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Inhibition of soluble epoxide hydrolase attenuates eosinophil
recruitment and food allergen-induced gastrointestinal
inflammation
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TDepartment of Veterinary and Biomedical Sciences, University of Minnesota, St. Paul, MN
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*Department of Entomology, Nematology and Comprehensive Cancer Center, University of
California, Davis, CA 95616

Abstract

Prevalence of food allergies in the US is on the rise. Eosinophils are recruited to the intestinal
mucosa in substantial numbers in food allergen-driven gastrointestinal (G1) inflammation. Soluble
epoxide hydrolase (SEH) is known to play a pro-inflammatory role during inflammation by
metabolizing anti-inflammatory epoxyeicosatrienoic acids (EETS) to pro-inflammatory diols. We
investigated the role of SEH in a murine model of food allergy and evaluated the potential
therapeutic effect of a highly selective sEH inhibitor (¢TUCB). Oral exposure of mice on a soy-
free diet to soy protein isolate (SPI) induced expression of intestinal SEH, increased circulating
total and antigen-specific IgE levels and caused significant weight loss. Administration of £#TUCB
to SPI-challenged mice inhibited IgE levels and prevented SPI-induced weight loss. Additionally,
SPI induced GI inflammation characterized by increased recruitment of eosinophils and mast cells,
elevated eotaxin-1 levels, mucus hypersecretion and decreased epithelial junction protein
expression. In #TUCB-treated mice, eosinophilia, mast cell recruitment and mucus secretion were
significantly lower than in untreated mice and SPI-induced loss of junction protein expression was
prevented to variable levels. SEH expression in eosinophils was induced by inflammatory
mediators TNF-a and eotaxin-1. Treatment of eosinophils with #TUCB significantly inhibited
eosinophil migration, an effect which was mirrored by treatment with 11,12-EET, by inhibiting
intracellular signaling events such as ERK (1/2) activation and eotaxin-1-induced calcium flux.
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These studies suggest that SEH induced by soy proteins promotes allergic responses and Gl
inflammation including eosinophilia and that inhibition of SEH can attenuate these responses.

Keywords

Soy proteins; eosinophilia; epithelial barrier integrity; pharmacological inhibition of soluble
epoxide hydrolase

Introduction

The prevalence of food allergies is on the rise, affecting nearly 4-6% of the population in the
US [1] and impacting their daily life in various ways [2]. The term food allergy refers to an
adverse immune response to food proteins which can be IgE-mediated, non-1gE-mediated,
or a combination of both [3]. Acute allergic reactions triggered by IgE antibody-mediated
immune responses to food proteins often involve the skin, gastrointestinal (GI) tract and
respiratory tract. In contrast, non-1gE-mediated food allergy primarily affects the GI mucosa
[4]. While the involvement of mast cells in food allergies is well recognized [5],
increasingly, several studies have indicated a role for eosinophils in promoting food allergen-
induced inflammation. Experimental animal models of food antigen-driven Gl inflammation
[6-8] as well as studies in patients with food allergies [9-11] show that eosinophils are
recruited to the intestinal mucosa in substantial numbers. Although present in the normal Gl
mucosa under homeostatic conditions [12], eosinophils are known to contribute to
inflammation when present in abnormal numbers [13, 14]. Studies have shown that
treatment of mice with anti-siglec F antibody (which targets eosinophils) reduces
eosinophilic inflammation in oral egg ovalbumin-induced intestinal inflammation, along
with reduction of Th2 cytokines, IgE levels, intestinal permeability and weight loss[8]. In a
more recent study, eosinophil-deficient mice were shown to be protected from Th-2-
mediated peanut food allergy [15]. Further, activated eosinophils were found to control
dendritic cell activation and migration from the intestine to draining lymph nodes (necessary
for Th2 priming) via release of the granule protein eosinophil peroxidase (EPX)
demonstrating the ability to initiate Th-2-type immune responses. More recently, resident
intestinal eosinophils have been shown to obtain access to food antigens from the lumen in
an Ig-dependent manner and may participate in antigen-driven secondary immune responses
to oral antigens [16]. Although the functional role of eosinophils in the pathogenesis of food
allergen-induced GI inflammation is still emerging, many studies suggest a pro-
inflammatory role for these cells in the Gl tract (reviewed in [17]).

Soluble epoxide hydrolase (sEH) is the major enzyme involved in the metabolism of
epoxyeicosatrienoic acids (EETS), which are lipid mediators that act as signaling molecules
to regulate inflammation (anti-inflammatory), into pro-inflammatory
dihydroxyeicosatrienoic acids (DIHETS) [18]. Thus, sEH has a pro-inflammatory role in
various inflammation models [19, 20]. Recently, the beneficial effect of SEH deficiency or
inhibition on the outcome of GI inflammation such as pancreatitis [21] and inflammatory
bowel disease (IBD) [22] was demonstrated in murine models. Additionally, in the context
of eosinophil influx, inhibition of SEH resulted in reduced eosinophil recruitment and
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attenuation of allergen-induced airway inflammation in a murine model [23]. These studies
suggest that blockade of SEH may help in preventing food antigen-induced eosinophilic
disorders.

While various approaches to treatment of food allergies are under investigation [24],
currently, avoidance of allergenic foods and prompt pharmacological treatment of acute
allergic reactions are the major interventions employed in the management of food allergies
[25]. Soy, which is widely used in various processed foods due to its high-quality protein
content [26], is considered to be one of the more common allergenic foods [25]. Soybean
allergy can range from relatively mild symptoms to severe reactions (enterocolitis,
immediate IgE-mediated systemic reactions) not only in humans [27-29] but also in animal
models [30-32]. In the current study, we investigated the role of SEH in a murine model of
soy protein-induced food allergy and the potential use of a highly selective sEH inhibitor
trans-4-{4-[3-(4-trifluoromethoxyphenyl)-ureido]-cyclohexyloxy}-benzoic acid (+TUCB) to
attenuate soy protein-induced food allergy including eosinophil recruitment.

Materials and Methods

Mouse model of soy protein-induced allergy

BALB/c mice (Charles River Laboratories, Shrewsbury, MA) were maintained on a soy-free
diet (Teklad Custom Diet [TD.95092], Envigo Bioproducts, Inc., Madison, WI) and bred in-
house. Off-spring (male and female) born to mice maintained on this soy-free diet (beyond
second-generation) were fed the same soy-free diet and used in the studies. Mice (8-10
weeks) were sensitized and challenged with soy protein isolate (SPI) (kindly provided by Dr.
Paraem B. Ismail, Department of Food Science and Nutrition, University of Minnesota,
Saint Paul, MN 55108) [33]. The protocol for SPI challenge and treatment with #TUCB, a
synthetic pharmacologic inhibitor of SEH, is shown in Figure 1, A. The oral allergen
challenge protocol was similar to a previous study in which peanut extract was used instead
of soy [34]. #TUCB was synthesized as described previously [35] and its efficacy as a
potent inhibitor of SEH /n vivo in mice has been previously established [23, 36]. £ TUCB
dissolved in PEG-400 (Sigma-Aldrich Corp., St. Louis, MO) was administered orally to the
mice at 1 or 3 mg/kg two hours before each challenge. £TUCB administered at these doses
has previously been shown to be effective in attenuating experimental allergen-induced
airway inflammation in mice[23]. Control mice received saline instead of the drug. Mice
were weighed before the first challenge and at the end of the study. All studies involving
mice were performed following procedures and standards approved by the local Institutional
Animal Care and Use Committee.

