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Abstract
Six morphine-dependent and two control macaques were infected in a SIV/SHIV non-human primate
model of AIDS. Three animals in the morphine group rapidly developed clinical disease and died
within the timeframe of this study. The sequence evolution of nef in plasma virus was assessed at 4,
12 and 20 weeks post infection. Cloned sequences were compared phylogenetically against each
other as well as against the inoculum virus clones to determine the effect of morphine and rate of
disease progression on diversity and divergence, respectively. Unlike our earlier studies of tat and
env, nef evolution was not affected by morphine abuse or by rapid disease progression. The results
suggest that although the evolution of other loci are inversely correlated to the onset and rate of
clinical disease, differential evolution of nef is related neither to drug abuse nor rapid progression
within the first twenty weeks of infection.

HIV-1 infection and the progression to AIDS can be altered by use of illegal drugs. Drug abuse
itself portends a variety of risk behaviors that assist in the spread of infection, yet there are also
cellular and biochemical changes caused by illicit drugs that may contribute to viral
pathogenesis. Opioids, including heroin and morphine represent important drugs of abuse that
have controversial effects on HIV or SIV infection and progression to AIDS. Some have
reported enhanced pathogenesis and others have found a possible survival advantage of
morphine use1-4. However, at the cellular level, opiates have been reported to increase viral
replication rate, rate of infection of monocytes, upregulate chemokines and receptors, and
upregulate viral gene expression1;2;5;6 A non-human primate model of HIV/AIDS in the setting
of morphine addiction and AIDS has already been shown to be a useful alternative to more
time consuming and variable studies in humans. Our macaque model of drug addiction and
AIDS reinforces the studies that morphine abuse exacerbates both viral replication and disease
progression2. Among morphine addicted monkeys, 50% progressed rapidly to AIDS and died
within 20 weeks of infection. These animals showed significantly higher viral loads, lower
CD4+ T cell counts and two thirds developed neuroAIDS2;7. The remaining half of the
morphine addicted animals showed a normal rate of disease progression although they also
had higher viral loads and lower CD4+ counts as compared to non-morphine addicted, normal
progressor control macaques2.
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In an effort to understand the relationship between morphine, disease progression and evolution
of the virus, we have already studied the sequence evolution of tat and env. Rapid progression
in the setting of morphine addiction was inversely correlated with viral evolution at these loci
in plasma 8;9 and in cerebrospinal fluid10. Further, both morphine addiction and disease
progression appeared to alter the nature of the mutations that occurred in tat clones isolated
from the cerebrospinal fluid10. The lentiviral Nef protein is also widely reported to influence
disease progression11;12. In addition, defects in Nef have been associated with reduced
pathogenesis in both HIV and SIV13-15. However, the role of Nef in rapid disease progression
in the setting of morphine abuse has not been studied. To fill this void and on the basis of the
well known pathogenic role of Nef during progression to AIDS, we extended this analysis to
the nef gene in our model.

Eight male Indian rhesus macaques were included in this study, six as part of a morphine-
addicted cohort (three rapid progressors, Group A; three normal progressors, Group B) and
two in a control, non-morphine cohort (Group C). The addiction protocol and virus infection
were described previously2. Blood was drawn at 4, 12 and 20 weeks post infection for isolation
of viral RNA. We amplified the nef gene using the One-Step RT-PCR kit (Qiagen, Valencia,
CA) according to the manufacturer's instructions including Q solution with the following
primers: Forward: 5′-CAGAGGATTCGAGAAGTCCTCAG,Reverse: 5′-
ATCCCCTTGTGGAAAGTCCC. The forward primer was specific for SIV17E-Fr, position
9031-9053, while the reverse primer was common to all three virus in the inoculum (SIV17E-
Fr, SHIV89.6P and SHIVKU-1B). Amplification of each of the three viral inoculum clones from
lab stocks showed that only SIV17E-Fr produced a product using these semi-specific primers
(data not shown). RT-PCR conditions were:50°C, 30 min; 95°C, 15 min; 35 cycles of 95°C,
10 sec; 55°C, 30 sec; 72°C, 1 min. Products were cloned and sequenced as reported
previously8. Raw sequence data was processed and aligned using BioEdit16 and then subject
to phylogenetic analysis, including tree construction, divergence and diversity calculations
using Mega, v.3.017. Finally, sequences were translated to amino acids using BioEdit.

Phylogenetic analysis of nef indicates that neither morphine nor rapid progression correlate
with different evolution within the span of 20 weeks, Figure 1. This pattern stands in distinct
contrast to tat and env, where the complexity of the trees was notably less in Group A animals
8-10. The SIV17E-Fr (solid, inverted triangle, root of tree) and SHIV inoculum clones
(SHIVKU-1B and SHIV89.6P, solid diamond and solid square, respectively) were included in
the tree. Of note, among nef clones, very few are identical to the SIV17E-Fr inoculum and no
clones are identical to either of the SHIV virus used for the infection, whereas with the Tat
study 40-50% of clones from normal progressors and 60-70% of clones from the rapid
progressors were identical to the starting SIV17E-Fr virus in both plasma and cerebrospinal
fluid8;10. Thus the divergence of nef from the inoculum was not distinguished by morphine or
rate of progression in 20 weeks, as we found earlier for both tat and env. Further, our PCR
reaction was only partly biased in favor of SIV amplification, as the reverse primer was
common to all nefs. A number of clones in each animal share similarity with the SHIVs and
are likely a result of viral recombination which may occur readily in vivo.18 Any recombination
between sequences near the 3′end of the SIV env and the 5′end of SHIV nef would render a
template recognized in our assay. The presence of such apparently recombinant virus does not
correlate with either morphine abuse (Groups A and B vs. Group C) or with rapid progression
(Group A vs. Groups B and C).

