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Abstract

Drug abuse is a major comorbidity of HIV infection and cognitive disorders are often more
severe in the drug abusing HIV infected population. CD14*CD16" monocytes, a mature
subpopulation of peripheral blood monocytes, are key mediators of HIV neuropathogenesis.
Infected CD14*CD16* monocyte transmigration across the blood brain barrier mediates
HIV entry into the brain and establishes a viral reservoir within the CNS. Despite successful
antiretroviral therapy, continued influx of CD14"CD16" monocytes, both infected and unin-
fected, contributes to chronic neuroinflammation and the development of HIV associated
neurocognitive disorders (HAND). Drug abuse increases extracellular dopamine in the
CNS. Once in the brain, CD14"CD16* monocytes can be exposed to extracellular dopa-
mine due to drug abuse. The direct effects of dopamine on CD14*CD16* monocytes and
their contribution to HIV neuropathogenesis are not known. In this study, we showed that
CD14"CD16" monocytes express mRNA for all five dopamine receptors by gRT-PCR and
D1R, D5R and D4R surface protein by flow cytometry. Dopamine and the D1-like dopamine
receptor agonist, SKF38393, increased CD14*CD16* monocyte migration that was charac-
terized as chemokinesis. To determine whether dopamine affected cell motility and adhe-
sion, live cell imaging was used to monitor the accumulation of CD14*CD16" monocytes on
the surface of a tissue culture dish. Dopamine increased the number and the rate at which
CD14"CD16" monocytes in suspension settled to the dish surface. In a spreading assay,
dopamine increased the area of CD14"CD16™ monocytes during the early stages of cell
adhesion. In addition, adhesion assays showed that the overall total number of adherent
CD14*CD16" monocytes increased in the presence of dopamine. These data suggest that
elevated extracellular dopamine in the CNS of HIV infected drug abusers contributes to HIV
neuropathogenesis by increasing the accumulation of CD14*CD16™ monocytes in dopa-
mine rich brain regions.
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Introduction

HIV enters the brain within two weeks of peripheral infection [1,2]. The chronic, low level
neuroinflammation that develops as a result of HIV infection of the central nervous system
(CNS) is believed to lead to HIV associated neurocognitive disorders (HAND) in 40-70% of
infected people, despite the success of combined antiretroviral therapy (cART) in reducing
viral load in plasma and cerebrospinal fluid [3-5]. Monocyte transmigration across the blood
brain barrier is an important mediator of HAND, as these cells bring HIV into the brain, initi-
ating and propagating the neuroinflammation that can lead to cognitive impairment [6,7].
HIV infected individuals have increased CNS CXCL12 and CCL2 as a result of infection and
activation of resident cells [8,9]. These chemokines can recruit infected and uninfected mono-
cytes into the brain, further contributing to chronic neuroinflammation [8,10-14].

Monocyte maturation is critical to HIV neuropathogenesis [15,16]. Monocytes are broadly
grouped according to expression of surface CD14 and CD16, the LPS and FcyRIII receptors,
respectively. CD14"CD16™ monocytes constitute the majority of circulating monocytes. A
small subset of monocytes expressing both CD14 and CD16 (CD14"CD16") comprise 5-10%
of total monocytes in healthy people and these cells are more mature than CD14"CD16 mono-
cytes [17,18]. The percentage of peripheral monocytes that are CD14"CD16" is increased in
HIV infected individuals [7,19,20]. Even in people on cART, this population remains increased
[21]. The mature CD14"CD16" monocyte population preferentially transmigrates across an in
vitro human blood brain barrier model in response to CCL2 and is highly permissive to HIV
infection [22-24]. During the neuropathogenesis of HIV and SIV, the nonhuman primate
model of HIV, peripheral uninfected and infected CD14"CD16" monocytes accumulate within
the CNS [25-29]. Thus, uninfected and HIV infected CD14"CD16" monocyte influx into the
CNS contributes to neuroinflammation, CNS infection and establishment of viral reservoirs,
and the development of HAND.

Drug abuse is a common comorbidity of HIV infection [30,31], and all drugs of abuse in-
crease extracellular CNS dopamine, a neurotransmitter important for locomotion, cognition,
and reward [32-37]. While there have been some studies of the effects of drug abuse on HIV
associated neuroinflammation and HAND [38-42], little is known about the contribution of
dopamine to HIV neuropathogenesis. In SIV infected macaques with increased CNS dopa-
mine, there is more virus in dopamine rich brain regions and increased neuropathology
[43,44]. These studies suggest that elevated extracellular dopamine in the CNS of HIV infected
individuals abusing drugs increases neuroinflammation and exacerbates CNS disease. Howev-
er, the mechanism(s) by which dopamine increases HIV associated neuroinflammation has not
been extensively characterized.

Dopamine signals through G-protein coupled dopamine receptors that are grouped into
two families. The D1-like dopamine receptors are D1R and D5R, and the D2-like dopamine re-
ceptors are D2R, D3R, and D4R. D1-like dopamine receptors signal through G, and stimulate
adenylyl cyclase, while D2-like dopamine receptors signal through G,; and inhibit adenylyl
cyclase [45-47]. Monocytes differentiate into macrophages upon entering tissue, and our
laboratory previously demonstrated dopamine receptor expression and function on human
monocyte derived macrophages [48]. However, the expression of functional dopamine recep-
tors by CD14"CD16" monocytes is unknown.

Infiltrating monocytes, including the mature CD14*CD16" monocyte subpopulation, are
key mediators of HIV associated neuroinflammation and enter the CNS in response to in-
creased CCL2 or CXCL12 [8-14,21]. Dopamine does not cross the BBB [49], but once within
the brain, monocytes may encounter increased extrasynaptic dopamine due to acute and inter-
mittent drug abuse [50,51]. Dopamine may affect the localization of CD14"CD16" monocytes
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within the brain, increasing neuroinflammation in proximity of dopaminergic neurons. There-
fore, we examined the direct effects of dopamine on CD14"CD16" monocyte motility and ac-
cumulation, modeling dopamine mediated effects on these cells once within the CNS
parenchyma of drug abusers. We found dopamine receptor mRNA and protein in freshly iso-
lated monocytes, showed that dopamine receptor expression changes with monocyte matura-
tion, and demonstrated that dopamine receptors on mature CD14"CD16" monocytes are
functional. We also showed that dopamine increases CD14*CD16" monocyte migration,
which is not gradient dependent. We demonstrated that the effects of dopamine on monocyte
migration are mediated, at least in part, by D1-like dopamine receptor activation. Using live
cell imaging, we demonstrated that dopamine increases the rate and number of CD14"CD16"
monocytes in suspension that settled to the surface of a tissue culture dish. In a spreading
assay, dopamine increased the area of CD14"CD16" monocytes during the early stages of adhe-
sion. In addition, dopamine increased the overall number of adherent CD14"CD16" mono-
cytes in an adhesion assay. Our data indicate that elevated CNS dopamine due to drug abuse
may increase the adhesion and accumulation of CD14"CD16" monocytes in dopaminergic
regions of the brain, contributing to HIV associated neuroinflammation.

Materials and Methods
Cell Isolation and Culture

Leukopaks were obtained from the New York Blood Center (New York City, NY) according to
established protocols at the Albert Einstein College of Medicine. Peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll-Paque PLUS (GE Healthcare Life Sciences, Pittsburg, PA)
density centrifugation, and monocytes were isolated from PBMC by magnetic separation using
the EasySep Human CD14 Positive Selection Kit according to the manufacturer’s instructions
(Stemcell Technologies, Vancouver, BC, Canada). CDh14"* monocytes were resuspended in
monocyte media (RPMI 1640 supplemented with 10% human serum, 5% FBS, 1% Pen/Strep,
and 1% HEPES). Freshly isolated monocytes are termed “Day 0 monocytes.” Day 0 monocytes,
which are 90-95% CD14"CD16’, were cultured non adherently at 2x10° cells/mL with 10 ng/
mL M-CSF in Teflon flasks for three days to yield mature/activated “Day 3 monocytes” that are
enriched for CD14"CD16" cells, as previously described [21,23].

