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An independent endocytic pathway stimulates
different monocyte subsets by the a2 N-terminus

domain of vacuolar-ATPase
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Abbreviations: a2NTD, N-terminus domain of the a2 isoform vacuolar ATPase; a2V, a2 isoform vacuolar AT Pase;
CRI, cancer-related inflammation; TAM, tumor-associated macrophage; V-ATPase, vacuolar AT Pase

The vacuolar ATPase (V-ATPase) plays an important role in tumor progression and metastases. A novel peptide from the
a2 isoform of V-ATPase called a2NTD has been shown to exert an immunoregulatory role in the tumor microenvironment
by controlling the maturation of monocytes toward a tumor-associated macrophage phenotype. Our data indicate that
a2NTD binds to the surface of monocytes. a2NTD was preferentially endocytosed by pro-inflammatory monocytes
bearing a CD142*CD16* phenotype, which is associated with the monocyte-to-macrophage maturation process. Both
a2NTD binding and internalization led to production of the pro-inflammatory cytokines interleukin (IL)-1a and IL-18
by CD142*CD16- (classical) and CD142*CD16* (intermediate) monocytes. a2NTD was internalized via a macropinocytosis
mechanism utilizing scavenger receptors. However, the inhibition of a2NTD endocytosis did not reduce cytokine
production by monocytes. This points to the existence of two receptors that respond to a2NTD: scavengers receptors
that mediate cellular uptake and an hitherto unidentified receptor stimulating the production of inflammatory cytokines.
Both of these monocyte receptors may be important in generating the localized inflammation that is often required to
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promote tumor growth and hence may constitute novel targets for the development of anticancer drugs.

Introduction

Vacuolar AT Pases (V-ATPases) are multi-protein complexes found
on the surface of tumor cells."? V-ATPases impact on tumorigen-
esis at they acidify the extracellular environment via their proton
pumping activity. This enables the maturation of pH-sensitive
degradative enzymes such as matrix metalloproteinases (MMDPs),
which promote tumor metastasis.>* Increased cell surface expres-
sion of V-ATPases has indeed been linked to tumor cell invasion.’

Tumor cells secrete cytokines and other proteins that dictate
various facets of the immune response that they will generate,
including the activation and polarization of specific macrophage
and neutrophil subsets.®” Cytokines such as interferon y (IFNvy)
skew macrophages toward a classically activated phenotype
called M1, which participates in tumor destruction. In contrast,
cytokines such as interleukin (IL)-4, IL-13 and IL-10 promote
the maturation of alternatively activated M2 macrophages.®’ The
M2 phenotype promotes tumor survival by favoring proliferation
and tumor progression,'® as well as by stimulating angiogenesis

and lymphangiogenesis."! M2 macrophages promote extracellu-
lar matrix remodeling'? while at the same time regulating a com-
plex chemokine network.?

Blood monocytes are generally viewed as a heterogeneous
population of cells that constitute the precursors to tissue mac-
rophages. Monocytes are differentiated based on the cell surface
expression of two markers: the lipopolysaccharide (LPS)-binding
protein CD14 and the Fcy receptor CD16. In 2010, the nomencla-
ture was modified to include three subtypes of monocytes based
on these two markers. Classical monocytes display a CD14**
CD16" phenotype and represent 80-90% of all monocytes. The
minor populations consist of CD14** CD16* (intermediate) and
CD14* CD16** (non-classical) monocytes."” Monocytes express-
ing both CD14 and CDI16 show a more mature morphological
and functional phenotype than their CD16- counterparts and
are thought to constitute the specific precursors of tissue-resident
macrophages.”® Our studies use this new classification system,
however many of the references use the old nomenclature and so
will be referred to as originally published.
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Recently, we have demonstrated a novel role for the a2 isoform
of V-ATPase (a2V) in tumor progression. Thus, the N-terminal
region of a2V expressed at the plasma membrane of human
tumor cells can be cleaved, resulting in the release of a peptide
that activates immune cells.'® When incubated with peripheral
blood mononuclear cells (PBMCs), this peptide (a2NTD) causes
monocytes to produce IL-18."7!¥ A more detailed investigation
revealed that a2NTD induces primary monocytes to develop an
IL-12"*1L-23"*IL-10"¢" M2-like phenotype.'® Thus, a2NTD
was the first cytokine-like factor described to induce the alterna-
tive activation pathway in macrophages.

