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Learning objectives

Distinguish hepatocyte proliferation from progenitor-cell repopulation.

Explain Kupffer-cell cytokine priming and subsequent growth-factor signaling.

Relate injury severity and extracellular matrix integrity to repair outcomes.

Interpret ductular reactions and nodules within chronic liver injury.



Regeneration replaces lost cellular components

Schematic

Loss of hepatocytes
Proliferation or 
differentiation

Repopulation of 
parenchyma

• Regeneration seeks to restore tissue components—not merely fill the defect.

• The remaining cell population and tissue scaffold affect the result.



Regeneration and scar formation are different repair outcomes

Regeneration

• Restoration by viable parenchymal cells

• Stem/progenitor-derived mature cells may 
contribute

• Most successful when support framework 
remains

Scarring

• Connective tissue replaces unrecoverable 
damage

• Prominent with major scaffold injury

• Stability may improve without normal 
structure

Both responses may occur together after the same liver injury.



Hepatocytes belong to a normally quiescent tissue

Schematic

Baseline G₀ state
Injury or loss of liver 

mass
Renewed hepatocyte 

proliferation

• The liver is classified among stable tissues.

• Quiescence does not imply permanent inability to divide.



The G₀ state is reversible in stable tissues

Before injury

• Low basal proliferative activity

• Specialized parenchymal function

• Cells are mostly quiescent

After a proliferative stimulus

• Growth-factor responses increase

• DNA synthesis and cell-cycle entry

• Parenchymal replacement becomes 
possible



Labile, stable, and permanent tissues differ

Class Usual behavior Example

Labile Continuous cell turnover Surface epithelia

Stable Quiescent; Proliferate after injury Liver parenchyma

Permanent Very limited replacement Cardiac myocytes



Two cellular routes support hepatic renewal

Schematic

Hepatocyte loss / reduced liver mass

Replication of surviving hepatocytes Stem/progenitor-cell repopulation

Relative contribution depends on the nature and chronicity of injury.



The type of injury influences the dominant route

After partial hepatectomy

• Substantial residual viable hepatocytes

• Direct mature-cell proliferation

• Potent compensatory growth

With impaired hepatocyte replication

• Examples include chronic injury or 
inflammation

• Progenitor populations expand

• Differentiation can repopulate parenchyma



Partial hepatectomy demonstrates regenerative capacity

A liver segment is surgically removed for tumor resection. The residual liver is viable.

Which cell population accounts for most tissue renewal?

Interpretation

Surviving differentiated hepatocytes undergo proliferation.

The textbook uses partial hepatectomy as the classic model of hepatocyte-driven regeneration.



The residual parenchyma is the cellular reservoir
Simplified cellular 

schematic

Viable remnant After hepatocyte proliferation

• Hepatocytes remaining after resection retain proliferative potential.

• Their multiplication increases the cellular mass of the remnant.



Substantial liver mass can be regenerated

Schematic

Partial hepatectomy
Residual hepatocyte 

proliferation
Major restoration of 

liver mass

• Regeneration of up to 90% of the liver in humans.

• This is a capacity statement, not a prediction for every patient.



Cell replication—not replacement from outside—is central

What expands

• Viable hepatocytes in the remnant

• Liver parenchymal cell number

• Functional tissue mass

What need not be assumed

• Recreation of the identical excised shape

• Mandatory progenitor-cell dominance

• Scar formation as the primary response



Hepatocyte proliferation requires coordinated signaling

Schematic

Cytokine-mediated 
priming

Growth-factor 
stimulation

DNA synthesis and cell 
division

• Priming permits a full response to mitogenic signals.

• Different cell types supply components of this coordinated response.



Kupffer cells supply a principal priming cytokine

Schematic

Kupffer cell Interleukin-6 (IL-6) Responsive hepatocyte

• Kupffer cells as the main source of IL-6 in this context.

• IL-6 helps hepatocytes become competent to respond to growth factors.



IL-6 is described here as a competence signal

Cytokine priming

• IL-6 increases responsiveness

• Prepares the hepatocyte for later signals

• An enabling rather than final proliferative 
step

Mitogenic growth signals

• Act on primed cells

• Stimulate hepatocyte proliferation

• Include HGF and TGF-α



Growth factors stimulate primed hepatocytes

Schematic

Primed hepatocyte HGF / TGF-α signaling Proliferative response

• Hepatocyte growth factor (HGF) is a polypeptide growth factor.

