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Abstract

Inflammatory agents, microbial products or stromal factors pre-activate or prime neutrophils

to respond to activating stimuli in a rapid and aggressive manner. Primed neutrophils exhibit
enhanced chemotaxis, phagocytosis and respiratory burst when stimulated by secondary activating
stimuli. We previously reported that Triggering Receptor Expressed on Myeloid cells-1 (TREM-1)
mediates neutrophil effector functions such as increased superoxide generation, transepithelial
migration and chemotaxis. However, it is unclear whether TREM-1 is required for the process

of priming itself or for primed responses to subsequent stimulation. To investigate this, we
utilized /n vitro and in vivo differentiated neutrophils that were primed with TNF-a and then
stimulated with the particulate agonist, opsonized zymosan (OpZ). Bone marrow progenitors
isolated from WT and 7rem-1~~ mice were transduced with estrogen regulated Homeobox8 (ER-
Hoxb8) fusion transcription factor and differentiated /n vitro into neutrophils following estrogen
depletion. The resulting neutrophils expressed high levels of TREM-1 and resembled mature /in
vivo differentiated neutrophils. The effects of priming on phagocytosis and oxidative burst were
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determined. Phagocytosis did not require TREM-1 and was not altered by priming. In contrast,
priming significantly enhanced OpZ-induced oxygen consumption and superoxide production in
WT but not 7rem-17~ neutrophils indicating that TREM-1 is required for primed oxidative burst.
TREM-1-dependent effects were not mediated during the process of priming itself as priming
enhanced degranulation, ICAM-1 shedding and IL-1R release to the same extent in WT and
Trem-17~" neutrophils. Thus, TREM-1 plays a critical role in primed phagocytic respiratory burst
and mediates its effects following priming.
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Introduction

Neutrophils are one of the first immune cells to be recruited to sites of injury and are critical
to host defense against invading pathogens. The vascular endothelium, when activated by
microbial products or endogenous danger signals, modifies adhesion molecule expression
to capture circulating neutrophils and facilitate their migration through endothelial barriers
to the affected tissue [1]. Neutrophil transit from the circulation to inflamed sites exposes
them to various inflammatory agents and chemotactic factors that pre-activates or “primes”
them to respond rapidly and aggressively to secondary activating stimuli. As a result, the
extravasated neutrophil differs both phenotypically and functionally from the quiescent
circulating neutrophil and the naive bone marrow derived neutrophil (BMDN). Following
stimulation, primed neutrophils exhibit enhanced chemotaxis, phagocytosis, oxidative burst,
degranulation, neutrophil extracellular trap (NET) extrusion, and delayed apoptosis [1-3].
This behavioral plasticity enables the host to tightly regulate neutrophil effector functions
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in a spatiotemporal manner targeting only the site of inflammation while protecting the
remaining tissue from unwarranted damage.

Neutrophil priming, which occurs in sepsis, acute respiratory distress syndrome, and
following traumatic injury, dramatically impacts neutrophil responses /n vivo [4-6]. In vitro
studies of neutrophil priming are typically performed with primary neutrophils harvested
from the circulation or bone marrow. While such studies have yielded valuable insights,
they are potentially limited by inadvertent neutrophil priming during isolation, the inability
to genetically manipulate these cells, a limited supply of these neutrophils and their short
life span. /n vitro differentiated ER-Hoxb8 neutrophils circumvent many of these drawbacks
as they can be generated in large numbers from genetic murine models with relative ease
and in a reliable and reproducible manner [7]. Bone marrow progenitors are conditionally
immortalized by retroviral transduction with estrogen receptor Homeobox8 (ER-Hoxb8)
fusion transcription factor that enforces an estrogen-dependent differentiation block [7].
Following estrogen withdrawal these progenitors differentiate into mature neutrophils in

the presence of stem cell factor (SCF). These /in vitro differentiated neutrophils (ER-

Hoxb8 neutrophils) have been used successfully to investigate neutrophil functions such

as oxidative burst, degranulation, chemotaxis, fungal killing, and calcium signaling [8-12].
They can be derived from the bone marrow of transgenic and knockout murine models and
are amenable to CRISPER/Cas9 editing as well as viral transduction [9, 10, 13]. Moreover,
they have been used in adoptive transfer experiments to recapitulate the functional properties
of mature primary neutrophils [13].

Neutrophil priming increases expression of receptors that recognize exogenous and
endogenous danger signals and augments neutrophil responses [2]. Crosstalk between these
receptors coordinates neutrophil responses to these signals. Triggering receptor expressed
on myeloid cells-1 (TREM-1) is a member of the IgG superfamily expressed on neutrophils
[14, 15]. TREM-1 synergizes with pattern recognition receptors (PRRs) such as Toll-like
receptors (TLR) and Nod-like receptors (NLR) to augment cytokine production, reactive
oxygen species (ROS) and NET formation [16-21]. TREM-1 facilitates transepithelial
neutrophil migration in the infected lung and augments neutrophil responses /n vivo [22].
Moreover, TREM-1 regulates NADPH oxidase (NOX) -mediated superoxide production

in exudate neutrophils [23]. However, the role of TREM-1 in neutrophil priming is
unstudied. We hypothesized that priming augments agonist-induced superoxide production
in a TREM-1-dependent manner.

We addressed our hypothesis using ER-Hoxb8 neutrophils. We generated matching ER-
Hoxb8 neutrophil models from WT bone marrow progenitors as well as from bone
marrow progenitors isolated from our previously described 7rem-17~murine model [7,
22]. Our data demonstrate that ER-HoxB8 neutrophils demonstrate characteristic features
of mature neutrophils and express high levels of surface TREM-1. Expression of cell
surface receptors such as TNFRI/II involved in TNF-a priming was comparable in ER-
Hoxb8 neutrophils and mature circulating and exudate neutrophils but significantly lower
in BMDN. Phagocytosis was not dependent on TREM-1 expression. ER-Hoxb8 and
circulating neutrophils demonstrated rapid and robust OpZ-induced oxygen consumption
and superoxide production. Unprimed WT and TREM-1 deficient neutrophils stimulated
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with OpZ generated similar amounts of superoxide. Priming with TNF-a., however,
significantly augmented these responses in a TREM-1 dependent manner in both ER-Hoxb8
and circulating neutrophils. Because primed but unstimulated WT and TREM-1 deficient
neutrophils exhibited similar levels of degranulation, ICAM-1 shedding and IL-1R release,
our findings suggest that TREM-1 is not required for the process of priming but, instead,
mediates its effects following priming. Thus, our observations reveal an important role of
TREM-1 in primed neutrophil oxidative burst and support the use of ER-Hoxb8 neutrophils
as a valid model to investigate mature neutrophil functions.

TREM-1-deficient mice were generated as previously described [23]. All animals used

in this study were bred in a barrier facility at The University of lowa. All protocols
involving mice were approved by the University of lowa Institutional Animal Care and Use
Committee and were carried out in accordance with institutional guidelines and regulations.
Heterozygous littermates were intercrossed to generate closely related mice that are either
WT or homozygous for the TREM-1/3 deletion.

