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Abstract

The presence of mutations associated with integrase inhibitor (INI) resistance among INI-naive patients may
play an important clinical role in the use of those drugs Samples from 76 HIV-1-infected subjects naive to INIs
were submitted to direct sequencing. No differences were found between naive (25%) subjects and subjects on
HAART (75%). No primary mutation associated with raltegravir or elvitegravir resistance was found. However,
78% of sequences showed at least one accessory mutation associated with resistance. The analysis of the 76 IN
sequences showed a high polymorphic level on this region among Brazilian HIV-1-infected subjects, including a
high prevalence of aa substitutions related to INI resistance. The impact of these findings remains unclear and
further studies are necessary to address these questions.

THE INTEGRATION OF VIRAL cDNA into host chromosomes
is promoted by the integrase (IN) viral enzyme and oc-
curs in multisteps. The IN enzyme (32 kDa) is encoded by the
pol gene and is composed of 288 amino acids (aa). The amino
terminal domain (NTD) encompasses the aa 1 to 49 and
contains the HHCC motif (Hys1», Hys16, Cysao, Cysas), a zinc
finger that is important for catalytic function. The catalytic
core domain (CCD) encompassing aa 50-212 carries the DDE
motif (Aspes, Aspi1e, Gluysp), which coordinates the bivalent
metallic cofactor (Mgy), a requisite for IN catalytic activity.
The carboxy-terminal domain (CTD) encompasses aa 213-
288, binds nonspecifically to DNA, and is involved in the
stability of the enzyme with DNA."?

The integrase inhibitors are a new class of antiretroviral
drugs that act to prevent viral DNA integration into the host
chromosome. Raltegravir (RAL) (Isentress, Merck, Germany),
the first molecule approved for clinical use, in 2007, is a se-
lective strand transfer inhibitor (STI) that acts by occupying
the position of acceptor DNA. The elvitegravir (EGV) mole-
cule, another STI, is currently in phase III clinical trials.>*
The STIs bind at the interface of the viral DNA-IN-divalent

metal complex, preventing IN from binding target chromo-
somal DNA, and the strand transfer reaction is unable to
proceed.*

More than 40 amino acid substitutions have been associ-
ated with resistance to RAL or EGV.? The RAL resistance
develops by three distinct pathways: N115H/S, Q148K/R/H,
or Y143R/C. The secondary mutations associated with the
resistance pathways are L74M, E92Q, T97A, E138A /K, G140S,
V1511, E157Q, G163KR, and D232N. The antiviral activity of
EGV can be affected by the presence of mutations T66I/A /K,
V721, F12Y, T125K, G140C, Q148H, V1511, S153Y, M1541, and
S230R.” Therefore, our study aimed to determine the preva-
lence of mutations or polymorphisms in the IN region that
may impact the clinical use of INIs in a cohort in Sdo Paulo
City.

Seventy-six HIV-1-infected subjects, under clinical moni-
toring in our HIV out-patient clinic (ADEE3002/HCFMUSP)
from a general University Hospital in Sao Paulo City, were
randomly invited to participate in our study, from June to
September 2008. The study was approved by the Ethical
Research Board of the Hospital das Clinicas, Faculdade de
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Medicina da Universidade de Sao Paulo (CEP/HCFMUSP,
CAPPesq no. 0108/08).

Peripheral blood mononuclear cells (PBMCs) were isolated
from blood samples by Ficoll-Hypaque gradient density
centrifugation. DNA was extracted from the PBMCs using the
GFX Genomic Blood DNA Purification Kit (GE Healthcare,
Little Chalfont, UK). Nested polymerase chain reactions
(PCR) were amplified using the outer primers IN12 and IN13°
or the alternative primers MW1 and MW2,” and the inner
primers IN1° and INR' to the proximal region and to the distal
region of the IN enzyme® were used (Table 1).

The second round PCR products were purified by the
QIAquick Purification Kit (Qiagen, Hilden, Germany). The
sequencing reaction was carried out according to the manu-
facturer’s instructions using the ABI PRISM Big Dye Termi-
nator v. 3.1 Cycle Sequencing Ready Reaction Kit (PE Applied
Biosystems, Foster City, CA), using the inner primers. The
sequence reactions were run on an ABI Prism 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA). The se-
quences proximal and distal were superimposed and ana-
lyzed using SeqScape v. 2.5.0 (Applied Biosystems, Foster
City, CA). The HIV-1 subtypes were determined using the
REGA HIV-1 and 2 Automated Sub-typing Tool v. 2.0°
[http://www bioafrica.net/rega-genotype/html/subtypinghiv
.html]. The analysis of the sequences was performed using
softwares BioEdit v. 7.0.8 (Ibis Biosciences, EUA). The muta-
tions are described in the Stanford University HIV Drug Re-
sistance Database’ for RAL (E92Q, F121Y, E138A /K, G140A/S,
Y143R/C/H, S147G, Q148H/R/K, N155H/S, E157Q; non-
polymorphic H183P, Y226D/F/H, S230R, D232N; polymor-
phic L74M, T97A, V1511, G153R, 1203M, S230N), EGV (T66I,
E92Q, F121Y, E138A/K, G140A/S, S147G, QI148H/R/K,
5153Y, N155H/S, E157Q, R263K; nonpolymorphic H51Y,
Q95K, Q146P), and additional mutations nonpolymorphic
T125K, A128T, Q146K, N155S, and K160D and polymorphic
V721, A1541, V1651, and V2011 (updated February 17, 2009).
Statistical analysis was performed by Statistica v. 7.0 (Stat Soft.
Inc., Tulsa, OK).

