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1 GPCR signaling pathway
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1 GPCR signaling pathway

Chemokine for chemokine receptor

Chemokine (~40 members)
e 8-12 kda
* position of conserved cysteines
* CC-chemokines ligand 1-25
eg. CCL5
e CXC-chemokine ligand 1-18
eg.CXCL12

Chemokine receptor (18 members)
eg. CC-chemokine receptor-5
CCR5
CXC-chemokine receptor-4
CXCR4
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Viral GPCR( vGPCR)

Viral protein
Chemokine

>
()
S
<
s
(4°)
Q.
o0
=
©
c
20
(7))
oc
O
Q.
O
o
@)
o0
=
4
@
ok
.|m
I
—
>
N

Akrit Sodhi, Nat. Rev. Mo. Cel ,2004



2 Viral hijacking of GPCR signaling pathway

CXCL12-CXCR4 role for HPV-mediated tumorigenesis
CXC-chemokine receptor-4 (CXCR4)

e (CXCL12 and its receptors CXCR4
Saranine (N CXCRa and CXCR7 are up-regulated in
cm HPV-immortalized keratinocytes
e Survival e (CXCL12-dependent signaling
controls the motility and survival

HPV 120 : of keratinocytes
g E 1004 * Gain-of-function CXCR4 leads to
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K. Y. C. Chow, Cell Host & Microbe 2010
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2 Viral hijacking of GPCR signaling pathway

HIV using CCR5 as co-receptor for entry
* CC-chemokine receptor-5 (CCR5)

irus membra
‘9p41
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1. Receptor binding 2. Coreceptor binding 3. Membrane fusion ). Pu,et al Viruses 2013
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2 Viral hijacking of GPCR signaling pathway

* Induce intracellular
mitogen-activated protein
kinase MAPKs pathway

) | proliferation
Cytokine
secretion
Viral

\replication

Yuntao Wu and Alyson Yoder,PLoS Pathog. 2009



2 Viral hijacking of GPCR signaling pathway

Kaposi sarcoma-associated herpesvirus (KSHV)

Subfamily| y-herpesvirus . | ® Latent in lymphocytes

e Associated with cancer
Virus > | The causative agent of

Kaposi sarcoma KS

KS

Diseases

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

| Distantly related to their closest human chemokine

CKR gy | receptors
homolog |z Nadia Arang and J. Silvio Gutkind .FEBS Letters ,2020,

Jeffrey R.van Senten Pharmacological Reselgrch,ZOZO



2 Viral hijacking of GPCR signaling pathway

* Constitutive activity
 What makes ORF74 distinct from human
chemokine receptors

vGPCR

* Agonists
R 2o Agonist * Growth-regulated oncogene a (GROa, CXCL1)
o — * Angiogenic chemokines
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Holst PJ,. J Clin Invest. 2001

e Angi tic chemokines
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2 Viral hijacking of GPCR signaling pathway

ORF74 receptor stimulates signalling pathways
* Transforming

* Pro-angiogenic /W

Mechanism (Rac) / / \
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* Direct and paracrine AKT activation is
necessary and sufficient for ORF74

oncogenesis Silvia Montaner et al., Annu. Rev. Pharmacol. Toxicéﬁ. 2013.



3 Targeting GPCR for antiviral therapy

Proportion of small-molecule drugs
that target major families

B GPCRs (7TM1)

B lon channels

B Kinases

B Nuclear receptors

* Targets of ¥30% FDA approved small
molecule drugs

Table 1. Some drugs acting through GPCRs

Trade mark Generic name Company Disease Target receptor
Clartin loratadine Schering-Plough allergies H1 antagonist
Zyprexa olanzapine Eli LillyTatemoto schizophrenia mixed D2/D1/5-HT2
Cozaar losartan Merk & Co hypertension AT1 antagonist
Risperdal risperidone Johnson & Johnson psychosis mixed D2 /5-HT2A
Leuplin/Lupron leuprolide Takeda cancer LH-RH agonist
Neurontin gabapentin Pfizer neurogenic pain GABA B agonist
Allegra/Telfast fexofenadine Aventis allergies H1 antagonist
Imigran/Imitex sumatriptan GlaxoSmithKine migrane 5HT1 agonist
Sereve nt salmaterol GlaxoSmithKine asthma B2 agonist
Zantac ranitidine GlaxoSmithKine ulcers H2 antagonist
Pepcidine famotidine Merk & Co ulcers H2 antagonist
Zofran ondansetron GlaxoSmithKline antiemetic 5-HT3 antagonist
Dovan valsartan Novartis hypertension AT1 antagonist
Duragesic fentanyl Johnson & Johnson pain

opioid ago nist

13
Rita Santos, Nature Reviews Drug Discovery.2017



3 Targeting GPCR for antiviral therapy

Targeting human CCR5
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Maraviroc * Successful example
* For the treatment of HIV infection
* CCR5 Antagonist * Drugs against host targets and blocking

the virus-host protein-protein

e Celsentri sales to interactions

reach USD 350m in
2015

O Latinovic et al Clinical Medicine: Therapeutics 2009

de Chassey et al. Genome Medicine 2014 H



3 Targeting GPCR for antiviral therapy

Targeting ORF74

Pl-turnover,
% of basal
100 F

* 7n2+ions have inverse agonistic effects on an
ORF74 mutant receptor 50}

0 8 7 6 5 4 3 2
Log conc. ZnCly (M)
) N O Sma | | mo | ecu I arcom p oun d S a g a | N St Fic. 6. Inhibition by Zn>** of constitutive phosphatidylinositol

turnover induced by ORF-74 with an engineered bis-His metal
ion switch. A, wild-type ORF-74 (ORF74 wt; n = 5); ®, R208H,R212H

O R F74 h ave bee nre pO rtEd tO our kn OWI Edge ORF-74 (n = 7). In the mutant receptor, His(V:01) (His2°®) and His(V:

05) (His?*'2) are located in i and i+4 positions, which in a helical
configuration is optimal for binding zinc ions (see Fig. 1). PI,
phosphatidylinositol.

* Attractive target for Herpesvirus-associated
diseases
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Conclusion and perspective

 Virues have their distinct strategy of hijacking of GPCR signaling pathway

* HIV

* Using CCR5 as coreceptor for entry and CCR5 signaling enhances viral
replication

* Maraviroc

e KSHV
* Encoding ORF74 for transforming and angiogenesis
e Hitherto no compound

* Targeting vGPCRs by inverse agonists

* can be considered as attractive targets moving forward in the
development of antiviral, cancer disease treatments
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