Sample collection and analysis

At the end of the study, blood, bone marrow (BM) and jejunum were collected from
allergen-challenged and control mice. Blood and BM were used to determine differential cell
counts from cytocentrifuged samples based on morphologic and histologic criteria after
staining with the Hema 3 System (Thermo Fisher Scientific Co., Pittsburgh, PA). Serum was
used to determine IgE levels. The jejunum was divided into two segments. One segment was
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perfused with saline and snap-frozen in liquid nitrogen while the other was perfused and
fixed in 4% (vol/vol) paraformaldehyde for 24 h before paraffin embedding.

Measurement of total and soy-specific IgE

Histology

Total IgE in serum was measured using a mouse IgE ELISA kit (BioLegend, San Diego,
CA) as per the manufacturer’s recommendation. SPI-specific IgE levels were measured by
an ELISA developed in-house. Briefly, SPI was dissolved in PBS at a concentration of 1
mg/ml. The suspension was vortexed and then briefly centrifuged to remove insoluble
particles. The supernatant was collected and used as the stock solution for coating of ELISA
plates after determination of the final protein concentration. 96-well ELISA plates were
coated with SPI in carbonate buffer (pH 9.5) at 10 pg/ml and incubated overnight at 4°C.
Wells were blocked for 1 h with 1% BSA in 0.05% Tween 20 in PBS (wash buffer). After
blocking, samples (50 pl of 1:10 diluted serum) were added to the SPI-coated plate and
incubated for 90 min. Bound IgE was detected using biotinylated rat anti-mouse IgE (BD
Pharmingen, San Jose, CA, 1:200, 50 pl/well). After 1 h, avidin horse radish peroxidase
(HRP) (1:1000, 50 pl) was added and the plates were incubated for 30 min. Peroxidase
activity was detected with SigmafFast OPD (Sigma-Aldrich, St. Louis, MO). After 20-30
min, the reaction was terminated by adding 3 M HCI and the plates were read at 492 nm
using a FLUOStar Optima microplate reader (BMG Labtech, Durham, NC). Plates were
washed (3 x) with wash buffer between each step and all incubations after coating were
carried out at room temperature.

Paraffin-embedded jejunal tissue sections (4 um thick) were stained with Harris Modified
Hematoxylin and Shandon Instant Eosin (H&E, Thermo Fisher Scientific Co.) to determine
cellular infiltration. For all immunohistochemistry, tissue sections were subjected to antigen
retrieval followed by quenching of endogenous peroxidase activity prior to staining with
specific antibodies and sections were briefly counterstained (5 sec) with hematoxylin at the
end of the procedure. VECTASTAIN ABC kits containing biotinylated secondary antibodies
(anti-goat or anti-rat) and avidin-biotin horseradish peroxidase complex (Vector
Laboratories) were used along with the Peroxidase AEC (3-amino-9-ethylcarbazole)
substrate kit (Vector Laboratories) for detection. Slides were analyzed using a Nikon
Microphot EPI-FL microscope equipped with an Olympus DP71 camera for image capture.
Expression of sEH in the jejunum was evaluated by immunohistology using goat polyclonal
antibodies against murine sEH (1 pg/ml, Santa Cruz Biotechnology, Inc., Dallas, TX).
Infiltration of eosinophils in the jejunal tissue was assessed by staining for eosinophil-
specific major basic protein (MBP) expression using rat mAb against murine MBP (2
ug/mL) as described in our previous studies [37]. MBP-positive cells (stained reddish
brown) were found largely localized at the tip of the villi. Therefore, cells in non-
overlapping microscopic fields covering the tip of each villus in the entire section (11+1
fields/mouse) were counted at 400x magnification and expressed as the average number of
cells per field. To assess expression of SEH by tissue eosinophils, sections were dual-stained
with antibodies against SEH (1 pg/ml, Santa Cruz Biotechnology, Inc.) and mAb against
EPX (10 pg/ml), an eosinophil specific marker [37], followed by FITC-conjugated donkey
anti-goat 1gG and Rhodamine Red X-conjugated donkey anti-mouse 1gG as secondary
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antibodies. For expression of junction proteins in the jejunum, paraffin-embedded sections
(4 um thick) were incubated with rabbit polyclonal antibodies against occludin (0.5 pug/ml,
Abcam, Cambridge, Massachusetts) or ZO-1 (8 pg/ml, Santa Cruz Biotechnology, Inc.) or
rabbit mAb against E-cadherin (2.5 ug/ml, Abcam) followed by FITC-conjugated donkey
anti-rabbit 1gG. All secondary antibodies for immunofluorescent staining (Jackson
ImmunoResearch Laboratories, West Grove, PA) were used at 10 pg/ml. Rat 1gG (for MBP),
goat IgG (for sEH), mouse 1gG (for EPX) and rabbit IgG (for occludin, ZO-1 and E-
cadherin) were used as control antibodies. Stained slides were analyzed using a Confocal
Laser Scanning Biological Microscope (FLUOVIEW FV1000/BX61) equipped with
UPlanSApo (20 x/0.85 [oil]) and PlanApo N (60 x/1.42 [oil]) lenses and FV10-ASW 3.1
software for image acquisition (Olympus, Melville, NY). Mast cells were detected based on
chloroacetate esterase (CAE) staining performed as described previously [38]. Briefly,
jejunal sections were stained with freshly prepared CAE solution for 45 min at room
temperature, washed, counterstained with hematoxylin followed by a change of lithium
carbonate and then mounted. Positively stained cells (dark purple) in randomly selected non-
overlapping microscopic fields (20£1 fields/mouse) covering the lower lamina propria in the
section were counted at 400x magnification and expressed as the average number of cells
per field. Mucus accumulation in the jejunum was assessed by staining jejunal sections with
periodic acid-Schiff (PAS) reagent (Sigma-Aldrich Corp.) followed by quantitation of the
positive staining (dark pink) from captured images using ImageJ image analysis software
[39]. PAS-positive area in all intact villi in each image was quantitated for each mouse and
expressed as percent PAS-positive area/villus as outlined previously [40].

