AIDS Rev 2003,5:25-35

Polymorphism in HIV-1 Non-subtype B
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Abstract

HIV-1 non-subtype B viruses are predominant worldwide. At least 9 different HIV-1
group M subtypes and 14 circulating recombinant forms differ from one another
by 10-15% in their pol gene, which includes the coding regions for the viral
protease and reverse transcriptase (RT), the current targets of antiretroviral
drugs. Inter-subtype genotypic diversity includes polymorphism at amino acid
residues known to be related to drug resistance in HIV-1 subtype B. Whether
polymorphism alters protease and RT function, drug susceptibility, or clinical
response to treatment, is unclear. Worldwide dissemination of non-subtype B
viruses and increasing availability of antiretroviral drugs in the developing world
will expand drug use and the likelihood of drug resistance in non-subtype B
viruses. In this review we define and characterize inter-subtype RT and protease
polymorphism, and examine the evidence for genotypic and phenotypic
differences between HIV-1 subtypes as well as the potential for different clinical
responses and evolution of drug resistance among non-B infected individuals.
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Variation between subtypes, extending to func-
tional enzymes, is likely the result of a “starburst”
radiation of numerous viral lineages following a
single transmission event of a group M ancestor
virus from a chimpanzee to a human®. Continued
divergence of HIV-1 subtypes is sustained by
selective immunologic pressure on diverse qua-
sispecies®’-?, as well as the cumulative acquisi-
tion of single base pair mutations due to the lack
of RT proofreading capability and high viral repli-
cation rates. In addition, insertions, deletions and
recombination events contribute significantly to
HIV-1 diversity'.

Widespread use of antiretroviral drugs is an
additional selective pressure on protease and RT,
which may exert different effects on distinct HIV-1
subtypes. Intersubtype polymorphism may modu-
late antiretroviral drug susceptibility, the probabil-
ity that drug resistance will arise during therapy,
and the fitness of HIV-1 variants that acquire drug
resistance mutations. While there is little evidence,
thus far, that specific drugs are more, or less
active in persons infected with different HIV-1
subtypes, it is likely that increasing antiretroviral
drug use will be an additional selective pressure
in the evolution of HIV-1 worldwide.

The use of drug resistance testing in resource
rich countries has led to a great deal of information
about drug resistance among subtype B isolates,
although these represent only a small fraction of

global HIV-1 infection®. Non-B subtypes and CRFs,
which already predominate in Africa, Asia and
much of Eastern Europe, are identified with in-
creasing frequency in the Western world?*%’. With
the increasing drug availability in developing coun-
tries and the growing numbers of non-B infected
individuals in developed countries, sequence dif-
ferences between subtypes have already been
shown to alter the sensitivity and accuracy of virus
load measurements®®?® and of genotypic drug re-
sistance detection®® as diagnostic tools in patient
management.

In this review, we define and characterize the
inter-subtype polymorphism in HIV-1 protease
and RT, and review the available data on the
influence of subtype and genetic variation on
susceptibility to antiretroviral drugs, and on the
evolution of drug resistance following antiretrovi-
ral treatment.

Consensus sequences
and polymorphism in B and
non-B HIV-1 subtypes

The Protease and RT consensus sequences
within an HIV-1 subtype are derived from compar-
ison and alignment of sequences from untreated
persons, to predict the specific amino acid resi-
due occurring most frequently at each position.
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Polymorphism is the variation from the consensus
sequence within the subtype being evaluated,
arbitrarily defined as position specific differences
occurring in > 1% of sequences.

The degree of change in a protein’s primary
structure, as reflected by the nucleic acid se-
guence is proportional to the biological impor-
tance of each residue. Highly conserved residues
in enzymes are most directly involved in biological
function while variable amino acid residues are
distant from the active site and are not directly
involved in catalytic processes or in functional
interactions with other molecules®'. Genetic poly-
morphism is expected to appear at sites that are
less directly critical for enzyme activity and where
variation within the protein may be driven by
immune selection and functional adaptation.

A number of studies have assessed the genet-
ic baseline diversity of protease and RT from
non-subtype B HIV-1 infected persons not ex-
posed to antiretroviral therapy (Table 1). Most of
these published sequences have been compiled
in the Stanford Protease and RT Database (http://
hivdb.stanford.edu)®. To illustrate the variation with-
in and between subtypes, figure 2 shows con-
served and polymorphic sites in the protease (Fig.
2A) and RT (Fig. 2B), from 1400 subtype B and 830
non-B infected persons (including subtypes A, C,
D, F, G, CRFO1_AE and CRF02_AG), who were not
exposed to antiretroviral therapy. Within each sub-
type, frequencies of observed changes in amino
acids are distinguished from the expected residues
at each position of the current subtype-specific
consensus sequence (http://hiv-web.lanl.gov).

