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Integration of various disciplines help to understand disease



“Nothing in biology makes sense except in the light of 
.“ energy regulation

“Nothing in biology makes sense except in the light of

.“ evolution

Charles Darwin
(1809 - 1882)

Theodosius Dobzhansky 
(1900 - 1975)

Julius Robert von Mayer

(1814 - 1878)

James Prescott Joule

(1818 - 1889)

Hermann von Helmholtz

(1821 - 1894)



25 yrs

No! High negative selection pressure

Aging/CIDs lead to loss of reproducibility because affected individuals are excluded from competition

fights for nutrients, positions in the group, and sexual partners.

During aging and CIDs the hypothalamic-pituitary-gonadal axis is inhibited.

 

People did not get old like today and many CIDs of today manifest in higher ages.

During most of our evolutionary history, selection was not operative at high ages.

Is there positive selection for genes/mechanisms for healthy aging

or for symptomatic chronic inflammatory diseases (CIDs)?

Evolution
Straub RH, Besedovsky HO. FASEB J 2003;17:2176-2183
Straub RH, Schradin C. Evol Med Public health 2016;2016(1):37-51



The high negative selection pressure stops gene transfer in CIDs
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The high negative selection pressure stops gene transfer during aging
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But why are the HLA alleles so perfectly linked to chronic 

inflammatory systemic diseases?

Example:

Someone with the HLA B27 allele

has a 90-fold increased risk

for ankylosing spondylitis

Evolution



Table 3 Examples of antagonistic pleiotropy for genes that increase risk or severity of chronic 

inflammatory diseases. 

 

Genes Chronic inflammatory 
disease 

Pleiotropic meaning outside of 
chronic inflammatory diseases 
(with selection advantage) 

Refs. 

HLA DR4 (DRB1*04) Rheumatoid arthritis and 
other autoimmune 
diseases 

Decrease of risk of Dengue 
hemorrhagic fever and hepatitis C 
(defense against infectious agents) 

[20, 51] 

HLA B27 Ankylosing spondylitis 
and other axial forms of 
spondyloarthritis 

Decrease of viral infection (defense 
against infectious agents) 

[51, 52] 

PTPN22 1858 C>T* Many autoimmune 
diseases 

Higher body mass index, higher 
waist-to-hip ratio in women (storage 
of energy-rich fuels) 

[53] 

CTLA4 49 A>G Many autoimmune 
diseases 

Better defense against hepatitis B 
virus and helicobacter pylori 
(defense against infectious agents) 

[54, 55] 

NOD2/CARD15 Crohn’s disease Hypertension (activation of the 
sympathetic nervous system) 

[56] 

 

Antagonistic Pleiotropy
Williams GC. Pleiotropy, natural selection, and the evolution of senescence. Evolution 1957;11:398–411

Evolution
Straub RH, Besedovsky HO. FASEB J 2003;17:2176-2183
Straub RH, Schradin C. Evol Med Public health 2016;2016(1):37-51



short-lived infectious diseases

transient,  high energy-
consuming immune reactions

short-lived wound healing
   (e.g. burn wounds)

short-lived foreign body reaction

Genes relevant in aging / CIDs positively selected for ...

tolerance versus self (anti-autoimmune)

tolerance versus good infectious agents
(e.g., skin, gut)

tolerance versus fetus: immune reactions
during pregnancy

long-standing tolerogenic
low energy-consuming

immune reactions

immunological and neuronal memory

allergic responses to clear the surfaces
from unwanted antigens

Evolution
Straub RH, Besedovsky HO. FASEB J 2003;17:2176-2183
Straub RH, Schradin C. Evol Med Public health 2016;2016(1):37-51
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amino acid sequence
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Even the tinniest process in biology needs energy

Hartl FU, Hayer-Hartl M
Nat Struct Mol Biol. 2009;160:574-581 Energy



Energy availability in form of ATP or 

other energy-rich substrates

for chemical and biochemical reactions

was the major force of natural 

selection during evolutionary history.

