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Abstract

Background: With recent regulatory approval of the first HIV-1 integrase inhibitor
(raltegravir) and continuing development of additional drugs in this class, it is
expected that associated drug resistance testing will become important for patient
management. We report the development of a genotyping assay* for HIV-1
integrase. Primers were designed for coupled amplification and sequencing on the
OpenGene® DNA Sequencing System currently utilized by the TRUGENE® HIV-1
Genotyping Assay for protease and reverse transcriptase inhibitor resistance testing.
Applicability to other platforms, based on dye-terminator cycle sequencing, was also
demonstrated.

Methods: Primers were designed for a 1.2 kbp RT-PCR amplicon and four overlapping
regions 350-400 bp in length. Primers were paired to produce two to four
overlapping sequencing regions for the entire IN coding region or a single region
covering the majority of mutations considered clinically significant. Data were
generated with OpenGene (Siemens) and ABI Prism (Applied Biosystems) automated
DNA sequencers. A software module was developed to report currently known
integrase inhibitor (INI) treatment-related mutations. Viral dilutions, subtype panels
and HIV-positive patient samples were utilized to evaluate sensitivity and subtype
specificity.

Results: Consistent amplification was demonstrated for subtypes A-H and various
circulating recombinant forms. LAV dilutions from 100 to 1,000,000 copies/mL were
tested successfully. Plasma samples with viral loads ranging from 68 to 390,000 RNA
copies/mL were also genotyped.

Conclusions: Although the clinical utility of genotyping from plasma in the range

of 50-400 RNA copies/mL has not been established, the sensitivity of this new

assay may allow more routine analysis of samples of research interest. Results

with samples collected in Beijing in 2005 and 2007 suggest that some HIV-positive
populations in China may diverge from previously reported IN polymorphism patterns
in addition to grouping with relatively rare subtypes or CRFs.

* Assay not commercially available.

Background

Raltegravir (RAL, MK-0518), marketed as ISENTRESS® by Merck, is the first HIV-1
integrase inhibitor (INI) to be approved for use in combination therapy for
treatment-experienced adult HIV patients. Additional clinical trials in treatment-
naive individuals are continuing. Because raltegravir is metabolized through the
glucuronidation pathway, it is expected to have little pharmacokinetic interaction
with drugs that are substrates for the cytochrome P450 family of enzymes (CYPs).!
Effectiveness in combination therapy with other orally available antiretroviral agents
has been shown. Mutations associated with RAL treatment have been identified
and are grouped into two pathways for resistance. One includes substitutions at
either Q148 or N155 along with other substitutions, including those at codons L74,
E92,T97, E138, G140, V151, G163, H183, Y226, S230, and D232." The other path
involves substitutions at Y143.

Elvitegravir (EVG, GS-9137) is another INI being developed by Gilead Sciences.
Results from phase 2 clinical trials are available, and a phase 3 clinical trial is
expected to begin in 2008.% Primary resistance mutations T66l and E92Q were
identified.? These and various secondary mutations were discovered in early studies
to confer reduced susceptibility to other INIs. The results of studies to date suggest
that members of this class of drugs bind to a region of the HIV-1 integrase enzyme
that is conserved in other retroviruses. The previously demonstrated effectiveness of
drug resistance monitoring to help guide antiretroviral therapy is expected to extend
to this class of drugs.

Global availability of standardized HIV drug resistance assays that include integrase
region coverage is expected to become more important as resistance to the new class
of antiretroviral drugs develops and patient screening and monitoring of integrase
mutations becomes routine. An assay designed for research use is required to cover
the entire integrase region. Automated DNA sequencing is the current standard for
HIV drug resistance testing. In the future, platforms employing other technologies,
such as microarrays or mass spectrometry, may be utilized.

