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Abstract

VprR77Q has been associated with long-term nonprogressive (LTNP) HIV infection. We wished to
investigate the prevalence, clinical correlates, and effect on treatment response of VprR77Q in a
cohort of antiretroviral-naive individuals initiating Highly Active Antiretroviral Therapy (HAART).
Baseline plasma samples from 728 subjects were genotyped using RT-PCR and direct DNA
sequencing. Cox proportional hazards regression was used to model the effects of VprR77Q on
virologic and immunologic responses, and survival following initiation of HAART, over a median
4.5 years follow-up. We found that 308 subjects (42.3%) harbored VprR77Q alone or in combination
with another amino acid, while 420 (57.7%) harbored an amino acid other than Q. A cross-sectional
analysis found no correlation between R77Q and baseline plasma viral load (pVVL), CD4 count,
diagnosis of AIDS, or sociodemographic characteristics including age, gender and history of injection
drug use (p > 0.1). In multivariate analyses, no significant associations between VprR77Q and initial
pVL and CD4 responses to HAART (p > 0.1) or survival following initiation of treatment were
observed. The high prevalence and the lack of association with pre-therapy clinical parameters in
this cohort argue against an association of R77Q with LTNP status. These results do not support an
association between R77Q and HAART response.
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Introduction

Viral protein R (Vpr) is a highly conserved, 96-kDa accessory protein involved in the
pathogenesis of HIV-1. Although its role in HIV-1 infection remains somewhat unclear, Vpr
has been shown to affect multiple functions in vitro, including increasing the fidelity of the
reverse transcription process, targeting the preintegration complex to the host cell nucleus,
inducing host cell cycle arrest at the G2/M phase, and inducing apoptosis in infected as well
as uninfected cells (for a review see [1]).

The apoptosis-inducing function of Vpr maps to a tightly-conserved H(S/F)RIG amino acid
motif at its C-terminal end [2,3]. Earlier studies indicated that HIVV gene defects mapping to
the C-terminus of HIV Vpr are associated with long-term nonprogressive infection [4],
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although other studies have reported no obvious correlation between Vpr genetics and rate of
HIV disease progression [5]. Recently, a study by Lum et al. [6] indicated that an R77Q
substitution, located within the C-terminal H(S/F)RIG amino acid motif, appeared to
significantly impair the ability of Vpr to induce apoptosis in vitro [6]. Furthermore, this R77Q
mutation was associated with long-term nonprogressive HIV-infection [6].

In the present study we wished to investigate the prevalence, clinical correlates, and effect on
treatment response of VprR77Q in a large population-based cohort of antiretroviral-naive
individuals initiating their first Highly Active Antiretroviral Therapy (HAART) regimen.

Study subjects: the HOMER cohort

In the province of British Columbia, Canada, antiretrovirals are distributed free of charge to
HIV-infected individuals through a centralized drug treatment program, in accordance with
provincial and international HIV treatment guidelines [7]. The present study focuses on the
HAART Observational Medical Evaluation and Research (HOMER) cohort, which includes
all HIV-positive, antiretroviral-naive adults who initiated triple antiretroviral therapy
(consisting of two nucleoside reverse transcriptase inhibitors [nRTIs] and either a protease
inhibitor [PI] or a non-nucleoside reverse transcriptase inhibitor [NNRTI]) through the British
Columbia Drug Treatment Program between Aug. 1996 and Sept. 1999 (N = 1191). This cohort
has been the focus of a number of studies and has been described in detail previously [7,8,9].
Permission to conduct this research was granted by the institutional Research Ethics Board
(Providence Health Care/University of British Columbia).

