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ABSTRACT

Background: Mutations in the gag cleavage sites for HIV protease (Pr) have been reported to occur along with mutations in the enzyme during the development of
resistance to protease inhibitors (Pls). In this study, the incidence of these mutations and their association with specific mutations in HIV Pr in isolates from patients.
failing P! therapy has been investigated

Methos: Genatype was detsrmined by populaton sequencing. Sequence data were avaliatle for wo gag cleavage sies (NC-p1 and p1-pB). Suscaptily o Pls
was determined using single cycle recombinant assays,

Results: The Pr and gag cleavage site sequences from 117 patients were evaluated. The number of Pr mutations associated with PI resistance ranged from

010 10, The A431V gag mutation (the S2-subsite of the NC-p1 cleavage site) was found in 35/117 sequences, and was statistically significantly associated

(p<0.01) wit e presance of P mtations at postons 10, 26, 46, 54 and 52:All but two (33139 islales with the A431Y gag mutaton hiad a primary Pr mutation

at position 82, 84 and/or 90. Within the 36 patients whose isolates contained 3 or more Pr mutations at positions 10, 24, 46, 54 or 82, median viral load was higher

in those without the A431V gag mutation (4.82 log copies/mL, n=16) than in those with the A431V gag mutation (3.93 \og copiesimL, n-20, p=0.027). Virologic

response in these Pl-experienced patients to subsequent treatment with lopinavirfitonavir plus NNRTUNRTI therapy was not associated with the presence of the
431V gag mutation. No significant association was observed between mutations at the p1-p6 cleavage site and Pr mutations.

Conclusions: In 117 isolates from Pl-experienced patients, the A431V gag cleavage site mutation was associated with the presence of mutations in
HIV protease. However, in this study, the presence of the cieavage site mutation did not appear to significantly impact response to subsequent P! therapy.

INTRODUCTION

Cleavage of up to 12 different sequences in the gag and gag-pol polyproteins of HIV by HIV protease is essential for proper viral assembly and the production of
new, infectious virions. Several studies have noted the mutation of amino acids within the HIV protease substrate sequences that occur coincident with mutations in
the protease homodimeric protein upon drug selection in vitro (Doyon, 1996; Carrillo, 1998) and in vivo (Zhang, 1997; Cote, 2001; Catamancio, 2001). In a recent
study, mutations at three gag cleavage sites (p2-NC, NC-p1, and p1-p7) were found more commonly in patients treated with protease inhibitor (P therapy than in
matched controls (Cote, 2001). In vitro, the presence of a mutation at the NC-pi and p1-p7 cleavage sites has been shown to partially restore the replicative
capacity of viral clones containing multiple mutations in protease (Doyon, 1996; Mammano, 1998; Carrilo, 1998).

The predominant mutation in the NC-p1 cleavage site sequence is the P2-alanine to valine mutation (A431V, Figure 1). In the pi-p7 cleavage site sequence,
mutation of the P1-leucine is most frequently observed (L449F/P/V). The NC-p1 (A431V) mutation, in analyses of relatively small numbers of isolates, has been
linked 1o the presence of the M46/L mutation in protease. However, the correlation of other protease mutations with gag cleavage site mutations has not been
reported. In this study, we examined the association of mutations at the NC-p1 and p1-p6 cleavage sites with mutations in protease in 117 viral isolates from
patients failing either single or multple protease inhibitor therapy.

Figure 1. NC-p1 and p1-p6 Gag Cleavage Sites
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+ Plasma samples were taken from 117 single and multiple Pl-experienced patients entering one of two lopinavirfitonavir (lopinavir/r) phase Vil clinical trials.

+ Genotype was determined by population sequencing at either Virco or ViroLogic, and was available for the entire protease gene and two gag cleavage sites (NC-p1
and pi-pe).

+ Other baseline covariates were available from the clinical database for each clinical study. HIV RNA (400 copies/mL cutoff) was measured using Roche Amplicor.

RNA (50 copies/mL cutoff) was measured using either the experimental Abbott LCX method (single Pl-experienced patients) or the Roche Ultrasensitive
method (multiple Pl-experienced patients).

+ The association of the presence of the A431V NC-p1 cleavage site mutation with phenotypic susceptibilty to protease inhibitors was analyzed using the Wilcoxon
rank-sum test. The association of specific mutations in protease with the A431V mutation was analyzed using Fisher's exact test. Mullivariate analyses of the
association of protease mutations with the A431V mutation were performed using logistic regression with both forward selection and backward elimination
variable selection methods.

of Viral
+ Samples were available from 61 single and 56 multiple Pl-experienced patients (Table 1). Pl experience was limited primarily to indinavir (IDV), neffinavir (NFV),
ritonavir (RTV) and saquinavir (SQV).

