable  states  toward  which  the  system

converges. 

• TPU  introduces  the  concepts  of  the  protective  transversal  meta-attractor and  the

pathological transversal meta-attractor as the supreme forms of stability. 

4.4.2 Transversal-Longitudinal Blockade 

• Definition: the network is locked in a protective state when all protective master-switches

are maintained above their critical thresholds, while pathogenic ones remain below theirs. 

• Represents the systemic expression of irreversible resilience: the network can no longer be

easily destabilized. 

• The transversal-longitudinal blockade is the final condition for universal protection. 

4.4.3 Protective Transversal Meta-Attractor 

• The supreme protective state of the network. 

• Conditions: functional simultaneity, coherence among nodes, persistence of inertia nodes,

dominance of the protective attractor, and practical irreversibility. 

• The network becomes resilient: even under external aggression, destabilization is prevented.

• In network dynamics, the protective transversal meta-attractor is equivalent to an absorbing

state: once reached, it cannot be easily abandoned. 

4.4.4 Role of Synergy, Amplification, and Auto-Amplification 

• Modular synergy → generates transversal coherence, breaking pathogenetic flows. 

• Transversal  amplification → propagates  protection  from one  master-switch  across  the



entire network. 

• Auto-amplification →  stabilizes  protective  nodes,  reducing  the  risk  of  reverting  to  a

pathological state. 

• Together, these phenomena transform the network from a  fragile system into a  resilient,

self-regulated system. 

4.4.5 Implications for Biological Network Dynamics 

• Biological  networks are  no longer  static  structures,  but  dynamic systems with discrete

states. 

• Pathogenetic  attractors explain  disease  stability,  while  protective  attractors explain

resilience. 

• Transversal-longitudinal  blockade and  the  protective  transversal  meta-attractor are

new concepts for network stability. 

• Synergy, transversal amplification, and auto-amplification are the mechanisms by which

the network transitions from pathology to protection. 

Thus, 4.4 Implications for Biological Network Dynamics shows how TLPT transforms networks

from  simple  interaction  graphs into  dynamic  systems  with  discrete  states,  attractors,  and

resilience mechanisms. 

4.5 Implications for Biopharmacology and Interventions 

The Transversal–Longitudinal Pathogenetic Theory (TLPT) provides biopharmacology with a novel

conceptual framework: interventions are no longer regarded as uniaxial actions targeting a single

molecule,  but  as  multi-modular  strategies that  switch  master-switches,  modulate  strategic

peripheral nodes, and destabilize pathogenetic attractors. Biopharmacology thus becomes a science

of networks and transitions, rather than a science of isolated molecules. 

4.5.1 Classification of Interventions 

• Pharmacological –  synthetic  drugs  or  derivatives  with direct  action on master-switches

(e.g., NF-κB inhibitors, AMPK activators). 

• Nutraceuticals – dietary compounds with redox, metabolic, epigenetic, anti-inflammatory,

vascular-protective, fibro-regenerative, and neuro-protective effects. 

• Phytotherapeutics –  plant  extracts  with  anti-inflammatory,  immunomodulatory,

regenerative, antifibrotic, metabolic, and circadian actions. 



• Vegetal combinations – dietary mixtures or teas with transversal multi-axial effects (redox,

metabolic, vascular, epithelial). 

4.5.2 The 12 Master-Switch Modules in Biopharmacology 

Interventions can be designed to directly switch each master-switch: 

1. Nrf2 (redox) → redox activators. 

2. NF-κB/NLRP3 (inflammatory) → inflammatory inhibitors. 

3. SCFA–GPR (microbiotic-metabolic) → prebiotics/probiotics. 

4. AhR (epigenetic-immune) → polyphenolic modulators. 

5. NO/eNOS (vascular) → NO donors, endothelial activators. 

6. AMPK (energetic) → metabolic activators. 

7. GLP-1 (hormonal-metabolic) → incretin agonists. 

8. SIRT1 (epigenetic-proteostatic) → epigenetic activators. 

9. TGF-β (fibro-regenerative) → antifibrotic inhibitors. 

10.PPAR (lipid-metabolic) → lipid agonists. 

11.mTOR (hypoxic-energetic) → mTOR inhibitors. 

12.HIF-1α (hypoxic-angiogenetic) → hypoxic inhibitors. 

4.5.3 Principle of the Biological Order of Master-Switch Commutation 

TLPT formulates a fundamental biopharmacological principle:  there exists a biological order of

commutation among the  12 master-switches,  which  defines  compatibilities,  incompatibilities,

synergies, and amplifications within the network. Respecting this order is essential for activating

protective  nodes  and  irreversibly  switching  to  the  Transversal  Protective  Meta-Attractor

(MATP). 

4.5.3.1 Biological Order of Commutation (S_blocaj): 

1. Nrf2 – initiator of redox protection. 

2. NF-κB/NLRP3 – inhibited after Nrf2 activation. 

3. SCFA–GPR – compatible with Nrf2 and AMPK. 

4. AhR – compatible with Nrf2, incompatible with NF-κB activation. 

5. NO/eNOS – amplifies AMPK and SIRT1. 

6. AMPK – activates SIRT1 and PPAR; auto-amplification. 

7. GLP-1 – compatible with AMPK and PPAR. 

8. SIRT1 – synergistic with AMPK and Nrf2. 

9. TGF-β – maintained in protective domain; incompatible with mTOR activation. 



10.PPAR – amplified by AMPK and SCFA–GPR. 