In the present study, we examined the interaction of 22NTD
with human monocytes. In particular, we determined bind-
ing specificity, which particular monocyte subset is targeted,
the mode of cellular entry and the receptors involved. a2NTD
bound to monocytes and binding could be competed out with
unlabeled peptide. a2NTD was internalized by monocytes and
THP-1 cells, though the latter demonstrated slower uptake

Figure 1. Binding and entry of a2NTD in monocytes and lymphocytes.
(A and B) Peripheral blood mononuclear cells (PBMCs) fixed with para-
formaldehyde were incubated with 0.1-10 wg/mL a2NTD conjugated to
Alexa Fluor 488 (a2NTD-AF488). Cell populations were gated based on
forward/side scatter. Representative histograms showing a2NTD-AF488
binding in monocytes are presented in (A); the black peak refers to un-
stained cells. In (B), the percentage of a2NTD binding to monocytes and
lymphocytes is shown (means + SEM, n = 4). (C and D) PBMCs fixed with
paraformaldehyde were incubated with 0.1-10 p.g/mL unconjugated
a2NTD and then with 2 pg/mL a2NTD-AF488. A representative histo-
gram showing competitive inhibition of a2NTD binding to monocytes is
reported in (C); the black histogram refers to unstained cells. In (D), the
percentages of monocytes and lymphocytes positive for a2NTD bind-
ing after competitive assay are shown. Values were normalized to cells
that did not receive unlabeled a2NTD. (means + SEM, n = 4). (E) PBMCs
were incubated with a2NTD-AF488 for indicated time at 4°C and 37°C.
Some of the samples were then treated with 0.1% trypsin-EDTA (dashed
lines) for 5 min to remove surface bound a2NTD. Cell populations were
analyzed by flow cytometry, upon gating on CD14* events. (means

+ SEM, n = 8). The percentage of positive monocytes (black lines) or
lymphocytes (gray lines) after a2NTD-AF488 incubation is reported.

kinetics. In addition, a2NTD was preferentially endocytosed by
CD14**CD16* monocytes and these cells produced high levels
of pro-inflammatory cytokines IL-1a, IL-1f3 and tumor necrosis
factor o (TNFa), as compared with CD14**CD16~ monocytes.
The endocytosis of a2NTD occurred via a macropinocytosis
mechanism that required actin filament and microtubule polym-
erization. Blocking a2NTD endocytosis had no effects on the
intracellular levels of IL-1. Taken together, these data suggest
that a2NTD stimulates monocytes to generate pro-inflamma-
tory cytokines via a receptor-mediated mechanism. This putative
receptor represents a potential point of intervention that can be
further investigated to prevent the maturation of M2 tumor-asso-
ciated macrophages (TAMs).

Results

a2NTD binds and enters monocytes in a dose- and temper-
ature-dependent manner. The binding of a2NTD was inves-
tigated in PBMCs using a fluorescently labeled variant of the
peptide. a2NTD bound monocytes in a dose-dependent man-
ner (Fig. 1A). At the highest concentrations of a2NTD, approxi-
mately 90% of monocytes were found to interact with a2NTD
(Fig. 1B). Lymphocytes were also examined, exhibiting mini-
mal binding of a2NTD, though at the highest concentration of
a2NTD tested approximately 30% of lymphocytes were positive
(Fig. 1B). Binding specificity was tested in a competition assay.
Unlabeled a2NTD was able to compete out the binding of fluo-
rescent a2N'TD in both monocytes (Fig. 1C and D) and lympho-
cytes (Fig. 1D).

Many cellular functions including receptor-mediated inter-
nalization are inhibited at 4°C, implying that these conditions

incubated at 37°C, followed (C) or not (D) by trypsin treatment.

