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Abstract

Background—HIV-1 enters the CNS within two weeks after peripheral infection and results in
chronic neuroinflammation that leads to HIV associated neurocognitive disorders (HAND) in
more than 50% of infected people. HIV enters the CNS by transmigration of infected monocytes
across the blood brain barrier. Intravenous drug abuse is a major risk factor for HIV-1 infection,
and opioids have been shown to alter the progression and severity of HAND. Methadone and
buprenorphine are opioid derivates that are used as opioid maintenance therapies. They are
commonly used to treat opioid dependency in HIV infected substance abusers, but their effects on
monocyte migration relevant to the development of cognitive impairment are not well
characterized.

Conclusion—Here, we will discuss the effects of opioids and opioid maintenance therapies on
the inflammatory functions of monocytes and macrophages that are related to the development of
neuroinflammation in the context of HIV infection.
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1. INTRODUCTION

There are 37 million people living with HIV worldwide [1]. Despite successful combined
antiretroviral therapy (CART), a large percentage of infected people develop a spectrum of
HIV associated neurocognitive disorders collectively termed HAND [2]. It is estimated that
13.1% of HIV infected people are intravenous drug users (IDU) [3]. Heroin, an opioid, is a
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drug abused intravenously [4]. Additionally, the abuse of prescription opioids has become a
major health problem, as consumption of oxycodone increased nearly 500% between 1999
and 2011. In the last fourteen years, the number of individuals seeking treatment for
prescription opioid abuse increased 900% [5]. Opioid abuse has a negative impact on
cognitive functions [6]. In the context of HIV-1 infection, many studies in the pre-cART era
showed that infected IDUs had worst neurocognitive outcomes than did non-abusers [7-9].
Post-cART, the contribution of opioid abuse to cognitive status is more nuanced [10-12],
with some studies still demonstrating more cognitive impairment in HIV-1 infected people
who abuse opioids despite successful antiretroviral therapy [13-15].

The mechanisms by which opioids may contribute to increased neurocognitive disorders in
HIV-1 infected people are not fully understood, but the regulation of immune cell functions
that participate in CNS inflammation is believed to play a role [16-19]. Chronic
neuroinflammation persists despite CART in infected individuals [20, 21], in part, due to
ongoing chemokine mediated transmigration of HIV infected and uninfected monocytes
across the blood brain barrier (BBB) [22, 23]. Transmigrated monocytes differentiate into
macrophages in the perivascular environment, constituting long-lived viral reservoirs and
promoting low level neuroinflammation [24, 25].

Opioid maintenance therapies (OMT) with opioid derivates such as buprenorphine and
methadone, are used to treat opioid dependency. In these therapies, opioids abusers
substitute the use of buprenorphine or methadone for drugs of abuse, such as heroin or
oxycodone [26, 27]. Some studies have shown that opioid abusers treated with
buprenorphine have better cognitive outcomes than those who received methadone [28-30].
However, the effects of the therapeutics on cells of the immune system, and specifically on
the monocyte chemotactic phenotype that facilitates transmigration across the BBB in the
context of HIV infection, are not known. In this review we will discuss what is known about
the effects of opioids and opioid maintenance therapies on the functions of monocytes and
macrophages that contribute to neuroinflammation in the context of HIV neuropathogenesis.
We will address how these therapies may impact on the development of neurocognitive
disorders in HIV infected substance abusers.

2. MONOCYTE TRANSMIGRATION ACROSS THE BBB AND HIV INFECTION
OF THE CNS

Transmigration of HIV-1 infected monocytes across the BBB plays a major role in HIV-1
infection of the CNS [31]. Within days after peripheral infection, infected monocytes
transmigrate into the brain, bringing virus into the CNS [32, 33]. Once within the CNS,
monocytes differentiate into macrophages [25, 34], where they remain as long-lived viral
reservoirs [35, 36]. Viral replication in macrophages promotes the infection of resident
microglia, perivascular macrophages, and to a lesser extent, astrocytes [37]. HIV-1 infection
of these cells, as well as released viral proteins, including tat and gp120, promote their
activation [38, 39]. This can induce the secretion of a wide range of inflammatory cytokines
and other metabolic products, including IL-6, IL-1, TNF-a., CCL2, quinolinic acid, nitric
oxide, and glutamate [40, 41]. These cytokines and metabolites by themselves or in
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conjunction with HIV-1 released proteins mediate the neuronal damage and loss
characteristic of HAND [42]. Additionally, activated, uninfected CNS cells release these
cytokines and metabolites [41]. CCL2 is a chemokine elevated in the CNS of HIV infected
people with neurocognitive impairment, despite successful cART [43]. CCL2, as well as
other chemokines, promotes the ongoing influx of monocytes into the CNS, contributing to
chronic neuroinflammation [31, 41, 44, 45].

Transmigration of monocytes across the vasculature is a highly regulated process (Fig. 1).
Initially, peripheral blood monocytes loosely adhere to the surface of the endothelial cells of
the vasculature (Fig. 1A) [46]. If chemokines are not presented on the endothelial surface,
monocytes will detach and re-enter the circulation. However, when chemokines, such as
CCLZ2, are present, firm arrest is promoted by activation of integrins on the monocyte
surface (Fig. 1A) [47]. Firm adhesion of monocytes facilitates their diapedesis across the
endothelium into the parenchyma in response to a chemokine gradient (Fig. 1B) [48, 49].
Studies show that all of these steps can be altered by opioids (see section below). Therefore,
examining the effects of opioids and OMT on the steps that facilitate monocyte
transmigration across the vasculature and subsequent HIV-1 infection of macrophages is
important for understanding how they can contribute to HIV neuropathogenesis in the
context of opioid abuse.

3. OPIOID RECEPTOR EXPRESSION ON MONOCYTES AND
MACROPHAGES

There are three main classes of opioid receptors, mu or MOR, kappa or KOR and delta or
DOR. There is also another “non-classical” opioid receptor, NOP. All are G-protein coupled
receptors (GPCR) [50]. Monocytes and macrophages express MOR, KOR and DOR [51,
52], and have also been shown to express the NOP receptor [53]. Sequencing of the opioid
receptors in monocytes and macrophages showed that they are identical to the receptors
expressed in neurons, where opioid receptors were first described [52].

