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Abstract

Background—Injection drug use remains a significant risk for acquiring HIV infection. The
mechanisms by which morphine enhances HIV infection of human immune cells are largely
unknown.

Objective—In this study, we sought to determine the possible mechanisms by which morphine
upregulates HIV infection of human blood monocyte-derived macrophages (MDM).

Methods—In this study, MDM were infected with the R5, X4, and R5X4 HIV strains. HIV
replication was determined by performing reverse transcriptase activity assays. HIV receptors
were determined by performing reverse transcriptase polymerase chain reactions and flow
cytometry assays. p-chemokines were analyzed by performing enzyme-linked immunosorbent
assays. In addition, HIV R5 strain and murine leukemia virus envelope-pseudotyped HIV
infection was performed to determine whether morphine affects HIV infection of macrophages at
entry level.

Results—Morphine significantly enhanced HIV R5 strain infection of MDM but had little effect
on X4 strain infection. The macrophage-tropic R5 strain envelope-pseudotyped HIV infection was
markedly increased by morphine, whereas murine leukemia virus envelope-pseudotyped HIV
infection was not significantly affected. Furthermore, morphine significantly upregulated CCR5
receptor expression and inhibited the endogenous production of B-chemokines in MDM. The
opioid receptor antagonist naltrexone blocked the effects of morphine on the production of p-
chemokines.

Conclusion—Opiates enhance HIV R5 strain infection of macrophages through the
downregulation of p-chemokine production and upregulation of CCR5 receptor expression and
may have an important role in HIV immunopathogenesis.
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INTRODUCTION

Injection drug use (IDU) remains a significant risk for acquiring HIV infection.! In fact,
IDU represents one of the largest reservoirs of HIV in the United States and contributes to
the fastest spread of the virus.2 Approximately 30% of patients with AIDS have a history of
IDU, and their IDU frequently involves the abuse of opiates. Opioids exert profound effects
on the function of cells of the human immune system3-5 and thus have been implicated as
cofactors in the immunopathogenesis of HIV.1.24.6 Treatment with opioids in vitro or in
vivo alters cytokine production and cell trafficking, enhances the susceptibility of the
immune cells to HIV infection, and leads to increased viral titers in the brain.”

Studies in which cells have been used in vitro have demonstrated that morphine activates
and enhances HIV replication in human immune cells.8-11 We recently showed that
methadone, a synthetic opiate with pharmacologic properties similar to those of morphine,
enhances HIV infection of human immune cells.11 Morphine trans-activates HIV-long
terminal repeat promoters in human neuroblastoma cells.12 Although the in vitro data clearly
demonstrate a correlation between opioids and HIV infection of human immune cells, the
clinical implication of these in vitro findings remains unknown. Early epidemiologic studies
have generated contradictory data regarding the role of IDU in the progression of HIV
infection.:13 Early studies reported that survival after an AIDS diagnosis was shorter among
individuals with IDU and HIV infection than among other individuals with HIV infection.13
In addition, individuals with IDU who have the HIV infection have substantial pre-AIDS
morbidity and mortality.14 The cessation of IDU has been positively correlated with a
decrease in the rate of progression from HIV to AIDS.21516 These data strongly indicate
that opioids compromise the function of the human immune system and promote HIV
infection of the immune cells. However, the mechanisms by which opioids enhance HIV
infection of human immune cells are largely unknown.

In this study, we sought to determine the possible mechanisms by which morphine
upregulates HIV infection of human blood monocyte-derived macrophages (MDM).
Because B-chemokines (regulated upon activation, normal T-cell expressed and secreted
[RANTES], macrophage inflammatory protein-1a [MIP-1a], and MIP-1pB) and their
receptor CCR5 play a crucial role in HIV infection of immune cells,17:18 we investigated
whether morphine affects HIV infection of human blood MDM through the modulation of
B-chemokine production and HIV primary co-receptor CCR5 expression.