Figure 2 (see following page). Temperature-dependent binding and internalization of a2NTD by monocytes. (A-D) Peripheral blood mononuclear
cells (PBMCs) were pre-incubated at 4°C or 37°C for 30 min, followed by the addition of 10 g/mL a2NTD conjugated to Alexa Fluor 488 (a2NTD-AF488)
for 1 h and staining with an anti-CD14 PE-Texas red antibody for 30 min. Some of the samples were treated with 0.1% trypsin after a2NTD-AF488
incubation to remove surface bound a2NTD. Cells were then placed on slides using a cytospin and imaged using a Nikon fluorescent microscope.
Representative images from three independent experiments are shown: PBMCs incubated at 4°C, followed (A) or not (B) by trypsin treatment; PBMC
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Figure 2. For figure legend, see page €22978-2.
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are ideal for studying binding in the absence of internaliza-
tion. Conversely, both binding and internalization can occur
at 37°C.” The temperature-dependent binding of fluorescent
a2NTD to PBMC was determined at 4°C and 37°C, to con-
firm an internalization mechanism. There were more a2NTD-
positive monocytes, as assessed by flow cytometry, at 37°C (75%)

maintained at 4°C displayed reduced surface fluorescence
(Fig. 2B). In comparison, trypsin-treated cells cultured at 37°C
exhibited a reduced surface staining but maintained the punc-
tuate intracellular staining (Fig. 2D). To eliminate non-specific
phagocytosis as a mechanism of cellular uptake, neutrophils
were separately examined. Neutrophils demonstrated much

less endocytosis of a2NTD than monocytes,

but slightly more than lymphocytes (Fig. SI).
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Finally, the monocytic leukemia cell line THP-1
was also examined. While the uptake trend is
similar in THP-1 cells and monocytes, the
kinetics are much slower for the former. Indeed,
after 2h at 37°C, only 17% of THP-1 cells were

positive as compared with almost 75% of mono-

> cytes (Fig. 1E and Fig. S§2).
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chalasin D (CytoD), to inhibit F-actin filaments,

values (means + SEM, n =5, *p < 0.05, compared with a2NTD alone).

Figure 3. The internalization of a2NTD requires actin, microtubules and an energy source.
(A) Representative histogram showing peripheral blood mononuclear cells (PBMCs) incu-
bated with a control peptide, a2NTD conjugated to Alexa Fluor 488 (a2NTD-AF488) alone,
or a2NTD-AF488 after the indicated inhibitors. Cell populations were analyzed by flow
cytometry, upon gating on CD14* event. (B and C) PBMCs were pre-treated with actin
and microtubule inhibitors for 1 h followed by the exposure to 10 g/mL a2NTD-AF488
for 1 h. Representative histograms for each inhibitor are shown in (B). Dashed line depicts
cells incubated with a2NTD-AF488 alone, while solid lines refer to cells exposed to inhibi-
tors plus a2NTD. (C) Bar graph values in Cillustrate the percentage of a2NTD-positive cells
after inhibitor treatment. (means + SEM, n =5, **p < 0.001, compared with a2NTD alone).
(D) PBMCs were cultured in glucose-free media with or without NaN, and 2-deoxyglucose
(to deplete ATP) or mycophenolic acid (to deplete GTP) for 2 h at 37°C, followed by the
administration of a2NTD-AF488 for 1 h. Columns report mean fluorescence intensity (MFI)

and colchicines, to inhibit microtubules.
Monocytes demonstrated a greater uptake
of a2NTD as compared with a negative con-
trol peptide. The pretreatment of PBMCs with
inhibitors of actin and microtubules resulted in
decreased fluorescence, demonstrating an inhibi-
tion of a2NTD uptake (Fig. 3A). Both inhibitors
significantly reduced a2NTD entry by approxi-
mately 80% as compared with control cells
(Fig. 3B and C). Actin and tubulin monomers
are in the active state for polymerization when

bound to ATP and GTP respectively. The pre-

than at 4°C (15%) (Fig. 1E). Cells were then treated with trypsin
to remove any a2NTD bound to the cell surface. Thus, while
trypsin reduced the number of a2NTD-positive cells in both
temperature conditions, an increased number of fluorescent cells
persisted at 37°C. Lymphocytes, which showed minimal binding
to a2NTD, also exhibited minimal peptide uptake (Fig. 1E).
Endocytosis was confirmed by fluorescence microscopy. After
incubation with fluorescent a2NTD, monocytes were examined
by fluorescence microscopy, showing a2NTD-dependent sur-
face staining at 4°C (Fig. 2A) and a more intense and intra-
cellular punctate staining at 37°C (Fig. 2C). Similar to what
was observed with flow cytometry, trypsin-treated monocytes
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treatment of PBMCs with metabolic inhibitors
such as sodium azide and 2-deoxyglucose (that
deplete the intracellular ATP pool) or mycophenolic acid (that
depletes the pool of GTP) also decreased the uptake of a22NTD
(Fig. 3D).

