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ABSTRACT

Adipose tissue, well known for its endocrine function, plays an immunological role in

the body. The inflamed adipose tissue under LPS-induced systemic inflammation is
characterized by the dominance of pro-inflammatory immune cells, particularly neutrophils.
Although migration of macrophages toward damaged or dead adipocytes to form a crown-
like structure in inflamed adipose tissue has been revealed, the neutrophilic interaction

with adipocytes or the extracellular matrix remains unknown. Here, we demonstrated the
involvement of adhesion molecules, particularly integrin a6p1, of neutrophils in adipocytes
or the extracellular matrix of inflamed adipose tissue interaction. These results suggest that
disrupting the adhesion between adipose tissue components and neutrophils may govern the
accumulation of excessive neutrophils in inflamed tissues, a prerequisite in developing anti-
inflammatory therapeutics by inhibiting inflammatory immune cells.

Two-photon microscopy; Adipose tissue; Neutrophil; Integrin

INTRODUCTION

The adipose tissue is an endocrine and immunological organ mainly classified into two
phenotypes. White adipose tissue (WAT) and brown adipose tissue (BAT) are distributed
throughout the body and exhibit distinct characteristics. WAT, comprising white adipocytes,
is highly associated with inflammation and is characterized by its energy storage capacity
and ability to produce various adipokines. BAT is primarily linked with metabolic functions
because of its high mitochondrial concentration (1,2). Anti-inflammatory immune cells,
including M2 macrophages, eosinophils, Treg cells, Th2 cells, and innate lymphoid cells
(ILCs), help maintain adipose homeostasis. However, the accumulation of pro-inflammatory
immune cells, including neutrophils, M1 macrophages, Th1 cells, CD8" T cells, NK cells,
ILC1s, and B cells, occurs in the adipose tissue during acute and chronic inflammation.

A wide range of immune cells in adipose tissue can regulate acute and chronic immune
responses via cytokines (3-5). Most studies have investigated chronic inflammation in
adipose tissues, such as obesity. Previous studies have focused on the role of macrophages
in inflamed adipose tissue (6-8). However, neutrophil migratory patterns during systemic
inflammation in adipose tissues are largely unknown.
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LPS, a major outer membrane component of gram-negative bacteria (9,10), leads to a
systemic inflammatory environment, such as sepsis (11,12). LPS is recognized by TLR4
through pathogen-associated molecular patterns (PAMP) and activates inflammatory signals
(13). Unlike PAMP signals, such as those for LPS, the accumulation of immune cells occurs
via damage-associated molecular pattern signals generated from tissue damage or dead

cells (14-16). Recruiting appropriate levels of immune cells can induce tissue repair and
regeneration. However, excessive accumulation of immune cells attacks the host and promotes
inflammation, leading to inflammatory diseases (14,15). In this study, we used LPS to induce
systemic inflammation and activate neutrophils, the most abundant immune cell population
in the inflamed adipose tissue. Furthermore, laser ablation was employed to induce the
directional migration of neutrophils through sterile inflammation. Under these conditions,
neutrophils are recruited by various chemoattractants derived from the damaged site (17).

Neutrophils are a type of granulocyte that are the first line of defense during infection and
tissue damage (18,19). Neutrophils are produced and released into the bloodstream from
the bone marrow. Patrolling neutrophils migrate to the bone marrow, spleen, and liver for
elimination after approximately 12 h under homeostatic conditions (20,21). Contrastingly,
neutrophils reach the site of inflammation first and start infiltrating the inflamed tissue

in inflammatory conditions, such as LPS stimulation (19,22). Additionally, neutrophils

are recruited to arterial thrombosis to induce NETosis, which can cause tissue damage

(23). In these neutrophil recruitment processes, integrins play a key role in migrating

from the interstitial tissues and blood vessels (24). Integrins mediate cell-cell and cell-
extracellular matrix (ECM) interactions on the leukocyte surface (25-27). These receptors
are heterodimeric proteins comprising o and B subunits (28). Among the integrin receptors
expressed in neutrophils, 1, B2, and B3 integrins have a potential for binding with the ECM
(29,30). B1 integrins mediate cell adhesion to ECM proteins (e.g., laminin, collagen, and
fibronectin) and can pair with several a subunits, including a2, a4, a5, a6, and o9 integrins
(25,31,32). B2 integrins are well known for firm adhesion to vascular endothelium in the
process of neutrophil extravasation (33,34). B3 integrins have also been demonstrated to
mediate binding to ECM, including fibrinogen and fibronectin (35).