METHODS

Monocyte Isolation and Culture

Peripheral blood was obtained from healthy adult donors without known history of drug
abuse. Heparinized blood samples were identified as HIV antibody-negative by anonymous
testing on the basis of enzyme-linked immunosorbent assay (ELISA; Beckman Coulter, Inc.,
Hialeah, Fla). Informed consent was obtained, and the Institutional Research Board of our
institution approved our study. Monocytes were purified according to our previously
described technique.1® In brief, heparinized blood was separated by centrifugation over
lymphocyte separation medium (Organon Teknika Corp., Durham, NC) at 400-500xg for 45
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min. The mononuclear cell layer was collected and incubated with Dulbecco modified Eagle
medium (DMEM,; Life Technologies, Grand Island, NY) in a 2% gelatin-coated flask for 45
minutes at 37°C, followed by removal of the nonadherent cells with DMEM. Adherent
monocytes were detached with 10 mM ethylenediamine tetra-acetic acid. After the initial
purification, more than 97% of the cells were monocytes, as determined by nonspecific
esterase staining and flow cytometric analysis with the use of monoclonal antibody against
CD14, a marker specific for monocytes and macrophages. Freshly isolated monocytes were
plated in 48-well culture plates at a density of 5x10° cells/well in DMEM containing 10%
fetal calf serum. MDM were 7-day-cultured monocytes in vitro. Monocyte and MDM
viability was monitored by trypan blue exclusion and maintenance of cell adherence.

Fluorescein isothiocyanate (FITC)-conjugated antibodies against CD14, CD4, and CCR5
were obtained from PharMingen (San Diego, Calif). FITC-conjugated antibody against
CXCR4 was obtained from R&D Systems (Minneapolis, Minn). In addition, FITC-
conjugated isotype-matched immunoglobulin G controls were purchased from PharMingen.
Morphine sulfate was obtained from Elkins-Sinn, Inc. (Cherry Hill, NJ). Naltrexone was
obtained from Sigma Chemical Co. (St. Louis, Mo).

On the basis of their differential use of the major HIV co-receptors (CCR5 and CXCR4),
HIV isolates have been referred to as R5, X4, or R5X4 strains.2? The macrophage-tropic R5
strains (Bal and BL-4), dual tropic R5X4 strain (DH12), and T cell-tropic X4 strain
(UG024) were obtained from the AIDS Research and Reference Reagent Program (National
Institutes of Health, Bethesda, Md). HIV Bal strain was isolated from human infant lung
tissue. Primary macrophage-tropic strain (BL-4) was isolated from the blood of an
individual with AIDS with the use of coculture with seronegative donor peripheral blood
mononuclear cells stimulated with phytohemagglutinin activation and interleukin-2.

Preparation of Pseudotyped HIV

Recombinant luciferase-encoding HIV virions were pseudotyped with the envelopes (Env)
from macrophage-tropic (ADA) or amphotropic murine leukemia virus (MLV). Human
embryonic kidney cell line (293T) was cotransfected with the plasmids encoding either
ADA Env or MLV Env and the plasmid-containing luciferase-encoding NL4-3 HIV
backbone. Supernatants were collected as virus stock 48 hours later. The plasmids encoding
HIV ADA or MLV Env were provided by John Moore (Aaron Diamond AIDS Research
Center, New York, NY), and the plasmid with luciferase-encoding NL4-3 HIV backbone
was provided by Ned Landau (Aaron Diamond AIDS Research Center). All virus stocks
were assayed for p24 antigen and stored at —70°C as cell-free virus after filtration through a
0.22-um-pore-size filter.

Reverse Transcriptase Assay

HIV reverse transcriptase (RT) activity was determined by performing the technique of
Willey et al?! with modification. In brief, 10 pl collected culture supernatants were added to
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a cocktail containing poly(A), oligodeoxythymidine (Pharmacia, Inc., Piscataway, NJ),
MgCl,, and 32P deoxythymidine triphosphate (Amersham Corp., Arlington Heights, 1Il) and
then incubated for 20 hours at 37°C. Then 30 pl of the cocktail were spotted onto DE81
paper and then dried and washed 5 times with 2x saline-sodium citrate buffer and once with
95% ethanol. The filter paper was then air-dried. Radioactivity was measured with a liquid
scintillation counter (Packard Instrument, Inc., Palo Alto, Calif).

