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Abstract
Opiate-abusing individuals are in the top three risk-factor groups for HIV infection. In fact, almost
30% of HIV-infected individuals in the USA are reported to abuse opiates, highlighting the
intersection of drugs of abuse with HIV/AIDS. Opiate-abusers are cognitively impaired and suffer
from neurological dysfunctions that may lead to high-risk sexual behavior, poor adherence to
antiretroviral regimens, and hepatitis-C virus infection. Collectively, these factors may contribute
to accelerated HIV CNS disease progression. To understand the role of morphine in disease
progression, we sought to determine whether morphine influences HIV-induced inflammation or
viral replication in human monocyte-derived macrophages (h-mdms) and MAGI cells infected
with HIV and exposed to morphine. Chronic morphine exposure of HIV-infected h-mdms led to
significant alterations in secretion of IL-6 and MCP-2. Morphine enhanced IL-6 secretion and
blunted MCP-2 secretion from HIV-infected h-mdms. However, exposure of HIV-infected h-
mdms to morphine had no effect on TNF-α secretion. Morphine had no effect on later-stages of
viral replication in HIV-infected h-mdms. Morphine had a potentially additive effect on the HIV-
induced production of IL-6 and delayed HIV-induced MCP-2 production. These results suggest
that in HIV-infected opiate abusers enhanced CNS inflammation might result even when HIV
disease is controlled.
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INTRODUCTION
Substance abuse and human immunodeficiency virus (HIV) infections are interlinked public
health concerns of global significance. Opiate-abuse has been ranked as one of the top three
risk factors for acquiring HIV infection (Grigoryan, 2010). In fact, approximately 30% of all
HIV-infected individuals in the USA have a history of opiate-abuse. Moreover, in North
America and Western Europe, 25–50% of all HIV-infected individuals are opiate-abusers.
The most disconcerting intersection of the substance abuse and HIV epidemic has unraveled
in Eastern Europe and Russia where a huge subset of the opiate-abusing population has been
infected by HIV (Cohen, 2010). The incidence of HIV infections is not declining, and
continues to increase in the USA. Emerging statistics indicate psychiatric and infection co-
morbidities in opiate-abusers. These individuals may endure severe psychological stress,
neurological-dysfunction, depression and are at high risk for hepatitis-C virus infection
(Turrina, et al., 2001). Lastly, opiate-abuse is associated with high-risk sexual behavior.
Taken together, these related factors contribute to onset of acquired immune deficiency
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syndrome (AIDS)-defining illnesses and failure of antiretroviral treatments, and may thus
accelerate HIV disease.

The tremendous complexities of HIV infection of the CNS and its intersection with opiate-
abuse have hindered progress towards suppressing HIV replication in the CNS. Despite
significant advances in antiretroviral therapy efficacy, HIV replication in the central nervous
system (CNS) cannot be inhibited efficiently. As a result, this latent viral reservoir continues
to present an obstacle to the goal of finding a cure for HIV/AIDS (Richman, et al., 2009).
Reactivation of latent virus can manifest in a broad range of HIV-associated neurocognitive
disorders that include HIV-associated dementia (HAD), HIV encephalitis (HIVE), or minor
cognitive motor disorder (MCMD) (Bell, et al., 2006). Viral proteins, pro-inflammatory
cytokines and chemokines secreted by HIV-infected microglia and perivascular
macrophages induce inflammation and oxidative damage (Hu, et al., 2002, Albright, et al.,
2003, Hu, et al., 2005, Kramer-Hammerle, et al., 2005) thereby contributing to
neurocognitive decline. In addition, communication between glia and neurons may be
affected by the CXCR4/CCR5 signaling pathways that govern fundamental processes in the
CNS and may thus affect disease-progression (Pitcher, et al., 2010, Abt & Meucci, 2011)

The important role of the inflammatory response in HIV neurodegeneration is well
characterized (Gonzalez-Scarano & Baltuch, 1999, Langford & Masliah, 2001, Maes, et al.,
2011). However, the mechanisms through which opiates intersect with the inflammatory
response have not been as extensively studied. Several studies have addressed the
involvement of morphine in conjunction with HIV proteins, such as Tat and gp120, in the
activation of murine macrophages (El-Hage, et al., 2006, Bruce-Keller, et al., 2008, Bokhari,
et al., 2009). In addition, a genome-wide association study from our laboratory provided
insights towards key moieties through which morphine exerts its biochemical effects on
human monocyte-derived macrophages (h-mdms) (Dave & Khalili, 2010). In this study, we
focused our attention on the effects of morphine on the HIV-induced inflammatory response
from h-mdms and on viral replication.