Isolation of bone marrow-derived neutrophils (BMDN).—BMDN were isolated
from bone marrows of 7-9-week-old male and female WT and 7rem-1~~ mice by negative
selection using EasySep Mouse Neutrophil Enrichment kit (Stem Cell Technologies Inc).
After isolation, neutrophils were kept on ice in Ca2*/Mg 2*-free HBSS (HBSS™") until use
and used within 4 hours of isolation. Purity of neutrophils was assessed by determining
enrichment of Ly6G+ stained cells.

Isolation of peritoneal exudate neutrophils.—Peritoneal exudate neutrophils were
isolated as described previously [23]. Briefly, exudate neutrophils were harvested 16-18
hours after intraperitoneal injection of WT and 7rem-17~mice with 1 ml/mouse of 4%
thioglycollate (Difco). After hemolyzing, washing, and filtering, exudate cells were counted
and used immediately for immunostaining.

Isolation of circulating neutrophils.—WT and 7rem-17~mice were anesthetized with
ketamine/xylazine and blood was collected by submandibular or cardiac puncture into tubes
containing 10U/mL heparin. Blood was hemolyzed with 1x RBC Lysis Buffer (eBioscience)
and diluted to 50 mL with Ca2*/Mg 2*-free PBS (PBS™"), centrifuged at 300 g for 10

min at 4°C to collect cell pellets. Cells were counted and used immediately for neutrophil
isolation by negative selection using EasySep Mouse Neutrophil Enrichment kit (Stem Cell
Technologies Inc).

ER-HoxB8 immortalized progenitor cells.—Bone marrow isolated from the femurs
of 11-12-week-old female WT and 7rem-1~~mice were sent to David B. Sykes
(Massachusetts General Hospital, Boston) for isolation of bone marrow progenitors and
retroviral transduction with ER-Hoxb8 retrovirus as previously described [7]. Bone marrow
progenitors were conditionally immortalized by the ER-Hoxb8 fusion transcription factor
and maintained in the presence of SCF and B-estradiol as previously described [7]. In the

J Leukoc Biol. Author manuscript; available in PMC 2023 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Murthy et al.

Page 5

presence of SCF (supplied as 4% conditioned media from an SCF producing CHO cell
line), cells were committed to the differentiation to neutrophils following the withdrawal
of R-estradiol and inactivation of the ER-Hoxb8 protein. CHO cells were a kind gift from
D.B. Sykes. The culture media included RPMI (GIBCO) supplemented with 10% FCS
(Atlanta Biologicals), 1% penicillin/streptomycin (GIBCO), 0.5uM estrogen (Sigma) and
4% SCF-containing CHO conditioned medium. Media was replaced every other day. For
differentiation into mature neutrophils, 4 million progenitor cells were washed twice in
estrogen-free media and resuspended in 100 mL of estrogen-free media for five days. Cells
were collected by gently transferring to conical bottom tubes, centrifuging for 7 min at 250
gand washing twice with PBS7~. Cells were counted using a hemocytometer and used for
experiments outlined below.

Opsonization of Zymosan.—Zymosan (Sigma) was opsonized with WT C57BI/6 mouse
serum as previously described [23]. All stimulations were performed in phenol red-free
HBSS containing Ca?*/Mg 2* and 5.56mM glucose (HBSS**).

Priming.—Neutrophils were primed for 30 min at 37 °C with 0.33-2 pg/mL of murine
TNF-a (R&D Systems) in HBSS*/*. Thereafter, cells were stimulated with OpZ at the
indicated MOI. Unprimed neutrophils received buffer alone.

Cell surface receptor expression—Cells were immunolabeled with TREM-1-APC
(R&D Systems), CD11b-A488 (CR3) (Biolegend) and Ly6G-BV421 (BioLegend) (panell)
or CD11b-A488 (CR3) (Biolegend), CD120a-APC (TNFRI) (BioLegend), CD120b-PE
(TNFRII) (BioLegend), CD16/32-APC-Cy7 (FcyRII/1I) (BioLegend) and ICAM-1-PE-Cy7
(Biolegend) (panel 2). Neutrophils (0.1 million) were resuspended in 100 uL HBSS*/*
containing 5.56mM glucose in 96-well round-bottomed plates and primed for 30 min at

37 °C with 2 ug/mL TNF-a.. Unprimed control cells received buffer alone. After washing,
resting or TNF-a primed neutrophils were washed with PBS™~ and stained for 10 min with
the cell viability marker, Zombie Aqua (BioLegend). After Zombie Aqua staining, cells
were blocked for 10 min with PBS™~ containing 2% FCS and 2% serum of the respective
antibody host species. Cells were subsequently stained for 15 min in the continued presence
of blocking buffer. After immunolabeling, all cells were washed twice, resuspended in
MACS buffer (PBS™~ + 2% FBS + 1 mM EDTA) and analyzed on Cytek Aurora spectral
flow cytometer. Data were analyzed with FlowJo v10 software. All incubations were
performed at room temperature, protected from light.

Phagocytosis—ER-Hoxb8 neutrophils and circulating neutrophils (0.1 million) were
resuspended in 100 pL HBSS+/+ containing 5.56mM glucose in 96-well round-bottomed
plates and primed for 30 min at 37°C with 2 pg/mL TNF-a.. Unprimed control cells received
buffer alone. After washing, cells were labeled with the cell viability marker, Zombie NIR
(Biolegend) for 10 min in the dark, washed and placed on ice. OpZ-A488 (ThermoFisher
Scientific) was added to cells (MOI=5) and the plate was centrifuged for 5 min at 4 °C at
300 gto synchronize phagocytosis. The plate was then transferred to 37°C and cells were
incubated with OpZ-A488 (MOI=5) for 30 min. Cells were fixed with 2% PFA to stop
phagocytosis and then washed with MACS buffer. After blocking with 2% rat serum, cells
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were immunolabeled with anti-Ly6G-PE and anti-CD11b-APC (BioLegend) for 15 min in
the dark. Cells were washed and analyzed using Cytek Aurora spectral flow cytometer. Data
were analyzed with FlowJo v10 software.

Oxygen Consumption.—The rate of cellular oxygen uptake was monitored using an
ESA BioStat multi-electrode system (Clark Electrode) (ESA Products, Dionex Corp.,
Chelmsford, MA, USA) in conjunction with a YSI oxygen probe (5331) and glass reaction
chamber vials in a YSI bath assembly (5301) (Yellow Springs Instruments, Yellow Springs,
OH, USA), all at 37 °C. Oxygen consumption rate (OCR) was measured in both primed and
unprimed ER-Hoxb8 neutrophils, (250uL containing 8 x 108) resuspended in PBS*/*/* (with
CaCly/MgCly/D-glucose/sodium pyruvate) (GIBCO). Cells were primed with either 50uL of
2pg/mL, 50pL of 6ug/mL or 50uL of 12ug/mL TNF- a for a final TNF- a concentration

of 0.33ug/mL, 1ug/mL, or 2ug/mL, respectively. Control unprimed cells received 50uL
PBS*** Cells were incubated at 37 °C for 30 min and then transferred to the glass reaction
chamber containing 2.7 mL PBS**/*. Oxygen consumption was continuously monitored

in the following sequence: (1) baseline for about 10 min and (2) after addition of 120uL
OpZ (1 million particles/uL) (MOI 15) for another 10 min. Raw amperometric data were
imported into Excel and GraphPad Prism to calculate slopes representing OCR expressed

in units of attomoles O, cell~1 s71 [24]. Data from 5 independent experiments were pooled
and the average baseline OCR was calculated. OpZ-induced OCR was expressed as fold
induction over average baseline OCR.