Our study involved 52 men and 24 women whose mean
age was 40 years. All subjects were naive to integrase inhibi-
tors; however, 57 (75%) of them were on highly active anti-
retroviral therapy (HAART) for an average of 7 years (1 month
to 14 years) while 19 (25%) remained naive to HAART. The
subjects on HAART had a mean T CD4" count of 517
cells/mm?, and the naive patients had a mean T CD4 count of
518 cells/mm?®. The mean viral load for HAART patients was
20,751 copies/ml, while that for naive patients was 16581
copies/ml (p=NS). These similar laboratory data point to
treatment failure among HAART patients. The very different
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number of patients between groups may also represent an
analysis bias.

Analysis of the 76 IN aa sequences (B=62, F1=7, C=1,
BF1 =4, unknown =2) revealed that 142 (49.3%) positions
were polymorphic, with a mean of 15 (7-40) aa substitutions
by sequence, when compared to the consensus B reference
obtained in the Los Alamos Database. The NTD showed a
degree of conservation of 35% and the CCD and the CTD
showed 52% and 59%, respectively. These results agree with
previous studies of the B subtype, ranging from 38% to 77%
on the whole sequence, whereas NTD, CCD, and CTD were
found to be less conserved in our samples than previously
found."*'° There was no difference in conservation between
naive and experienced groups (data not shown).

Regarding the resistance mutations, 78% of the sequences
showed at least one mutation associated with reduced in vitro
susceptibility to RAL or EGV; however, no primary mutation
was found. The accessory mutation E157Q to EGV resistance
was found in a single sequence. The RAL resistance V1511
mutation was found in 23.7% of sequences, in addition to L741
(5.3%) and 1203M (3.9%). Other aa substitutions associated
with INI resistance were found, the most frequent being 172V
(60.5), V201I (53.9), and S230N (10.5). Recently a study ana-
lyzing Brazilian samples from Rio de Janeiro (430 km from
Sao Paulo) obtained similar results regarding primary and
accessory mutations, but the frequency of the aa substitutions
and the molecular signatures found suggest that the evolution
of the mutation diverged in those two populations.'*

We did not find primary mutations for INIs, either RAL or
EVG, in our patients. This may reflect what happens in the
population, since these drugs were not available for clinical
use in Brazil until last year. In fact, a low prevalence of
such mutations has been described for a larger database.'”
However, we did find high numbers of patients presenting
accessory mutations. Actually, several investigators have
reported similar results, but there is no consensus as to whe-
ther the presence of the secondary mutations, if not associ-
ated with primary mutations, can impair the use of INIs
in the clinical setting, so the clinical relevance remains
unclear, 13101214

Curiously, three subjects (3.9%) on HAART showed E152K,
an important and unexpected aa substitution for enzyme ac-
tivity. Most previous studies have not described a similar
findingl'5'11 ; however, Rhee ef al. found this same aa substi-
tution at low frequency within sequences of the GenBank
database, and suggested that E152 may be particularly prone
either to sequencing error or to sequence editing, as it has been
demonstrated that mutations at any of the DDE residues
abolish all catalytic activities of the protein.'*'?

TABLE 1. PRiMERS USED FOR THE AMPLIFICATION AND SEQUENCING OF THE HIV-1 IN REGION

Name

Sequence 5'-3'

Position on HXB2

IN12 (outer)

IN13 (outer)

MWI1 (outer alternative)
MW?2 (outer alternative)
IN1 (inner proximal)
INR (inner proximal)
BH6 (inner distal)

BH4 (inner distal)

GCAGGATTCGGGATTAGAAG
CTTTCTCCTGTATGCAGACC
CCACARGGATGGAAAGGATCACC
CTGGGGCTTGTTCCATCTRTCYTC
AAGGTCTATCTGGCATGGGTA
CCATTTGTACTGCTGTCITAA
CCTGGTAGCAGTTCATGTAG
TCCCCTAGTGGGATGTGTACTTC