Energy
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Energy



System / Organ

 

Energy expenditure per 

day [kJ/d] (kcal/d)

 

Total body basal MR

 

8.000 (1910)

 

Total body MR with usual activity (sedentary)

 

10.000 (2388)

 

Total body MR of a Tour de France

 

bicyclist

 

30.000* (7164)

 

Total body MR with sepsis

 

15.000 (3582)

 

Total body MR with extensive burns

 

20.000 (4776)

 

Total body daily uptake (absorptive capacity in the gut)

 

20.000 (4776)

 

  

Immune system MR  in a quiescent state

 

1.600** (382)

 
Immune system MR moderately activated

 

2.100** (501)

 
Central nervous system MR

 

2.000 (478)

 
Muscle MR at rest

 

2.500 (597)

 Muscle MR activated

 

2.000++ (478++)

 Liver#

 

MR (including immune cell activity)

 

1.600 (382)

 Kidneys MR

 

600 (143)

 Gastrointestinal tract#

 
MR (including gut immune 

system, without liver, kidney, spleen)

1.000 (239)
 

Heart MR 1.100 (263) (and more 

when activated) 

 

taken from 
Straub RH. The Origin of chronic inflammatory diseases and their sequelae.
Academic Press: San Diego, 2015.

Some examples of

energy needs in the

human body

Energy



IS basal: 1.600 kJ/d

IS active: 1.750 -
          2.080 kJ/d

Brain: 2000 kJ/d

Muscle: 2.500 kJ/d

The Big Three

Muscle active:
           >6.000 kJ/d

Energy



Controllable amount of energy
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numbers are for a man: 1.80 m, 80 kg

Straub RH.  Insulin resistance, selfish brain, and selfish
immune system: an evolutionarily positively
selected program used in chronic inflammatory
diseases.  Arthritis Res Ther. 2014;16 Suppl 2:S4-S14

controllable amount of energy is subject
to negotiation

Energy



Who negotiates?



 

Major threats Immediate responses Response systems* 

Predators fight or flight Brain, SNS, HPA axis 

Wounding and 

haemorrhage 

blood coagulation and blood pressure 

stabilization 

Brain with SNS, HPA axis, and SNS-

dependent RAA system 

Standby system of blood coagulation 

Food scarcity foraging Brain, SNS, HPA axis 

Thirst water seeking Brain with SNS, HPA axis, and SNS-

dependent RAA system 

Cold warming-up and warm seeking Brain, SNS, HPA-axis 

Heat sweating/cooling and cold seeking Brain, SNS 

Infection immune response Immune system 

Wounding inflammatory response Immune system 

*The response systems are not demonstrated in every detail. For example, the somatomotor system 
responsible for movements is not mentioned specifically. Some stress axes are missing. 

Abbreviations: HPA, hypothalamic-pituitary-adrenal axis; RAA system, renin-angiotensin-aldosterone 
system; SNS, sympathetic nervous system. 

 

Major threats, immediate responses, and response systems

Straub RH, Nat Rev Rheumatol, in press Energy



The two major independent energy consumers 

control energy regulation

selfish brain selfish immune system

fight and flight, thirst, cold, heat, starvation, hemorrhage

hierarchically, the highest level of control

wounding and infection

hierarchically, the highest level of control

Straub RH.  Insulin resistance, selfish brain, and selfish
immune system: an evolutionarily positively
selected program used in chronic inflammatory
diseases.  Arthritis Res Ther. 2014;16 Suppl 2:S4-S14

Energy
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J. Internal Medicine 2010;267:543-560
J. Mol. Med. 2012;90:523-534

Energy



fat tissue
500 000 kJ

(120 000 kcal) muscles
50 000 kJ

(12 000 kcal)
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Straub RH, Nat Rev Rheumatol, in press

liver
2 500 kJ

(597 kcal)

Energy



 

Brain-borne factors Immune system-borne factors 

Sympathetic nervous system ([nor]adrenaline) Cytokines (TNF, IL-1β, IL-6) 

Hypothalamic-pituitary-adrenal axis (cortisol) Danger signals (toll-like receptor agonists) 

Somatotropic axis (growth hormone) Cytokine-induced cortisol production in liver 

Hypothalamic-pituitary-thyroid axis (thyroid 

hormones) 

Immune cells produce cortisol 

Sympathetic renin-angiotensin-aldosterone 

system 

Immune cells produce (nor)adrenaline 

Inhibition of the parasympathetic nervous system 

(loss of insulin and digestive function) 

Immune cells convert inactive to active thyroid 

hormones 

Inhibition of the hypothalamic-pituitary-gonadal 

axis (loss of anabolic androgens) 

Immune cells produce growth hormone 

 

How brain and immune system demand energy-rich fuels
through factors that block insulin effects or insulin secretion