Table 1. Published studies with protease and RT sequences from HIV-1 non-B infected antiretroviral-naive persons

Rodenburg'®

Study Years Geography No. Persons Main Subtypes
Apetrei®® <98 Romania 14 F
Auswinporn® ‘99-‘00 Thailand 25 AE
Balotta?* <01 Italy 19 F, AG
Becker-Pergola'” ‘98-'94 Uganda 27 A, D
Brindeiro®* ‘96 Brazil 9 AE, F C
Cane® <01 UK 12 C

Carr® <01 South America 5 F
Caumont® ‘99 Vietnam 23 AE
Cornelissen'® ‘92 Global 30 AE, D, A
Cuevas® <02 Cuba 8 D, G
Dowling®® ‘99-‘00 Kenya 41 A C D
Ellenberger®® ‘95 Cote d'lvoire 20 AG
Fonjungo® ‘98 Cameroon 110 AG, J, G, F
Frater™ <01 Africa 79 A C, D
Gao?! ‘84-'94 Africa, Brazil 10 All
Grossman®® ‘99-00 Israel 56 C
Hoelscher® ‘97 Tanzania 9 A C
Holguin® ‘08 Spain 15 G, C H
Holguin2® ‘86-00 Spain 71 G,CAD
Koch% <01 Burundi 18 C

Lole% ‘92-'95 India 6 C
Masciotra® ‘97 Argentina 24 F
McCutchan®” ‘94-95 Nigeria 5 AG
Nkengasong®® ‘97 Cote d'lvoire 12 AG
Pandrea®® ‘97-98 Moldova 6 A
Perez-Alvarez'® ‘99 Spain 12 G
Pieniazek'®! ‘96 Lebanon 14 A
Pieniazek'® ‘86-'98 Global A, D, F, AE, C, AG
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Protease polymorphism

The HIV-1 protease is a dimeric and symmetric
molecule made up of two 99-residue polypeptide
chains responsible for the post-translational pro-
cessing of the viral gag and gag-pol-encoded
polyproteins, to yield the structural proteins and
enzymes of the virus®®. The substrate cleft of the
protease is formed by residues at positions 8, 23,
25-27 (the active site), 28-30, 32, 47-52 (the flex-
ible “flap”), 53, 80, 82 and 84%. Except for the
V82l mutation, discussed below, these predicted
amino acid residues appear to be highly con-
served across subtypes, in the absence of pro-
tease inhibitor (PI) use.

Of the 99 protease amino acids, 30 positions
in subtype A (30%), 31 in B (31%), 26 in C (26%),
34 in D (34%), 33in F (33%), 28 in G (28%), 14 in
CRFO1_AE (14%) and 35 in CRF021_AG (35%) are
polymorphic in sequences from drug naive persons
(Fig. 2A). Compared to 1129 subtype B protease
sequences, significantly less variation is seen in
53 CRFO1_AE protease sequences (p = 0.004, Chi
Square test), which may be a result of the temporal
and geographic clustering of CRFO1_AE isolates,
most of which are from the explosive expansion of
infection in Thailand in the last decade®.

There are a number of amino acid substitutions
that occur at high rates in certain non-subtype B
viruses at positions associated with subtype B drug
resistance (Table 2, Fig. 3A). Based on observa-
tions of differences between sequences from un-
treated and treated persons, mutations at pro-
tease positions 10, 20, 36, 63, 71, 77 and 93 are
characterized as “secondary protease mutations” in
subtype B3 While mutations at these positions
do not cause high-level drug resistance them-
selves, they contribute to drug resistance when
present together with certain primary protease
mutations, or have been shown to compensate for
the decrease in catalytic efficiency caused by PI
selected primary protease mutations3842,

Differences between HIV-1 subtypes have been
observed in the protease at residues with a more
prominent role in drug resistance as well. Al-
though the V82| mutation occurs in about 1% of
untreated.individuals.infected.with-subtype.B,.it has
been identified at 6% in subtype C, 9% in subtype
F and is the consensus (>50%) %@Ub ype G
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type B drug resistance (Fig. 3A). The conse-
guences of polymorphism in non-B subtypes with
respect to the activity of current Pls are not known.
However, as discussed below, there is increasing
evidence for differences between subtypes, which
may be driven by underlying polymorphism.