RNA isolation and qRT-PCR

Total RNA was isolated from Day 0 and Day 3 monocytes by Trizol (Life Technologies, Carls-
bad, CA) extraction according to the manufacturer’s instructions and quantified by Nanodrop
(Thermo Scientific, Wilmington, DE). Synthesis of cDNA was performed using a SuperScript
VILO cDNA Synthesis Kit according to the manufacturer’s instructions (Life Technologies).
Relative mRNA expression of D1R, D2R, D3R, D4R, D5R, and B-Actin was determined
using Tagman Gene Expression Assays (Life Technologies) according to the manufacturer’s
instructions. Total human brain cDNA was used as a positive control for dopamine receptor
amplification. Results were represented as relative expression of each gene normalized to -
Actin as a housekeeping gene using 2 “*“' (arbitrary units). The ACt value was determined by
subtracting the average Ct of the housekeeping gene from the average Ct of the target gene. Ex-
pression of mRNA for each dopamine receptor was compared between Day 0 and Day 3 mono-
cytes and for data points with normal distribution, statistical significance was determined by
paired two-tailed Student’s t test. For data points that did not distribute normally, statistical
significance was determined by two-tailed Wilcoxon matched-pairs signed rank test.
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Dopamine Receptor Staining by Flow Cytometry

Day 0 and Day 3 monocytes (1x10°) were stained with antibodies to D1R (Catalog number
324390), D3R (Catalog number 324402), D5R (Catalog number 324408) (1:5 dilution)
(Calbiochem, Billerica, MA), D2R (Catalog numbers sc-9113 and sc-5303) (1:10 dilution), D4R
(Catalog number sc-31480) (1:10 dilution) (Santa Cruz Biotechnology, Santa Cruz, CA) or nega-
tive control rabbit serum, rabbit IgG, mouse IgG2a (Sigma-Aldrich, St. Louis, MO) or goat IgG
(Santa Cruz Biotechnology) in 50 pL on ice for 30 min. The dopamine receptor antibodies are
specific for extracellular regions of each receptor and were titered to determine optimal staining
conditions for monocytes. After two washes, cells were incubated with PE-conjugated anti-rabbit,
mouse or goat IgG (1:5 or 1:10 dilution) (Sigma-Aldrich) on ice in the dark for 30 min., washed
twice, and fixed in 2% paraformaldehyde. Fluorescence intensity was acquired using a BD
FACSCanto-II flow cytometer (BD Biosciences, San Jose, CA). Any background reactivity with
the appropriate isotype matched negative control antibody was subtracted from the dopamine
receptor signal to determine the mean fluorescence intensity for each dopamine receptor.

Western Blot Analysis

Day 3 monocytes were incubated in RPMI 1640 media without serum for 45 minutes at 37°C,
5% CO,. Dopamine (Sigma-Aldrich), freshly resuspended in ddH,O, was added to a final con-
centration of 100 nM, 500 nM, or 1 uM for 5 or 15 minutes and the cells were then lysed with
lysis buffer (Cell Signaling Technology, Danvers, MA) containing protease and phosphatase in-
hibitors (Sigma-Aldrich). As a negative control, lysates were prepared from cells treated with dil-
uent. Protein concentrations were determined by Bradford assay and equal amounts of protein
were separated by electrophoresis using 10% polyacrylamide gels and transferred to nitrocellulose
membranes (GE Healthcare Life Sciences). Membranes were blocked for 1 hour at room temper-
ature with 5% nonfat dry milk and 3% BSA in TBST (Tris buffered saline, with 0.1% Tween).
Blots were probed with antibody against phospho-Erk1/2 (Catalog number 9106, Cell Signaling
Technology) (1:2000 dilution) overnight at 4°C, washed with TBST, and probed with anti-mouse
IgG-HRP secondary antibody (Catalog number 7076, Cell Signaling Technology) (1:2000 dilu-
tion) for 1 hour at room temperature. Signal was detected using Western Lightning Plus-ECL
(Perkin Elmer, Waltham, MA). Blots were stripped using Restore Plus Western Blot Stripping
Buffer (Thermo Scientific), and reprobed with antibody against total Erk1/2 (Catalog number
9102, Cell Signaling Technology) (1:1000 dilution) and anti-rabbit I[gG-HRP secondary antibody
(Catalog number 7074, Cell Signaling Technology) (1:2000 dilution). Data were quantified by
densitometry using UN-SCAN-IT software (Silk Scientific, Orem, Utah). Phosphorylated Erk1/2
was normalized to total Erk1/2 protein and data were reported as percent increase in Erk1/2
phosphorylation with dopamine treatment relative to control, which was set to 0%.

Migration Assay

Migration assays were performed using a NeuroProbe 48 well Micro Chemotaxis Chamber
(Neuroprobe, Gaithersburg, MD). Chemotaxis media (RPMI 1640 supplemented with 2%
FBS) alone or containing dopamine (100 nM, 500 nM, or 1 uM), SKF38393 (1 nM, 10 nM, or
100 nM), a D1-like dopamine receptor agonist, or CXCL12 (1 ng/mL), a positive control for
gradient dependent migration, was placed in wells in the bottom chamber of the apparatus.
Dopamine and SKF38393 were resuspended in ddH,0 and CXCL12 was resuspended in PBS
containing 0.1% BSA. A polycarbonate filter containing 5 pum pores was coated with 0.2% gela-
tin, dried, and placed between the bottom and top chambers. Day 3 monocytes (1x10° or
3x10°) in chemotaxis media were added to the wells in the top chamber and allowed to migrate
for 1 hour at 37°C. The membrane was then removed and the cells that had migrated through
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the membrane and bound to its underside were fixed and stained with Diff-Quik Stain Set (Sie-
mens, Munich, Germany). Migration was quantified by densitometry using UN-SCAN-IT soft-
ware (Silk Scientific). Transmigration in response to dopamine, SKF38393 or CXCL12 was
reported as percent increase over the baseline migration, which was set to 0%.

Checkerboard assays were also performed using the Micro Chemotaxis Chamber to
determine whether cell migration was gradient dependent. To establish a positive gradient,
dopamine, SKF38393, or CXCL12 was placed in the wells in the bottom chamber, and Day 3
monocytes (3x10° cells) in media were added to the top chamber. A negative gradient was es-
tablished by placing media in the bottom chamber and adding Day 3 monocytes in media con-
taining dopamine, SKF38393, or CXCL12 to the wells in the top chamber. A null gradient was
established by adding dopamine, SKF38393, or CXCL12 to the media in the bottom chamber
and to the cells added to the wells in the top chamber. Cells were allowed to migrate for 1 hour
at 37°C, collected, and quantified as described above.

Live Cell Imaging and Image Analysis

Day 3 monocytes (1.6 mL at 1.66x10° cells/mL) were placed in a 35mm Easy Grip Tissue Cul-
ture Dish (BD Biosciences). Dopamine was immediately added to the dish to a final concentra-
tion of 1 uM and mixed by pipetting. An equal volume of media was added to a separate dish
of cells as the negative control. Cells on the surface of the dish were imaged for 1 hour at 15 sec-
ond intervals on a Zeiss Observer microscope using Axiovision Software (Carl Zeiss Microsco-
py, Oberkochen, Germany). Cells were viable for the duration of the experiment, as evidenced
by their movement throughout the time course. The number of cells that settled on the surface
of the tissue culture dish at each time point were counted using Adobe Photoshop CS4 (Adobe,
San Jose, CA), and the rate of settling was calculated using linear regression.

Spreading and Adhesion assays

To quantify adhesion dependent cell spreading, glass coverslips were placed in 24 well plates.
Day 3 monocytes (1x10° cells) in RPMI 1640 with 10% FBS were added to each well and allowed
to settle for 15 minutes on ice. Dopamine was added to a final concentration of 1 pM or an equiv-
alent volume of diluent was used as a negative control. Cells were warmed to 37°C for 5, 8, 10, 15,
20, and 30 minutes, and the coverslips were then placed in 2% paraformaldehyde. Fixed cells on
each coverslip were permeabilized with 0.1% Triton X-100 and stained with Texas Red phalloidin
and DAPI (Life Technologies) to label actin and nuclei, respectively. Stained cells were visualized
by fluorescence microscopy on a Zeiss Observer microscope using Axiovision Software (Carl
Zeiss Microscopy). The number of cells, as indicated by DAPI staining, and the total area of cells,
as indicated by actin staining, in six separate fields were measured using Volocity 3D Image Anal-
ysis Software (Perkin Elmer). The mean area per cell was calculated by dividing the total area by
the number of nuclei on each coverslip. Data were represented as the percent change in mean
area of dopamine treated cells relative to control cells, which was set to 0%.

To quantify cell adhesion, glass coverslips were placed in 24 well plates. Day 3 monocytes
(1.5x10° cells) in RPMI 1640 with 2% FBS were added to each well. Dopamine (1 uM final con-
centration) or diluent were immediately added to each well and the plates were incubated at
37°C, 5% CO, for 8, 10, 15, 30, 45 and 60 minutes. Following incubation, each well was washed
3 times with warm PBS and adherent cells on each coverslip were fixed with 2% paraformalde-
hyde. Cells were stained for actin and DAPI and visualized by fluorescence microscopy on a
Zeiss Observer microscope using Axiovision Software (Carl Zeiss Microscopy). For each cover-
slip, the number of cells in fourteen separate fields was quantified using Volocity 3D Image
Analysis software (Perkin Elmer).
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Viability assay

Day 3 monocytes (1x10° cells) in RPMI 1640 with 10% FBS were added to 35mm glass bot-
tomed MatTek dishes (MatTek Corporation, Ashland, MA) in the presence of 1 uM dopamine
or diluent for 30 minutes at 37°C. Cell viability was then determined using the LIVE/DEAD Vi-
ability/Cytotoxicity Kit (Life Technologies) according to the manufacturer’s instructions. Via-
bility was evaluated using fluorescence microscopy to visualize cells, with live cells fluorescing
green and dead cells fluorescing red.

Statistical Analysis

Statistical analyses were performed using Prism 6.02 (GraphPad Software, Inc., San Diego,
CA). Two-tailed Wilcoxon matched-pairs signed rank tests or paired Student’s t tests were
used to determine statistical significance, with p < 0.05 considered to be significant.