Heroin, once injected, is metabolized into morphine [54], which is the main heroin
metabolite in the CNS [54]. The effects of morphine, as well as other exogenous opioids, on
immune cells, are mediated through opioid receptors, although some studies suggest that the
effects of morphine are preferentially through activation of MOR [55]. In addition to
exogenous opioids, many cell types also secrete endogenous opioids, which are divided into
five families, the enkephalins, endorphins, dynorphin, nociceptin, endomorphins and
morphiceptin [56]. Endogenous opioids also act through opioid receptors, and can bind to
these receptors on immune cells, regulating their functions [57, 58]. In the next section we
will review the roles of exogenous and endogenous opioids in regulating key functions of
monocytes and macrophages, and how these effects may contribute to neuroAIDS.
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4. REGULATION OF MONOCYTE MIGRATION AND MACROPHAGE
INFLAMMATORY RESPONSES BY OPIOIDS

4.1. Opioid Effects on Monocytes

Monocyte transmigration requires their adherence to the vasculature (Fig. 1A). Treatment of
primary human monocytes with a selective DOR agonist, DPDPE, induced a581 integrin
mediated adhesion of these cells to fibronectin, and increased /n vivo monocyte rolling on
the endothelium. These effects were blocked by naltrindole, a DOR selective antagonist
[59]. Additionally, in a separate study, treatment of the vasculature with morphine increased
human monocyte adhesion in a process dependent on nitric oxide [60]. This effect was
further increased when the vasculature was treated with morphine in the presence of HIV
gp120 [60]. Morphine binds with high affinity to MOR, but it also can bind to DOR [50, 61].
Therefore, in the context of HIV infection and opioid abuse, activation of opioid receptors
on the monocytes and endothelial cells could increase monocyte adherence to brain
microvascular endothelial cells (BMVEC), facilitating their transmigration into the brain.

While the studies discussed above suggest that opioids increase monocyte adherence to the
vasculature, other studies have shown that opioids decrease monocyte chemotaxis [62, 63].
Chemokine gradients mediate monocyte chemotaxis into the CNS during neuroinflammation
[64]. Pretreatment of human primary monocytes with either heroin or morphine decreased
their migration to endotoxin-activated serum [62]. Additionally, preincubation of human
monocytes with morphine inhibited CCL3 stimulated chemotaxis in a process mediated
through MOR and DOR [65]. Monocyte chemotaxis requires the formation of a leading
edge of the cell (chemotactic protrusion), which is formed by the extension of the plasma
membrane due to active polymerization of the actin cytoskeleton [66]. Treatment of human
monocytes with morphine inhibited TNF- a or IL-1a stimulated leading edge formation
[63]. Other studies using monocytes derived from monkeys showed that pretreatment with
morphine inhibited CCL5 mediated chemotaxis in a concentration dependent manner [67].

Animal models have been used to study how opioids, in particular morphine, impact
monocyte migration into the brain /n7 vivoin the context of HIV infection. In a study using
the simian immunodeficiency virus (SIV)/macaque model of HIV pathogenesis, it was
shown that the brains of SIV infected monkeys treated with morphine had increased
monocyte migration into the brain compared to the brains of SIV infected only monkeys
[68]. A different study in mice, examining the effects of HIV tat and chronic morphine
treatment on leukocyte diapedesis into the CNS, showed that intravenous injection of HIV
tat induced a significant increase in inflammatory monocytes into the CNS. In contrast,
chronic treatment with morphine alone did not alter monocyte trafficking [69]. This suggests
that in the context of inflammation or cell activation that could be induced by opioid abuse,
HIV infection may increase monocyte entry into the CNS. Interestingly, when mice were
infected with S. pneumoniae to model comorbid bacterial infection, which is often seen in
opioid abusers, morphine did increase monocyte trafficking into the CNS. Furthermore,
when the infected mice were treated with both morphine and tat, an additional increase in
monocyte transmigration into the CNS was shown, above that found with morphine alone
[69]. This effect is important in the context of HIV, as comorbid infections such as
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tuberculosis, viral hepatitis, and S. pneumoniae often occur in HIV infected individuals, and
even more so in opioid abusers [70]. These and other studies underscore that the effects of
opioids on monocyte migration are complex. Thus, more studies are needed to understand
how exogenous opioids regulate each step of the transmigration process, and how HIV
infection and its associated comorbidities may contribute to this regulation.

Endogenous opioids also play a role in regulating monocyte chemotaxis. It has been shown
that DADL, B-endorphin, dynorphin 1-13, and met-enkephalin induce monocyte migration
[65, 71-73]. The effects of endogenous opioids on monocyte chemotaxis in the context of
HIV-1 are not known. Increased secretion of these peptides in the CNS could lead to
increased migration of monocytes to injured sites, promoting inflammatory responses [57,
74, 75]. Macrophages constitutively express and secrete g-endorphins [76]. It has been
shown that inflammatory cytokines can induce the secretion p-endorphin [56]. Thus,
inflammation in the CNS due to chronic HIV infection may regulate the secretion of
endogenous opioids, increasing the recruitment of immune cells into the CNS [77].

The mechanisms by which opioids modulate monocyte transmigration are not fully
characterized, but cross-regulation between chemokine receptors and opioid receptors is
believed to play an important role [77, 78]. Both opioid receptors and chemokine receptors
are GPCR and share similar structural and functional properties [79]. Different types of
interactions between these receptors that affect monocyte migration in response to
chemokines and opioids have been shown. These include receptor heterodimerization [80],
heterologous desensitization [81, 82], and activation of common downstream regulatory
pathways [83]. For example, heterodimerization between CXCR4 and DOR has been shown
by co-immunoprecipitation from primary human monocytes and in the human monocyte cell
line Mono Mac-1. Treatment with both CXCL12 and DPDPE, a DOR agonist, decreased
Mono Mac-1 migration to CXCL12 in a process reversed by treatment with naltrindole, a
DOR antagonist. This is due to the formation of heterodimers composed of CXCR4 and
DOR. Co-stimulation of both receptors stabilizes the heterodimer, preventing CXCL12
mediated monocyte migration [80]. Heterologous desensitization has also been shown to
mediate monocyte chemotaxis. Treatment of human monocytes with CCL5 decreased
DPDPE and DAMGO mediated chemotaxis, involving MOR phosphorylation [73].
Activation of both opioid and chemokine receptors simultaneously on the surface of
monocytes may occur in the context of HIV-1 infection and opioid abuse since inflammatory
chemokines have been shown to be elevated in the plasma and CSF of HIV infected people
[84].