Reverse transcriptase
polymorphism

The RT enzyme is responsible for RNA-depen-
dent DNA polymerization and DNA-dependent DNA
polymerization3343, RT is a heterodimer consisting of
p66 and p51 subunits. The p51 subunit is com-
posed of the first 440 amino acids of the RT gene.
The p66 subunit is composed of all 560 amino
acids of the RT gene. The p66 subunit contains
the DNA-binding groove and the active site, and the
p51 subunit functions as a scaffold for the enzy-
matically active p66 subunit. Both subunits are
required for optimal polymerase activity.

The active site of the RT is a highly conserved
region encoded by amino acids from codons
183-186 (YMDD motif). Polymerase activity is as-
sociated with orderly binding of substrates, fol-
lowed by the deoxynucleotide triphosphate binding
related with amino acids 65, 72, 110, 113, 115,
116, 151, 160, 183, 184, 185, 186, 219 and 43. It
is noteworthy that none of these codons are poly-
morphic (in the absence of antiretroviral drugs)
(Fig. 2B), emphasizing their role in the enzyme
function.

Of the first 240 RT amino acids, 41 positions in
subtype A (17%), 45in B (19%), 56 in C (23%), 43
in D (18%), 35 in F (15%), 32 in G (13%), 46 in
CRFO1_AE (19%) and 56 in CRF021_AG (23%)
are polymorphic in sequences from drug naive
persons. Intersubtype prevalence of RT polymor-
phic residues was similar. For subtypes A, B, D, F,
CRFO1_AE and CRF02_AG, the protease was sig-
nificantly more polymorphic than the RT (p < 0.02,
Chi Square test).

Polymorphism in non-B protease and RT posi-
tions, which are associated with subtype B nucleo-
side RT inhibitor (NRTI) resistance® 37 (Table 2)
include codons. 69 (6%.in-subtype F), 75 (2% in
CRFO1_AE) and 118 (5, 2 and 6% in subtypes A, B
arE D, respectively). Mutations at position 69 (T69D/

AR hade \bésnarepgnted with exposure to all
NRTIs, and contribute to NRTI resistance**°. Within

resistance to the available, Pls i btype B, t B. viruses,_rare insertions at this position
However amino acid chang@ééﬁ\a@@u&id} il @jﬁgﬁf@r{é&mﬁ@s imparting multi-nucleoside

resistance in 1-2% of highly NRTI experienced indi-
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Polymorphism at positions associated with subtype
B non-nucleoside RT inhibitor (NNRTI) resistance is
seen at codons 98 (in subtypes B, C, G), 106 (in
subtypes G, CRFO1_AE and CRF02_AG) and 179
(polymorphic in subtypes B, C, D, F, G, CRF02_AG,
and is the consensus position in subtype A) (Table 2,
Fig. 3B). A98G, V106A and V179D are residues in the
NNRTI binding region of the p66 subunit associated
with different levels of resistance to the NNRTIs®3%,

In addition to this inter-subtype diversity, compari-
son of non-B RT consensus sequences to the sub-
type B RT consensus (http:/hiv-web.lanl.gov) shows
differences in overall 23 residues, of which 1is in a
position related to subtype B drug resistance (Fig.
3B). The functional consequences of RT polymor-
phism in distinct HIV-1 subtypes at positions related
and not related to drug resistance are not known, and
in the RT have been only sporadically addressed.

The potential impact of protease
and RT non-subtype B
polymorphism

The importance of protease and RT sequence
differences among non-subtype B viruses for ther-
apeutic success in non-B infected patients is not
known. The higher frequency of protease polymor-
phism in non-B isolates, including protease posi-
tions 20, 36, 63, 82 and 93 as mentioned above,
has raised concern that Pl treatment of non-sub-
type B infected persons could be less effective
than that of subtype B'™16.1855 |n the case of RT
inhibitors, the relevance of polymorphism at posi-
tions associated with subtype B NRTI (codons 69,
75 and 118) and NNRTI (codons 98, 106, 179)
resistance on the susceptibility of non-subtype B
viruses has not been widely addressed, but could
play a role in causing distinct degrees of suscep-
tibility to these drug classes.

