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Mitochondrial Dynamics in 
Persistent Hepatitis B Virus and 

Hepatitis C Virus Infections 



Hepatitis C Virus (HCV) 

  Flaviviridae family 
  Enveloped RNA virus 
  positive strand RNA genome which 

encodes single polyprotein 
precursor that post-translationally 
produces: 

      - 4 mature structural proteins 
      - 6 mature nonstructural proteins 

Hepatitis B Virus (HBV) 

  Hepadnavirus family 
  Enveloped DNA virus 
  DNA genome which encodes 4 

overlapping ORF: 
      - pre-S/S (surface antigen) 
      - C (core/e antigen) 
      - P (polymerase, reverse transcriptase) 
      - X (HBx) 



Hepatitis → Cirrhosis → HCC 

HBV & HCV Cause Similar Pathogenesis of Liver 

• Hepatitis A virus (HAV) 
 

• Hepatitis B virus (HBV) 

• Hepatitis C virus (HCV) 
 

• Hepatitis D virus (HDV, Delta agent) 

• Hepatitis E virus (HEV) 

• Hepatitis G virus (HGV) 

Blood-borne 

Chronic hepatitis 

Hepatocellular carcinoma 



HBV & HCV Induce various cellular 

& physiological alterations: 
 

• ER stress, ER Ca2+ depletion 

• ROS generation: high 

• Mitochondrial membrane potential: low 

• Mitochondrial depolarization & swelling 

• Impairment in β-oxidation 

: Associated with chronic liver Diseases 



HBV & HCV 
Induce Mitochondrial Fission 



Mitochondrial dynamics 

 Mitochondrial dynamics 
      : involves fission, fusion, and mitophagy 

 Mitochondrial fusion 
      : In healthy cells, mitochondria 

1) fuse to form tubular network 
2) conserve energy 

 Fusion factors: Mitofusin 1/2 and Opa1 

 Mitochondrial fission 
1) Is a general stress response of cells 

2) Contributes mitochondrial quality control in stressed cells 

3) is the mechanism to segregate healthy and damaged 
mitochondria 

4) is initiated by activation of Drp1 by Ser616 phosphorylation 
leading to mitochondrial translocation (Fission factor: Drp1) 

 Drp1 receptor: Mitochondrial fission factor (Mff) 



HCV: Induces Mitochondrial Fission 
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HBV/HBx: Induces Mitochondrial Fission 
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HBV & HCV: Stimulates 
Drp1 Expression and Its Ser616 Phosphorylation 
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HBV & HCV: Induces Drp1 Translocation to Mitochondria 
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HBV & HCV 
Induce Mitophagy 



HCV: Stimulates Parkin and PINK1 Expression 
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HCV: Induces Parkin Translocation to Mitochondria 
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HBV Induces Parkin Translocation to Mitochondria 
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A novel system for monitoring mitophagy 
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HBV & HCV: Induces Complete Mitophagy 

U
n

in
fe

ct
ed

 
H

C
V

 

DAPI/HCV core DAPI/GFP DAPI/RFP DAPI/RFP/GFP 

DAPI/HCV core DAPI/GFP DAPI/RFP DAPI/RFP/GFP 

- 
- 

+ 

DAPI/HBsAg DAPI/GFP DAPI/RFP DAPI/RFP/GFP 

+ 
+ 

+ 

H
B

V
 

DAPI/HBx DAPI/GFP DAPI/RFP DAPI/RFP/GFP 

DAPI/HBsAg DAPI/GFP DAPI/RFP DAPI/RFP/GFP 

H
B

x 
H

B
V

-Δ
X

 

+ - 

+ 

Kim et al, PLoS Pathog, 2013, 12: e1003722 
Kim et al, PNAS, 2014, 111:6413-6418 



Mitochondrial fission facilitates HCV secretion 
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Effect on mitochondrial dynamics 
on liver diseases 
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 Robust cytochrome C release 
 Enhancement of caspase-3 activity 
 Increase of caspase-3 and PARP cleavage 
 Increase of TUNEL-positive cells 
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Summary 

Hepatitis B and C viruses (HBV & HCV) 

1) promote mitochondrial fission 

2) induce mitophagy 

 

HBV & HCV modulate mitochondrial dynamics 
that serve to maintain persistent viral infection 
and contribute to chronic hepatitis B & C 



A Model Elucidating HBV & HCV-induced Aberrant 
Mitochondrial Dynamics in Mitochondrial Apoptosis 
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HBV & 

HCV 

 Attenuation of apoptosis 

     (by preventing cytochrome C release, etc.) 

 Robust virus life cycle 

 Chronic hepatitis 



The Emerging Role of Mitochondrial Dynamics in Viral Hepatitis 
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