Flow Cytometry

To determine whether morphine affects the expression of CD14, CD4, CXCR4, and CCR5
on MDM, cells were incubated with or without morphine (10710 M) for 24 h. The cells were
then removed from the culture plate and resuspended in 100 pl phosphate-buffered saline
(PBS). After incubation with 20 ul FITC-conjugated antibodies against CD14, CD4,
CXCR4, and CCR5 for 45 min at 4°C, the cells were washed twice with PBS and fixed with
1% paraformaldehyde in PBS. FITC-conjugated control immunoglobulin G was isotype-
matched for the antibodies described above. Fluorescence was analyzed with an Epics Elite
flow cytometer (Beckman Coulter, Inc.).

pB-Chemokine Titration

B-chemokine ELISA kits for MIP-1a, MIP-1B, and RANTES were purchased from
Endogen, Inc. (Cambridge, Mass). The assay was performed as instructed in the protocol
provided by the manufacturer. In brief, 50 ul supernatant was added to antibody-coated
wells and incubated for 1 hour at room temperature. The plate was washed with the provided
buffer solution and incubated with 100 pl biotinylated antibody reagent for 1 hour at room
temperature. The plate was washed again, treated with 100 pl prepared streptavidin
horseradish peroxidase solution, and incubated for 30 min at room temperature. After an
additional wash, 100 plI tetramethyl benzidine substrate solution was added to each well, and
color was allowed to develop at room temperature for 30 minutes. The reaction was stopped
by the addition of 100 pl stop solution to each well. The plate was read with a microplate
reader (ELX800; Bio-Tek Instruments, Inc., Winooski, Vt).

RNA Extraction and Reverse Transcription

Total cellular RNA was isolated from MDM (108 cells) with Tri-reagent (Molecular
Research Center, Cincinnati, Ohio). In brief, the total RNA was extracted by performing a
single-step, guanidium thiocyanate-phenol-chloroform extraction. After centrifugation at
13,000xg for 15 min at 4°C, the RNA-containing aqueous phase was precipitated in
isopropanol. RNA precipitates were then washed once in 75% ethanol and resuspended in
30 ul RNase-free water. A total of 1 ug RNA was subjected to reverse transcription with the
use of the reverse transcription system (Promega Corp., Madison, Wisc) with specific
primers (antisense) for HIV receptor genes (CD4, CCR5, and CXCR4; see below for primer
sequences) for 1 hour at 42°C. The reaction was terminated by incubating the reaction
mixture at 99°C for 5 min and then kept at 4°C. The resulting cDNA was ready to serve as a
template for polymerase chain reaction (PCR) amplification.
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PCR Analysis

PCR amplification of HIV receptors (CD4, CCR5, and CXCR4) cDNA was performed with
one-tenth of the resultant cDNA for 35 cycles with the use of AmpliTag Gold (PerkinElmer-
Cetus, Foster City, Calif) in a GeneAmp PCR System 2400 (PerkinElmer-Cetus). The
specific oligonucleotide primers used were as follows: CD4 gene primers, 5'-
GTGAACCTGGTGGTGATGAGAGC-3' (sense) and 5'-
GGGCTACATGTCTTCTGAAACCGGTG-3' (antisense); CCR5 gene primers, 5-CAAAA-
AGAAGGTCTTCATTACACC-3' (sense) and 5-CCTGTGCCTCTTCTTCTC-ATTTCG-3'
(antisense); CXCR4 gene primers, 5-GACCGCTACCTGGCCATT-3' (sense) and 5'-
GTTGT-AGGGCAGCCAGCA-3' (antisense); and p-actin gene primers, 5-ATGTGGCAC-
CACACCTTCT-ACAATGAGCTGCG-3' (sense) and 5'-
CGTCATACTCCTGCTTGCTGA-TCCACATCTGC-3' (antisense) (Clontech, Palo Alto,
Calif). p-actin was used as a control to monitor the amount and the integrity of RNA in each
sample. The oligonucleotide primers were synthesized by Integrated DNA Technologies,
Inc. (Coralville, lowa). The PCR mixture contained 0.2 mM diethylnitrophenyl
thiophosphate, 20 pM of each of two primers, and 1.5 U AmpliTaqg Gold in 1x reaction
buffer (PerkinElmer-Cetus). Each of the PCR amplifications consisted of heat activation of
AmpliTaq Gold for 9 minutes at 94°C followed by 35 cycles of 94°C for 30 seconds, 50°C
for 30 seconds, and 72°C for 45 seconds, and further elongation at 72°C for 7 minutes. We
performed electrophoresis on ethidium bromide-stained 3% NuSieve 3:1 agarose gel (FMC
BioProducts, Rockland, Me) with the PCR-amplified products.

