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G protein and GPCR 

GPCR 
• 7-transmembrane domain 
• Catalyze GDP release from 

Gα to bind with GTP

G protein
• Guanine nucleotides binding

Activated Gα

W.M. Oldham and HE. Hamm, Nat. Rev. Mo. Cel 2008

1 GPCR signaling pathway
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GPCR signaling pathway

• Block the binding with other ligands
e.g.CCL7

Chemokine（~40 members）
• 8-12 kda
• position of conserved cysteines
• CC-chemokines ligand 1-25

eg. CCL5
• CXC-chemokine ligand 1-18

eg.CXCL12

Chemokine receptor（18 members）
eg. CC-chemokine receptor-5 

CCR5
CXC-chemokine receptor-4 
CXCR4

• Activates a receptor to 
produce a biological 
response 
e.g.CCL3,CCL4 and CCL5

Chemokine for chemokine receptor

1 GPCR signaling pathway

CCR5

CCR5

Ieva Sutkeviciute J Biol Chem.2020
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viral hijacking of GPCR signaling pathway

Viral protein

2 Viral hijacking of GPCR signaling pathway

Akrit Sodhi, Nat. Rev. Mo. Cel ,2004 6
Viral GPCR( vGPCR)



K. Y. C. Chow, Cell Host & Microbe 2010

• CXCL12 and its receptors CXCR4 
and CXCR7 are up-regulated in
HPV-immortalized keratinocytes 

• CXCL12-dependent signaling 
controls the motility and survival 
of keratinocytes 

• Gain-of-function CXCR4 leads to 
HPV-keratinocytes tumorgenesis

CXCL12-CXCR4 role for HPV-mediated tumorigenesis

2 Viral hijacking of GPCR signaling pathway

CXC-chemokine receptor-4 (CXCR4) 
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• CC-chemokine receptor-5 (CCR5)
HIV using CCR5 as co-receptor for entry

J. Pu,et al Viruses 2019

Virus membrane

viral hijacking of GPCR signaling pathway

Cell membrane
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HIV entry into target cell 8

CCR5 CCR5



Yuntao Wu and Alyson Yoder,PLoS Pathog. 2009
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HIV harness the signaling capacity of CCR5
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• Induce intracellular 
mitogen-activated protein 
kinase MAPKs pathway



Nadia Arang and J. Silvio Gutkind .FEBS Letters ,2020,
Jeffrey R.van Senten Pharmacological Research,2020 

Kaposi sarcoma-associated herpesvirus (KSHV)

• Latent in lymphocytes
• Associated with cancer

The causative agent of 
Kaposi sarcoma KS

vGPCR encoded by an open reading frame (ORF 74) of 
KSHV can be detected in Kaposi sarcoma lesions 

Distantly related to their closest human chemokine 
receptors 

2 Viral hijacking of GPCR signaling pathway
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• Agonists
• Growth-regulated oncogene α (GROα, CXCL1)
• Angiogenic chemokines

• Antagonist
• CXC chemokines IL-8 （CXCL8）

• Inverse agonists
• Inhibit the constitutive activity of the receptor
• CXCL10
• Angiostatic chemokines 

• Constitutive activity 
• What makes ORF74 distinct from human

chemokine receptors 

2 Viral hijacking of GPCR signaling pathway

Steen et al. Frontiersin.2014
Holst PJ,. J Clin Invest. 2001
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ORF74 receptor stimulates signalling pathways 
• Transforming
• Pro-angiogenic
Mechanism

2 Viral hijacking of GPCR signaling pathway

Silvia Montaner et al., Annu. Rev. Pharmacol. Toxicol. 2013. 
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• Direct and paracrine AKT activation is 
necessary and sufficient for ORF74
oncogenesis 



• Targets of ~30% FDA approved small
molecule drugs

3 Targeting GPCR for antiviral therapy

Rita Santos, Nature Reviews Drug Discovery.2017
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• Celsentri sales to 
reach USD 350m in 
2015

• Successful example
• For the treatment of HIV infection
• Drugs against host targets and blocking

the virus-host protein-protein 
interactions 

de Chassey et al. Genome Medicine 2014 

Maraviroc

• CCR5 Antagonist

3 Targeting GPCR for antiviral therapy

O Latinovic et al Clinical Medicine: Therapeutics 2009

Targeting human CCR5
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• Zn2+ ions have inverse agonistic effects on an 
ORF74 mutant receptor 

• No small molecular compounds against 
ORF74 have been reported to our knowledge

• Attractive target for Herpesvirus-associated 
diseases

Targeting ORF74

3 Targeting GPCR for antiviral therapy
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• Virues have their distinct strategy of hijacking of GPCR signaling pathway
• HPV
• Upregulating CXCR4 to promote carcinogenesis

• HIV
• Using CCR5 as coreceptor for entry and CCR5 signaling enhances viral

replication
• Maraviroc

• KSHV
• Encoding ORF74 for transforming and angiogenesis
• Hitherto no compound

• Targeting vGPCRs by inverse agonists
• can be considered as attractive targets moving forward in the 

development of antiviral, cancer disease treatments

Conclusion and perspective
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