Table 1. Treatment History

Single Multiple
Pl-Experienced Pl-Experienced
Number of isolates ] 56
Median plasma HIV RNA (log copies/mL) 4.10 452
Median number of prior NRTIs 2 4
Median number of prior Pls 1 3
Identity of prior Pls*
« Indinavir 43% 86%
« Neffinavir 36% 57%
« Ritonavir 5% 77%
- Saquinavir 15% 71%
* For multiple i prior Pls were tallied ir dose and tial Pl treatment.

With the exception of mutations at positions 30 and 88, the prevalence of the more commonly observed mutations in protease (positions 10, 20, 24, 36, 46, 53,
54, 63, 71, 73, 77. 82, 84 and 90) was a median of 104% higher in the isolates from multiple Pl-experienced patients than from single Pl-experienced patients
(Figure 2)

The prevalence of the NC-p1 gag mutation was 29% higher in the isolates from multiple Pl-experienced patients (Table 2). There was no
difference in the prevalence of the p1-p7 gag mutation.

« Insingle Pl-experienced patients, the NC-p1 gag mutation appeared in a higher proportion of isolates from patients failing IDV (11/26) or RTV (2/3) therapy than
isolates failing NFV (2/22) or SQV (1/9) therapy. The p1-p6 mutation appeared approximately equally among isolates from patients failing IDV (4/26), NFV (4/22)
and SQV (2/9)

Figure 2. Prevalence of Protease, NC-p1 Gag and p1-p6 Gag Mutations
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Table 2. Prevalence of Gag Mutations
Single Multiple
Pl-Experienced PI i
Number of isolates 61 56
Number of isolates with <4-fold reduced
susceplibility to at least one prior PI* 38 (68%) 44 (79%)
Median number of PI mutations* 3 7
Number of isolates with A431V NC-p1
cleavage site mutation 16 (26%) 19 (34%)
Number of isolates with L449P/V/F p1-p6
cleavage site mutation 10 (16%) 10 (18%)

* Phenotypic characterization available for only 56/61 isolates from single Pl-experienced patients.
* Pl mutations defined as the following: L10F, I, R or V; K20M or R; L241; D3ON; V321; L33F; M361; M46l or L; 147V; G48V; 150V; F53L; 154L, T or V; L63P; A711, L,V or T;
G73A, S or T; V771 V82A, F, S or T; 184V; N88D and LIOM.

of Gag Site with to
+ Isolates containing the NC-p1 cleavage site mutation displayed a significantly greater degree of reduced susceptibility to the P! class (Table 3). In contrast, the
median fold susceptibility of viruses either containing or lacking the p1-p6 cleavage site mutation was not different.

Table 3. ion of Gag i with il to il
Fold Change in IC,,
LPV Ibv NFV RTV sav. APV*

Median with NC-p1 74 17 16.2 209 26 33
mutation (n=35)
Median without NC-p1 12 21 7.8 25 15 18
mutation (n=82)

<0.001 <0.001 0.012 <0.001 0.111 0.128
Median with p1-p6 18 4.1 108 5.7 18 22
mutation (n=20)
Median without p1-p6 21 6.1 9.5 5.6 16 22
mutation (n=97)
*Phenotype for APV available for only 59 isolates.

of Gag Site { with in the HIV Gene

+ In univariate analyses, five mutations in protease (amino acid positions 10, 24, 46, 54 and 82) were statistically significantly associated (p<0.01) with the
presence of the NC-p1 A431V mutation (Table 4).

* In contrast, there was no apparent association of any specific protease mutation with the pi-p6 L449F/P/V mutation (data not shown). Nor was there any
apparent association between the pi-p6 gag mutation and the number of mutations in protease (median number of PI mutations was 5 for the 20 isolates
displaying the p1-p6 mutation and for the 97 isolates lacking the mutation).

