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Supplementary Table S1: Impact of non-respiratory viruses on the Nrf2 pathway  
 

Viruses Mechanism of Nrf2 activation Reference 
HIV gp120 and Tat 
proteins, NS3 viral 
protein of HCV, other 
HCV viral proteins, 
Marburg virus 
(MARV) VP24 protein 

Viral proteins: 
・ ↑ direct activation of Nrf2 
・ HCV NS3 binds to cytosolic sMafs that regulate Nrf2.  
・ HCV viral proteins ↑ ROS through a Ca2+ signaling in the ER and 
↑ Nrf2/ARE signaling.  
・ MARV VP24 binds and ↓ Keap1 ↑ Nrf2  

[1-7] 

HPV Hypermethylation of the KEAP1 gene promoter CpG island ↓ Keap1 
↑ Nrf2 

[8] 

Herpes viruses such 
as KSHV and EBV  
 

・ Herpes viruses ↓ Bach1, a major Keap1-independent regulator of 
Nrf2 ↑ Nrf2 

[9,10] 

DNA viruses that can 
induce latency such 
as KSHV, HBV and 
RNA viruses such as 
SFTS 

・ Alter autophagy, ↑ P62 ↓ KEAP1 binding to Nrf2 ↑ Nrf2  [11-16] 
   

HCV ・ ↑ phosphorylation of the redox-sensitive PKC ↑ NRF2 dissociation 
from KEAP1  

[17] 

Hepatitis viruses ・↑ PI3K-protein kinase B (Akt) signaling pathway which ↑ 
phosphorylation of GSK3 and cytosolic NRF2 to further ↑ its 
proteasomal degradation through a CULLIN1 (CUL1)-dependent 
mechanism  

[18,19] 

Dengue virus ・ ↑ Nrf2 through the ER stress-protein kinase RNA-like ER kinase 
(PERK) signaling pathway  

[20] 

Human 
cytomegalovirus 
(HCMV) 

・ ↑ ROS-independent casein kinase 2 (CK2) pathway ↑ Nrf2 [21] 

Coxsackievirus B3 
(CVB3) 

・  ↑ 12/15-lipoxygenase (12/15-LO) (a lipid-peroxidizing enzyme 
involved in production of inflammatory mediators) ↓ Nrf2 in cardiac 
myocytes  

[22] 

DNA viruses that can 
induce latency such 
as KSHV 
 

 ・ The viral genome can directly associate with Nrf2 in a manner that 
is dependent on the latency-associated KSHV protein LANA-1, which 
allows for the transcription of the latent viral proteins 

[23] 

 
Abbreviations: ROS: Reactive oxygen species; mito-ROS: mitochondrial Reactive oxygen species, ER: 
endoplasmic reticulum, sMafs: small Maf proteins, Nrf2: Nuclear factor erythroid 2-related factor, HCV, Hepatitis 
C virus, KEAP1: Kelch-like-ECH-associated protein 1, RSV: Respiratory syncytial virus, KSHV: Kaposi sarcoma-
associated herpesvirus, EBV: Epstein Barr Virus, HBV: Hepatitis B virus, SFTS: Severe fever with 
thrombocytopenia syndrome, PKC: protein kinase C, PI3K: phosphatidylinositol 3-kinase (PI3K), GSK3: 
glycogen synthase kinase 3, COX-2: cyclooxygenase 2. PGE2: Prostaglandin E2.  
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