Regulating monocyte influx into the CNS by exogenous and endogenous opioids may have
important consequences for chronic CNS inflammation and neurocognitive impairment in
HIV-1 infected people. The effect of the opioid on monocyte migration will likely depend
upon whether the opioid is endogenous or exogenous. Additionally it will depend on the
inflammatory context, on which different inflammatory cytokines and HIV proteins may
influence the effects of opioids on migration [69, 84]. Further studies are needed to
understand how the different classes of opioids regulate monocyte diapedesis across the
vasculature in response to inflammatory mediators, in the context of HIV-1 infection.
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4.2. Opioid Effect on Macrophages

Macrophages play an important role in HIV mediated neuropathogenesis [85]. Perivascular
macrophages, derived from HIV infected monocytes that transmigrated across the BBB,
remain as long-lived HIV reservoirs despite CART [25, 35, 36]. HIV infected macrophages
release inflammatory cytokines and viral proteins that contribute to neuroinflammation and
neuronal damage [86, 87]. It has been shown that morphine enhances HIV infection of and
replication in macrophages and other CNS resident cells (Fig. 1C) [88-90]. Many factors
have been proposed to contribute to this process. Morphine treatment of macrophages,
derived from PBMC, increased surface expression of CXCR4 and CCR5, leading to
increased susceptibility to infection by X4 and R5 viral strains [91]. In another study using
human monocyte derived macrophages (hnMDM), it was shown that morphine increased HIV
infection of hMDM when an R5 strain was used [92]. These effects were mediated, in part,
by increased surface CCR5, supporting the concept that morphine enhances HIV entry into
macrophages by regulating the surface expression of its co-receptors [92]. Another proposed
mechanism is the regulation of adhesion molecules that mediate pathogen-host interactions
[90]. Galectin -1 is a soluble adhesion molecule secreted by many cell types including
macrophages. Morphine treatment of macrophages increased the expression and secretion of
galectin-1 [90], and treatment with both morphine and galectin-1 increased HIV infection of
macrophages [90]. Morphine treatment has also been shown to down regulate anti-viral
molecules in macrophages, including interferon alpha and beta [89], and anti-HIVV miRNAs
[93]. These studies show that activation of opioid receptors, through morphine treatment,
regulates several aspects that mediate HIV infection of macrophages, resulting in increased
numbers of infected cells. Opposite effects of MOR and KOR activation on HIV infection
have also been observed [94]. Treatment of acutely HIV infected hMDM with the KOR
agonist U50,488 decreased HIV p24 levels compared to untreated cells, indicating that
activation of different opioid receptors could differentially impact HIV infection [94].

Morphine also enhances HIV transcription through activation of the HIV LTR [88]. Chronic
morphine treatment increases adenylyl cyclase (AC) activity, which increases cyclic AMP
(cAMP). Cyclic AMP activates PKA signaling pathways that result in the phosphorylation
of CREB, that interacts with other proteins to enhance the transcription of genes that contain
CRE elements in their promoters [88]. The HIV-LTR has been shown to contain such
elements; therefore chronic treatment with morphine could activate MOR mediated cAMP
signaling, increasing the activity of the HIV-LTR [88].

Increased HIV infection of and replication in macrophages by opioids is important in the
context of CNS viral reservoirs and neuroinflammation. Activation of HIV in macrophage
reservoirs in the presence of opioids could lead to increased infection of other CNS resident
cells, including microglia and astrocytes, which will also contribute to inflammation [95,
96]. Additionally, viral infection of macrophages increases the secretion of inflammatory
cytokines and HIV proteins [97]. It has been shown that morphine enhances HIV mediated
secretion of IL-6 and CCL8 from treated hMDM [98]. In addition, MOR activation on
macrophages induces CCL2, CCL5, and CXCL10 (Fig. 1C) [77]. All of these factors
contribute to CNS inflammation in the context of HIV infection [99]. Increased chemokine
secretion will recruit additional monocytes into the CNS [49]. Inflammatory cytokines in
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conjunction with HIV proteins will mediate neuronal damage exacerbating cognitive
dysfunction in the context of opioid abuse [100].

5. OPIOID MAINTENANCE THERAPIES AND THEIR EFFECTS ON
NEUROINFLAMMATION

5.1. Clinical Studies in Methadone and Buprenorphine Treated Substance Abusers and
their Cognitive Outcomes

Opioid use disorders are defined as a problematic pattern of opioid use leading to clinically
significant impairment or distress. This may be associated with tolerance, withdrawal, and
impaired ability to fulfill obligations [101]. Opioid use disorders have been present for
centuries, yet in recent years have become especially prevalent and problematic in the
United States. An estimated 16,451 individuals died from opioid overdoses in 2010 in the
United States [102]. Drug users may take prescription opioids illegally, inject non-medical
opioids (heroin and opium), or may abuse medication they are prescribed for a chronic pain
disorder [27]. Opioids of abuse are typically full agonists of MOR, which induces feelings of
euphoria and alters neurochemical reward behavior in the user over time. Drug users ingest
opioids orally, intranasally, or intravenously [27], and the spread of infectious disease is
often tied to intravenous opioid use [103].

An often used approach for treatment of opioid dependent individuals is the use of an opioid
maintenance therapy (OMT) such as methadone or buprenorphine [104, 105]. Although
OMT may continue the cycle of opioid dependence, it decreases the pattern of intoxication
and withdrawal that is so debilitating to opioid dependent people. The goal of OMT is to
help such individuals to reduce illicit opioid use, reduce the spread of infectious diseases
such as HIV and HCV, reduce the risk of overdose, and help the person to reintegrate into
society. Methadone, like heroin and morphine, is a full agonist for MOR. However, it does
not produce the same degree of euphoria as other MOR agonists when ingested orally,
enabling it to be used in OMT to replace the cravings induced by drugs such as heroin. If
injected intravenously, however, the effects of methadone are similar to those of morphine
[27]. Therefore, individuals receiving methadone therapy must attend a maintenance clinic
to receive their doses of methadone. However, individuals may continue illicit opioid use
while enrolled in methadone treatment and the combination of illicit opioid use with their
methadone dose may cause overdose and death. Use of methadone alone can cause overdose
as well, specially if injected [27].