Table 4. ion of Gag ions with ions in Figure 4a. Figure 4b.
Amino Acid ‘With NC-p1 ‘Without NC-p1 Overlay of wild type (green) and
Position Mutation (n=35) Mutation (n=82) p-value Overay ot vid tpe green) a1 s o
i modelof 31V muan
10 28 (80%) 42 (51%) 0.003 e ) G:pY substate yelow). Toecontct
20 6(17%) 10 (12%) 0559 ih  model o i e NC-p1 v o i it !
i side chain (yalon) and he sicocrain
24 8 (23%) 2 (2%) <0.001 Subeiae drolo). Toee & good of the 150 esicue nthe widtype
o T b o T i ol
32 1(3%) 3 (4%) >0.999 i o sryme doted e s s goodcon )
* 0(0%) 3 %) 0553 s el 501 0
36 9 (26%) 26 (32%) 0.660 protaae (dofed )
46 23 (66%) 19 (23%) <0.001
47 0(0%) 1(1%) >0.999
48 0(0%) 4 (5%) 0.319 Exploration of the Effect of the NC-p1 Gag Mutation in Patients with Multiple Pl Mutations
50 0(0%) 1(1%) >0.999 * To further oxplore possil ffcts of the NC-p1 gag mutaon, tho subsst of 36 iscates wih at sas treo ofth fve mutaions n protoase assooiated with
53 3(9%) 10 (12%) 0.752 jag mutation in univariate analyses (positions 10, 24, 46, 54 and 82) were examined. The majority (26/36) of these isolates were taken from multiple
54 19 (54%) 19 (23%) 0.002 PI -experienced patients, and the NC-p1 A431V gag mutation was present in 20/36 isolates.
63 28 (80%) 63 (77%) 0811 + The median number of P mutations was not different between the isolates either containing or lacking the NC-p1 gag mutation (7 vs. 7.5, respectively). The median
o o phenotypic susceptibilty of the isolates lacking the NC-p1 mutation to the five Ps tested (LPV, IDV, NFV, RTV an was slightly lower (higher fol
b 20 (57%) 46 (56%) 0,999 henotypi tibilty of the isolates lacking the NC-pi mutation to the five Pls tested (LPV, IDV, NFV, RTV and SQV) lightly lower (higher fold
78 b (29;) e “60/") v C...compared to wi) than the median susceplibily of the isolates containing the NC-p1 mutation, although the differences were not statistcally significant (Table 7).
77 14 (40’2) 27 (335/:) 0‘525 + The median viral load of the 20 isolates containing the NC-p1 mutation was statistically significantly lower than the median viral load of the 16 isolates lacking
" the NC-p1 mutation. (p<0.03)
82 22 (63%) 18 (22%) <0.001
84 8 (23%) 11 (13%) 0.269
9 )9 able 7. aracteristics of Isolates Containing ree or More al
pos 0(0%) 7(0%) 0.101 Table 7. Characteristics of Isolates Containing Th M i t i i
90 18 (51%) 31(38%) 0.220 with the NC-p1 Gag Mutation
Isolates with Isolates without
+ Only 2/117 isolates contained the NC-p1 gag A431V without a protease mutation at position 46 or 54. All but three of the 35 isolates with the NC-p1 mutation NC-p1 mutation
NC-p1 mutation contained a mutation at either position 82 or 90 (two of the remaining three contained mutations at positions 24 and 46). (n=20) (n=16) p-value*
« I forward selection and backward elimination logistic regression analyses that considered only the 5 mutations associated in univariate analyses, mutations at Median number of PI mutations 7 75 ns
positions 46, 82 and 24 in protease were independently associated with the presence of the NC-p1 mutation (Model 1, Table 5). Median fold IC,,
+ In separate multivariate analyses that considered all mutations, the following 4 mutations were independently associated with the NC-p1 mutation: Lopinavir 153 18 ns
46, 82, 24 and 90 (Model 2, Table 5). Indinavir 18 21 ns
Nelfinavir 19 31 ns
Table 5. ivari ing the iati ions and the Ritonavir 47 765 ns
NC-p1 Gag Cleavage Site Mutation Saquinavi 20 5 o
Model 1 Model 2 Median viral load (log copies/mL) 3.93 4.82 0.027
Amino Acid Position Odds Ratio p-value* 0Odds Ratio p-value* * ns: not significant
24 6.02 0.039 1147 0.009
46 .62 <0.001 546 <0.001 with Gag ions to Further Pl Therapy
82 7.62 0.006 3.85 0.008 « Each of the patients initiated therapy with lopinavir/r, either nevirapine (single Pl-experienced) or efavirenz (multiple Pl-experienced), and NRTIs.
% n/a n/a 317 0.031

* Final models were identical for the forward selection and backward elimination logistic regression analyses.

« Three distinct patterns of protease mutations were identified among the isolates containing the NC-p1 mutation: 46/90/10, 54/82/10, and 46/82. The majority of
isolates (29/35, 83%) fell into one or more of these patters (Table 6).

