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Opioids, via the mu opioid receptor (MOR), can exacerbate bacterial infections and the immunopathogen-
esis of human immunodeficiency virus type 1 (HIV-1) infection. Recently, an HIV-1 transgenic (HIV-1Tg) rat
model containing circulating HIV-1 gp120 was created. Using real-time reverse transcription-PCR, we found
that MOR mRNA levels were significantly higher in the peritoneal macrophages of the HIV-1Tg rat than those
in control animals. Lipopolysaccharide, a bacterial endotoxin, induced secretion of the inflammatory cytokines
tumor necrosis factor alpha (TNF-�), interleukin-� (IL-�), and IL-10 in the HIV-1Tg rat and further increased
MOR expression. Ex vivo studies showed that MOR expression was up-regulated in the peritoneal macro-
phages of F344 control rats by exposure to serum from HIV-1Tg rats and that MOR up-regulation was
abolished by addition of gp120 antibody to the serum. In human TPA-differentiated HL-60 cells, which are
macrophage-like cells, LPS-induced MOR mRNA up-regulation was greater in gp120-pretreated cells than in
vehicle-pretreated cells. Our data suggest that in individuals infected with HIV-1, the MOR is up-regulated,
possibly by circulating HIV-1 proteins such as gp120, and HIV-1 proteins may play a significant role in
modulating the response to bacterial infection in opioid-using HIV-infected individuals. Furthermore, our
results demonstrate that the new HIV-1Tg rat model can be a valuable tool with which to study MOR gene
expression and its effects in the continuous presence of HIV viral proteins.

The mu opioid receptor (MOR) mediates the actions of
opioids such as morphine and is expressed in the central ner-
vous system as well as on various cells of the immune system,
including lymphocytes and macrophages (6, 28, 29, 37, 42, 48).
In the immune system, activation of the MOR suppresses lym-
phocyte proliferation, decreases antibody production (9), and
decreases macrophage-mediated immunity (18, 28, 38). Previ-
ous reports by Suzuki et al. have even shown that morphine
changes the progression of human immunodeficiency virus
(HIV) infection to AIDS in monkey models (14, 44).

Expression of the MOR can be modulated by various cyto-
kines, including interleukin-1� (IL-1�) (46), tumor necrosis
factor alpha (TNF-�) (26), IL-4 (27), and IL-6 (7). In response
to microbial infections, both bacterial and viral, these proin-
flammatory cytokines, along with anti-inflammatory cytokines
such as IL-10, are produced by the host’s cells (15, 24). The
balance between proinflammatory cytokines and anti-inflam-
matory cytokines may be directly related to the progression of
HIV infection to AIDS (8).

The bacterial endotoxin lipopolysaccharide (LPS) is a well-
characterized active complex glycolipid isolated from the outer
membrane of gram-negative bacteria (19, 33). LPS is routinely
used as a surrogate to study gram-negative bacterial infection,
since it can induce an inflammatory response, such as produc-
tion of cytokines (19, 31). We and others have previously
shown that systemic administration of LPS induces secretion

of TNF-�, IL-1�, and IL-6 into the circulation (23, 30, 45)
and increases the expression of these cytokines in the brain
(11, 45).

Macrophages play an essential role in modulating the initi-
ation and perpetuation of the inflammatory response to bac-
terial infection. Rat peritoneal macrophages have been shown
to respond to LPS by secreting proinflammatory cytokines,
including TNF-� (45). In turn, these cytokines have also been
demonstrated to mediate the actions of LPS (18). HIV-1 in-
fection results from the actions of HIV-1 viral proteins, includ-
ing the envelope protein, glycoprotein 120 (gp120), on the
host’s T cells and macrophages (12). gp120 mediates the bind-
ing of HIV-1 to CD4 receptors and chemokine coreceptors to
initiate the entry of the virus into the immune cells (13). Unlike
T cells, macrophages are relatively resistant to the cytopathic
effects of the HIV-1 virus (39).

HL-60 promyelocytic leukemia cells are well-characterized,
immortal cells capable of differentiating into macrophage-like
cells by treatment with 12-O-tetradecanoyl-phorbol-13-acetate
(TPA) (4, 5). We previously reported that MOR is expressed in
TPA-differentiated HL-60 (TPA-HL-60) cells, and recently we
showed that HIV gp120 induces the secretion of TNF-� from
these cells, which then up-regulates the expression of the MOR
in an autocrine/paracrine manner (3).

