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General General section section 
Fundamentals Fundamentals of of Fundamentals Fundamentals of of 
signaling between signaling between cellscells



IntroductionIntroduction
 Drugs Drugs act by modifying the extracellular act by modifying the extracellular 

environment, influencing intracellular structures or environment, influencing intracellular structures or 
metabolism, or influencing signaling cascades metabolism, or influencing signaling cascades 

 The concept of humoral signaling The concept of humoral signaling –– the unification the unification 
of various signal transmissions at the cellular level of various signal transmissions at the cellular level of various signal transmissions at the cellular level of various signal transmissions at the cellular level 

 Hormone, mediator, transmitter Hormone, mediator, transmitter -- the first the first 
messengermessenger

 Second, third, (fourth) messenger inside the cellSecond, third, (fourth) messenger inside the cell

 Receptor theory Receptor theory -- agonists, antagonistsagonists, antagonists

 Development of selective drugsDevelopment of selective drugs

 Pathogenesis of diseases and pathological Pathogenesis of diseases and pathological 
conditionsconditions







HumoralHumoral signalingsignaling

Signaling by secretory molecules Signaling by membrane-bound 
molecules (contact)

 The mediator is secreted by the The mediator is secreted by the 
producing cell into the environmentproducing cell into the environment

 The mediator travels different The mediator travels different 
distances and through different distances and through different 
environments to the target cell environments to the target cell 
(blood, (blood, interstitiuminterstitium, axon), axon)

 The target cell has a recognition The target cell has a recognition 
receptorreceptor

 The The mediator is fixed directly/indirectly mediator is fixed directly/indirectly 

to the to the cytoplasmcytoplasmaticatic membrane   membrane   

 The mediator reaches the target cell The mediator reaches the target cell 

when approaching the product. cellswhen approaching the product. cells

 The target cell has a recognition The target cell has a recognition 

receptorreceptor





SignalingSignaling by by secretorysecretory moleculesmimoleculesmi

 The The substance secreted by the production cell penetrates substance secreted by the production cell penetrates 
into the circulation, acts on distant or nearby into the circulation, acts on distant or nearby targettargetss

•• ExamplesExamples: : insulininsulin, , glucagonglucagon, , sexualsexual hormoneshormones, , corticoidscorticoids

 NeuroendocrineNeuroendocrine signalingsignaling -- production cells are production cells are 
neurons; the mediator is excreted into the neurons; the mediator is excreted into the circulationcirculation

•• ExamplesExamples:: VasopressinVasopressin, , oxytocinoxytocin, , hypothalamichypothalamic effectseffects --
statinsstatins, , liberinsliberins

Endokrine

 The substance secreted by the producing cell penetrates to the The substance secreted by the producing cell penetrates to the 

target cell by diffusion in the interstitial fluid (other than blood)target cell by diffusion in the interstitial fluid (other than blood)

•• ExampleExample: : secretinsecretin, , cholecytokinincholecytokinin, , 

 In a broader sense In a broader sense –– any shortany short--distance distance signalingsignaling (within tissue, (within tissue, 

organ) (including blood)organ) (including blood)

•• Example: cytokines, Example: cytokines, prostanoidsprostanoids in inflammatory response in inflammatory response 

 SynapticSynaptic –– ultra short distance (neuron ultra short distance (neuron -- neuron; neuron neuron; neuron --

muscle) muscle) 

 NeurocrineNeurocrine signalingsignaling (neuron (neuron –– cell; sympathetic, cell; sympathetic, 

parasympatheticparasympathetic))

Paracrine



SignalingSignaling by secretory moleculesby secretory molecules

 The cell has a receptor for the mediator that The cell has a receptor for the mediator that 
it secretesit secretes

 It is essentially a feedback loop It is essentially a feedback loop –– for for a short a short 
distance distance -- if the concentration of the if the concentration of the 
mediator exceeds a certain level  mediator exceeds a certain level  

 over a long distance over a long distance -- theoretically, the theoretically, the 

Autocrinne

 over a long distance over a long distance -- theoretically, the theoretically, the 
mediator can return to the cell after mediator can return to the cell after 
circulating in the circulating in the bloodblood