An alternative to methadone therapy is buprenorphine treatment. Unlike methadone and
opioids of abuse, buprenorphine is a partial agonist of MOR and an antagonist of KOR.
Although buprenorphine binds to MOR with high affinity, its partial agonism results in a
maximal euphoric effect that is much lower than those produced by other MOR agonists.
This “ceiling” to the dose dependent effects of buprenorphine makes buprenorphine safer, as
it is more difficult for individuals to overdose when taking this therapeutic [106].
Buprenorphine is available sublingually as buprenorphine alone (subutex) or in combination
with naloxone, an opioid receptor antagonist, in a 1:4 distribution (suboxone). The naloxone
component of suboxone has minimal bioavailability when ingested sublingually, and the
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patient will not undergo withdrawal. However, if the individual injects suboxone
intravenously, this will precipitate opioid withdrawal. Suboxone is the form of
buprenorphine that is more often prescribed, as it prevents individuals from improperly
using this drug. Buprenorphine in either form may be prescribed at a physician’s office
rather than at select maintenance clinics.

Many HIV infected individuals contract the virus through intravenous drug use and are
opioid dependent [103]. For HIV infected individuals, buprenorphine may be a superior
therapeutic [27], as it does not interact with antiretrovirals whereas methadone does [107].
Liver function, however, can be affected by both buprenorphine and antiviral agents, which
could cause a change of buprenorphine plasma levels in individuals taking both medications
[27]. HIV induces cognitive deficits in half of infected individuals [2], which may be
worsened by concomitant opioid use [10-12]. To our knowledge there are no studies on the
impact of methadone compared to buprenorphine on cognitive dysfunction in HIV infected
individuals, although there are many studies on the neurocognitive effects of buprenorphine
treatment as compared to methadone in uninfected substance users [28-30, 108, 109]. These
studies are described below.

Several observational and randomized control trials have compared methadone and
buprenorphine effects on cognition. Some studies found no significant difference in levels of
cognitive deficits between buprenorphine and methadone maintained people [110-113].
Others found that individuals treated with buprenorphine performed better in various
cognitive tests [28-30, 108, 109]. Some of these studies are described below and in the Table
1. Limitations for each study are also detailed in the Table 1.

The effect of methadone and buprenorphine treatment on visuospatial working memory
performance was examined in an observational study. Individuals receiving either
methadone or buprenorphine and healthy controls were tested with the “Trail-Making Test”,
a test of visuospatial working memory and verbal intelligence. While being tested, fMRI
images were taken to assess neuronal activation. Different neural activity, with decreased
blood oxygen level dependent signal (BOLD) response was found for the populations during
spatial working memory tasks. However, individuals performed similarly to controls on
these tests. The authors hypothesized that future studies with more complex tasks could
identify whether the differences in neural activity correlate to more subtle cognitive deficits
in the different populations [110].

Another observational study of 30 methadone and 24 buprenorphine treated individuals was
performed. Opioid maintenance therapy chosen was based on individual preference. Areas
tested included vigilance and sustained attention, selecting, and focusing of sensory stimuli,
response selection and control, and memory function. No difference was found between the
performance of methadone and buprenorphine treated people [112].

An observational study comparing cognition in heroin abusers, methadone and
buprenorphine treated people was conducted. Twenty two buprenorphine and 24 methadone
patients were recruited from a different randomized study for participation. Twenty non-
randomized long-term heroin abusers were recruited as well as 25 healthy controls. A
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neuropsychological test battery assessing visual perception, selective attention, executive
function, vigilance, reactivity, and stress tolerance was conducted. Heroin abusers performed
worse than controls, as well than the other patient groups on most domains tested.
Buprenorphine treated people performed better on tests of executive function than other
groups [108].

In another observational study, decision-making ability of 20 methadone and 19
buprenorphine treated people, and 21 non-opioid dependent controls was compared.
Executive function, cognitive flexibility, general intelligence, abstract thinking, and visual
perception were tested. Buprenorphine treated people performed better than methadone
treated individuals in tests of decision-making (executive function). Both groups performed
similarly on tests of general intelligence, but buprenorphine treated were less impaired than
methadone treated people in tests of cognitive flexibility and abstract thinking [109].

Another observational study assessing the differences in cognition between methadone and
buprenorphine at an early time point in therapy was performed. Attention, working memory,
and verbal memory were decreased. Sixteen methadone, 17 buprenorphine/naloxone, and 17
healthy controls were included. Benzodiazepine and other comedication use was both
common and allowed to assess overall cognitive deficits between groups when typical
comedication use was present. Verbal memory was found to be more preserved in
buprenorphine treated people than in methadone treated individuals. Other cognitive
domains tested were similar between patient groups. This underscores the importance of
considering the exacerbating effects on memory of benzodiazepines in the setting of OMT
[29].

A longitudinal observational study of 13 methadone, 15 buprenorphine or buprenorphine/
naloxone treated people, all of which use benzodiazepines as well, was performed.
Additionally, a control group with 15 participants was used for comparison. Since
benzodiazepine use is common with OMT, this experimental study, similar to the one
described above, was to demonstrate what effect on cognition benzodiazepine use in people
on different opioid maintenance treatments. Working memory, immediate verbal memory
and memory consolidation were tested. Both groups performed poorly on many tests of
memory indicating concomitant benzodiazepine use with OMT may be associated with more
memory problems than either therapeutic alone. The pattern of impairment differed between
methadone and buprenorphine treated people [114].

Another longitudinal observational study on a sample of non-randomized buprenorphine and
methadone treated people at various time points (2 months, 6-9 months, and 12—-17 months)
was performed. After the first time period the patient samples were extended to include a
total of 36. Neuropsychological assessment of working memory, executive function,
attention, and verbal memory was performed. Buprenorphine treated people outperformed
methadone treated in several areas (combined attention performance and working memory).
Both patient groups showed equal deficits in the other domains assessed [30]

An observational study was conducted of 94 methadone, 31 buprenorphine, 50 abstinent
former opioid users and 50 healthy controls. Neuropsychological tests measuring executive
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function, working memory, information processing speed, verbal learning and non-verbal
learning were administered. Poorer performance was found amongst both maintenance
populations relative to healthy controls, without a significant difference between
buprenorphine and methadone treated. Abstinent subjects performed similar to maintenance
subjects in some domains, and similar to controls in others [113].