Materials and Methods

Oligonucleotide primers were designed to produce a 1.2 kbp RT-PCR amplicon and
four overlapping nested regions 350 to 400 bp in length. These primers were paired
to produce two to four overlapping CLIP", coupled amplification and sequencing
regions, or dye-terminator cycle sequencing products covering the entire IN coding
region. Alternatively, a single pair covering the majority of mutations considered
clinically significant was used. Plasma samples (140 pL) were processed with the
QIAampViral RNA Mini Kit (QIAGEN, Valencia CA) or with the automated VERSANT®
sample preparation instrument*, which was also utilized as a front-end device for
kinetic PCR (kPCR) viral load analysis described previously.®

End-point RT-PCR products were analyzed on the 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA) and on agarose gels. Sequencing products were
generated using either Cy dye—labeled primers or BigDye" terminator chemistry
(Applied Biosystems, Foster City, CA). Sequencing data were produced with the
OpenGene DNA Sequencing System (Siemens Healthcare Diagnostics, Deerfield,
IL) and 3130x/ Genetic Analyzer (Applied Biosystems). A prototype TRUGENE HIV-1
Integrase' software module for GeneObjects” was utilized for all data analysis.

Viral dilutions, subtype panels and HIV-positive patient plasmas were utilized

to evaluate sensitivity and subtype specificity. Dilutions of HIV-1 (8E5) at 10% to

108 copies/mL were used to evaluate amplification sensitivity. Group M isolates,
including subtypes A-H and circulating recombinant forms 01_AE and 02_AG, were
supplied by SeraCare Life Sciences (Milford, MA). Patient plasma samples drawn from
patients in the US were quantified with VERSANT® HIV-1 RNA 3.0 and VERSANT® HIV-1
RNA 1.0 (kPCR)" Assays.

*In development.
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The current TRUGENE HIV-1 Assay (for in vitro diagnostic use) RT-PCR primers
(v1.5) amplify a 1.5 kb region that includes protease and portions of gag and RT.
The sequencing region includes clinically relevant protease and RT mutations. The
env and int RT-PCR primers cover those complete coding regions, respectively. The
integrase cycle sequencing or CLIP® primers may be combined in pairs to sequence
the whole coding region or a subregion associated with INI-selected mutations.
Different primers were paired depending on the intended use and instrument
platform. This primer map is based on the LANL HXB2 reference sequence.*
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The automated VERSANT sample preparation system is capable of extraction and
RT-PCR, 96 plasma samples from primary collection tubes and was demonstrated

to be compatible with both viral load and genotyping assays. The workflow for the
TRUGENE HIV-1 Integrase Assay includes complete integrase region amplification
followed by a choice of DNA sequencing methodologies, with primer sets optimized
for specific platforms and uses. Complete bidirectional coverage of all integrase
codons or the most relevant subregion for INI-related mutations may be analyzed.
Integration of data acquisition on the OpenGene DNA Sequencing System with
laboratory information management IT provides efficient data storage and
distribution options for subsequent analysis.

* System not yet commercially available.
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To evaluate the amplification sensitivity of the assay, RT-PCR was performed with a
dilution panel of HIV-1 (8E5) at 100 to 100,000 copies/mL. Viral RNA was manually
extracted with and without addition of carrier RNA during sample preparation.

A 1,165 bp RT-PCR product was observed in all cases (highlighted area) and the
presence of carrier RNA was noted to be important at the lowest concentration.
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Figure 4.

RT-PCR products generated from a dilution panel of HIV-1 (8E5) at 100 to 100,000
copies/mL were amplified with CLIP primers sets for regions 1, 2 and 3. Consistent
amplification was noted across the concentration range and across primer sets.

Table 1.

Concentration* Edited Accuracy Software Only
1X10° 100% 100%
1X107 100% 100%
1X10° 100% 100%
1X10° 100% 100%
1X10* 100% 99.5%
1X10° 100% 98.6%
5X10? 100% 99.4%

Viral Load* Logs, (Viral Load) Replicates Detection

10,339,951 7.0145 5 1.00
2,584,816 6.4124 5 1.00
86,154 4.9353 11 1.00
8,616 3.9353 12 1.00
862 2.9355 14 1.00
86 1.9345 14 0.50
65 1.8129 14 0.36

* RNA copies/mL

Accuracy of DNA sequencing across a 6.5 log concentration range for the complete
IN region was 100 percent with operator confirmation of mixtures. Without operator
intervention, automated software basecalling and alignment with GeneObjects
software resulted in 98 to 100 percent accuracy across the range tested. This panel
consisted of HIV-1 (8E5) viral dilutions and was extracted manually. Sensitivity of the
assay was further evaluated by running multiple replicates of a kPCR value-assigned
HIV-1 performance panel. Fifty percent of replicates at 86 copies/mL produced
positive amplification results. These samples were extracted and the RT-PCR was
performed on the automated VERSANT system.
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Figure 5.