Uptake of a2NTD by monocyte subsets. To determine if
different monocyte subsets preferentially internalize a2NTD,
monocytes were stained for the surface markers CD14 and
CD16 after incubation with a2NTD. CD14**CD16" cells con-
stitute the majority of all monocytes, while CD14**CD16*
and CD14*CD16** represent two minor subpopulations.” We
were able to retrieve these three populations by flow cytom-
etry (Table 1). Of note, nearly 100% of CD14**CD16* mono-

cytes were positive for a2NTD endocytosis, as compared

Volume 2 Issue 1



with approximately 45% of CDI14**CD16- monocytes. The
CD14*CD16** population showed a a2NTD uptake profile simi-
lar to that of CD14**CD16" cells (Fig. 4A).

a2NTD stimulates IL-1a and IL-1f production. It has pre-
viously been shown that a2NTD stimulates monocytes to pro-
duce the pro-inflammatory cytokines IL-lac and IL-1B3."7® We
examined whether a particular subset of monocytes is responsible
for the production of inflammatory cytokines following a2NTD
stimulation. To this aim, monocytes were incubated with
a2NTD and then stained for surface CD14 and CDI16 expres-
sion, followed by staining for the intracellular cytokines IL-1a,
IL-1B and TNF-a.

Only CDI4**CD16* monocytes showed a statistically sig-
nificant increase in IL-1a, production when compared with cells
maintained in control conditions (Fig. 4B). Both CD14**CD16-
and CD14**CDI16* monocytes produced significantly higher
amounts of IL-1B (Fig. 4C). There was no significant difference
in the production of TNFa by cells treated with a22NTD and
control cells (Fig. 4D). Of note, the CD14**CD16* subpopulation
invariably produced higher amounts of IL-1a, IL-1 and TNFa
than the other two subpopulations. In addition, the intracellular
levels of IL-1at and IL-1f were greater than those

Table 1. Monocyte subtype percentages

Phenotype (Parent population) Percent of parent population

CD14* (PBMC) 6.96 £ 1.5
CD14** CD16~ (CD14* cells) 86.9+29
CD14+ CD16* (CD14* cells) 55+1.2
CD14+ CD16** (CD14* cells) 76+14

N =10 mean + SEM.

To determine if a2NTD enhances macropinocytosis, PBMCs
were incubated with a fluid-phase macropinocytosis marker,
10 kDa neutral dextran, in combination with increasing concen-
trations of a2NTD. Consistent with the observation of others,?”
dextran was efficiently taken up by macropinocytosis at 37°C.
Of note, a2NTD induced a significant dose-dependent increase
in the uptake of fluid-phase dextran (Fig. 5D). DMA pre-treat-
ment significantly reduced dextran internalization as triggered
by a2NTD. As THP-1 cells exhibited slower kinetics of a2NTD
uptake, we investigated whether THP-1 cells bear a defective
macropinocytosis machinery. When THP-1 cells were incubated
with fluorescence 10 kDa dextran, cell fluorescence at 37°C
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increased similar to that of monocytes. The macropinocytotic
response of THP-1 cells was also sensitive to DMA. However,
while the co-administration of a2NTD slightly increased dex-
tran uptake by THP-1 cells, this was not significant (Fig. S2B).
Overall, the fluorescence intensity of dextran-treated THP-1 cells
were 67% less than that of monocytes.

a2NTD uptake occurs via scavenger receptors. Scavenger
receptors are recognized as key components of the innate immune
system,”® but the mechanism by which they signal remains