Pseudotyped Reporter Virus Entry Assay

Seven-day-cultured MDM in 48-well plates (5%10° cells/well) were incubated for 24 hours
with or without morphine (10710 M-10-8 M) and then infected with 20 ng of P24 Gag
antigen equivalent of each pseudotyped HIV per well in the presence of polybrene (4 ug/ml).
At 72 hours after infection, the cells were lysed in 150 pl 1x Reporter Lysis Buffer
(Promega Corp.). Lysate (50 pl) was mixed with an equal volume of luciferase substrate
(Promega Corp.), and luciferase activity was then assessed in a Wallac Trilux Microbeta
Luminometer (Wallac, Turku, Finland). Data were presented as relative light units.

Morphine Treatment and HIV Infection

Seven-day-cultured MDM (5x10° cells/well in 48-well plates) were incubated for 12 hours
with or without morphine (10714 M—1078 M) and/or naltrexone (108 M) before infection
with different strains of HIV. In the case of morphine and naltrexone combination treatment
of cells, naltrexone was added to the MDM cultures 30 minutes before the addition of
morphine. The cells were infected with equal amounts of cell-free HIV based on p24 protein
content (20 ng/108 cells) for 2 hours at 37°C in the presence or absence of morphine. The
cells were then washed three times with DMEM to remove unabsorbed virus, and fresh
medium containing morphine and/or naltrexone was added to cell cultures. The final wash
was tested for viral RT activity and shown to be free of residual inoculum. Untreated cells
severed as controls. The cells were treated with or without morphine every 4 days after
infection. Culture supernatants were harvested for g-chemokine production by performing
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ELISA 96 hours after infection, and supernatants were also collected for the purpose of
performing HIV RT activity assays on Day 8 after infection.

Statistical Analysis

RESULTS

Where appropriate, data were expressed as mean+SD. For comparison of the means of two
groups (morphinetreated vs. untreated controls), statistical significance was assessed by
using Student’s t test. Calculations were performed with the use of Stata statistical software
(Stata Corp., College Station, Tex). Statistical significance was defined as p<0.05.

Effect of Morphine on Different HIV Tropic Strains

To determine the effect of morphine on the infection of human blood MDM by different
HIV tropic strains (R5, X4, and R5X4), 7-day-cultured MDM were incubated with or
without morphine (10710 M) for 12 hours and challenged with R5 strains (Bal and BL-4),
R5X4 strain (DH12), or X4 strain (UG024). Morphine significantly enhanced infection of
the R5 strains, but R5X4 and X4 strains’ infection of MDM cultures were affected little
(Fig. 1), suggesting that morphine affects HIV entry into MDM.

Effect of Morphine on Pseudotyped HIV Infection of MDM

To examine the hypothesis that morphine enhances HIV infection of MDM by affecting
viral entry, we examined the effect of morphine on ADA (CCR5-dependent and
macrophage-tropic) Env- or MLV (HIV receptor-independent) Env-pseudotyped HIV
infection of MDM. This pseudotyped HIV genome that encodes a luciferase reporter gene
allows for the quantitative measure of the levels of single-round infection.18 MDM
incubated with or without morphine (10710 M-10-8 M) were infected with recombinant
luciferase-encoding HIV particles pseudotyped with ADA Env or MLV Env in the presence
of polybrene (4 pg/ml). The cells were lysed and then luciferase activity was determined 72
hours postinfection as described in the Methods section. When infected with the ADA Env-
pseudotyped virus, a significant increase (4.1-and 2.1-fold at 108 M and 10710 M,
respectively) in luciferase activity was observed in the morphine-treated MDM as compared
with the untreated MDM (Fig. 2). Morphine did not affect MLV Env-pseudotyped HIV
infection of MDM (Fig. 2), however, confirming that morphine enhances HIV R5 strain
infection of MDM by affecting HIV entry.