• Transforming growth factor-α (TGF-α) is another named proliferative signal.



HGF and TGF-α are complementary growth signals

Signal Role Principal target in this sequence

IL-6 Makes hepatocytes competent
Hepatocytes before growth 
response

HGF Stimulates proliferation Primed hepatocytes

TGF-α Stimulates proliferation Primed hepatocytes



Growth factors arise from multiple cell types

Schematic

Primed hepatocyte

Parenchymal cells Stromal cells Other local cells

Robbins does not attribute all HGF and TGF-α production to one cell type.



Priming and mitogenesis are separate steps

Schematic

IL-6 / cytokine milieu
Competence for growth 

factors
HGF / TGF-α → 

proliferation

• A cytokine-dependent permissive phase precedes effective growth stimulation.

• Collapsing the two stages obscures causal ordering.



Growth signals promote DNA replication

Schematic

Growth-factor receptor 
signaling

DNA synthesis
Generation of daughter 

cells

• Replication of genetic material is necessary before division.

• The general principle applies to residual hepatocytes and other repair cells.



Proliferation also requires biosynthesis

Schematic

Growth-factor response
Proteins, membranes, 

organelles
Two viable daughter 

cells

• Growth signals alter metabolism as well as DNA synthesis.

• New cellular material must be built to expand viable parenchyma.



The extracellular matrix regulates successful repair

Schematic

Preserved ECM scaffold
Growth and adhesion 

signals
Organized cell 
replacement

• Regeneration depends critically on the integrity of the extracellular matrix (ECM).

• The matrix supplies both structural and signaling functions.



Integrins couple hepatocyte attachment to signals

Schematic

ECM proteins Cell-surface integrins
Signals supporting 

proliferation

• Integrins bind ECM components and transmit signals into cells.

• This helps explain why matrix damage affects more than mechanical support.



Matrix proteins can localize growth factors

Schematic

ECM-bound growth 
factors

High local availability
Response in adjacent 

cells

• Growth factors may be displayed at high concentration on ECM proteins.

• Cell–matrix organization influences local growth-factor exposure.



Loss of the scaffold favors scar over restitution

Framework largely preserved

• Viable cells can expand

• Normal tissue pattern is more achievable

• Regeneration predominates where 
possible

Framework extensively damaged

• Cell replacement alone is insufficient

• Connective-tissue repair increases

• Fibrous scar may replace normal structure



Tissue repair recruits more than hepatocytes

Cell population Relevant contribution

Surviving hepatocytes Replace lost liver parenchyma

Vascular endothelial cells Form vessels that support repair

Fibroblasts / fibrogenic 
cells

Deposit connective tissue when scarring occurs

Stem/progenitor cells Differentiate when mature-cell proliferation is limited



Vascular proliferation supports regenerating tissue

Schematic

Endothelial 
proliferation

New vascular 
structures

Nutrient supply for 
repair

• Endothelial-cell expansion is a general component of tissue repair.

• Restoration of tissue components depends on vascular support.



Hepatocyte replacement differs from fibrosis

Parenchymal renewal

• Expansion of differentiated hepatocytes

• Repopulates lost cellular elements

• Best preserves specialized organ tissue

Connective-tissue deposition

• Fibrogenic cells generate collagen

• Fills defects not repaired by regeneration

• Can distort liver architecture



The mature-hepatocyte route integrates four requirements

Schematic

Viable residual 
cells

Cytokine priming
Growth-factor 

response
Cell proliferation

• Matrix and vascular support remain important throughout.

• This route predominates when residual hepatocytes can respond adequately.



Chronic injury may limit mature hepatocyte proliferation

Schematic

Persistent 
inflammation or injury

Impaired hepatocyte 
replication

Greater progenitor 
contribution

• Chronic injury as a setting favoring the progenitor pathway.

• Cellular response depends on the condition of surviving hepatocytes.



Replicative senescence changes the repair strategy

Schematic

Prolonged chronic 
disease

Hepatocyte replicative 
senescence

Progenitor expansion / 
differentiation

• Chapter 18 links chronic injury to eventual mature-cell replicative senescence.

• This provides a rationale for a greater ductular/progenitor response.