Mitochondrial Respiration.—Cellular oxygen utilization extracellular acidification rates
were determined using a Seahorse Bioscience XF96 extracellular flux analyzer (Agilent-
Seahorse, North Billerica, MA, USA). Briefly, ER-HoxB8 neutrophils were suspended

at a density of 5 x 108 cells/mL in RPMI 1640 with ImM HEPES, pH 7.4 (Agilent-
Seahorse) containing 10 mM glucose (Sigma), 2mM L-glutamine (Life Technologies)
and 1mM sodium pyruvate (Life Technologies), pH 7.40. Fifty pL (250,000 cells) were
then placed into XF96 V3 PS microculture plates (Agilent-Seahorse) treated with Cell-
Tak™ (BD Biosciences, Bedford MA) cell and tissue adhesive. The cells were then
adhered to the bottom of the plates after a brief spin in a centrifuge following the
manufacturer’s recommendations. Twenty-five pL of 3ug/mL TNF-a was then added to

a final concentration of 1ug/mL and cells were incubated for 30 min at 37 °C. Control
cells received 25uL buffer alone. Additional medium was then added to each well to a
final volume of 175uL. Cells were stimulated with 25uL of 150 x 108 particles/mL OpZ
(MOI 15). Experiments were performed following standard Seahorse/Agilent Biosciences
protocols. The final concentrations of mitochondrial inhibitors used were 10uM each

of Rotenone (Sigma) and Antimycin A (Sigma). Oxygen consumption rate (OCR) was
determined using standard approaches for this technology and imported into Excel to
calculate OCR. OCR was expressed in units of attomoles O, cell™! s71 [24]. Data from

3 experiments were pooled and plotted in GraphPad Prism.

EPR spectroscopy.—EPR spectra, using spin trapping with DMPO (5,5-dimethyl-1-

pyrroline-N-oxide from Dojindo Molecular Technologies, Inc., Rockville, MS) were
acquired from resting and stimulated cells before and after priming [25, 26]. ER-Hoxb8
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neutrophils, 75uL of 20 x 108/mL (1.5 million) suspended in PBS were added to a tube
containing either 75pL of 4ug/mL TNF-a or 75 pLPBS**/* (with CaCl,/MgCl,/D-glucose
sodium pyruvate) (GIBCO) and incubated for 30 min at 37°C. Circulating neutrophils,66 pL
of 10 x 108/mL (660,000) suspended in PBS were added to a tube containing either 66pL of
4pg/mL TNF-a or 66puL PBS**/* and incubated for 30 min at 37°C. Then DETAPAC final
concentration 1mM, DMPO final concentration 50mM, and OpZ (MOI of 15) were added,
and the mixture brought up to 300uL with additional PBS**/*. At specified intervals, the
contents of the tube were mixed gently and about 40uL (approximately 200,000 ER-Hoxb8
neutrophils or 88,000 circulating neutrophils) were drawn into a 100 mm x 0.8 mm ID
capillary tube. One end of the capillary tube was sealed with Critoseal tube sealant and

the remaining mixture was then placed back in the incubator. The sealed capillary tube
containing the sample was rinsed with water, dried, placed in a quartz (250 x 3 mm inner
diameter) EPR tube (Wilmad Lab-Glass, Vineland NJ) and centered in an ER 4119HS
resonator of a Bruker EMX EPR spectrometer (Bruker BioSpin; Billerica, MA). Spectra
were obtained at room temperature (24-27 °C). Typical EPR parameters were as follows:
3478 G center field; 80 G sweep width; 9.78 GHz microwave frequency; 20mW power;
receiver gain 1 x 10°; modulation frequency of 100 kHz; modulation amplitude of 1.0

G; conversion time of 20.48ms; and time constant of 81.928ms with spectra collected

in the additive mode with 4 sequential (Y-Resolution) 10 X-scans; each scan comprised

of a 1024-point spectrum. EPR signal height was quantified by measuring peak heights
(max-min) of DMPO-OH and DMPO-OOH peaks using tools available in the Bruker EMX
software. The 15t downfield peak was identified as DMPO-OH and the 2" downfield peak
was identified as DMPO-OOH as shown in Figure 5A. DMPO-OH and DMPO-OOH signal
heights were converted to respective concentrations using a xanthine oxidase system and
3-carboxyl-proxyl as a standard as previously described [27] except that tools available in
the Bruker EMX software were used for double integration of spectral and subsequent peak
area determination. Non-linear regression analysis was used to compare rates of DMPO-OH
formation between unprimed and primed neutrophils. Specificity of the signal was verified
by preincubating neutrophils with SOD (100U/mL).

Release of Superoxide.—Release of superoxide was measured by reduction of
ferricytochrome cas previously described but with the following modifications [28]. Cells
(0.1 million/well) were incubated in a 96-well plate for 30 min at 37 °C with 1 or 2 ug/mL
TNF-a or buffer alone in the presence of ferricytochrome ¢ (Sigma) (0.1 mM final). The
plate was placed in a plate reader that was maintained at 37 °C. After priming, the plate
containing primed neutrophils was transferred to ice and OpZ (MOI = 15) was added. The
plate was centrifuged for 5 min at 300 g at 4 °C to synchronize phagocytosis and absorbance
at 550 nm was monitored at regular intervals at 37°C. Specificity of the superoxide signal
was verified by including SOD (150U/well) in a separate set of wells. SOD-inhibitable
reduction of ferricytochrome ¢ was calculated as the difference in OD of samples with

and without SOD. Time-dependent increase in SOD-inhibitable signal was subjected to
regression analysis and the slope was calculated to determine the rate of superoxide release.
Data were analyzed using GraphPad Prism.
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IL-18 and MMP-9 Release.—WT and TREM-1 deficient neutrophils were primed for
30 min with 2ug/mL of TNF-a and collected by centrifugation for 10 min at 300 g at

4°C. Control cells received buffer alone. The supernatant or conditioned medium containing
IL-1R and degranulation products such as MMP-9 was concentrated using 10kDa molecular
weight cut off Amicon Ultra 4 centrifugal filters (Millipore Sigma) to collect >10kDa
molecular weight components. Concentrated media volumes corresponding to equivalent
numbers of neutrophils were heated for 10 min with Laemmli Sample buffer containing
DTT, resolved by SDS/PAGE and transferred to PVDF or nitrocellulose membranes. After
blocking with 5% non-fat dry milk in TRIS buffered saline containing 0.1% Tween-20
(TTBS), membranes were immunoblotted with anti-MMP-9 (R&D Systems #AF909) or
anti-1L-18 (R&D Systems #AF401) antibodies. Membranes washed and incubated with the
anti-goat-HRP (R&D Systems #HAF017). After washing, HRP signal was detected with
SuperSignal West Femto Maximum Sensitivity Substrate (ThermoFisher Scientific). The
signal was digitally captured using FugiFilm Luminescent Image Analyzer LAS4000 (Fuji
Medical Systems). Densitometric quantitation of bands was performed with Gelanalyzer
Software (GelAnalyzer 19.1 (www.gelanalyzer.com) by Istvan Lazar Jr., PhD and Istvan
Lazar Sr., PhD, CSc).