MATERIALS AND METHODS
Morphine exposure and HIV infection of h-mdms

h-mdms were generated by differentiation of PBMCs obtained from healthy, HIV
seronegative donors as previously described with several modifications (Dave & Pomerantz,
2004). Dynabeads® CD8 (Invitrogen, Carlsbad, CA) were utilized to deplete CD8+ T cells
from PBMCs according to manufacturer’s instructions. For studies with acute morphine
exposure, CD8-depleted PBMCs (5 × 106 cells in 10cm petri dishes) were allowed to adhere
and differentiate into h-mdms for 10 days prior to morphine (Sigma-Aldrich, St. Louis, MO)
exposure and/or HIV infection. For studies with chronic morphine exposure, CD8-depleted
PBMCs (1 × 105 in each well of 6–well plate) were utilized. CD8-depleted PBMCs were
differentiated in DMEM containing 10% heat-inactivated FBS, 10% heat-inactivated horse-
serum, 2mM L-glutamine, 50 U/mL of penicillin G, 50μg streptomycin/mL, and 0.5ng/mL
granulocyte-macrophage colony stimulating factor and 0.5ng/mL macrophage colony
stimulating factor. Fresh media was added at 3-day intervals. At the end of differentiation,
adherent h-mdms were washed three times with media to remove the remainder of non-
adherent PBMCs. PBMCs obtained from three different donors were utilized in this study to
generate separate sets of h-mdms.

HIV viral stock preparation & infectivity assay
The plasmids pYU-2 and pNL4-3 encoding HIV clones YU-2 and NL4-3 were obtained
from the National Institute of Health AIDS Research and Reference Reagents Program
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(Catalog # 1350; Contributors: Dr. B. Hahn & Dr. G. M. Shaw & Catalog # 114;
Contributor: Dr. M. Martin). To prepare HIV YU-2 or NL4-3 viral stocks, 293T cells
(ATCC, Manassas, VA) were subjected to lipofectamine-mediated transfection of plasmid
pYU-2 or pNL4-3, according to manufacturer’s instructions (Invitrogen, Carlsbad, CA).
Briefly, plasmid-lipofectamine complexes were produced in Optimem-I reduced serum
medium (Invitrogen). These complexes were added to 293T cells in Optimem-I (70 to 90%
confluent) on poly-D-lysine-coated plates (BD Biosciences, Bedford, MA) and incubated for
5h. Subsequently, culture medium was replaced with fresh Optimem-I heat-inactivated
serum supplemented medium and transfected cells were incubated for 48h at 37°C, 5% CO2.
Cell-free supernatant was harvested and centrifuged at 10,000xg for 10min and filtered
through a 0.22 μM pore-size polyvinylidene difluoride membrane. Viral titer was
determined by quantitation of the HIV-1 p24 core antigen with an enzyme-linked
immunosorbent assay (ELISA) kit (Advanced Bioscience Laboratory, Kensington, MD)
(Dave & Pomerantz, 2004).

HIV JR-FL was obtained from the National Institute of Health AIDS Research and
Reference Reagents Program (Catalog #: 395; Contributor: Dr. I. S. Y. Chen)]. To prepare
HIV JR-FL viral stocks, phytohemagglutinin (PHA)-stimulated CD8-depleted PBMCs were
utilized, as previously described (Levy & Shimabukuro, 1985). Briefly, CD8-depleted
PBMCs were infected with JR-FL and the cell-culture was expanded at weekly intervals by
addition of CD8-depleted PBMCs in complete media. Viral production in cell-free culture
supernatants was monitored by HIV p24 ELISA (Advanced Bioscience Laboratory). At
approximately 4–5 weeks after initial infection, the virus was harvested by centrifugation
and the media was filtered as previously described to isolate virus in cell-free supernatant,
and viral titers were determined by HIV p24 ELISA (Advanced Bioscience Laboratory). h-
mdms were infected with HIV isolates, YU-2 or JR-FL (multiplicity of infection (MOI) =
0.1pg p24/cell) for 2h. After 2h, cells were washed extensively with PBS to remove input
virus. h-mdms were subjected to morphine exposure either in an acute or chronic mode. For
acute morphine exposure, h-mdms were treated with 0.1 μM morphine (Sigma-Aldrich) for
24h. Subsequently, the culture medium was replenished with h-mdm differentiation
medium. For chronic morphine exposure, 0.1μM morphine (Sigma-Aldrich) was added to h-
mdm cultures at 0, 3, 7, 10, 14 and 17 days from the start of the treatment.