A novel, noninfectious HIV transgenic (HIV-1Tg) rat model
was recently created by Reid et al. (36). The HIV-1Tg rat
model carries an HIV-1 genome with gag and pol deleted
under the control of the HIV-1 viral promoter and expresses
seven of the nine HIV genes, including gp120 (36). Thus, there
is no viral replication in the HIV-1Tg rat model. Even though
the macrophages do not act as a viral reservoir in this animal
model, the viral proteins are expressed in various organs and

* Corresponding author. Mailing address: Department of Biological
Sciences, Seton Hall University, McNulty Hall, Room 322, South Or-
ange, NJ 07079. Phone: (973) 761-9456. Fax: (973) 275-2489. E-mail:
changsul@shu.edu.

� Published ahead of print on 6 June 2007.

8406



are present in the circulating blood (36). In addition, the HIV-
1Tg rat develops many characteristics similar to those of hu-
mans infected with HIV-1, including expression of viral genes,
immune response alterations, pathologies with advancing age
(36), T-cell abnormalities (35), and kidney failure (34). There
are also extensive and progressive neurobehavioral and neu-
ropathologic changes within the brain parenchyma of these
animals (36). Studies using the peritoneal macrophages iso-
lated from the HIV-1Tg rat may lead to a better understanding
of the functional roles of these immune cells in the course of
HIV infection other than as viral reservoirs. Thus, these two
models, HIV-1Tg rat peritoneal macrophages and TPA-HL-60
cells, are unique tools for studying the effects of an HIV viral
protein such as gp120 on the immune system.

MATERIALS AND METHODS

Materials. LPS and TPA were obtained from Sigma-Aldrich (St. Louis, MO).
All cell culture materials were obtained from Gibco BRL, Gaithersburg, MD. A
full-length recombinant HIV-1 IIIB gp120 glycoprotein (50 �g/500 �l in phos-
phate-buffered saline) was obtained from Immunodiagnostic, Inc. (Woburn,
MA). HIV-1 IIIB anti-gp120 envelope glycoprotein was purchased from Ad-
vanced Biotechnologies, Inc. (Columbia, MD). TRIzol reagent for RNA extrac-
tion was obtained from Invitrogen (Grand Island, NY). Oligonucleotides for
real-time reverse transcription-PCR (RT-PCR) of the MOR and GAPDH (glyc-
eraldehyde-3-phosphate dehydrogenase) were synthesized and purified by Inte-
grated DNA Technologies, Inc. (Coralville, IA). Enzyme-linked immunosorbent
assay (ELISA) kits for rat TNF-�, IL-1�, and IL-10 were obtained from R&D
Systems (Minneapolis, MN). Protein determination was assayed using Bio-Rad
Bradford reagents (Hercules, CA).

Animals. Male HIV-1 transgenic (HIV-1Tg) rats and parental wild-type in-
bred F344/NHsd control background strain rats, 5 to 12 months of age, were
purchased from Harlan, Inc. (Indianapolis, IN). The animals were singly housed
in standard plastic rodent cages in a temperature-controlled environment with
standard rat diet and water available ad libitum in a 12-h light/dark cycle. The
experimental procedures were approved by the Institutional Animal Care and
Use Committee of Seton Hall University.

Treatment of animals. To obtain serum for the measurement of cytokine
levels, six HIV-1Tg rats and six F344 rats were randomly treated with a nonpy-
rogenic dosage of LPS (intraperitoneal [i.p.], 250 �g/kg of body weight) or saline.
The dosage and duration of treatment were adapted from our previous studies
reported by Ocasio et al. (30). At 2 h after injection, tail vein blood was collected
from each animal for serum extraction. To obtain peritoneal macrophages for
determination of MOR mRNA levels, six HIV-1Tg rats and six F344 rats were
randomly treated with either LPS (i.p., 1.25 mg/kg) or saline. At 24 h after
injection, the animals were sacrificed and the peritoneal macrophages harvested
as previously described (41).