Statistical Analyses.—All statistical analyses were performed using GraphPad Prism 9.
Paired Student’s ttest was used to compare unprimed and primed neutrophil responses of

a given genotype. One-way ANOVA with correction for multiple comparisons was used to
compare genotypes or ER-Hoxb8 with other neutrophils. The specific tests used for each
experiment are indicated in the corresponding figure legends.

ER-Hoxb8 myeloid progenitor cells differentiate into neutrophils in the absence of

estrogen.

Morphological and functional characteristics of /n vitro differentiated ER-Hoxb8 neutrophils
were compared to BMDN, circulating, and tissue infiltrating neutrophils. Each of these
populations represent different states of pre-activation and maturation. Hence, these cells
differ widely in their responses to activating stimuli [29]. SCF-dependent ER-Hoxb8
myeloid progenitors were differentiated as previously described [7]. During five days

of estrogen withdrawal, differentiation into neutrophils was assessed by monitoring the
acquisition of morphological features and cell surface proteins characteristic of neutrophils.
On day five cells exhibited characteristic multilobular nuclei (Figure 1A). In both WT and
TREM-1 deficient ER-Hoxb8 neutrophils estrogen withdrawal induced CD11b expression
in a time-dependent manner (Figure 1B), Ly6G expression was detected in both genotypes
only after five days of estrogen withdrawal (Figure 1C). As expected, TREM-1 expression
was observed after 5 days of estrogen withdrawal in WT but not TREM-1-deficient ER-
Hoxb8 neutrophils (Figure 1D). These results are consistent with the generation of a pure
population of mature neutrophils.
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Higher TREM-1, TNFRI and TNFRII expression in ER-Hoxb8 and mature neutrophils
compared to BMDN.

Priming is characterized by increased surface expression of receptors, NOX subunits

and enhanced phagocytosis [1, 2, 30]. We next assessed the competence of ER-Hoxb8
neutrophils in exhibiting characteristic features of primed neutrophils. We chose to prime
ER-Hoxb8 neutrophils with TNF-a as its role in neutrophil priming is well established [1,
3]. We measured cell surface expression of TREM-1, TNFRI, and TNFRII in unprimed
neutrophils to assess whether they were capable of being primed with TNF-a.. In addition,
we evaluated the effects of priming on phagocytosis and surface expression of TREM-1,
FcyRII/111, and CR3.

We first determined whether ER-Hoxb8 neutrophils express surface TREM-1 at levels
comparable to /in vivo differentiated neutrophils. Interestingly, cell surface TREM-1
expression was found to be the highest in ER-Hoxb8 neutrophils and the least in BMDN
(Figure 2A). TREM-1 levels were intermediate in circulating and peritoneal neutrophils. As
expected, TREM-1 was undetectable in TREM-1 deficient neutrophils.

Consistent with the above results, cell surface TNFRI/II expression was the least in BMDN
(Figure 2B,C). TNFRI was similar in WT ER-Hoxb8, WT circulating and WT peritoneal
exudate neutrophils (Figure 2B). TNFRI was higher in TREM-1 deficient circulating
neutrophils compared to TREM-1 deficient peritoneal exudate neutrophils. In contrast,
surface TNFRII expression was highest in peritoneal neutrophils, high in ER-Hoxb8
neutrophils and intermediate in circulating neutrophils (Figure 2C). WT and TREM-1
deficient neutrophils displayed no differences in TNFRI or TNFRII expression.

These observations demonstrate that ER-Hoxb8 neutrophils resemble mature neutrophils
and are a suitable model for investigating the effects of TREM-1 in TNF-a primed
neutrophils.

TREM-1 is not required for phagocytosis.

We next determined the functional consequences of TREM-1 deficiency in ER-Hoxb8
neutrophils and circulating neutrophils following priming. We first examined the effects

of priming on TREM-1, FcyRII/111 and CR3 surface expression. Priming with TNF-a
decreased surface TREM-1 expression in both WT ER-Hoxb8 and circulating neutrophils in
contrast to endotoxin-mediated TREM-1 upregulation (Figure 3A) [17].

CR3 and FcyRII/11I receptors are involved in phagocytosis of opsonized particles [31]. CR3,
a granular component, is trafficked from intracellular granules to cell surfaces following
priming [32, 33]. FcyR function is enhanced following priming and may be a consequence
of increased surface expression [1, 34]. We, therefore, examined the effects of priming

on cell surface expression of these receptors in WT and TREM-1 deficient neutrophils.

CR3 increased with priming in both circulating and ER-Hoxb8 neutrophils (Figure 3B).
Higher levels of surface CR3 expression was observed in circulating neutrophils compared
to ER-Hoxb8 neutrophils. FcyRII/111 expression was equivalent in circulating and ER-
Hoxb8 neutrophils (Figure 3C). It was not significantly altered by priming except in
TREM-1 deficient circulating neutrophils. In these neutrophils, priming modestly decreased
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FcyRII/III expression. TREM-1 deficiency did not alter either CR3 or FcyRII/I11 expression
in either circulating or ER-Hoxb8 neutrophils.

Based on these observations, we questioned whether TNF-a priming increases phagocytosis
in these neutrophil populations. Despite increased CR3 expression phagocytosis was
unaltered by priming in both circulating neutrophils and ER-Hoxb8 cells as measured by
percentage of cells phagocytosing and particle uptake (Figure 3DE). Greater than 75% of
circulating neutrophils phagocytosed OpZ (Figure 3D). In contrast, phagocytosis tended

to be lower and more variable in ER-Hoxb8 neutrophils (Figure 3D,E). Thus TREM-1
expression did not alter phagocytosis following TNF-a priming consistent with lack of
TREM-1-dependent changes in CR3 and FcyRII/111 expression.

The above results demonstrate that ER-Hoxb8 neutrophils display high levels of surface
TREM-1 and are more comparable to circulating and exudate neutrophils than to the
immature BMDN in terms of TNFRI and TNFRII expression. However, compared to
circulating neutrophils, ER-Hoxb8 neutrophils express fewer cell surface CR3 which may be
associated with their trend towards lower phagocytosis of particulate stimuli. No TREM-1
dependent effects were observed in either receptor expression or phagocytosis. Taken
together, these results demonstrate the maturity of ER-Hoxb8 neutrophils and that they are

a competent model to investigate the role of TREM-1 in TNF-a primed responses such as
neutrophil oxidative burst.

OpZ-induced oxygen consumption is enhanced by priming in a TREM-1-dependent manner
and is independent of mitochondrial activity.

