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Learning objectives

Communication modes

Classify paracrine, autocrine, 
endocrine and synaptic signaling 
by sender–target arrangement.

Signal inputs

Distinguish danger signals, 
contact-dependent cues, ECM 
interactions and soluble 
mediators.

Receptors and effectors

Follow a ligand from receptor 
engagement to transcription, 
metabolism or movement.



Intercellular signaling sustains multicellular life

• Cell behavior depends on information from 
other cells and the environment.

• Signals coordinate functions across cells within 
organized tissues.

• Communication permits the organism to 
respond as more than isolated cells.
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Coordinated tissue response



Extracellular cues influence cell fate

Extracellular cue

A signal in the cellular environment

Cellular interpretation

Reception and intracellular events

Fate or function

Survive • die • proliferate • 
differentiate • perform tasks

The same cell may respond differently depending on which cues it receives.



Survival can require continuous external signals

Survival stimulus

Required extracellular support

Cell receives cue

Receptor-dependent signal

Viability maintained

Survival response

Loss of an essential signal can permit apoptosis—not every death signal is actively delivered.



A cell integrates simultaneous, competing cues

Target cell

Contact Secreted

Danger ECM

• Cells encounter multiple signals rather than one 
message at a time.

• Different inputs can favor distinct functional 
outputs.

• A coherent response depends on integrating 
signals.



Communication in the developing embryo

Differentiation

Extracellular cues can direct 
cells toward distinct specialized 
phenotypes.

Coordination

Groups of cells may require 
synchronized differentiation.

Organization

Cell-to-cell information helps 
construct tissue structure.



Organized tissues require coordinated cells
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Coordinated tissue response

• Cells in a tissue adjust behavior to signals from 
neighbors.

• Contact and soluble signals support local 
integration.

• Tissue integrity reflects shared regulation, not 
independent decisions.



Tissue injury calls for coordinated signaling

Tissue trauma

Local disturbance

Signals exchanged

Danger cues and intercellular 
messages

Coordinated response

Cells adapt their functions together

Local tissue trauma as an example of why signaling is essential in adults.



Failure of communication has pathologic consequences

Normal social control Disordered coordination

Responses regulated by context Autonomy from normal constraints

Cell growth linked to tissue needs Unregulated growth in cancer

Systemic response coordinated Harmful stress responses, including shock

Survival signals appropriately balanced Apoptosis when essential signals are missing



Four signaling modes: Classification by spatial route

Paracrine

Local secretion affects neighboring target cells.

Autocrine

A cell responds to a signal it secretes.

Endocrine

Secreted mediator reaches distant cells through blood.

Synaptic

Neurons release neurotransmitter at a specialized 
junction.



Paracrine signals operate near the sender

Sender

Target

Distant

Local mediator

Exposure falls with distance

• Secretion acts principally on nearby responsive 
cells.

• Limited spatial range is a defining feature.

• Local confinement helps restrict the response to 
the appropriate tissue region.



What constrains a paracrine signal?

Limited diffusion

The molecule moves only a 
short distance before its effect is 
curtailed.

Degradation or uptake

Cells and extracellular processes 
remove or degrade the 
mediator.

ECM trapping

Extracellular matrix can retain 
the signal close to its source.



A local signal requires local signal clearance

Secretion

Nearby source cell

Short-range exposure

Local target cells

Removal or retention

Degradation • uptake • ECM binding

Paracrine signaling depends on the shape and duration of the local signal field.



Autocrine signaling: Sender and target coincide

Sender = target

Cell responds to its own signal

• The producing cell is also capable of responding.

• Autocrine communication can regulate the cell’s 
own behavior.

• It may amplify or dampen an ongoing response.



Autocrine positive feedback amplifies a response

Cell releases signal

Source is also responsive

Signal engages same cell

Self-directed receptor interaction

Response strengthened

Autocrine positive feedback

Amplification is a possible circuit property—not a universal consequence of autocrine signaling.



Autocrine negative feedback limits a response

Cell produces mediator

Self-signaling

Reception changes cell state

Regulatory response

Activity diminishes

Negative feedback

Autocrine mode identifies sender–receiver identity; Feedback can be positive or negative.



Autocrine cues can synchronize developing cells
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Coordinated tissue response

• A group can share a developmental signaling 
environment.

• Autocrine circuits may help cells differentiate in 
synchrony.

• The mode of signaling does not alone determine 
the final cell fate.



Endocrine messages travel through the circulation

Source

Target

Circulation

• A secretory cell releases mediator into blood.

• The target may be far from the source.