€22978-6

Oncolmmunology

Figure 5. Inhibition of a2NTD endocytosis via trafficking inhibitors.
(A-C) Peripheral blood mononuclear cells (PBMCs) were pre-incubated
with the indicated trafficking inhibitors for 1 h at 37°C followed by

the administration of 10 pg/mL a2NTD conjugated to Alexa Fluor 488
(a2NTD-AF488) for 1 additional h. Cell populations were analyzed by
flow cytometry, upon gating on CD14* events. Representative histo-
grams for each trafficking inhibitor are reported. Dashed lines refer

to cells incubated with a2NTD-AF488 alone, while solid lines depict
cells incubated with trafficking inhibitor plus a2NTD. Bar graphs depict
a2NTD-positive cells for clathrin-mediated endocytosis inhibitors

(A), caveolin-mediated endocytosis inhibitors (B) and macropinocytosis
inhibitors (C) (means + SEM, n = 8, #p < 0.001, compared with a2NTD
alone). (D) PBMCs were preincubated at 4°C or 37°C with 50 p.g/mL

10 kDa dextran conjugated to Alexa Fluor 647 for 30 min. Some of the
samples also received dimethylamiloride (DMA) for 30 min. Unconju-
gated a2NTD was then added (1-100 ng/mL) for 1 h at 37°C. followed by
flow cytometry for the quantification of dextran-associated fluores-
cence. Columns report mean fluorescence intensity (MFI) values (means
+ SEM, n =4, *p < 0.01, ***p < 0.001, compared with cells maintained at
37°C, **p < 0.001, compared with cells receiving the same amount of
a2NTD without DMA).

unknown. There is evidence suggesting that scavenger recep-
tors utilize macropinocytosis as one mode of cellular entry.?>3
Scavenger receptors recognize macromolecules with negative
charges® as well as lipoproteins.* Previous findings indicate that
a2NTD is associated with lipids*® and the amino acid sequence
of a2NTD carries a net negative change. We therefore examined
whether scavenger receptors play a part in the endocytosis of
a2NTD.

Polyinosinic acid (polyl), a polyanionic nucleotide, is a com-
monly used scavenger receptor ligand. PBMCs were pre-treated
with polyanionic inhibitors before the addition of a22NTD and
polyl significantly reduced a2NTD uptake by 80%, as compared
with untreated samples (Fig. 6A). Polyadenylic acid and polycyti-
dylic acid, structural homologs of polyl, did not inhibit a22NTD
uptake.

Endocytosis is not required for cytokine production by
a2NTD. We have previously shown a2NTD to upregulate the
production of pro-inflammatory cytokines. We wanted then to
determine if the internalization of a2NTD is required for cyto-
kine production or if a2NTD binding is sufficient. After pre-
incubation with trafficking inhibitors and a2NTD stimulation,
monocytes were stained for intracellular IL-1B. None of the
inhibitors had a statistically significant effect on IL-1f produc-
tion (Fig. 6B). This indicates that the binding of a2NTD to
monocytes is sufficient to stimulate a pro-inflammatory secretory
response.

Discussion

TAMs are considered critical perpetuators of the low grade
inflammation that is required to maintain tumor survival. The
a2NTD peptide has been shown to stimulate monocytes to
produce pro-inflammatory cytokines.””® In addition, a2NTD
induces the expression of cytokines linked to M2 TAMs, which
help in preventing immune cells from recognizing tumors.

To further characterize the interaction between monocytes
and a2NTD, we are interested in determining the receptor(s)

Volume 2 Issue 1
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for 1 h. Cell populations were analyzed by flow cytometry, upon gating on
control are shown. Dashed lines refer to a2NTD-AF488 alone, solid lines to

a2NTD-positive cells (means £ SEM, n = 5).

Figure 6. Inhibition of a2NTD endocytosis by scavenger receptor inhibitors. (A and B) Peripheral blood mononuclear cells (PBMCs) were
pre-incubated with the indicated inhibitors for 1 h at 37°C followed by incubation with 10 wg/mL a2NTD conjugated to Alexa Fluor 488 (a2NTD-AF488)

depict the percentage of a2NTD-positive cells. (means + SEM, n =8, *p < 0.
indicated trafficking inhibitors for 1 h followed by incubation with unconjugated a2NTD for 18 h. Cells were then stained for surface CD14 and then for
intracellular interleukin (IL)-1B. Cell populations were analyzed by flow cytometry, upon gating on CD14* events. Columns depict the percentage of