Preparation of peritoneal macrophages. HIV-1Tg and F344 rats were sacri-
ficed by asphyxiation using halothane (Halothane Laboratories) in an asphyxia-
tion chamber. The peritoneal macrophages were isolated from the rats as pre-
viously described (41). Briefly, the peritoneal fluid was extracted and centrifuged
at 200 � g for 10 min. The supernatant was discarded, and the cells were washed
in Hanks’ balanced salt solution, followed by centrifugation. The cells were then
stained with trypan blue and counted on a hemacytometer. The cell density of the
suspension was adjusted to 2 � 106/ml, and the cells were plated at 1 ml/well in
a six-well plate in RPMI 1640 supplemented with 20% fetal bovine serum and
1% penicillin-streptomycin. The plates were incubated at 37°C in a 5% CO2

atmosphere. After 4 h of incubation, the cells were washed twice with phosphate-
buffered saline to remove any nonadherent cells. The peritoneal macrophages
isolated from the HIV-1Tg and F344 rats were then collected into cell pellets for
RNA isolation.

Treatment of peritoneal macrophages. The serum collected from the HIV-1Tg
rats was heated for 30 min at 56°C to inactivate the complement system. The
peritoneal macrophages isolated from the F344 rats were treated with either
heated serum (prepared as above), heated serum plus gp120 monoclonal anti-
body, recombinant gp120 protein (1 nM), LPS (10 �g/ml), or control vehicle
(culture medium) for 18 h. At the end of the treatment, the cells were harvested
into cell pellets for RNA isolation and real-time RT-PCR.

ELISA for cytokines. Two hours following the injection with LPS (i.p., 250
�g/kg), tail vein blood was collected from each animal. The blood samples were

centrifuged at 4°C (1,000 � g) for 30 min to extract the serum. The sera were
stored in aliquots at �80°C until use. ELISAs were performed according to the
manufacturer’s protocol (R&D Systems, Minneapolis, MN).

Cell culture. HL-60 human promyelocytic leukemia cells were obtained from
ATCC (Rockville, MD). HL-60 cells were cultured in RPMI 1640 medium
containing 20% fetal bovine serum and 1% penicillin–streptomycin. The HL-60
cells were treated with 16 nM TPA in a control vehicle of 0.1% ethanol for 4
days. The cell culture medium containing TPA was changed every 48 h until the
cells were differentiated into macrophage/monocytic-like cells (5), which were
designated as TPA-HL-60 cells (3, 4).

Treatment of TPA-HL-60 cells. The TPA-HL-60 cells were first pretreated
with recombinant gp120 protein (1 nM) or control vehicle (culture medium) for
24 h. The cells were then treated with either 10 ng/ml or 100 ng/ml LPS or control
vehicle (culture medium) for an additional 12 h. At the end of the subsequent
treatment, the cells were harvested for RNA isolation.

RNA isolation and real-time RT-PCR. Total RNA from peritoneal macro-
phage cells or TPA-HL-60 cells was isolated with TRIzol reagent according to
the manufacturer’s protocol (Invitrogen, Grand Island, NY). One microgram of
total RNA was reverse transcribed into cDNA in a GeneAmp 2400 Thermocy-
cler (Perkin-Elmer, Foster City, CA) for 1 h at 37°C and then for 10 min at 67°C.
Real-time RT-PCR assays were performed to quantify the MOR mRNA expres-
sion in the TPA-HL-60 cells and rat peritoneal macrophages. A 2-�l aliquot of
the cDNA was amplified by real-time RT-PCR in 50 �l of PCR master mix (25
�l of 1� PCR Mastermix, 400 nM of each primer, Taq-Man probe, in 24.7 �l of
diethyl pyrocarbonate-H2O) using an ABI Prism 7000 (Applied Biosystems,
Foster City, CA). The cDNA was amplified by real-time RT-PCR using the
following human MOR sense primer, antisense primers, and TaqMan probe
primers, respectively: 5�-TCATCATTACCGTGTGCTATGGA-3�, 5�-TCCTTT
TCTTTGGAGCCAGAGAA-3�, and 5�-CTTGCGCCTCAAGAGTGTCCGC
A-3. For human GAPDH, the sense, antisense, and TaqMan probe primers were
5�-GGAAGCTCACTGGCATGG-C-3�, 5�-CCCCACTGCCAACGTGTCAGT
G-3�, and 5�-CCCCACTGCCAACGTGTCAGTG-3�. The rat MOR sense, an-
tisense, and TaqMan probe primers were 5�-CAGCCCTTCCATGGTCACAG-
3�, 5�-TACTGGTCGCTAAGGGGTCTG-3�, and 5�-CATTTTGGTGTATCTT
ACAATCACAT-3. The rat GAPDH sense, antisense, and TaqMan probe
primers were 5�-GAACATCATCCCTGCATCCA-3�, 5�-CCAGTGAGCTTCC
CGTTCA-3�, and 5�-CTTGCCCACACGCTTGGCAGC-3�. All TaqMan probes
were labeled with the fluorophore 6-carboxyfluorescein at the 5� end and a
quencher, 4-(4�-dimethylaminophenylaso) benzoic acid (DABCYL), at the 3�
end (3, 4, 10). Thermal cycling conditions included an initial denaturation step
for 10 min at 95°C and then 45 cycles for 18 s at 95°C for TPA-HL-60 cells and
60 cycles for 18 s at 95°C for rat peritoneal macrophages, followed by 1 min at
60°C. At the end of each PCR run, the data were automatically analyzed by the
system and amplification plots were obtained. A MOR RNA standard curve was
generated from a known concentration of RNA, and the quantity of MOR
mRNA copies in the samples was calculated from the standard curve. For
normalization of MOR mRNA levels, a GAPDH mRNA fragment in these cells
was amplified and used in the calculations for the MOR mRNA copy number per
microgram of total RNA. All amplification reactions were done in triplicate.