• Only a cell with the appropriate receptor can 
interpret the cue.



Endocrine route is distinct from receptor location

Signaling route Receptor location

Endocrine: Blood to distant target Can be cell-surface or intracellular

Paracrine: Local target Can be cell-surface or intracellular

Autocrine: Same secreting cell Cell responds through its receptor

Synaptic: Specialized neural junction Often rapid cell-surface receptor action



Synaptic signaling occurs at specialized junctions

Neuron Target

Synaptic cleft

• An activated neuron releases neurotransmitter.

• Release occurs at a synapse facing the target.

• Anatomical specialization concentrates 
communication at the contact.



How synaptic signaling differs from local secretion

Defined interface

Neurotransmitter release occurs 
at a specialized neuronal 
junction.

Target localization

Signal is delivered adjacent to a 
receiving cell at a synapse.

Physiologic role

Couples neuronal activation to 
target-cell responses.



Spatial modes: Comparison at a glance

Mode How signal reaches target Sender–target relationship

Paracrine Local extracellular space Nearby cells

Autocrine Locally secreted and recaptured Same secreting cell

Endocrine Bloodstream Distant responsive cell

Synaptic Synaptic cleft Neuron → junctional target



Application: Identify the signaling mode

A secreted mediator affects only immediately adjacent cells because it is rapidly degraded 
after release. Which mode is operating?

Interpretation

Target cells are nearby and the mediator has a 
limited extracellular lifetime.

Answer

Paracrine signaling. Clearance and restricted 
diffusion explain the local range.



Four broad categories of cell inputs

Danger and pathogens

Cells can detect tissue damage or microbial threats.

Cell–cell contact

Adhesion molecules and gap junctions relay information.

Cell–ECM contact

Integrins transmit cues from extracellular matrix.

Secreted molecules

Growth factors, cytokines and hormones act as 
extracellular messengers.



Danger signals report tissue damage

Damaged cell / tissue

Internal danger cue

Threat recognition

Responsive cell detects danger

Organized response

Cell adjusts its functions

Detailed innate danger-sensing receptor pathways in later chapters.



Cells detect foreign microbial signals

Microbial threat

Pathogen-associated information

Detection

Innate cellular sensing

Response

Appropriate defensive activity

This lecture emphasizes input categories; Receptor families for microbes are addressed elsewhere.



Direct cell–cell contact is an information source

Cell 1 Cell 2

Connexon channels: Small solutes

• Adhesion molecules mediate physical 
intercellular interactions.

• Gap junctions create a separate mode of 
intercellular exchange.

• Contact-dependent signaling does not require a 
freely circulating ligand.



Gap junctions connect neighboring cytoplasms

Cell 1 Cell 2

Connexon channels: Small solutes

• Connexon channels join adjacent cells.

• Their aqueous pathway permits movement of 
small solutes.

• This permits direct coupling of cellular activity.



Examples of gap-junction permeants

Calcium ions

Small inorganic signals can cross 
intercellular channels.

CAMP

A second messenger may pass 
directly between adjacent cells.

Small metabolites

Selected low-molecular-weight 
metabolites can be exchanged.



Gap junctions transmit a calcium-associated signal

Cell A

Change in Ca²⁺-related cellular state

Connexon channel

Direct coupling of adjacent cells

Cell B

Receives a small-solute signal

Conceptual example: Calcium as a permeant ion, not a specified disease pathway.



Second messengers can couple adjacent cells

Cell A

Intracellular second messenger

Gap junction

Diffusion of eligible small molecules

Cell B

Potentially altered signaling state

CAMP is given as an example; Effects depend on tissue context.



Cell–matrix contacts also convey signals

Cell membrane

Integrins

Extracellular matrix

• Cells interact with extracellular matrix through 
integrins.

• Matrix attachment is therefore more than 
passive adhesion.

• This input category links external architecture to 
cell behavior.



Integrins connect extracellular and cellular contexts

Extracellular matrix

Structural tissue environment

Integrin contact

Cell–ECM receptor system

Cellular response

Behavior influenced by attachment 
context

Robbins revisits integrins during leukocyte attachment and inflammation.



Growth factors are major secreted signals

Class

Growth factors are an important 
category of extracellular 
mediators.

Interpretation

A receptive cell changes activity 
after binding appropriate 
receptors.

Scope

Detailed individual factors and 
receptors are treated in a 
subsequent Robbins section.



Cytokines mediate immune and inflammatory responses

Meaning

Cytokines for mediators of 
inflammation and immune 
responses.

Targeting

Signals influence cells expressing 
suitable receptors.

