


o

Protein-Protein Interaction as a

New Strategy to Inhibit HIV-1
Integrase

Presented by: Dr. Zahra Hajimahdi
Assistant Professor of Medicinal Chemistry
z.hajimahdi@sbmu.ac.ir




vaccme care

global community

7 lnfectlon




HIV is the Etiological agent of the AIDS

H= Human HIVC%LY

INFECT
HUMAN BEINGS

* HIV is a virus that attacks cells
of your body’s immune system

|= Immunodeficiency w

V= Virus
HIV is a Virus
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Summary of the global HIV epidemic (2018)

People living with People newly infected HIV-related
HIV in 2018 with HIV in 2018 deaths 2018

37.9 million
[32.7 million — 44.0 million]

1.7 million 770 000
[1.4 million — 2.3 million] [570 000 — 1.1 million]

1.6 million 670 000
[1.2 million — 2.1 million] [500 000 — 920 000]

36.2 million
[31.3 million —42.0 million]

- 18.8 million

[16.4 million —21.7 million]

Women

4 17.4 million
ﬁ [14.8 million — 20.5 million]

ii 1.7 million
[1.3 million — 2.2 million]

Children
(<15 years)

160 000 100 000
[110 000 — 260 000] [64 000 — 160 000]

Source: UNAIDS/WHO estimates
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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
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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
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F Apprvalof HIV Medicines —

1981: First AIDS cases are reported in the United States.

-
L

Zidovudine (NRTI)

1991

Didanosine (NRTI)

1992
Zalcitabine (NRTI)

1994
Stavudine (NRTI)

1995
Lamivudine (NRTI)
Saquinavir (Pl)

1996

Indinavir (P1)

Ritonavir (Pl)

Combivir (FDC)
Nevirapine (NNRTI) Delavirdine

1997

Nelfinavir (P)

1998

Abacavir (I

(NNRTI) Efavirenz (NNRTI)

1999

Amprenavir (Pl)

NRTI)

Darunavir (P1)

Raltegravir (INSTI)

2000 2003
Didanosine EC (NRTI) 2001 SRS 0 2004
o e Emtricitabine (NRTI) Epzicom (FDC)
Kaletra (FDC) Tenofovir DF (NRTI) sk
Trizivir (FDC) Enfuvirtide (F1) Truvada (FDC)
Fosamprenavir (Pl)
2005 2006 2007 2008
Tipranavir (Pl) Atripla (FDC) Maravirec (CA) Etravirine (NNRTI)

20Mm 2014
Complera (FDC) 2012 2013 Cobicistat (PE)
Nevirapine XR (NNRTI) Stribild (FDC) Dolutegravir (INSTI)  Elvitegravir (INSTI)
Rilpivirine (NNRTI) Triumeq (FDC)

2018
Biktarvy (FDC)
Cimduo (FDC)

Evotaz (FDC) Descovy (FDC) 2017 Doravirine (NNRTI) 2019
Genvoya (FDC) 0 defs:y (FDC) Juluca (FDC)  Ibalizumab-uiyk (PAl) Dovato (FDC)
Prezcobix (FDC) y Symfi (FDC)

Symfi Lo (FDC)
Symtuza (FDC)
Temixys (FDC)
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Still few treatment

Drug

O t o ~ *resistance
ption fi o |

The harsh side

effects
. Low compliance

Solubility-"
limited

MUItI drug reSiStance ol ) bioavailability

Clinic Therapy




HIV-1 Integrase

A Polynucleotidyl transferase/esterase

kA 32 kDa , 288 amino acids

A First reported to be cloned and expressed In
1990 by Fyfe and Sherman at Wellcome
Research Laboratories
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HIV-1 integration

1)
2)
3)
4)
o)

Integrase-HIV DNA binding

3’ Processing of HIV DNA

Nuclear translocation

Host DNA binding & Strand transfer

Gap repair




1. 3’-endonucleolytic processing (3’-EP) 2. Strand Transfer (STF)

PIC
Nuclear
Transfer

|3 —

Targeting to
Pre-Integration : Chromatin by
Complex (PIC) Y LEDGF

3’-GT dinucleotide removal Host DNA nicked and ligated to viral DNA
e 5
3. Trimming of proviral \h (\ XA 1\ \\
DNA and gap filling X \ '

5’

l Gap filling

A PO :
WO OMPON,  Integrated Provirus

Figure adapted from Yves Pommier, Allison A, Johnson and Christopher Marchand,
Nature Reviews 4, 236-248 (2005)
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Integrase Active Site
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INSTIs Pharmacophores
Hydrophobic region

— Two-metal binding region
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LEDGF/p7s

« 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




L
LEDGF/p75

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

- Integrase binding domain (IBD)

NLS(148-156) AT-hooks (178-197)
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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- R
chain amides of IN residues Glu-170 and His-171 in chain A ="




pocket formed by the IN B-chain residues Leu102, Alal28, Alal29, 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 A




L EDGF/p75 facilitates the IN activity In
different ways including

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

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

o (i) LEDGF/p75 stimulates the catalytic activity of IN

o (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)
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LEDGINSs (allosteric inhibitors)

4 Inhibiting the strand transfer and 3’
processing reactions

4 No cross-resistant with INSTIs

4 Acting in an additive or synergistic
way with INSTIs

37 processing inhibitor

LEDGINs

Strand transfer inhibitor
INSTIs

LEDGINs




- -—"- '-‘» " VX'; § - \ x ,,.\. . ‘.\-‘E\‘ ‘) N N

D

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

,, « LEDGINSs can interfere with

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

LEDGF/p75 LEDGIN

PIC

EARLY




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

Br

EC50 = 23.8 ug/mL in MT-4 cell
CC50 = 76.82 pg/mL in MT-4 cells




CHIBA-3053




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
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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
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36% inhibition of the LEDGF/p75-IN

LEDGIN 1 interaction at 100 uM




LEDGIN 1 LEDGIN 3

)

Cl X OH
O O
HN |

LEDGIN 4 LEDGIN 5 LEDGIN 6

_ ‘ CX05168
Christ F, et al. Nat Chem Biol 2010;6(6):442-8.




OH
AN
LEDGF/p75-IN interaction IC50 = 1.37 uM
N/ O EC50 = 2.35 uM in MT-4 cells

CC50 = 59.8 uM in MT-4 cells

LEDGIN 6
CX05168




CX14442

LEDGF/p75-IN interaction IC50 = 0.046 uM
EC50 = 0.069 uM in MT-4 cells
CC50 =96 uM in MT-4 cells







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

3P inhibitors.




BI-1001




. Bl 224436 was progressed into Phase | clinical trial as the first ~
IN-LEDGF interaction inhibitor

PAECss = 22 nM
CC50 > 90 uM




« Clinical trial studies and development of Bl 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




BI 224436

EC50 =470 nM EC50 = 1nM

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 Glul70 and His171.

Bl 224436




Mechanism of action

« Central rings of compounds mimic LEDGF/p75 residue 1le365 by
occupying a hydrophobic pocket formed by the IN B-chain residues Leul02,
Alal28, Alal29, and Trp132 and the A-chain residues Thr174 and Met178.

Bl 224436




Mechanism of action

« The t-butoxy group of compounds interacts with IN A-chain residue
Thrl74.

Bl 224436







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.
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