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Abstract

Purpose—Macrophages are an important cellular reservoir in HIV, and exist in two
phenotypically dissimilar subsets, the pro-inflammatory M1 phenotype, and the anti-inflammatory
M2 phenotype. The role of these two subsets is uncertain. We hypothesized that differences in
drug efflux transporters exist between the subsets, which would result in altered intracellular drug
concentrations between these cells.

Methods—U937 monocytic cells were polarized to the M1 or M2 phenotype via treatment with
interferon-gamma and LPS, or interleukins 4, 13, and LPS, respectively. PGP function was
assessed with Hoechst 33342, and expression via western blotting. Intracellular lopinavir was
assessed via LC-MS/MS. Data was confirmed with primary monocyte derived macrophages.

Results—We observed significant differences in intracellular concentrations of lopinavir, a PGP
substrate, with higher concentrations in M1 cells. PGP function and expression was higher in the
M2 macrophages. These results were confirmed with primary monocyte derived macrophages.

Conclusions—This data shows that there are previously unreported differences in P-
glycoprotein expression between macrophage subsets, and suggests that there may be differences
for other transporters. These differences can play a role in intracellular drug concentrations in
these cells, and may allow for low-level HIV replication.
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Introduction

Macrophages play an important role in a wide variety of disease states. Once activated,
macrophages are polarized to one of two activation states. Macrophages are polarized to the
classically activated (M1) phenotype via exposure to interferon-gamma (IFN-y), as well as
exposure to a secondary inflammatory trigger, including bacterial lipopolysaccharide (LPS).
These cells are pro-inflammatory and are primarily involved in the phagocytosis and
destruction of foreign pathogens. The alternatively activated (M2) phenotype is anti-
inflammatory and pro-fibrotic, and plays an important role in remodeling after an
inflammatory response (1-3).

PGP is a transmembrane transporter responsible for the efflux of a number of drugs (4). It is
expressed on many tissues, including the intestines, liver, and on the blood brain barrier (4).
It is also expressed on monocytes and macrophages. Many drugs are substrates for PGP,
including the vast majority of protease inhibitors utilized in the treatment of HIV-1 (5).

To date, no studies have shown differences in transporter expression between macrophage
subsets. There has been one study that performed a microarray analysis comparing assessing
differences in differentiated monocyte-derived macrophages that had been polarized to either
the M1 or the M2 phenotype. While they found significant differences for many transcripts,
including multiple solute carriers, they did not observe differences for any transporters that
any pharmaceutical agents have been reported to be substrates of (6). It is important to note,
however, that microarray data is not infallible, and differences may still be observed for
transporters that microarray data does not show.

In individuals with HIV-1, macrophages also play an important role as an infected cell.
While macrophages are not the primary infected cell in HIV, they are capable of being
infected by HIV (7-11). HIV-infected macrophages function differently than infected T-cells,
as an inhibitory intracellular concentration in a T-cell may be inadequate in a macrophage
(12). Macrophages thus represent a long-lived sanctuary for HIV. Infected macrophages
have a longer life than infected T-cells, and HIV-infection in macrophages is commonly both
productive and non-cytopathic. Upon therapy discontinuation, it is thought that infected
macrophages can provide a source for viral rebound to the rest of the body (13).

The role of polarized macrophage in HIV in uncertain. There is evidence that polarized
macrophages of both phenotypes, are less susceptible to infection than resting monocytes
and macrophages (14). Others have suggested that early in infection M1 macrophage are
permissive to infection, while the cytokine shift that occurs in late stage HIV results in a
shift towards the M2 phenotype, which is resistant to infection (15). Entirely uninvestigated,
however, is whether there are any differences in transporter expression between the two
subsets of macrophages. Differences in transporter expression between these two subsets of
macrophages may result in differences in intracellular concentrations of many medications.
These differences in transporter expression may then result in subtherapeutic intracellular
concentrations, and may result in the inability for the elimination of virus from these cells.
There are a number of transporters that medications are substrates for, including P-
glycoprotein (PGP).
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Materials and Methods