40074026
5251-5270
2998-3018
5557-5574
4137-4157
4743-4764
4448-4467
5200-5222
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Finally, the study of 76 IN sequences from INI-naive sub-
jects disclosed a high level of polymorphisms in this region
among Brazilian HIV-1-infected subjects from Sao Paulo city.
Natural polymorphisms have been found to be involved in
INT resistance, but no phenotypic data are currently available
regarding the impact on INI resistance level.'* A high prev-
alence of accessory mutations and several polymorphisms
were so common that we suppose they may not be linked to
resistance. Natural polymorphisms associated with resistance
to INIs represent an important clinical tool when the use of
this antiretroviral class is contemplated, but the impact of
the diversity of the integrase region on the clinical setting
needs to be studied further. However, a high level of viral
suppression using raltegravir, for example, has been found in
clinical trials.*

Sequence Data

The sequence data obtained in this study are available in
GenBank under Accession numbers 6QQ864162-6Q864237.

Acknowledgments

We thank all patients who participated in this study. We
also thank Rosangela M. Araujo and Noemia Orii for per-
forming the flow cytometry experiments; José Eduardo Mar-
tins and Rosana Alcalde for the determination of HIV-1 viral
load; and FAPESP (2008/51265-6 and 2008/58138-0) and
CNPq for providing financial support. J.C. and A.D.J.S. are
senior investigators from CNPq.

Disclosure Statement

No competing financial interests exist.

References

1. Malet I, Soulie C, Tchertanov L, et al.: Structural effects of
amino acid variations between B and CRF02-AG HIV-1 in-
tegrases. ] Med Virol 2008;80:754-761.

2. Ceccherini-Silberstein F, Malet I, D’Arrigo R, Antinori A,
Marcelin AG, and Perno CF: Characterization and structural
analysis of HIV-1 integrase conservation. AIDS Rev 2009;
11:17-29.

3. Van Laethem K, Schrooten Y, Covens K, et al.: A genotypic
assay for the amplification and sequencing of integrase from
diverse HIV-1 group M subtypes. ] Virol Methods 2008;153:
176-181.

4. Katlama C and Murphy R: Emerging role of integrase
inhibitors in the management of treatment-experienced
patients with HIV infection. Ther Clin Risk Manag 2009;5:
331-340.

10.

11.

12.

13.

14.

15.

. Loizidou EZ, Kousiappa I, Zeinalipour-Yazdi CD, Van de

Vijver DA, and Kostrikis LG: Implications of HIV-1 M group
polymorphisms on integrase inhibitor efficacy and resis-
tance: Genetic and structural in silico analyses. Biochemistry
2009;48:4-6.

. Herring BL, Cunningham AL, and Dwyer DE: Potential

drug resistance polymorphisms in the integrase gene of HIV
type 1 subtype A. AIDS Res Hum Retroviruses 2004;20:
1010-1014.

. Fikkert V, Van Maele B, Vercammen J, et al.: Development of

resistance against diketo derivatives of human immunode-
ficiency virus type 1 by progressive accumulation of in-
tegrase mutations. J Virol 2003;77:11459-11470.

. de Oliveira T, Deforche K, Cassol S, et al.: An automated

genotyping system for analysis of HIV-1 and other microbial
sequences. Bioinformatics 2005;21:3797-3800.

. Rhee SY, Gonzales M], Kantor R, Betts BJ, Ravela ], and

Shafer RW: Human immunodeficiency virus reverse tran-
scriptase and protease sequence database. Nucleic Acids Res
2003,31:298-303.

Rhee SY, Liu TF, Kiuchi M, et al.: Natural variation of HIV-1
group M integrase: Implications for a new class of anti-
retroviral inhibitors. Retrovirology 2008;5:74.

Passaes CB, Guimaraes ML, Fernandez SL, et al.: Lack of
primary mutations associated with integrase inhibitors
among HIV-1 subtypes B, C, and F circulating in Brazil.
J Acquir Immune Defic Syndr 2009;51:7-12.

Myers RE and Pillay D: Analysis of natural sequence vari-
ation and covariation in human immunodeficiency virus
type 1 integrase. ] Virol 2008;82:9228-9235.

Eshleman SH, Hudelson SE, Smith P, et al.: Analysis of pol
integrase sequences in diverse HIV type 1 strains using a
prototype genotyping assay. AIDS Res Hum Retroviruses
2009;25:343-345.

Charpentier C, Karmochkine M, Laureillard D, et al.: Drug
resistance profiles for the HIV integrase gene in patients
failing raltegravir salvage therapy. HIV Med 2008;9:765-770.
Konsavage WM Jr, Sudol M, and Katzman M: Effects of
varying the spacing within the D,D-35-E motif in the cata-
lytic region of retroviral integrase. Virology 2008;379:223—-
233.

Address correspondence to:

Jorge Casseb

Institute of Tropical Medicine of Sio Paulo
University of Sdo Paulo

Dr. Eneas de Carvalho Aguiar Avenue
470 IMT II Building Third Floor

Sao Paulo, Brazil

E-mail: jcasseb@usp.br