The effect of morphine on HIV replication was determined by the multinuclear activation in
a galactosidase indicator (MAGI) assay with a HelaCD4-LTR-β-Gal cell line as previously
described (Kimpton & Emerman, 1992). The HIV isolate NL4-3 was utilized in this assay.

ELISA
Cell-free culture supernatants obtained from h-mdms subjected to acute or chronic morphine
exposure and/or HIV infection were utilized to quantitate secretion of chemokines,
cytokines and HIV progeny virions. HIV progeny virion production was monitored by
quantitation of p24 core antigen according to manufacturer’s instructions (Advanced
Bioscience Laboratory).

A human monocyte chemoattractant protein 2 (MCP-2) DuoSet® ELISA Development kit
was utilized to quantitate MCP-2 secretion from h-mdms exposed to morphine and/or
infected by HIV infection (R & D Systems, Minneapolis, MN) with the following
modifications. Briefly, black, high-binding, flat bottom, polystyrene microplates (360 μL/
well) (R & D Systems) were coated with the murine anti-human MCP-2 capture antibody.
The ELISA plate was incubated overnight at room temperature (RT) and washed 4x with
PBS containing 0.05% Tween-20 as per manufacturer’s suggestions. Subsequently, the
ELISA plate was blocked with PBS containing 1% BSA for 1h and washed. To each well of
the ELISA plate 100 μL of sample, recombinant human MCP-2 standard (R & D Systems)
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or positive control was added and incubated for 2h at RT. After washing, 100 μL of
biotinylated goat anti-human MCP-2 was added to each well and incubated for 2h at RT. To
remove unbound secondary antibody, the plate was washed and 100 μL of streptavidin
horseradish peroxidase was added and incubated for 20min. The unbound enzyme was
washed away and 100 μL of Glo® reagent mix containing 1 part of Glo® reagent A
(stabilized enhanced luminol) and 2 parts of Glo® reagent B (stabilized H2O2) was added
and protected from the light. The plate was read in a luminometer after a 5–20min
incubation.

Interleukin 6 (IL-6) secretion from h-mdms in response to acute and chronic morphine
exposure and/or HIV infection was quantitated by ELISA according to manufacturer’s
instructions (Antigenix America, Huntington Station, NY). A Quantikine® human tumor
necrosis factor alpha (TNF-α) ELISA kit was utilized to quantitate TNF-α secretion
according to manufacturer’s instructions (R & D Systems).

Statistical analysis
Statistically significant differences between control and test groups were determined by
Student’s t-test using MS excel program. p values of ≤0.05 were considered statistically
significant.

RESULTS
To determine if morphine alters production of inflammatory factors by human macrophages
or HIV-induced inflammatory response, h-mdms infected with CNS-derived HIV isolates
YU-2 or JR-FL, were exposed to chronic or acute morphine treatments, respectively. To
define how morphine alters HIV-induced inflammatory response, we characterized
expression of MCP-2, IL-6 and TNF-α since these chemokines and cytokines have been
shown to be secreted from h-mdms upon morphine-exposure and/or HIV-infection (Dave &
Khalili, 2010). The effects of morphine exposure on viral replication in HIV-infected h-
mdms and MAGI cells were also assessed.

Morphine induced inflammation
To assess if IL-6 secretion is triggered by HIV is affected by morphine, IL-6 levels were
quantified in cell free supernatants from uninfected and HIV-infected h-mdms exposed to
chronic morphine treatment. In the HIV uninfected macrophages, 24h after the first dose of
0.1 μM morphine, IL-6 secretion from h-mdms was significantly (1.56 fold) greater than
untreated control (p = 0.042). At all other time points, levels of IL-6 secreted from morphine
treated h-mdms was not significantly different from control h-mdms (p = 0.262 to 0.840)
(Fig 1A).