Context

Their detailed roles are 
developed in the inflammation 
and immunity chapters.



Hormones carry endocrine information

Source

Target

Circulation

• Endocrine organs secrete hormones.

• Circulating hormone reaches distant receptor-
bearing cells.

• An endocrine route does not prescribe one 
universal intracellular mechanism.



Different inputs converge on one responding cell

Target cell

Contact Secreted

Danger ECM

• A tissue cell may receive direct contacts and 
secreted cues.

• Signals from the matrix contribute additional 
context.

• Net behavior is a coordinated output of multiple 
inputs.



Receptors initiate cellular interpretation of cues

Ligand

Extracellular signaling 
molecule

Specific receptor

Binding and activation

Intracellular events

Signaling cascade

Cell response

Effectors change cell 
behavior

Ligand–receptor recognition is central regardless of the extracellular signaling route.



Receptor specificity filters extracellular information

Selective binding

Ligands recognize compatible 
receptor molecules with high 
specificity.

Physiologic sensitivity

Receptor affinity permits 
recognition of relevant ligand 
concentrations.

Biologic selectivity

Receptor expression helps 
determine which cells can 
respond.



Cell-surface and intracellular receptors

Property Cell-surface receptors Intracellular receptors

Position Transmembrane protein Within responding cell

Ligands Typically bind outside cell Often lipid-soluble

Early event Intracellular relay initiated Ligand binding to intracellular protein

Downstream action
Channels, G proteins, enzymes or 

protein processing
Regulation of target activity / 

transcription



Lipid-soluble ligands can activate intracellular receptors

Lipid-soluble ligand

Receptor–ligand complex

Nucleus / 
transcription

• A membrane-permeant ligand enters a cell.

• It binds an intracellular receptor.

• Nuclear receptors can regulate gene 
transcription.



Steroid hormones and vitamin D: Nuclear receptor examples

Steroid hormones

Lipid-soluble signaling molecules 
able to reach intracellular 
receptors.

Vitamin D

Another Robbins example of 
ligand-driven nuclear receptor 
activation.

Functional consequence

Ligand–receptor complexes alter 
transcriptional programs.



Nitric oxide is a diffusible local signal

Endothelial cell

Smooth muscle cell

NO diffuses

Vasomotor tone

• Endothelial cells produce nitric oxide (NO).

• NO diffuses into neighboring smooth muscle.

• Its effect illustrates communication across 
adjacent cell types.



NO triggers the cGMP smooth-muscle response

Endothelium

NO is produced

Smooth muscle

NO activates guanylyl 
cyclase

CGMP rises

Enzymatic second-
messenger output

Relaxation

Smooth-muscle response

The example connects soluble paracrine communication to vascular function.



Endothelial signaling helps regulate vasomotor tone

Endothelial cell

Smooth muscle cell

NO diffuses

Vasomotor tone

• The sender is the endothelial cell.

• The nearby target is underlying vascular smooth 
muscle.

• Relaxation changes vessel tone through local 
cross-talk.



Cell-surface receptors bridge two compartments

Ligand

Receptor

Intracellular response

• An external ligand binds an extracellular 
receptor domain.

• The receptor spans the plasma membrane.

• Its cytoplasmic portion initiates the response 
pathway.



Ligand binding can open ion channels

Extracellular ligand

Binds receptor domain

Channel response

Permeability changes

Cellular effect

Electrical or ionic response

This mode commonly operates at synapses between electrically excitable cells.



Some receptors signal through G proteins

Ligand binding

Cell-surface receptor

G protein recruitment

Associated GTP-binding regulator

Intracellular signaling

Downstream biochemical events

GPCRs are a major receptor class; Detailed second-messenger pathways follow in the next unit.



Enzyme-linked receptors initiate catalytic signaling

Ligand binds

Transmembrane receptor

Enzyme activated

Intrinsic or associated activity

Protein targets modified

Cascade propagates

Tyrosine kinase activity is a common example of receptor-associated enzymatic signaling.



Protein cleavage or stability can control transcription

Receptor activation

Input recognition

Proteolysis / binding change

Latent regulatory protein affected

Transcriptional response

Active gene regulator

Proteolytic or conformational regulation in several developmental pathways.



Four ways cell-surface receptors can initiate responses

Initial event Typical consequence

Ion channel opening Change in ion flux

G protein engagement Activation of intracellular regulator

Intrinsic / associated enzyme activity Catalytic relay, often phosphorylation

Proteolytic or binding change Control of transcription regulator activity



Modular signaling connects receptors to effectors

Receptor

Detects ligand

Intracellular adaptor 
/ relay

Transmits and integrates

Effector protein

Executes cell program

Observable output

Gene • metabolism • 
shape

Original teaching schema adapted from the conceptual organization of Robbins Fig. 1.12.