CD14* events. Representative histograms for each inhibitor or negative
scavenger receptor inhibitors or negative controls plus a2NTD. Columns
001, compared with a2NTD alone). (B) PBMCs were pre-incubated with

that interacts with a2NTD. While a2NTD binds to the cell sur-
face and enters both monocytes and THP-1 cells, the former bind
higher amounts of 22NTD and internalize the peptide at a much
faster pace than the latter (Fig. 1E and Fig. S2A). This would
suggest that THP-1 cells may express reduced amounts of the pro-
teins that are necessary for a2NTD binding and internalization.
Our previous studies have shown that a2NTD stimulates
both monocytes and THP-1 cells to produce IL-13. However,
only monocytes (but not THP-1 cells) generate reactive oxygen
species (ROS) upon a2NTD stimulation.’® This is consistent
with the concept that THP-1 cells express less or lack some of
the proteins that mediate the endocytosis of a22NTD. Monocytes
stimulated with a2NTD in the presence of trafficking inhibitors
produced pro-inflammatory cytokines, indicating that the entry
of a2NTD is not necessary for cytokine production (Fig. 6B).
Taken together, these data suggest a possible dual receptor pro-
cess. Thus, while both monocytes and THP-1 cells appear to
express the a2N'TD receptor that is important for IL-1f3 secretion,
only monocytes have a second receptor that brings a2NTD into
the cell and leads to intracellular ROS production. In monocytes,
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ROS may be a redundant amplification signal to produce addi-
tional inflammatory cytokines. THP-1 cells seem not to express
this putative receptor to sufficient levels and thus cannot produce
ROS in response to a2NTD.

The inhibition of a2NTD endocytosis with polyl (Fig. 6A)
indicates that a scavenger receptor is involved in a2NTD inter-
nalization. Scavenger receptors are a broad family of integral
membrane proteins that mediate the cellular binding and internal-
ization of an extraordinarily wide range of negatively charged mac-
romolecules including lipoproteins,* polyribonucleotides (such as

polyl)® and advanced-glycation end products.®

Macrophage have
been well characterized in their expression of scavenger recep-
tors, especially linked to their pathological role in atherosclerotic
plaques.’” The a2NTD peptide carries a net negative charge at
physiological pH. In addition, the a2 N-terminal domain exhibit
physicochemical properties that are compatible with its integra-
tion in membranes.* Hence, it is not surprising that scavenger
receptors would mediate the endocytosis of a22NTD.
CD14*CD16" monocytes have been shown to be gener-

ally more phagocytic than their CD14*CD16* counterparts.®®
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Here, we demonstrate a preferential uptake of a2NTD by
CD14*CD16*, suggesting that a relatively specific process is
taking place as opposed to unspecific phagocytosis. We have
previously implicated a2NTD in promoting the development
of a TAM phenotype and CD14*CD16* monocytes are thought
to constitute macrophage precursors.” This is another piece of
evidence indicating the internalization of a2NTD is a specific
receptor-mediated process.

An interesting finding is the characterization of the monocyte
subsets that produce cytokines in response to a2NTD stimula-
tion. CD14*CD16* monocytes have previously been character-
ized as the main producers of pro-inflammatory cytokines***" in
an LPS stimulation model. However, both CD14**CD16~ and
CD14*CD16* monocytes produce significant amounts of IL-1
in response to a2NTD (Fig. 4). CD14*CD16* monocytes are
also a major source of TNFa upon LPS stimulation.”’ In con-
trast, there is no significant TNFa production after the admin-
istration of a2NTD to these cells. Previous data indicate that the
production of IL-1 is privileged over that of TNFa after a2NTD
stimulation. The data presented here are consistent with these
findings. While CD14*CD16* monocytes have been extensively
studied for their role in infectious diseases and inflammation,?
their role in tumorigenesis has only recently been explored.*>#4
The interaction of CD14**CD16™ monocytes with a2NTD, stim-
ulating the production of pro-inflammatory cytokines represents
a new area of research for how the monocyte subsets are function-
ally defined.

In summary, the a22NTD peptide may play a prominent role
in the tumor microenvironment. While functioning to promote
a localized pro-inflammatory reaction, a2NTD also prevents
immune surveillance, and the interaction of a2NTD with spe-
cific monocyte subsets appears to stimulate their pro-tumorigenic
functions. Our data indicate there is more than one cell type
responding to a2NTD. Identifying the receptor(s) of a2NTD
as well as understanding the differences among different types
of a2NTD-sensitive cells will perhaps drive the development of
novel anticancer therapies.