As we previously have shown (Dave & Khalili, 2010), IL-6 secretion from HIV-infected h-
mdms was significantly greater than uninfected h-mdms. The increase in IL-6 secretion
varied from 1.58 to 2.01 fold greater than uninfected h-mdms (p = 0.001 to 0.056). More
importantly, the presence of morphine during HIV infection led to significant increases in
IL-6 secretion. At 3 and 7 dpi, IL-6 secretion from morphine-treated HIV-infected h-mdms
was 1.14 and 1.26 fold greater than HIV-infected h-mdms without morphine (p = 0.018 and
0.012, respectively). Likewise, at other time points, IL-6 secretion was increased in response
to morphine treatment of HIV-infected h-mdms and varied from 0.98 to 1.24 fold of HIV-
infected h-mdms, although these differences were not statistically significant (p = 0.154 to
0.766) (Fig 1B). These results suggest that morphine may have an additive effect on the
HIV-induced production of IL-6 in h-mdms.
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To assess if TNF-α secretion triggered by HIV is affected by morphine, TNF-α levels were
quantified in cell free supernatants from uninfected and HIV-infected h-mdms exposed to
chronic morphine treatment. During chronic morphine exposure in the absence of HIV
infection, h-mdms did not secrete detectable TNF-α (assay detection limit 7.8 pg/mL) (data
not shown). TNF-α secretion from HIV-infected h-mdms between day 3 and 14 varied from
93.80 to 13.39 fold greater than control (p = 0.001 to 0.030). After day 14, TNF-α secretion
was 1.89 to 3.63 fold greater than control, but was not statistically significant (p = 0.125 to
0.318). When morphine was present in the HIV infected macrophage cultures, TNF-α
secretion varied from 0.81 to 1.78 fold change over HIV-infected h-mdms without
morphine, but did not achieve statistical significance at any of the time points (p = 0.056 to
0.881) (Fig 2). Hence, HIV infection potently induces TNF-α and morphine did not alter
TNF-α production in the HIV-infected or uninfected human macrophages.

To assess if MCP-2 secretion triggered by HIV is affected by morphine, levels were
quantified in cell free supernatants from uninfected and HIV-infected h-mdms exposed to
chronic morphine. During chronic morphine exposure, h-mdms secreted low levels of
MCP-2 (highest concentration 2.085 ± 0.539 pg/mL) and was not significantly different
from control at most of data points (p = 0.116 to 0.225) (data not shown). However, in
contrast to macrophages subjected to chronic morphine exposure, HIV-infected h-mdms had
significantly higher levels of MCP-2 secretion. MCP-2 secretion from HIV-infected h-mdms
varied from 2.97 to 14.46 fold greater than control h-mdms (p = 0.001 to 0.045). However,
MCP-2 secretion from morphine-treated HIV-infected h-mdms was not significantly
different from HIV-infected h-mdms (p = 0.064 to 0.737) (Fig 3). At day 10 however,
MCP-2 secretion from morphine treated, HIV-infected h-mdms was reduced to 35.7% of
HIV-infected h-mdms (p = 0.026). These results show that both morphine and HIV lead to
induction of MCP-2, but that up until day 14, morphine blunts the HIV-induced macrophage
production of MCP-2. Of interest, we observed that macrophages infected with HIV and
exposed to morphine for 21 days showed greater production of MCP-2 than the HIV
infected macrophages alone. Importantly, the HIV-induced production of MCP-2 at this time
point was not significantly altered from earlier time points (compare HIV-induced MCP-2
production at day 14 and 17). Moreover, as shown in Figure 4A, HIV replication as
measured by p24 levels at day 21 in morphine treated HIV infected macrophages was not
statistically different from either HIV infected cells alone or from HIV infected morphine
treated macrophages on day 14 and 17.