Previous examination of cloned tat sequences in plasma showed a general pattern of increasing
diversity with time from 4 to 20 weeks in normal progressors and decreasing diversity with
time during the same period in rapid progressors8. The nef clones all show a general trend of
increasing diversity with time, regardless of morphine administration or rate of disease
progression (Figure 2A). An examination of nef divergence from the SIV17E-Fr virus at 4, 12
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and 20 weeks similarly fails to distinguish the three groups of macaques (Figure 2B). The
analysis of total divergence (all time points together) from any of the three inoculum virus
similarly failed to distinguish the groups (Figure 2C). In this case, however, it appears that
SHUVKU1B virus experienced less recombination with the 3′end of the SIV env gene as the
clones are less divergent from both the SIV17E-Fr and the SHIV89.6P virus.

The deduced amino acid sequences for the first 209 amino acids of Nef are presented in Figure
3. In general, the most abundant changes from the reference sequence are common to monkeys
in all three groups and appear to have resulted from recombination with SHIV. For example,
positions E75 (glutamate at amino acid 75), E93, M120 and Y167 are common to many clones
and both SHIVs. Glutamate at 150(E150) is also common to many clones and is present in the
SHIV89.6P inoculum virus. The prevalence of other altered amino acids overall is roughly equal
to all three groups. Interestingly, the rapid progressors appear to have a lower density of changes
in the first 70 amino acids, followed by the morphine-dependent, normal progressors and then
the control macaques. These changes do not appear to have resulted from recombination as
neither of the SHIVs have the same changes. In addition, the control macaques, but not
morphine-dependent animals, show a high frequency of methionine (as in SHIVKU-1B) in place
of isoleucine at position 144, which is part of a reported MHC I-restricted CTL epitope19 and
may indicate the presence of different selective environments based on the presence or absence
of morphine.

This is the first report examining the role of the evolution of SIV Nef in disease progression
and morphine abuse in a macaque model of AIDS. The results stand in stark contrast to the
pattern evident with tat in the blood or cerebrospinal fluid, or with env in the blood, where a
significant inverse correlation was found between disease progression and sequence evolution.
This lack of a discernable role for nef evolution is surprising in light of the widely reported
involvement of Nef during disease progression and pathogenesis; however, it is conceivable
that Nef is not a meaningful component of rapid disease progression associated with abuse of
morphine. It will be interesting to follow the evolution of nef over a longer duration as it remains
possible that a greater pathogenic role exists during prolonged disease.
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Figure 1.
Each tree depicts the evolution of nef in a single macaque at four, twelve and twenty weeks
(open circle, triangle and square, respectively) including the SIV17E-Fr (filled, inverted
triangle) as a root and SHIVKU1B (filled diamond) and SHIV89.6P (filled square) as references.
The three rapid progressor, morphine-dependent monkeys (1/04L, 1/28Q, and 1/42N) are
included in Group A. These animals all died by the 20th week post infection. The three normal
progressor, morphine-dependent macaques (1/02N, 1/52N, and 1/56L) are included in Group
B. Finally, the normal progressor, non-morphine controls (2/02P and 2/31P) are included in
Group C. Bootstrap values (150 repetitions) over 70 are provided at tree nodes. The average
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overall diversity is given as a percentage in bold under the monkey name in each tree. The
scale bar in each tree represents 0.2% distance.
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Figure 2.
For each animal, all the sequenced clones for one time point (4, 12 or 20 weeks) were aligned
(BioEdit) and a distance matrix was calculated (Mega, 3.0). The means of these distances for
each time is plotted versus time for Group A − Morphine + Fast Progressors , Group B −
Morphine + Normal Progressors, and Group C − Non-morphine + Normal Progressors in the
top, middle and lower panels, respectively. A The overall diversity among all clones, not
including the inoculum, is plotted against time post inoculation. B The average divergence of
all clones from the SIV17E-Fr inoculum virus is graphed versus time. C The total divergence
from each of the three infecting virus for all times points of the clones is plotted. Group A
animals are graphed with solid white bars, Group B with gray bars and Group C with black
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bars. Individual animals and the inoculum virus used for divergence measurements are
indicated below each bar.
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Figure 3.
The nef coding sequences were translated to amino acids using BioEdit. Only sequences with
nucleotide changes causing an amino acid substitution (non-synonymous change) are included
in each group. The SIV17E-Fr sequence serves as the reference and the SHIV sequences are
included to show differences from the SIV. Each sequence is represented by animal week-
clone in the left column and all changes from 17E are indicated in the right column. Positions
of identity are indicated by a dot (.) and stop codons by an asterisk (*). A Group A, B Group
C, C Group C.
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