Culture of BM-derived murine eosinophils

Eosinophils were cultured from BM of naive mice (on soy-free diet) as described previously
[41, 42]. Differentiated cells were evaluated for expression of MBP by confocal microscopy
using rat mAb against murine MBP (2.5 ug/ml) followed by FITC-conjugated goat anti-rat
IgG and of Siglec-F by flow cytometry (FACScan and CellQuest Pro™ Software, BD
Biosciences, San Diego, CA) with PE-conjugated rat anti-mouse Siglec-F (5 pg/ml, BD
Biosciences). Cells between days 12-14 of culture that were 99% Hema 3-positive and
expressed both MBP and Siglec-F were used in studies.

To examine the effect of #TUCB on signaling events, eosinophils on day 12 of culture were
harvested and treated with #TUCB (5 pM) or DMSO (vehicle control) in PBS for 1, 10 or
30 min at 37°C and processed for Western blot analysis (described below). The effect of
inflammatory mediators on expression of SEH was examined by culturing cells (~5 x 106/
well) in medium containing 10% FBS and IL-4, TNFa (at 100 ng/ml) or eotaxin-1 (at 100
nM, all from PeproTech, Rocky Hill, NJ) for 24 h at 37°C and then evaluating SEH by
Western blot analysis.

Western blot analysis

Jejunal tissue and BM eosinophils were lysed in RIPA buffer containing phosphatase
inhibitor cocktail A and B (Santa Cruz Biotechnology, Inc.) and protease inhibitor cocktail
(Sigma-Aldrich Corp.). Total protein in the supernatants was measured using the BCA
Protein Assay Kit (Pierce, Rockford, IL). Lysates were electrophoresed on 10 (for SEH, ~40
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ug/lane for eosinophil lysates and 10 pg/lane for tissue lysates) or 12 (for ERK (1/2), ~20
ug/lane) % SDS polyacrylamide gels under reducing conditions and transferred to PVDF
membranes (0.2 uM, Millipore, Billerica, MA). sEH in lysates of the jejunum was detected
using rabbit anti-mouse SEH generated as described previously [43], while SEH in
eosinophil lysates was detected with a goat polyclonal antibody against murine sEH (0.4
pg/ml, Santa Cruz Biotechnology, Inc.) in the presence or absence of a SEH antibody
blocking peptide (5% concentration of primary antibody, Santa Cruz Biotechnology, Inc.)
followed by HRP-conjugated anti-rabbit (0.2 pg/ml, Jackson ImmunoResearch Laboratories)
or anti-goat antibody (0.2 ug/ml, Santa Cruz Biotechnology, Inc.). Expression level of -
actin was monitored as an internal control using HRP-conjugated mouse mAb against actin
(0.06 pg/ml, Santa Cruz Biotechnology, Inc.). ERK (1/2) activation was assessed using
phopho-p44/42 MAPK (phospho-ERK (1/2), T202/Y204) rabbit polyclonal antibodies
(0.048 pg/ml) and p44/42 MAPK rabbit mAb (ERK (1/2), 0.027 ug/ml, both from Cell
Signaling Technology, Inc., Danvers, MA. Bound antibodies were detected using
peroxidase-conjugated AffiniPure goat anti-mouse 1gG (H+L) or goat anti-rabbit IgG (H+L)
(0.26 pg/ml, Jackson ImmunoResearch Laboratories). Protein bands were detected using
Western Bright™ ECL (Advansta, Menlo Park, CA) and visualized on X-ray films. Intensity
of detected bands for ERK (1/2) was quantified using ImageJ image analysis software and
expression level of phospho-ERK (1/2) was normalized against that of total ERK (1/2).

Immunofluorescence staining

For expression of sEH by BM eosinophils, cells were cytocentrifuged on to glass slides,
fixed with 4% paraformaldehyde (20 min) and permeabilized with 0.2% Triton X-100 (10
min). After blocking (1.5% goat serum in TBS, blocking buffer), cells were incubated
overnight at 4°C with polyclonal antibodies against mouse sEH (1 ug/ml, Santa Cruz
Biotechnology, Inc.) in the absence and presence of SEH antibody blocking peptide (5%
concentration of antibody, Santa Cruz Biotechnology, Inc.) or with goat 1gG (control) in
blocking buffer. Bound antibodies were detected using Rhodamine Red-X-conjugated anti-
goat IgG (10 pg/ml, Jackson ImmunoResearch Laboratories, Inc.). Cells were counterstained
with DAPI to visualize nuclei and examined using a confocal microscope.

Adhesion and migration assays

Effect of £TUCB on eosinophil adhesion and migration was determined as described
previously [37]. Briefly, cells treated with #TUCB (5 or 10 pM, 30 min at 37°C) or DMSO
were placed on recombinant mouse vascular cell adhesion molecule-1 (rmVVCAM-1)-coated
cover-slips (5 x 10° cells/cover-slip) for 30 min. After washing, adherent cells were fixed
and permeabilized with 4% paraformaldehyde and 0.1% saponin in PBS and stained with
Alexa Fluor 488 Phalloidin (1:200, Thermo Fisher Scientific Co.) followed by DAPI to
visualize nuclei. The number of adherent cells in five randomly selected fields of each cover-
slip was counted under a confocal microscope (X200 magnification). To examine the effect
of £TUCB on eosinophil migration, cells treated with #TUCB (1-10 pM, 30 min at 37°C)
or DMSO were added to the upper wells of Transwell® 96-well plates (Corning Life
Sciences, Tewksbury, MA) and migration towards murine eotaxin-1 (CCL11, 100nM,
PeproTech) in the lower wells of the chambers was assessed after 3—4 h at 37°C. The
number of migrating cells was evaluated using an Olympus CK2 inverted microscope (x200
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magnification). Cells in ten randomly selected non-overlapping fields were counted for each
well and expressed as percent migration relative to vehicle-treated cells. In some
experiments, cells were treated with 11,12-EET or 11,12-DiHET (both from Cayman
Chemical Company, Ann Arbor, MI) at 1, 5 or 10 uM or EtOH (vehicle control) for 30 min
at 37°C and examined for their ability to migrate as described above.

receptor expression

Eosinophils were treated with #TUCB (10 uM) or DMSO in PBS for 30 min at 37°C and
then examined by flow cytometry for changes in expression of cell surface adhesion
molecules using mAb against CD49d (a4, Clone PS/2), CD11a (al, eBioscience, San
Diego, CA), CD11b (aM, eBioscience), L-selectin (Clone MEL-14) or CD18 (B2, Clone
2E6) followed by FITC-conjugated goat anti-rat IgG (Jackson ImmunoResearch
Laboratories, Inc.) or FITC-conjugated goat anti-hamster 1gG (BioLegend, San Diego, CA,
for CD18). Rat 1gG2b (eBioscience, for CD49d and CD11b), rat IgG2a (eBioscience, for
CD11a and L-selectin) or hamster 1gG (BioLegend, for CD18) were used as isotype
controls. All antibodies were used at 10 pg/ml.

