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Dedifferentiation 

- loosing of specific features 

- return into cell cycle
- dedifferentiation is often possible to observe under in vitro
conditions and during culturing of immortalized cell lines

- cell are loosing specific features that make them distinct from stem 
cells or other differentiated cells

- changes can be induced by absence of appropriate stimuli from the 
environment

- changes in gene expression

- synthesis of new proteins

- cell can not perform functions conditioned by differentiation

- usually dedifferentiation is accompanied by changes in cell 
morphology

Liver – hepar is the biggest 
gland in the human body. Its 
weight is cca 1500 g in 
human.

Liver is composed from several lobes. It is possible to perform

biopsy and cultivate cells under in vitro conditions. Liver has

dual blood supply. The portal vein provides about two thirds of

the blood. This blood contains nutrients brought to the liver

from the intestines for processing. The hepatic artery provides

the remaining one third of blood coming from the heart.
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protein metabolism
 lipid metabolism
polysaccharides metabolism
hem synthesis
bilirubin metabolism
bile acid metabolism
urea cycle cycle
drug metabolism 
hepatotoxicity

Liver

 Liver has anatomical position allowing interactions with 
many body organs and a lot of biochemical processes 
takes place here.

 Venous blood enters liver via vena portae that contains 
digestion products including drugs and xenobiotics, that 
after liver passage, enter systemic circulation.

 Hepatocytes show wide range of anabolic and catabolic 
metabolic functions. They express enzymes to process 
lipids, sugars, proteins, aminoacids, vitamis, metals and 
xenobioticx.

 Liver serves also as an excretoric organ, because via bile 
ductus it secrete substances into the intestine.

 Liver has big reserve in its capacity.

Partial hepatectomy

• Partial hepatectomy, PHx (by Higgins and
Anderson) 

-- two-thirds of the liver of a rat is removed.

1. The residual lobes enlarge to make up for the 
mass of the removed lobes

2. The resected lobes never grow back.

3. The whole process lasts 5 to 7 days. 

• Partial hepatectomy is the most often used

– No tissue injury and inflammation

– Initiation of regenerative stimulus is precisely 
defined

Partial hepatectomy

• The regenerative response is proportional 
to the amount of liver removed. 

• Small resections (<10%) are followed by 
eventual restoration of the liver to full size. 

Liver mass is precisely regulated

• Large to small dog

When liver from large 
dogs is transplanted 
into small dogs, liver 
size decreases until 
the liver size 
becomes proportional 
to the new body size.

• Xenotransplantation 

• In two recent cases of 
baboon liver 
transplanted to 
humans, the baboon 
intact liver rapidly 
grew in size (within a 
week) until it reached 
the size of human 
liver.

• Large to small dog

When liver from large 
dogs is transplanted 
into small dogs, liver 
size decreases until 
the liver size 
becomes proportional 
to the new body size.

• Xenotransplantation 

• In two recent cases of 
baboon liver 
transplanted to 
humans, the baboon 
intact liver rapidly 
grew in size (within a 
week) until it reached 
the size of human 
liver.
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After PHx, who work?

• In bone marrow and skin depend on a 
small group of progenitor or stem cells. 

• After PHx, proliferation of all the existing 
mature cellular populations compose the 
intact organ. 

• When mature hepatocytes are inhibited
from proliferation, Cells with stem cell 
properties appear in large numbers. 

The existing mature cellular 

populations
1. Hepatocytes (the main functional cells of the 

organ);
2. Biliary epithelial cells (lining biliary ducts); 
3. Fenestrated endothelial cells [a unique type of 

endothelial cells with large cytoplasmic gaps 
(fenestrae) that allow maximal contact between
circulating blood and hepatocytes]; 

4. Kupffer cells (macrophages in hepatic sinusoids); 
5. Ito cells [stellate cells unique to the liver and 

located under the sinusoids; they surround 
hepatocytes with long processes, store vitamin A, 
synthesize connective tissue proteins, and 
secrete several growth factors]. 

Which affect hepatocyte proliferate?

• Multiple parameters affect the 
duration of the interval between 
PHx and the initiation of DNA
synthesis 

1. Diurnal light stimuli 

2. Feeding patterns 

3. Others

How much time to start DNA 
synthesis?

• This interval is 10 to 12 hours in rats. 
– But Kinetics of cell proliferation differ slightly 

from species to species. 

• The first peak of DNA synthesis in 
hepatocytes occurs at about 24 hours, 
with a smaller peak between 36 and 
48 hours. 

How many cell cycle does hepatocyte 
proliferate to built up original liver 

mass?