The effects on cognition of methadone and buprenorphine treatment were also examined
through a randomized clinical trial. Fifty nine patients were randomized to either methadone
or buprenorphine and 24 healthy control subjects were recruited for comparison. Participants
were tested after 2 weeks of treatment, and again after 8-10 weeks. Neuropsychological
tests assessed selective attention, cognitive flexibility, verbal memory, and motor/cognitive
speed. No differences in performance were observed between the methadone and
buprenorphine treated groups, but both patient groups scored lower on most cognitive
domains when compared to healthy controls. Performance over time improved in both
treated groups, indicating cognitive function may improve after stabilization on maintenance
therapy [111].

Another study compared the cognitive effects of methadone and buprenorphine in a
randomized clinical trial. Sixty two opioid dependent individuals were randomized to either
buprenorphine or methadone treatment. Neuropsychological assessment of visual
perception, selective attention, vigilance, reactivity, executive function and stress tolerance
were performed. Patients randomized to buprenorphine performed better than those treated
with methadone in psychomotor performance and executive function. Performance in other
domains was similar between groups [28].

Several of the above mentioned studies showed that buprenorphine treated people have
better cognitive outcomes than those treated with methadone, specifically in, verbal memory
[29], working memory [30], executive functions [28, 108], and decision making [109].
These cognitive domains have also been shown to be significantly affected in HIV infected
people on successful CART treatment [2, 115]. Therefore, when considering the most
appropriate choice of therapeutic for HIV positive individuals, buprenorphine-based
therapies such as suboxone may be superior to methadone due to its positive effects on
cognition, specifically in the domains that have been shown to be most affected by HIV
infection in the CART era, as well as to its safety profile. The differential effects of
buprenorphine and methadone on the cognitive function of HIV infected individuals may
have important implications for treatment success, adherence to antiretroviral medication
and ability to reintegrate into society, and is an important area for future research.

5.2. Effects of Opioid Maintenance Therapies on Immune Cells

The effects of opioid maintenance therapies on immune cells, specifically on monocytes and
macrophages, are important in the context of HIV infection and opioid abuse because they
may impact chronic CNS inflammation that contributes to the development of cognitive
impairment. This may provide mechanisms that explain the findings in the clinical studies
described in the preceding section. Contradictory results have been found regarding the
effects of opioid maintenance therapies on immune cells. In this section we will discuss the
effects of buprenorphine and methadone on monocyte and macrophage functions related to
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chronic CNS inflammation. Additionally, we will briefly review the effect of these
therapeutics on the function of other immune cells including, PBMC, NK cells, splenocytes
and, T cells, although their role in neuroinflammation are not the focus of this review.

5.2.1. Effects of Opioid Maintenance Therapy on Monocytes and Macrophages
—Chronic CNS inflammation is maintained by ongoing, low level monocyte influx into the
CNS, mediated in part, by CCL2 [31]. We studied the effects of buprenorphine on the CCL2
mediated human monocyte migratory phenotype that facilitates their migration [116].
Human peripheral monocytes have a round morphology, but when treated with CCL2, they
extend a leading edge, characterized by the colocalization of the actin and tubulin
cytoskeleton [66]. When monocytes were treated with CCL2 in the presence of
buprenorphine, the percentage of monocytes extending protrusions decreased, to similar
numbers as base line [116]. CCL2 mediated chemotaxis was also decreased when
monocytes were pretreated with both buprenorphine and CCL2 by a mechanism regulated,
in part, by delayed CCR2 receptor recycling to the surface [116]. Additionally, we studied
the effect of buprenorphine treatment on CCL2 mediated phosphorylation of p38, a MAP
kinase associated with cell migration [117]. We found that buprenorphine inhibited CCL2
mediated p38 phosphorylation. This decrease involved the activation of MOR, because
pretreatment of monocytes with CTAP, a MOR antagonist, reversed the effects [116].
Interestingly, when monocytes were treated with nor-BNI a KOR antagonist, CCL2
mediated p38 phosphorylation was decreased in the 60% of the experiments with primary
human monocytes. As all of the studies were performed with primary cells from different
people, this may reflect intrinsic variability in surface KOR expression from person to
person [116]. Thus, KOR antagonist activity may also play a role in the effects of
buprenorphine. Therefore, buprenorphine may decrease CCL2 mediated monocyte migration
into the CNS in response to inflammatory chemokines by binding and signaling through
MOR and KOR (Fig. 1A, B). It is important to note that buprenorphine treatment in the
presence of CCL2 only decreased monocyte migration to baseline levels, suggesting that
normal immune surveillance by monocytes remains intact. This further underscore the
positive impact buprenorphine may have in HIV infected individuals [116].

Another recent study of human monocytes examined the effects of buprenorphine,
methadone, and other opioid therapeutics on phagocytosis and oxidative burst in human
monocytes. It found that at clinically relevant concentrations, none of these opioid
therapeutics altered the /n vitro phagocytic activity of human monocytes or their oxidative
burst [118]. Thus, buprenorphine may have both positive and negative effects on monocyte
function.

Peripheral blood monocytes are a heterogeneous population of cells that can be classified by
the expression of two surface markers, CD14, the LPS receptor, and CD16, the Fcylll
receptor [119]. CD14*CD16™ cells are believed to be a more mature population of
monocytes than CD14*. This monocyte population increases in number with HIV-1
infection [119, 120]. We have shown that HIV infected substance abusers have a greater
increase in CD14*CD16* monocytes, compared to HIV infected non-abusers (Calderon, et
al. submitted). CD14*CD16™ monocytes can be productively infected with HIV-1 and they
transmigrate preferentially across an /n vitro BBB model in response to CCL2 [121, 122].
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Additionally, CD14*CD16* monocytes mediate chronic inflammation [25]. Using flow
cytometry we found that this monocyte subpopulation expresses both MOR and KOR opioid
receptors on their surface (Fig. 2). Future research will examine how opioids and opioid
maintenance therapies modulate the migratory properties of this inflammatory monocyte
subset.

Few studies have analyzed the effects of buprenorphine and methadone on macrophages.
Using a mouse model of venous thrombosis (VT), an inflammatory process, it was shown
that after treatment with buprenorphine, there was a significant decrease in the accumulation
of vein wall macrophages, which is a characteristic response to blood vessels injury [123]. In
another study, mice injected with methadone, showed decreased antibody responses to
injected sheep red blood cells (SRBC). This was due, in part, by a decrease in macrophage
dependent B cell activation [124]. A different study using hMDM found that acute treatment
(30 minutes) with methadone and morphine inhibited phagocytosis in a dose dependent
manner. In contrast, when hMDM were treated chronically (24hr) with morphine or
methadone, no difference was observed in the phagocytic activity of these cells. Interestingly
during the differentiation protocol of monocytes to macrophages used in the above referred
study, methadone was present the entire time. This enabled the study to examine the effects
of methadone withdrawal /n vitro. When methadone was removed from the culture, an
inhibition of phagocytosis was observed [125].