 Mediators (hormone, transmitter) do not have a calling card to which Mediators (hormone, transmitter) do not have a calling card to which 

location they should travel and which cell they should act onlocation they should travel and which cell they should act on

 Method of signaling or the path by which the mediator reaches the Method of signaling or the path by which the mediator reaches the 

target cell is not predetermined. They are a matter of the mutual target cell is not predetermined. They are a matter of the mutual 

topology of the production and target cells. For example the same topology of the production and target cells. For example the same 

insulin secreted from binsulin secreted from b--cells has a paracrine effect on the neighboring cells has a paracrine effect on the neighboring 

aa--cell, on other endocrinescell, on other endocrines



The main elements of signal transmissionThe main elements of signal transmission

 Regardless of the method of "transportation" of chem. signal to the cell Regardless of the method of "transportation" of chem. signal to the cell 
(nervous, endocrine) intracellular signaling pathways seem to be universal(nervous, endocrine) intracellular signaling pathways seem to be universal

 Similar if not identical signaling pathways exist across the phylogenetic Similar if not identical signaling pathways exist across the phylogenetic 
spectrum of animalsspectrum of animals



Pathophysiology Pathophysiology DeficiencyDeficiency ofof hormonalhormonal
effecteffect
 Decreased hormone production (reduced blood concentration)

• Destruction of the gland, horm dystrophy. product cells

• Disorder of hormone production in the cell (hereditary dysgenesis; 
enzymatic defects;  

• Attenuation of production (excessive feedback; other hormonal effects; 
release disorder) 

Disorder of hormone transport (concentration in the blood) Disorder of hormone transport (concentration in the blood)
• Transport disorder (insufficiency of the transporter in the blood)

 Hormone insensitivity (sensitivity) syndromes (hormone resistance 
syndromes) blood concentration normal or increased)

• receptor defects (sy. of androgen insensitivity AGR, Laron's sy. GHR; DM 
type 2)

• postreceptor defects (DM type 2); IGH1 insensitivity syndrome

• disorders of feedback regulation in the cell 

• disorders of feedback regulation outside the cell (feedback) (DM type 2)



ReceptorsReceptors

without enzymatic activity
· Ionotropic receptors

Surface receptors

· cytoplasmic receptors
· nuclear receptors

Intracellular receptors

· Ionotropic receptors
· GPCRs
with enzymatic activity
· Guanyl cyclase
· Tyr-kinase
· Ser/Thr - kinase
· Ser/Thr - phosphatase

· nuclear receptors



Surface (cytoplasmic) receptorsSurface (cytoplasmic) receptors
The ligand binds 
directly to the ion 
channel

The ligand binds 
to the receptor 
acting through G 
proteins

Acetylcholine (N), GABA (A), 

Glutamate (NMDA, AMPA, 

Serotonin(3), Purines,

Catecholamines (a/b), proteins

The receptor 
has its own 
enzyme activity

Catecholamines (a/b), 

Acetylcholine (M), GABA (B), 

Glutamate (M) 

Serotonin (1,2), 

Interleukins, Prostaglandins,

Growth factors (FGF, EGF, NGF, 

PDGF), Insulin



Ionotropic
receptors

Glycine receptor

Spinal cord – the main 
inhibitory mediator

Neuromuskulárna 
platnička, Mozog

GABA (A) receptor

Nicotinic receptor

GABA (A) receptor

Glutamate receptor
NMDA

Brain (one of the main 
excitatory transmissions)

Brain (main inhibitory 
signal transduction)
Spinal cord (less)



GPCRGPCR

The receptor contains 7 transmembrane 

alpha-helical segments intracellular and 

extracellular domains

ADENYL CYCLÁZA
cAMP

The enzyme contains about 1100 amino 

acids, 6 transmembrane domains and 2 

cytoplasmic domains. There are 6 types of 

adenylyl cyclase



Endocrine diseases caused by GPCR Endocrine diseases caused by GPCR 
mutationsmutations



Receptors with enzyme activity in Receptors with enzyme activity in 
mitogenic pathwaysmitogenic pathways

Receptors with Tyr-kinase activity Receptors with Tyr-phosphatase activity



Receptor Receptor internalisationinternalisation



The same mediator usually acts through several 
specific receptors11

Acetylcholine

Ach binds to ionotropic nicotinic receptor (4 subtypes) and 
metabotropic muscarinic receptor (5 subtypes)

Agonisti





Different cells can respond differently to the same 
mediator (specifically for them)

Skeletal muscle

AcetylcholineAcetylcholine

22

HeartHeart musclemuscle

GlandGland

SekretionSekretion
RelaxationRelaxation

KontractionKontraction



Špecifická nervového a endokrinného Špecifická nervového a endokrinného sysy..