Cell Culture

The human monocytic cell lines U937 was utilized for initial experiments. U937 cells can be
induced to differentiate into mature, polarized macrophages by several cytokines, including
LPS, INF-y, and various interleukins (16). U937 cells were stimulated with LPS
(100ng/mL, E. Coli origin, Sigma Aldrich, St. Louis, MO, USA) + INF-y (20ng/mL, Life
Technologies, Carlsbad, CA, USA) or with LPS (100ng/mL) + IL4 (10ng/mL, CST,
Danvers, MA, USA)+ IL13 (10ng/mL, CST, Danvers, MA, USA) for 48 hours in order to
polarize them towards M1 or M2 phenotype, respectively. Unstimulated controls received no
cytokines. In some experiments cells were treated with 1.25 nM lopinavir (LPV) a
commonly utilized protease inhibitor, for 24 hours before harvesting.

For primary cell experiments monocytes were enriched via negative immunodensity
separation with RosetteSep (StemCell Technologies, Vancouver, BC, Canada). In brief buffy
coats were incubated with the RosetteSep enrichment cocktail for 20 minutes. After
incubation the buffy coats were layered over lymphocyte separation medium (Corning Life
Sciences, Tewksbury, MA), and centrifuged for 20 minutes at 1200g. The antibody
enrichment cocktail binds to both residual red blood cells and non-monocytic cells, and the
resulting complexes are separated from the mononuclear cells. Monocytes were treated with
50ng/ml m-CSF (Sigma Aldrich, St. Louis, MO) for 6 days to differentiate them into
macrophages. After differentiation, cells were polarized to the M1 or M2 phenotype as
previously described.

Flow Cytometry staining for CD14

After isolation a representative buffy coat was stained for CD14 to confirm that we obtained
a sufficiently pure cell population. Cells were stained for flow cytometry with a mouse
monoclonal antibody to CD14 conjugated to APC (Tonbo Biosciences, San Diego, CA,
USA). Cells were stained for flow cytometry using standard protocols, and analyzed on a
BD LSR Il Flow Cytometer.

Arginase Activity

Arginase activity was assessed using a colorimetric determination of urea byproduct from
the reaction converting arginine to ornithine via the protocols first described by Corraliza et.
al (17). Cells were lysed in 0.1% triton X-100. Briefly, 50uL of cell lysates was heated with
25uL of 20mM MnCI2 in 50mM Tris HCI at 55°C for 10 minutes. The mixtures were then
incubated with 50uL of 0.5M arginine solution at 37°C for overnight to hydrolyze the L-
arginine. The reaction was terminated by the addition of 400ul of an acid solution (H,SO4/
H3POy/water; 1/3/7). The mixture was then heated with 25uL of 9%
isonitrosopropiophenone (ISPF) at 100°C for 45min. All chemicals were purchased from
Sigma Aldrich (St. Louis, MO, USA). Absorbance was read on a pquant spectrophotometer
(Bio-Tek, Winooski, VT, USA) at 540 nm. Readings were compared to a standard curve of
known urea concentrations, and were then normalized to cell counts. The values for arginase
activity shown in this research are expressed in terms of units of arginase activity. 1 unit of
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arginase activity is responsible for the catalysis of 1 umole of L-arginine to ornithine and
urea per minute at a pH of 9.7 at 37°C.

Quantification of intracellular lopinavir

Intracellular LPV concentrations were quantified utilizing a previously published validated
method (18). Extracts were precipitated, and stable-isotope internal standard was spiked into
the sample. Precipitants were centrifuged, and the supernatants were diluted with water and
injected onto an API 6500 (AB SCIEX Corporation, Foster City, CA, USA). Separation was
achieved with an ACE 3 C18 column. Detection was achieved via multiple reaction
monitoring mass spectrometry in positive ion mode. This assay is linear from a range of
0.0500-25.0 fmol/pl.