Results
Day 3 monocytes express dopamine receptors

Studies from other groups examining dopamine receptors on monocytes used freshly isolated
cells [52,53], which are primarily CD14"CD16'. For this study, we focused on mature/activated
CD14"CD16" monocytes, as these are the cells that preferentially cross the blood brain barrier
and are key mediators of HIV associated neuropathogenesis [13,21,23,25-27,54]. Because
CD14CD16" monocytes comprise only 5-10% of peripheral blood monocytes in healthy indi-
viduals, our laboratory developed a culture system to enrich for the more mature
CD14"CD16" subpopulation to obtain sufficient cell numbers for further study. Briefly, CD14"
monocytes were isolated from PBMC and cultured non-adherently in Teflon flasks for three
days in the presence of M-CSF, which resulted in cell cultures containing 65-95%
CD14CD16" monocytes. Freshly isolated monocytes are termed “Day 0” and matured/activat-
ed cell cultures are called “Day 3” [21,23]. Throughout the text we refer to these mature/activat-
ed monocytes as “mature” monocytes for simplicity.

To determine the effect of monocyte maturation on dopamine receptor expression, we ana-
lyzed dopamine receptor mRNA expression in Day 0 and Day 3 monocytes by qRT-PCR
(Fig. 1A,B). Representative amplification plots from a single donor show that Day 0 monocytes
expressed mRNA for all dopamine receptors except D2R, while Day 3 monocytes expressed
mRNA for all five dopamine receptors (Fig. 1A). In all donors tested, expression of D2R
(#*p < 0.01, N =9), D3R (*p < 0.05, N = 9), and D5R (*p < 0.05, N = 9) mRNA significantly
increased with maturation, while D4R significantly decreased (xp < 0.05, N =9) (Fig. 1B).
DIR mRNA expression also trended toward an increase with maturation, but the difference
was not statistically significant (N = 9).

We next examined cell surface dopamine receptor protein by flow cytometry (Fig. 2).
Fig. 2A shows representative histograms of DIR, D4R, and D5R expression in a single donor.
Mean fluorescence intensity of dopamine receptor signal above that obtained with the appro-
priate negative control antibodies shows increased expression of D1R and D5R and decreased
D4R on Day 3 monocytes when compared to Day 0 monocytes. Data compiled from all experi-
ments show that surface D1R and D5R protein on monocytes significantly increased with mat-
uration in all donors tested (+*p<0.01, *p < 0.05, N = 9)(Fig. 2B). D4R protein trended
toward a decrease, but the difference between Day 0 and Day 3 monocytes was not statistically
significant because of the variability among primary cells from individual donors (p = 0.07,
N =9)(Fig. 2C). Differences in dopamine receptor expression with monocyte maturation sup-
port other data from our laboratory demonstrating that mature CD14"CD16" monocytes are
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Fig 1. Dopamine receptor mRNA expression changes with monocyte maturation. Day 0 and Day 3
monocytes were analyzed by qRT-PCR for dopamine receptor mRNA expression. (A) Amplification plots
from a representative donor showing mRNA expression of D1R, D2R, D3R, D4R, D5R and actin in Day 0 and
Day 3 monocytes. (B) Relative expression of dopamine receptors normalized to actin for all donors tested.
Data points for D1R, D3R and D4R distributed normally and were analyzed by two-tailed paired Student’s t-
test for significance. Data points for D2R and D5R did not have a normal distribution and were analyzed by
two-tailed Wilcoxon matched-pairs signed rank test for significance (*p<0.05, **p<0.01, N=9).

doi:10.1371/journal.pone.0117450.9001

functionally distinct from less mature CD14"CD16” monocytes [21,23]. The presence of dopa-
mine receptors on CD14"CD16" monocytes suggests that these cells will respond to dopamine.

We were unable to detect surface D2R and D3R by flow cytometry because very few anti-
bodies target extracellular epitopes of these receptors and staining with several of those that do
showed no signal above the appropriate isotype matched negative control antibodies. Other
groups showed surface expression of all dopamine receptors on human immune cells by flow
cytometry [52,55,56]. However, some of these studies used secondary antibody only in the ab-
sence of negative control antibody or did not use the appropriate negative control antibody,
which may account for differences in detection of these receptors by flow cytometry.

Dopamine receptors expressed by Day 3 monocytes are functional

Erk1/2 phosphorylation is part of signaling pathways that mediate many cell processes, includ-
ing cell migration [57] and dopamine increases Erk1/2 phosphorylation in neurons and macro-
phages [48,58,59]. To determine whether dopamine receptors expressed on Day 3 monocytes
are functional, we examined the phosphorylation of Erk1/2 in these cells in response to
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Fig 2. Dopamine receptor surface protein expression changes with monocyte maturation. Day 0 and Day 3 monocytes were analyzed by flow
cytometry for surface expression of D1R, D5R, and D4R. (A) Representative histograms from a single donor showing increased surface expression of D1R
and D5R, and decreased expression of D4R with maturation. Analysis of cell cultures from all donors shows surface expression of (B) D1-like dopamine
receptors, D1R and D5R, increasing with maturation (*p<0.05, **p<0.01, N = 9) and (C) D4R surface expression trending towards a decrease with
maturation (p = 0.07, N = 9) (two-tailed Wilcoxon matched-pairs signed rank test).

doi:10.1371/journal.pone.0117450.g002

dopamine. Day 3 monocytes were treated with dopamine (100 nM, 500 nM, or 1 uM) for 5 or
15 minutes, and protein lysates from these cells were analyzed by Western blot. Fig. 3A shows
a representative Western blot from a single donor in which the greatest increase in Erk2 phos-
phorylation was induced by 1 uM dopamine treatment for 5 minutes. Due to the variability in-
herent in primary cells, the time at which 1 pM dopamine induced the maximal increase in
Erk2 phosphorylation varied between 5 and 15 minutes among individual donors. Densitomet-
ric analysis of data from six independent experiments quantified phospho-Erk2 normalized to
total Erk2, which was used a loading control. The results showed that treatment of Day 3
monocytes with 1 uM dopamine maximally increased Erk2 phosphorylation after 5 or 15 min-
utes by 52% over baseline (Fig. 3B) (¥p < 0.05, N = 6). These data demonstrate that dopamine
receptors on Day 3 monocytes are functional, as evidenced by dopamine-induced phosphoryla-
tion of Erk2.

Dopamine and D1-like DR activation increase Day 3 monocyte migration

In drug abusers, CD14"CD16" monocytes can be exposed to increased extracellular dopamine
once they have entered the CNS in response to chemokines. Dopamine has been shown to in-
duce migration of rodent microglial cells [60] and another study suggested that dopamine may
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blot. (A) Representative blot showing changes in Erk1/2 phosphorylation in response to dopamine treatment.
Total Erk1/2 was used as a loading control. (B) Quantification of changes in Erk2 phosphorylation normalized
to total Erk2, shown as maximal percent change at 5 or 15 minutes relative to untreated cells, which is set to
0% (*p<0.05, N = 6) (two-tailed Wilcoxon matched-pairs signed rank test).

doi:10.1371/journal.pone.0117450.9003

be chemotactic for resting human T cells [53]. However, the effects of dopamine on monocyte
migration are unknown. To study the effects of dopamine specifically on CD14"CD16" mono-
cyte migration, we performed a migration assay using a 48 well chemotaxis chamber. Dopa-
mine (100 nM, 500 nM, or 1 uM) or media alone was added to the wells in the bottom
chamber and Day 3 monocytes were placed in the top chamber. After 1 hour at 37°C, the cells
that had migrated through a polycarbonate filter and adhered to the underside of the filter
were fixed, stained, and analyzed by densitometry. Dopamine at 100 nM, 500 nM or 1 pM, sig-
nificantly increased migration of Day 3 monocytes by 35% (s**p < 0.0001, N = 19), as com-
pared to media alone, which was set to 0% (Fig. 4). The concentration of dopamine that
elicited maximal migration varied among donors, likely due to the inherent variability in
primary cells.

To determine whether dopamine mediated migration was a result of activation, at least in
part, of D1-like dopamine receptors, we used the D1-like dopamine receptor agonist SKF38393
(1 nM, 10 nM, or 100 nM) in migration assays. Due to the variability inherent in using primary
cells, the concentration of SKF38393 that induced maximal migration varied among donors.
This agonist significantly increased Day 3 monocyte migration by 57% over baseline migration
(Fig. 4) (*p < 0.05, N = 6). These data indicate that activation of D1-like dopamine receptors
mediates, at least in part, dopamine-induced migration of CD14"CD16" monocytes.

Although we could not detect surface D2R or D3R on Day 3 monocytes by flow cytometry,
we did demonstrate D2R and D3R mRNA expression in these cells. Therefore, we also per-
formed migration assays using quinpirole, a D2-like dopamine receptor agonist. Experiments
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Fig 4. Dopamine and D1-like dopamine receptor activation increase migration of Day 3 monocytes.
Day 3 monocytes were added to the top wells of a microchemotaxis chamber. Dopamine (100 nM, 500 nM,

1 puM) (N = 19) or D1-like receptor agonist SKF38393 (1 nM, 10 nM, 100 nM) (N = 6) was added to the bottom
chamber. Cells were allowed to migrate for 1 hour at 37°C through a polycarbonate membrane. Cells that
migrated and adhered to the underside of the membrane were fixed, stained, and quantified by densitometry.
Migration is shown as the maximal percent increase with 100 nM, 500 nM or 1 uM dopamine, relative to
baseline migration, which is set to 0% (*p<0.05, ****p<0.0001) (two-tailed Wilcoxon matched-pairs signed
rank test).

doi:10.1371/journal.pone.0117450.9004

using quinpirole yielded highly variable and non-significant results (data not shown). The role
of D2-like dopamine receptors in CD14"CD16" monocyte migration will be examined further
in future studies.