Statistical analysis. All data are presented as the means � standard error. All
data were analyzed by a one-way analysis of variance followed by a Tukey’s post
hoc test. Statistical significance was accepted at P 	 0.05.

RESULTS

MOR expression in peritoneal macrophages of HIV-1Tg
rats. Using real-time RT-PCR, we first determined the basal
level of MOR expression in the peritoneal macrophages of the
HIV-1Tg rats compared to those of the F344 control rats.
Figure 1A shows a representative amplification curve for rat
MOR from HIV-1Tg rats (solid curve) and F344 animals (bro-
ken curve). The shift to the left of the amplification curve
reflects the higher level of MOR mRNA in the HIV-1Tg rat
peritoneal macrophages. The level of MOR mRNA was sig-
nificantly higher (P 	 0.05) in the peritoneal macrophages of
the HIV-1Tg rats than those in the F344 animals (Fig. 1B).
Agarose gel electrophoresis (Fig. 1C) confirmed the specificity
of the single bands of the real-time RT-PCR products.
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LPS-induced serum levels of TNF-�, IL-1�, and IL-10 in
HIV-1Tg rats. LPS, a bacterial endotoxin, induces the produc-
tion of cytokines such as TNF-�, IL-1�, and IL-10, and TNF-�
has been shown to regulate MOR expression in macrophages
(3). Hence, we compared the LPS-induced serum levels of
TNF-�, IL-1�, and IL-10 in HIV-1Tg and F344 rats (Fig. 2). Of
the three cytokines examined, only the basal level of IL-1� was
slightly increased in the HIV-1Tg rats given saline compared to
that in the saline-treated F344 animals. Treatment with LPS
increased the serum level of TNF-� and further increased the

level of IL-1� about 1- and 1.5-fold, respectively, in the F344
rats compared to basal levels. The LPS-induced increase of
both TNF-� and IL-1� in the F344 control rats was consistent
with our previous report using healthy rats (30). In the HIV-
1Tg rats, the LPS-induced increases in IL-1� and TNF-� were
7- and 38-fold higher, respectively, than those in the control
F344 animals (P 	 0.05). There was a 0.8-fold increase in IL-10
in response to LPS in the F344 rats (Fig. 2) and a 1.5-fold
increase in IL-10 in the HIV-1Tg rats (P 	 0.05) compared to
basal levels.

LPS-induced MOR expression in the peritoneal macro-
phages of the HIV-1Tg rats. We then examined MOR expres-
sion in response to LPS treatment in the peritoneal macro-
phages of the HIV-1Tg rats compared to F344 control animals
using real-time RT-PCR. LPS increased MOR mRNA levels in
both the HIV-1Tg rats and F344 rats (Fig. 3) compared to
saline (P 	 0.05); however, the up-regulation of MOR expres-
sion in response to LPS in the HIV-1Tg rats (Fig. 3) was
significantly higher than that in the F344 rats (P 	 0.05).