C-C chemokine receptor type 3 (CCR3) expression and actin polymerization

Intracellular

Eosinophils were treated with #TUCB (5 pM) as described earlier and examined by flow
cytometry for changes in cell surface expression of CCR3, the receptor for eotaxin-1, with
FITC-conjugated rat anti-mouse CCR3 (2.5 ug/ml, R&D Systems, Minneapolis, MN).
FITC-conjugated rat 1gG2a was used as the isotype control. For detection of actin
polymerization, £ TUCB-treated cells were fixed and permeabilized using 4%
paraformaldehyde and 0.1% saponin in PBS for 20 min on ice. Cellular F-actin was stained
with Alexa Fluor 488 Phalloidin (Thermo Fisher Scientific Co.) and analyzed by flow
cytometry.

Ca?* imaging

Basal and agonist-induced changes in intracellular Ca2* ([Ca2*];) levels in eosinophils were
determined using the cell permeant Ca2* indicator dye Fura-2AM (Thermo Fisher Scientific
Co.) as described previously [41]. Briefly, eosinophils attached to poly-L-lysine-coated (10
ug/ml) glass cover-slips were loaded with 5 uM Fura-2 AM in HBSS for 30 min at 37°C and
5% CO2. Cover-slips were washed gently with HBSS containing 10 mM HEPES, 11 mM
glucose, 2.5 mM CaCl,, and 1.2 mM MgCl;, (pH 7.4) and mounted on the stage of a Nikon
Diaphot inverted microscope in an open slide chamber. Fura-2 AM-loaded cells were
alternately excited at 340 and 380 nm with a Lambda DG-4 high-speed wavelength switcher
(Sutter Instrument Co., Novato, CA). [Ca%*]; was measured by real-time digital video
fluorescence imaging using NIS-Elements imaging software (Nikon Instruments Inc.,
Melville, NY). After measuring basal [CaZ*]; for 2 min, #TUCB (5 uM) or DMSO was
added and cells were evaluated for 4 min. Eosinophils were then stimulated with eotaxin-1
(Peprotech) to assess agonist-induced [Ca2*]; responses or to 2 uM ionomycin, free acid
(Biovision, Milpitas, CA) as a positive control and evaluated for an additional 3 min. The
ratio of fluorescence emissions at 340 nm and 380 nm was determined at each time point
which is directly reflective of the amount of [Ca2*];.

J Leukoc Biol. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bastan et al.

Page 8

Statistical analysis

Results

Combined data (mean + SEM) of three separate experiments for /n vivo studies and of
experiments performed at least three times in duplicate or triplicate for /in vitro studies is
shown. Statistical significance between two groups was determined using a two-tail unpaired
Student’s #test. Comparisons between multiple treatments were carried out by One-way
ANOVA using Tukey-HSD post-hoc test. A pvalue < 0.05 was considered to be significant.

Exposure of mice on a soy-free diet to SPI leads to increased expression of intestinal sEH

Since the goal of the current study was to examine the potential pro-inflammatory role of
SEH in food allergen-induced Gl inflammation, we used a mouse model of soy protein-
induced GI inflammation. Mice maintained on a soy-free diet were exposed to SPI, as
outlined in Fig. 1A. SPI-challenged mice demonstrated increased expression of SEH in the
epithelium of the villi as well as in the crypts of the lamina propria in the jejunum based on
immunohistology (Fig. 1, B) and Western blot analysis of tissue lysate (Fig. 1, C).
Consistent with the development of an allergic response, SPI-challenged mice demonstrated
elevated total and antigen-specific IgE levels in the serum relative to control mice (Fig. 2, A
and B, respectively) and mild cellular inflammation in the intestine based on histological
examination after H&E staining (data not shown). Additionally, SP1-exposed mice exhibited
marked weight loss relative to control mice by the end of the study (Fig. 2, C) but did not
develop diarrhea or other symptoms such as skin lesions, changes in fur characteristics or
behavior. In order to establish whether increased expression of SEH in the Gl tract of SPI-
challenged mice plays a role in promoting allergic responses and inflammation, mice
exposed to SPI were administered orally with #TUCB (as outlined in Fig. 1, A), a highly
selective pharmacological inhibitor of SEH previously shown to attenuate inflammation in
other experimental models [23, 44]. Administration of £TUCB significantly inhibited total
and antigen-specific IgE levels (Fig. 2, A and B, respectively) and prevented SPI-induced
weight loss in a dose-dependent manner.

SPI challenge leads to recruitment of eosinophils and mast cells which is inhibited by t-

TUCB

Although eosinophils are present in the normal Gl tract [12], food antigen-driven
inflammation is known to be associated with increased presence of eosinophils in the Gl
tract [11]. SPI challenge resulted in a marked increase in the number of eosinophils in the
jejunum compared to control mice based on immunostaining for MBP, an eosinophil-
specific granule protein. Eosinophils were largely localized at the tip of the villi, with fewer
cells detected in the lower lamina propria. Eosinophil recruitment was significantly reduced
in SPI-challenged mice treated with #TUCB at 1 mg/kg or 3 mg/kg (Fig. 3, A and B). Dual-
immunostaining studies showed that eosinophils in the villi of SPI-challenged mice express
SEH based on positive staining for EPX (eosinophil-specific marker) and sEH (Fig. 3, C).
This is the first evidence that eosinophils express SEH. Because of the increased presence of
eosinophils in the jejunum of SPI-challenged mice, we determined eotaxin levels in jejunal
tissue lysates (Fig. 3, D). SPI-challenged mice had higher levels of eotaxin-1 compared to
control mice which was not affected by treatment with #TUCB, suggesting that the reduced
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recruitment of eosinophils noted in the #TUCB-treated mice is not likely to be linked to
eotaxin-1 levels. SPI challenge had no effect on eotaxin-2 levels. In addition to eosinophils,
the presence of mast cells in the jejunum of SPI-challenged mice was evaluated based on
CAE staining. Quantitation of stained jejunal sections indicated an increased number of
CAE-positive cells in SPI-challenged mice relative to control mice notably in the lower
lamina propria but not in the villi. As noted in the case of eosinophils, administration of &
TUCB to SPI-challenged mice significantly decreased the number of CAE-positive cells in
the jejunum relative to untreated mice (Fig. 3, E and F).