Dopamine induced increase in migration is not gradient dependent

Cell movement can be either directional or random. Chemotaxis is directional movement that
is gradient dependent. In contrast, chemokinesis is random cell movement that does not re-
quire a gradient. To determine whether the increased migration of Day 3 monocytes in re-
sponse to dopamine or D1-like DR activation was gradient dependent, we performed a
checkerboard analysis, as described in Materials and Methods, in which the cells were allowed
to migrate in response to positive, negative, and null gradients. When dopamine was present
only in the bottom chamber or in both the top and bottom chambers, Day 3 monocyte migra-
tion significantly increased, as compared to media (Fig. 5A)(xp < 0.05, N = 6). SKF38393 sig-
nificantly increased Day 3 monocyte migration when present only in the top chamber, only in
the bottom chamber, or in both the top and bottom chambers (Fig. 5B)(*p < 0.05, N = 6). In
contrast, CXCL12, used as a positive control for chemotaxis, induced maximal migration of
Day 3 monocytes when in the bottom chamber, in response to a positive chemokine gradient
(Fig. 5C, s*xp < 0.001, N = 12). A negative or null gradient induced significantly less migra-
tion, indicating a chemotactic response to CXCL12 (s#xp < 0.001, N = 12). This assay showed
that dopamine-induced migration of Day 3 monocytes is due to chemokinesis and suggests
that the increased migration may be due to faster cell movement and/or increased adhesion to
the polycarbonate filter.

Dopamine increases accumulation of Day 3 monocytes

To examine the effect of dopamine on monocyte motility and adhesion, we performed live cell
imaging to observe Day 3 monocytes as they settled from suspension onto the surface of a
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migration, which is set to 0% (*p<0.05, ***p<0.001, N = 12) (two-tailed Wilcoxon matched-pairs signed rank test).

doi:10.1371/journal.pone.0117450.g005

tissue culture dish in the presence or absence of dopamine (see S1 Fig. for design of experi-
ment). Fig. 6A shows selected time points from a representative experiment in which mono-
cytes in the presence of either 1uM dopamine or media were allowed to settle for the indicated
times. To quantify the settling process, cells on the surface of the tissue culture dish at each
time point were counted and normalized to the number of cells on the tissue culture surface at
Time 0. Data from independent experiments are shown as fold change at each time point rela-
tive to Time 0, which was set to 1, for each treatment group (Fig. 6B). Day 3 monocytes in the
presence of dopamine showed significantly increased accumulation on the plate surface as
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Fig 6. Dopamine increases the accumulation of Day 3 monocytes and their rate of settling. Day 3 monocytes were added to tissue culture dishes in the
presence of dopamine (1 uM) or media, and the surface of each dish was imaged for 1 hour at 15 second intervals to record cells as they settled. Brightness
was increased equally for allimages. (A) Images from a representative experiment showing more monocytes settling to the surface of tissue culture dishes in
the presence of dopamine at multiple time points when compared to cells without dopamine (control). (B) The addition of dopamine resulted in increased
numbers of settled cells, as shown by fold change relative to Time O, which is setto 1 (¥*p<0.05, **p<0.01, ***p<0.001 relative to media, N = 6) (two-tailed
paired Student’s t-test). (C) Dopamine significantly increased the rate at which Day 3 monocytes settled to the surface of tissue culture dishes (**p = 0.001,

N = 6) (two-tailed paired Student’s t-test).

doi:10.1371/journal.pone.0117450.g006

compared to control at each time point, starting at 3 minutes after the addition of dopamine
(Fig. 6A,B and S1 and S2 Videos) (xp < 0.05, **p<0.01, N = 6). The rate at which the dopa-
mine treated cells accumulated was significantly faster than the rate of accumulation of control
cells, as determined using linear regression to calculate the slope of the fit line (Fig. 6C)

(3xxp = 0.001, N = 6). With dopamine or media only, the rate plateaued by 15 minutes. These
data suggest that dopamine increases the accumulation and kinetics of adherence of Day 3
monocytes as they settle and adhere to the surface of a tissue culture dish.

Dopamine increases the area and number of adhering Day 3 monocytes

The live cell imaging data suggest that dopamine increases the accumulation and adhesion of
CD14"CD16" monocytes. To evaluate the effects of dopamine on the initial stages of monocyte
adhesion, we quantified adhesion dependent cell spreading of Day 3 monocytes in the presence
or absence of dopamine. Day 3 monocytes were added to glass coverslips in 24 well tissue cul-
ture plates and allowed to settle on ice. The low temperature prevents adhesion to the surface
as the monocytes, which are in suspension, settle onto the coverslips. Dopamine was added to
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a final concentration of 1 uM, and the cells were warmed to 37°C. An equivalent volume of dil-
uent was used as a control. At each time point after the addition of dopamine (5, 8, 10, 15, 20
and 30 minutes), the coverslips were placed in 2% paraformaldehyde. Fixed adherent cells on
each coverslip were stained with Texas Red phalloidin and DAPI to visualize the actin cytoskel-
eton and nuclei, respectively. Six fields from each coverslip were visualized using fluorescence
microscopy. Actin staining was used to measure the area of all the cells on the coverslip, and
the number of nuclei, as indicated by DAPI staining, determined the cell count. The mean area
per cell was calculated by dividing the total area of the cells by the number of nuclei on each
coverslip and the data were represented as the percent change in the area of dopamine treated
cells relative to control cells, which was set to 0%. The 5 minute time point had very few cells
adhered to the coverslips and therefore was not included in our analysis. Because of the inher-
ent variability in primary cells, the time of maximal increased cell area induced by dopamine
varied among donors. In a representative experiment, the area of a Day 3 monocyte after 10
minutes of adhesion was increased by dopamine when compared to an untreated (control) cell
(Fig. 7A). Data from independent experiments showed that dopamine significantly increased
adhesion dependent Day 3 monocyte cell spreading, as compared to media alone, at early time
points (8, 10, or 15 minutes) (Fig. 7B)(s*p < 0.01, N = 5). This effect was lost by 20 minutes
(data not shown). We also performed a viability assay of Day 3 monocytes after a 30 minute in-
cubation with dopamine and determined that the cells were viable and therefore treatment
with 1uM dopamine was not toxic (Fig. 7C). These data indicate that dopamine increases the
spreading of Day 3 monocytes during the early stages of adhesion.

Adhesion assays were performed to determine whether dopamine increased overall
CD14"CD16" monocyte adhesion. After the addition of Day 3 monocytes and 1 uM dopamine
or diluent to glass coverslips in 24 well plates, the cells were allowed to adhere at 37°C, 5% CO,
for 8, 10, 15, 30, 45 or 60 minutes. Following incubation, coverslips in each well were washed
with PBS to detach non-adherent cells and after fixation, adherent cells on each coverslip were
stained with Texas Red phalloidin and DAPI. Fourteen fields from each coverslip were visual-
ized using fluorescence microscopy and the number of adherent cells was quantified by count-
ing cell nuclei. Data from five independent experiments showed that dopamine increased the
number of adherent Day 3 monocytes when compared to diluent treated control cells (untreat-
ed) at the 8 and 10 min time points (Fig. 8) (xp<0.05, *+xp<0.001, N = 5). At later time points
adhesion was not significantly increased with dopamine except for the 60 minute time point
(+p<0.05,N = 6).

Discussion

Monocytes, including CD14"CD16" monocytes, enter the brains of HIV infected individuals
in response to increased chemokines [8,9,11-14,21]. Drug abuse increases extracellular CNS
dopamine [32-37], which can affect these cells once they have crossed the BBB. In this study,
we found that CD14"CD16" monocytes express mRNA or surface protein of all five dopamine
receptors. In addition, surface expression of the D1-like dopamine receptors, D1R and D5R, in-
creased in CD14"CD16" monocytes when compared to freshly isolated monocyte cultures
comprised predominately of CD14"CD16 monocytes. Dopamine increased Erk2 phosphoryla-
tion in CD14"CD16" monocytes, indicating that these cells expressed functional dopamine re-
ceptors. To characterize the effects of dopamine on CD14"CD16" monocyte migration and
adhesion, we performed migration, settling, spreading and adhesion assays. Dopamine and the
D1-like dopamine receptor agonist SKF38393 increased the migration of CD14"CD16" mono-
cytes, which was not dependent on a gradient. To characterize further the dopamine-induced
changes in the movement of CD14"CD16" monocytes, we performed a settling assay. In this
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doi:10.1371/journal.pone.0117450.g007
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assay, dopamine increased the number and rate at which CD14"CD16" monocytes in suspen-
sion accumulated onto the surface of tissue culture dishes. Lastly, in spreading and adhesion as-
says, dopamine increased the area of CD14"CD16" monocytes during the early stages of
adhesion and the overall total number of adherent cells. These findings are summarized in

Fig. 9. Taken together, our data suggest that once CD14"CD16" monocytes transmigrate across
the blood brain barrier into the brain parenchyma of HIV infected drug abusers in response to
chemokines, these cells will adhere and accumulate within dopaminergic regions of the brain.
This may be a mechanism by which drug abuse increases HIV associated neuroinflammation
and the severity of HAND.