Integrin-ligand binding is a critical factor in neutrophil migration. While neutrophils
migrate within the inflamed adipose tissue, ECM components such as collagen, laminin,

and fibronectin serve as ligands for integrins (25). In addition, both 3T3-L1 cells and primary
adipocytes express vascular cell adhesion molecule 1 (VCAM-1), which interacts with integrin
a4p1 in a pro-inflammatory environment such as in the presence of TNF (36). Alternately,
integrin a6B1, a known representative laminin receptor whose expression can be upregulated
by platelet/endothelial cell adhesion molecule-1, is also crucial in the interstitial migration
of leukocytes (37). However, the exact integrin-ligand interactions between neutrophils

and adipocytes remain unknown. To define the specific integrins required for neutrophil
migration in WAT, we performed flow cytometry-based integrin screening and two-photon
intravital imaging of epididymal WAT (eWAT) in the presence of an integrin-blocking Ab.
Our findings showed that blocking integrins may inhibit excessive neutrophil infiltration into
inflamed eWAT, which may help resolve the inflammatory status.
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MATERIALS AND METHODS

C57BL/6 mice were purchased from Orient Bio (Seongnam, South Korea). LysMS**
(heterozygous mice) were used to visualize neutrophils. In all experiments, 8-10 wk old
male mice were used. All procedures were conducted in accordance with the guidelines of
the Institutional Animal Care and Use Committee (IACUC) of Yonsei University College of
Medicine and are listed in the animal research proposals (IACUC No. 2022-0116).

To induce systemic inflammation, 2.5 mg/kg Escherichia coli LPS was injected into male

mice, and 1X PBS was injected into the mice as a control. Mice were sacrificed in a CO, gas
chamber. eWAT was isolated from the mice at different time points. Isolated eWAT was
minced with enzyme digestion solution (RPMI 1640 [Welgene, Gyeongsan, Korea] with

20 mM HEPES, without sodium bicarbonate, including 1% fatty acid-free BSA, 50 pg/ml
liberase TM [Roche, Basel, Switzerland], and 15 pg/ml DNasel [Sigma-Aldrich, Burlington,
MA, USA]) on the ice. The minced eWAT was incubated for 1 h with shaking at 100 rpm.
After incubation, digested eWATs were filtered through a 70-um strainer with grinding.
Next, 3 ml of FACS buffer (1X PBS with 2% FBS and 2 mM EDTA) was added to stop the
digestion process. The single-cell suspension was centrifuged at 500xg for 10 min. Floating
adipocytes were removed, and the stromal vascular fraction (SVF) was collected. RBCs of
SVF were removed using ACK lysis buffer (Gibco, Waltham, MA, USA) and filtered with a
40-pm strainer for single cell isolation. Single cells were blocked with 1 pg purified anti-
FcR (CD16/32) Ab (93; BioLegend, San Diego, CA, USA) for 10 min at 4°C. In C57BL/6 mice,
neutrophils in SVF cells were stained with 0.5 pg FITC anti-Ly6G (1A8; BioLegend) and 0.2
pg APC anti-CD11b (M1/70; BioLegend) for 30 min at 4°C with light blocked. Conversely,
0.2 ug APC/Cy7 anti-Ly6G (1A8; BioLegend), 0.2 ug PE-Ly6C (HK1.4; BioLegend), 0.2 ug
BV711 anti-F4/80 (BM8; BioLegend), and 0.2 ug APC-CD11b (M1/70; BioLegend) were used
for staining SVF cells of LysM“*"* mice. To validate expression of integrins on neutrophils,
0.2 pg PE anti-p1 (HMP11; BioLegend), 0.2 pug PE/Cy7 anti-a2 (HMa2; BioLegend), 0.2 pug
PE anti-a4 (R1-2; BioLegend), 0.2 pg PE anti-a5 (HMo5-1; BioLegend), and 0.1 pug PE anti-a6
(GoH3; BioLegend) were used. The following isotype control Abs were used: PE Rat IgG2a, k
(RTK2758; BioLegend), PE Rat IgG2b, « (RTK4530; BioLegend), and PE or PE/Cy7 Armenian
Hamster IgG (HTK888; BioLegend). Flow cytometry was performed using LSRII, FACS
Lyric, and Symphony A5 (BD Biosciences, San Jose, CA, USA). Flow cytometric analysis was
performed using FlowJo v10.2 (BD Biosciences).