The most well described consequence of priming is enhanced neutrophil oxidative burst
following activation by a secondary stimulus. This is characterized by increased NOX
activity, superoxide generation, and oxygen consumption [3, 30, 35]. We previously
demonstrated that TREM-1 is important for OpZ-induced oxygen consumption and NOX
activation in peritoneal exudate neutrophils [23]. Exudate neutrophils are extravasated,
primed and activated and, therefore, functionally different from circulating neutrophils or
BMDN [29, 36-38]. As TREM-1 is known to amplify inflammatory signaling in infection,
a condition in which neutrophils are primed and activated, we hypothesized that TREM-1
may promote neutrophil oxidative burst following priming and stimulation with a particulate
agonist. ER-Hoxb8 neutrophils were primed with TNF-a and then stimulated with OpZ.
Oxygen consumption was measured over a twenty-minute period using a Clarke electrode.
Data are expressed as fold change relative to unstimulated neutrophils. As expected, OpZ
stimulation increased oxygen consumption by about 6-fold in unprimed WT and TREM-1
deficient neutrophils (Figure 4A Oug/mL TNF-a). No difference in oxygen consumption
was noted between WT and TREM-1 deficient neutrophils in the absence of priming.
TNF-a priming augmented OpZ-induced oxygen consumption in WT neutrophils in a dose-
dependent manner. TREM-1 deficient neutrophils did not exhibit such a primed response.
At 2ug/mL TNF-a, OpZ-induced oxygen consumption was significantly greater in WT
compared to TREM-1 deficient neutrophils.

The contribution of the mitochondrial electron transport chain to oxygen consumption in
stimulated ER-Hoxb8 neutrophils is not known. We investigated the role of mitochondria in
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OpZ-induced oxygen consumption in this model using the Seahorse Bioscience extracellular
flux analyzer. Primed and unprimed WT ER-Hoxb8 neutrophils were pre-incubated with
rotenone and antimycin A to inhibit Complex | and Complex 111 activity, respectively. They
were then stimulated with OpZ. As observed with peritoneal exudate neutrophils, inhibition
of mitochondrial activity did not attenuate OpZ-induced oxygen consumption in ER-HoxB8
cells (Figure 4B,C) [23].

Taken together, these results demonstrate that TREM-1 is important for enhanced OpZ-
induced oxygen consumption in primed neutrophils. As this is not due to increased
mitochondrial respiration, our results strongly suggest that TREM-1 promotes NOX-
mediated superoxide generation.

Priming enhances OpZ-induced superoxide production in a TREM-1-dependent manner.

NOX is the main source of superoxide in neutrophils [23, 39]. It transfers electrons

from NADPH across cell membranes to oxygen to form superoxide. Priming agents
enhance the rate and amount of superoxide generated by NOX following exposure to
secondary activating stimuli [3]. Based on the above results we hypothesized that priming
enhances OpZ-induced superoxide generation in a TREM-1-dependent manner. To address
this hypothesis, we employed EPR spectroscopy using DMPO as a spin trap. This is a
specific method that has been successfully used for the detection of superoxide anion

and its derivative, the hydroxyl radical [23, 40, 41]. This technique circumvents problems
associated with the non-specificity of fluorescent and chemiluminescent redox sensitive
probes that are widely used as tools to evaluate ROS generation.

After priming, cells were stimulated with OpZ (MOI = 15) in the presence of the spin

trap DMPO: the spin adducts of the hydroxyl radical (HO*) (DMPO-OH; aN = agH = 14.9
G) and superoxide anion (0,™) (DMPO-O0H; aN=14.2 G, ag" =11.3 G, 33" =1.2G)
were observed using EPR spectroscopy. Representative spectra from WT ER-Hoxb8 and
circulating neutrophils under resting (-OpZ) and stimulated (+OpZ) conditions are shown
(Figure 5A). Upon stimulation with OpZ the temporal evolution of the DMPO spin adducts
was monitored between 3.5- and 31.5-min. Resting cells demonstrated a small DMPO-OH
adduct signal, likely derived from baseline O,*" production and other oxidants. As expected,
OpZ stimulated cells demonstrated increases in HO® and O,*- DMPO adducts, as seen by
increased intensity of each species in the EPR spectra. Addition of SOD to cells stimulated
with OpZ reduced the DMPO-OOH adduct peaks confirming the specificity of the signal as
0.

OpZ induced very rapid increases in both DMPO-OH and DMPO-OOH adducts in ER-
Hoxb8 neutrophils (Figure 5B,E). DMPO-OH adduct signal (HO®) increased with time

in both primed and unprimed neutrophils (Figure 5B). However, priming enhanced the

rate of DMPO-OH adduct produced in WT neutrophils such that peak production was
observed 10 min earlier in these cells compared to unprimed WT neutrophils or TREM-1
deficient neutrophils (Figure 5B,C). In contrast, priming did not alter the rate of DMPO-OH
formation in TREM-1 deficient neutrophils (Figure 5B,D).
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DMPO-OOH (05,"™) generation peaked at 3.5 min in all neutrophils and declined to near
basal levels by 31.5 min (Figure 5E). Significantly more DMPO-OOH adduct was detected
after priming in WT but not TREM-1-deficient neutrophils (Figure 5E,F). As we were
unable to acquire readings before 3.5 min, it is possible that O, production peaked before
3.5 min and that our measurements are an underestimate of the true increases caused by
priming. No difference in DMPO-OH or DMPO-OOH formation was observed between the
two genotypes in unprimed cells.

Superoxide anion generation declined rapidly after 3.5 min whereas the production of
DMPO-OH plateaued after 14 min in primed WT neutrophils and after 24.5 min in other
cells. While this may reflect the rapid decay of DMPO-OOH (t;;» ~ 60 s), compared

to decay of DMPO-OH (t1/» ~ 4000 s), it may also represent conversion of some DMPO-
OOH to DMPO-OH by glutathione peroxidase or other such enzymes [26]. We did not
measure other ROS species in this study. As priming augments degranulation, it is possible
that superoxide was shunted v7a hydrogen peroxide to MPO-mediated hypochlorous acid
formation [1, 42]. Taken together, our results indicate that ER-Hoxb8 neutrophils are
capable of rapid superoxide generation and that TREM-1 is required for priming to enhance
OpZ-induced superoxide generation.

We next evaluated the role of TREM-1 in superoxide generation by mature /in vivo

isolated circulating neutrophils. Similar to ER-Hoxb8 neutrophils, circulating neutrophils
demonstrate robust generation of DMPO-OH that increased linearly with time up to 24.5
min following OpZ stimulation (Figure 5G). No difference in DMPO-OH was detected
between unprimed WT and unprimed TREM-1 deficient neutrophils. In contrast to ER-
Hoxb8 neutrophils, earlier peak production of DMPO-OH was not observed in WT
circulating neutrophils. However, as observed with ER-Hoxb8 neutrophils, the rate of
DMPO-OH formation increased significantly after priming only in WT but not TREM-1
deficient neutrophils (Figure 5G-1). Therefore, these results indicate that priming increases
OpZ-induced hydroxyl radical production in a TREM-1 dependent manner. In contrast

to ER-Hoxb8 neutrophils, however, the superoxide anion spin adduct, DMPO-OOH, was
barely above detection limits (LOQ) in unprimed circulating neutrophils and undetectable
in primed circulating neutrophils (Figure 5J-M). The reasons for this are not entirely

clear. Hydroxyl radical is derived from superoxide and hydrogen peroxide and primed WT
circulating neutrophils generated higher amounts of hydroxyl radical than primed TREM-1
deficient circulating neutrophils (p=0.059). Moreover, compared to ER-Hoxb8 neutrophils,
circulating neutrophils produced more DMPO-OH (10uM vs 14uM at 31.5 min). Based

on this our results suggest that in circulating neutrophils priming promotes OpZ-induced
superoxide and/or conversion of superoxide to hydroxyl radical in a TREM-1-dependent
manner. Our inability to detect superoxide production directly is probably a consequence of
rapid scavenging of superoxide by other enzymes such as SOD and MPO to form hydrogen
peroxide and hypochlorous acid. This shunt may occur at a faster rate in circulating
neutrophils compared to ER-Hoxb8 neutrophils.