Neuroinflammation associated with HIV infection and HAND impacts regions of the brain
that are enriched for dopaminergic neurons, particularly the frontal cortex, basal ganglia, and
hippocampus [61,62]. Acute and intermittent drug abuse causes increased extracellular dopa-
mine in these brain regions that may diffuse from the synapse into surrounding CNS tissue
[51]. This increased dopamine could exacerbate HIV associated neuroinflammation by affect-
ing monocytes that have entered the brain in response to increased chemokines. Our study
showed an increase in motility and adhesion of CD14"CD16" monocytes using dopamine con-
centrations ranging from 100 nM to 1 uM. While the precise concentration of dopamine in the
human brain is unknown, based on rodent studies, baseline dopamine in the brain is estimated
to be in the low nanomolar range [36]. Cocaine and methamphetamine use can increase dopa-
mine levels to low micromolar concentrations [63,64]. The interaction of CD14"CD16" mono-
cytes with elevated extracellular dopamine due to drug abuse may increase their accumulation
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doi:10.1371/journal.pone.0117450.g009

in dopaminergic brain regions, increasing neuroinflammation and ultimately damaging neu-
rons and negatively impacting cognition and learning.

The mature CD14"CD16" monocyte subpopulation is critical in HIV neuropathogenesis.
This population is increased in the blood of HIV infected individuals, is highly permissive to
HIV infection, and preferentially transmigrates across the BBB [7,23-25]. These cells bring
HIV into the CNS early after peripheral infection, and both infected and uninfected
CD14"CD16" monocytes continue to enter the brain in response to HIV mediated increases in
CCL2 and CXCL12 [2,8,11,12,21,65,66]. Dopamine does not cross the BBB [49] and will medi-
ate its effects on these infiltrating monocytes once they have been recruited into the CNS pa-
renchyma by chemokines. CD14*CD16" monocytes can be exposed to increased dopamine
escaping from the synapse in the CNS of a drug abuser soon after crossing the BBB [50,51], as
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individual neurons are estimated to be within 8-20 pm of a capillary [67]. In HIV infected indi-
viduals who abuse drugs, exposure of these accumulated monocytes, both uninfected and in-
fected, to inflammatory mediators present within the CNS may result in their further
activation and production of neurotoxic factors. Additionally, infected cells may elaborate viral
proteins, which are toxic to neurons. Cumulatively, dopamine may act in concert with these
mediators to contribute to chronic, low level neuroinflammation that may ultimately damage
neurons and lead to neurocognitive impairments in a large number of HIV infected

drug abusers.

Monocytes differentiate into macrophages after extravasation, and in addition to affecting
the accumulation of CD14"CD16" monocytes and consequently macrophages in the CNS, in-
creased CNS dopamine may also contribute to neuropathogenesis by altering macrophage
function and activating viral reservoirs within the CNS. Dopamine increases HIV replication
and the number of infected cells in cultures of human monocyte derived macrophages [48].
Dopamine also increases CCL2 production by macrophages [68], which contributes to neu-
roinflammatory processes by activating immune cells and recruiting additional monocytes
from the periphery. Norepinephrine, another catecholamine neurotransmitter, induces chemo-
taxis of macrophages [69,70], further underscoring that neurotransmitters may modulate the
inflammatory response within the brain by altering the distribution and accumulation of
immune cells.

This effect of dopamine may not be limited to drug abusers infected with HIV. Other infec-
tions associated with drug abuse include hepatitis B and C [71]. Studies show increased numbers
of CD14"CD16" monocytes in the peripheral blood of people infected with these viruses [72,73].
Monocytes enter the brain as part of normal immune surveillance; therefore, individuals with in-
creased numbers of CD14"CD16" monocytes in the peripheral blood will have more of these
cells available to enter the CNS. There is also evidence of neuroinflammation and cognitive im-
pairment in individuals with chronic hepatitis C (HCV) infection [74-78]. Another study exam-
ining individuals with HIV, HCV and/or methamphetamine addiction found that individuals
with two or three of these risk factors performed worse on cognitive tests than individuals with
tewer risk factors [79]. Therefore, increased extracellular dopamine due to drug use may also
contribute to neuroinflammation in drug abusers infected with hepatitis B and C by increasing
the accumulation of CD14"CD16" monocytes within dopamine rich regions of the CNS.

Future studies are needed to evaluate the effects of dopamine on migration and adhesion of
HIV infected monocytes. Our laboratory demonstrated that HIV infection increased the sensi-
tivity of CD14"CD16" monocytes to the chemokine CCL2, resulting in their increased migra-
tion in a chemotaxis assay, as well as increased transmigration across an in vitro BBB model, as
compared to uninfected cells [21]. HIV infection may similarly alter the sensitivity of
CD14"CD16" monocytes to dopamine, possibly by altering dopamine receptor expression.
Studies are ongoing to address these questions.

Supporting Information

S1 Fig. Schematic describing how live cell imaging of Day 3 monocyte settling was per-
formed as presented in S1 and S2 Videos.
(TIF)

S1 Video. Accumulation and adhesion of Day 3 monocytes in media alone. Day 3 mono-
cytes suspended in media alone were added to tissue culture plates, immediately followed by
the addition of diluent, and the cells were allowed to settle for 1 hour at 37°C. Images were
taken every 15 seconds. Brightness was increased equally for all videos.

(AVI)
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$2 Video. Accumulation and adhesion of Day 3 monocytes in 1 uM dopamine. Day 3 mono-
cytes suspended in media were added to tissue culture plates, immediately followed by the ad-
dition of 1 uM dopamine, and the cells were allowed to settle for 1 hour at 37°C (see S1 Fig.).
Images were taken every 15 seconds. Brightness was increased equally for all videos.

(AVI)

Acknowledgments

We thank the members of the laboratory of Dr. Joan W. Berman for their help with experi-
ments and discussions. We also thank the Analytical Imaging Facility and the Flow Cytometry
Core at the Albert Einstein College of Medicine for their assistance.

Author Contributions

Conceived and designed the experiments: JSC TMC EAE JWB. Performed the experiments:
JCS TMC. Analyzed the data: JSC TMC PJG JWB. Contributed reagents/materials/analysis
tools: JWB EAE. Wrote the paper: JSC TMC.

References

1. Davis LE, Hjelle BL, Miller VE, Palmer DL, Llewellyn AL, et al. (1992) Early viral brain invasion in iatro-
genic human immunodeficiency virus infection. Neurology 42: 1736-1739. PMID: 1513462

2. ValcourV, Chalermchai T, Sailasuta N, Marovich M, Lerdlum S, et al. (2012) Central Nervous System
Viral Invasion and Inflammation During Acute HIV Infection. J Infect Dis 206: 275-282. doi: 10.1093/
infdis/jis326 PMID: 22551810

3. Heaton RK, Clifford DB, Franklin DR, Woods SP, Ake C, et al. (2010) HIV-associated neurocognitive
disorders persist in the era of potent antiretroviral therapy. Neurology 75: 2087—-2096. doi: 10.1212/
WNL.0b013e318200d727 PMID: 21135382

4. Heaton RK, Franklin DR, Ellis RJ, McCutchan JA, Letendre SL, et al. (2011) HIV-associated neurocog-
nitive disorders before and during the era of combination antiretroviral therapy: differences in rates, na-
ture, and predictors. J Neurovirol 17: 3-16. doi: 10.1007/s13365-010-0006-1 PMID: 21174240

5. Simioni S, Cavassini M, Annoni JM, Rimbault Abraham A, Bourquin |, et al. (2010) Cognitive dysfunc-
tion in HIV patients despite long-standing suppression of viremia. AIDS 24: 1243-1250 1210.1097/
QAD.1240b1013e3283354a3283357b. doi: 10.1097/QAD.0b013e3283354a7b PMID: 19996937

6. PelusoR, Haase A, Stowring L, Edwards M, Ventura P (1985) A Trojan Horse mechanism for the
spread of visna virus in monocytes. Virology 147:231-236. PMID: 2998068

7. Pulliam L, Gascon R, Stubblebine M, McGuire D, McGrath MS (1997) Unique monocyte subset in pa-
tients with AIDS dementia. Lancet 349: 692—695. PMID: 9078201

8. Cinque P, Vago L, Mengozzi M, Torri V, Ceresa D, et al. (1998) Elevated cerebrospinal fluid levels of
monocyte chemotactic protein-1 correlate with HIV-1 encephalitis and local viral replication. AIDS 12:
1327-1332. PMID: 9708412

9. PengH, Erdmann N, Whitney N, Dou H, Gorantla S, et al. (2006) HIV-1-infected and/or immune activat-
ed macrophages regulate astrocyte SDF-1 production through IL-13. Glia 54: 619-629. PMID:
16944452

10. Bleul CC, Fuhlbrigge RC, Casasnovas JM, Aiuti A, Springer TA (1996) A highly efficacious lymphocyte
chemoattractant, stromal cell-derived factor 1 (SDF-1). J Exp Med 184: 1101-1109. PMID: 9064327

