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Background



What are We Talking about?

 What are faults? 
 stress conditions
 invaders
 misbehaving parts

 What is tolerance?
 persist/survive
 concquer/evade
 repair/replace/destroy



Bio Tolerance Examples

 Persistent state of microbes
 Some fraction non-deterministically `go to 

sleep’ (and wake up on schedule), thus providing 
a fraction of the community that will survive 
many attacks (by not reacting).

 Disintegrating invaders
 Error detection/Proof reading, 
 Correction/DNA repair
 Apoptosis -- destroy the faulty (or unneeded) 

component and make a new one. 



Biological Systems 

Systems of systems of ... systems

Including information and physical systems

(the ultimate CPS :-)

Multiple levels of organization / abstraction

Cross layer / system communication is crucial 
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Biological Org-chart 

Organism (microbe, celegans, ... rat ... human)
internal processes
community -- cooperation/competition

Organ (brain, heart, liver ...)
intra organ (neuron patterns, pump, digest)
Organ-organ communication/coordination

Cell
intra-cellular (transcriptional, signaling, 
metabolic .... processes)
cell system / cell-communication

Protein  ....



Coordination of Circadian Timing

Coordination of circadian timing in mammals
Steven M. Reppert & David R. Weaver

Department of Neurobiology, University of Massachusetts Medical School, LRB-728, 364 Plantation Street, Worcester, Massachusetts 01605, USA

...........................................................................................................................................................................................................................

Time in the biological sense is measured by cycles that range from milliseconds to years. Circadian rhythms, which measure time
on a scale of 24 h, are generated by one of the most ubiquitous and well-studied timing systems. At the core of this timing
mechanism is an intricate molecular mechanism that ticks away in many different tissues throughout the body. However, these
independent rhythms are tamed by a master clock in the brain, which coordinates tissue-specific rhythms according to light input
it receives from the outside world.

C
ircadian rhythms, as exemplified by the sleep/wake cycle,
are the outward manifestation of an internal timing
system. The full force of genetic, molecular and bio-
chemical approaches, complemented by precise beha-
vioural observations, has rapidly advanced our

knowledge of circadian timing in mammals. The focal point of
this system is a master clock, located in the suprachiasmatic nuclei
(SCN) of the anterior hypothalamus, which orchestrates the circa-
dian programme1. Principal advances in understanding the mol-
ecular and biochemical basis of circadian timing have provided a
rapidly evolving model of the underlying ‘clockwork’. Recent

developments have also revolutionized our view of SCN input
and output mechanisms. These include the discovery of a new
visual pathway from retina to the SCN that entrains (synchronizes)
circadian rhythms to the solar day, and the elucidation of ways in
which the SCN clock ultimately generates output rhythms in
physiology and behaviour.
Defining the molecular basis of circadian timing in mammals has

profound implications. In terms of fundamental brainmechanisms,
the circadian system is among the most tractable models for
providing a complete understanding of the cellular and molecular
events connecting genes to behaviour. Thorough dissection of the

Figure 1 The mammalian circadian timing system is a hierarchy of dispersed
oscillators. a, The master clock in the SCN is composed of numerous clock cells. The
SCN receives light information by a direct retinohypothalamic tract (RHT) to entrain the
clock to the 24-h day. The entrained SCN, in turn, coordinates the timing of slave
oscillators in other brain areas (for example, cortex) and in peripheral organs (for
example, kidney and liver). b, A single SCN neuron in culture expresses robust
circadian rhythms in firing rate over 9 days of study, proving that the core clock

mechanism is contained within single cells (adapted from ref. 83). SCN and liver
explants from transgenic rats expressing a mPer1-driven luciferase reporter gene
exhibit bioluminescence rhythms in culture; the black and white bars along the x axis
indicate the light–dark cycle at the time of tissue collection (adapted from ref. 9). The
SCN explant rhythm persists for weeks in culture, whereas the liver explant rhythm
dampens. A medium change on day 7 restarts the liver oscillation, showing that the
dampening was not due to tissue death.
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Inflamatory Reflex insight review articles
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system to the brain. This information can be relayed to other brain
centres that influence motor output in the vagus nerve. Pain and
stress can activate the flight-or-fight responses, and the resultant
increase of adrenaline and noradrenaline also can inhibit
macrophage activation and suppress synthesis of TNF and other
cytokines13,52,53. High sympathetic activity and resultant increases in
catecholamines stimulate the !-adrenergic-receptor-dependent
release of IL-10, a potent anti-inflammatory cytokine, from mono-
cytes11,54. Thus, the anti-inflammatory effects of the sympathetic and
parasympathetic nervous systems seem to be synergistic in this 
setting.