Western blotting

Cellular proteins were analyzed by Western blot. Briefly, after 48hr treatment, cells were
collected and rinsed with ice-cold HBSS. Cells were lysed in cold RIPA lysis buffer
supplemented with protease/phosphatase inhibitor cocktail (Roche, Indianapolis, IN, USA).
Total protein was measured using the BCA assay (Pierce, Rockford, IL, USA). For western
blots, samples were prepared by adding 2x Laemmli Sample Buffer (with 5% f-
mercaptoethanol) to cell lysates. Samples were heated at ~70°C for 10 minutes, then equal
amounts of protein were loaded (20~50ug/well) on an 8% PAGE-SDS mini-gel.
Immunoblotting was performed with PVDF membranes (Bio-Rad, Hercules, CA, USA),
blocked using 5% non-fat milk in TBS buffer for at least 1hr then incubated at 4°C with the
respective primary antibody overnight; anti-PGP primary antibodies (Abcam, Cambridge,
UK, 1:250), or anti-iNOS antibody (Cayman, Ann Arbor, MI, USA, 1:1000). Whole cellular
protein was normalized using GAPDH (Cell Signaling, Danvers, MA, USA, 1:10,00) or -
Actin (Cell Signaling Danvers, MA, USA, 1:2000). The secondary antibody (IRDye 800CW
goat anti-rabbit) [1:5,000] was incubated in the dark at room temperature for 45 minutes.
Dual-channel infrared scan and quantitation of immunoblots were conducted using the
Odyssey Sa infrared imaging system with Image Studio (Ver. 3.1.4) (LI-COR, Lincoln, NE,
USA).

PGP function

A hoechst 33342 cellular accumulation assay was utilized to assess PGP function, and was
optimized from methods utilized in the literature (19, 20). U937-derived M1, M2, and
unstimulated cells were collected after 48 hours of polarization with cytokines. Media was
removed and cells were washed with HBSS and resuspended in serum free RPMI. 0.5 x10°
cells in 100uL RPMI were seeded in 96-Well Black Clear-Bottom Plates (Costar,
Washington, DC, USA). Plates were incubated at 37°C for 10min with or without the PGP
inhibitor elacridar. After incubation, Hoechst 33342 was added to the plates. Plates were
immediately placed in FLx800 Fluorescence Reader (BioTek, Winooski, VT, USA) for
60mins and read at 5min intervals at 360/460 (ex/em).
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Statistical Analysis

Results

All data shown are expressed as mean = SEM and obtained from at least three independent
experiments. Samples were analyzed utilizing either paired T-tests, ANOVA with Tukey's
multiple comparison test, or repeated measures ANOVA with Tukey's multiple comparison
test, where appropriate. Statistical analysis was performed with Graphpad Prism (GraphPad
Software, La Jolla, CA, USA).

Confirmation of Macrophage Phenotype

Macrophage polarization was confirmed by both western blotting of inducible nitric oxide
synthase (iNOS) and arginase activity. iNOS protein levels, a well-established marker of
inflammatory macrophages (2, 21, 22), were significantly higher in the M1 group as
compared to the M2 group with a mean of 2.55 times and 1.68 times of the untreated control
group (U) (Fig. 1A, 1B). M2 macrophages have been shown to show upregulated levels of
the enzyme arginase 1 (2, 21, 22). We observed significantly upregulated arginase activity in
the macrophages polarized to the M2 phenotype, as compared to both the M1 and
unstimulated macrophages (Fig. 1C). These data, coupled with our findings with iINOS
expression, show that these cytokines are capable of strongly polarizing the U937 cells to
both the M1 and the M2 phenotype.

Assessment of intracellular lopinavir in macrophage subsets

We next assessed the amount of intracellular LPV present in U937 cells that had been
polarized to either the M1 or the M2 phenotype. The U937 cell line has previously been
used for cellular pharmacology studies for a variety of antiretrovirals, most notably the
protease inhibitors saquinavir, ritonavir, and indinavir (23, 24). Importantly, lopinavir is
primarily a substrate of PGP, showing high affinity for the transporter (25). After initial
polarization, cells were treated with 1.25 nM LPV for 4 hours (Fig. 2). This concentration
was chosen as it is significantly lower than the reported plasma Cmax for the drug, in an
attempt to more closely mimic the decreased concentrations that occurs in sanctuary sites.
After sample collection, significant differences were observed between the M1 and M2
macrophages, with the M1 macrophages displaying almost two fold higher amounts of
intracellular LPV than the M2 macrophages.