11.  Eugenin EA, Osiecki K, Lopez L, Goldstein H, Calderon TM, et al. (2006) CCL2/monocyte chemoattrac-
tant protein-1 mediates enhanced transmigration of human immunodeficiency virus (HIV)-infected leu-
kocytes across the blood-brain barrier: a potential mechanism of HIV-CNS invasion and NeuroAIDS. J
Neurosci 26: 1098—1106. PMID: 16436595

12. Weiss JM, Downie SA, Lyman WD, Berman JW (1998) Astrocyte-Derived Monocyte-Chemoattractant
Protein-1 Directs the Transmigration of Leukocytes Across a Model of the Human Blood-Brain Barrier.
J Immunol 161: 6896-6903. PMID: 9862722

13. Williams D, Veenstra M, Gaskill PJ, Morgello S, Calderon TM, et al. (2014) Monocytes Mediate HIV
Neuropathogenesis: Mechanisms that Contribute to HIV Associated Neurocognitive Disorders. Curr
HIV Res 12: 85-96. PMID: 24862333

PLOS ONE | DOI:10.1371/journal.pone.0117450 February 3, 2015 18/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117450.s003
http://www.ncbi.nlm.nih.gov/pubmed/1513462
http://dx.doi.org/10.1093/infdis/jis326
http://dx.doi.org/10.1093/infdis/jis326
http://www.ncbi.nlm.nih.gov/pubmed/22551810
http://dx.doi.org/10.1212/WNL.0b013e318200d727
http://dx.doi.org/10.1212/WNL.0b013e318200d727
http://www.ncbi.nlm.nih.gov/pubmed/21135382
http://dx.doi.org/10.1007/s13365-010-0006-1
http://www.ncbi.nlm.nih.gov/pubmed/21174240
http://dx.doi.org/10.1097/QAD.0b013e3283354a7b
http://www.ncbi.nlm.nih.gov/pubmed/19996937
http://www.ncbi.nlm.nih.gov/pubmed/2998068
http://www.ncbi.nlm.nih.gov/pubmed/9078201
http://www.ncbi.nlm.nih.gov/pubmed/9708412
http://www.ncbi.nlm.nih.gov/pubmed/16944452
http://www.ncbi.nlm.nih.gov/pubmed/9064327
http://www.ncbi.nlm.nih.gov/pubmed/16436595
http://www.ncbi.nlm.nih.gov/pubmed/9862722
http://www.ncbi.nlm.nih.gov/pubmed/24862333

@‘PLOS | ONE

Dopamine Mediates CD14*CD16* Monocyte Motility and Adhesion

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wu DT, Woodman SE, Weiss JM, McManus CM, D'Aversa TG, et al. (2000) Mechanisms of leukocyte
trafficking into the CNS. J Neurovirol 6: S82—-S85. PMID: 10871769

Shiramizu B, Paul R, Williams A, Shikuma C, Watters M, et al. (2007) HIV Proviral DNA Associated
With Decreased Neuropsychological Function. J Neuropsychiatry Clin Neurosci 19: 157-163. PMID:
17431062

Valcour VG, Shiramizu BT, Shikuma CM (2010) HIV DNA in circulating monocytes as a mechanism to
dementia and other HIV complications. J Leukoc Biol 87: 621-626. doi: 10.1189/jIb.0809571 PMID:
20130221

Tacke F, Randolph G (2006) Migratory fate and differentiation of blood monocyte subsets. Immunobiol-
ogy 211:609-618. PMID: 16920499

Ziegler-Heitbrock HWL, Fingerle G, Strobel M, Schraut W, Stelter F, et al. (1993) The novel subset of
CD14+/CD16+ blood monocytes exhibits features of tissue macrophages. Eur J Immunol 23: 2053—
2058. PMID: 7690321

Nockher WA (1994) Increased soluble CD14 serum levels and altered CD14 expression of peripheral
blood monocytes in HIV-infected patients. Clin Exp Immunol 98: 369-374. PMID: 7527738

Thieblemont N, Weiss L, Sadeghi HM, Estcourt C, Haeffner-Cavaillon N (1995) CD14lowCD16high: a
cytokine-producing monocyte subset which expands during human immunodeficiency virus infection.
Eur J Immunol 25: 3418-3424. PMID: 8566032

Williams DW, Calderon TM, Lopez L, Carvallo-Torres L, Gaskill PJ, et al. (2013) Mechanisms of HIV
Entry into the CNS: Increased Sensitivity of HIV Infected CD14+CD16+ Monocytes to CCL2 and Key
Roles of CCR2, JAM-A, and ALCAM in Diapedesis. PLoS ONE 8: €69270. doi: 10.1371/journal.pone.
0069270 PMID: 23922698

Ancuta P, Kunstman K, Autissier P, Zaman T, Stone D, et al. (2006) CD16+ monocytes exposed to HIV
promote highly efficient viral replication upon differentiation into macrophages and interaction with T
cells. Virology 344:267-276. PMID: 16305804

Buckner CM, Calderon TM, Willams DW, Belbin TJ, Berman JW (2011) Characterization of monocyte
maturation/differentiation that facilitates their transmigration across the blood-brain barrier and infection
by HIV: Implications for NeuroAIDS. Cell Immunol 267: 109—123. doi: 10.1016/j.cellimm.2010.12.004
PMID: 21292246

Ellery PJ, Tippett E, Chiu YL, Paukovics G, Cameron PU, et al. (2007) The CD16+ monocyte subset is
more permissive to infection and preferentially harbors HIV-1 in vivo. J Immunol 178: 6581-6589.
PMID: 17475889

Fischer-Smith T (2008) Monocyte/macrophage trafficking in acquired immunodeficiency syndrome en-
cephalitis: Lessons from human and nonhuman primate studies. J Neurovirol 14: 318-326. doi: 10.
1080/13550280802132857 PMID: 18780233

Fischer-Smith T, Croul S, Adeniyi A, Rybicka K, Morgello S, et al. (2004) Macrophage/Microglial Accu-
mulation and Proliferating Cell Nuclear Antigen Expression in the Central Nervous System in Human
Immunodeficiency Virus Encephalopathy. Am J Pathol 164: 2089-2099. PMID: 15161643

Fischer-Smith T, Croul S, Sverstiuk AE, Capini C, L'Heureux D, et al. (2001) CNS invasion by CD14
+/CD16+ peripheral blood-derived monocytes in HIV dementia: perivascular accumulation and reser-
voir of HIV infection. J Neurovirol 7: 528-541.

Kim W-K, Alvarez X, Fisher J, Bronfin B, Westmoreland S, et al. (2006) CD163 Identifies Perivascular
Macrophages in Normal and Viral Encephalitic Brains and Potential Precursors to Perivascular Macro-
phages in Blood. Am J Pathol 168: 822—-834. PMID: 16507898

Williams KC, Corey S, Westmoreland SV, Pauley D, Knight H, et al. (2001) Perivascular Macrophages
Are the Primary Cell Type Productively Infected by Simian Immunodeficiency Virus in the Brains of Ma-
caques: Implications for the Neuropathogenesis of AIDS. J Exp Med 193: 905-916. PMID: 11304551

Beyrer C, Wirtz AL, Baral S, Peryskina A, Sifakis F (2010) Epidemiologic links between drug use and
HIV epidemics: an international perspective. J Acquir Immune Defic Syndr 55 Suppl 1: S10-16. doi:
10.1097/QAI.0b013e3181f9c0c9 PMID: 21045593

Mathers BM, Degenhardt L, Phillips B, Wiessing L, Hickman M, et al. (2008) Global epidemiology of in-
jecting drug use and HIV among people who inject drugs: a systematic review. Lancet 372: 1733—
1745. doi: 10.1016/S0140-6736(08)61311-2 PMID: 18817968

Carboni E, Imperato A, Perezzani L, Di Chiara G (1989) Amphetamine, cocaine, phencyclidine and
nomifensine increase extracellular dopamine concentrations preferentially in the nucleus accumbens
of freely moving rats. Neuroscience 28: 653-661. PMID: 2710338

Di Chiara G, Bassareo V (2007) Reward system and addiction: what dopamine does and doesn't do.
Curr Opin Pharmacol 7: 69-76. PMID: 17174602

PLOS ONE | DOI:10.1371/journal.pone.0117450 February 3, 2015 19/22


http://www.ncbi.nlm.nih.gov/pubmed/10871769
http://www.ncbi.nlm.nih.gov/pubmed/17431062
http://dx.doi.org/10.1189/jlb.0809571
http://www.ncbi.nlm.nih.gov/pubmed/20130221
http://www.ncbi.nlm.nih.gov/pubmed/16920499
http://www.ncbi.nlm.nih.gov/pubmed/7690321
http://www.ncbi.nlm.nih.gov/pubmed/7527738
http://www.ncbi.nlm.nih.gov/pubmed/8566032
http://dx.doi.org/10.1371/journal.pone.0069270
http://dx.doi.org/10.1371/journal.pone.0069270
http://www.ncbi.nlm.nih.gov/pubmed/23922698
http://www.ncbi.nlm.nih.gov/pubmed/16305804
http://dx.doi.org/10.1016/j.cellimm.2010.12.004
http://www.ncbi.nlm.nih.gov/pubmed/21292246
http://www.ncbi.nlm.nih.gov/pubmed/17475889
http://dx.doi.org/10.1080/13550280802132857
http://dx.doi.org/10.1080/13550280802132857
http://www.ncbi.nlm.nih.gov/pubmed/18780233
http://www.ncbi.nlm.nih.gov/pubmed/15161643
http://www.ncbi.nlm.nih.gov/pubmed/16507898
http://www.ncbi.nlm.nih.gov/pubmed/11304551
http://dx.doi.org/10.1097/QAI.0b013e3181f9c0c9
http://www.ncbi.nlm.nih.gov/pubmed/21045593
http://dx.doi.org/10.1016/S0140-6736(08)61311-2
http://www.ncbi.nlm.nih.gov/pubmed/18817968
http://www.ncbi.nlm.nih.gov/pubmed/2710338
http://www.ncbi.nlm.nih.gov/pubmed/17174602