Taken together, the above results support the role of TREM-1 in mediating OpZ-induced
superoxide in primed neutrophils. Moreover, they demonstrate that the oxidative responses
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of ER-Hoxb8 neutrophils are comparable to mature circulating neutrophils with slight
differences in kinetics.

As DMPO can cross the lipid bilayer, the above results represent superoxide generated

in both intracellular and extracellular compartments. Extracellular ROS are important

in neutrophil migration [43, 44]. Release of superoxide to the extracellular space from
OpZ-stimulated neutrophils has been previously reported [28]. As priming increased total
superoxide generation in a TREM-1-dependent manner, we next investigated the role of
TREM-1 in superoxide release to the extracellular space from WT and TREM-1 deficient
ER-Hoxb8 neutrophils using SOD-inhibitable reduction of ferricytochrome ¢. Stimulation
with OpZ enhanced superoxide release from both primed and unprimed neutrophils in a
linear manner up to 30 min (Figure 6A). Priming with 1 or 2 pg/mL TNF-a increased

the rate of superoxide released into the extracellular space in WT compared to TREM-1
deficient neutrophils (Figure 6B). As a result, after 30 min of OpZ stimulation significantly
more superoxide was released from WT neutrophils compared to TREM-1 deficient
neutrophils (Figure 6C). In addition, priming with 1 pg/mL TNF-a enhanced OpZ-induced
superoxide release in WT but not TREM-1 deficient neutrophils (Figure 6C). In unprimed
neutrophils, the rate of OpZ-induced superoxide release was modestly higher in WT
compared to TREM-1 deficient neutrophils (Figure B). However, this did not result in
significant differences between the two genotypes in the amount of superoxide released after
30 min of OpZ stimulation (Figure 6C). Thus, these results demonstrate that superoxide
release after priming and OpZ stimulation is TREM-1 dependent. In aggregate, the above
results obtained with EPR spectroscopy and cytochrome ¢ reduction demonstrate that
TREM-1 is required for priming to augment superoxide generation in response to particulate
agonists.

TREM-1 is not required for neutrophil priming.

We next questioned whether TREM-1 dependent effects on superoxide generation are
mediated during the process of neutrophil priming itself. In our studies, neutrophils were
primed with TNF-a for only 30 min. Therefore, we focused on non-transcriptional markers
of priming such as degranulation, surface receptor expression and cytokine release [45-
48]. Matrix metalloproteinase-9 (MMP-9) is present in secondary and tertiary granules

and is released during the process of degranulation following TNF-a priming [46, 49].

In addition, MMP-9 is reported to cleave surface receptors such as ICAM-1 [50, 51].

We, therefore, questioned whether surface ICAM-1 is shed after priming. Furthermore,

as pro-1L-1R is reported to be cleaved to its mature biologically active form by serine
proteases or MMP-9 contained in neutrophil granules, we measured release of mature IL-18
from primed neutrophils [52-56]. Our results demonstrate that TNF-a priming significantly
increased MMP-9 release from primed ER-Hoxb8 neutrophils (Figure 7A,B). As expected,
surface ICAM-1 expression was decreased after priming in both ER-Hoxb8 and circulating
neutrophils although ER-Hoxb8 neutrophils expressed significantly more ICAM-1 (Figure
7C). Lastly, priming increased the secretion of mature IL-1R consistent with cleavage of
pro-1L-1R to the mature isoform (Figure 7D,E). No significant differences in any of the
three markers of priming were noted between WT and TREM-1 deficient neutrophils. In
addition, CR3, a component of neutrophil secondary and tertiary granules and secretory
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vesicles, is known to be trafficked to the cell surface as a result of granule exocytosis after
TNF-a priming [32, 33]. Consistent with this, we demonstrate that priming increased CR3
expression (Figure 3B) and, as with MMP-9, ICAM-1 expression and IL-1B secretion, we
did not observe any significant differences between WT and TREM-1 deficient neutrophils.
These results suggest that TREM-1 is not required for neutrophil priming at least as assessed
by degranulation, surface receptor expression and IL-11 release.

Discussion

Our findings reveal an important role for TREM-1 in primed neutrophil oxidative burst.
Using circulating neutrophils and the /n vitro differentiated ER-Hoxb8 neutrophils that
exhibit multiple effector functions characteristic of primary neutrophils we report that
TREM-1 is required for primed superoxide generation following particulate stimulation
[8-13, 57, 58]. These effects appear to be mediated after priming as TREM-1 is not required
for the process of priming itself. Furthermore, using primary neutrophils isolated from three
separate sites, each representing different stages of neutrophil activation and maturation, we
demonstrate that ER-Hoxb8 neutrophils resemble mature neutrophils such as extravasated
and circulating neutrophils more than BMDN and express high levels of TREM-1.

Neutrophil priming can occur within minutes to enable rapid responses to environmental
cues [2, 59]. This process does not involve de novo protein synthesis but instead promotes
granular mobilization and expression of pre-formed receptors on cell surfaces [32, 33].
Neutrophils can also be primed to induce transcriptional changes that trigger longer lasting
and exaggerated responses to activating stimuli. Such responses are typically observed after
longer exposures to priming agents [48]. Priming conditions employed in this study were of
short duration during which consistent changes in IL-1p protein or mRNA abundance were
not detected (data not shown). Instead, we observed more rapid responses such as increased
granule mobilization and degranulation as evidenced by enhanced surface CR3 expression
and MMP-9 release. MMP-9, reported to cleave ICAM-1, may have accounted for decreased
ICAM-1 expression after priming [50, 51]. In addition, TREM-1 has an MMP-9 cleavage
site and incubation of neutrophils with activated MMP-9 increases shedding of membrane
TREM-1 [60]. Thus, increased MMP-9 release after priming may also have accounted

for our observation of decreased surface TREM-1 expression in primed neutrophils. In
conditions where neutrophils are recruited in large numbers to sites of inflammation,
secretion of mature IL-1B is mediated by proteases released as a result of neutrophil
degranulation [61]. In our study, TNF-a priming of ER-Hoxb8 neutrophils resulted in
significant increase in the secretion of mature IL-18 that may have been due to cleavage

of pro-1L-1p to mature IL-1p by serine proteases or MMP-9 released from granules during
priming [53-56, 61]. Importantly, no differences in these markers were evident between WT
and TREM-1 deficient neutrophils suggesting that TREM-1 is not required for neutrophil
priming. Priming enables migration of neutrophils across endothelia to sites of infection