Morphine and HIV replication
Since morphine significantly altered HIV-induced production of inflammatory factors, the
role of morphine on HIV replication was assessed. Macrophages were infected with HIV
YU-2 and exposed to chronic morphine treatment for 21 days. As the duration of chronic
morphine exposure progressed, an increase in HIV p24 concentration was observed (Fig
4A). In both control and morphine exposed h-mdms, HIV p24 core antigen levels increased
from 0.504 and 0.285 pg/mL at 3 dpi to 1.644 and 1.008 pg/mL at 21 dpi, respectively. At
each of the indicated time points in morphine exposed h-mdms, HIV infection was on an
average reduced to 0.71 fold of control infection, but did not achieve statistically
significance at any time point (p = 0.133 to 0.645) (Fig 4A). Hence, in these experiments
chronic morphine exposure had no significant effect on viral replication in h-mdms.

To ensure that these effects were not specific to YU-2 or chronic morphine exposure, h-
mdms were infected with another CNS-derived isolate, HIV JR-FL, and exposed to a 24h
acute morphine treatment. At the end of the treatment, both input virus and morphine were
washed out and HIV JR-FL progeny virion production was monitored over time (Fig 4B).
With increasing duration of infection (0–15 days), HIV-1 p24 concentration in both control
and morphine exposed h-mdms increased from 6.22 and 3.44 pg/mL at 3dpi to 171.80 and
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87.83 pg/mL at 15dpi, respectively. At each of the indicated time points in morphine
exposed macrophages, HIV JR-FL infection ranged from 0.51 to 1.02 fold of control
infection, but these changes did not achieve statistical significance (p = 0.186 to 0.984) (Fig
4B). Hence, even acute morphine exposure of h-mdms did not alter HIV replication in h-
mdms compared to HIV-infected h-mdms in the absence of morphine.

As both chronic and acute morphine exposure of h-mdms did not affect HIV replication of
CNS-derived isolates YU-2 and JR-FL, we next utilized the MAGI assay to investigate
dose-dependent effects of morphine on HIV replication. The number of positive colonies
increased as the MOI in the MAGI assay increased from 0.05 to 1.0 pg p24/cell. The number
of positive colonies was not significantly different when a similar infection was performed
in presence morphine ranging from 0.1 to 1.0 μM (p = 0.064 to 0.139) (Fig 5A). At MOI of
0.1 pg p24/cell, morphine had no effect on the number of positive colonies generated at any
concentration (0.1 to 1.0 μM) (p = 0.101 to 0.941) (Fig 5B). Hence, at all concentrations of
morphine utilized, and MOIs of HIV tested, morphine did not alter HIV replication in our
system.

In summary, these results show that morphine had an additive effect to the HIV-induced
production of IL-6 in human macrophages. On the other hand, morphine blunted the MCP-2
response observed during HIV YU-2 infection of h-mdms. Of note, morphine did not
influence the potent HIV induced TNF-α secretion from h-mdms. While morphine
influenced HIV-induced inflammatory response, viral replication remained unaffected.

DISCUSSION
These data demonstrate potential mechanism(s) through which opiates may contribute to
HIV neurodegenerative disease by showing that in the presence of morphine, HIV-induced
production of IL-6 and MCP-2 was altered. As reported by other studies, our results showed
that morphine triggered an inflammatory response by inducing secretion of IL-6 (Roy, et al.,
1998, El-Hage, et al., 2005, El-Hage, et al., 2008, Turchan-Cholewo, et al., 2009, Dave &
Khalili, 2010) and MCP-2 (Dave & Khalili, 2010). TNF-α secretion was found to be
exclusively associated with the HIV inflammatory response and morphine had no effects on
its production in the presence or absence of HIV.