Effect of Morphine on HIV Receptor Expression

We have shown that morphine enhanced the infection of the HIV R5 strains but not the X4
strain. We also have shown that morphine promoted ADA Env-pseudotyped HIV but not
MLV Env-pseudotyped HIV infection of MDM. Therefore, we speculated that morphine,
through its receptors on MDM, modulates the expression of CCR5 receptor, a primary co-
receptor for HIV R5 strain entry into macrophages. We examined the ability of morphine to
modulate the expression of HIV receptors on MDM. CCR5 mRNA was upregulated in
MDM by morphine (10712 M-10-8 M) (Fig 3A). CD4 (a primary receptor for HIV) and
CXCR4 (a primary co-receptor for HIV X4 strain entry into CD4* T lymphocytes) mRNA
were not affected by the morphine treatment (Fig. 3A). Among the CCR5, CXCR4, and
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CD4 receptors, only CCR5 receptor expression was upregulated by morphine (Fig 3B). To
further determine the specificity of the morphine effect, we also studied the effect of
morphine on the CD14 receptor, a marker of monocytes and macrophages. Morphine had no
effect on CD14 expression (Fig 3B).

Effect of Morphine on p-Chemokine Production

Because MIP-1a, MIP-1pB, and RANTES, the natural ligands for the CCRS5 receptor, have
been identified as the HIV-suppressive factors,1” we studied whether morphine affected
these p-chemokines’ production in HIV-infected MDM. Macrophages cultured for 7 days in
48-well plates were incubated with or without morphine (10714 M to 1078 M) and/or
naltrexone for 12 hours and then challenged with the HIV Bal strain. Culture supernatants
were collected 96 hours postinfection for endogenous production of MIP-1a, MIP-1f, and
RANTES and then were analyzed by performing ELISA. Morphine significantly inhibited
the production of MIP-1a. (81.1, 82.8, and 83.5% of downregulation at 1078 M, 10710 M,
and 10712 M, respectively), MIP-1B (81.9, 91.5, and 85.9% of downregulation at 1078 M,
10710 M, and 10712 M, respectively), and RANTES (72.9, 76.4, and 83.5% of
downregulation at 1078 M, 10719 M, and 10712 M, respectively) in HIV-infected MDM (Fig
4). Morphine at the concentration of 10714 M had little effect on g-chemokine production in
HIV-infected MDM (Fig 4). In addition, p-chemokine production was upregulated in HIV-
infected MDM as compared with uninfected cells (Fig 4). The inhibitory effect of morphine
on B-chemokine production was reversed by pretreating MDM with naltrexone, but
naltrexone alone had no effect on p-chemokine production (Fig 4).