Two-photon intravital microscopy was used to observe neutrophil migration in eWATs in vivo.
1X PBS was administered to mice in the control group. To induce systemic inflammation,
2.5 mg/kg of E. coli LPS in 1X PBS was injected into the mice in the LPS group. Before in

vivo imaging, 1X PBS and E.coli LPS in 1X PBS were administered through intraperitoneal
injections at different time points. For visualizing blood vessels, 50 ng CF®405M wheat germ
agglutinin (Biotium, Fremont, CA, USA) in 50 pl 1X PBS was injected through intravenous
injection before anesthesia. Additionally, to visualize neutrophils in C57BL/6 mice, 5 ug
FITC-Ly6G (1A8; BioLegend) was injected intravenously. Zoletil 50 (30 mg/kg; Virbac,
Carros, France) and Rompun (10 mg/kg; Bayer, Leverkusen, Germany) were administered.
The hair on the mice’s abdomen was removed using a hair remover cream. Only portions

of the abdominal skin and peritoneum were cut in a circular shape. A cotton swab was used
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to expose the eWAT in the abdominal cavity. Exposed eWAT was immersed for 60 min in
BODIPY™ dye (Thermo Scientific, Waltham, MA, USA) diluted with 1X PBS at a 1:500 ratio
for staining adipocytes. Additionally, the following azide-free low-endotoxin Abs mixed with
BODIPY solution were superfused for blocking integrins on neutrophils: anti-p1 (HMp11;
BioLegend), anti-a4 (R1-2; BioLegend), anti-a6 (GoH3; BioLegend), Armenian hamster
IgG Isotype Ctrl (HTK888; BioLegend), and Rat IgG2a, k (RTK2758; BioLegend). After all
procedures were performed, the mice were placed in a chamber for imaging, and a heating
pad was placed on the mouse’s body to maintain the body temperature. A 25X water-
immersed objective lens was used for all in vivo imaging experiments. Four-dimensional
imaging videos (512x512 pixels) were recorded with a 1 um slice for a depth of 40 um. Laser
ablation was performed on the adipocytes by adjusting the laser power using the zoom
option. Intravital imaging was performed using LSM 7 MP (Zeiss, Oberkochen, Germany)
and FVMPE (Olympus, Tokyo, Japan).

The imaging data were analyzed using Volocity v6.3.1 (Quorum, Ontario, Canada) or

Imaris v7.2.3 (Bitplane, Belfast, UK). Track velocity (um/min), meandering index, and
displacement rate (um/min) were analyzed through manual tracking with Volocity software.
All extravasating or extravasated cells were tracked at least 50 um away from the damaged
adipocytes. The tracking range was from the edge of the video to the surface of the damaged
adipocytes. The trajectory of neutrophil migration was analyzed through spot analysis using
the Imaris software and aligned with MATLAB.

All statistical analyses were conducted using Prism v7.0 (GraphPad, San Diego, CA, USA).

A normality test was performed to select the appropriate test. Following the normality test,
data that did not follow a normal distribution curve were analyzed using a nonparametric
test. Student’s t-test or 1-way analysis of variance (ANOVA) with a post hoc test was conducted
to compare two or more samples. The average comparison of two independent groups was
performed using the Mann—-Whitney U test. One-way ANOVA was performed to compare the
averages of three or more independent groups. p-values<0.05 were considered to indicate
statistically significant differences.