Alternative polarization induces P-glycoprotein expression in U937 cells

Based on our findings with LPV, we next assessed if there were differences in PGP function
and expression between macrophage subsets. We tested whether the difference in LPV
intracellular concentrations were dependent on PGP expression on polarized U937 cells. We
measured PGP expression via Western blotting (Fig. 3A). We found that compared with
untreated cells, M2 macrophages induced PGP expression level significantly. When PGP
expression was normalized to unstimulated controls, M1 or M2 macrophages showed
increased expression of PGP when compared to control. M2 macrophages also had
significantly higher PGP than the M1 macrophages, consistent with the LPV data (Fig. 3B).
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We next tested the accumulation of the PGP substrate hoechst 33342 in cell groups (Fig.
4A). We utilized 10 uM hoechst dye and reached maximum fluorescence at approximately
30 minutes. The cells that had been polarized to the M1 phenotype showed significantly
higher fluorescence than the cells that had been polarized to the M2 phenotype, or received
no cytokines, showing that there is less PGP expression in the M1 cells. We then pre-treated
the cells with elacridar, a small molecule inhibitor of PGP function (Fig. 4B). While we still
observed significant differences between the M1 macrophages and the other two groups, the
difference between the two groups was less than was observed in the cells that did not
receive elacridar.

We then treated cells with increasing concentrations of elacridar, and assessed differences in
fluorescence at 30 minutes (Fig. 4C). Increasing concentrations of elacridar resulted in
declines in fluorescence. Interestingly, we observed a dose-dependent effect on the
difference in fluorescence between the M1 and M2 macrophages, with a maximum effect
observed at 500 nM (Fig. 4D). This clearly shows that differences in fluorescence between
the two groups of macrophages are due at least in part to differences in function of PGP, and
that blocking PGP function minimizes these differences.

Finally, we assessed PGP expression in primary monocyte derived macrophages that had
been collected from anonymized healthy subjects, to confirm that the observations that we
made with the U937 cells were still true with primary cells. U937 cells are a commonly
utilized model cell line for monocytes and macrophages which has been shown to correlate
very well to primary cells, although some differences have been reported between the
immortalized cell line and cells isolated from the blood (16, 26-28). To confirm the validity
of these findings in primary cells, we finally assessed PGP expression in these cells. We first
confirmed that the Rosettesep enrichment provided a sufficiently pure cell population (Fig.
5). We observed a purified population of CD14+ monacytic cells of 89.3% of cells, which is
in line with the observations from others, which show that Rosettesep can yield a 95% pure
population, with less than 5% contamination from B and T cells (29). Similar to the findings
with the U937 cells, we observed significantly higher expression of PGP in the M2 polarized
cells, with approximately a two-fold difference in expression between the M1 and the M2
cells (Fig. 6A, B). The similarities in PGP expression between the U937 and primary
monocyte derived macrophages strongly suggest that PGP expression and function is
unaltered between the cell line and primary cells.

Discussion

Here we show that PGP expression is altered between macrophage subsets, with higher
expression in M2 macrophages as compared to the M1 macrophages. This was confirmed
via western blotting, as well as by utilizing the fluorescent PGP substrate Hoechst 33342
with elacridar, an inhibitor of PGP function. We also showed that different subsets of
alternatively activated macrophages also show differences in PGP expression that have not
been previously reported. We also showed that M1 and M2 macrophages have different
intracellular concentrations of the protease inhibitor LPV, consistent with our findings on
PGP expression. PGP plays an important role in the efflux of a large number of drugs, both
drugs utilized for the treatment of HIV, as well as drugs used to treat a wide variety of other
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conditions. Similarly, in HIV, as well as in other infectious states, intracellular
concentrations, rather than plasma concentrations are of key importance. Differences in P-
glycoprotein expression between macrophage subsets result in significant differences in
intracellular concentrations with a commonly utilized antiretroviral. These alterations in
intracellular concentrations may result in a decreased ability of these cells to combat
infection with HIV-1.

