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 Role of HGF and IL-6 in liver regeneration
 liver regeneration
 HGF as regeneration driver
 IL-6 as regeneration unlocker

 Cross-talk categorized and measured by indicators
 ExTILAR
 Hepcidin story - example of a highlighted gene



(B) Percentage of 3H-
thymidine labeled 
liver cells at 
timepoints after 
two-thirds PH. 

(C) BrdU incorporation 
into proliferating rat 
hepatocytes after 
CCl4 treatment
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HGF hepatocellular growth factor=hepatopoietin A=scatter factor
released and induced in regeneration

 HGF is deposited in the extracellular matrix
 It is released by any type of injury ‒ and by partial 

hepatectomy
 It is induced in hepatocytes and stellate cells
 Excreted from stellate and sinusoidal endothelial cells

Michalopoulus (2007) 
Liver Regeneration. J. 
Cell. Physiol. 213: 
286–300.



HGF essential for proliferation

Liver regeneration is compromised in HGF KO mice after CCl4 and PH 
due to a decrease in HGF 

(B) Graph of liver weight to body weight ratios after CCl4/PH shows a significant 
decrease in HGF KOs at D2. (*P,0.05) 

(D) PCNA IHC on livers harvested at D2 after PH in control and HGF KO animals treated 
with CCl4

 PCNA … Proliferating-Cell-Nuclear-Antigen

Nejak-Bowen et al. (2013) Conditional Genetic Elimination of 
Hepatocyte Growth Factor in Mice Compromises Liver. Regeneration 
after Partial Hepatectomy. PLoS ONE 8(3): e59836.



mTOR signaling essential for
proliferation

… control, 
… dexmethasone, 
… rapamycin+ dexmethasone

Fouraschen et al (2013) mTOR signaling in liver regeneration: 
Rapamycin combined with growth factor treatment. World J 
Transplant; 3(3): 36-47.



HGF signaling

Fausto et al. (2006) Liver Regeneration. 
Hepatology 2006;43:S45-S53.



IL-6 (interleukin 6)
induced in regeneration

rat. 2/3 hepatectomy

Fulop et al. (2001) Hepatic regeneration induces transient acute phase 
reaction: systemic elevation of acute phase reactants and soluble cytokine 
receptors. Cell biology international 25(7) : 585-592.



IL-6 signaling
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Liver Regeneration.
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Fausto model of regeneration control
 Scheduled protocol of cytokine signals

Fausto et al. (2006) Liver Regeneration.
Hepatology 2006;43:S45-S53.



Cytokine signaling program in 
regeneration

Michalopoulus (2007) Liver Regeneration. J. 
Cell. Physiol. 213: 286–300.



Tissue level

Fausto et al. (2012) Liver Regeneration.
Journal of Hepatology 57: 692–4.

Michalopoulus (2007) Liver Regeneration. J. 
Cell. Physiol. 213: 286–300.



Problems - Question
 In hepatocyte cell culture experiments:

 HGF alone more or less mitogenic
 IL-6 alone not mitogenic
 IL-6 and HGF combined strongly mitogenic

 Both HGF and IL-6 polyspecific
 IL-6 

 pro-inflammatory cytokine
 anti-inflammatory myokine

 HGF
 growth signal for epithelial, endothelial cells, haemopoietic

progenitor cells.
 cell motility
 morphogenic factor, in myogenesis, wound healing

 What specific effects occur if HGF and IL-6 acting at the same 
time?

Michalopoulus (2007) 
Liver Regeneration. J. 
Cell. Physiol. 213: 
286–300.



Disjoint vs. common signaling

 For which genes
 do they support each other? Synergy
 does one block the other? Attenuation
 do they diverge? Spread
 Which dominates for diverging genes? Dominance

HGF IL-6

STAT3ERK1/2, AktmTOR, Ras-Raf-MEK



Ranked list

 Genes filtered
 at least one time point >5.5
 at least one treatment effect >0.5, p<0.05

 Indicators defined for each category:
 Synergy
 Attenuation
 Spread
 Dominance

 Purposes
 rank 
 measure, compatible log2-fold change



Synergy

… creation of a whole that is greater 
than the simple sum of its parts.

