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Protein-Protein Interaction as a 
New Strategy to Inhibit HIV-1 

Integrase



AIDS

•Acquired ImmunoDeficiency Syndrome (AIDS)



HIV is the Etiological agent of the AIDS

I= Immunodeficiency

V= Virus

HIV is a Virus

H= Human



A new disease…
1981

A new virus 

1983







HIV Virus

➢HIV virus is a lentivirus of the family Retroviride

➢Biological nanostructure (around 100-150 nm)

oHost-derived Membrane

oNucleocapsid
▪Genetic material in the form of RNA

▪Protease

▪Reverse Transcriptase

▪ Integrase

▪Capsid protein P24 , Nucleocapsid protein P7



HIV



Current Treatment of HIV/AIDS

➢First Anti HIV Drug : AZT (1987)

➢Highly Active Antiretroviral Therapy (HAART) (1996)
• Make AIDS from Acute disease to Chronic disease

➢Antiretroviral therapy is the best option for prolonged 
and maximal viral suppression





Why New HIV Drugs ?

I. Still few treatment 
Option

II. The harsh side 
effects

• Low compliance

III. Multi drug resistance



HIV-1 Integrase

Polynucleotidyl transferase/esterase

32 kDa , 288 amino acids

First reported to be cloned and expressed in

1990 by Fyfe and Sherman at Wellcome

Research Laboratories



Integrase

2



HIV-1 integration 

1) Integrase-HIV DNA binding

2) 3’ Processing of HIV DNA

3) Nuclear translocation

4) Host DNA binding & Strand transfer

5) Gap repair  





3ˊ-processing

Strand transfer

Inhibitors



INSTIs



INSTIs Pharmacophores



LEDGF/p75

•LEDGF is the main chromatin-tethering factor for IN 

•The lens epithelium-derived growth factor (LEDGF)

•Function:
• Transcriptional co-activator

• Common nuclear autoantigen

• Growth/survival factor

•LEDGF/p52 and LEDGF/p75



LEDGF/p75

• N-terminal Pro-Trp-Trp-Pro (PWWP) 
chromatin binding domain

• integrase binding domain (IBD)







LEDGF/p75 IBD

• Compact right-handed bundle of five a-helices

• Binds to the catalytic core domain (CCD) and 
the N-terminal domain (NTD) of integrase



• Asp-366 makes a bidentate hydrogen bond to the main-
chain amides of IN residues Glu-170 and His-171 in chain A



• The side chain of LEDGF/p75 residue Ile365 projects into a hydrophobic 
pocket formed by the IN B-chain residues Leu102, Ala128, Ala129, and 
Trp132 and the A-chain residues Thr174 and Met178.



• LEDGF/p75 residues Phe-406 and Val-408 contact Trp-131 in the IN 
B chain



•LEDGF/p75 facilitates the IN activity in 
different ways including

• (i) Binding of LEDGF/p75 to integrase promotes organization 
of the enzyme as a tetramer 

• (ii) LEDGF/p75 tethers the integration complex to the host 
chromatin thereby facilitating the integration process and viral 
replication 

• (iii) LEDGF/p75 stimulates the catalytic activity of IN  

• (iv) LEDGF protects IN from degradation through the 
ubiquitin-proteasome pathway. 



Protein-protein Interaction Inhibitors

•Protein-protein interaction surface of LEDGF/p75 and IN 
might be a feasible target for inhibition by small molecules 
due to its limited extension and multiple hydrophobic and 
hydrogen bond interactions.

• LEDGIN (LEDGF/p75-integrase interaction site)

• ALLINIs (allosteric-integrase inhibitors) 

• NCINIs (non-catalytic site integrase inhibitors)

• INLAIs (integrase-LEDGF allosteric inhibitors) 



LEDGINs (allosteric inhibitors)

Inhibiting the strand transfer and 3’ 

processing reactions

No cross-resistant with INSTIs

Acting in an additive or synergistic  

way with INSTIs



• LEDGINs bind to the 
LEDGF/p75 binding pocket on 
HIV-1 IN and blocks 
INLEDGF/p75 interaction 
disrupting chromatin tethering of 
the IN (Early effect)

• LEDGINs can interfere with 
proper maturation due to 
enhanced IN multimerization in 
the progeny virions, when 
present during virus production 
(late effect)



IN-LEDGF/p75 interaction Inhibitors

•Peptides

•Small molecules (LEDGINs)



LEDGINs

• Compound D77 was the first small-molecule that showed inhibition 
activity against IN-LEDGF/p75 interaction

EC50 = 23.8 mg/mL in MT-4 cell 

CC50 = 76.82 mg/mL in MT-4 cells



LEGINs



LEDGINs

•2-(quinolin-3-yl)acetic acid derivatives

• The first class of small-molecule allosteric inhibitors to display 
antiretroviral activity tied to a specific disruption of the IN-
LEDGF/p75 interaction



Discovery of 2-(quinolin-3-yl)acetic acid 
derivatives

• Screening of a set of 200,000 commercially available compounds

• Pharmacophore based screening and docking studies 

• the 25 best-scoring compounds were selected for biological evaluation

LEDGIN 1
36% inhibition of the LEDGF/p75-IN 
interaction at 100 μM



Christ F, et al. Nat Chem Biol 2010;6(6):442-8.  



LEDGF/p75-IN interaction IC50 = 1.37 mM
EC50 = 2.35 mM in MT-4 cells

CC50 = 59.8 mM in MT-4 cells



LEDGF/p75-IN interaction IC50 = 0.046 mM
EC50 = 0.069 mM in MT-4 cells

CC50 = 96 mM in MT-4 cells

CX14442



Patent Compounds



• In another independent study by researchers of Boehringer
Ingelheim Ltd. (BI), Canada, a series of highly similar molecules 
were identified in a high throughput screening for discovery of IN 
3P inhibitors. 



BI-C



• BI 224436 was progressed into Phase I clinical trial as the first 
IN-LEDGF interaction inhibitor

PAEC95 = 22 nM
CC50 > 90 mM



• Clinical trial studies and development of BI 224436 was licensed to Gilead 
Sciences in 2011. Since then, Gilead reported the development of three 
structures from these series: GS-A, GS-B, and GS-C 



Peese et al. J. Med. Chem. 2019



Mechanism of action
• The compounds’ carboxylic acid group mimics the carboxylate side chain 

of LEDGF/p75 residue Asp366 by forming hydrogen bonds with the 
backbone amides of IN residues Glu170 and His171. 



Mechanism of action
• Central rings of compounds mimic LEDGF/p75 residue Ile365 by 

occupying a hydrophobic pocket formed by the IN B-chain residues Leu102, 
Ala128, Ala129, and Trp132 and the A-chain residues Thr174 and Met178. 



Mechanism of action
• The t-butoxy group of compounds interacts with IN A-chain residue 

Thr174. 



Mechanism of action



Conclusion 

❖ LEDGINs are still early in development

❖ Literature, however, reveals that almost all major pharmaceutical 
companies active in the treatment of HIV/AIDS have taken a significant 
interest in this class.

❖ Combined early and late effects present LEDGINs as unique within 
all classes of anti-HIV-drugs identified so far and might predestinate 
them for use in prevention and first in line therapy. 

❖ They may well become the next class of antiretroviral agents to be 
added to HAART.