or injury in a process that is mediated, in part, by granule exocytosis and release of
metalloproteinases [1]. The lack of TREM-1 dependent changes in MMP-9 release from
primed neutrophils suggests that TREM-1 is not required for transendothelial migration.
This is consistent with our previous observations demonstrating that TREM-1 is important in
transepithelial but not transendothelial migration [22].
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An important target of neutrophil priming is NOX. Several priming agents, including TNF-
a, prime NOX for rapid and aggressive action following exposure to a secondary stimulus
[3, 30]. One mechanism by which this occurs is by increased granule exocytosis during
priming and exposure of membrane NOX sub-units, gp91phox and p22phox (cytochrome
bssg) on plasma membranes [62, 63]. This would increase potential docking sites for
cytosolic NOX subunits, p47P1°X p40Phox pg0PhOX and Rac, and permit assembly of the
multimeric NOX enzyme. However, as TREM-1 was not required for granule mobilization
as evidenced by lack of effect on surface CR3 expression, this step may not be regulated
by TREM-1. Priming also triggers membrane translocation of cytosolic subunits by
p42/44MAPK- and p38MAPK-mediated phosphorylation of p47Pho% on S345 [64]. TNF-a
and TREM-1 trigger signaling cascades that converge on multiple kinases, including AKT,
p42/44MAPK and p38MAPK [64-66]. Therefore, TREM-1 could potentiate the effects

of TNF-a priming by enhancing p42/44MAPK and/or p38MAPK activation and thereby
increase phosphorylation of p47P"°X, Lack of commercially available antibodies specific to
murine p47phox phosphorylated on S345 hindered our ability to directly assess the effects
of priming on NOX. It is possible that murine p47phox may be regulated at other sites
during priming and a thorough examination of p47phox phosphorylation sites that may be
regulated by TREM-1 is warranted. Our results suggest that TREM-1 mediates its effects
during agonist stimulation following priming rather than during the process of priming itself.
In exudate neutrophils that are primed /n7 vivo, AKT is activated in a TREM-1 dependent
manner following OpZ stimulation [23]. TREM-1 may, therefore, promote NOX activation
in TNF-a primed neutrophils via AKT-mediated p47Pho% phosphorylation and translocation
to membranes following particulate stimulation. Alternatively, other steps in the assembly
of NOX such as activation of Rac or other kinases such as PKC that could be targets of
TREM-1 modulation cannot be ruled out.

Multiple studies show ER-Hoxb8 neutrophils generate ROS in response to soluble and
particulate agonists [8, 10-13, 58]. In response to integrin activation, however, ER-Hoxb8
neutrophils, plated on fibronectin-coated surfaces, released less extracellular hydrogen
peroxide than BMDN suggesting that ER-Hoxb8 neutrophils are not as competent as /7
vivo neutrophils in generating superoxide [12]. This effect may be agonist-specific and
may reflect lower rate of conversion of superoxide to hydrogen peroxide rather than NOX
activity itself. Consistent with our results, McDonald et a/. report that the particulate
agonist, OpZ, induced ROS within minutes of exposure in ER-Hoxb8 neutrophils [13].
This study utilized a probe that detects hydroxyl radical, peroxynitrite and hypochlorous
acid. As all three derivatives arise from superoxide, their results suggest rapid generation
of superoxide in these cells and are consistent with our observations. To specifically
measure superoxide anion and hydroxy! radical production, we utilized the highly specific
method of EPR spin trapping [26, 40, 67]. We find that ER-Hoxb8 neutrophils require
TREM-1 to augment superoxide production following priming. Superoxide generation in
these neutrophils occurred within minutes of OpZ stimulation and due to this rapid rate,
we could not capture signals before 3.5 min of stimulation. It is therefore highly likely
that we missed detecting earlier peak production of spin adducts. As a result, we may

be underestimating true augmentation in the rate and amount of OpZ-induced superoxide
following priming. We demonstrate comparable effects of priming on oxidant production in
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circulating neutrophils. In these neutrophils, TREM-1 enhanced the rate of hydroxyl radical
generation following priming. While we were unable to directly capture the superoxide
spin adduct, DMPO-OOH, in circulating neutrophils, we found that these neutrophils could
convert superoxide to hydroxyl radical which was generated in slightly higher amounts than
ER-Hoxb8 neutrophils. It is possible that circulating neutrophils convert superoxide to its
derivatives at a faster rate than the rate at which they generate superoxide, thus lowering

the overall steady state levels to below EPR detectable limits. This would account for us
not being able to capture DMPO-OOH adducts after 3.5 min of stimulation in these cells.
Thus, as with ER-Hoxb8 neutrophils, we may be underestimating true rates of superoxide
production in primed circulating neutrophils stimulated with OpZ. EPR spectroscopy of
DMPO adducts reflects total superoxide generated in response to priming and stimulation.
We report that TREM-1 was also important for extracellular superoxide. As extracellular
superoxide is important in neutrophil migration, this observation may explain our earlier
finding that TREM-1-dependent superoxide was required for neutrophil chemotaxis [23, 43,
44].

Heterogenous neutrophil populations with unique phenotypic and functional properties
have been observed in various compartments such as the bone marrow, blood and tissue
[68]. Plasticity at the transcriptional, post-transcriptional and functional levels enables
neutrophils to be primed and respond in an agonist- and tissue-specific manner [1]. We
observed marked differences in cell surface receptor expression amongst the three /in vivo
populations of neutrophils studied and we discovered that ER-Hoxb8 neutrophils more
closely resemble mature circulating and tissue exudate neutrophils. An important finding

is that surface TREM-1 expression is high in ER-Hoxb8 neutrophils but low in BMDN.
This suggests that the bone marrow may not provide the appropriate environmental signals
for optimal TREM-1 expression and BMDN may not, therefore, be an appropriate model

to investigate TREM-1 dependent functions. Our findings, instead, support the use of ER-
Hoxb8 neutrophils as a model of mature neutrophils to investigate TREM-1 dependent
regulation of neutrophil effector functions. Our novel observation that TREM-1 is critical
for augmented OpZ-induced superoxide generation in primed neutrophils offers insight into
mechanisms by which this innate immune receptor regulates neutrophil function. Further
investigation of its potential targets, mechanisms of action and regulation of its expression
are warranted. As ER-Hoxb8 neutrophils can be genetically manipulated unlike /n vivo
differentiated mature neutrophils, regulation of NOX subunit phosphorylation, translocation
and expression by TREM-1 can be investigated in these cells using genetic approaches.
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Figure 1. ER-Hoxb8 myeloid progenitor cells differentiate into neutrophils in the absence of
estrogen.

A. Differentiation of ER-Hoxb8 myeloid progenitors to ER-HoxB8 neutrophils as
demonstrated by Hema 3 stained cytospins (bar=10um). B. Cell surface CD11b. C. Ly6G
expression on days 0 (open/dotted line), 2 (light/dashed line), and 5 (dark/solid line) of
estrogen withdrawal. D. Surface TREM-1 expression in WT and 7rem-17~ ER-Hoxb8
neutrophils.
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Figure 2. Higher TREM-1, TNFRI and TNFRII expression in ER-Hoxb8 and mature neutrophils

compared to BMDN.