11.mTOR – inhibited for protection. 

12.HIF-1α – inhibited for protection. 

4.5.3.2 Protective Compatibilities: 

• Nrf2 ↔ AMPK ↔ SIRT1 (redox-energetic-epigenetic triad). 

• NO/eNOS ↔ AMPK ↔ PPAR (vascular-metabolic). 

• SCFA–GPR ↔ PPAR ↔ GLP-1 (intestinal-metabolic). 

4.5.3.3 Pathogenic Incompatibilities: 

• NF-κB activation ↔ inhibits Nrf2. 

• mTOR activation ↔ destabilizes TGF-β and SIRT1. 

• HIF-1α activation ↔ amplifies mTOR and NF-κB. 

4.5.3.4 Synergies and Amplifications: 

• Transversal synergy: Nrf2 + AMPK + SIRT1 → global coherence. 

• Transversal amplification: Nrf2 → enhances AMPK, PPAR, TGF-β protective efficiency. 

• Auto-amplification: AMPK → mitochondrial biogenesis. 

• Protective feedforward: NO/eNOS → amplifies SIRT1 and AMPK. 

4.5.3.5 Biopharmacological Implications: 

• Optimal order for switching to MATP: 

1. Activation of Nrf2. 

2. Activation of AMPK and SIRT1. 

3. Activation of NO/eNOS and PPAR. 

4. Activation of GLP-1 and SCFA–GPR. 

5. Stabilization of TGF-β. 

6. Inhibition of NF-κB/NLRP3, mTOR, and HIF-1α. 

• Practical application: 

1. Nrf2 activators 

2. AMPK/SIRT1 activators 

3. NO/eNOS activators 

4. NF-κB/mTOR/HIF-1α inhibitors 

This biopharmacological principle derives from the axioms of master-switch activation and the law



of  transversal-longitudinal  blockade,  constituting  the  practical  foundation  for  irreversible

commutation to MATP. 

4.5.4 The 12 Strategic Peripheral Modules in Biopharmacology 

Interventions can also be designed for strategic peripheral nodes: 

1. Redox-enzymatic → amplifiers for Nrf2. 

2. Microbiotic-SCFA → permissive for SCFA–GPR. 

3. Circadian-metabolic → permissive for AMPK. 

4. Proteostatic-epigenetic → stabilizers for SIRT1. 

5. Endothelial-vascular → stabilizers for NO/eNOS. 

6. Lipid-metabolic → amplifiers for PPAR. 

7. Fibro-stromal → stabilizers for TGF-β. 

8. Mitochondrial-hypoxic → permissive for HIF-1α. 

9. Inflammatory-cytokinic → amplifiers for NF-κB/NLRP3. 

10.Neuro-endocrine → stabilizers for GLP-1. 

11.Epithelial-AhR → permissive for AhR. 

12.Energetic-mTOR → amplifiers for mTOR. 

Thus, biopharmacology no longer targets only direct nodes, but also strategic peripheral nodes that

can amplify, stabilize, or permit master-switch commutation. 

4.5.5 Synergy, Transversal Amplification, and Auto-Amplification in Interventions 

• Multi-modular  synergy →  combinations  of  modules  produce  disproportionately  large

effects, breaking pathogenetic fluxes. 

• Transversal amplification → activation of a protective master-switch (e.g., Nrf2) increases

the efficiency of other modules (AMPK, TGF-β). 

• Auto-amplification → some modules enhance their own effect via positive feedback (Nrf2,

AMPK, SIRT1, TGF-β). 

These phenomena explain why combined therapies are more effective than uniaxial ones. 

4.5.6 Destabilization of Attractors as a Therapeutic Principle 

Biopharmacological  interventions  do  not  merely  aim  at  inhibiting  a  single  pathway,  but  at

destabilizing the attractors that maintain the network in pathological states. 

• Minimal attractors → can be destabilized by a single module, such as Nrf2 activation or

NF-κB inhibition. 

• Composite  attractors → require  multi-modular  combinations  acting  simultaneously  on



several  master-switches  (e.g.,  Nrf2 + AMPK + SIRT1 activation combined with mTOR

inhibition). 

• Pathological meta-attractor → demands transversal-longitudinal blockade and multi-axial

synergy, with protective activation preceding pathogenic inhibition. 

Destabilization  of  attractors  thus  becomes  the  central  therapeutic  objective,  and the  biological

order of  master-switch commutation (outlined in  4.5.3) provides  the practical  framework for

achieving this objective. 

4.5.7 Practical Implications for Biopharmacology 

The design of biopharmacological interventions must be  multi-modular and network-oriented,

rather than uniaxial. 

• Drugs and nutraceuticals → should be combined to activate protective master-switches

and inhibit pathogenic ones. 