Therefore, decreasing monocyte migration and macrophage inflammatory functions by
treatment with opioid maintenance therapies may be beneficial in the context of chronic
inflammation during HIV infection. Not only would opioid abuse be controlled, but also the
neuroinflammation characteristic of HIV infection in the cCART era maybe reduced. Duration
of the treatment with the therapeutics being studied, as well as the impact of removing those
therapeutics, are important factors to consider for future studies analyzing their effect on
monocytes and macrophages.

5.2.2. Effects of Opioid Maintenance Therapy on PBMC, Splenocytes, NK and
T Cells

5.2.2.1. Effectson PBM C, Splenocytes, and NK Cells: Several studies have shown that
methadone and buprenorphine have immune suppressive effects [126-131]. PBMC isolated
from methadone treated people produced fewer oxygen radicals when stimulated with PMA
as compared to PBMC from healthy people [127]. Additionally, methadone treatment
decreased the secretion of IL-6 from IL-2 stimulated PBMC [118]. Acute (1hr)
administration of buprenorphine was shown to decrease, in a dose dependent manner, the
NK cytotoxic activity, as well as the ConA and LPS stimulated proliferation of splenocytes
[131]. All of these effects were reversed by treatment with the general opioid receptor
antagonist, naltrexone [131].

Other studies have suggested that methadone and buprenorphine do not have any effect on
the immune response [132-136]. In a study analyzing PBMC from heroin abusers,
proliferation of PBMC from these individuals was increased, as was secretion of 1L-10,
when compared to controls. In contrast, PBMC isolated from people chronically treated with
methadone had responses similar to normal controls [137]. Another study compared
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proliferation and cytokine secretion after stimulation with PHA of PBMC isolated from
current heroin abusers, buprenorphine or methadone treated people, and healthy non-abusing
controls [138]. Only PBMC derived from current heroin abusers had decreased proliferative
ability in response to PHA, as well as decreased secretion of IL-4, TNF, and IFN. PBMC
from methadone and buprenorphine treated people showed no differences as compared to
healthy controls [138]. When buprenorphine was administered acutely (1hr) or chronically
(24hr or 72hr) to mice, it did not affect NK cytotoxicity, ConA mediated splenocyte
proliferation, or IL-2 and IFN-y secretion [135].

Discrepancies among the above mentioned studies could be attributed to many factors.
Differences in experimental design and protocol, or the number of subjects used, could
result in different outcomes. In some of the human studies, HIV infection status was not
considered [132] and could be a confounding factor. Current drug abuse was often measured
by self-reporting, which is not always reliable [126, 139]. Additionally, several
pharmacologic factors, including doses of therapeutic used, duration of the treatment, and
withdrawal of treatment, need to be considered to asses the specific contribution of these
therapies to the regulation of the immune response [140].

5.2.2.2. Effectson T Cells: In a study of Jurkat T cells, chronic treatment (24hr) with
methadone induced I1L-4 mRNA, while treatment with morphine or buprenorphine had no
significant effect on IL-4 message expression [141]. IL-4 is an important cytokine involved
in skewing the T cell repertoire towards a less inflammatory Th2 subset [141]. In another
study, treatment with buprenorphine and methadone, as well as the use of heroin, did not
change the total number of CD4* cells as compared to untreated controls. Additionally,
buprenorphine and methadone did not change the composition of T-cell subpopulations,
however, the population of CD4*CD25M9NFoxp3* (Tregs) cells was increased in heroin
abusers [142].

In studies focused on inflammatory diseases not caused by HIV infection, methadone
treatment was shown to decrease T cell mediated inflammation. In a mouse model of
diabetes induced by treatment with streptozotocin (STDZ), methadone prevented STDZ
mediated inflammatory responses against insulin-producing beta pancreatic cells [143].
Methadone treatment also restored insulin secretion, as well as decreased pancreatic
inflammatory cytokines [143]. In another study using an EAE mouse model of multiple
sclerosis induced by MOG, daily treatment with methadone significantly decreased the
severity of disease by decreasing T cell infiltration into the spinal cord [144]. These studies
show methadone treatment could have an additional therapeutic benefit, which is limiting T
cell mediated inflammatory responses.

CONCLUDING REMARKS

Opioid effects on monocyte and macrophages are complex, especially in the context of HIV
infection. Many factors including the type of opioid receptor activated, the origin of the
opioid, doses used, time of treatment, and opioid withdrawal significantly influence the
effects of opioids on chemotaxis and diapedesis of monocytes in response to chemokines as
well as on HIV infection of macrophages. The effects of buprenorphine on monocyte
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migration are not fully characterized but our studies suggest that buprenorphine treatment, in
the context of the activation of immune cells with HIV infection may be used not only for
opioid maintenance therapy, but also for limiting monocyte entry into the CNS in response
to CCL2, decreasing chronic neuroinflammation and thereby neurocognitive impairment.

Future studies should be focused on studying the specific mechanisms by which opioids and
opioid maintenance therapies alter the function of immune cells and more specifically on the
multi step process of monocyte transmigration across the BBB, and the effects of opioid
maintenance therapies on macrophages within the CNS. Characterizing the mechanisms we
will be able to develop more effective treatments for opioid dependency, as well as for
chronic activation of immune cells during HIV infection, which will limit the cognitive
deficits of neuroAIDS.
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ABBREVIATIONS
CNS Central nervous system
ConA Concanavalin A
CREB CAMP response element-binding
CSF Cerebral spinal fluid

CTAP D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-Thr-NH,
DADL D-ala-D-leu-enkephalin

DAMGO  [D-Ala?, N-MePhe?, Gly-ol]

DOR Delta opioid receptor

DPDPE  [D-Pen? °] Enkephalin

EAE Experimental autoimmune encephalomyelitis
fMRI Functional magnetic resonance imaging

ap Glycoprotein

HCV Hepatitis C virus

HIV Human Immunodeficiency virus

IFN Interferon

IL Interleukin

KOR kappa opioid receptor
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Fig. 1.
Monocyte migration across the blood brain barrier (BBB) and consequences of HIV

infection on monocyte derived macrophages. (A) Monocytes, both infected and uninfected,
loosely adhere to the vasculature through the binding of their surface glycoproteins to
selectins on the surface of endothelial cells. When a chemokine is presented on the
endothelium, firm adhesion is promoted by the activation of integrins on the monocytes. (B)
Monocytes then polarize and extend a leading edge that facilitates their diapedesis across the
vasculature. (C) HIV infection of macrophages promotes the release of viral proteins and
inflammatory cytokines that contribute to neuroinflammation. All of these processes can be
regulated by opioids and opioid maintenance therapies.
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Fig. 2.

