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In Vitro resistance against bevirimat

•In Vitro selections
with wild-type virus

Adamson, et al., (2006) J. of Virol., 10957-10971
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Results of phase IIb clinical trial:
Determinants of bevirimat response

•Approximately half of the patient population showed 
adequate response

Salzwedel, et al., XVII IHDRW 2008, Sitges, Spain
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(Verheyen, et al., AIDS, 13 March 2010, V24, I5, p 669–673)

prevalence of BVM polymorphisms in 
clinical isolates

Subtype B isolates non-B isolates

Therapy 
naïve

PI therapy 
experienced

RTI therapy 
experienced

Therapy 
naïve

PI therapy 
experienced

n = 270 n = 166 n = 48 n = 167 n = 41

Any mutation 369-371
112 

(41.5%)
89 

(53.6%)**
18 

(37.5%)

Any bevirimat resistance 
associated mutation

85 
(31.5%)

75 
(45.2%)**

12
(25%)

104 
(62.3%)

25 
(61.0%)
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Interaction between PI resistance mutations 
and bevirimat

Is resistance development to bevirimat affected by the 
presence of PI resistance mutations?

•Rate of resistance development

Affected by replication?

•Mutational pattern



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

Interaction between PI resistance mutations 
and bevirimat

In Vitro selections

PI resistance mutation 
Gag HIV-1 

Variant 
CA/p2 NC/p1 

Protease 

RC 
(relative to WT 

virus) 
Wild-type  Hxb2 +++ 
Wild-type NL4-3 +++ 
PR1* - - 36I - 54V - 71V - 82T +++ 
PR2* - 431V 46I – 54V – 82A – 90M ++ 
PR3# - 431V      -   54V – 82A – 90M +/- 
PR4# - 431V 46I       -      82A – 90M + 
PR5# - 431V 46I – 54V       -      90M + 
PR6# - 431V 46I – 54V – 82A      - ++ 
NC/p1 - 431V - +++ 
NC/p1 - 436E - 437T - +/- 
 



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

PR-4
PR-5

PR-2

PR-6
PR-1

PR-3

WT pNL4-3
WT HX B2

N C/p1 431V
N C/p1 436E
-437T

0

30

60

90

120

150

180

210

240

270

0 10 20 30 40 50 60 70 80 90
Days

B
ev

iri
m

at
 c

on
ce

nt
ra

tio
n

(n
M

)

WT pNL4-3
WT HX B2

PR-4
PR-5

PR-2

PR-6
PR-1

PR-3

N C/p1 431V
N C/p1 436E
-437T

Development of bevirimat resistance



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

360 365 370
K A R V L A E A M S Q V T

WT - - - - - A/V - A/V - - - - -
pNL4-3 - - - - - A/V - - - - - V/A -
n=10 - - - - - V - - - - - - -

- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - A/V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -

WT - - - - - V - - - - - - -
HXB2 - - - - - - - - - - - A -
n=10 - - - - - V - - - - - - -

- - - - - V - - - - - - -
- - - V/I - - - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - V/I - A/V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -

NC/p1 - - - - - V - - - - - - -
431V - - - - - V - - - - - - -
n=4 - - - - - V - - - - - - -

- - - - - V - - - - - - -
NC/p1 - - - - - V - - - - - - -
436E-437T - - - V/I - A/V - - - - - - -
n=4 - - - - - V - - - - - - -

- - - - - V - - - - - - -

360 365 370
K A R V L A E A M S Q V T

WT - - - - - A/V - A/V - - - - -
pNL4-3 - - - - - A/V - - - - - V/A -
n=10 - - - - - V - - - - - - -

- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - A/V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -

WT - - - - - V - - - - - - -
HXB2 - - - - - - - - - - - A -
n=10 - - - - - V - - - - - - -

- - - - - V - - - - - - -
- - - V/I - - - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -
- - - V/I - A/V - - - - - - -
- - - - - V - - - - - - -
- - - - - V - - - - - - -

NC/p1 - - - - - V - - - - - - -
431V - - - - - V - - - - - - -
n=4 - - - - - V - - - - - - -

- - - - - V - - - - - - -
NC/p1 - - - - - V - - - - - - -
436E-437T - - - V/I - A/V - - - - - - -
n=4 - - - - - V - - - - - - -