• Strategic peripheral nodes → emerge as indirect targets capable of amplifying, stabilizing,

or permitting master-switch commutation. 

• Synergy, transversal amplification, and auto-amplification → must be integrated into

therapeutic design to achieve disproportionate effects and disrupt pathogenetic fluxes. 

• Destabilization of attractors → represents the final goal, forcing the network to exit the

pathological meta-attractor and irreversibly switch to MATP. 

Thus,  4.5  Implications  for  Biopharmacology  and  Interventions demonstrates  how  TLPT

transforms biopharmacology:  from a science of isolated molecules into a  science of  networks,

attractors,  and  multi-modular  strategies,  where  the  biological  order  of  master-switch

commutation and the destabilization of pathogenetic attractors constitute the practical foundation

for irreversible transition to the Transversal Protective Meta-Attractor (MATP). 

4.6 Implications for Other Biological and Medical Sciences 

The  Transversal–Longitudinal  Pathogenetic  Theory  (TLPT)  extends  beyond  molecular  biology,

systems  biology,  pathophysiology,  and  biopharmacology.  The  architecture  of  master-switches,

strategic  peripheral  nodes,  attractors,  and  transversal-longitudinal  blockades has  direct

implications for multiple domains of life sciences and medicine. This extension demonstrates the

transversal-longitudinal character of the theory. 

4.6.1 Immunology 

• NF-κB/NLRP3 and AhR are central master-switches for immune responses. 



• TPU  explains  how  inflammatory  attractors drive  autoimmune  diseases  and  chronic

inflammation. 

• Strategic  peripheral  nodes  (inflammatory-cytokinic,  epithelial-AhR)  provide  new

immunomodulatory targets. 

• Implication: immunology becomes a science of inflammatory attractors and protective

blockades. 

4.6.2 Oncology 

• HIF-1α,  mTOR,  TGF-β are  master-switches  implicated  in  tumorigenesis  and  cancer

progression. 

• TPU shows how hypoxic and fibro-stromal attractors generate tumor stability. 

• Peripheral  nodes  (mitochondrial-hypoxic,  fibro-stromal)  explain  the  tumor

microenvironment. 

• Implication: oncology can be reframed as a  struggle between the pathological  tumor

meta-attractor and the protective meta-attractor. 

4.6.3 Neurosciences 

• SIRT1, AMPK, GLP-1 are master-switches relevant for neurodegeneration and neuronal

homeostasis. 

• TLPT explains how  proteostatic and neuro-endocrine attractors drive diseases such as

Alzheimer’s and Parkinson’s. 

• Peripheral  nodes  (proteostatic-epigenetic,  neuro-endocrine)  provide  targets  for

neuroprotection. 

• Implication: neurosciences  can  describe  diseases  as  pathogenetic  attractors  of  the

neuronal network. 

4.6.4 Metabolomics and Microbiomics 

• SCFA–GPR, PPAR, AMPK are metabolic master-switches. 

• TLPT  shows  how  metabolic  attractors drive  chronic  conditions  such  as  metabolic

syndrome and obesity. 

• Peripheral  nodes  (microbiotic-SCFA,  lipidic-metabolic,  circadian-metabolic)  explain

indirect modulation via diet and microbiome. 

• Implication: metabolomics  and microbiomics  become sciences  of  metabolic  attractors

and protective blockades. 



4.6.5 Bioinformatics and Computational Modeling 

• TLPT provides a framework for modeling biological networks as  discrete systems with

attractors. 

• Master-switches  and peripheral  nodes  can  be  represented  as  critical  nodes  in  dynamic

graphs. 

• Pathogenetic and protective attractors can be simulated as stable states of the network. 

• Implication: bioinformatics can integrate TLPT into  predictive models for disease and

interventions. 

4.6.6 Other Related Domains 

• Cardiovascular physiology → NO/eNOS and vascular attractors. 

• Hepatology → PPAR and hepatic metabolic attractors. 

• Endocrinology → GLP-1 and hormonal attractors. 

• Gerontology → SIRT1, AMPK, and epigenetic attractors of aging. 

4.6.7 Conclusion 

TLPT has transversal implications across multiple biological and medical sciences. Each domain

can be reinterpreted as a dynamic of attractors: pathogenetic (disease) and protective (resilience).

Master-switches  and  strategic  peripheral  nodes  become  common  reference  points,  while  the

transversal-longitudinal blockade provides a universal framework for protection. 

Thus,  4.6 Implications for Other Biological and Medical Sciences demonstrates the  universal

character  of  TLPT:  from  immunology  and  oncology  to  neurosciences,  metabolomics,  and

bioinformatics, the theory reframes life sciences as network dynamics of resilience and collapse. 

4.7 Limitations of the Transversal–Longitudinal Pathogenetic Theory (TLPT) 

Any ambitious theory must acknowledge its boundaries. Although TLPT provides an  integrative

framework for  molecular  biology,  systems  biology,  pathophysiology,  and  biopharmacology,  it

faces  challenges  related  to  quantification,  validation,  complexity,  clinical  translation,

computational modeling, and generalization. Recognizing these limitations is essential to avoid

over-generalization and to guide future research. 