• Two-thirds of the hepatic tissue is 
removed, 
It requires 1.66 proliferative cycles per 

residual hepatocyte.

Most of the hepatocytes (95% in young 
and 75% in very old rats) in the residual 
lobes participate in one or two 
proliferative events.

Where does hepatocyte start to 
proliferate?

• Hepatic lobules was composed 
around
– portal triads and central veins. 

• Portal triads are composed of 
1. Portal vein 

2. Hepatic artery 

3. Bile ductule
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Where does hepatocyte start to 
proliferate?

• Starts in the areas of the lobules of  
portal triads (periportal area). 

then proceeds to the pericentral areas 
by 36 to 48 hours.

• The other cells of the liver enter into 
DNA synthesis about 24 hours after the 
hepatocytes, with a peak of DNA 
synthesis at 48 hours or later (Fig. 1).

Hepatocyte proliferate First and 
What does she do next?

• Hepatocytes provide mitogenic stimuli 
leading to the other cells proliferate
– The kinetics of cell proliferation
– The growth factors produced by proliferating 

hepatocytes

• After 2 to 3 days --All cellular elements 
proliferate. 

• At day 3 to 4 --Liver histology 
characterized by clumps of small 
hepatocytes surrounding capillaries. 

Hepatic histology is restored through a 
series of steps

• By day 7, hepatic histology consists of 
lobules larger in size than before 
regeneration. 

• Reason is unclear.

Clonogenic Capacity of Hepatocytes: 
Prometheus Revisited

• Modern studies have validated the 
ancient myth of Prometheus 

1. Liver has an almost unlimited capacity to 
regenerate. 

2. Using PHx to its limits, it was shown that 
rat liver regenerated each time after 
12 sequential hepatectomies. 

Clonogenic Capacity of Hepatocytes

• A single hepatocyte can expand through a 
minimal number of 34 cell divisions, giving 
rise to 1.7 × 1010 cells. 

• Because a normal rat liver has on average 
3 × 108 hepatocytes, 
a single rat hepatocyte has enough 

clonogenic capacity to generate about
50 rat livers. 
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Clonogenic Capacity of Hepatocytes: 
Studies in culture 

• Under the influence of hepatocyte growth factor 
(HGF) and epidermal growth factor (EGF) 
– hepatocytes dedifferentiate, 

– undergo multiple proliferative events, 

– expand in a clonal fashion, 

– and redifferentiate to form mature hepatocytes or  
duct-like structures. 

mature hepatocytes are not terminally
differentiated cells.

Hepatocyte as the Phenotypic Acrobat 

1. Capacity to proliferate 
2. Simultaneously performing all essential

functions needed for homeostasis. Including 
– Glucose regulation, 
– Synthesis of blood proteins(albumin and coagulation 

proteins), 
– Secretion of bile, 
– Biodegradationof toxic compounds,
– Others. 

• When 33% of the organ remains and 90% of the
cells in the residual organ are undergoing 
proliferation or mitosis, or both. 
Little disturbance in these functions

Events in hepatocyte that occur 
shortly after PHx

1. Within 1 to 5 min 
• Urokinase receptor appears in the hepatocyte 

plasma membrane 
• Urokinase activity increases

2. Within 30 min
• Hepatocyte plasma membrane hyperpolarize. 

3. Within 5 hours
• Marked morphologic changes in bile canaliculi
• But little decrease in bile secretion.

“Immediate early genes“

• - there is induction of several new genes.

• It is Independent of new protein synthesis.

Some protein activate immediate early 
gene (Within 30 min after PHx)

• IGFBP1--increases remarkably to 100-fold 
– binds insulin-like growth factor I (IGF-I) and IGF-II. 

• Activation of the transcription factor STAT3 (signal 
transducer and activator of transcription-3) 
– occurs within 30 min,

– peaking at 3 hours 

– persisting beyond 5 hours . 

• Nuclear factor kappa B (NF-kB) (p50-p65 complex)
– appears within minutes after PHx

– NF-kB and STAT3 are rapidly activated and translocated to the 
nucleus.

Proliferation and Differentiation: Hepatocyte 
as the Phenotypic Acrobat

• Many of the immediate early genes contain in 
their promoter region sequences reactive to NF-
B and STAT3. 

• AP1 activity increases rapidly as a result of new 
synthesis of both c-Fos and c-Jun.

• LRF-1, another leucine zipper protein, is also 
induced rapidly after PHx and participates in 
complex formation with c-Jun.
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Proliferation and Differentiation: Hepatocyte 
as the Phenotypic Acrobat

• Accumulation of triglycerides in 
hepatocytes from 20 to 72 hours after PHx 
associated with marked induction of 
lipogenic enzymes.