Straub RH, Nat Rev Rheumatol, in press Energy



mild activation of the HPA axis

cortisol-to-androgen preponderance

low T3 syndrome of the thyroid

inhibition of the parasympathetic nervous system

gonadal dysfunction

hypovitaminosis D

loss of sympathetic nerve fibers in inflamed tissue

low IGF-I and growth hormone

hypertension

inflammation-related anemia

hypoandrogenemia

juxtainflammatory fat deposits

dylipidemia (inflammatory HDL)

hyperin
sulinemia

insulin resistance

cachectic obesity

cachexia (muscle wasting)
anorexia

depression / fatigue / sickness behavior

hypercoagulation
activation of the sympathetic nervous system

Signs and symptoms of chronic inflammation and aging

osteopenic response
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Sickness Behavior

malaise

fatigue

loss of energy

numbness

feeling “cold”

muscle and joint aches

loss of appetite, anorexia

anxiety

depressive mood

Typical reactions of the body in response to

acute brain/inflammatory illness

the lecturer himself

Dantzer R et al. Nat Rev Neurosci. 2008;9:46-56
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SNS activity
adipocyte

leptin
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Bartness TJ et al. Front Neuroendocrinol 2014;35:473-93
Xiong XQ et al., Acta Physiol 2014;210:468-78
Gautron L, Elmquist JK, J Clin Invest. 2011;121:2087-93
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Straub RH et al., Sem Rheum Dis 2015;45:220-8 
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Adaptive programs in chronic inflammation and aging

for short-lived responses of the selfish brain and selfish immune system
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are determinants of 

Ÿ well-being

Ÿ quality of life

Ÿ physical / mental activity

Ÿ functional capacity

Ÿ long-term risk of illness

Ÿ long-term risk of early death

Programs in chronic inflammatory diseases and aging



are determinants of 

Ÿ well-being

Ÿ quality of life

Ÿ physical / mental activity

Ÿ functional capacity

Ÿ long-term risk of illness

Ÿ long-term risk of early death

Nowadays, most researchers 

suspect that inflammation is 

central to these common 

phenomena in chronic  

inflammatory diseases and 

aging.

Programs in chronic inflammatory diseases and aging
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Straub RH, Nat Rev Rheumatol, in press
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 With respect to  and inflammatory load inflammation-stimulated 

energy expenditure, the two situations

– “highly active chronic inflammatory diseases” versus “aging” –

 are clearly different.



 With respect to  and inflammatory load inflammation-stimulated 

energy expenditure, the two situations

– “highly active chronic inflammatory diseases” versus “aging” –

 are clearly different.

Something is missing
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Energy expenditure in various disease/age-associated situations 

 

Situation Additional costs relative to total costs under 

healthy conditions* 

Inflammation (mild activation – sepsis) 25 - 60% 

Chronic smouldering infection (e.g., hepatitis C) 10% 

Acute pain (electrical stimulation of skin) up to 60% 

Chronic pain 15% 

Psychological stress up to 30% 

Sleep alterations up to 30% 

Anxiety/anxiousness up to 10% 

Heavy smoking up to 15% 

*This list is not complete, and the interested reader might add some more elements. 

 

Straub RH, Nat Rev Rheumatol, in press
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I call this forms of extra
energy expenditure

non-volitional

Straub RH, Nat Rev Rheumatol, in press
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Psychomotor stress (brain) or inflammatory disease (immune 
system) reduce volitional activity-induced energy expenditure 
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The two major independent energy consumers 

control energy regulation

selfish brain selfish immune system

fight and flight, thirst, cold, heat, starvation, hemorrhage

hierarchically, the highest level of control

wounding and infection

hierarchically, the highest level of control

Straub RH.  Insulin resistance, selfish brain, and selfish
immune system: an evolutionarily positively
selected program used in chronic inflammatory
diseases.  Arthritis Res Ther. 2014;16 Suppl 2:S4-S14



mild activation of the HPA axis

cortisol-to-androgen preponderance

low T3 syndrome of the thyroid

inhibition of the parasympathetic nervous system

gonadal dysfunction

hypovitaminosis D

loss of sympathetic nerve fibers in inflamed tissue

low IGF-I and growth hormone

hypertension

inflammation-related anemia

hypoandrogenemia

juxtainflammatory fat deposits

dylipidemia (inflammatory HDL)

hyperin
sulinemia

insulin resistance

cachectic obesity

cachexia (muscle wasting)
anorexia

depression / fatigue / sickness behavior

hypercoagulation
activation of the sympathetic nervous system

Adaptive programs in chronic inflammation and aging

for short-lived responses of the selfish brain and selfish immune system

osteopenic response



brain
energy
stores

immune
system

long-term application

loss of physical / mental activity

cardiovascular diseases

thromboembolic disease

metabolic disease and obesity

neurodegenerative disease

psychiatric disease

fracture and falling (frailty)

evolutionary divide
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The adaptive and

maladaptive

energy matrix

Straub RH, Nat Rev Rheumatol, in press
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