Genetic protease and RT variation may result in
important differences between HIV-1 subtypes in
the efficacy of antiretroviral therapy and in the
evolution of drug resistance. Drug susceptibility
can be measured through biochemical, phenotyp-
ic or genotypic assays and assessed as part of
the clinical outcome of drug treatment. For each
of these measures, we consider the data that

matic properties of protease and RT; 2) phenotyp-
ic susceptibility to antiretroviral drugs; 3) evolution
of subtype specific genotypic patterns of drug
resistance; and 4) response to antiretroviral thera-
py among non-B infected persons.

Biochemical impact of
non-subtype B polymorphism

The enzymatic efficiency of protease and RT
has a potential role in explaining drug resistance
differences among subtypes. Veldzquez-Campoy,
et al.% have investigated the catalytic efficiency
and inhibition of subtype B proteases into which
mutations commonly observed in subtypes A and
C were engineered, sharing mutations M36l,
R41K, HE9K, L89M, with the addition of 113V,
E35D and R57K for subtype A. They character-
ized the enzymatic activity in the presence of four
Pls (saquinavir, indinavir, nelfinavir and ritonavir).
Using calorimetry, these A and C like proteases
had catalytic efficiency 1.5 to 11 fold higher than
the comparator subtype B protease in the pres-
ence of Pls. They further report that with engi-
neered drug resistance mutations (V82F/184V), the
fitness of these A and C like proteases can be
increased up to 1000-fold higher compared to
wild-type subtype B protease in the presence of
the studied inhibitors®”. They concluded that from
a thermodynamic standpoint, the combined ef-
fects of the drug-resistant mutations and the nat-
ural (subtype specific) amino acid polymorphism
are additive. Polymorphism need not be in the
active site to influence the binding of inhibitors,
and they may amplify the effects of drug-resistant
mutations. This approach to inter-subtype geno-
typic differences supports the assumption that
differences in enzymatic activity may be attributed
to baseline polymorphism in non-B proteases.

Phenotypic resistance of
non-subtype B viruses
Phenotypic drug-susceptibility assays measure

the drug concentration that is required to inhibit
HIV-1 replication by 50% (IC.;), and compares

|
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Table 2. Polymorphism at drug resistance positions in protease and RT from untreated persons
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virus. Several studies have demonstrated largely
comparable in vitro susceptibility of non-subtype
B viruses to most antiretroviral drugs in a variety
of phenotypic assays'" 12560

The exception to this generalization may be the
evidence suggesting that the V82| protease muta-
tion in non-subtype B viruses may alter susceptibility
to Pls. In vitro experiments by Kaplan, et al.8', which
examined the rate of selection of Pl resistance in
cell culture in the presence of an experimental Pl
(A-77003), demonstrated variants with reduced sen-
sitivity to Pls that included the V82l and V32| muta-
tions. Another study in subtype B by Maguire, et al.%?
has reported the emergence of V82| in 2 patients
failing an amprenavir-containing regimen, both of
whom developed 150V, an amprenavir related
mutation. In non-B subtypes, Descamps, et al.
described a >5-fold decrease in phenotypic sus-
ceptibility to ritonavir and saquinavir in two sub-
type G strains with the V82| and M361 mutations.

Other studies supporting potential reduced phe-
notypic susceptibility in non-B viruses found that
subtype D isolates may have a tendency toward
slightly lower susceptibility to antiretroviral drugs
compared to other subtypes®; 2 of 14 subtype F
isolates in Romania had borderline and signifi-
cantly diminished susceptibility to an investiga-
tional NNRTI®®; and finally, 2 of 99 CRF02_AG
seroconverters in Abidjan, Cote d’lvoire demon-
strated a 6.9-fold reduction of susceptibility to
nelfinavir and a 4.2-fold resistance to nevirapine®.

Although the majority of phenotypic data point to
similarities in susceptibility between B and non-B

subtypes, there is increasing evidence that V82|
and related polymorphism in protease may play a
role in subtype specific susceptibility to some Pls.