CD14*CD16* monocytes in the PBMC obtained from a healthy individual express surface
MOR and KOR. PBMC were isolated using Ficoll density gradient centrifugation. After
isolation, PBMC were stained for surface markers CD14, CD16, and for the opioid receptors
MOR and KOR, as well as for their respective isotype matched controls. Cells were
analyzed using a BD Canto Il flow cytometer. Left panel, PBMC were gated according to
the expression of surface CD14 and CD16. Middle and right panels, histograms showing the
surface expression of MOR and KOR on the CD14*CD16" monocytes shown in the PBMC

gate in the highlighted box.

Curr HIV Res. Author manuscript; available in PMC 2017 June 27.



Page 25

Jaureguiberry-Bravo et al.

01 8|qetedwod aiam sdnoih
jusned juspuadap-pioido
ay1 ajym ‘sdnoJb Juswiealy
u1 Juasaid asnge aaueIsgns
pue suoieaipaw didosoyaAsd
1310 ‘Apnis [euoneAIssqO

Seale [eJanss Ul
paleal) auopeylaw pawiopadino
a)doad payeas; suiydiousidng

Alowaw [eqlan ‘Alowsw
Buriom ‘uonuasye 1e Huyoo)
jJuawissasse |ealbojoyoAsdoinaN

€1 pue
Z. 1e (2103 31doad 9g apnjoul 03
papuaixa sem ajdwes juaied ay}
‘T.L e ajdoad pareal; suopeyiaw
2T pue pajeasy auiydiouaidng T

Apnis [euoneAIssqo

[o€] TTOZ/ /2 19 119dRYy

sannadelay) uonnisgns
pioido yum uonaelsul
pue asn auidazeipozuaq
‘suoire|ndod jusned ui asn
Bnip no1p)1 ‘Apnis [euoIIeAIaSqO
‘9218 a|dwes |[ews

a1doad payeas; suiydiousidng sa
auopeyawW Jo} sHolsp Alowauwl
10 suialed Jusajip ‘pauIquiod
Adelay) soueureurew pioido
pue asn auidazelpozuag yum
uswuredw Alowsw juediyiubis
panqiyxa sdnob usned yiog

uo1ePI|0SUOI Alowsw pue

‘Alowaw |egJan areipawiwi ‘Alowsaw

Bursilom passasse ‘uoissiwpe
Adeiayy soueusiurew pioido
Jaye (Z1) syluow 6—9 usamiaq

pue (T_L) SYIUOW OMI 1511} 3U1 UIYNIAA

dnoub j01u02 Aureay ayr
ut syuedionued GT 03 patedwod
9J9M S}|NSal 8y | "JapJosIp asnge
10 8ouapuadap auidazeipozuaq
yum ajdoad pajeasy suoxojeu
/auiydiouasdng Jo aurydiouaisdng
GT pue auopeylsw €T

Apnis [euoneAIssqo

[#11] 600772 19 113deY

Apnis |euolenlasqo
‘syuatred [[e ut asn
auldazelpozuag UBWOU0I
‘azis ajdwes |jews

S|0Jju02 uey) asiom sdnoib
juaired yloq ‘seale [eJanss Ul
paYeal) suopeylsw pawlopiadino
a)doad payeas; suiydiousidng

Aiowsw Burpiom

pue ‘AIowal [eglaA ‘uonuane 18
BuIX 00| JUBWSSASSE BAIIUBOJ0INBN

abe pue
X3S 10} paydrew s]0J3uod Ayifeay
/T pue ‘syuaned pajeal) auoxofeu
Jaulydiousidng /T ‘auopeyiaw 9

Apnis [euoiieAIasqO

[62] 2002/ /12 19 11890y

Apnis [euoIeAIasqo
‘9215 ajdwres [jews

“ssey buijquied
BMO| UO paleal} suopeyiaw
uey Jenaq pawloylad ajdoad
parealy suiydiousaidng 'sjos1uod
uey} asiom Jiaqe ‘ajdoad
pajeal) suopelis teyl 1SOM
uo Janaq Apueaiiubis pawogiad
a)doad payeas; suiydiousidng

(14AQ) Kowaw
pue uondaalad [ensia ‘(1SOM)

Buuiyy 1oeISqR pUR ANJIGIXSL

aAIUB0d ‘(Y-S1'M) 82uabi|[aiul

|edauab uonippe ui ‘Burjew

-UoIs199p 91doAw $1 11youaq Wis}
-Buoy Joy Janaq asooyd 03 Aujige
:Apge Bupew-uoisioap o1y19ads

Burinseaw xse} Buljqureb emoy

1ong] JuswAojdws ‘uoneanps
‘abe 10} paydlew s|0Ju0d
juapuadap pioido-uou Tz
pue ajdoad payeasy auiydiouaidng
6T ‘a1doad payeas; suopeyisw Oz

Apnis [euoneAlssqo

[60T] 9007/ 72 28 mselid

dnoJb pairedwi-AjaAniubod
alow e juasaidal aioyaiay)
Aew pue (Auewsas) ui [ebs|
194 10U 9ouIs) dnoJb o1y19ads
A1an are syuanred ulolay
‘(A1919]dw0d) paziwopuel
10U ‘az1s ajdwes |lews

sdnouf juswieas) Jayio
UBY) S1S8} UOI1OBaI pUe LOISIEN
u1 Janaq pawloyiad ajdoad

pateal) auiydiouaidng "sisal |
1SOW|e Uo S|0A3u0d Ayijeay eyl

as1om pue sdnoib Jayio yum
pasedwod Uaym Surewop [eanas

UO 3SIOM pIp SIasnge UloJoH

ERIEIET 0}
SSal1S pue ‘AlAnoeal ‘aoue|IBIA
‘uonusye aA19a|as ‘uondadiad

[ensiA pa1se) ‘s||ixs BuiALIp 01 pajejal

A1aneq 1591 |ea1bojoyaAsdoinaN

uoleaNpa
pue abe oy payolew s|oJuod
Aylfeay Gz pue s1asnge ulosay
wig)-Buo| oz ‘pareals auopeylsw
g ‘parealy auilydiouaisdng gz