Baseline clinical correlates of HIV VprR77Q in this antiretroviral-naive
population

The present study focused on 728 of 1191 (61.1%) HOMER cohort subjects for whom a
baseline (pre-therapy) sample, collected <6 months prior to initiation of therapy, was available.
Analysis of the baseline sociodemographic and clinical characteristics of cohort subjects
revealed that the subset of subjects for whom Vpr genotype data were available (N = 728 of
1191) in general represented the cohort participants, with the exception that those with Vpr
genotypes had slightly higher baseline pVL and were more likely to initiate NNRTI-containing
HAART than those without Vpr genotypes (Table 1). Vpr genotyping was performed by
extracting viral RNA from plasma using guanidinium isothiocyanate, followed by nested RT-
PCR amplification of a portion of the HIV-1 genome spanning vif, vpr and vpu, using first
round primers 5'-ATCTTAAGACAGCAGTACAA-3’ (bases 4741-4760 of HIV-1 HXB2
Genbank Acc# K03455) and 5'-TCTACCATGTTATTTTTCCACAT-3' (6529-6507) and
second round primers 5'-TCCTCTGGAAAGGTGAAGGGG-3' (4951-4971) and 5'-
GGTCTGTGGGTACACAGGCATGT-3' (6459-6437). If no product was obtained, a shorter
2-round RT-PCR protocol targeting only the C-terminus of Vpr was used. PCR products were
sequenced in both 5" and 3’ directions using the BigDye dye terminator cycle sequencing kit
(Applied Biosystems) and run on an ABI 3700 automated sequencer. Sequences from full-
length PCR products have been deposited into GenBank (Accession #s DQ203856 to
DQ204405). The same baseline plasma samples were used to determine baseline HIV co-
receptor usage, using the Virologic Phenosense assay, as described previously [9]. The
Phenosense assay classifies isolates as R5, X4 or R5/X4 (indicating dual and/or mixed-tropic
virus).

Of the 728 genotyped subjects, 308 (42.3%) harbored the VprR77Q alone (n = 276) or as a
mixed viral population with another amino acid (R/Q, n = 19; H/Q, n = 9; other, n = 4). The
remaining 420 subjects (57.7%) harbored the wild-type Vpr77R amino acid alone (n = 364),
as a mixture with other non-Q amino acids (n = 4), or harbored a non- R-non-Q amino acid
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(R77H, n = 45; other amino acid, n = 7). For the present study, we divided the cohort into
subjects harboring the VprR77Q (pure or mixed virus population, n = 308) and subjects
harboring an amino acid other than Q at codon 77 (n = 420).

In a cross-sectional analysis of baseline sociodemographic and clinical parameters, no
significant correlations were observed between variation at VVpr codon 77 and baseline pVL,
CD4 count, diagnosis of AIDS, or sociodemographic characteristics including age, gender, and
history of injection drug use (p > 0.1; Table 1). In addition, the VprR77Q mutation was not
significantly correlated with baseline HIV co-receptor usage as determined by the Virologic
Phenosense assay, though a trend was observed (21.5% of VprR77Q isolates and 16.1% of
non-Q isolates were characterized by R5/X4 tropism, p = 0.08). Interestingly, VprR77Q was
more frequently observed among non-B subtypes (76% of non-B subtypes harbored the R77Q,
as compared to 42% of B-subtypes, p = 0.005). It is necessary to note, however, that the
HOMER cohort consists of approximately 97% subtype B infections, and therefore the number
of non-B clades is low (N = 17).

Association of baseline VprR77Q mutation with survival and other clinical
outcomes following initiation of HAART

Subjects were followed for a median of 4.5 years (Interquartile Range [IQR] 3.8-6.0 years)
after initiation of HAART. Associations between VprR77Q and survival as well as pVL and
CD4 response following initiation of therapy were assessed by Kaplan-Meier methods. Cox
proportional hazards regression was used to calculate univariate and multivariate Hazard Ratios
(HR) and 95% confidence intervals (Cl). Baseline variables included in the model were gender
(male vs. female [reference group]), age (per 10 year increment), AIDS-defining illness (yes
vs. no), plasma HIV RNA (per logyg increment), CD4 count (per 100 cell decrement),
proportion of time spent on antiretroviral therapy in the first year of follow-up (per 10%
increment), a surrogate of adherence [10], type of therapy at initiation (PI-containing vs.
NNRTI-containing), and history of injection drug use (yes vs. no). All factors significant in
univariate analyses were included in multivariate analyses. All tests of significance were two-
sided, with a p-value < 0.05 indicating statistical significance.