Materials and Methods

Reagents and antibodies. Recombinant a2NTD was expressed
and purified from Escherichia coli and subjected to endotoxin
removal column chromatography (Protcome Resources).
Recombinant a2NTD was conjugated to Alexa Fluor 488
(a2NTD-AF488) via a microscale labeling kit (Invitrogen,
A30006). Conjugation of a2NTD to AF488 was kept within a
range of 1-3 mol of dye per mol of a2NTD. A scrambled peptide
conjugated to FITC was used as a negative control.
Lipopolysaccharide (L6529), chloropromazine (C8138),
filipin (F9765), rottlerin (R5648), polyinosinic acid (P4154),
polycytidylic acid (P4903), polyadenylic acid (P9403), nystatin
(N4014), dimethylamiloride (A4562), cytochalasin D (C2618),
dynasore (D7693), 2-deoxy-D-glucose (D1634), sodium azide
(71289), colchicine (C3915) and mycophenolic acid (M3563)
were purchased from Sigma Aldrich. Paraformaldehyde
ampules were from Thermo Scientific (P128908). Anti-CD14
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PE-Texas Red was from Invitrogen (HCD1417C). Anti-CD14
PE (555398), anti-CD16 Pacific Blue (558122), anti-IL-la
FITC (340513), anti-IL-18 FITC (340515), anti-TNFa FITC
(340511), mouse IgG2a PE (555574), mouse IgGl DPacific
Blue (558120), mouse IgGl FITC (555909) were from Becton
Dickinson.

Mononuclear isolation and cell culture. These studies
were approved by the University institutional review board.
After informed consent was obtained in accordance with the
Declaration of Helsinki, peripheral blood was collected into
sodium heparin vacutainers (Thermo Fisher, 026853B). The
peripheral blood mononuclear cell (PBMC) fraction was col-
lected after differential density centrifugation over Ficoll-Paque
PLUS (Thermo Fisher, 45-001-750). The human monocytic leu-
kemia cell line THP-1 was purchased from ATCC (TIB-202)
and maintained in RPMI 1640 medium (ATCC, 30-2001) sup-
plemented with 10% fetal bovine serum and 1x antibiotic/anti-
mycotic solution (Invitrogen, 15240096) at 37°C with 5% CO,.
Routine mycoplasma testing was conducted using the MycoAlert
assay from Lonza (LT07-318, LT07-518). A concentration of
1 x 10° PBMCs or THP-1 cells was used for all experiments.

Flow cytometry. All samples analyzed by flow cytometry were
run on an LSRII flow cytometer (Becton Dickinson). FlowJo
software was used for data analysis (TreeStar).

Fluorescence microscopy. A Shandon cytospin 2 (Thermo
Scientific) was used to spin stained cells onto microscope slides.
The ProLong Gold antifade reagent with DAPI (Invitrogen,
P-36935) was used as mounting medium and slides were left over-
night at room temperature to allow mounting media to fix. Slides
were visualized with a Nikon Eclipse 80i fluorescence microscope
and images were acquired with a Photometrics CoolSNAP ES
camera. Metamorph software (Molecular Devices) was used
for analysis. Adobe Photoshop version CS2 was used for figure
arrangement.

Dose and competition assay. PBMCs were fixed in 2% para-
formaldehyde (PFA) for 15 min and washed twice in PBS. Cells
were then incubated with a2NTD-AF488 at the indicated con-
centrations for 1 h on ice to prevent endocytosis. For compe-
tition assays, cells were incubated with unconjugated a2NTD
for 1 h at increasing concentrations. Conjugated 20 pg/mL
a2NTD was then added for 1 h on ice. For both assays, cells
were washed twice in PBS after incubations before analyzing via
flow cytometry.

Time and temperature assays. Unfixed PBMCs were incu-
bated with 10 pg/mL a2NTD-AF488 for indicated time
points at 37°C or 4°C. Half the samples were then treated with
0.1% trypsin-EDTA (Sigma Aldrich T-4049) for 5 min at room
temperature to remove surface bound a2NTD followed by two
washes in PBS. Cells were stained with anti-CD14 Pacific Blue
for 30 min on ice and then washed followed by fixation with
2% PFA. Samples were then analyzed by flow cytometry or fluo-
rescence microscopy.