Differences in intracellular LPV concentrations

We observed a significant difference in intracellular lopinavir concentrations at 4 hours, with
two-fold more intracellular lopinavir being observed in the M1 macrophages than the M2
macrophages. This initially suggested that there may be differences in PGP expression
between M1 and M2 macrophages, and suggests that these differences in PGP expression
can play an important role in the amount of drug that stays inside of a cell, and the amount
that is effluxed out of the cell. When these differences are considered in the context of
sanctuary sites in HIV, where there is already low amount of drugs present to enter the cell,
these differences may represent the final barrier resulting in subtherapeutic concentrations
inside of these cells in these sites, for LPV or for other drugs (30). If antiretroviral
concentration inside of cells that reside in sanctuary sites are in fact subtherapeutic, there is
the potential for low level replication. This may contribute to viral latency in individuals
with HIV-1.

PGP function and expression differences between M1/M2 macrophages

We observed significant differences in intracellular concentrations of the fluorescent dye
Hoechst 33342 between M1 and M2 macrophages, with more dye present in the M1
macrophages. As PGP is an efflux transporter, this further strongly suggests that PGP
expression is downregulated in M1 macrophages, as compared to M2 and unstimulated
macrophages. When we next treated cells with a small molecule inhibitor of PGP, while
there was still significant differences between M1 and M2 macrophages, the magnitude of
the difference was decreased. When cells were treated with increasing concentrations of
elacridar, a dose-dependent response was observed as expected. Interestingly, however, the
differences in fluorescence between the two subsets of macrophages reaches a point where
both the M1 and the M2 macrophages observe similar declines in fluorescence, suggesting
that eventually full inhibition of PGP occurs. Remaining differences in fluorescence between
the two subsets of macrophages are likely due to the expression of other transporters. These
findings are consistent with the data on intracellular LPV concentrations, and explains the
differences in LPV concentrations that we observed.

Conclusions

In conclusion, we have determined that there are phenotypic differences in PGP function and
expression between M1 and M2 macrophages. These differences can result in altered
intracellular drug concentrations between these two subsets of cells. This may result in
subtherapeutic concentrations, and in the case of HIV, potentially low-level replication.
Phenotypically, M1 and M2 macrophages are extremely dissimilar. They both express
different surface proteins and receptors, enzymes, and effector molecules (3, 6). They also
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serve very different functions, with M1 macrophages being responsible for the phagocytosis
and destruction of foreign pathogens, and M2 macrophages being responsible for repair and
fibrotic deposition after an inflammatory event (31, 32). Differences in transporter
expression can result in differences in intracellular drug concentrations, and may play a role
in a variety of disease states. While in this paper we have shown significant differences in
expression and function of PGP between macrophage subsets, it is likely that other
previously unreported differences may exist for other transporters. Future work will assess
differences in the expression and function for other common drug transporters, including
BCRP and MRP1. The complex interplay between differences in intracellular drug
concentrations, as well as differences in other immunological factors resulting in differences
in the ability of these cells to be infected is unknown, and considerable research will be
necessary in the future to determine how these factors interact. The main factors influencing
differences in intracellular drug concentrations in polarized macrophages are drug influx/
efflux, and metabolism of the drugs in the cell.

In HIV, the vast majority of antiretrovirals must enter cells before they can function. There is
considerable evidence that intracellular concentrations differ between CD4+ T-cells and
macrophages, with macrophages displaying lower intracellular concentrations for many
antiretrovirals than T-cells (33). Similarly, there is considerable evidence that there are
differences in effective concentrations between T-cells and macrophages; that is a
concentration that may be sufficient to inhibit viral replication in T-cells may be insufficient
to inhibit viral replication in a macrophage (12, 33, 34). To date, it is unknown if different
intracellular concentrations are required for full viral inhibition between the two subsets of
macrophages. If transporter expression on macrophage subsets results in lower intracellular
concentrations in one subset of macrophages, it is possible that this may allowing low level
ongoing replication, especially in sanctuary sites including lymph nodes and secondary
lymphoid tissue (13, 30).