Apnis [euoneAIasqo

[80T] TT0Z/ 72 78 BAYOS

Apnis [eUOIIRAISS(O
ue sI ‘paziWopues 10N

sdnoub Juswiean
U9aMI8(q dourWLIOIad swes

UonUSNE PaureISNS pue 3duejiBIA

‘IInwins Alosuas Jo Buisnooy

pue Bunos|es '|0U0D puB UOHIB[aS

asuodsas ‘Alowsw 1e Buyoo)
jJuawissasse |ealbojoyoAsdoinaN

(92)
auiydiouaidng 1o (Qg) auopeyiaw
01 80uaJaa1d UMO J1aY}

01 Buipiodae paubisse Ajsnoinaid
‘sfenpliAiput Juspuadap-pioldo

Apnis [euoneAlasqo

[ctT] 8002/72 19 18030

uonaunysAp aAnIubod apgns
alow 0] puodsaliod AlIAnoe
14N} Ul SBoUBIBIIP JaLlaym
8]1epIoN|a PIN0d XSl }NJIYIP
alow e ‘Ases 00] sem Alowsw
Burlom Buissasse ysel

uolreAlioe [4IA
JuaJayip Ing sjoiuod pue ajdoad
paleal) usamiag aduewlopiad
Aiowsw Burjiom swes

UOIBALOE [HIAY

pue aouew.opad Alowaw BuisJopn

S|0U02

Ayieay pue ‘siasn pioido Jawlioy
parean; auiydiouaidng ‘siasn

p1o1do Jawioy payess) auopeyIsiN

Apnis [euoneAIssqo

[otT] 2TOZ/72 79 YoRG

suoleIwI

S1nsay

SaW02INQ Arewlid

sdnoJ9 usied

ubseq@ Apnis

BAWNN/JEaA/ I0YINY

‘sJasnge proido Jo uonouny aAIubod ay) uo auopeylsw pue aulydiouaidng Jo s19aye ayl Burredwod saipns [ealul]d ayl Jo Arewwng

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 June 27.

in

available

Curr HIV Res. Author manuscript;



Page 26

Jaureguiberry-Bravo et al.

saoURISANS

Jay10 pue siqeuued Buiey
0s|e a1am sjuaired Junowre
abre] ‘azis ajdwies [lews

Surewop Jayio ui

90UBJ3J4IP OU ‘UOIOUNY BAIINIBXD

10 159) UOIIO®aJ pUB UOISIIEP
‘9ouewLIoIad JojowoydAsd
ur Jouadns aulydiouaidng

30UEI8|0)
ssa.Is pue ‘ANA1oRal ‘Boue(IBIA
‘uonuane aAdaes ‘uondsdlad
[ensIA JO $1$8] U0 8oueLIoLad

ajdoad payean
auopeyaw Jo aulydiouaidng z9

[eL1] |01U0D paziwopuey

[82] s00z/ 12 18 ©AYOS

SaIULISANS
J3Y10 pue siqeuurd Buiyel
0S|e a4aMm sjualyed Jo Junowe
abre| ‘azis ajdwies [lews

13410 Yoes 0

SWLIBY Ul 92UBJ3M4IP OU 'S|0U0D

01 patedwod sdnob Juawiean
auopeylaw pue aulydiouaidng
y10q u1 Juswiredw

Annaixagy anmubod
pue ‘paads anniubod/iolow ‘Alowsw
[eqJaA ‘uonuale aA199|as Je Buryoo|
jJuawissasse |ealbojoyoAsdoinaN

|9A8] UOIIBINPS pUe

‘xas ‘abe 10} payarew sisusd qol

woJj payinigal s|onu0d Ayieay
pue | INO Buinizoal ajdoad

111 |011U0D paziwopuey

[80T] 800772 19 /A0S

dnoub sulydiousidng
10} 9zI1s a)dwes |[ews
‘(selq uo128|as paanposul
aney Aew siaurelsqe)
‘ApNIs [euoneAIaSqO

dnoub juaunsage
uey} as1om ‘sdnoif pareany
auopeylaw pue aulydiouaidng
U99M]SQ 89UIBYIP ON

Bulutes| jeglan
-uou pue Bulures| [egJan ‘paads
Buissaoo.d uonewoyur ‘Alowsw
Burslom ‘uonouny aAlNdExXa
Burinseaw s)sa) [earbojoyoAsdoinaN

$|0JU0D
Auireay og pue siasn-Bnip
JaWwJoy JUaUNISae OG ‘JuaLIeal}
aulydiouaidng uo T ‘yuswieas
3UOPBYIBW UO S[eNpPIAIPUL 6

Apnis [euoneAIssqo

[etT] 2TOZ 12 09 1RQ

1581311
10 S3|ELIBA Ul JBY10 Yoed

suoize W

S1insey

SawodINQ Arewlid

sdnoJo 1usled

ubseq@ Apnis

JBAWINN/feaA/ Ioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 June 27.

in

available

Curr HIV Res. Author manuscript;



	Abstract
	1. INTRODUCTION
	2. MONOCYTE TRANSMIGRATION ACROSS THE BBB AND HIV INFECTION OF THE CNS
	3. OPIOID RECEPTOR EXPRESSION ON MONOCYTES AND MACROPHAGES
	4. REGULATION OF MONOCYTE MIGRATION AND MACROPHAGE INFLAMMATORY RESPONSES BY OPIOIDS
	4.1. Opioid Effects on Monocytes
	4.2. Opioid Effect on Macrophages

	5. OPIOID MAINTENANCE THERAPIES AND THEIR EFFECTS ON NEUROINFLAMMATION
	5.1. Clinical Studies in Methadone and Buprenorphine Treated Substance Abusers and their Cognitive Outcomes
	5.2. Effects of Opioid Maintenance Therapies on Immune Cells
	5.2.1. Effects of Opioid Maintenance Therapy on Monocytes and Macrophages
	5.2.2. Effects of Opioid Maintenance Therapy on PBMC, Splenocytes, NK and T Cells
	5.2.2.1. Effects on PBMC, Splenocytes, and NK Cells
	5.2.2.2. Effects on T Cells



	CONCLUDING REMARKS
	References
	Fig. 1
	Fig. 2
	Table 1