One of the most striking effects of morphine and HIV-induced production of inflammatory
factors was observed with Il-6 secretion. Elevated IL-6 levels are associated with rapid
progression to AIDS and manifestation of CNS disease in simian immunodeficiency virus
(SIV) macaque models (Mankowski, et al., 2004, Roberts, et al., 2004). IL-6 is secreted
upon morphine-exposure from murine macrophages (Roy, et al., 1998), microglia (Turchan-
Cholewo, et al., 2009) and astrocytes (El-Hage, et al., 2005, El-Hage, et al., 2008).
However, few studies describe morphine-induced IL-6 induction during HIV infection in
human primary cell cultures (Dave & Khalili, 2010). In this study, morphine-induced an
increase in IL-6 response from HIV infected h-mdms. The level of IL-6 induction was
similar to that observed in human neuronal culture system that modeled HIV
neurodegeneration (Wang & Gabuzda, 2006) and greater than the response observed in
murine macrophages, microglia or astrocytes treated with morphine or HIV viral proteins
(Roy, et al., 1998, El-Hage, et al., 2005, Turchan-Cholewo, et al., 2009). Increases in IL-6
secretion have been observed during the acute phase infection in SIV macaque model
(Roberts, et al., 2004, Witwer, et al., 2009). In SIV encephalitis model, IL-6 up-regulation is
associated with severe neuropathological lesions (Boche, et al., 1999). Thus, the morphine-
induced increase in IL-6 secretion may be a contributing factor in accelerating HIV disease
in the CNS.
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Surprisingly, morphine, significantly affected MCP-2 expression level of HIV-infected
macrophages over time. Two important trends were observed as shown in Figure 3. First, in
the morphine treated macrophages infected with HIV, the MCP-2 levels detected up to 10
days of morphine exposure were significantly less than the levels produced by HIV infection
alone. This observation suggests that during the first 10 days of morphine exposure,
macrophages do not respond to HIV infection by producing MCP-2. This effect may be a
direct or indirect effect of morphine on MCP-2 production. Second, after 21 days of
morphine exposure, the levels of MCP-2 in HIV-infected macrophages spiked dramatically;
increasing more than 4 times over levels in HIV infected cultures without morphine. MCP-2
concentrations in morphine treated HIV infected cells at day 21 reached levels detected in
HIV-infected macrophages on day 10. These results suggest that morphine is delaying the
HIV induction of MCP-2 by approximately 10–11 days, however pathways through which
the effects are elicited are unknown. Elevated MCP-2 levels are associated with HIV-
infected or activated macrophages and microglia and hence this chemokine is predicted to
play an important role in HIV neurodegenerative disease (Wang & Gabuzda, 2006, Dave &
Khalili, 2010, Rom, et al., 2010). Our previous study (Dave & Khalili, 2010) is the only
group to the best of our knowledge, to report MCP-2 secretion in response to morphine
exposure of HIV-infected h-mdms or any other cell type. In addition, studies of MCP-2 from
normal and diseased brain are limited. In this study, the level of MCP-2 secreted from h-
mdms after morphine-exposure or HIV-infection was similar to the response observed in
human neuronal culture system utilized to model HIV neurodegeneration (Wang &
Gabuzda, 2006). Elevated levels of MCP-2 have been identified in dendritic cells both in
vivo and in vitro in studies utilizing the SIV and HIV Tat, respectively (Izmailova, et al.,
2003). MCP-2 is a ligand for CCR-5, and morphine-induced increases in its secretion may
lead to cross-talk with the receptor (Yang, et al., 2002). Whether such an interaction may
explain the reduced MCP-2 in the presence of HIV infection is a matter of speculation.
Nonetheless, MCP-2 is part of larger monocyte chemoattractant protein family including
MCP-1 and MCP-3. These molecules play an important role in recruiting and activating
CD4+ and CD8+ T cells (Loetscher, et al., 1994). As such, alterations in MCP-2 production
may have important implications for disease progression in the CNS.

Neither chronic nor acute morphine exposure of h-mdms affected HIV replication. Since
morphine had no effect on HIV replication as measured by p24 and by the MAGI assay, it
appears that viral life-cycle is not the cause of alterations in IL-6 or MCP-2. Importantly, it
seems that the inflammatory response does not correlate with the level of viral replication as
reflected in the distinct kinetic response for each of the individual cytokines studied.

Morphine did not alter HIV-induced secretion of TNF-α from h-mdms. At no time point in
this, or in our previous study did we observe any evidence for a role of morphine in TNF-α
secretion (Dave & Khalili, 2010). HIV infection induced strong TNF-α response and this
observation corroborates previous results (Ghorpade, et al., 2005, Ronaldson & Bendayan,
2006, Yu, et al., 2007, Hoffmann, et al., 2009, Xing, et al., 2009). TNF-α levels decreased
as HIV infection progressed. This observation may support a clinical observation involving
a study of autopsy cases of patients with HIV encephalitis, where no TNF-α expression was
observed from HIV-p24 positive cells. It should be noted that in that study TNF-α
expression was detected in CD68-positive macrophage/microglia (Xing, et al., 2009).