MOR expression in the peritoneal macrophages of F344
rats treated with HIV-1Tg rat serum. In order to examine
whether circulating HIV-1 viral proteins such as gp120 are
involved in regulating MOR expression in HIV-1Tg rats, peri-
toneal macrophages from F344 control rats were treated with
either heated HIV-1Tg rat serum (20%), HIV recombinant
gp120 protein (1 nM), LPS (10 �g/ml), gp120 monoclonal
antibody, HIV-1Tg rat serum (20%) plus gp120 monoclonal
antibody, or control vehicle (culture medium) for 18 h at 37°C.
MOR mRNA expression was up-regulated in the F344 perito-
neal macrophages treated with heated HIV-1Tg rat serum,
recombinant gp120 protein alone, and LPS alone (Fig. 4) com-

FIG. 1. MOR mRNA levels in peritoneal macrophages of HIV-1Tg rats. MOR mRNA levels in the peritoneal macrophages from HIV-1Tg and
F344 rats were compared using real-time RT-PCR (A and B). Delta Rn refers to the delta reaction that is the normalized intensity of fluorescence
emission from the reporter dye for MOR while MOR is amplified as a function of the reaction cycle (Ct). Real-time RT-PCR of the cDNA from
the peritoneal macrophages was run an additional 7 cycles after crossing the amplification threshold, and the PCR products were electrophoresed
on a 3% agarose gel (C). n 
 3; �, P 	 0.05 compared to F344 control rats.

FIG. 2. LPS-induced serum levels of TNF-�, IL-1�, and IL-10 in
HIV-1Tg rats. Serum levels of TNF-�, IL-1�, and IL-10 from HIV-1Tg
and F344 rats were measured by ELISA 2 h following an i.p. injection
with either saline or LPS (250 �g/kg). n 
 3; �, P 	 0.05 compared to
saline treatment; ˆ, P 	 0.05 compared to saline-treated F344 rats.
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pared to that in cells treated with control vehicle (P 	 0.05).
gp120 monoclonal antibody alone had no effect on MOR ex-
pression (Fig. 4), and the addition of gp120 monoclonal anti-
body to the HIV-1Tg rat serum abolished the up-regulation of
the MOR (Fig. 4) that occurred with HIV-1Tg serum alone.

The effect of pretreatment with gp120 on LPS-induced up-
regulation of MOR expression in TPA-HL-60 cells. Our data in
the HIV-1Tg rat model indicated that gp120 could augment
the effects of LPS on MOR expression. To determine if this
observation would translate into similar results in human im-
mune cells, we pretreated human TPA-differentiated HL-60
cells with either 1 nM recombinant gp120 protein or control
vehicle (culture medium) for 24 h. We then treated the cells
with different concentrations of LPS (10 ng/ml or 100 ng/ml)
for an additional 12 h and examined MOR mRNA expression
using real-time RT-PCR (Fig. 5). The level of MOR mRNA
was greater in the cells pretreated with gp120 followed by LPS
(P 	 0.05) than in the cells pretreated with control vehicle

followed by LPS (P 	 0.05). When the TPA-HL-60 cells were
pretreated with gp120 for 24 h and then treated again with
gp120 (1 nM), no difference in MOR expression was observed
compared to treatment with control vehicle or no treatment at
all (data not shown).

DISCUSSION

The MOR was originally discovered in the central nervous
system. However, during the last two decades, the expression
of the MOR in the immune system has been well characterized
(6, 28, 29, 37, 42, 48). Activation of the MOR by agonists such
as morphine can result in immunosuppression (18, 28, 38).
Many individuals infected with the HIV-1 virus are opioid
abusers (32), and even HIV-1 patients who are not drug abus-
ers sometimes receive treatment with a MOR agonist, includ-
ing morphine, for pain management (32). In addition, in vitro
studies by Guo et al. demonstrated that morphine increases
HIV-1 infection of human monocyte-derived macrophages
(20).

HIV-1 infection is marked by an array of pathologies and a
variety of secondary infections (25), and HIV-positive patients
often contract bacterial infections (25). Few studies, thus far,
have examined the interactive effects of bacterial endotoxins
and viral proteins in the course of HIV infection using either
animal models or human subjects. In this study, we used both
the HIV-1Tg rat model and human cell cultures to investigate
the interaction between the bacterial endotoxin LPS and the
HIV-1 glycoprotein gp120 on MOR expression.