Nervous signaling system Endocrine signaling system

33

• Most synapses are chemical
• A neuron affects specific types of 

cells according to specific patterns 
• The contact is given by the target 

cells, so they usually have the 
necessary receptors

• The target cells are not 
predetermined

• Signal guidance to the cells is partial
• Cells that have receptors for the 

corresponding signal respond



Signal amplificationIntegration of downstream
signaling pathways44



SpecialSpecial partpart
SignalingSignaling cascadescascades



1. 1. LongLong distancedistance
chemosignallingchemosignalling

 cc--AMP signallingAMP signalling

 IP3IP3-- dependent signallingdependent signalling

A. Receptors without enzymatic activity

 IP3IP3-- dependent signallingdependent signalling

 cc--GGMPMP/NO /NO –– signallingsignalling

 PLA2 PLA2 ––dependent signallingdependent signalling

 CaCa22++-- dependent signallingdependent signalling



 Earl Wilbur Sutherland Jr. Earl Wilbur Sutherland Jr. (1915 (1915 ––1974) 1974) 
American pharmacologist, biochemist Nobel American pharmacologist, biochemist Nobel 
Prize for Physiology and Medicine 1971: Prize for Physiology and Medicine 1971: 
"discoveries concerning the mechanisms of "discoveries concerning the mechanisms of 
the action of hormones"the action of hormones"

 Metabolic effects of noradrenaline, glucagon Metabolic effects of noradrenaline, glucagon 
associated with an increase in associated with an increase in cAMPcAMPT.WT.W RallRall, E.W , E.W 
SutherlandSutherland: : Formation Formation of a cyclic adenine of a cyclic adenine ribonucleotideribonucleotide by tissue by tissue particlesparticles JJ. . 
Biol. Chem., 232 (1958), pp. Biol. Chem., 232 (1958), pp. 10651065––10761076Biol. Chem., 232 (1958), pp. Biol. Chem., 232 (1958), pp. 10651065––10761076

J.G Hardman, G.A Robison, E.W J.G Hardman, G.A Robison, E.W SutherlandSutherland: : Cyclic nucleotidesCyclic nucleotides

AnnuAnnu. Rev. Physiol., 33 (1971), pp. 311. Rev. Physiol., 33 (1971), pp. 311––336336

 Eric Richard Eric Richard KandelKandel (1929(1929) ) neuropsychiatrist; neuropsychiatrist; 
Nobel Prize for Physiology and Medicine 2000: Nobel Prize for Physiology and Medicine 2000: 
"physiological basis of memory storage in neurons""physiological basis of memory storage in neurons"

 Mechanism of longMechanism of long--term memory associated with term memory associated with 
cytoskeletal remodeling and axon growthcytoskeletal remodeling and axon growth

 CREB CREB –– cAMPcAMP responsive genes; gene effects of responsive genes; gene effects of 
cAMPcAMP signalingsignaling



c c ––AMPAMP--
dependentdependent
signallingsignalling

 Trigger: many hormons, Trigger: many hormons, 
transmitters, cytokinestransmitters, cytokines

 Membrane G.protein Membrane G.protein 
coupled receptorscoupled receptors

 Stimulatory Stimulatory & inhibitory& inhibitory

1.

2.

 Stimulatory Stimulatory & inhibitory& inhibitory
transfer (Gs or Gi)transfer (Gs or Gi)

 EffectorsEffectors:: Adenyl cyclase Adenyl cyclase 
–– cAMP cAMP -- PKAPKA

 EffeEffects: widespreadcts: widespread

•• Immediate: Immediate: 
phosphorylation of phosphorylation of 
proteinsproteins

•• Late: gene expressionLate: gene expression



cAMP/IP3 cAMP/IP3 dependentdependent signalingsignaling



IP3 / DAG IP3 / DAG ––
signallingsignalling

 Trigger: many hormons, Trigger: many hormons, 
transmitters, cytokinestransmitters, cytokines

 Membrane G.protein Membrane G.protein 
coupled receptorscoupled receptors (Go)(Go)

 Both stimulatory Both stimulatory & & 
inhibitory influenceinhibitory influence

1.