t-TUCB reduces SPI-induced mucus secretion and loss of epithelial junction proteins in

the Gl tract

Mucus hypersecretion is a characteristic feature of airway [45] and oral allergen exposure
[46]. Consistent with this, a two-fold increase in mucus secretion by goblet cells in the
epithelium of the villi was noted in SPI-challenged mice compared to control mice based on
staining with PAS (Fig. 4, A). Treatment with #TUCB significantly inhibited mucus
secretion with levels similar to that noted in control mice (Fig. 4, A and B). Barrier function
of the intestinal epithelium, which is tightly regulated by epithelial junction proteins, plays a
crucial role in preventing passage of harmful agents, including dietary antigens, from the
lumen of the gut into the mucosal tissues and circulatory system [47]. We examined
expression of epithelial occludin, ZO-1 and E-cadherin in our model of SPI-induced Gl
allergy by immunofluorescence staining of jejunal sections (Fig. 4, C — E). Consistent with
the phenotype associated with GI inflammation, SPI challenge resulted in a marked
reduction in expression of epithelial occludin, ZO-1 and E-cadherin relative to control mice
(Fig. 4, C and D, middle and top panels, respectively, Fig. 4, E, middle and left panels,
respectively). In SPI-challenged mice treated with #TUCB at 3 mg/kg, loss of occludin and
E-cadherin expression was substantially prevented (Fig. 4, C, bottom panels, and E, right
panels), while recovery of ZO-1 expression was less striking (Fig. 4, D, bottom panels).
Overall, these studies suggest that sEH induced by food allergens such as soy proteins
promotes Gl allergic responses and inflammation and that inhibition of SEH can attenuate
SPI-induced allergic responses.

Expression and induction of SEH in murine eosinophils

As indicated earlier, eosinophils recruited to the Gl tract of SPI-challenged mice express
SEH (Fig. 3, C). Since £TUCB treatment reduced eosinophil recruitment to the jejunum in
SPI-challenged mice (Fig. 3, A and B) but did not alter levels of the eosinophil chemokine
eotaxin-1 (Fig. 3, D), we investigated whether the reduced eosinophil recruitment could be
due to a direct effect of the inhibitor on eosinophil-expressed sEH. We first examined
expression of SEH and its regulation using BM-derived murine eosinophils.
Immunofluorescence staining of eosinophils with polyclonal antibodies against murine sEH
demonstrated positive staining largely localized in the cytoplasm (Fig. 5, A). Western blots
of eosinophil lysates indicated a band of ~64 kDa (Fig. 5, B) corresponding to the known
molecular weight of sEH [48]. In the immunofluorescence staining studies and Western
blots, incubation with the primary antibody in the presence of a SEH antibody blocking
peptide markedly decreased intensity of SEH expression, indicating the specificity of the
staining detected (Fig. 5, A, bottom panels and B, right panels). Next, we examined whether
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pro-inflammatory cytokines likely to be associated with allergic responses in the Gl tract
such as IL-4, TNF-a and eotaxin-1 regulate expression of sSEH in eosinophils. BM
eosinophils treated with 1L-4, TNF-a or eotaxin-1 for 24 h were analyzed for expression of
SsEH by Western blot analysis. TNF-a was found to significantly induce expression of sEH,
while IL-4 had no effect and a marginal increase in expression of SEH was noted with
eotaxin-1 (Fig. 5, C).

t-TUCB inhibits eosinophil adhesion and migration

We next examined whether £ TUCB has a direct effect on adhesive events associated with
eosinophil recruitment such as adhesion to endothelial adhesion molecules and migration.
Treatment of eosinophils with #TUCB at a concentration of 10 uM significantly inhibited
adhesion to VCAM-1 compared to vehicle-treated cells (Fig. 6, A) but did not alter
expression levels of CD49d, CD18, CD11a, CD11b or L-selectin (Fig. 6, B). Treatment of
eosinophils with #TUCB also reduced eotaxin-1-induced migration relative to vehicle-
treated cells, with significant inhibition noted at a concentration of 5 uM (Fig. 6, C).
Interestingly, #TUCB at this concentration had no effect on expression levels of the
eotaxin-1 receptor CCR3 on eosinophils (Fig. 6, D). Studies have shown that £ TUCB
inhibits the ability of SEH to convert EETs into DIHETS [19]. While EETS exert various
anti-inflammatory effects, DiHETS are pro-inflammatory [19]. We therefore examined the
effect of increasing concentrations of a representative EET and DIHET on eosinophil
migration. Consistent with our finding that #TUCB treatment inhibits migration, treatment
of eosinophils with increasing concentrations of 11,12-EET inhibited eosinophil migration
while 11,12-DIiHET had no effect (Fig. 6, E).

Effect of t-TUCB on intracellular signaling events

Since pre-treatment of eosinophils with #TUCB altered the ability of cells to adhere to and
migrate but did not affect expression of adhesion molecules or CCR3, we examined its effect
on intracellular signaling events that regulate cell motility. The effect of #TUCB on the actin
cytoskeleton was evaluated by flow cytometry. Treatment with #TUCB (5 uM) up to 20 min
did not alter phalloidin binding (indicative of actin polymerization) relative to vehicle-
treated cells (Fig. 7, A), suggesting that the actin cytoskeleton may not be a target of #
TUCB. On the other hand, #TUCB treatment altered ERK (1/2) activation in eosinophils.
Western blots analysis followed by densitometry for levels of phospho-ERK (1/2) in cells
treated with #TUCB or the vehicle control (DMSO) up to 30 min (duration of pre-treatment
in migration assays) revealed that vehicle-treated cells exhibit increased ERK (1/2)
activation at 30 min relative to earlier time points (1 and 10 min) whereas #TUCB-treated
cells showed decreased ERK (1/2) activation at this time point with levels of phospho-ERK
(1/2) being significantly lower compared to vehicle-treated cells (Fig. 7, B). In addition,
[CaZ*]; was altered by £TUCB. £TUCB induced an increase in [Ca2*]; relative to vehicle-
treated cells. Levels remained elevated up to 6 min and then gradually decreased but failed
to increase upon exposure to eotaxin-1. On the other hand, vehicle-treated cells
demonstrated a clear eotaxin-1-induced surge in [Ca2*]; (Fig. 7, C, upper panel). Both £
TUCB- and vehicle-treated cells responded comparably to ionomycin, a Ca2* ionophore that
directly transports Ca2* across biological membranes to artificially increase [Ca2*]; (Fig. 7,
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C, lower panel), suggesting that eotaxin-1-induced [Ca?*]; response is altered in #TUCB-
treated cells.