4.7.1 Quantification of Critical Thresholds 

• TLPT assumes the existence of  critical  thresholds for  each master-switch and strategic

peripheral node. 

• In  practice,  these  thresholds  are  difficult  to  measure  precisely,  due  to  inter-individual

variability, tissue context, and external conditions. 

• Limitation: the absence of standardized numerical values for critical  thresholds reduces

immediate clinical applicability. 

4.7.2 Experimental Validation 

• TLPT is built on an integrative conceptual architecture. 

• Full  validation requires  multi-modular experiments testing several master-switches and

peripheral nodes simultaneously. 

• Limitation: most current studies are uniaxial (e.g., focusing only on Nrf2 or NF-κB), which

does not reflect the complexity of the network. 

4.7.3 Complexity of Biological Networks 

• Biological  networks  are  extremely  complex,  with  redundancies  and  compensatory

mechanisms. 

• TLPT simplifies by defining  12 master-switches and 12 strategic peripheral nodes, but

reality may include additional nodes or unforeseen interactions. 

• Limitation: risk of the model being perceived as  too schematic compared to biological

diversity. 

4.7.4 Clinical Translation 

• TLPT provides a framework for multi-modular biopharmacology and interventions. 

• However,  clinical  translation  is  challenging:  combinations  of  modules  may  produce

unpredictable effects, pharmacokinetic interactions, or toxicities. 

• Limitation: lack of robust clinical trials validating multi-modular interventions. 

4.7.5 Computational Modeling 

• TLPT assumes pathogenetic and protective attractors as discrete network states. 

• Computational modeling of these attractors is still in its infancy: current algorithms cannot

fully simulate transversality and longitudinality. 



• Limitation: absence of mature computational tools for simulating TLPT attractors. 

4.7.6 Generalization to All Diseases 

• TLPT is designed as a universal theory, but applicability may vary. 

• Rare diseases or those with unusual mechanisms may not fit neatly into the master-switch

and peripheral node architecture. 

• Limitation: risk of over-generalization if pathological diversity is not acknowledged. 

4.7.7 Conclusion 

TLPT is a powerful theory, but it has limits: 

• quantification of critical thresholds, 

• multi-modular experimental validation, 

• biological network complexity, 

• clinical translation challenges, 

• computational modeling immaturity, 

• and universal generalization. 

Acknowledging these limitations  does  not  weaken the theory;  rather,  it  makes  it  more robust,

directing research toward concrete, testable directions. 

Thus,  4.7  Limitation  of  TLPT clarifies  where  the  theory  must  be  consolidated  and  where

additional evidence is required. 

4.8 Future Directions 

After discussing the implications of TLPT for molecular biology, systems biology, pathophysiology,

network dynamics, biopharmacology, and other sciences, it is essential to outline future directions.

These are not only steps for validation but also opportunities for interdisciplinary expansion and

translational application. 

4.8.1 Quantification of Critical Thresholds 

• Develop  experimental  and  computational  methods to  measure  critical  thresholds  of

master-switches and peripheral nodes. 

• Integrate transcriptomic, proteomic, and metabolomic data to define functional intervals.

• Objective: transform the concept of “critical threshold” into a numeric clinical parameter. 



4.8.2 Multi-Modular Experimental Validation 

• Design  studies  testing  combinations  of  modules (pharmacological,  nutraceutical,

phytotherapeutic). 

• Evaluate  effects  on  minimal  attractors,  composite  attractors,  and  pathological

meta-attractors. 

• Objective: empirically  demonstrate  synergy,  transversal  amplification,  and

auto-amplification. 

4.8.3 Advanced Computational Modeling 

• Develop algorithms to simulate biological networks as discrete systems with attractors. 

• Integrate TLPT into dynamic graph models and AI-based simulations. 

• Objective: predict transitions between pathogenetic and protective states. 

4.8.4 Clinical Translation 

• Apply  TLPT to  the  design  of  multi-modular therapies for  chronic  and  multisystemic

diseases. 

• Conduct clinical trials testing nutraceutical and pharmacological combinations based on

master-switches and peripheral nodes. 

• Objective: validate TLPT as a translational tool for personalized medicine. 

4.8.5 Interdisciplinary Expansion 

• Immunology: inflammatory attractors and protective blockades. 

• Oncology: hypoxic and fibro-stromal attractors. 

• Neurosciences: proteostatic and neuro-endocrine attractors. 

• Gerontology: epigenetic attractors of aging. 

• Objective: integrate TLPT as a common framework across disciplines. 

4.8.6 Integration with Precision Medicine 

• Use genomic and metabolomic data to identify individual attractor profiles. 

• Personalize multi-modular interventions according to each patient’s critical thresholds. 

• Objective: transform TLPT into a tool for predictive and personalized medicine. 



4.8.7 Education and Dissemination 

• Introduce TLPT into curricula for molecular biology, systems biology, and medicine. 

• Create educational materials explaining attractors and pathogenetic blockades. 

• Objective: train a new generation of researchers and clinicians familiar with the  network

paradigm. 