2.

3.

inhibitory influenceinhibitory influence

 EffectorsEffectors:: Phospholipase C Phospholipase C 
(PLC) (PLC) –– DAG, IP3 DAG, IP3 -- PKCPKC

 EffeEffects: widespreadcts: widespread

•• Immediate: Immediate: 
phosphorylation of phosphorylation of 
proteinsproteins

•• Late: gene expressionLate: gene expression



cGcGMPMP/NO /NO ––
signallingsignalling

 Triggers: Triggers: 

A. Ca2+ A. Ca2+ -- signallingsignalling

B. ANP,BNPB. ANP,BNP

C. NO C. NO -- donorsdonors

 Membrane GMembrane G--protein coupled protein coupled  Membrane GMembrane G--protein coupled protein coupled 
receptorsreceptors + Membrane + Membrane 
receptors with GC activityreceptors with GC activity

 EffectorsEffectors:: NO, cGMP NO, cGMP -- PKGPKG

 EffeEffects: phosphorylation of cts: phosphorylation of 
proteinsproteins

 Use: Use: -- vascular smooth muscle vascular smooth muscle 
dilationdilation

-- vision, etc.vision, etc.



PLA2 PLA2 ––
dependent dependent 
signallingsignalling

 GG--protein coupled receptorsprotein coupled receptors

 Use: supplementar to IP3Use: supplementar to IP3--
dependent signallingdependent signalling

 Phospholipase A2 (PLA2)Phospholipase A2 (PLA2)

 Arachidonic acid (AA)Arachidonic acid (AA)

 2nd messeng.: AA derivatives2nd messeng.: AA derivatives

•• Leucotriens (LT)Leucotriens (LT)

•• Prostaglandins (PG)Prostaglandins (PG)

•• Tromboxans (TX)Tromboxans (TX)

•• Epoxides (EPX)Epoxides (EPX)

•• HETEHETE

 Interactions with other Interactions with other 
signallings: cAMP, cGMP, signallings: cAMP, cGMP, 
JAK/STAT, MEK JAK/STAT, MEK 



CaCa22++--
dependent dependent 
signallingsignalling

 UbiquitousUbiquitous, of particular , of particular 
importance in skeletal & importance in skeletal & 
smooth muscles, nervous sy.smooth muscles, nervous sy.

 Trigger: any risTrigger: any rise ofe of cytosolic cytosolic 
[[CaCa2+2+]]ii

Effectors: calmodulin (CaM) Effectors: calmodulin (CaM)  Effectors: calmodulin (CaM) Effectors: calmodulin (CaM) 
–– Ser/Thr kinaseSer/Thr kinase

 Effects: Effects: 

•• Immediate: Immediate: 
phosphorylation/ phosphorylation/ 
dephosdephos--phorylation phorylation 

•• Late: gene transcriptionLate: gene transcription

 Use: trasmission of Use: trasmission of 
excitatory processesexcitatory processes



1. Long distance1. Long distance
chemosignallingchemosignalling

 Classical growth signallingClassical growth signalling

 Stress signallingStress signalling

A. Receptors without enzymatic activity
B. Receptors with enzymatic activity

 Stress signallingStress signalling

 Signalling via PISignalling via PI--3K3K

 Signalling through JAK/STATSignalling through JAK/STAT

 Signalling via SMADSignalling via SMAD

 Signalling via TollSignalling via Toll

 Signalling via NFkBSignalling via NFkB



Classical Classical 
growth growth 
signallingsignalling
 Trigger: growth factor 

familes

 Receptors with enzymatic 
activity

 Effectors:  Effectors: 
• Ras – switch
• MAPK cascade

 Effect:
• Gene transcription

 Use:
• proliferative & growth 

process

• mitosis



Stress Stress 
signallingsignalling

 Trigger: 
• growth factor familes

• physical : UV, X-rays, temp.

