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GS-9148 (Fig.1) is a novel structural analog of JAMP that acts as a nucleotide Figure 2. Progression of RT Genotypic Changes Induced by GS-9148 In Vitro® Figure 4. ATP-mediated Excision and Rescue of NRTI Chain-Terminated

Table 3. Summary of GS-9148 Resistance Mechanisms

HIV reverse transcriptase (RT) inhibitor (NRTI) WT —> K70N —> K70E —>» K70E+D123N+T165I Primers by WT RT K7O0E
+ Both GS-9148 and its phosphonoamidate prodrug, GS-9131, exhibit potent - e : K70N K70E DR
o . ; . able 1. Susceptibilities of WT and Recombinant Mutant HIV-1 to NRTIs — T165I
activity in vitro against a broad range of NRTI-resistant HIV clinical isolates, Physiological [dATP] . —
including those with TAMs, M184V, or K65R? I Wildtypes | K7ON® | K70E |K7OE*DI23N* | e, e [ Virus susceptibility 1.0 0.9 3.3
« In cell culture, GS-9148 selects for HIV-1 mutations in RT at codon 70, T16517 3 ° GS-ot4s (fold vs WT) .
where K70N develops first and is then replaced by a triple mutant containing GS-9148 78+1.7 1.0 0.9 3.3 1.3 2 1o'i\H RT inhibition by K /K Primary
K70E+D123N+T165I3 GS-9131 0.11 + 0.01 1.5 1.1 3.3 ND c e e (fold vs WT) s 2.4 2.6 4.0 Resistance
— KT70E is present at a low frequency in NRTI-experienced patients (0.3%)? tenofovir 3.4+0.7 0.6 1.1 2.3 4.2 E LTy _ _ Mechanism
— K70R is a thymidine analog-associated mutation (TAM) involved in excision dd| 3.4 +14 0.6 1.1 23 23 2} EQN% s RT primer_excision <5% <5% <5%
of NRTIs* FTC 0.6+0.2 1.2 3.3 6.7 6.8 % Next nucleotide, dATRL (M)
* There are two major mechanisms of RT resistance to NRTIs: (1) decreased abacavir 05+0.2 0.8 1.0 2.2 4.0
binding/incorporation, and (2) increased excision after incorporation daT 6.1+1.8 0.9 0.8 3.2 2.4 Relative to tenofovir, GS-9148 shows
AZT 0.18 + 0.06 0.5 0.2 0.4 1.0 decreased excision potential by WT RT
Figure 1. Structures of GS-9131, GS-9148, and the Active Metabolite adefovir 10 + 0.6° ND¢ 9.0 ND ND « Viruses containing K70E+D123N+T165I, but not K70N or K70E
GS-9148-Diphosphate amprenavir 0.27 +0.08 0.7 0.8 1.4 ND _ . . . . alone, showed low-level decreases in susceptibility to GS-9148
Sl a. EC,, [:i/u values are mean values * s.d. from n = 2. Figure S. ﬁ:’iFr:g:zdt;at\e/:\(/jTEaxnc(;s&/cl)url;l:thI?escue Of NRTI Chain-Terminated (3.3-fold) and other NRTIs (2- to 3-fold), a 6.7F3fold dyecrease to
3 | oo 550 o e S oS S T o0 o S e shonn ol ’ FTC, but were hypersensitive to AZT (0.4-fold) in cell culture
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q o o A Susceptibility = A Binding/Incorporation + A Excision S 16 ; o 18 T (increased K/K,) for GS-9148-diphosphate (2.4-, 2.6-, and 4.0-
= L e WT & o ' ' ild-
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8 gl ¢ s N K70E-containing RT
S 6§ \}\ £ i :%: » This mechanistic study confirmed the role of the K70E RT
Objective o g%ﬁ‘% &) Y mutation in the resistance phenotype of C_;S-9148
o ,1 =t o % T oo 1000 — Eor GS-9148 and other NRT_Is, the resistance due to KjOE,
« To characterize the molecular mechanisms by which the K70N, K70E, and o [Next nucleotide, dATP] (M) [Next nuciaofide, dATP] (M) :L]k(:eOTS(?rF:i’t;/c\)lﬁso:‘ntehdel Eii;[]ehcilb[i)trcl)rrnsarlly 28 CECIEREE winelingy
K70E+D123N+T165] mutations in HIV-1 reverse transcriptase cause reduced c) AZT : :
virus susceptibility to GS-9148 and other NRTIs i P-P-E-@ csor4e-0p P-P-P-P-@ csoreATP 10 o WT < )20 = UG WSS IR IS, .6 NE2IR Enel [ CRmIEE D IS L
< 147 o K70N S A K70R, showed reduced excision of NRTIs with measurable
Table 2. Binding/Incorporation Using Steady State Kinetic Constants =1 iy Y KIOE+D123N g 15 v KToE excision (tenofovir and AZT) relative to wild-type, that
Methods K;and K/K_ for WT and Mutant HIV-1 RT Enzymes 2 5 +T168 g ., ii: appears to counteract the incorporation defects for these
K70E+ 5 o I NRTIs
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« Drug susceptibilities in cell culture were determined for wild-type (WT) and site- |Inhibitor Wild-type K70N | K70E | D123N+ | K70R | K65R £ 2 %% & o \}\ e These dgta sqggest that the K70E mutant utilizes a resistance
directed mutant HIV-1 strains in MT-2 cells using an XTT-based assay® T165I A e N e mechanism similar to that of K65R, but shows lower levels of
- The steady state kinetic constants K and K _ were determined for WT and Fold | Fold | Fold | Fold | Fold " Next muceotide, dATPY (41 [Next nucleotide, dATP] (uM) resistance against NRTIs in cell culture and in biochemical
mutant RT enzymes for the natural substrates dATP and dTTP and for the K. [uM]? K/K ° KK | KK K /K KK | KIK ’ " assays
active metabolites of NRTI: GS-9148-DP, tenofovir-DP, ddATP (ddl), and AZT- . . . . S
TP using a heteropolymeric DNA template® GS-9148-DP 0.75+0.12 3.1 2.4 2.6 4.0 0.8 7.4 Excision Relative to WT
» The efficiency of excision of incorporated NRTI by the ATP-mediated excision TFV-DP 0.25+0.09 1.0 2.1 4.2 3.5 1.1 13 « K70R (TAM): increased excision References:
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concentrations of the next complementary nucleotide. Reactions were initiated ~ |ADV-DP 014+005 | 06 | 23 | 43 3.2 1.0 18 . _ . Denver | | | |
by the addition of 3.5 mM ATP and primers with NRTI excised were extended in AZT-TP 0.024 + 0.005 0.10 17 18 23 15 80 K70E and K65R: reduced excision 3. E:/i_:gazr?)rgfcl)hgggt K. White, K. Stray, C. Boojamra, L. Zhang, R. Mackman, A. Ray, M. Miller, and T. Cihlar , Abstr. H-1037
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b. Mean K values of wild-type, K70N, K70E, K70E+D123N+T165l, K70R, and K65R RT for dATP were 0.24, 0.28, 0.38, White. et al. 2005. AIDS. 19(16):1751-1760.

0.48, 0.18, and 0.32 uM, respectively and for dTTP were 0.25, 0.35, 0.54, 0.66, 0.20, 0.28 uM, respectively.