RESULTS

We aimed to identify the types of integrins involved in neutrophil migration in adipose
tissues. Flow cytometry was used to measure the cell populations. LPS was used to induce
an acute inflammatory environment in the eWAT. C57BL/6 and LysM®** mice were used to
analyze the innate immune cell population in the eWATs. Neutrophils in the eWAT in the
control group were few or nil. About 6 h post LPS inoculation, the infiltrated neutrophil
numbers were slightly higher in the eWAT than in the control. However, neutrophil
infiltration at 24 h post-LPS inoculation was significantly increased compared to that in
the control (Fig. 1A). GFP* cells included monocytes, macrophages, and neutrophils in the
LysM®™* mice (38). Therefore, we classified GFP* cells into neutrophil and non-neutrophil
subsets. The non-neutrophil subset was further divided into Ly6C"** macrophages, Ly6Chish
macrophages, and monocytes. Compared with neutrophils in control, the neutrophils
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accumulated in the eWAT approximately 24 h after LPS injection were significantly higher

in number. In addition, the number of Ly6C"" macrophages and monocytes significantly
increased 24 h after LPS injection compared to that in the control group. Conversely, Ly6C'*¥
macrophages were reduced 24 h after LPS injection compared to those in the control.
However, the notable changes in cell numbers of neutrophils, Ly6C°" macrophages, Ly6Chish
macrophages, and monocytes were not observed between 6 and 24 h post LPS injection
(Fig. 1B and C). Although Ly6C"*" macrophages maintain immune homeostasis, Ly6C""
macrophages are enriched during acute inflammation and secrete several pro-inflammatory
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Figure 1. LPS-induced systemic inflammation gradually increases the neutrophil population of inflamed eWAT. (A) Representative scatter plot of neutrophils in
eWAT obtained from C57BL/6 male mice. The bar graph of neutrophil percentage in non-inflamed and inflamed eWAT. The neutrophil percentage is calculated
by dividing the number of neutrophils by the total number of singlets. (B) Gating strategy of neutrophils in eWAT obtained from LysM®/* male mice and
representative scatter plot for each condition. (C) The bar graphs of the absolute number of GFP* neutrophils, Ly6C*" macrophages, Ly6C"e" macrophages, and
monocytes. Data are presented as the mean+standard deviation. Statistical significance is indicated with an asterisk.

*p<0.05, **p<0.01, ***p<0.001.
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cytokines (39). These data suggest that compared with 6 h after LPS injection, 24 h after
LPS injection induces excessive accumulation of neutrophils, potentially forming a pro-
inflammatory condition. Moreover, an increase in the number of Ly6Chs" macrophages and
monocytes indicated that an acute inflammatory response occurred 24 h after LPS injection,
contrary to that 6 h after injection.

We used two-photon microscopy to explore the migratory patterns of neutrophils in non-
inflamed and inflamed eWAT within the interstitial tissue. Based on the imaging data,

we quantified the number of infiltrating neutrophils in the PBS and LPS groups. Our flow
cytometry results showed that the neutrophil population notably increased in eWAT during
LPS-induced systemic inflammation. Few neutrophils were observed in the interstitial tissue of
the PBS group (Fig. 2A and Supplementary Video 1); contrarily, more neutrophils were present
in the interstitial tissue in the inflamed eWAT. The number of neutrophils was significantly
higher in the LPS group than in the PBS group (Fig. 2B). However, the migratory patterns of
neutrophils were similar in the PBS and LPS groups. In addition, the cell-tracking analysis for
each condition showed that the velocity and meandering index were not significantly different
between the PBS and LPS groups (Fig. 2C and D). Concurrently, in vivo imaging revealed that
neutrophils were recruited considerably at 24 h after LPS injection. However, no difference in
neutrophil motility was observed between the non-inflamed and inflamed eWAT.
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Figure 2. Migratory pattern is not different between neutrophils in non-inflamed and inflamed eWAT. (A) Representative two-photon intravital imaging of eWAT.
Neutrophils (green) and blood vessels (blue) are stained with FITC-Ly6G and WGA, respectively. BODIPY red is used for staining adipocytes (red). Scale bar:

30 um. (B) Neutrophil counts in non-inflamed and inflamed eWAT. The counted neutrophils are converted to the number per unit volume. (C) Migratory paths
of neutrophils in non-inflamed eWAT (PBS) and inflamed eWAT (LPS) for 10 min of imaging. The gap between gray circles indicates 10 um. Randomly selected
tracked neutrophils (black lines). (D) The bar graph of velocity, displacement rate, and meandering index of interstitial neutrophils. Velocity, displacement rate,
and meandering index are measured by manual cell tracking in eWAT intravital imaging data. Data are presented as the mean+standard deviation. Statistical
significance is indicated with an asterisk.