Surface receptor expression in BMDN, circulating neutrophils (cPMN), ER-Hoxb8

neutrophils (Hoxb8) and peritoneal exudate neutrophils ()PMN). A. TREM-1. B. TNFRI. C.
TNFRII. Mean+SEM, n= 3-8, *p<0.05. Statistical analyses=one-way ANOVA with Sidak’s

multiple comparisons test.
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Figure 3. TREM-1 is not required for phagocytosis.
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Phagocytosis and cell surface receptor expression were determined in circulating and ER-
Hoxb8 neutrophils (Hoxb8) before and after priming for 30 min with TNF-a. (2ug/mL). A.
TREM-1. B. CR3/CD11b. C. FcgRII/1I1 (CD16/32). D. Percent of cells that phagocytosed

OpZ-AF-488 (MOI

= 5). E. Phagocytosis of OpZ-AF-488, gMFI. MeantSEM, 7= 4-13.

Statistical analyses=paired ttest for differences between primed and unprimed neutrophils
of a given genotype and one-way ANOVA followed by Sidak’s multiple comparisons
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test for differences between circulating and ER-Hoxb8 neutrophils. *p<0.05, #p<0.05 vs
corresponding circulating neutrophil genotype.

J Leukoc Biol. Author manuscript; available in PMC 2023 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Murthy et al. Page 26
Oxygen Consumption Mitochondrial Respiration
A B c
12 = 20 OpZ 20" Antimycin A / Rotenone
OpZ
9 - ‘:(‘[) - - 15 -
£ o15 .
== < % L == — |NF-a b7l "
s o E
€a g @10+ = + TNF-a © 40
2N o o
Q.
°F | £ o
28 g -
Lo g < - b ] "
3 5 Z 5 ‘
0 | T T T 0 T T T T T O'ﬂ Y 1 T T T T
0.0 03 1.0 2.0 20 40 60 80 100 20 40 60 80 100
TNF-a pg/mL Minutes Minutes

Figure 4. OpZ-induced oxygen consumption is enhanced by priming in a TREM-1-dependent
manner and is independent of mitochondrial activity.

A. OpZ-induced oxygen consumption in WT and 7rem-17~ ER-Hoxb8 neutrophils primed
for 30 min with 0.3, 1 or 2 pg/mL TNF-a was measured using the Clarke electrode.
Statistical analyses= one-way ANOVA with Brown-Forsythe and Welch correction for
unequal variances and Dunnett’s T3 correction for multiple comparisons. B. Oxygen
consumption by WT ER-Hoxb8 neutrophils in the absence of mitochondrial inhibitors
using the Seahorse Bioscience extracellular flux analyzer. C. Oxygen consumption by WT
ER-Hoxb8 neutrophils in the presence of Antimycin A and Rotenone. Mean£SEM, n= 3-9,
*p<0.05 vs Trem-17"+2ug/mL TNF-a and vs WT+0.3pug/mL TNF-a.
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Figure 5. Priming enhances OpZ-induced superoxide anion and hydroxyl radical production in a
TREM-1-dependent manner.

ER-Hoxb8 and circulating neutrophils (cPMN) were primed for 30 min with TNF-a. (2
ug/mL) and stimulated with OpZ (MOI = 15). A. EPR spectra of resting and OpZ-stimulated
neutrophils in the presence or absence of SOD (100 U/mL). B. Time-dependent formation
of DMPO-OH in OpZ stimulated WT and 7rem-1~/~ ER-Hoxb8 neutrophils following
TNF-a priming. C&D. Data shown in B were subjected to nonlinear (quadratic) regression
analyses to calculate rates of DMPO-OH formation in primed and unprimed WT (C) and
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Trem-17/~ (D) neutrophils (solid lines). E. Time-dependent formation of DMPO-OOH in
OpZ stimulated WT and 7rem-1~~ ER-Hoxb8 neutrophils following TNF-a. priming. F.
Superoxide production after 3.5min of OpZ stimulation in primed and unprimed neutrophils.
G. Time-dependent formation of DMPO-OH in OpZ stimulated WT and 7rem-17~cPMN
following TNF-a priming. H&I. Data shown in G were analyzed by nonlinear (quadratic)
regression analyses to calculate rates of DMPO-OH formation in primed and unprimed WT
(H) and 7rem-17~ (1) cPMN (solid lines). J. Time-dependent formation of DMPO-OOH

in OpZ stimulated WT and 7rem-17~cPMN following TNF-a priming. K. Superoxide
production after 3.5min of OpZ stimulation in primed and unprimed neutrophils. L&M.
Data shown in J were analyzed by nonlinear (quadratic) regression analyses to calculate
rates of DMPO-OOH formation in primed and unprimed WT (L) and 7rem-17~ (M) cPMN
(solid lines). Statistical analyses=In B, E, and G statistical differences between WT and
Trem-17/~at each time point were assessed by multiple unpaired t-tests. False discovery rate
(Benjamin, Krieger and Yekutieli method) with Q = 0.1% was used to correct for multiple
comparisons. In C,D,H,1,L&M the null hypothesis that one curve fits all data sets was
tested. It was rejected in C,H,L&M where significance of difference between slopes was
tested using Extra sum-of-squares F test. In D and I a single regression line fits both data
sets and indicates that DMPO-OH was not altered by TNF-a priming (black solid line).
Differences in F&K were calculated by one-way ANOVA. Mean + SEM, n=3-4, *p<0.05.
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Figure 6. Priming enhances OpZ-induced superoxide release in a TREM-1-dependent manner.
ER-Hoxb8 neutrophils were primed for 30 min with TNF-a (1 or 2 pg/mL) and stimulated

with OpZ at MOI=15. A. Time-dependent release of extracellular SOD-inhibitable
superoxide. B. Rate of SOD-inhibitable superoxide release. Simple linear regression with
post hoc tests were performed to determine significant differences between slopes and/or
intercepts. C. Release of SOD-inhibitable superoxide after 30 min of OpZ stimulation.
Differences between various groups were determined by one-way ANOVA with Sidak’s
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multiple comparisons test. Mean+SEM, 7= 9, *p<0.05, #p<0.05 vs corresponding +OpZ
group.
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Figutje 7. TREM-1 is not required for degranulation and IL-1f release following neutrophil
riming.
ILI%R-HO%(bS and circulating neutrophils were primed for 30 min with 2ug/mL TNF-a.. A.
Representative immunoblot of MMP-9 release into the media of primed and unprimed
ER-Hoxb8 neutrophils. B. Densitometric quantitation of pro- and active MMP-9 in the
media from 6 independent experiments normalized to WT-TNF-a.. C. Surface ICAM-1
expression. D. Representative immunoblot of IL-1R released into media of primed and
unprimed ER-Hoxb8 neutrophils. IL-18 in BMDN primed for 3 hours with 0.5ug/mL LPS
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and stimulated for 45 min with 3mM ATP served as a positive control. E. Densitometric
quantitation of mature IL-18 release from 7 independent experiments normalized to WT-
TNF-a. Mean£SEM. *p<0.05. Statistical analyses= paired ttest for differences between
primed and unprimed responses of a given genotype and one-way ANOVA followed by
Sidak’s multiple comparisons test for differences between other groups.
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