Cytoskeletal proteins translate signals into movement

Signal detected

Receptor signaling

Cytoskeletal effectors

Architecture reorganized

Cell behavior

Shape change or movement

The cytoskeleton is one of the major effector targets in the Robbins overview.



Metabolic effectors alter cellular activity

Ligand–receptor signal

External cue

Signaling proteins

Internal relay

Metabolic effectors

Altered cellular metabolism

A signal need not change gene expression to produce a functional response.



Gene regulators produce transcriptional responses

Receptor activation

Stimulus recognized

Signal relay

Regulator activity changes

Nuclear gene regulation

Transcriptional program altered

Transcriptional responses can occur downstream of cell-surface or intracellular receptors.



Phosphorylation relays many surface-receptor signals

Receptor activation

Ligand-initiated event

Kinase action

Phosphorylates target

Protein state changes

Activity, interactions or localization 
altered

This is an introductory bridge to the next topic on signal transduction pathways.



Signal activation and attenuation are both important

Enhancing a response Constraining a response

More effective ligand–receptor signaling Signal degradation or ligand uptake

Autocrine positive feedback Autocrine negative feedback

Phosphorylation-dependent relay Dephosphorylation of target proteins

Persistent downstream activity Return toward baseline activity



Development depends on intact signaling

Cell-fate specification

Cues help determine 
differentiation and tissue 
identity.

Developmental regulation

Notch, Wnt and Hedgehog are 
cited as important 
developmental pathways.

Disease link

Perturbed surface-receptor 
signaling can contribute to 
developmental disorders.



Loss of tissue social control can permit malignancy

Normal intercellular 
restraints

Signals balance survival and growth

Communication perturbed

Growth regulation disrupted

Abnormal proliferation

Unregulated growth may emerge

Cancer as a major consequence of loss of cellular social controls.



Systemic stress demands coordinated cellular responses

Normal response

Cells adjust their functions 
together during systemic 
infection or stress.

Potential failure

Misregulated communication 
may exacerbate detrimental 
stress responses.

Clinical link

Shock is cited as an example of 
pathologic response to extrinsic 
stress.



Application: Survival signal withdrawal

A cell type requires ongoing stimulation to remain viable. That external support is 
withdrawn. What cell-fate outcome is plausible?

Interpretation

The required prosurvival input is absent; There 
is no longer sufficient stimulation to maintain 
viability.

Answer

Apoptosis may occur. Failure to receive a 
necessary positive signal can be decisive.



Application: NO-dependent vascular relaxation

Endothelium releases a small diffusible mediator that activates guanylyl cyclase in 
neighboring smooth muscle. Predict the mediator and response.

Interpretation

The signal crosses a short distance and is 
linked to cGMP production.

Answer

Nitric oxide; Increased cGMP is associated with 
smooth-muscle relaxation.



Application: Neural communication

A neuron is activated and releases a chemical messenger at a specialized junction onto its 
target. What is the communication mode?

Interpretation

The key distinction is the specialized neuron–
target junction, not merely short distance.

Answer

Synaptic signaling, with neurotransmitter release 
into a synaptic cleft.



Integrating signal source, receptor and final response

Source & route

Local • self • blood • 
synapse

Input modality

Soluble • contact • 
danger • ECM

Receptor mechanism

Surface • intracellular

Effector output

Transcription • 
metabolism • movement

These are separate dimensions: Route alone does not specify receptor or final phenotype.



Final concept check: Contact or soluble signaling?

Two adjacent cells exchange cAMP directly through a protein channel connecting their 
cytoplasms. Is this endocrine, paracrine or contact-dependent signaling?

Interpretation

The molecule passes directly through a 
connexon channel; Neither circulation nor 
extracellular secretion is needed.

Answer

Contact-dependent gap-junction 
communication.



Core principles of cellular signaling

1. Cells integrate extracellular information to govern fate and function.

2. Paracrine, autocrine, endocrine and synaptic modes describe the signal route.

3. Damage, cell contact, ECM and secreted mediators are distinct input categories.

4.
Receptor binding activates relays that regulate gene expression, metabolism and the 
cytoskeleton.

5. Defects in communication contribute to abnormal growth and stress responses.



Primary reference and illustration provenance

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026).

Chapter 1: The Cell as a Unit of Health and Disease. Cellular Signaling, pp. 15–16.

Concept diagrams in this lecture are original, editable teaching schematics.
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