@‘PLOS | ONE

Dopamine Mediates CD14*CD16* Monocyte Motility and Adhesion

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Di Chiara G, Imperato A (1988) Drugs abused by humans preferentially increase synaptic dopamine
concentrations in the mesolimbic system of freely moving rats. Proc Natl Acad Sci U S A 85: 5274—
5278. PMID: 2899326

Iversen SD, Iversen LL (2007) Dopamine: 50 years in perspective. Trends Neurosci 30: 188—193.
PMID: 17368565

Parsons LH, Justice JB Jr. (1992) Extracellular concentration and in vivo recovery of dopamine in the
nucleus accumbens using microdialysis. J Neurochem 58:212-218. PMID: 1727431

Pontieri FE, Tanda G, Di Chiara G (1995) Intravenous cocaine, morphine, and amphetamine preferen-
tially increase extracellular dopamine in the "shell" as compared with the "core" of the rat nucleus
accumbens. Proc Natl Acad Sci U S A 92: 12304-12308. PMID: 8618890

Bell JE, Arango JC, Robertson R, Brettle RP, Leen C, et al. (2002) HIV and drug misuse in the Edin-
burgh cohort. J Acquir Immune Defic Syndr 31 Suppl 2: S35—-42. PMID: 12394781

Gray F, Lescs MC, Keohane C, Paraire F, Marc B, et al. (1992) Early brain changes in HIV infection:
neuropathological study of 11 HIV seropositive, non-AIDS cases. J Neuropathol Exp Neurol 51: 177—
185. PMID: 1538241

Langford D, Adame A, Grigorian A, Grant |, McCutchan JA, et al. (2003) Patterns of selective neuronal
damage in methamphetamine-user AIDS patients. J Acquir Inmune Defic Syndr 34: 467—-474. PMID:
14657756

Meade CS, Conn NA, Skalski LM, Safren SA (2011) Neurocognitive impairment and medication adher-
ence in HIV patients with and without cocaine dependence. J Behav Med 34: 128-138. doi: 10.1007/
$10865-010-9293-5 PMID: 20857187

Weber E, Morgan E, ludicello J, Blackstone K, Grant |, et al. (2013) Substance use is a risk factor for
neurocognitive deficits and neuropsychiatric distress in acute and early HIV infection. J Neurovirol 19:
65-74. doi: 10.1007/513365-012-0141-y PMID: 23250704

Czub S, Czub M, Koutsilieri E, Sopper S, Villinger F, et al. (2004) Modulation of simian immunodeficien-
cy virus neuropathology by dopaminergic drugs. Acta Neuropathol 107: 216-226. PMID: 14712399

Czub S, Koutsilieri E, Sopper S, Czub M, Stahl-Hennig C, et al. (2001) Enhancement of central nervous
system pathology in early simian immunodeficiency virus infection by dopaminergic drugs. Acta Neuro-
pathol 101: 85-91. PMID: 11271377

Beaulieu JM, Gainetdinov RR (2011) The physiology, signaling, and pharmacology of dopamine recep-
tors. Pharmacol Rev 63: 182-217. doi: 10.1124/pr.110.002642 PMID: 21303898

Missale C, Nash SR, Robinson SW, Jaber M, Caron MG (1998) Dopamine receptors: from structure to
function. Physiol Rev 78: 189-225. PMID: 9457173

Neve KA, Seamans JK, Trantham-Davidson H (2004) Dopamine receptor signaling. J Recept Signal
Transduct Res 24: 165-205. PMID: 15521361

Gaskill PJ, Calderon TM, Luers AJ, Eugenin EA, Javitch JA, et al. (2009) Human Immunodeficiency
Virus (HIV) Infection of Human Macrophages Is Increased by Dopamine: A Bridge between HIV-Asso-
ciated Neurologic Disorders and Drug Abuse. Am J Pathol 175: 1148-1159. doi: 10.2353/ajpath.2009.
081067 PMID: 19661443

Duport S, Robert F, Muller D, Grau G, Parisi L, et al. (1998) An in vitro blood—brain barrier model: Cocul-
tures between endothelial cells and organotypic brain slice cultures. Proc Natl Acad Sci U S A 95:
1840-1845. PMID: 9465104

Cragg SJ, Rice ME (2004) DAncing past the DAT at a DA synapse. Trends Neurosci 27: 270-277.
PMID: 15111009

Garris PA, Ciolkowski EL, Pastore P, Wightman RM (1994) Efflux of dopamine from the synaptic cleft in
the nucleus accumbens of the rat brain. J Neurosci 14: 6084—-6093. PMID: 7931564

McKenna F, McLaughlin PJ, Lewis BJ, Sibbring GC, Cummerson JA, et al. (2002) Dopamine receptor
expression on human T- and B-lymphocytes, monocytes, neutrophils, eosinophils and NK cells: a flow
cytometric study. J Neuroimmunol 132: 34-40. PMID: 12417431

Watanabe Y, Nakayama T, Nagakubo D, Hieshima K, Jin Z, et al. (2006) Dopamine selectively induces
migration and homing of naive CD8+ T cells via dopamine receptor D3. J Immunol 176: 848-856.
PMID: 16393968

Fischer-Smith T, Tedaldi EM, Rappaport J (2008) CD163/CD16 Coexpression by Circulating Mono-
cytes/Macrophages in HIV: Potential Biomarkers for HIV Infection and AIDS Progression. AIDS Res
Hum Retroviruses 24:417—421. doi: 10.1089/aid.2007.0193 PMID: 18373432

Hanami K, Nakano K, Saito K, Okada Y, Yamaoka K, et al. (2013) Dopamine D2-like receptor signaling
suppresses human osteoclastogenesis. Bone 56: 1-8. doi: 10.1016/j.bone.2013.04.019 PMID:
23631878

PLOS ONE | DOI:10.1371/journal.pone.0117450 February 3, 2015 20/22


http://www.ncbi.nlm.nih.gov/pubmed/2899326
http://www.ncbi.nlm.nih.gov/pubmed/17368565
http://www.ncbi.nlm.nih.gov/pubmed/1727431
http://www.ncbi.nlm.nih.gov/pubmed/8618890
http://www.ncbi.nlm.nih.gov/pubmed/12394781
http://www.ncbi.nlm.nih.gov/pubmed/1538241
http://www.ncbi.nlm.nih.gov/pubmed/14657756
http://dx.doi.org/10.1007/s10865-010-9293-5
http://dx.doi.org/10.1007/s10865-010-9293-5
http://www.ncbi.nlm.nih.gov/pubmed/20857187
http://dx.doi.org/10.1007/s13365-012-0141-y
http://www.ncbi.nlm.nih.gov/pubmed/23250704
http://www.ncbi.nlm.nih.gov/pubmed/14712399
http://www.ncbi.nlm.nih.gov/pubmed/11271377
http://dx.doi.org/10.1124/pr.110.002642
http://www.ncbi.nlm.nih.gov/pubmed/21303898
http://www.ncbi.nlm.nih.gov/pubmed/9457173
http://www.ncbi.nlm.nih.gov/pubmed/15521361
http://dx.doi.org/10.2353/ajpath.2009.081067
http://dx.doi.org/10.2353/ajpath.2009.081067
http://www.ncbi.nlm.nih.gov/pubmed/19661443
http://www.ncbi.nlm.nih.gov/pubmed/9465104
http://www.ncbi.nlm.nih.gov/pubmed/15111009
http://www.ncbi.nlm.nih.gov/pubmed/7931564
http://www.ncbi.nlm.nih.gov/pubmed/12417431
http://www.ncbi.nlm.nih.gov/pubmed/16393968
http://dx.doi.org/10.1089/aid.2007.0193
http://www.ncbi.nlm.nih.gov/pubmed/18373432
http://dx.doi.org/10.1016/j.bone.2013.04.019
http://www.ncbi.nlm.nih.gov/pubmed/23631878

@‘PLOS | ONE

Dopamine Mediates CD14*CD16* Monocyte Motility and Adhesion

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kustrimovic N, Rasini E, Legnaro M, Marino F, Cosentino M (2014) Expression of dopaminergic
receptors on human CD4+ T lymphocytes: flow cytometric analysis of naive and memory subsets and
relevance for the neuroimmunology of neurodegenerative disease. J Neuroimmune Pharmacol 9:
302-312. doi: 10.1007/s11481-014-9541-5 PMID: 24682738

Huang C, Jacobson K, Schaller MD (2004) MAP kinases and cell migration. J Cell Sci 117: 4619-
4628. PMID: 15371522