Discussion

The epithelial surface of the Gl tract not only plays a critical role in efficient uptake of
nutrients and water but also functions as a barrier by limiting entry of various harmful agents
present in the lumen such as bacterial pathogens, undigested food proteins and dietary
allergens. For the most part, there is sufficient interaction between luminal antigens/
allergens and the mucosal immune system resulting in the development of tolerance and
homeostasis in the Gl tract [49]. However, a breach in the barrier functions of the sensitized
Gl tract can lead to increased intestinal permeability to allergens resulting in the
development of food allergies [50, 51]. Food antigens/allergens can cause inflammatory
disorders such as eosinophilic esophagitis, eosinophilic gastroenteritis and eosinophilic
colitis [10, 11, 25]. Previous studies have indicated a role for SEH in models of Gl
inflammation such as IBD, colitis and acute pancreatitis [21, 22, 52]. In these studies,
increased expression of SEH was noted in the inflamed tissue and genetic deletion or
pharmacological inhibition of sSEH resulted in amelioration of inflammation including the
infiltration of inflammatory cells. However, the role of sEH in food antigen-driven Gl
inflammation has not been investigated.

Soybean proteins are known to induce allergic reactions (colitis) in the Gl tract of humans
[28] and animals [30-32]. In the current study, we investigated the role of SEH in an
experimental model of soy protein-induced Gl inflammation. Increased expression of SEH
was noted in the epithelium of the villi and the crypts of the jejunum of soy-free mice that
were fed SPI. Additionally, these mice had elevated total and antigen-specific IgE levels
along with weight loss relative to control mice indicating the development of an allergic
response to the food antigen. Interestingly, in SPI-challenged mice that were administered
with £#TUCB, an inhibitor of SEH, food antigen-induced weight loss was prevented and total
as well as antigen-specific IgE levels were significantly lower, specifically at the higher dose
administered (3 mg/kg), indicating that specific inhibition of SEH attenuates these allergic
responses. As indicated earlier, SEH is the major enzyme involved in the metabolism of
EETs, thus modulating endogenous levels of these anti-inflammatory lipid mediators [19]. It
is well established that SEH inhibition leads to increase in epoxide:diol ratio, which is
associated with resolution of inflammation and tissue repair [43, 53]. EETSs, specifically 8,9-
EET, can inhibit B cell function including antibody production [54]. Inhibition of SEH in #
TUCB-treated mice leading to increased levels of EETs and other epoxide fatty acids may
be responsible for the reduced total and antigen-specific IgE levels noted in these mice.

Despite the lack of exaggerated inflammation in the jejunum based on H&E staining, a
significant increase was noted in the number of eosinophils present in the jejunum of SPI-
challenged mice relative to control mice. Eosinophils are known to be present in the lamina
propria of the Gl tract under homeostatic conditions where they participate in biological
processes such as immunoregulation, maintenance of glucose homeostasis, protection
against obesity, etc., [12]. However, there is strong evidence that increased presence of
eosinophils in the intestinal tract contributes to Gl disorders [13, 14, 55]. Because of their
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ability to release cytotoxic granule proteins, lipid mediators, cytokines and chemokines,
eosinophils in the Gl tract have been shown to promote pro-inflammatory effects in clinical
and experimental models [56] including compromising epithelial barrier function [57]. In
our studies, SPI-challenged mice treated with the sEH inhibitor had significantly fewer
eosinophils in the jejunum. Since eotaxin-1 is a major eosinophil chemoattractant that is
constitutively expressed in the Gl tract [58] and plays a critical role in eosinophilic Gl
inflammation [6], we measured levels of this chemokine in the jejunum. Interestingly, the
reduction in eosinophils noted in SPI-challenged mice treated with #TUCB did not correlate
with eotaxin-1 levels, suggesting that this reduction might be due to a direct effect of the
inhibitor on eosinophils. While macrophages, neutrophils and endothelial cells have been
shown to express sEH [18], its expression in eosinophils has not been previously described.
Our studies show that eosinophils in the villi of SPI-challenged mice and BM-derived
murine eosinophils express SEH which could be targeted by £ TUCB.

In addition to eosinophils, SPI-challenged mice had increased mast cells relative to control
mice. This finding was consistent with previous studies where an increased number of mast
cells were detected in the small intestine in mice sensitized and challenged with soy bean
proteins [30]. The involvement of mast cells in food allergies is well recognized [5]. During
food allergy, mast cells undergo degranulation in the intestinal mucosa as shown in humans
upon allergen provocation [59] as well as in mice [30]. Activated mast cells contribute to the
pathophysiology of food allergy by releasing various pro-inflammatory mediators
(histamine, serine proteases [tryptase, chymase], lipid mediators, cytokines, chemokines,
etc.) that can promote ongoing inflammation in various ways including impairment of
intestinal barrier function [5, 60, 61]. As noted in the case of eosinophils, SP1-challenged
mice treated with #TUCB had significantly fewer mast cells in the jejunum, thus limiting
the ability of these cells to promote inflammation. Since the focus of the current study was
to investigate the role of sEH in food allergy and specifically in allergen-induced
eosinophilic inflammation in the Gl tract, the effect of #TUCB on mast cells at a cellular
level in vitrowas not investigated. Nonetheless, treatment with #TUCB clearly appears to
inhibit mast cell recruitment to the Gl tract in SPI-challenged mice. Interestingly, decreased
mast cell recruitment /n vivo by pharmacological inhibition of sEH was noted in a rat model
of diet-induced metabolic syndrome [62].

The Gl epithelium is lined by a layer of mucus which acts as a protective barrier from
harmful substances, lubricates the cell surface, regulates ion fluxes and participates in innate
and adaptive immune responses [63]. Thus, altered mucus secretion (increased levels/
chemical composition) could contribute to pathological conditions such as chronic
inflammation. Immune cells such as eosinophils and mast cells recruited to sites of
inflammation as noted in the current study are known to release mediators upon activation
(i.e., eosinophil cationic protein, cytokines, lipid mediators, histamine, tryptases, chymase)
that induce mucus secretion [56, 60]. While there are no studies with soy peptides, peptides
from other foods such as whey, casein and gluten have been shown to stimulate mucin
secretion in intestinal cells [64, 65]. In the current study, mice challenged with SPI exhibited
increased mucus secretion particularly in the villi and treatment with £TUCB completely
inhibited this allergen-induced response correlating with decreased numbers of eosinophils
and mast cells in the jejunum of these mice. In addition to the mucus layer, tight junction
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proteins play an important role in the maintenance and regulation of epithelial barrier
function [47]. Altered expression of tight junction proteins is considered to be a contributing
factor to Gl inflammation in food allergies [49, 50, 66]. Mediators released by activated
eosinophils and mast cells such as granule proteins [57, 67], inflammatory cytokines (e.g.,
TNFa), tryptases, etc., as well as Th2 cytokines have been shown to alter expression of tight
junction proteins and impair barrier integrity [49, 50, 66]. In addition, there is evidence that
food allergens can decrease expression of occluding, claudin-1 and ZO-1 in small intestinal
biopsies from patients with food allergy (i.e., sensitized individuals) but not normal subjects
[68]. Our study indicated that SPI challenge of sensitized mice not only decreased
expression of occludin and ZO-1 but also of the adherens junction protein E-cadherin in the
epithelium of the jejunum. Treatment of SPI-challenged mice with #TUCB prevented the
allergen-induced loss of these junction proteins to variable levels. In this context, previous
studies have shown that diols of linoleate epoxides increase intercellular junction
permeability of rat alveolar epithelial monolayers suggesting loss of epithelial integrity [69].
Based on the observation of increased IgE levels and mast cells as well as several other
aspects of Gl inflammation (eosinophilia, increased mucus secretion, disruption of junction
protein expression) noted in our studies, it is likely that SPI-induced Gl inflammation is
driven by a combination of IgE-mediated and non-1gE-mediated effects. More importantly,
inhibition of sEH resulted in marked attenuation of these SPI-induced allergic responses /in
Vivo.