These reported differences in PGP expression may also be important in other disease states.
Azithromycin, a macrolide antibiotic, is also a substrate for PGP (35). Intracellular
concentrations in macrophages are extremely important for dealing with infections with
other bacterial strains, including L/steria monocytogenes and Francisella tularensis (35, 36).
These two bacteria that are capable of shifting macrophage polarization to the M1 or the M2
phenotype, respectively (37, 38). Polarization towards a certain macrophage phenotype with
these or other bacteria may result in subtherapeutic anti-infective concentrations inside
macrophages, preventing the clearance of the bacteria inside of these cells. A greater
understanding of the differences in macrophage transporter expression between macrophage
subsets, and the drug concentrations inside of these cells may result in improved outcomes
in other disease states.

There are however, a few limitations associated with the experiments that we undertook
here. First, macrophage phenotype exists on a spectrum. in vivo cells can be exposed to
multiple stimuli, making categorization into distinct subsets considerably more difficult.
While there may be difficulties fully translating the findings from our in vitro study to in
vivo, the ability to fully manipulate this system utilizing in vitro and ex vivo stimulation of
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macrophages by cytokines provides a powerful tool to understand the interplay between
polarized macrophages and transporters.

Second, the dye and small molecule inhibitor that we utilized display some cross-sensitivity
for other transporters, including MRP1 and BCRP. All three of these transporters are ABC
transporters, and many drugs are substrates for at least two, or all three of these transporters
(39). Similarly, elacridar, while primarily a PGP inhibitor does also block BCRP, although
IC5 concentrations for BCRP are 40-fold higher than ICsg concentrations for PGP (40).
Elacridar does not have any substrate specificity for MRP1 (41). While we have chosen both
fluorescent dyes and small molecule inhibitors to be primarily substrates of PGP, off-target
effects cannot be eliminated. Third, LPV is not utilized as monotherapy as part of the current
treatment of HIV, and it is possible that in the presence of other antiretrovirals these
concentrations may be altered. Additionally, many antiretrovirals are substrates for a wide
variety of efflux transporters, including MRP1 and BCRP. In these experiments we focused
on LPV as it has high affinity for PGP, and significantly lower affinity for other transporters.
LPV thus serves as a probe drug, albeit a therapeutically relevant one in this study. It is also
important to first assess drugs as single agents, before later assessing the interplay between
multiple drugs and efflux transporters, as if multiple agents are tested simultaneously it is
difficult to discriminate which factors influences intracellular concentrations. Future work
will assess differences in expression of other clinically relevant drug efflux transporters, as
well as assess differences in intracellular concentrations of other antiretrovirals which are
substrates for multiple transporters. The findings in this article describe a previously
unreported difference between M1 and M2 macrophages, and suggests that this may result in
differences in intracellular concentrations for LPV between these two subsets of cells. In
vivo, there are a number of factors that likely influence differences in intracellular drug
concentrations between macrophage subsets, including other transporters, and metabolic
enzymes. This research describes the contribution of one efflux transporter. Future work will
investigate other efflux transporters. A greater understanding of the various factors that
influence intracellular drug concentrations may provide methods to increase drug
concentrations in subsets of macrophages, including blocking transporters, modifying
therapy to avoid drugs which are substrates of physiologically relevant transporters, and
novel formulations of the drugs which may avoid efflux from the cell. Increasing
intracellular concentrations of antiretrovirals in both subsets of macrophages may be an
important tool in the elimination of HIV from the body.
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Figure 1. Cytokines polarize macrophagesto the M1 and M 2 phenotype
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U937 cells were treated with either IFNy + LPS (M1), IL4 + IL13 + LPS (M2), or no
cytokines (U) for 48 hours. (A) Western blotting. Cell lysates were collected, and analyzed
for iINOS with a rabbit polyclonal iNOS antibody, with an anti-Rb secondary antibody. (B)
Densitometry: Blot density was analyzed using Image Studio, with sample density
normalized to the loading control. Sample density was normalized to the unstimulated
condition. Data represents averaged densitometry readings of 3 blots. (C) Arginase Assay:
Lysates were collected and arginase activity was quantified as the conversion of L-arginine
to urea. Samples were normalized to cell counts, then normalized to the unstimulated
condition. Data represents a representative arginase assay, from 3 replicated. Samples were
analyzed via ANOVA with Tukey's multiple comparison test. Lines between bars represent
significant differences (p< 0.05).
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Figure 2. M1 macrophages have moreintracellular lopinavir than M2 macrophages
U937 cells were polarized to the M1 or the M2 phenotype for 48 hours via treatment with