Chen J, Rusnak M, Lombroso PJ, Sidhu A (2009) Dopamine promotes striatal neuronal apoptotic
death via ERK signaling cascades. Eur J Neurosci 29: 287-306. doi: 10.1111/j.1460-9568.2008.
06590.x PMID: 19200235

Fiorentini C, Mattanza C, Collo G, Savoia P, Spano P, et al. (2011) The tyrosine phosphatase Shp-2 in-
teracts with the dopamine D(1) receptor and triggers D(1) -mediated Erk signaling in striatal neurons. J
Neurochem 117:253-263. doi: 10.1111/].1471-4159.2011.07196.x PMID: 21272002

Farber K, Pannasch U, Kettenmann H (2005) Dopamine and noradrenaline control distinct functions in
rodent microglial cells. Mol Cell Neurosci 29: 128—138. PMID: 15866053

Anthony IC, Ramage SN, Carnie FW, Simmonds P, Bell JE (2005) Influence of HAART on HIV-related
CNS disease and neuroinflammation. J Neuropathol Exp Neurol 64: 529-536. PMID: 15977645

Harezlak J, Buchthal S, Taylor M, Schifitto G, Zhong J, et al. (2011) Persistence of HIV-associated cog-
nitive impairment, inflammation, and neuronal injury in era of highly active antiretroviral treatment. AIDS
25: 625-633. doi: 10.1097/QAD.0b013e3283427da7 PMID: 21297425

Xi ZX, Kleitz HK, Deng X, Ladenheim B, Peng XQ, et al. (2009) A single high dose of methamphet-
amine increases cocaine self-administration by depletion of striatal dopamine in rats. Neuroscience
161: 392—402. doi: 10.1016/j.neuroscience.2009.03.060 PMID: 19336247

Zachek MK, Takmakov P, Park J, Wightman RM, McCarty GS (2010) Simultaneous monitoring of do-
pamine concentration at spatially different brain locations in vivo. Biosens Bioelectron 25: 1179-1185.
doi: 10.1016/j.bios.2009.10.008 PMID: 19896822

Kamat A, Lyons JL, Misra V, Uno H, Morgello S, et al. (2012) Monocyte Activation Markers in Cerebro-
spinal Fluid Associated With Impaired Neurocognitive Testing in Advanced HIV Infection. J Acquir Im-
mune Defic Syndr 60: 234-243 doi: 10.1097/QAI.0b013e318256f3bc PMID: 22569268

Kraft-Terry SD, Stothert AR, Buch S, Gendelman HE (2010) HIV-1 neuroimmunity in the era of antire-
troviral therapy. Neurobiol Dis 37: 542-548. doi: 10.1016/j.nbd.2009.12.015 PMID: 20044002

Abbott NJ, Ronnback L, Hansson E (2006) Astrocyte-endothelial interactions at the blood-brain barrier.
Nat Rev Neurosci 7: 41-53. PMID: 16371949

Gaskill P, Carvallo L, Eugenin E, Berman J (2012) Characterization and function of the human macro-
phage dopaminergic system: implications for CNS disease and drug abuse. J Neuroinflammation 9:
203. doi: 10.1186/1742-2094-9-203 PMID: 22901451

Ortega E, Garcia JJ, De la Fuente M (2000) Modulation of adherence and chemotaxis of macrophages
by norepinephrine. Influence of ageing. Mol Cell Biochem 203: 113—-117. PMID: 10724339

Straub RH, Mayer M, Kreutz M, Leeb S, Scholmerich J, et al. (2000) Neurotransmitters of the sympa-
thetic nerve terminal are powerful chemoattractants for monocytes. J Leukoc Biol 67: 553-558. PMID:
10770289

Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D, et al. (2011) Global epidemiology of hepati-
tis B and hepatitis C in people who inject drugs: results of systematic reviews. Lancet 378: 571-583.
doi: 10.1016/S0140-6736(11)61097-0 PMID: 21802134

Rodriguez-Munoz Y, Martin-Vilchez S, Lopez-Rodriguez R, Hernandez-Bartolome A, Trapero-Marugan
M, et al. (2011) Peripheral blood monocyte subsets predict antiviral response in chronic hepatitis C. Ali-
ment Pharmacol Ther 34: 960-971. doi: 10.1111/j.1365-2036.2011.04807.x PMID: 21848603

Zhang J-Y, Zou Z-S, Huang A, Zhang Z, Fu J-L, et al. (2011) Hyper-Activated Pro-Inflammatory CD16+
Monocytes Correlate with the Severity of Liver Injury and Fibrosis in Patients with Chronic Hepatitis B.
PLoS ONE 6: e17484. doi: 10.1371/journal.pone.0017484 PMID: 21390263

Forton DM, Thomas HC, Murphy CA, Allsop JM, Foster GR, et al. (2002) Hepatitis C and cognitive im-
pairment in a cohort of patients with mild liver disease. Hepatology 35: 433—-439. PMID: 11826420

Grover VP, Pavese N, Koh SB, Wylezinska M, Saxby BK, et al. (2012) Cerebral microglial activation in
patients with hepatitis C: in vivo evidence of neuroinflammation. J Viral Hepat 19: e89-96. doi: 10.
1111/1.1365-2893.2011.01510.x PMID: 22239531

Hilsabeck RC, Hassanein Tl, Carlson MD, Ziegler EA, Perry W (2003) Cognitive functioning and psy-
chiatric symptomatology in patients with chronic hepatitis C. J Int Neuropsychol Soc 9: 847-854.
PMID: 14632243

PLOS ONE | DOI:10.1371/journal.pone.0117450 February 3, 2015 21/22


http://dx.doi.org/10.1007/s11481-014-9541-5
http://www.ncbi.nlm.nih.gov/pubmed/24682738
http://www.ncbi.nlm.nih.gov/pubmed/15371522
http://dx.doi.org/10.1111/j.1460-9568.2008.06590.x
http://dx.doi.org/10.1111/j.1460-9568.2008.06590.x
http://www.ncbi.nlm.nih.gov/pubmed/19200235
http://dx.doi.org/10.1111/j.1471-4159.2011.07196.x
http://www.ncbi.nlm.nih.gov/pubmed/21272002
http://www.ncbi.nlm.nih.gov/pubmed/15866053
http://www.ncbi.nlm.nih.gov/pubmed/15977645
http://dx.doi.org/10.1097/QAD.0b013e3283427da7
http://www.ncbi.nlm.nih.gov/pubmed/21297425
http://dx.doi.org/10.1016/j.neuroscience.2009.03.060
http://www.ncbi.nlm.nih.gov/pubmed/19336247
http://dx.doi.org/10.1016/j.bios.2009.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19896822
http://dx.doi.org/10.1097/QAI.0b013e318256f3bc
http://www.ncbi.nlm.nih.gov/pubmed/22569268
http://dx.doi.org/10.1016/j.nbd.2009.12.015
http://www.ncbi.nlm.nih.gov/pubmed/20044002
http://www.ncbi.nlm.nih.gov/pubmed/16371949
http://dx.doi.org/10.1186/1742-2094-9-203
http://www.ncbi.nlm.nih.gov/pubmed/22901451
http://www.ncbi.nlm.nih.gov/pubmed/10724339
http://www.ncbi.nlm.nih.gov/pubmed/10770289
http://dx.doi.org/10.1016/S0140-6736(11)61097-0
http://www.ncbi.nlm.nih.gov/pubmed/21802134
http://dx.doi.org/10.1111/j.1365-2036.2011.04807.x
http://www.ncbi.nlm.nih.gov/pubmed/21848603
http://dx.doi.org/10.1371/journal.pone.0017484
http://www.ncbi.nlm.nih.gov/pubmed/21390263
http://www.ncbi.nlm.nih.gov/pubmed/11826420
http://dx.doi.org/10.1111/j.1365-2893.2011.01510.x
http://dx.doi.org/10.1111/j.1365-2893.2011.01510.x
http://www.ncbi.nlm.nih.gov/pubmed/22239531
http://www.ncbi.nlm.nih.gov/pubmed/14632243

o ®
@ : PLOS | ONE Dopamine Mediates CD14*CD16* Monocyte Motility and Adhesion

77. Weissenborn K, Krause J, Bokemeyer M, Hecker H, Schuler A, et al. (2004) Hepatitis C virus infection
affects the brain-evidence from psychometric studies and magnetic resonance spectroscopy. J Hepatol
41: 845-851. PMID: 15519659

78. Wilkinson J, Radkowski M, Eschbacher JM, Laskus T (2010) Activation of brain macrophages/microglia
cells in hepatitis C infection. Gut 59: 1394—-1400. doi: 10.1136/gut.2009.199356 PMID: 20675697

79. Chemer M, Letendre S, Heaton RK, Durelle J, Marquie-Beck J, et al. (2005) Hepatitis C augments cog-
nitive deficits associated with HIV infection and methamphetamine. Neurology 64: 1343—-1347. PMID:
15851720

PLOS ONE | DOI:10.1371/journal.pone.0117450 February 3, 2015 22/22


http://www.ncbi.nlm.nih.gov/pubmed/15519659
http://dx.doi.org/10.1136/gut.2009.199356
http://www.ncbi.nlm.nih.gov/pubmed/20675697
http://www.ncbi.nlm.nih.gov/pubmed/15851720


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