The primary outcome investigated was time to non-accidental death (occurring on or before
June 30, 2003, the date of latest linkage with mortality statistics from the British Columbia
Vital Statistics Agency). Deaths were classified according to the International Classification
of Diseases, Tenth revision (ICD-10). Accidental deaths were censored at date of death.
Additional clinical outcomes included time to plasma HIV RNA suppression (time from
therapy initiation to first of two consecutive pVL < 500 copies/ml), time to plasma HIV RNA
rebound (subsequent time to the first of two consecutive pVL >500 copies/ml), and time to
first CD4 decline below baseline. Eventfree subjects were censored on the date of the last tested
sample up to and including June 30, 2003.

In univariate analyses, as well as multivariate analyses adjusting for baseline sociodemographic
and clinical parameters, we observed no significant association between VprR77Q and time
to non-accidental death following initiation of therapy (Figure 1). A total of 49 (41%) and 71
(59%) non-accidental deaths occurred among the R77Q and non-R77Q study subjects,
respectively, during study follow-up. In addition, neither univariate nor multivariate analyses
indicated significant associations between VprR77Q and shorter-term clinical therapy
responses including time to pVL suppression < 500 copies/ml, subsequent pVL rebound >500
copies/ml, or time to CD4 decline below baseline. Consistent with previous analyses [7], the
strongest determinants of survival and clinical response following initiation of treatment were
baseline CD4 count and continuous use of antiretroviral therapy, as estimated by prescription
refill records [10] (data not shown).
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It has recently been demonstrated that the VprR77Q mutation is associated with impaired
induction of apoptosis in vitro [6], and data suggested an association with long-term
nonprogressive HIV infection in vivo [6]. While these in vitro observations have not been
challenged, the results from the present study are consistent with evidence indicating that HIV
VprR77Q is not a major determinant of HIV disease progression [11] and does not affect
clinical response or survival over the first six years following initiation of HIV therapy [12].

The relatively high prevalence (42%) of VprR77Q in this cohort, which represents the majority
of HIV-infected British Columbians requiring treatment for their HIV infection over a three-
year period in the late 1990s, strongly argues against an association between VprR77Q and
long-term nonprogression. The prevalence of VprR77Q observed here is consistent with a
prevalence of 40% reported in a study of 96 minimally pre-treated patients initiating nucleoside
therapy [12]. While it is not clear why the nonprogressor group obtained from the Los Alamos
database [6] included a large proportion of individuals with R77Q), it is possible that unobserved
epidemiological linkage may account for these observations.

The ability to draw conclusions from cross-sectional data is somewhat limited, particularly
since the duration of infection prior to the subject’s enrollment in the HIV Drug Treatment
Program is generally not known. Nonetheless, the observed lack of association of VprR77Q
with pre-therapy clinical parameters, including pVL, CD4 count, and AIDS diagnosis, provides
evidence against an association of VprR77Q and HIV disease intensity during untreated
infection, an observation also consistent with recent results from a small study of HIV subtype
A- and B-infected individuals [11]. Consistent with the previous study, which observed a
correlation between VprR77Q and HIV subtype A [11], we also observed a significant
association between R77Q and non-B subtypes. We are unable to investigate individual viral
subtype associations due to the small number of individuals in the cohort who harbor non-B
subtypes. In addition, we observed no correlation between VprR77Q and HIV co-receptor
usage, a hypothesis we investigated due to the known association of syncytium-inducing,
CXCRA4-using isolates with more rapid HIV disease progression.

Finally, we observed no association between the VprR77Q mutation and survival following
initiation of HAART, as well as initial virologic and immunologic response to HAART. Taken
together, these data do not support an association between R77Q and antiretroviral treatment
response, and argue against a clinically-relevant role for HIV VprR77Q in vivo.
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Figure 1. Association between VprR77Q mutation at baseline on survival following initiation of
first HAART regimen

Kaplan-Meier analyses of the influence of baseline VprR77Q on time to non-accidental death.
Individuals harboring HIV with the VprR77Q mutation are represented by plus (+) signs, while
individuals with an amino acid other than Q at Vpr codon 77 are represented by circles (o).
Event-free subjects were censored on the date of the last tested sample up to and including
June 30, 2003. Subjects lost to follow-up were censored at their last contact date with the Drug
Treatment Program.
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