4.8.8 Conclusion 

Future directions for TLPT include: 

• quantification of critical thresholds, 

• multi-modular experimental validation, 

• advanced computational modeling, 

• clinical translation, 

• interdisciplinary expansion, 

• integration with precision medicine, 

• and education. 

These steps will transform TLPT from a conceptual theory into a practical instrument, applicable

in both research and clinical settings. 

Thus, 4.8 Future Directions closes Chapter IV with a clear vision: TLPT is not only a theory, but a

program of interdisciplinary research and application. 

V. Conclusions 

5.1 Ontological Synthesis 

The ontological synthesis represents the deepest level of TLPT’s conclusions. At this level, we no

longer speak of mechanisms, nodes, modules, or attractors as technical entities, but of what disease

and protection are in their ontological essence. TLPT changes the ontology of biology: instead of

describing  the  biological  world  through  organs,  symptoms,  axes,  or  pathways,  we  describe  it

through network states and transitions between these states. 



5.1.1 Ontology of Biological States 

In the classical  paradigm, biology is  ontological through entities:  genes,  proteins,  cells,  organs.

TLPT introduces an ontology of states: 

• Pathogenetic  states → minimal  attractors,  composite  attractors,  pathological  transversal

meta-attractor. 

• Protective  states →  minimal  protective  attractors,  composite  protective  attractors,

protective transversal meta-attractor. 

• Transition states → critical thresholds, switching, destabilization, stabilization. 

Thus, biology is no longer a list of components, but a map of states. 

5.1.2 Ontology of Critical Nodes 

TLPT shows that the biological network is not uniform: there are ontologically privileged nodes: 

• Master-switches (12 fundamental nodes). 

• Strategic peripheral nodes (12 modulatory nodes). 

These  nodes  are  not  merely  “important,”  but  ontologically  determinative:  their  activation  or

inhibition is not a local phenomenon, but an ontological event that changes the entire network. 

5.1.3 Ontology of Critical Thresholds 

Critical thresholds are the ontological separators between: 

• pathogenetic vs. protective states, 

• minimal vs. composite attractors, 

• stability vs. Instability, 

• reversibility vs. Irreversibility. 

Crossing a threshold is not a quantitative variation, but an ontological change of state. 

5.1.4 Ontology of Attractors 

Attractors are emergent ontological entities: 

• they are not molecules, 

• they are not pathways, 

• they are not organs, 

• they are states of the network. 

• Pathogenetic attractors are ontologically equivalent to disease. 

• Protective attractors are ontologically equivalent to health. 



• The  protective  transversal  meta-attractor is  ontologically  equivalent  to  biological

resilience. 

Thus, disease and protection become modes of existence of the network, not mere physiological

phenomena. 

5.1.5 Ontology of Transversality 

Transversality is an ontological property of the network: 

• not just interaction between axes, 

• but the way the network exists as a whole. 

• Pathogenetic transversality defines multisystemic disease. 

• Protective transversality defines universal protection. 

Transversality is ontological because it determines the global form of the network. 

5.1.6 Ontology of Longitudinality 

Longitudinality is the temporal dimension of TLPT’s ontology: 

• pathogenetic attractors become chronic through longitudinality, 

• protective attractors become resilient through longitudinality, 

• transversal-longitudinal blockade is ontologically equivalent to the  existential stability of

the network. 

Longitudinality is not just time, but ontological persistence. 

5.1.7 Universal Ontology of the Biological Network 

TLPT proposes a universal ontology: 

• biology is a network, 

• the network has critical nodes, 

• nodes have critical thresholds, 

• thresholds define states, 

• states are attractors, 

• attractors are pathogenetic or protective, 

• transitions are switches, 

• stability is transversal-longitudinal blockade, 

• resilience is the protective transversal meta-attractor. 

This is the complete ontology of TLPT: an ontology of states, nodes, thresholds, attractors, and

transitions. 



5.1.8 Ontological Conclusion 

TLPT changes the ontology of biology: 

• from organs → to networks, 

• from symptoms → to attractors, 

• from dysfunctions → to switches, 

• from treatments → to synergies, 

• from homeostasis → to transversal-longitudinal blockade, 

• from health → to protective transversal meta-attractor. 

Ontologically, TLPT shows that disease and protection are modes of existence of the biological

network, and intervention is the reorganization of this existence. 

With this, 5.1 Ontological Synthesis establishes the philosophical foundation of TLPT. 

5.2 Mechanistic Synthesis 

If  the  ontological  synthesis showed that  disease  and protection are modes of  existence  of  the

biological network, the mechanistic synthesis explains how these states emerge and transform.

TLPT provides a  unified mechanistic framework: all biological processes are governed by the

switching  of  master-switches,  modulation  of  strategic  peripheral  nodes,  and  attractor

dynamics. 

5.2.1 Mechanics of Master-Switches 

The 12 master-switches are the  command points of the biological network. Their  fundamental

mechanism is crossing critical thresholds: 

• Activation of a pathogenic master-switch → generates a minimal pathological attractor. 

• Simultaneous  activation  of  multiple  pathogenic  master-switches  → generates  composite

attractors. 

• Activation of a protective master-switch → generates a minimal protective attractor. 

• Simultaneous  activation  of  multiple  protective  master-switches  →  generates  composite

protective attractors. 