NS, not significant.

**p<0.01.
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Next, we monitored the expression patterns of integrins in neutrophils using flow cytometry.
We ascertained specific integrin expression in neutrophils of inflamed eWAT 24 h after LPS
injection. Neutrophils expressed f1 integrins and their heterodimers, 04, and a6 integrins.
Additionally, a5 integrins were also slightly expressed but not o2. (Fig. 3A). Hence, we
speculated that neutrophils primarily employ 1 integrins as a key factor in migration to
eWAT. This indicates that neutrophils can migrate to interstitial tissues expressing laminin
and VCAM-1. Subsequently, we performed two-photon intravital imaging to confirm that

the 1 integrin blockade inhibits neutrophil migration to inflamed eWAT. In a previous
study, laser-induced sterile injury was used to explore the neutrophil extravascular swarming
dynamics (17). We used two-photon laser pulses to induce adipocyte damage to induce
directional neutrophil migration during LPS-induced systemic inflammation. After laser
ablation, the patterns of neutrophil migration were observed in both isotype control Ab
(IgG) and anti-B1 integrin blocking Ab (anti-f1) treated groups. In the IgG-treated group,
the infiltrated neutrophils migrated vigorously toward a single laser-damaged adipocyte.
However, in the anti-B1 treated group, most of the neutrophils exhibited Brownian motion
instead of migrating toward a damaged adipocyte (Fig. 3B and Supplementary Video 2).

The projection of migratory patterns indicates that the migration distance was decreased

in the anti-p1 treated group compared to that in the IgG-treated group. Additionally, the
topical administration of anti-p1 caused alterations in the velocity, displacement rate, and
meandering index of neutrophils. In the anti-f1 treated group, the velocity and directionality
of neutrophils were remarkably decreased compared to the IgG-treated group (Fig. 3C and D).
These results suggest that 1 integrin is crucially involved in neutrophil-ECM interactions.

In Fig. 2, we noted that the blocking of 1 integrins inhibits neutrophil motility toward
damaged sites within inflamed eWAT. Building upon this finding, our subsequent objective
was to elucidate which o subunit of 1 integrins with either 04 or a6 subunit influences
neutrophil motility within inflamed eWAT. To clarify the roles of a4 and a6 subunits in
B1integrins in neutrophil motility, we locally superfused a4 or a6 integrin-blocking Abs

on the inflamed eWAT. Subsequently, two-photon intravital microscopy was performed

to monitor neutrophil migration. In the IgG-treated group, neutrophils exhibited direct
migration toward the laser-damaged site, and a comparable pattern was observed in the
group treated with the anti-a4 integrin blocking Ab (anti-o4). The group treated with the
anti-a6 integrin blocking Ab (anti-06) displayed a significantly different migration pattern,
characterized by reduced or altered neutrophil movement toward the laser-damaged site
(Fig. 4A and Supplementary Video 3). We presented trajectory paths and assessed their
velocity, displacement rate, and meandering index to determine the effects of each Ab on
neutrophil motility. The neutrophils in the IgG-treated group exhibited unrestricted mobility,
while those treated with anti-a4 displayed partially constrained movement, and only the
velocity of neutrophils was significantly diminished. However, the anti-a6 treated group
revealed a defective migratory pattern. Velocity, displacement rate, and meandering index
were extremely decreased in anti-o6 compared to IgG and anti-o4. Furthermore, neutrophil
velocity, displacement rate, and the meandering index markedly declined in the anti-a6
treated group compared to the anti-o04 treated group (Fig. 4B and C). To clarify whether
neutrophil migration to the laser-damaged site is dependent on 06 integrin, we additionally
performed two-photon intravital imaging in inflamed eWAT without laser ablation. Both
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Figure 3. The role of 1 integrin in neutrophil migration is related to directional migration toward the damaged
site. (A) Integrin expression (black lines) by neutrophils in inflamed eWAT; gray shaded curves, stained with
isotype control Ab. (B) Representative two-photon intravital imaging of inflamed eWAT. Laser burning is given
to a single adipocyte to induce sterile inflammation. The laser burning site is shown in white color (scale bar:
30 um). Isotype control Ab (1gG; 50 pg) and anti-B1 integrin Ab (Anti-f1; 50 ug) are used for functional assay.
(C) Migratory paths of neutrophils in inflamed eWAT for 60 min of imaging during which the 1gG or anti-f1 Ab
is topically superfused. The gap between gray circles indicates 50 pm. Randomly selected tracked neutrophils
(black lines). (D) Velocity, displacement rate, and meandering index of interstitial neutrophils are measured
by manual cell tracking in inflamed eWAT. Data are presented as the mean+standard deviation. Statistical
significance is indicated with an asterisk.