Table 6. Patterns of Protease Mutations in Isolates Containing the NC-p1 Gag Mutation

Mutation Pattern Number of Isolates

46/90/10 7135 (20%)
54/82/10/46 7135 (20%)
54/82/10/(no 46) 9/35 (26%)
46/82 6/35 (17%)
Other 6/35 (17%)

ionshij the NC-p1 Gag ion and ions at Position 46 and 54

« Of the 5 mutations associated with the NC-p1 gag mutation, only residues 46 and 54 lie in relative proximity to the P2 subsite of the HIV protease active site,
which binds the A431V mutant side chain (Figures 3a and 3b). Residue 82 comprises part of the P1 and P3 subsites, and is distal from the P2 subsite.

The terminal melhyl group o the -S4 sid chaintha s ost upon mutalion t [54V s inclose van der Wasls conactwith th lle-50.side han (Fgures 4a and

4b). The Ile-50 side chain in turn forms part of the caviy that defines the protease P2 subsite (and thus directly contacts the inhibitor). Crystal structures of
inhibitor complexes with multiply-mutant HIV protease containing the 154V mutation (Munshi, 2000) demonstrate a significant shift in the lle-50 side chain,
compared to wild-type, that enlarges the volume of the P2 subsite. The NC-p1 substrate sequence contains an alanine at the S2 position, which is smaller than
the residue at that site in any other documented HIV protease substrate. I the NC-p1 mutant, the Ala-431 side chain becomes larger by two methyl groups by
substitution of valine.

In one plausible mechanistic scenario, the increase in the volume of the P2-subsite due to the 154V mutation lowers the efficiency for cleavage of the wild-type
NC-p1 substate, Tis NC-p1 substate compensales fo reducea enzyme kinlis (and lower vil finess) by mutaling the S2 alanine to vaine (Fgures 5
2 8) theraby creating a arger side chin o il e vid in 16 P2 suber

+ There is no evidence from crystal structures for an influence of the M46l/L mutation on the size of the P2 subsite. However, the M46l/L mutation (as well as the
154V mutation) s likely to affect flap dynamics (and thus alter fitness) during substrate cleavage (see Poster 069).
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Virologic response (Week 48, HIV RNA <400 copies/mL, dropouts as censored) was somewhat lower in those subjects whose baseline isolates contained
(20/30, 67%) vs. lacked (60/76, 79%) the NC-p1 gag mutation. This small difference was also observed at the 50 copies/mL level and remained when adjusted
for the number of PI mutations at baseline, expressed as the baseline lopinavir mutation score (Kempf, 2000). However, the differences were not statistically
significant (Table 8).

There was no apparent difference in virologic response between those patients whose isolates contained (17/19, 89%) or lacked (77/91, 85%) the
L449P/FIV p1-p6 mutation.

Table 8. Virologi: with to of the NC-p1 Gag Mutation at Baseline
No. with <400 copies/mL. No. with <50 copies/mL.
NC-p1 Mutation at Baseline: Present Absent Present Absent
LPV Mutation Score <5 1317 (76%) 48/58 (83%)  10/17 (59%) 41/56 (73%)
LPV Mutation Score 6 713 (54%) 12/18 (67%) 713 (54%) 1218 (67%)

CONCLUSIONS

* I isolates from single and multiple Pl-experienced patients, the NC-p1 gag cleavage site mutation (P2 alanine to valine, A431V) was associated with mutations
in protease at positions 10, 24, 46, 54, 82 and 90.

46/90/10, 54/82/10 and 46/

* Of the protease mutations associated with the NC-p1 gag mutation, residues I54 and M46 are most likely to be mechanistically linked, based on
three-dimensional structural considerations.

The majority of isolates with the NC-p1 gag mutation display one or more of the following three distinct patterns of protease mutations (positions
/82).

Patients whose isolates contain three or more of the above 5 mutations, but lack the NC-p1 mutation, had a statistically significantly higher viral load than
those with the protease mutations and the NC-p1 mutation, suggesting a role of the NC-p1 in viral fitness in vivo. Since the NC-p1 mutation increases
replicative capacity in vitro, the lower viral load in the presence of the gag mutation suggests that the restoration of fitness in vivo is incomplete.

Virologic response to subsequent therapy with LPV/r plus NNRTI/NRTIs was somewhat lower in the presence of the NC-p1 mutation. However, the difference
was not statistically significant. The presence of the p1-p6 did not impact the success of subsequent therapy.
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