Thus, the mechanics of master-switches are the engine of attractors. 

5.2.2 Mechanics of Strategic Peripheral Nodes 

The  12  strategic  peripheral  nodes  do  not  directly  create  attractors,  but  they  have  essential



mechanical roles: 

• Amplifiers → increase the effect of master-switches (e.g., redox-enzymatic for Nrf2). 

• Stabilizers →  maintain  the  effect  of  master-switches  (e.g.,  proteostatic-epigenetic  for

SIRT1). 

• Permissive unlockers → enable switching of master-switches (e.g., microbiotic-SCFA for

SCFA–GPR). 

Peripheral  nodes  are  the  transmission system of  the  network:  indirect  modulators  that  ensure

coherence. 

5.2.3 Mechanics of Multi-Modular Synergy 

Synergy is not additivity, but mechanical coherence: 

• Modules act simultaneously on master-switches and peripheral nodes. 

• The result is a transversal rupture of pathogenetic flows. 

• Synergy  produces  disproportionately  large  effects,  explainable  only  through  network

mechanics. 

Mechanically, synergy is the constructive interference of modules. 

5.2.4 Mechanics of Transversal Amplification 

Transversal amplification is the phenomenon by which activation of one protective master-switch

propagates across the network: 

• Nrf2 → reduces oxidative stress → amplifies AMPK, PPAR, TGF-β. 

• AMPK → increases mitochondrial biogenesis → amplifies SIRT1 and NO/eNOS. 

• SIRT1 → stabilizes proteostasis → amplifies GLP-1 and AhR. 

Mechanically,  transversal  amplification  is  systemic  feedforward:  a  protective  node becomes  a

source of protection for other axes. 

5.2.5 Mechanics of Auto-Amplification 

Auto-amplification is internal positive feedback: 

• Nrf2 → antioxidant enzymes → increases redox protection. 

• AMPK → mitochondrial biogenesis → increases energetic protection. 

• SIRT1 → proteostasis → increases epigenetic protection. 

• Controlled TGF-β → ordered regeneration → increases fibro-regenerative protection. 

Mechanically, auto-amplification is internal consolidation: the module strengthens its own effect. 



5.2.6 Mechanics of Attractor Destabilization 

Destabilization of attractors is mandatory for reversibility: 

• Minimal attractors → destabilized by switching a protective master-switch. 

• Composite attractors → destabilized by multi-modular synergy. 

• Pathological transversal meta-attractor → destabilized only by transversal-longitudinal

blockade. 

Mechanically, destabilization is the rupture of pathogenetic stability. 

5.2.7 Mechanics of Transversal-Longitudinal Blockade 

Blockade is the final protective state: 

• All protective master-switches → above critical thresholds. 

• All pathogenic master-switches → below critical thresholds. 

• The network → coherent, persistent, resilient. 

Mechanically, blockade is the simultaneous and irreversible stabilization of the network. 

5.2.8 Mechanistic Conclusion 

TLPT provides a unified mechanistic synthesis: 

• Engine → switching of master-switches. 

• Transmission → strategic peripheral nodes. 

• Constructive interference → multi-modular synergy. 

• Systemic feedforward → transversal amplification. 

• Positive feedback → auto-amplification. 

• Rupture of stability → destabilization of attractors. 

• Final stabilization → transversal-longitudinal blockade. 

Thus, the mechanics of TLPT are the mechanics of biological networks: disease and protection

are the result of switching, modulation, synergy, amplification, destabilization, and blockade. 

With this,  5.2 Mechanistic Synthesis complements the ontological synthesis: if ontology defines

what disease and protection are, mechanics explains how they emerge and transform. 

5.3 Emergent Synthesis 

If the ontological synthesis showed what disease and protection are, and the mechanistic synthesis

explained how they arise,  the  emergent  synthesis clarifies  why these  phenomena cannot  be



reduced to their constitutive elements. TLPT demonstrates that biology is governed by emergent

properties:  attractors,  synergy,  transversal  amplification,  auto-amplification,  and meta-attractors

are not simple results of individual nodes, but collective expressions of the network. 

5.3.1 Emergence of Attractors 

• Minimal  attractors →  arise  from  activation  of  a  single  pathogenic  or  protective

master-switch. 

• Composite attractors → arise from simultaneous activation of multiple master-switches. 

• Transversal  meta-attractors →  arise  from  global  coherence  of  the  network,  when

transversality and longitudinality reach critical thresholds. 

Disease and protection are not  properties of  individual  nodes,  but  collective properties  of  the

network. 

5.3.2 Emergence of Synergy 

• Synergy cannot be deduced from linear effects of modules. 

• When modules act simultaneously, their effects combine into  transversal coherence that

disrupts pathogenetic flows. 

• This coherence is emergent: it cannot be predicted by analyzing each module separately. 

• Synergy is therefore a collective emergent property of the multi-modular network. 

5.3.3 Emergence of Transversal Amplification 

• Occurs  when  activation  of  a  protective  master-switch  propagates  across  the  network,

increasing efficiency of other nodes. 

• Example: Nrf2 → reduces oxidative stress → amplifies AMPK, PPAR, TGF-β. 