The liver contains resident stem/progenitor populations

Schematic

Impaired mature-hepatocyte proliferative 
capacity

Resident progenitors expand
Progenitors differentiate toward 

mature cells

The contribution is conditional, not a universal substitute for hepatocyte replication.



The canalicular–ductal junction provides spatial context
Simplified ductal 

continuity

Hepatocyte canalicular 
system

Canal of Hering
(progenitor niche)

Larger bile duct

• The canals of Hering connect the canalicular and intrahepatic ductal compartments.

• A subset of resident progenitor niches at this transition.



Progenitor contribution requires differentiation

Schematic

Resident progenitor 
population

Proliferation and 
differentiation

Mature replacement 
cells

• A progenitor response is not equivalent to immediate formation of mature 
hepatocytes.

• The proposed outcome is parenchymal repopulation.



Ductular reactions accompany progenitor expansion

Schematic

Chronic injury / 
senescence

Ductular reaction
Multipotent cells may 

contribute to repair

• Chapter 18 describes ductlike structures containing multipotent cells.

• The reaction is associated with an expanded regenerative response.



A ductular reaction is not proof of complete regeneration

What it indicates

• Ductlike structures at sites of chronic injury

• Progenitor-related cellular response

• Possible parenchymal contribution

What it does not establish

• Full replacement of all lost hepatocytes

• Recovery of normal vascular architecture

• Absence of fibrosis or ongoing injury



Progenitor recruitment supplements surviving hepatocytes

Mature-cell pathway

• Remnant hepatocytes divide

• Classic after partial hepatectomy

• Still common after significant necrosis

Progenitor pathway

• More relevant if replication is impaired

• Canals of Hering support a niche

• May be signaled by ductular reactions



Both regenerative routes may operate together

Schematic

Injured liver

Remaining hepatocytes replicate Resident progenitors expand

These represent relative contributions; The routes need not be mutually exclusive.



Reversible hepatocyte injury differs from cell death

Pattern Cell fate Relevance to regeneration

Steatosis / 
cholestasis

Potentially reversible changes
Not necessarily loss of 
hepatocytes

Ballooning Injured swollen hepatocytes Indicates cell stress/injury

Necrosis / apoptosis Hepatocyte death
Creates a replacement 
requirement



Necrosis creates a parenchymal deficit

Schematic

Severe membrane 
injury

Cell swelling and 
rupture

Macrophage clearance 
/ replacement need

• Hepatocyte necrosis releases intracellular constituents into tissue.

• Replacement depends on surviving cells and the local repair environment.



Apoptosis produces acidophil bodies

Schematic

Programmed 
hepatocyte death

Cell shrinkage / 
fragmentation

Acidophilic apoptotic 
bodies

• Apoptosis is another route of hepatocyte loss.

• In routine hepatitis descriptions, the term acidophil body is used.



Macrophages mark sites of necrotic hepatocyte loss

Schematic

Necrotic hepatocyte Cellular debris
Macrophage 
phagocytosis

• Clusters of macrophages may identify loci of hepatocyte necrosis.

• Cleanup of tissue injury and initiation of repair are linked processes.



Confluent necrosis removes contiguous parenchyma

Schematic

Multiple adjacent 
hepatocytes lost

Confluent necrotic 
region

Repair across a larger 
defect

• Extensive cell loss challenges tissue restoration.

• The supporting reticulin framework may collapse with severe injury.



Severe hepatocyte loss has distinct distributions

Injury pattern Meaning

Zone 3 dropout Loss near the central vein may initiate confluent injury

Bridging necrosis Necrosis connects central and/or portal regions

Pan-acinar necrosis Entire lobular unit is obliterated



Surviving hepatocytes still replicate after extensive injury

Schematic

Confluent hepatocyte 
necrosis

Viable hepatocytes 
nearby

Replication and 
replacement

• Chapter 18 identifies mature-hepatocyte replication as the primary replacement route.

• Severe injury does not automatically imply progenitor-only regeneration.



Framework collapse impairs anatomic restitution

Cellular regeneration

• Surviving cells can proliferate

• Parenchymal deficit may diminish

• Potential restoration of hepatic mass

Architectural injury

• Reticulin support may collapse

• Fibrous replacement may follow

• Normal organization may not return



Hepatic stellate cells drive scar deposition

Schematic

Quiescent stellate cell
Activation during 

hepatic injury
Fibrogenic 

myofibroblast

• Stellate cells ordinarily store lipids, including vitamin A.