Highly active antiretroviral therapy (HAART) consists of
inhibitors that target viral entry, reverse transcriptase, and viral
protease to control viral replication, restore immunity, and
delay disease progression, but it cannot eliminate the infection
(1, 25, 47). The clinical challenge in this post-HAART era is,
therefore, the persistent infection that results from the pres-
ence of HIV-1 viral proteins in the host (25, 47). The devel-
opment of various manifestations of human HIV-1 infection in
the HIV-1Tg rat, without viral replication, indicates that the

FIG. 3. LPS-induced MOR expression in peritoneal macrophages
of HIV-1Tg rats. HIV-1Tg and F344 control rats were injected (i.p.)
with either saline or LPS (1.25 mg/kg). Twenty-four hours after treat-
ment, the animals were sacrificed and the peritoneal macrophages
were isolated for analysis of MOR mRNA by real-time RT-PCR. n 

3; �, P 	 0.05 compared to F344 rats given saline; ˆ, P 	 0.05 com-
pared to F344 rats given LPS.

FIG. 4. Effects of HIV-1Tg serum on MOR expression in F344
rats. Peritoneal macrophages were isolated from six F344 control rats,
and treated with either heated HIV-1Tg rat serum (20%), recombinant
gp120 protein (1 nM), LPS (10 �g/ml), gp120 monoclonal antibody
alone, heated HIV-1Tg rat serum (20%) plus gp120 monoclonal anti-
body, or control vehicle (culture medium) for 18 h at 37°C. The cells
were harvested for total RNA isolation, and MOR mRNA levels were
determined by real-time RT-PCR analysis. n 
 3; �, P 	 0.05 com-
pared to control vehicle.

FIG. 5. Effects of pretreatment with gp120 protein on LPS-induced
up-regulation of MOR mRNA expression in TPA-HL-60 cells. TPA-
HL-60 cells were pretreated with either vehicle medium or 1 nM
recombinant gp120 protein for 24 h and then treated for an additional
12 h with control vehicle (culture medium) or different concentrations
of LPS (10 ng/ml or 100 ng/ml). The effects of gp120 pretreatment on
LPS-induced up-regulation of MOR expression were then examined
by real-time RT-PCR. n 
 3; �, P 	 0.05 compared to control vehicle;
ˆ, P 	 0.05 compared to treatment with vehicle followed by LPS at 10
ng/ml and 100 ng/ml, respectively.
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presence of viral proteins in the host is sufficient to affect the
target cells, including the immune cells such as T cells and
macrophages, and cause the clinical progression to AIDS.
Thus, the HIV-1Tg rat appears to mimic the condition of
patients given HAART, who have limited (controlled) viral
replication but persistent HIV infection that eventually ad-
vances to AIDS.

In this study, we were particularly interested in observing the
effects of viral proteins such as gp120 on immune cells in vivo
in the absence of viral replication. Macrophages have long
been known to act as reservoirs for the HIV-1 virus, where the
virus can replicate and remain latent (39). These cells have
been shown to harbor the HIV-1 virus in both the peripheral
blood and bone marrow as well as in target organs such as the
brain, lungs, lymph nodes, and skin (22, 38, 40). In contrast, the
macrophages in the HIV-1Tg rat model do not act as viral
reservoirs; however, viral proteins are still being expressed in
blood and tissues. Thus, the peritoneal macrophages in the
HIV-1Tg rat can be used to help delineate the effects of viral
proteins such as gp120 on immune function in the absence of
viral replication.

Our data show that the basal level of MOR mRNA in the
peritoneal macrophages of the HIV-1Tg rats is significantly
higher than that in the F344 control animals, indicating that
the HIV-1 transgene with the gag-pol defect may itself increase
MOR expression. As gag and pol are mainly responsible for
HIV viral replication, our results suggest that one or more of
the other seven remaining viral proteins may be involved in the
up-regulation of MOR expression. In addition, since the mac-
rophages do not act as the viral reservoir as in the patients
infected with HIV-1, the information obtained using perito-
neal macrophages can apply to any cells on which the HIV viral
proteins exert their actions.