 Same direction of regulation of 
HGF and IL-6

 Combined treatment larger effect 
than single

at … expression change induced by HGF
bt … expression change induced by IL-6
ct … expression change induced by HGF+IL-6



Highest synergy in up-regulation

17

 Fibulin 2, marker for 
myofibroblasts, shows 
fibrosis

 C-X-C ligands, 
intracellular 
communication



Highest synergy in down-regulation
 Ddc, also degrades 

cytokines
 Akr 1c14/1c19 

embryonal isoforms



Attenuation

 Significant effect to one factor
 Little effect to the other
 Little effect to combined treatment

HGF up
HGF down
IL-6 up
IL-6 down

at … expression change induced by HGF
bt … expression change induced by IL-6
ct … expression change induced by HGF+IL-6



Highest attenuation of HGF up-regulation
 Foxg1 cancer 

marker, 
unknown 
function



Highest attenuation of HGF down-regulation
 Nedd9 

metastasis 
marker



Highest attenuation of IL-6 up-regulation



Highest attenuation of IL-6 down-regulation



Divergent regulation

 What the effect of combined
treatment?

 Cancel out, HGF dominates, IL-6 
dominates.

at … expression change induced by HGF
bt … expression change induced by IL-6
ct … expression change induced by HGF+IL-6

HGF up/ IL-6 down

HGF down/IL-6 up

HGF dominates

IL-6 dominates



Highest spread of HGF up, IL-6 down
 Amphiregulin, part 

of wound healing, 
damage response 
program

 Hsd3b4 hormone 
degradation



Highest spread of HGF down, IL-6 up

Mostly IL-6 dominates



CXCL10 central
 early response gene
 synergistic
 cytokine
HSD3B4
 early onset
 spread
 hormone synthesis

ExTILAR

In progress





Hepcidin



Hepcidin in liver regeneration

SO … sham operation
PH … partial 2/3 hepatectomy
(B) Time course of serum IL-6. 
(C) Mice were treated with anti-HGF neutralizing 

antibodies or an equal dose of normal IgG antibodies. 

Wang et al. (2013) Hepcidin plays a 
negative role in liver regeneration. Acta
Biochim Biophys Sin  45(12), 1049-54.



HGF inhibition increases hepcidin

Wang et al. (2013) Hepcidin plays a 
negative role in liver regeneration. Acta
Biochim Biophys Sin  45(12), 1049-54.



Hepcidin regulation

Arosio (2014) New signaling pathways for 
hepcidin regulation. Blood 123: 1433-1434.



Dyxin, synergistic gene



Dyxin binds to GATA6 and inhibits the signal

 Target promoters of GATA6
 SP-A … mouse surfactant protein A
 cTNC … cardiac troponin C

Rath et al. (2005) LMCD1/Dyxin Is a Novel Transcriptional Cofactor That 
Restricts GATA6 Function by Inhibiting DNA Binding. Mol. and Cell Biol. 25(20) : 
8864–8873.



GATA6 facilitates Hepcidin induction by IL-6

 Huh7 hepatoma cells

Bagu et al. (2013) Friend of GATA and GATA-6 modulate the transcriptional up-
regulation of hepcidin in hepatocytes during inflammation. Biometals 26:1051–
1065.
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Hypothesis: role of dyxin in hepcidin
regulation

HGF IL-6

Hamp

Dyxin

GATA6

mTOR

Ras-Raf



Take-home message
 HGF and IL-6 important complementary roles in 

liver regneration
 Top ranked genes for synergy, attenuation, 

spread are often associated to growth, cancer, 
(de)differentiation, fibrosis

 Dyxin, 3rd most synergistic, and Hepcidin, most
divergent IL-6 induced have known
transcriptional connection, putative role in 
growth control
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