• chemicals

 Receptors with enzymatic 
activity

 Effectors: Effectors:

• Ras – switch
• MAPK cascade

 Effect:
• Gene transcription

 Usage:
• proliferative & growth 

process (mitosis)

• adaptations



Signalling Signalling 
via PIvia PI--3K3K

 Trigger: growth factor 
familes

 Receptors with 
enzymatic activity

 Effectors:
• PI3K –PKB, PDK• PI3K –PKB, PDK

 Effect:
• Gene transcription
• Vesicular 

transportation
• Apoptotic machinery
• Fosforylation of 

proteins
 Use: proliferative & 

growth process control



 Membrane receptors with Membrane receptors with 
associated enzymatic activityassociated enzymatic activity

 Trigger: ILTrigger: IL--2, IL.4, IL2, IL.4, IL--6 family, 6 family, 
GH, PRL EPOGH, PRL EPO

 Effectors: SMAD familyEffectors: SMAD family

 Effect: early responses gene Effect: early responses gene 
expressionexpression

Signalling Signalling 
through through 
JAK/STATJAK/STAT

expressionexpression

 Use: Use: grgroowth & differentiation wth & differentiation 
processes processes 



Signalling via Signalling via 
SMADSMAD

 Mutiunite membrane Mutiunite membrane 
receptors with enzymatic receptors with enzymatic 
activityactivity

 Trigger:Trigger: TGF TGF & BMP & BMP 
factorsfactorsfactorsfactors

 Effectors:Effectors: SMAD familySMAD family

 Effect:Effect: delayed delayed -- gene gene 
expressionexpression

 Use:Use: grgroowth & wth & 
differentiation processes differentiation processes 



Signalling 
via Toll 
receptors

 Trigger:Trigger: components of 
bacterial body, chemicals

 Effectors:Effectors: IRAK, TRIF, 
TIRAP

 Effect:Effect: modifing other 
signalling pathways

 Use:Use: Component of innate  Use:Use: Component of innate 
immune response

 Inflammation – „specific“ 
response to antigen 



Signalling 
via NFkB

 Trigger: TNF.alpha family 

 Effectors: TRAF, TRADD, 
RIP

 Effects: Gene expression

 Use: wide spead 

immune reactionsimmune reactions



1. Long distance1. Long distance
chemosignallingchemosignalling

Cytoplasmatic Cytoplasmatic 

A. Receptors w/o enzymatic activity
B. Receptors with enzymatic activity
C. Intracellular receptors 
 Cytoplasmatic Cytoplasmatic 

 Nuclear receptorsNuclear receptors



Signalling via 
nuclear 
receptors

 Trigger: gonadosteroids, 
retinoids adrenocorticosteroids, 
T4/T3, vitD3, deoxycholesterol, 
PGJ2, LTB4, fatty acids?, bile 
acidsacids

 Effect: gene transription







aa



2. Close contact2. Close contact
chemosignallingchemosignalling

 BCR signalling

 TCR signalling

 Wnt + β-catenin

DSL-Notch DSL-Notch

 Hedgehog signallingHedgehog signalling



BCR BCR 
signallingsignalling

 Trigger: antigen

 Receptors – multicomponent Ig-
family

 Effectors: 
• Growth pathway (Ras-Raf-MEK-

ERK) 

• Stress pathway (Rac-MEKK-
Jnk,P38)

• Ca2+-CaM pathway

 Effect: Effect:
• Gene transcription

 Use:
• proliferation (mitosis)

• synthesis of new proteins



TCR TCR 
signallingsignalling



BCR is formed by 
membrane-bound 
IgM (mIgM)

TCR is formed by 
special alpha and 
beta Ig chains



Wnt Wnt ++
ββ -- catenincatenin



DSLDSL--Notch signallingNotch signalling





Hedgehog Hedgehog 
signallingsignalling

 TriggerTrigger:: Hh familyHh family

 Receptors:Receptors:
•• Ptc Ptc –– patchedpatched

•• Smo Smo ––smoothedsmoothed

 Effect:Effect:
•• Gene expressionGene expression

•• Other signallingsOther signallings

Use:Use: Use:Use:
•• Control over Control over 

prolifertion prolifertion & & 
differentiationdifferentiation