ATP and GTP depletion assay. PBMCs were incubated in
glucose-free RPMI medium (Invitrogen, 11879-020) with 8 mM
2-deoxy-glucose® and 20 mM sodium azide® (to deplete ATP)
or 0.5 pg/mL mycophenolic acid® (to deplete GTP) for 2 h at
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37°C. Ten pg/mL a2NTD-AF488 was then added for an addi-
tional 1 h at 37°C. Cells were washed twice in PBS and analyzed
by flow cytometry.

Immunophenotyping and intracellular cytokine staining.
PBMCs were incubated with 10 pg/mL a2NTD-AF488 for 1 h
on ice. Cells were then incubated with anti-CD14 Pacific Blue
and anti-CD16 PE antibodies for 15 min at 4°C, washed twice
with PBS and analyzed by flow cytometry. For intracellular cyto-
kine staining, PBMCs were stimulated with 100 ng/mL uncon-
jugated a2NTD for 18 h with the trafficking inhibitor GolgiPlug
(Becton Dickinson, 555029) which contains brefeldin A. Cells
were then stained with anti-CD14 and anti-CD16 antibodies as
described above. After incubating with the Cytofix/Cytoperm
reagent (Becton Dickinson, 554722) for 20 min at 4°C, cells
were washed twice in Perm/Wash reagent (Becton Dickinson,
554723) and then incubated with anti-IL-1a-FITC, IL-1B-FITC
TNFa-FITC, or equivalent isotype antibodies for 30 min at 4°C.
Cells were then washed twice with Perm/Wash and analyzed by
flow cytometry.

Trafficking inhibition. PBMCs were pre-incubated with traf-
ficking inhibitors for 1 h at 37°C at the following concentrations:
20 wM chlorpromazine,” 80 wM dynasore,” 2 wg/mL filipin,”
20 pg/mL nystatin,® 10 pM rottlerin,® 500 pM dimethyl-
amiloride,”® 50 pg/mL polyinosinic acid,”® 50 ug/mL poly-
adenylic acid,”® 50 pg/mL polycytidylic acid,”’ 2.5 pg/mL
cytochalasin D* and 50pug/mL colchicine.”® 10 pg/mL a2NTD-
AF488 was then added for 1 h at 37°C to allow for endocytosis.
Some samples were incubated with unconjugated a2NTD and
inhibitors for 18 h and then stained for intracellular cytokines as
described above. Cells were then stained with anti-CD14 Pacific
Blue for 30 min on ice, washed twice with PBS and analyzed by
flow cytometry or fluorescence microscopy.

Ten kDa dextran uptake assay. To measure the effects of
a2NTD on macropinocytosis, PBMCs were incubated with
50 pg/mL 10 kDa neutral dextran Alexa Fluor 647 (Invitrogen,

D22914) and 0.1 ng/mL, 1.0 ng/mL, or 10 ng/mL a2NTD for
1 h at 4°C or 37°C. To confirm that macropinocytosis was taking
place, cells were pre-incubated with dimethylamiloride for 30 min
at 37°C and then treated with 10 kDa neutral dextran Alexa Fluor
647. To remove surface bound dextran, cells were treated with
0.1% trypsin-EDTA and the cells were then fixed in 2% PFA fol-
lowed by two washes in PBS and then analyzed by flow cytometry.

Cell viability and cytotoxicity assays. PBMCs and primary
monocytes were incubated with different concentrations of traf-
ficking inhibitors for indicated times. Cell viability was measured
via two different assays: an ATP (G7570) and a NADH assay
(G8080). Cellular toxicity was measured by using a live vs. dead
cell proteases assay (G9201). All three kits were conducted fol-
lowing the manufacturer’s instructions (Promega). Digitonin, a
detergent, was used as a positive control (Sigma, D141).

Statistical analyses. The Student’s paired t-test was used to
compare two groups. If more than two groups were being com-
pared, repeated measures ANOVA was applied. Results are
reported as means + SEM and significance was defined as indi-
cated in figure legends. Results were analyzed using Sigma Plot 11
(Systat Software Inc.).
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