- - - - - V - - - - - - -

Wild-type proteases PI resistant proteases
360 365 370

K A R V L A E A M S Q V T
PR-1 - - - - - V - - - - - - -
n=5 - - - - - A/V - - - - - - -

- - - V/I L/M - - - - N A -
- - - V/I - - - - - S/N - - T/N
- - - - - A/V - - - - - - T/N

PR-2 - - - - - - - - - S/N - - -
n=5 - - - - - - - - - - - V/A -

- - - V/I - A/V - - - - - - -
- - - V/I - - - - - - - - -
- - - . - - - - - - - A -

PR-3 - - - V/I - - - - - S/N - - -
n=5 - - - V/I - A/V - - - S/N - - -

- - - I - - - - - - - - -
- - - V/I - - - - - -

360 365 370
K A R V L A E A M S Q V T

PR-1 - - - - - V - - - - - - -
n=5 - - - - - A/V - - - - - - -

- - - V/I L/M - - - - N A -
- - - V/I - - - - - S/N - - T/N
- - - - - A/V - - - - - - T/N

PR-2 - - - - - - - - - S/N - - -
n=5 - - - - - - - - - - - V/A -

- - - V/I - A/V - - - - - - -
- - - V/I - - - - - - - - -
- - - . - - - - - - - A -

PR-3 - - - V/I - - - - - S/N - - -
n=5 - - - V/I - A/V - - - S/N - - -

- - - I - - - - - - - - -
- - - V/I - - - - - - - V/A -
- - - - - - - - - - - V/A -

PR-4 - - - - - - - - - - - - -
n=5 - - - V/I - - - - - - - V/A -

- - - V/I - - - - - - - - -
- - - V/I - - - - - S/N - - -
- - - - - - - - - - - A -

PR-5 - - - V/I - - - - - - - - -
n=5 - - - . L/M A/V - - - - - - -

- - - V/I - - - - - - - V/A -
- - - . - - - - - - - V/L -
- - - - - A/V - - - S/N - - -

PR-6 - - - V/I - - - - - S/N - - -
n=5 - - - - - A/V - - - - - - -

- - - - - - - - - - - - -
- - - - - - - - -

- V/A -
- - - - - - - - - - - V/A -

PR-4 - - - - - - - - - - - - -
n=5 - - - V/I - - - - - - - V/A -

- - - V/I - - - - - - - - -
- - - V/I - - - - - S/N - - -
- - - - - - - - - - - A -

PR-5 - - - V/I - - - - - - - - -
n=5 - - - . L/M A/V - - - - - - -

- - - V/I - - - - - - - V/A -
- - - . - - - - - - - V/L -
- - - - - A/V - - - S/N - - -

PR-6 - - - V/I - - - - - S/N - - -
n=5 - - - - - A/V - - - - - - -

- - - - - - - - - - - - -
- - - - - - - - - S/N . V/A -
- - - V/I - - - - - - - - -

Interaction between PI resistance and 
bevirimat

A/V

V



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

0

20

40

60

80

100

0 4 12 37 111 333 1000 3000

Bevirimat concentration (nM)

Pr
ot

ec
tio

n 
(%

)

Hxb2GagV362I Hxb2

47.6
17.1 = 2.8

Impact of individual mutations on bevirimat 
resistance and viral replication

Virus
Fold resistance induced by mutation

V362I A364V S368N V370A

Hxb2 2.8 >>150 6.6 >150

PR1 (36I-54V-71I-82T) 2.1 >>150 6.0 >150

PR2 (431V-46I-54V-82A-90M) >150 >>150 >150 >150

-40
-20

0
20

40
60

80
100

0 4 12 37 11 333 1000 3000

Bevirimat concentration (nM)

Pr
ot

ec
tio

n 
(%

)

Hxb2GagA364V Hxb2

0

20

40

60

80

100

0 4 12 37 111 333 1000 3000

Bevirimat concentration (nM)

Pr
ot

ec
tio

n 
(%

)

PR2GagV362I Hxb2



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

RC Hxb2-mutants

0

1

10

100

1000

10000

100000

1000000

0 2 4 6 8 10 12 14

day

pg
 p

24
 / 

10
0 

ul

Hxb2
Hxb2GagV362I
Hxb2GagA364V
Hxb2GagS368N
Hxb2GagV370A

RC PR1-mutants

0

1

10

100

1000

10000

100000

1000000

0 2 4 6 8 10 12 14

day

pg
 p

24
 / 

10
0u

l Hxb2
PR1
PR1GagV362I
PR1GagA364V
PR1GagS368N
PR1GagV370A

RC PR2-mutants

0

1

10

100

1000

10000

100000

1000000

0 2 4 6 8 10 12 14

day

pg
 p

24
 / 

10
0 

ul

Hxb2
PR2
PR2GagV362I
PR2GagA364V
PR2GagS368N
PR2GagV370A

pg
 p

24
 / 

10
0u

l

day

Hxb2-mutantsPR1-mutantsPR2-mutants

Bevirimat resistance mutations
Impact on viral replication



Presented at the 8th European HIV Drug Resistance Workshop, March 17-19 2010, Sorrento, Italy 

Conclusions

In vivo data:
•PI resistant isolates (bevirimat naïve): significant accumulation of 
bevirimat resistance mutation (QVT-motif)

In vitro data
•Identified 2 new BVM resistance mutations (Gag V362I and S368N)

•Resistance mutations in the viral protease shift the bevirimat resistance 
pathway towards mutations in the QVT-motif

•Individual BVM resistance mutations in Gag have a different impact on 
replication and resistance depending on protease background
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