DISCUSSION

Endogenous and exogenous opioids and opiate abuse modulate immune function in both in
vitro and in vivo systems,*22:23 including a variety of effects on macrophages. 23 Evidence
for the expression of opiate receptors on immune cells, in particular receptors for morphine
and the metabolites of heroin, has further strengthened the link between opiates and the cells
of the human immune system. 24:25 Opioid receptors (i, x, and &) as well as non-classic
opioid-like receptors are present on cells of the human immune system.26-29 Binding sites
for the novel morphine receptor designated p3 were initially reported to be detectable in
human peripheral blood-isolated monocytes. 30 Chao et al3 demonstrated that opioid
receptor mMRNA was also constitutively expressed in highly purified human microglia. The
receptor density in macrophages and other immunocytes containing the u3 receptor, as well
as in the N18 neuroblastoma cell line, is considerably higher than that generally found for
classic peptide-sensitive neuronal opioid receptor subtypes. Furthermore, opioid receptors
cloned from mRNA isolated from lymphocytes and macrophages are identical to those in the
central nervous system.32-34 There is therefore considerable interest in determining whether
opiates, through their receptors, compromise the function of the human immune cells that
are the primary targets for HIV, thus promoting the rate of progression of HIV infection to
AIDS. Opioids promote the growth of HIV in human immune cells in vitro.8-10 Individuals
with HIV infection and IDU may have an accelerated rate of progression to AIDS.13.14
Therefore, opioids could play a role as cofactors in immunopathogenesis in people with HIV
infection and IDU.
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Opiate use induces several potential general mechanisms that may effectively enhance HIV
infection.8:35.36 First, direct action on viral replication through interaction with opioid
receptors may lead to increased infection. A second possibility involves indirect effects such
as the modulation of cytokine or chemokine production as well as the regulation of
chemokine receptor (e.g., CCR5) expression. In this study, we analyzed the impact of
morphine on HIV infection of human blood-isolated mononuclear phagocytes. Monocytes
and macrophages play an important role in HIV infection during all stages of disease. They
serve as major target cells, reservoirs, vehicles to other tissues, and transmitters of virus to
CD4* T cells.3” Most important, we explored the potential mechanisms by which morphine
may enhance HIV infection of MDM.

Our data strongly support the notion that morphine is a modulator of immunoregulation and
has the ability to enhance HIV infection. We demonstrated that morphine significantly
enhanced HIV R5 strain infection of human blood MDM (Fig 1), whereas HIV X4 strain
and MLV Env-pseudotyped HIV (HIV receptor-independent) were affected little (Figs. 1
and 2). Morphine had a partial effect on HIV dual tropic strain (R5X4) infection of MDM
(Fig 1). We also showed that morphine upregulated the expression of the CCR5 receptor
(Fig 3), a primary co-receptor for HIV R5 strain infection of macrophages. In addition, we
demonstrated that morphine significantly inhibited the production of g-chemokines in HIV-
infected MDM (Fig 4). This finding is supported by a recent report in which it was
demonstrated that morphine potently inhibited RANTES production by lipopolysaccharide-
and interleukin-1p-stimulated microglia cells.38 In contrast, Wetzel et al3° reported that
DAMGO (a p-selective agonist) pretreatment of either activated or naive peripheral blood
mononuclear cells (PBMC) resulted in a significant increase in monocyte chemoattractant
protein 1 and RANTES mRNA and protein expression. The observed discrepancies between
the observations of Hu et al,38 our group, and Wetzel et al®® may be attributable to
differences in the target cells and the different p-selective agonists used in these studies. For
example, we investigated the effect of morphine on HIV infection of purified human blood
MDM, and Hu et al38 studied the effect of morphine on human microglial cells. Wetzel et
al,3% however, examined the effect of DAMGO on chemokine production by PBMC. To
determine whether the modulating effect of morphine on B-chemokine production could be
blocked by the opioid receptor antagonist, we incubated MDM with or without naltrexone
before morphine treatment. We showed that the effects of morphine on the function of
MDM were mediated through the specific opioid receptors because the opioid receptor
antagonist naltrexone was able to block these effects. It is highly possible that the specific
opioid receptor involved is the [ receptor, because morphine has a high affinity and
selectivity for the p receptor.40-42

One of the possible mechanisms by which morphine potentiates HIV infection of human
blood mononuclear phagocytes is that morphine enhances the expression of the CCR5
receptor on MDM (Fig 3) and inhibits the production of endogenous p-chemokines (Fig 4).
The increased CCR5 expression induced by morphine cannot be due to the effect of
morphine-mediated downregulation of B-chemokines. We demonstrate that morphine
induced CCR5 mRNA expression within 4 hours posttreatment (Fig 3). The effect of
morphine on B-chemokine mMRNA was not observed until 6 hours posttreatment, however
(data not shown). Because p-chemokines interfere with HIV infection of MDM by
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competing for the CCR5 receptor, a primary co-receptor for HIV entry into macrophages,
morphine-mediated upregulation of the CCR5 receptor and downregulation of p-chemokine
production by MDM are likely to be responsible for the effect of morphine on HIV
macrophage-tropic infection of these cells. This hypothesis is further supported by the
findings that morphine significantly enhanced the replication of the HIV R5 strains (Bal and
BL-4) but not the X4 strain (UG024) (Fig 1) and that only ADA (macrophage-tropic strain)
Env-pseudotyped HIV infection of MDM was potentiated by morphine (Fig 2).