• All parameters eventually return to normal
by day 5 to 7 after PHx along with
cessation of proliferation and restoration of 
hepatic architecture. 

What Triggers Liver Regeneration 
After Partial Hepatectomy?

1. After PHx, hepatic tissue or isolated
hepatocytes are transplanted into 
extrahepatic sites, they enter into DNA 
synthesis.

2. Two rats are joined in pairs through 
parabiotic circulation, hepatectomy of one 
member causes regeneration of the intact 
liver of the other. The  maximum effect was 
seen when liver is totally removed.

A mitogenic signal or signals for 
hepatocytes appear in the blood during liver 
regeneration.

Factors Trigger Liver Regeneration 
After Partial Hepatectomy

1. Hepatic growth factor 

2. TNF-alpha and IL-6

3. EGF and TGF-

4. Other Growth Factors with Paracrine Effects

5. Norepinephrine

6. Insulin

7. Nuclear Hormone Receptor Ligands and 
Xenobiotics.

c-Met, also called tyrosine-protein kinase Met or hepatocyte growth factor receptor - HGFR 

Urokinase plasminogen activator, uPA 

Regeneration Triggers: All of the 
Above? A Universalist Approach

• The scenarios discussed above for HGF, EGF, 
TGF-alpha, IL-6, TNF-alpha, norepinephrine, 
and insulin are by no means mutually exclusive.

• Experimental showed they all contribute in some 
way to lead hepatocytes from the G0 phase to 
the G1 and S phases of the cell cycle. 

• Undoubtedly HGF plays a definitive role in this 
process. 
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Regeneration Triggers: All of the 
Above? A Universalist Approach

• It is capable of generating a complete 
mitogenic signal in hepatocyte cultures in 
the absence of any other signaling
cytokines. 

• The increase of HGF in the plasma makes 
it a reasonable candidate as the main 
trigger for regenerative process.

Regeneration Triggers: All of the 
Above? A Universalist Approach

• EGF is also a hepatocyte mitogen that is 
continually available to liver. 

• The changes in EGF receptor 
concentrations before an increase in TGF-
suggest that EGF also plays a role in the 
set of events immediately after PHx. 

Regeneration Triggers: All of the 
Above? A Universalist Approach

• Signaling pathways generated by insulin, IL-6, 
and norepinephrine (alpha 1 adrenergic receptor) 
are not primary mitogen for hepatocytes. 

• IL-6 cause rapid synthesis of acute phase 
proteins but not DNA synthesis.

• Insulin and norepinephrine are not mitogens, but 
they amplify the mitogenic response of EGF and 
HGF.

Regeneration Triggers: All of the 
Above? A Universalist Approach

• Regeneration, albeit slower, is 
eventually completed in

1. IL-6 deficiency,
2. low concentrations of insulin, 
3. complete alpha 1 adrenergic blockade, 
4. infusion of TGF-beta 1, 
5. after localized radiation with 15 grays 

(1 gray = 100 rads)

Regeneration Triggers: All of the 
Above? A Universalist Approach

• In fact, there is nothing known that 
completely prevents liver regeneration. 

• This suggests that there is a redundancy 
of the early "priming" signals.

• After PHx, Threefold increase in relative 
blood flow per unit liver weight.

Regeneration Triggers?
• It is not entirely clear how this eventually

triggers events as rapid as the increase in 
uPA activity within 5 min or activation of 
transcription factors and induction of
immediate early genes within 30 min.

• Eventually the rise within 30 to 60 min of 
HGF in the plasma adds a strong endocrine 
mitogenic signal to hepatocytes already 
"primed" by EGF, IL-6, insulin, matrix 
remodeling, and others, which leads 
hepatocytes into DNAsynthesis. 

• It needs to sort out the earliest signals
associated with triggering the origin of the 
regenerative response
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Conclusions

• The last two decades have brought a 
better understanding of the molecular 
mechanisms of hepatic growth control. 
Many questions, however, still remain 
unanswered. It is likely that liver
regeneration will continue to provide a 
very useful model to study the integration
of signaling pathways during 
organogenesis.

Differentiation - principle
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... is it possible to revert 

the process???? 

Stem Cell Discoveries Win Nobel Prize
2012

John B. Gurdon of the University of 
Cambridge & Shinya Yamanaka of 
Kyoto University the Nobel Prize in 

Medicine 
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http://www.leica-
microsystems.com/science
-lab/nobel-prize-2012-in-
physiology-or-medicine-
for-stem-cell-research/

1962

thank you for your 
attention