• This  propagation  is  not  local,  but  an  emergent  systemic  phenomenon:  the  network

reorganizes its flows to multiply protection. 

• Transversal amplification is thus an emergent property of systemic propagation. 

5.3.4 Emergence of Auto-Amplification 

• Auto-amplification is internal positive feedback: a module strengthens its own effect. 

• Example: AMPK → mitochondrial biogenesis → increases energetic protection. 

• This  consolidation  is  not  just  biochemical  reaction,  but  an  emergent  property  of

stabilization: once activated, the module becomes more resilient. 

• Auto-amplification is the emergence of internal persistence. 



5.3.5 Emergence of the Protective Transversal Meta-Attractor 

• The highest form of emergence: a  global state of the network where protection becomes

stable, coherent, and irreversible. 

• Conditions: functional simultaneity, coherence among nodes, persistence, dominance, and

practical irreversibility. 

• This state cannot be deduced from analysis of a single master-switch or module; it arises

only from interaction of the entire network. 

• The protective meta-attractor is the emergence of universal biological resilience. 

5.3.6 Emergent Conclusion 

TLPT shows that biology is governed by emergence: 

• attractors are emergent, 

• synergy is emergent, 

• transversal amplification is emergent, 

• auto-amplification is emergent, 

• the protective transversal meta-attractor is emergent. 

Disease and protection cannot be reduced to individual nodes; they are emergent properties of the

biological network. Thus, the emergent synthesis confirms that biology is, in essence, a science of

collective states and emergent phenomena. 

5.4 Transversal Synthesis 

Transversality is  the  fundamental  principle  of  TLPT.  It  expresses  how the  biological  network

reorganizes  itself  beyond  individual  axes,  through  multiple  and  simultaneous  interactions.  If

mechanics explains how nodes function, and emergence shows why collective phenomena appear,

transversality clarifies the geometry of protection and pathology: 

• Protection becomes universal only when it is transversal. 

• Pathology becomes resilient only when its transversality is high. 

5.4.1 Pathogenetic Transversality 

• Simultaneous  activation  of  multiple  pathogenic  master-switches  (e.g.,  NF-κB/NLRP3 +

mTOR + HIF-1α) produces composite attractors. 

• These attractors are more resilient than minimal ones, because their transversality confers

stability. 



• Pathogenetic transversality explains: 

• why chronic diseases are persistent, 

• why pathologies become multisystemic, 

• why uniaxial treatments fail. 

• Ontologically, pathogenetic transversality is the geometry through which disease becomes

multiaxial and persistent. 

5.4.2 Protective Transversality 

• Simultaneous  activation of  protective  master-switches  (e.g.,  Nrf2 + AMPK + SIRT1 +

NO/eNOS) produces composite protective attractors. 

• These  attractors  are  stronger  than  minimal  ones,  because  their  transversality  confers

coherence and resilience. 

• Protective transversality explains: 

• why multi-modular combinations are effective, 

• why protection propagates from one node to the entire network, 

• why biological resilience becomes universal and irreversible. 

• Ontologically, protective transversality is the geometry through which protection becomes

universal and stable. 

5.4.3 Fundamental Principles of Transversality 

TLPT  formulates  several  laws  of  transversality,  explaining  the  superiority  of  multi-axial

approaches: 

1. Integrated transversality defeats uniaxial intensity → weak protection across multiple

axes is superior to strong protection on a single axis. 

2. Blocking  causal  links  is  superior  to  blocking  consequence  links →  transversal

interventions break pathogenetic chains, not just final effects. 

3. Breaking flows is superior to inhibiting one axis → transversal fragmentation destabilizes

attractors. 

4. Synergy is superior to additivity → multi-modular combinations produce emergent, not

merely cumulative, effects. 

5.4.4 Transversality as Network Geometry 

• The biological network is not linear, but multiaxial. 

• Transversality explains how pathogenetic and protective flows intersect and reorganize. 



• In pathology, transversality produces maladaptive resilience. 

• In protection, transversality produces adaptive resilience. 

• Transversal geometry is therefore the global form of the biological network. 

5.4.5 Transversal-Longitudinal Blockade 

• Transversality alone explains multi-axial coherence, but not persistence. 

• When combined with longitudinality, it explains irreversible resilience: 

• Transversality → propagation and coherence. 

• Longitudinality → temporal stability. 

• Together → universal blockade, the final protective state. 

5.4.6 Transversal Conclusion 

Transversality explains: 

• why chronic diseases are resilient (pathogenetic transversality), 

• why protection becomes universal (protective transversality), 

• why uniaxial therapies fail, 

• why multi-modular combinations succeed, 

• why transversal-longitudinal blockade is the only form of irreversible protection. 

Thus, transversality is the key explanatory principle of TLPT: it shows that biology cannot be

understood through the intensity of a single axis,  but through the  multi-axial geometry of the

network. 

5.5 Longitudinal Synthesis 

If transversality describes the multi-axial geometry of the biological network, longitudinality adds

the temporal and persistence dimension. It explains how pathogenetic attractors become chronic,

while  protective  attractors  become  resilient.  Longitudinality  is,  in  essence,  the  temporal

architecture of the network: the way states are maintained, stabilized, or transformed over time. 