At a cellular level, we found that TNF-a and eotaxin-1, both of which are associated with
allergic responses in the Gl tract (i.e., increased presence of mast cells and eosinophils),
induce expression of sEH by eosinophils. Since #TUCB treatment reduced eosinophil
recruitment to the jejunum in SPI-challenged mice but did not affect eotaxin-1 levels, we
examined whether the inhibition of eosinophil-expressed sEH might directly affect cell
adhesion and migration which are key events during cell trafficking to sites of inflammation.
Indeed ~TUCB-treated eosinophils adhered in significantly fewer numbers to the endothelial
cell adhesion molecule VCAM-1 and showed decreased migration towards eotaxin-1. As
stated earlier, SEH hydrolyzes EETs that have anti-inflammatory effects into diols that can
exert pro-inflammatory effects. Thus, inhibition of sEH leads to increased levels of EETS.
Previous studies have shown that #TUCB exerts anti-inflammatory effects on human
monocytes by inhibiting lipopolysaccharide (LPS)-induced release of monocyte chemotactic
protein-1 and TNF-a and increasing the EET to DIHET ratio (intracellular plus
extracellular) [70]. 11,12-EETs have been shown to inhibit PDGF- and TGF-p1-induced
migration of smooth muscle cells in the context of mitigating pulmonary vascular
remodeling [71, 72]. In addition, pharmacological inhibition of sEH has been shown to
block migration of human monocytes in response to MCP-1 /in vitro (which was restored in
the presence of DIHETS) and /n vivo in experimental models of inflammation [73]. Most
importantly, consistent with our finding of decreased eosinophil migration by inhibiting
SEH, treatment of eosinophils with 11,12-EET significantly inhibited eotaxin-1-induced
migration in a concentration-dependent manner, while treatment with 11,12-DiHET had no
effect.

Decreased adhesion and migration by inhibiting eosinophil sEH with #TUCB did not appear
to be due to changes in expression of cell surface adhesion molecules or the eotaxin-1
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receptor CCR3 (i.e., down-regulation), but rather due to changes in signaling events that
drive cell migration. Activation of ERK (1/2) is an important signaling event elicited in
eotaxin-1-exposed eosinophils and is required for cell migration /n vitro[74, 75] and
recruitment /7 vivo [76]. Treatment of eosinophils with £#TUCB strongly inhibited activation
of ERK (1/2) by 30 minutes, the duration for which cells were exposed to the inhibitor
before eotaxin-1 in the migration assay. This observation is consistent with the ability of
11,12-EET to inhibit eotaxin-1-induced migration. Previous studies in macrophages have
shown that the MAPK pathway is a target of this SEH inhibitor; LPS-induced
phosphorylation of INK was completely abrogated when macrophages were pre-treated with
+TUCB [70]. Another important aspect of cell migration is Ca2* signaling. Eotaxin-1 is
known to increase [Ca2*]; in eosinophils [77, 78]. Ca?* pulses near the leading edge of cells
are essential for effective cell migration [79]. Consistent with previous reports where EETs
have been shown to increase [Ca2*]; in other cell types [80, 81], eosinophils treated with #
TUCB exhibited an increase in [Ca2*]; compared to vehicle-treated cells but unlike vehicle-
treated cells failed to demonstrate an increase in [CaZ*]; when subsequently exposed to
eotaxin-1. Thus, exposure of eosinophils to a SEH inhibitor is likely to target intracellular
signaling events to inhibit cell adhesion and migration.

In summary, this study reports that expression of sSEH in the Gl tract is induced by food
antigens such as SPI and pharmacological inhibition of SEH attenuates food antigen-induced
inflammation by inhibiting recruitment of eosinophils and mast cells to the Gl tract as well
as preserving epithelial barrier function by inhibiting mucus hypersecretion and allergen-
induced loss of junction protein expression. At a cellular level, expression of SEH in
eosinophils is induced by inflammatory mediators such as TNF-a and eotaxin-1 and
inhibition of SEH impedes eosinophil adhesion and eotaxin-1-induced migration by targeting
ERK (1/2) activation and altering [Ca%*]; levels. Inhibition of SEH might serve as a strategy
in the management of food allergies.
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Summary Sentence

Soy protein-induced soluble epoxide hydrolase promotes allergic responses,
gastrointestinal inflammation and eosinophilia; pharmacological inhibition of this
enzyme leads to attenuation of these responses.
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Fig. 1. Oral exposureto SPI increases expression of intestinal sEH
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(A) Outline of protocol for SPI-induced intestinal inflammation in mice. i.p; intraperitoneal.
(B) sEH expression in the crypts and villi of control and SPI-challenged mice assessed by

immunohistology with polyclonal anti-sEH antibody (stained reddish brown) at high
magnification (top and middle panels) and low magnification (bottom panels). Arrows

indicate staining in the epithelium and crypts. Data representative of n = 4-6 mice/group are
shown. Scale bar, 50 pm. (C) sEH expression in the jejunum of control and SPI-challenged
mice by densitometric analysis of Western blots. A representative Western blot is shown

below graph. M1-M4 represents different mice in each group. Combined data (Mean +

SEM) for n = 4 mice for control and 7 mice for SPI group are shown in C.

J Leukoc Biol. Author manuscript; available in PMC 2019 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Bastan et al.