• Their activation makes them central to liver fibrosis.



Several injury signals activate stellate cells

Schematic

Hepatic stellate cell

Inflammatory cytokines Altered ECM interactions Toxins and ROS

These stimuli favor a fibrogenic response rather than direct hepatocyte replacement.



Activated stellate cells produce fibrous matrix

Schematic

Activated stellate cell
Myofibroblast 

phenotype
Collagen / fibrous septa

• Chronic injury shifts repair toward excessive connective-tissue deposition.

• Fibrous tissue can distort the architecture around surviving hepatocytes.



Cirrhotic nodules reflect regeneration within fibrosis
Simplified 

schematic—not 
histology

Fibrous septa surrounding proliferating hepatocyte nodules

Nodular hepatocyte populations Fibrous connective-tissue boundaries

• Surviving hepatocytes replicate and form regenerative nodules.

• Fibrous septa encircle nodules, preventing normal architectural restitution.



Regenerative nodules do not imply normal structure

Regeneration is present

• Surviving hepatocytes proliferate

• Nodular populations expand

• Cellular loss is partly compensated

Architecture remains abnormal

• Fibrous septa surround nodules

• Vascular organization is altered

• Cirrhosis remains a pathologic state



Removing chronic injury may permit scar regression

Schematic

Injurious stimulus 
interrupted

Reduced stellate 
activity

Some septal collagen 
may regress

• Partial septal resolution following control of injury.

• Regression of scar does not necessarily restore all normal structures.



Vascular changes can persist despite scar resorption

May improve

• Continued fibrogenesis can cease

• Fibrous septa may become less prominent

• Some structural remodeling is possible

May remain abnormal

• Vascular remodeling can persist

• Architecture may remain distorted

• Portal hypertension may not fully resolve



Cell number, architecture, and function are distinct

Domain What to assess conceptually

Cellular mass Extent of viable hepatocyte replacement

Tissue architecture ECM, septa, nodules, vascular organization

Organ function Capacity for normal hepatic physiological roles



Clinical application: Partial hepatectomy

A living donor retains an intact liver remnant after hepatectomy.

Predict the dominant source of replacement cells and the signaling sequence.

Interpretation

Proliferation of remnant hepatocytes after cytokine priming and growth-factor 
stimulation.

This illustrates an injury dominated by loss of mass, with preserved viable parenchyma.



Clinical application: Chronic inflammatory liver injury

A chronic liver disease biopsy shows a prominent ductular reaction and fibrosis.

What regenerative mechanism becomes more relevant?

Interpretation

Expansion and differentiation of resident progenitor cells may contribute.

Chronic injury can impair mature-hepatocyte replication; Ductular reaction is associated with progenitor 
expansion.



Clinical application: Bridging necrosis

Histologic sections demonstrate confluent loss joining portal and central regions.

Does this finding prove hepatocyte replication cannot occur?

Interpretation

No. Adjacent surviving hepatocytes may still be the primary source of replacement.

Chapter 18 explicitly describes mature-cell replication even after substantial confluent necrosis.



Clinical application: Nodular cirrhosis

A cirrhotic liver contains regenerative nodules surrounded by fibrous septa.

Why is this not complete restitution?

Interpretation

Parenchymal proliferation coexists with distorted ECM and vascular architecture.

The presence of regenerative nodules does not equal normal tissue organization.



A three-variable model predicts repair behavior

Schematic

Surviving hepatocyte 
capacity

Stem/progenitor 
contribution

ECM and vascular 
integrity

All three inform the eventual repair pattern

Use these variables together to interpret the dominant pathologic repair response.



Final synthesis: Two routes, one tissue outcome

Schematic

Loss of functional liver parenchyma

Mature hepatocytes proliferate Progenitor cells repopulate

Scarring increases when reparative cellular mechanisms cannot restore the supporting 
framework.



References and source boundaries

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

Tissue Repair / Cell and Tissue Regeneration; Liver Regeneration.

Hepatocyte and Parenchymal Responses; Scar Formation and Regression.

All diagrams in this lecture are original editable schematics; no diagnostic specimens are 
reproduced.
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