Classical teaching stresses that actions of the sympathetic and
parasympathetic nervous systems are usually in opposition. But in
many situations the two systems function synergistically. For exam-
ple, simultaneous stimulation of both sympathetic and vagus nerves
produces a higher increase in cardiac output than does isolated stim-
ulation of either nerve alone55. Flight-or-fight activation of sympa-
thetic responses also stimulates increased vagus nerve output. The
combined action of these neural systems is significantly anti-
inflammatory and is positioned anatomically to constrain local 
inflammation by preventing spillover of potentially lethal toxins into
the circulation through both local (neural) and systemic (humoral)
anti-inflammatory mechanisms.

Implications of the inflammatory reflex 
Knowledge of the inflammatory reflex and the cholinergic anti-
inflammatory pathway is yielding insight into both physiological
pathways and therapeutic strategies (Fig. 4). For example, it may be
possible to activate neural anti-inflammatory mechanisms using
small molecules that initiate signals in proximal components of the
pathway in the CNS. One such molecule is CNI-1493, a tetravalent
guanylhydrazone that was originally described as an inhibitor of
macrophage activation and TNF release56,57. 

CNI-1493 inhibits TNF synthesis and inflammatory responses in
animal models of local and systemic inflammation58. It also signifi-
cantly reduced disease severity in a small clinical trial of severe
Crohn’s disease and is currently being evaluated in a large phase II
trial of Crohn’s disease59. Unexpectedly, recent evidence has shown
that the TNF-suppressing activities of CNI-1493 in vivo are depen-
dent on the cholinergic anti-inflammatory pathway, and that CNI-
1493 functions as a pharmacological stimulator of the vagus
nerve32,60: intracerebral application of small doses of CNI-1493 
significantly inhibited peripheral TNF synthesis, and intact vagus
nerves were required to prevent increases in serum TNF. The mecha-
nism through which CNI-1493 activates the vagus nerve is unknown,
but increased vagus nerve firing has been observed after either intrac-
erebral or intravenous administration of CNI-1493 — an effect that
seems to be dependent on specific CNS receptors33. 

It is likely that other experimental and clinically approved 
therapeutic agents suppress peripheral inflammation by activating
pathways in the CNS. Small doses of "-MSH applied intracerebrally
inhibited pulmonary myeloperoxidase activity in mice exposed to
endotoxin61 and suppressed the development of intradermal oedema
induced by exposure to TNF or IL-1 (ref. 62). Specific anti-inflam-
matory responses have been observed in response to intracerebral
application of salicylates, but not dexamethasone63. The cardiac anti-
arrhythmic drug amiodarone has been identified as an inhibitor of
TNF synthesis in monocytes in vitro64, but it also functions as a potent
stimulator of vagus nerve activity65. Systemic administration of the
non-steroidal anti-inflammatory drugs aspirin, indomethacin and

Figure 3 Wiring of the inflammatory reflex. Inflammatory products produced in
damaged tissues activate afferent signals that are relayed to the nucleus tractus
solitarius; subsequent activation of vagus efferent activity inhibits cytokine synthesis
through the cholinergic anti-inflammatory pathway (‘the inflammatory reflex’).
Information can also be relayed to the hypothalamus and the dorsal vagal complex to
stimulate the release of ACTH, thereby activating the humoral anti-inflammatory
pathway. Activation of the sympathetic outflow by flight-or-fight responses or pain, or
through direct signalling, can increase local concentrations of adrenaline and
noradrenaline, which can suppress inflammation further.

Figure 4 Targeting therapies to the cholinergic anti-inflammatory pathway. The
physiological basis of the cholinergic anti-inflammatory pathway could guide the
development of therapies based on either modulating the activity of the vagus nerve or
targeting specific components of the pathway. For example, biofeedback, conditioning,
meditation, hypnosis or acupuncture could be potentially used to modulate vagus output,
‘psychoactive’ drugs could be tailor-made to increase vagus output (‘pharmacological
vagus nerve stimulators’; NSAIDs, non-steroidal anti-inflammatory drugs), and other
agents could be used to target macrophage cholinergic receptors in the periphery.
Unbroken lines represent known vagus nerve pathways; dotted lines are hypothetical.
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The ErbB Network
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CAse Study
The immune system



Immune System overView

Job is protecting the organism from foreign entities

Distributed 

Adaptive

Risk/benefit trades

Security mechanisms

Caveat smattering of observations -- not definitive



TextA 

Ancestry
Where do immune 
system elements 

come from?