5.5.1 Pathogenetic Longitudinality 

• Repeated or persistent activation of pathogenic master-switches leads to chronic attractors.

• Examples: 

• NF-κB/NLRP3 → chronic inflammation, autoimmunity. 



• mTOR + HIF-1α → tumor proliferation and persistent hypoxia. 

• Dysregulated PPAR → dyslipidemia and progressive atherosclerosis. 

• Pathogenetic longitudinality explains: 

• why acute diseases become chronic, 

• why pathologies persist even after the initial cause is removed, 

• why pathogenetic memory (inflammatory, metabolic, epigenetic) exists. 

5.5.2 Protective Longitudinality 

• Stable activation of protective master-switches leads to resilient attractors. 

• Examples: 

• Nrf2 → persistent redox protection. 

• AMPK + SIRT1 → stable energetic and epigenetic homeostasis. 

• NO/eNOS → long-term vascular protection. 

• Protective longitudinality explains: 

• why protection is not merely transient, 

• why biological resilience is maintained over time, 

• why protective blockade cannot be easily destabilized. 

5.5.3 Mechanisms of Longitudinality 

Longitudinality is sustained by: 

• Epigenetic persistence → maintenance of protective or pathogenic gene expression. 

• Proteostatic memory → stabilization of proteins and enzymes involved. 

• Metabolic coherence → maintenance of energetic and lipid flows. 

• Vascular and fibro-stromal stability → preservation of tissue structure. 

These mechanisms explain the duration and stability of attractors. 

5.5.4 Transversal-Longitudinal Blockade 

• Transversality explains multi-axial coherence. 

• Longitudinality explains temporal persistence. 

• Together, they produce the  transversal-longitudinal blockade, the final state of universal

protection. 

• The  blockade  is  irreversible  resilience:  the  network  can  no  longer  be  destabilized  by

external aggressions. 



5.5.5 Longitudinal Conclusion 

Longitudinality explains: 

• why acute diseases become chronic, 

• why pathologies persist through memory and coherence, 

• why protection becomes stable resilience, 

• why transversal-longitudinal blockade is the only form of irreversible protection. 

Thus,  longitudinality  is  the  temporal  dimension  of  TLPT:  it  transforms  transient  states  into

persistent ones, whether maladaptive (pathology) or adaptive (protection). 

5.6 Universal Synthesis 

After analyzing ontology, mechanics, emergence, transversality, and longitudinality, we reach the

supreme level of integration: the universal synthesis. This no longer concerns only one particular

aspect of the biological network, but the way in which  all dimensions converge into a unified

framework.  TPU  thus  becomes  a  universal  theory  of  pathology  and  protection,  applicable

transversally and longitudinally, emergent and mechanistic, ontological and practical. 

5.6.1 Ontological Universality 

• Disease and protection are not local phenomena, but  universal modes of existence of the

biological network. 

• Pathogenetic and protective attractors are universal expressions of network states. 

• The  protective transversal meta-attractor is  the supreme form of protective existence:

irreversible and resilient. 

5.6.2 Mechanical Universality 

• The 12 master-switches and 12 strategic peripheral nodes are universal: they govern all

biological processes, regardless of organ or system. 

• Mechanisms of switching, synergy, amplification, and auto-amplification are valid in any

biological context. 

• The transversal-longitudinal blockade is the universal mechanism of protection. 

5.6.3 Emergent Universality 

• Emergence  of  attractors  is  a  universal  phenomenon:  any biological  network converges

toward stable states. 



• Synergy,  transversal  amplification,  and  auto-amplification  are  universal  emergent

phenomena, not limited to one type of module. 

• The  protective  transversal  meta-attractor  is  the  universal  emergence  of  biological

resilience. 

5.6.4 Transversal Universality 

• Transversality is universal: 

• any disease becomes resilient through pathogenetic transversality, 

• any protection becomes universal through protective transversality. 

• The  laws  of  transversality (integration  >  uniaxial  intensity,  blocking  causes  >

consequences, breaking flows > inhibiting one axis, synergy > additivity) are valid in all

biological domains. 

5.6.5 Longitudinal Universality 

• Longitudinality  is  universal:  every  biological  process  has  a  temporal  and  persistence

dimension. 

• Acute  diseases  become  chronic  through  pathogenetic  longitudinality,  while  transient

protections become resilient through protective longitudinality. 

• The  transversal-longitudinal  blockade is  universal:  the  only  form  of  irreversible

protection. 

5.6.6 Final Synthesis 

TLPT offers a universal synthesis: 

• Ontological → disease and protection as modes of existence. 

• Mechanical → master-switches and strategic peripheral nodes. 

• Emergent → attractors and meta-attractors. 

• Transversal → multi-axial geometry. 

• Longitudinal → temporal architecture. 

• Universal → integration of all dimensions into a unified framework. 

Thus,  TLPT  is  not  merely  a  theory,  but  a  universal  framework  for  understanding  and

reorganizing biological networks, applicable across all domains of biology and medicine. 
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