FN-y + LPS (M1), IL4 + IL13 + LPS (M2), then treated with LPV for 4 hours. After sample
collection, cells were lysed in 70% methanol, and analyzed via LC-MS/MS. Intracellular
LPV concentrations were normalized to cell counts in each condition. Data represents
pooled results from n=3 experiments. Samples were compared via paired T-tests. Lines
between bars represent significant results (p<0.05).
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Figure 3. More PGP protein is present in M2 macrophagesthan M1 or unstimulated

macrophages
U937 cells were polarized to the M1 or the M2 phenotype for 48 hours via treatment with

FNvy + LPS (M1), IL4 + IL13 + LPS (M2), or no cytokines (U). (A) cell lysates were
collected, and probed for PGP via western blotting with a rabbit polyclonal to PGP antibody;,
with an anti-Rb secondary antibody. (B) Densitometry: Blot density was analyzed using
Image Studio, with sample density normalized to the loading control. Sample density was
normalized to the unstimulated condition. Data represents averaged densitometry readings of
4 blots.
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Figure 4. M acrophage subsets have different PGP function
(A-D) U937 cells were polarized to the M1, M2, or unstimulated phenotype for 48 hours via

treatment with FNy + LPS (M1), IL4 + IL13 + LPS (M2), or no cytokines (U). Results were
normalized to the unstimulated conditions, and lines were fit via either a one-phase
association (figures A, B), or 4 parameter variable slope model (figures C, D). (A) Polarized
cells were enumerated, and 5 x 10° cells were plated in 96 well plates. Hoechst 33342 was
added at a final concentration of 10 pM, and fluorescence was analyzed every 5 minutes at
360/460 (ex/em). Fluorescence was analyzed for 60 minutes. (B) After being plated in 96
well plates, polarized macrophages were treated with elacridar for 10 minutes, then Hoechst
dye was added, and fluorescence was analyzed for 60 minutes. (C) Polarized cells were
treated with increasing concentrations of elacridar, then Hoechst dye was added for 30
minutes. (D) The difference in fluorescence between the M1 and M2 macrophages with
increasing concentrations of elacridar was calculated and modeled. Comparisons between
groups were made via repeated measures ANOVA with Tukey's multiple comparison test. *
signifies a significant difference between the M1 and both the M2 and U group (p<0.05)
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Figure 5. Rosettesep purifiesthe monocyte population from human buffy coats
Buffy coats from healthy volunteers were obtained, and enriched via Rosettesep using

standard protocols. After enrichment, cells were stained with fluorescently labeled
monoclonal antibodies specific for CD14. Rosettesep isolation provided a cellular
population of 89.3% CD14+ cells.
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Figure 6. PGP expression isupregulated in primary monocyte derived macrophagesthat have
been polarized to the M2 phenotype

Peripheral blood mononuclear cells were obtained from healthy subjects, and enriched for
monocytes via negative selection with RosetteSep. Monocytes were differentiated for 6 days
with M-CSF, then treated with cytokines to polarize to the M1 or M2 phenotypes. (A) Cell
lysates were collected, and probed for PGP via western blotting with a rabbit polyclonal to
PGP antibody, with an anti-Rb secondary antibody. (B) Densitometry: Blot density was
analyzed using Image Studio, with sample density normalized to the loading control. Sample
density was normalized to the unstimulated condition. Data represents averaged
densitometry readings of 3 blots. Comparisons between groups were made via repeated
measures ANOVA with Tukey's multiple comparison test. Data represents averaged
densitometry readings for 3 blots.
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