Roles

 Phagocyte (P) -- eater
 Antigen Presenting Cells (APC) 

 sample of inside / surroundings
 Killer (K) -- by signal or poison
 Coordination (C) -- activate, signal
 Tagging 



Players : Cells

 General purpose
 Macrophage (P, APC)

 garbage collection / eating invaders / signal
 Dendritic Cell (APC)

 carries sample with pathogen to show T cells  
 Neutrophils (P aggressive)

 circulating in blood looking for infection sites
 Natural Killer Cells (K) -- drill holes in target

 Pathogen specific
 B cells -- antibody factory (APC) -- mature in bone marrow

 T cells:  -- mature in thymus,
 (C) T helper  (Th)
 (K) CytoToxic Lymphocytes (CTL)



Players : Proteins

 Complement system -- rapid response
 opsonize or kill pathogens

 Antibodies -- each antibody binds specific target
 Major histocompatibility complexes (MHC) 

 present bug bits (and other peptides)
 Cytokines/Chemokines 

 signals, attractants



Scenario
Immune system Dynamics



How Does the Immune system Work?



Two Level Architecture

 Innate Immune System (IIS)
 border guards, troops on patrol 
 early defense, non specific
 alert and control adaptive IS

 Adaptive Immune System (AIS)
 highly specific
 aggressive
 needs control / safety mechanisms

 Basic interaction mechanism is pattern matching (binding) 
 many patterns, combinations  

 Location is important  



Presentation

MHCs are used by cells to display peptides (protein 
fragments) on their surface

MHCI samples/presents internal protein fragments 

CTLs scan MHCI -- looking for cells that have virus 
inside

MHCII samples/presents environment protein fragments

Helper T Cells use MHCII as signal to activate troops 



HOw DO MHC’s distinguish?



Why Presentation?

Some cells recognize invaders `raw' -- Mph, NK, 
Some just attack when active
Some need more information/restraint  
Presentation provides

Provenance 
MHCI guarantees peptide from inside cell,
MHCII  guarantees from environment

Presenter and receiver must authenticate
MHCI focus CTL (expensive) on infected cells (groups 
of viruses).  Antibodies (plentiful, cheap) take care of 
single free viruses



The Complement System
A First line of Defense

A collection of proteins that, when activated form 
complexes on cell surfaces

attract phagocytes

drill holes and kill

Why don't they kill self cells? 3 level protection mechanism

DAF on surface accelerates breakdown of CS complex

Surface proteins can clip complex elements inactivate

CD59 (aka protectin) kicks complex off surface before 
hole drilled

Bio caveat DAF/CD59 name protein classes.
May differ in detail across organisms
DAF of foreign cells may not be effective against host CS    
(transplant problems).



Diversity

There is a unique antibody type for each organic compound 

Each B Cell (and its progeny) produces exactly one type.

Similarly for T Cells and T Cell receptors.

How can this be? It would take all of the genes and more.



Diversity

 Solution: Edit the DNA!  

Immature B and T cells have genes 
with multiple instances of several 
modules.

 These genes are edited in a series of 
clip/rejoin operations to mix ‘n 
match



Diversity -- BUT

Not all combinations are desired. 

Competence tests -- does the resulting gene produce 
functioning proteins?  Many cells die because mix n match 
fails at this level

  Tolerance tests     

TCRs must recognize presentation mechanism and not 
recognize self

ow it commits suicide 



Secure Activation

 Innate system components, non specific, always alert 
 Macrophage, DC activated by generic pathogen recognition

 Adaptive components are specific and aggressive, should not 
be activated if not needed 
 TCell 2key match 

 peptide and presenter, and co-stimulation
 B Cell has 2 phase activation:

 recognize and present its pathogen
 connect with Tc that has seen the same pathogen





B Cell activation



Reliable Tranport/Delivery 

 Cells circulate / patrol / move from birth place to job site
 Need to exit vessels at the right spot and right time.
 Content/Interest driven addressing (aka zipcode)

 cell expresses Selector Ligand   
 exit point expresses selector when interested (infection 

present)
 if cell is attracted it expresses a hook (receptor) that 

grabs an intercellular adhesion molecule at the exit
 attractants could be cytokines, bug bits (C5a, f-met)



Transport system



Immune System Logic?

 Key attributes
 hierarchical organization: proteins, cells, locations  
 component state,
 space
 time/delay 

 Key mechanism: pattern matching 
 Diversity: 

 Multiple roles
 Specialists ready for (almost) any need 

 counter attack, signal



Immune System Logic? II

 Activities:
 eating, circulating, forming modules/complexes, 
 listening/expressing interest, 
 advertising
 replicating
 differentiating/refining specialty
 continuous renewal of supply
 supply reduction:  cells dying, proteins degrading  

 junk elimination: wrong, not needed, worn out, 
 dangerous:  self attack, virus nursery (tumors...)



Immune System Logic? III

 Control/safety mechanisms
 battle alert system

 initiate/continue response
 3 key activation of T cells
 2 phase activation of B cells
 competence/tolerance tests
 protection -- degrade, dislodge attacker



Concluding Question

What is the mathemtics of immune system control?
 

 There are many trade offs, effects to balance
  Need rapid response and adaptation
 A very open system!
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