In this study an enhancement of HIV replication upon morphine treatment was not observed.
An end-step in the viral life-cycle (HIV-1 p24 core antigen in cell-free culture supernatants)
was utilized as a measure of the effect of morphine on viral replication. Viral replication
kinetics were determined over 15 to 21 days. Our approach is different from previous studies
that utilized intermediate steps of viral replication as a means to indicate the effect of
morphine on viral dynamics (Guo, et al., 2002, Li, et al., 2003). Of note, this study also
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contrasts with previous studies that have observed enhancement of infection with HIV R5
isolates in h-mdms treated with morphine (Guo, et al., 2002) and in human neonatal
macrophages (Li, et al., 2003). In another study by Steele et al., authors claimed that
morphine augments susceptibility of PBMC to HIV infection. However, this study reported
only one time point of analysis instead of a kinetic experiment to monitor viral replication
(Steele, et al., 2003). Based on our observations from h-mdms, it is unlikely that at
physiological concentrations, morphine has a significant effect on replication of CNS-
derived isolates of HIV.

Dissecting the kinetics of morphine induced inflammatory responses in HIV infected h-
mdms provides insights into how opiates might affect HIV neuropathogenesis. In this
context, the present study provides a unique perspective from prior studies in unequivocally
demonstrating that morphine does not enhance HIV replication while simultaneously
altering the inflammatory response. Our study indicates a commonality of processes
between HIV and morphine as reflected in induction of MCP-2 and IL-6 and divergence in
the TNF-α response. Distinctive patterns were obvious in the kinetics of the response to
each of these cytokines. Further studies of this phenomenon in greater molecular detail
would aid in unraveling the mechanism(s) involved and the implications for HIV disease in
the CNS in opiate abusers.
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Figure 1. Chronic morphine exposure increases the quantity of IL-6 secreted from HIV-infected
h-mdms
A: IL-6 secretion was quantified by ELISA in h-mdms subjected to chronic morphine
exposure. 0.1 μM morphine was added to h-mdm cultures at 0, 3, 7, 10, and 14 day from the
start of morphine treatment. B: h-mdms were infected with HIV and during the course of
infection subjected to a chronic morphine exposure paradigm. Il-6 was quantified by ELISA.
The mean of three experiments and standard deviations are indicated (*p ≤ 0.05).
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Figure 2. Chronic morphine exposure has no effect on TNF-α secretion from HIV-1-infected h-
mdms
h-mdms were infected with HIV and during the course of infection subjected to a chronic
morphine exposure. TNF-α secretion was quantified by ELISA. The mean of three
experiments and standard deviations are indicated (*p ≤ 0.05).
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Figure 3. Chronic morphine exposure of HIV-infected h-mdms induces MCP-2 secretion
MCP-2 secretion was quantified by ELISA in h-mdms subjected to chronic morphine
exposure. h-mdms were infected with HIV and during the course of infection subjected to a
chronic morphine exposure. MCP-2 secretion was quantified by ELISA. The mean of three
experiments and standard deviations are indicated (*p ≤ 0.05).
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Figure 4. Morphine exposure of h-mdms does not influence HIV replication
A: HIV progeny virion production was quantified by HIV p24 core antigen ELISA in cell-
free culture supernatants from HIV-infected h-mdms subjected to chronic morphine
exposure and HIV infection. B: Experiments in this study also measure HIV progeny virion
production as in A, except that h-mdms were exposed to morphine only for 24h and then
infected with HIV JR-FL. The mean of three experiments and standard deviations are
indicated (p ≤ 0.05).
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Figure 5. Morphine does not affect HIV replication in the MAGI assay
A: The effect of morphine on HIV NL4-3 viral infectivity was determined in the MAGI
assay. HeLaCD4-LTR-β-Gal indicator cells were stained for β-galactosidase enzyme
activity with 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-Gal). B: A dose-
response relationship to viral infectivity was determined by treating the indicator cells with
varying concentrations of morphine at one MOI (0.1 pg p24/cell). The mean of three
experiments and standard deviations are indicated (p ≤ 0.05).
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