SPI-256, a Highly potent HIV protease Inhibitor with Broad Activity Against MDR

Fig. 1. View of HIV-1 protease active site cleft surface. Red area
denotes of atoms with SPI
inhibitors.
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Introduction

According to recent estimates over 75% of drug-experienced
patients in North America harbor HIV that is resistant to one or more of the
antiretroviral agents used in multi-drug ‘cocktails’. Moreover, it has been
estimated that drug-resistant HIV accounts for up to 12% of new infections.
The number of reported cases of patients infected with mdr-HIV is rising
steadily. Mutations within the protease gene that confer clinical drug
resistance have emerged for all of the FDA-approved HIV protease (PR)
inhibitors. The particular sequence and pattern of mutations selected by Pls
is believed to be somewhat drug-specific and often patient-specific, but high
level resistance is typified by multiple mutations in the protease gene which
give rise to cross-resistance to all of the Pls.

New antiretrovirals are needed to treat existing drug resistant
infections as well as to curb their transmission. Further still, there exists a
need for inhibitors of HIV that can prevent or slow the emergence of drug
resistance and the development of mdr-HIV in infected individuals

Methods

Recombinant wild type and mutant HIV PR was expressed in E.coli cells
as inclusion bodies, purified to apparent homogeneity by ion-exchange
chromatography in 8 M urea, and refolded at pH 7.0. The yield of purified WT or
mutant form of HIV PR was 1-10 mg from 1 liter of E. coli culture.

Inhibition constants were determined using the fluorogenic substrate
ArgGlu(EDANS)SerGInAsnTyr-ProlleValGInLys(DABCYL)Arg (Molecular Probes,
Oregon USA) in 0.05 M sodium phosphate buffer, pH 6.5 (excitation and
emission wavelengths - 340 and 520 nm, cut off filter 495 nm.) The increase of
fluorescence was monitored using SpectraMAX Gemini fluorescence plate
reader (Molecular Devices, CA USA).

The data were fitted by nonlinear regression analysis to the equation
V=VO/2E({[Ki(1+S/Km) +t-Et]2+4Ki(1+S/Km)Et}1/2-[Ki(1+S/Km)+t-Et])
with the program GraFit version 5, where V and VO are initial velocities with
and without inhibitor, Km is a Michaelis-Menten constant and S, Et and It are the
concentrations of substrate, active enzyme and inhibitor respectively.

Monogram Biosciences PhenoSense HIV assay was used to evaluate
antiviral activity of Pls in cell culture against a panel of WT and MDR HIV.

Results

We have implemented a structure-based approach for the design of
novel HIV protease inhibitors (PIs) with high potency against WT and MDR
viruses. In this approach the conserved atomic interactions were identified
among the structurally different Pls and WT and drug-resistant HIV PRs. Series
of inhibitors that preferentially interact with this constellation of conserved
atoms within the active site (Fig. 1) were designed and synthesized.

Inhibitors were first prescreened in the enzyme-based assay using WT
and selected MDR PRs. Promising leads were then profiled in 5 days cell-
based antiviral assay using in-house panel of clinically derived MDR viruses
that resulted in several pre-clinical candidates.

Table 1. Inhibition constants of SPI-256 against
recombinant WT and mdr-HIV proteases

Inhibition constant (nM)

Protease
m8* Mo*
<0.05 <0.3
0.19+0.05 0.6+0.04
2.2£0.5 77£9
0.5+0.1 <0.3
421 8.2+0.9
10.9+1.7 222+46
64.6£16 816
12.3+1.7 94.3+11.4
22545 15.4+2.6

Inhibitor WT

<0.05

0.16+0.01
0.07+0.01
0.07+0.01
0.25£0.05
0.23+0.05
0.1340.02

0.4£0.1
0.0740.01

SPI-256

Tipranavir

Atazanavir

Lopinavir
Amprenavir
Nelfinavir

Ritonavir

Indinavir

Saquinavir

*M8 and M9 were derived from patient isolates and have mutations at the following protease positions: M8
- 10, 11,22, 24, 35, 36, 37, 41, 43, 54, 62, 63, 71, 84; M9: 10, 13, 32, 37, 46, 63, 71, 84, 89, and 91.
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The Monogram Biosciences panel included viruses with HIV PR derived
from several non-B strains of different tropism as well as different Pl resistant
mutants derived from patients’ isolates that contain up to 21 total substitutions
in the PR gene. For the purpose of data analysis Pl resistant mutants were
divided into following categories:

« viruses containing one primary Pl mutation - groups 1, 2, 8-12;

«viruses with I50L or I50L with other primary mutations - groups 3 and 14;
« viruses with V32l and 147V - group 13;

« viruses highly resistant to LPV (FC>30) and 3 other PIs (FC>10) — group 4;
« viruses highly resistant to IDV (FC>30) and 4 other Pls (FC>10) — group 5;

= viruses highly resistant to all Pls (FC>50) or containing 6 primary Pl mutations
—groups 6 and 7.
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Average IC50, nM

wt B and non B clades
1 primary

150L; other primaries
allowed

3PIs >10, LPV > 30
4Pls >10, IDV > 30

all Pls > 50 or 6 primaries

Summary of antiviral activity and phenotypic resistance data

* SPI-256 is 4-50 fold more potent than reference Pls against WT B and non-B clades : mean
IC50 = 0.3 nM (range: 0.2 - 0.4 nM).

* SPI-256 is fully active against viruses that are highly resistant to the majority of reference
Pls (Groups 4 and 5) : mean IC50 = 0.5 nM (range: 0.2 - 0.9 nM)

« SPI -256 retains high potency against worst-case MDR viruses (Groups 6 and 7), although
efficacy is reduced compared to WT: mean IC50 = 12.9 nM (range 1.8 - 34 nM).

* SPI-256, like reference Pls, is hypersensitive to the ATV I50L mutation (Group 3): mean
IC50 < 0.1 nM).

* SPI-256, unlike reference Pls, retains wild type potency against viruses that harbor
primary mutations in addition to the IS0L mutation (Group 14) : mean IC50 0.2 nM (range: 0.2
-0.3nM).

« SPI-256 remains fully active against the NFV" mutations, D30N/N88D, that confer cross-
resistance to most or all other Pls (Group 1): IC50 =0.2 nM.

« Viruses with any of the single primary mutations V82A,F,T; L90M, 184V and N88S remain
fully sensitive to SPI-256 (Groups 8-12). Viruses with an 150V mutation (Group 2) show
reduced relative, but high absolute sensitivity to SPI-256: IC50 <5.0 nM.

Conclusions

*SPI-256 has subnanomolar potency against WT B and non-B HIV strains in
Monogram Biosciences PhenoSense HIV assay and is 4-50 fold more potent
than currently approved Pls.

*SPI-256 remains fully active against mutants with single primary mutation
(groups 8-12) and viruses resistant to majority of reference Pls (groups 4, 5).

*Resistance to SPI-256 requires accumulation of multiple primary PR mutations
(groups 6, 7). Importantly SPI-256 remains highly potent even against these
viruses with average IC50 12.9 nM.

*SPI-256 represents a potent new generation antiviral agent for first line and
salvage therapy