****p<0.0001.
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Figure 4. 06 integrin of neutrophil is crucial in migration toward damaged adipocytes. (A) Representative two-
photon intravital imaging of inflamed eWAT. Laser burning is given to a single adipocyte. The laser burning site is
shown in white color (scale bar: 30 um). Isotype control Ab (IgG; 100 pg), anti-o4 integrin Ab (anti-a4; 100 ug),
and anti-a6 integrin Ab (anti-a6; 100 pg) are used for functional assay. (B) Neutrophil migratory paths are tracked
for 60 min in imaging video, during which IgG, anti-04, or anti-a6 Abs are topically superfused. The gap between
gray circles indicates 50 um. Randomly selected tracked neutrophils (black lines). (C) Velocity, displacement rate,
and meandering index of interstitial neutrophils are measured by manual cell tracking in inflamed eWAT. Data are
presented as the mean+standard deviation. Statistical significance is indicated with an asterisk.

*p<0.05, ***p<0.001, ****p<0.0001.

the IgG-treated group and the anti-a6 treated group showed similar migratory patterns of
infiltrated neutrophils (Supplementary Fig. 1A and B, Supplementary Video 4). The velocity
of neutrophils had no difference in the IgG-treated group compared to the anti-a6 treated
group. However, displacement rate and meandering index slightly increased in the anti-a6
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treated group (Supplementary Fig. 1C). Significant impairment of directional migration
toward the laser-damaged site was evident through the neutrophil trajectory (Fig. 4B and
Supplementary Fig. 1B). As previously mentioned, laminin is a component of the ECM
complex in the adipose tissue. Altogether, neutrophils employ integrin a6f1 in inflamed
eWAT during interstitial migration toward laser-damaged sites.

DISCUSSION

In the adipose tissue, enriched immune cells sustain homeostasis during inflammation
(3,40). Adipose tissue inflammation can be classified as acute or chronic. Previous studies
on adipose tissue have mostly focused on chronic inflammation, specifically obesity. M1
macrophages play a crucial role in chronic inflammation in adipose tissue (9,41). Unlike the
numerous studies that have addressed chronic inflammation in adipose tissue, research on
acute and systemic inflammation in adipose tissue is scarce. In this study, we focused on the
migratory patterns of neutrophils during LPS-induced systemic inflammation. To determine
whether there is a difference in neutrophil motility between non-inflamed and inflamed
epididymal adipose tissue (eWAT), we conducted two-photon intravital imaging using
LysM®™* and C57BL/6 mice. In the inflamed eWAT, the velocity of neutrophils in LPS-injected
C57BL/6 mice was lower than that in IgG-treated LysM®™* mice (Figs. 2D and 3D). Anti-
Ly6G Abs were used to deplete neutrophils (42). To visualize neutrophils in C57BL/6 mice,
we injected a minimal amount of a fluorescent-conjugated Ly6G Ab. Thus, we hypothesized
that the visualization of neutrophils using a fluorescent-conjugated Ab would slightly inhibit
neutrophil migration.