Genotypic impact of non-subtype
B polymorphism

A wider range of data from non-subtype B in-
fected patients is available from genotypic testing,
which for reasons of cost and availability are more
widely used to assess drug resistance. In addition,
genotypic tests may demonstrate mixtures at spe-
cific positions where minority populations of virus
at levels of 20-30% are too low to affect drug
susceptibility in a phenotypic assay. Genotypic
tests also detect transitional mutations that do not
cause resistance by themselves but indicate the
recent presence of selective drug pressure® ¢,

The PI selected evolution of resistance-related
mutations in the protease may differ with subtype.
Sequences from persons failing nelfinavir with
subtypes C®%, G and CRFO1_AE’ demonstrate
evolution of resistance with the L90M mutation rather
than the mutations preferentially acquired in subtype
B infection, where the D30N mutation predominates.
Similar findings have been observed in 5 patients
from Brazil”', where different resistance patterns
between B and non-B isolates in the protease
were suggested despite similar drug treatment.

These observations in non-B infection add to
the plausibility that differences in drug resistance
evolution pathways between HIV-1 subtypes exist,
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and it is reasonable to postulate that baseline
subtype-specific polymorphism plays a role in this
evolution. However, larger data sets from well-
characterized treatment regimens need to be col-
lected and analyzed to validate these observa-
tions and hypotheses.

Clinical impact of non-subtype B
polymorphism

There are few studies that directly compare the
clinical outcome of antiretroviral treatment among
patients with different subtypes, and hence phylo-
genetically different protease and RT genes. Data
from studies of subtype B infection are conflicting,
but may shed some light on the role of non-B
polymorphism at positions related to drug resis-
tance on treatment outcomes.

Subtype B protease polymorphism at positions
associated with drug resistance, which exists prior to
the emergence of a major or primary mutation, may
alter the rate of development of resistance or the
subsequent evolution of mutations and thus on the
choice of antiviral therapy’. A recent, albeit contro-
versial analysis of baseline polymorphism at drug-
related positions was presented by Perno, et al.”®
from ltaly. These authors assessed the role of pro-
tease and RT mutations in predicting virologic failure
in 248 drug-naive persons, who began a Pl contain-
ing regimen. They found a statistically significant
correlation, in a small number of subjects, between
virologic failure after 24 weeks of Pl based therapy
and the number of protease mutations at baseline.
Mutations at polymorphic protease codons 10 and
36 were identified as the strongest predictors of
virologic failure, and patients with either mutation
were at twice the risk of having virologic failure at
week 24 compared to patients with neither.

In a similar study from Luxemburg™ in 116 sub-
type B infected patients beginning a Pl containing
regimen, Servais, et al. found that a relatively
poorer response to therapy was associated with
high baseline protease polymorphism, and, to a
lesser extent, with the presence of 193L and A71V/T
at baseline. In drug experienced subtype B infect-
ed patients, there is a clearer association between
mutation at protease positions 10, 36 and 93 and
less favorable virologic response t onavir-
saquinavir oontammg%}é VP‘@T'[GO itfa
several smaller reports show little correlation be-

persons compared to those seen in North Ameri-
ca and Europe. Similarly, Del Amo, et al.®! exam-
ined differences in progression to AIDS and death
between HIV-1-positive Africans and non-Africans
in London, and found no differences in progres-
sion from HIV-1 infection to AIDS and from AIDS to
death attributable to African ethnicity, or presumed
infection with non-subtype B viruses. Studies of
non-B infected patients in Canada®, Sweden®,
and in the European PENTA-5 trial®?, failed to
identify an association between HIV-1 subtype
and virologic response or disease progression.

Studies comparing clinical outcome between
persons infected with different HIV-1 subtypes
receiving similar antiretroviral regimens are limited
to small numbers of subjects where treatment did
not include randomization to specific regimens
based on subtype or sequence information. The
current observations are potentially complicated
by the variation among individuals infected with
different HIV-1 subtypes. In any treatment center,
infection with divergent specific HIV-1 subtypes
may be associated with variable modes of acqui-
sition of infection and with differences in compli-
ance, nutrition, socio-economic status, and host
genetic variables such as chemokine receptor
alleles and HLA types. These, and potentially other
subtle confounders in the assessment of disease
progression and response to antiretroviral therapy,
could obscure real differences in virus susceptibil-
ity and the potential for inter-subtype polymor-
phism to contribute to drug resistance.

Conclusion

Although HIV-1 antiretroviral therapy has been
developed largely for treatment of subtype B iso-
lates most clinical and virologic studies suggest,
with certain exceptions, that differences in HIV-1
subtype alone, do not lead to striking differences
in response to drug therapy. However, among
some non-B subtypes, an increase in accessory
Pl mutations and mutations at significant residues
may result in different clinical responses, and may
change the subsequent breadth of resistance
among-those with.virologic failure.

The biological consequences and the impact of
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