Nair et al*3 recently reported that cocaine selectively downregulates endogenous MIP-16
secretion and upregulates CCR5 expression by normal PBMC, which suggests a mechanism
by which cocaine increases the susceptibility of PBMC to HIV infection. Miyagi et al*4
recently showed that morphine induced CCR5 expression in a human T lymphoid cell line
(CEMx174). This increased CCR5 expression was correlated with the observation?® that
morphine treatment led to the increased susceptibility of the cells to HIV infection. We and
other investigators have demonstrated that methadone, a synthetic opiate with
pharmacologic properties similar to those of morphine, induces CCR5 expression in human
immune cells and promotes HIV infection.11:46 Taken together, our data and data reported
by others provide information that is important to the understanding of potential
mechanisms by which opiates mediate the immunoregulation of HIV infection.
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Figure 1.
Bar graph illustrating the effect of morphine on different HIV strains’ infection of MDM.

Different HIV strains were used to infect MDM cultured for 7 days with or without
morphine (10719 M). HIV RT activity in the morphine-treated and HIV-infected MDM was
expressed as the percentage of the activity of untreated and HIV (corresponding strains)-
infected MDM controls, which were defined as 100%. The data shown are presented as the
meanxSD of triplicate cultures and are representative of three experiments. *, p<0.01,
morphine v control; R5, CCRS5 tropic stains; X4, CXCR4 tropic strain; R5X4, dual tropic
strain.
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Figure2.
Graph illustrating the effect of morphine on pseudotyped HIV infection of MDM. Seven-

day-cultured MDM were treated with morphine at the concentrations as indicated for 24
hours and then challenged with recombinant luciferase-encoding HIV pseudotyped with
either ADA Env or MLV Env. Luciferase activity was quantitated in the cell lysates 72
hours postinfection. The data are expressed in relative light units as the proportion of
morphine-treated cells to controls incubated without morphine. The data demonstrated are
meanxSD of triplicate cultures and representative of six experiments. *, p<0.01, morphine
vs. control.
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Figure 3.

Effect of morphine on HIV receptor expression in MDM. (A) MDM cultured for 7 days
were incubated with or without morphine at the indicated concentrations for 4 hours. Total
cellular RNA was extracted from the cell cultures and subjected to RT-PCR using the primer

pairs for CCR5, CXCR4, and CD4 receptor genes. Marker, 100 base

pair DNA ladder. The

amplified PCR products (189 base pairs for CCR5, 371 bp for CXCR4, and 437 bp for CD4)
were visualized on an ethidium bromide-stained 3% agarose gel. p-actin was used to
monitor the amount and integrity of RNA in each sample. (B) MDM cultured for 7 days
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were incubated with or without morphine at 10710 M for 24 hours, and the expression of
CCR5, CD4, CXCR4, and CD14 on MDM were determined by performing direct
immunofluorescence cytometry. The results shown are the percentages of MDM positive for
the receptors analyzed and are representative of four experiments. *, p<0.05, morphine vs.
control.
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Figure4.
Graphs illustrating the effect of morphine on B-chemokine production in infected MDM.

MDM cultured for 7 days were incubated with or without morphine and/or naltrexone at the
indicated concentrations for 12 hours. The cells were also treated either with morphine (Mo,
10710 M) and naltrexone (Nalt, 1078 M) or with naltrexone (Nalt, 1078 M) only. The cells
were then infected with the HIV Bal strain. HIV-infected (HIV only) and uninfected MDM
(cell only) were used as controls. Culture supernatants were collected 96 hours postinfection
for MIP-1a (A), MIP-18 (B), and RANTES (C) production as determined by performing
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ELISA. The data shown are presented as the mean+SD of triplicate cultures. *, p<0.05,
morphine vs. control; representative of six experiments.
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