In systemic inflammation, such as sepsis, the expression of pro-inflammatory adipokines
and cytokines is upregulated in the adipose tissue (3,4). Adipokines are cytokines synthesized
by adipocytes that have been implicated in the regulation of inflammatory, immune, and
metabolic processes. Leptin and resistin are pro-inflammatory adipokines secreted by
adipocytes. Leptin plays a crucial role in regulating food intake and energy expenditure.
Resistin promotes the induction of pro-inflammatory cytokines and adhesion molecules
such as intercellular adhesion molecule-1 and VCAM-1. Both leptin and resistin are also
related to the chemotaxis of leukocytes and the induction of pro-inflammatory cytokines
such as TNF, IL-1B, and IL-6 (43,44). Cytokines and adipokines induce the accumulation of
immune cells in inflamed tissues. Excessive accumulation of immune cells in tissues can
damage the host; however, the appropriate recruitment of immune cells can repair and
regenerate tissues (14). Especially, it has been reported that macrophages form crown-like
structures around damaged or dead adipocytes in inflamed tissue (5). However, the effect of
neutrophils that accumulate around damaged or dead adipocytes in systemic inflammation,
such as sepsis, has not been extensively studied. Therefore, we intended to mimic adipocyte
cell damage or cell death induced by laser ablation in inflamed eWAT using two-photon
intravital microscopy (45). We observed numerous neutrophils swarming toward a single
damaged or dead adipocyte in real-time. Accordingly, we aimed to identify specific integrin-
ligand interactions between eWAT and neutrophils in inflamed eWAT.

The interaction between integrins and ligands is a vital step in immune cell migration

(37). During interstitial migration, neutrophils employ Bl integrin. 1 integrin is highly
expressed not only on T lymphocytes but also on neutrophils (27,30). However, the integrin
that can prevent excessive accumulation of neutrophils in eWAT is unknown. We focused
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on the B1 integrin that is involved in interstitial migration. To identify which o subunits
form a heterodimer with B1 integrin, we conducted flow cytometry. Expression of a4 and a6
integrins is increased in neutrophils from inflamed eWAT. In adipose tissue, VCAM-1 and the
ECM, including collagen, laminin, and fibronectin, are ligands for VLA-4 and VLA-6 (25). In
a pro-inflammatory environment, the expression of VCAM-1 in adipocytes is upregulated by
TNF (36). Our investigation confirmed that 1 integrin is essential for neutrophil migration
in inflamed adipose tissue. Two-photon intravital imaging showed that blocking p1 integrin
caused Brownian migration in neutrophils but not amoeboid migration. Furthermore, using
in vivo imaging, we demonstrated that blocking o6 integrin affected neutrophil motility.

In future studies on this process, additional experiments may be necessary to determine
whether adipokines, such as leptin or resistin, impact the chemotaxis of neutrophils toward
a single damaged or dead adipocyte. Moreover, investigating neutrophil VLA-6 expression
in the adipose tissue of obese mice is essential for understanding chronic inflammation.
Through this investigation of integrins on neutrophils, we anticipate being able to propose
new directions for research into the treatment of diseases, such as systemic inflammatory
response syndrome or sepsis-associated acute kidney injury (46-48).
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SUPPLEMENTARY MATERIALS

The o6 integrin blocking Ab has minimal impact on the random migration of infiltrated
neutrophils in inflamed eWAT. (A) Representative two-photon intravital imaging of inflamed
eWAT. Isotype control Ab (IgG; 100 pg) and anti-o6 integrin Ab (anti-a6; 100 pg) were

used for functional assay. (B) The migratory path of neutrophils is monitored in a 60 min
imaging video, during which IgG or anti-a6 Abs is applied topically. The gap between gray
circles indicates 50 um. Randomly selected tracked neutrophils (black lines). (C) Velocity,
displacement rate, and meandering index of infiltrated neutrophils in inflamed eWAT are
quantified through manual tracking. Data are presented as the mean+standard deviation.
Statistical significance is indicated with an asterisk.

Neutrophil migration in non-inflamed and inflamed eWAT of C57BL/6 mice.
The blocking Ab to B1 integrin inhibits neutrophil migration toward a damaged adipocyte.

The blocking Ab to a6 integrin inhibits neutrophil migration toward a damaged adipocyte.
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The blocking Ab to a6 integrin has no effect on neutrophil migration within inflamed eWAT.
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