Immunocompromised HIV-positive patients often contract
secondary bacterial infections (25). LPS, a bacterial endotoxin,
is commonly used to study a host’s response to a bacterial
infection, including the production of inflammatory cytokines.
We have previously shown that systemic treatment with a non-
pyrogenic dose of LPS increases the serum levels of proinflam-
matory cytokines, including TNF-�, IL-1�, and IL-6, in healthy
Sprague-Dawley rats (30). In this study, we found that in F344
control rats, there were comparable increases in the serum
levels of IL-1� and TNF-� (1- to 1.5-fold increases, respec-
tively) following treatment with the same nonpyrogenic dose of
LPS (30). However, in the HIV-1Tg rats, the same dose of LPS
induced a much greater increase in serum IL-1� and TNF-�
levels (7- and 38-fold increases, respectively). In contrast to the
robust increase in serum IL-1� and TNF-� levels induced by
LPS in HIV-1Tg rats, the LPS-induced increases in the serum
level of IL-10, an anti-inflammatory cytokine, in the HIV-1Tg
rats and F344 control animals were more comparable (0.8-
versus 1.5-fold increases, respectively). Taken together, our
data suggest that there may be an imbalance between the levels
of production of pro- and anti-inflammatory cytokines in re-
sponse to bacterial endotoxin in HIV-1-infected individuals.
Such an imbalance has been reported to be related to the
progression of HIV-1 infection to AIDS (8), and, thus, this
imbalance can have detrimental consequences.

We and others have demonstrated that the MOR is consti-
tutively expressed in peritoneal macrophages isolated from rats

and mice (37; unpublished data). In this study, although MOR
expression in the peritoneal macrophages of both HIV-1Tg
rats and F344 control animals was increased following systemic
treatment with LPS, the LPS-induced up-regulation of MOR
expression was significantly greater in the HIV-1Tg rats than in
the F344 control animals. This is the first in vivo study to
demonstrate that not only does LPS up-regulate the MOR but
the LPS-induced up-regulation of the MOR is greater in the
presence of HIV proteins.

In this study, we used an ex vivo approach to show that
serum prepared from the HIV-1Tg rats up-regulated MOR
mRNA in the peritoneal macrophages isolated from the F344
control animals. Furthermore, preincubation of HIV-1Tg se-
rum with a monoclonal antibody to human gp120 abolished the
up-regulation of MOR mRNA in the F344 peritoneal macro-
phages. These data not only confirm our observation that
MOR mRNA levels are significantly higher in the HIV-1Tg
rats than in the F344 animals but also suggest that circulating
viral proteins in the HIV-1Tg rat, specifically gp120, may be
involved in the up-regulation of the MOR.

Many laboratories, including our own, routinely use HL-60
promyelocytic leukemia cells as an in vitro macrophage cell
model because of their ability to differentiate into macro-
phage-like cells in response to treatment with TPA (4, 5). We
have previously shown that TPA-HL-60 cells respond to gp120
stimulation by secreting TNF-� and up-regulating MOR ex-
pression (3). To demonstrate that our observations in the HIV-
1Tg rat model could have clinical implications, we showed that
pretreatment with gp120 potentiates LPS-induced up-regula-
tion of MOR expression in human TPA-HL-60 cells. Taken
together, both our in vitro and ex vivo studies suggest that
there may be some underlying molecular and cellular mecha-
nisms that would explain why HIV-1-infected individuals who
use opioids are significantly more susceptible to opportunistic
bacterial infections. There have been a number of studies
showing that the use or abuse of morphine can have adverse
effects on immune function (16, 17, 30). Several previous stud-
ies have shown that exposure to opioids induces septic shock,
which leads to a compromised immune response to bacterial
infection (16, 17, 23, 30). Morphine use can result in immuno-
suppression, which can further aggravate the progression of
HIV infection to full-blown AIDS (2, 21, 32, 43). Our results
show that the MOR is up-regulated in the presence of HIV
proteins such as gp120. Furthermore, these results indicate
that the HIV-infected individual could be placed in an immune
deficit situation via the actions of HIV proteins on MOR
expression. Since HIV-infected patients often contract bacte-
rial infections and, in addition, may also be given a MOR
agonist for pain management, our data provide important in-
formation with significant clinical implications.
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