Page 22

>
(7]

30000

09

0.6 I
03
0.0

g4 _
Saline SPI SPH+ SPI+ Saline SPI SPI+ SPI+ Saline  SPI  SPI+ SPI+
t-TUCB-1 t-TUCB-3 t-TUCB-1 t-TUCB-3 t-TUCB-1 t-TUCB-3

20000

10000

Total IgE (ng/ml)

Antigen-specific IgE (0D) [

% change in weight
bbb hANMoNnso o

Fig. 2. Attenuation of SPI-induced IgE and weight loss by inhibition of sEH with t-TUCB
(A and B) Total and SPI-specific IgE levels in the serum of control and SPI-challenged mice

with and without #TUCB treatment. (C) Change in weight of control and SPI-challenged
mice with and without ~#TUCB treatment. Combined data (Mean £ SEM) of n = 8-12 mice/
group are shown. *p<0.05 in A and B and **p <0.01 in C versus SPI.
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Fig. 3. Effect of t-TUCB on recruitment of eosinophilsand mast cellsin the jejunum of SPI-
challenged mice
(A) Eosinophils in the jejunum of control and SPI-challenged mice with and without #

TUCB treatment assessed by immunohistology with rat mAb against MBP (stained dark
brown). A representative image is shown for each group. (B) Quantitation of cells positive
for expression of MBP in the villi of the above groups of mice. (C) Eotaxin-1 and 2 levels in
jejunal tissue lysates of control and SPI-challenged mice with and without £ TUCB
treatment by ELISA. (D) Dual immunostaining of jejunal sections from SPI-challenged
mice with antibodies against SEH (green) and eosinophil-specific EPX (red). Arrows
indicate SEH-positive/EPX-positive cells in the villi. Immunoreactivity in jejunal sections
treated with control 1gG is also shown. Data representative of 3 mice are shown. (E)
Prevalence of mast cells in control and SPI-challenged mice with and without #TUCB
treatment based on CAE staining (stained dark purple). Arrows indicate CAE-positive cells.
A representative image is shown for each group. (F) Quantitation of CAE-positive cells in
the lower lamina propria of the above groups of mice. Scale bar, 100 pm in A and E, 20 um
in C. Combined data (mean £ SEM) of n = 9-12 mice/group in B and F and 6-8 mice/group
in D are shown. **p<0.01 in B and *p< 0.05 in F versus SPI.
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Fig. 4. Effect of t- TUCB on mucus secretion and epithelial barrier integrity in the jejunum of
SPI -challenged mice
(A) Mucus secretion in the villi of control and SPI-challenged mice with and without #

TUCB treatment assessed by PAS staining (stained dark-pink). A representative image is
shown for each group. (B) Quantitation of PAS-positive area in the villi of the above groups
of mice. (C-E) Occludin, ZO-1 and E-cadherin expression in control and SPI-challenged
mice with and without #TUCB treatment by immunofluoresecent staining with specific
antibodies. Scale bar, 200 um in A, 30 um in C-E. Data representative of n=3-5 mice/group
are shown in C-E. Combined data (mean = SEM) of n = 9-12 mice/group are shown in B.
*p<0.05 and **p<0.01 versus SPI.
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Fig. 5. Murine eosinophils express sEH
(A) Expression of SEH in permeabilized eosinophils by immunofluorescence staining with

anti-sEH in the absence and presence of sEH antibody blocking peptide. Immunoreactivity
with normal goat IgG is shown as a control. Scale bar, 10 um. (B) Expression of SEH in
lysates of murine BM eosinophils by Western blot analysis with anti-sEH. Expression in
lysates of two representative mice (M1 and M2) in the absence and presence of SEH
antibody blocking peptide is shown. (C) Effect of inflammatory cytokines on sEH
expression by eosinophils. Cells cultured in medium alone or in medium containing murine
IL-4, TNFa or eotaxin-1 for 24 h at 37°C were analyzed for sEH expression by Western blot
followed by densitometric analysis. A representative Western blot is shown below graph in
C. Combined data (mean £ SEM) of four experiments with eosinophils from different mice
is shown in C. *p<0.05 versus untreated cells.
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Fig. 6. t-TUCB inhibits eosinophil adhesion and migration
(A) Adhesion of eosinophils treated with 10 pM £#TUCB (30 min at 37°C) or vehicle alone

to VCAM-1-coated cover-slips. The number of adherent cells was determined after 30 min.
(B) Analysis of adhesion molecule expression in eosinophils treated with #TUCB (as
described above) by flow cytometry with the indicated antibodies. (C) Migration of
eosinophils treated with #TUCB at the indicated doses or vehicle alone (as in A) towards
eotaxin-1 (100 nM) in Transwell® plates. The number of migrated cells in the lower wells
was determined. (D) Expression of CCR3 in eosinophils treated with #TUCB (5 uM) by
flow cytometry with rat anti-mouse CCR3. (E) Migration of eosinophils treated with the
indicated doses of 11,12-EET and 11,12-DiHET or vehicle alone towards eotaxin-1 in
Transwell® plates. Combined data (Mean + SEM) of three experiments in duplicate are
shown in A, C and E. Representative data of three independent experiments with eosinophils
from different mice are shown in B and D. **p< 0.01 and *p<0.05 versus corresponding
vehicle-treated cells.

J Leukoc Biol. Author manuscript; available in PMC 2019 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Bastan et al.

Page 27

>
w
(9]

@ DMSO
O tTuCB

2 4 F Eotaxin-1 :::?

6
W DMSO
atTUCB

100 , ®Unstained
/'l ® Untreated :‘
)| eomso Ify
80 |otTucs |l

S
s
3

=
®

Mean Ratio
°
kS

p-ERK (1/2)t-ERK (1/2)
°
=

e
IS

% of Max

1 min 10 min 30 min
1min 10 min 30 min
I_‘ﬁ

8 &
L
N N
— -
°
°
Change in 340/380 nm ratio
s o o
® o N

o L
®

ror T T T |44 kD
10° 10! 102 10° 10* P-ERK1/2 | we=gupemm SR = 202

FL1-H: Alexa Fluor 488
e =

0 P 0 2L P
P L P PP
VgV P

-
S

' d
N

ook
°

lonomycin
.........

01 2 3 456 7 8 910
Time (mins)

Fig. 7. t-TUCB inhibits ERK (1/2) activation and eotaxin-1-induced calcium flux in eosinophils
(A) Expression of total F-actin levels in eosinophils treated with #TUCB (5 uM) by flow

cytometry with Alexa Fluor 488 Phalloidin. Representative data of three independent
experiments with eosinophils from different mice are shown. (B) ERK (1/2) phosphorylation
in eosinophils treated with 5 yM £TUCB or vehicle alone up to 30 min and analyzed for
expression of total and phosphorylated levels of ERK (1/2) by Western blot analysis. t-ERK,
total ERK (1/2); p-ERK, phosphorylated ERK (1/2). A representative Western blot is shown
below graph. (C) [Ca%*]; levels in eosinophils treated with 5 uM £TUCB or vehicle followed
by eotaxin-1 (upper panel) or ionomycin (lower panel) by digital videofluorescence imaging
using the Ca2* indicator dye Fura-2 AM. Combined data (Mean+SEM) of three or more
experiments in B and C are shown. In C, pooled data of > 200 cells are shown for DMSO-
and ~#TUCB-treated condition. *p< 0.05 versus vehicle-treated cells in B.
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