Examples of CLIP coupled amplification and sequencing near the limit of detection
of this assay. The first sequence trace was produced from a patient sample with a
viral load of 68 copies/mL (bDNA) and 90 copies/mL (kPCR). The data were generated
using a midlength MicroCel 500 and standard run conditions on the OpenGene DNA
Sequencing System. The second sequence was generated from a different patient
plasma sample with a viral load of 97 copies/mL (bDNA) and 168 copies/mL (kPCR)
using the same sequencing conditions.

Figure 6.

An example of integrase sequencing data analyzed with GeneObjects 4.0 on the

Mac OS X system. This region includes the primary resistance mutations associated
with RAL therapy. In this case, multiple overlapping sequences were combined

from two primer sets run on the Applied Biosystems sequencing system and imported
as SCF (Staden Format) data. The Integrase GeneLibrary Module is currently used

for research.
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Subtype specificity of the assay was determined using a total of 44 panel members.
Complete IN sequences were generated for 100 percent of the samples. Subtype
assignments from the panel manufacturer are summarized above. Assignments
based on IN region sequencing and REGA subtyping tool analysis is provided for
comparison. The original manufacturer’s panel member assignments appear to have
excluded highly probable CRF matches that were discovered through bootstrap
analysis with the recombination detection feature.
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Figure 8.

SampleTanker sample preparation and recovery kit was evaluated using the HIV-1
integrase gene assay. Dilution panel of HIV-1 (8E5) at 100 to 10,000 copies/mL and
plasma samples at 53,000 to 181,000 copies/mL were tested. Samples were loaded,
dried, and recovered as described by the manufacturer (Technology Think Tank Inc.).
RNA extraction and RT-PCR to amplify the integrase gene was performed as described
previously. Preliminary results demonstrated consistent amplification for all dilutions
of 8E5. Plasma samples recovered from SampleTanker tubes (in duplicate) had
results comparable to those from direct plasma.

Table 2.
Panel Subtypes V"a.l Leed Sum y of Results
(copies/m
HIV-1 Integrase amplification at
Di(lﬁsi—r:))ns B 100 t0 100,000,000 all concentrations
_ Complete integrase
Sﬁgtnﬁ?e CR/F-\01H—lOZ 10,000 to 3,000,000 bidirectional sequence
coverage of 44/44 isolates
Clinical Complete integrase
bidirectional sequence
Sa(ndgl)es 8 68 t0 392,385 coverage of 13/13 clinical
samples

Summary of results with sensitivity panel, subtype panel and clinical samples. The
complete bidirectional integrase region sequencing success rate was 100 percent
(57157).

Conclusions

HIV-1 (8E5) dilutions from 102 to 10° copies/mL were tested successfully. Plasma
samples with viral loads ranging from <100 to >390,000 RNA

copies/mL were genotyped. The VERSANT automated sample preparation system
provided template suitable for both viral load and genotype analysis. Although the
clinical utility of genotyping from plasma when the concentration of intact RNA
template per reaction approaches clonal dilutions is uncertain, the sensitivity of this
new assay may allow more routine analysis of samples of research interest.

Broad specificity was demonstrated with commercial genotyping panels and
HIV-positive clinical samples. All 44 subtype panel members, with isolates
representative of global virus populations, were successfully genotyped. The new
software module detected mutations in integrase and provided export functionality
compatible with other software used for data-mining polymorphism profiles.

This assay is suitable for research use worldwide. Additional studies to evaluate
performance detecting INI-selected mutations are ongoing.
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