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Leukotriene A4 hydrolase deficiency protects mice from diet-induced obesity by

increasing energy expenditure through neuroendocrine axis
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31  short/running title: LTA4H protects mice from diet-induced obesity
32
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Abbreviations: BAT, Brown adipose tissue; BMI, body mass index; HFD, high-fat diet;
LTA4H, leukotriene A4 hydrolase; LTBa4, leukotriene B4; SD, standard diet; SVF, stromal

vascular fraction; UCP1, uncoupling protein 1
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Summary

Obesity is a health problem worldwide, and brown adipose tissue (BAT) is important for
energy expenditure. Here, we explored the role of leukotriene A4 hydrolase (LTA4H), a key
enzyme in the synthesis of the lipid mediator leukotriene B4 (LTB4), in diet-induced
obesity. LTA4H-deficient (LTA4H-KO) mice fed a high-fat diet (HFD) showed a lean
phenotype, and bone-marrow transplantation studies revealed that LT AsH-deficiency in
non-hematopoietic cells was responsible for this lean phenotype. LTA4H-KO mice
exhibited greater energy expenditure, but similar food intake and fecal energy loss. LTA4H-
KO BAT showed higher expression of thermogenesis-related genes. In addition, the plasma
thyroid-stimulating hormone and thyroid hormone concentrations, as well as HFD-induced
catecholamine secretion, were higher in LTA4H-KO mice. By contrast, LTB4 receptor
(BLTT1)-deficient mice did not show a lean phenotype, implying that the phenotype of
LTA4H-KO mice is independent of the LTB4/BLT1 axis. These results indicate that LTA4sH

mediates diet-induced obesity by reducing catecholamine and thyroid hormone secretion.

Keywords

brown adipocyte, uncoupling protein 1, thyroid hormone, noradrenaline, peptidase
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Introduction

Obesity is now a pandemic. According to the World Health Organization, more
than 1 billion adults (about 15% of the world population) are overweight (body mass index
[BMI] > 25 kg/m?), and more than 300 million are classified as obese (BMI > 30 kg/m?).
Obesity represents a major risk factor for the development of many of the most common
diseases, including type 2 diabetes mellitus, dyslipidemias, non-alcoholic fatty liver
disease, cardiovascular disease, Alzheimer’s disease, and some cancers (1). Therefore,
there is a great need for strategies for the prevention and treatment of overweight and
obesity. There are various ways of losing weight, including reducing food intake, reducing
the intestinal absorption of nutrients, and increasing energy expenditure. Brown adipose
tissue (BAT) is a metabolically active tissue that contributes to energy expenditure.
Specifically, it dissipates stored chemical energy in the form of heat, its mass inversely
correlates with BMI, and it is considered to have an anti-obesity role (2, 3). Therefore, the
activation of BAT might permit the maintenance or loss of body mass, even if individuals
continue to consume a lipid-rich diet (4). Uncoupling protein 1 (UCP1) is essential for
thermogenesis in both brown and beige adipocytes (5), and its activity contributes to the
regulation of energy balance (6). A few reports are available for understanding the
relationship between lipid mediators and metabolism. These reports show that some lipid
mediators regulate glucose tolerance and insulin resistance through inflammation in
metabolic tissues, such as liver and adipose tissue (7, 8). However, there are few reports
about the role of lipid mediators on obesity (9).

Our laboratory has been working on the in vivo roles of lipid mediators for a long
time, especially leukotriene B4 (LTB4). LTB4 is produced by leukotriene A4 hydrolase
(LTA4H) from arachidonic acid in hematopoietic cells, and exerts its effects by binding to
the high-affinity LTB4 receptor (BLT1) (10). BLTT1 is expressed in inflammatory
leukocytes such as neutrophils, eosinophils, effector T-cells, and subsets of macrophages
and dendritic cells, and it plays important roles in inflammation (11). During the early
phase of inflammation, LTB4 is generated by LTA4H in activated leukocytes and attracts
other leukocytes, which express BLT1, to sites of inflammation. In relation to metabolism,

LTB4/BLT1 axis promotes inflammation in adipose tissue, liver, and skeletal muscle in
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mice (12, 13). Although there have been many studies of the roles of BLT1 and LTBa4,
which used BLT1 antagonists and BLT1-deficient (BLT1-KO) mice, only a few in vivo
studies of the roles of LTA4H have been conducted (14, 15). LTA4H is expressed not only
in hematopoietic cells but also in the other cells than hematopoietic cells. LTA4H-deficient
(LTA4H-KO) mice, which were generated as early as 1999, used in an experimental model
of peritonitis, and there was not reported in metabolic phenotype (16). As we are interested
in the relationship between LTA4H and metabolism, we originally generated LTA4H-KO
mice on C57BL/6 background and found the lean phenotype of this mouse. Here, we
clarified the roles of LTA4H in a high-fat diet (HFD)-induced obesity. Our experiments
unveiled the significant relationship between LTA4H and metabolism, which might help us

to develop novel therapeutic methods for obesity.
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97  Materials and Methods

98  Mice

99  BLTI1-KO (Lth4r1 ") mice were generated as previously described (17). LTA4H-KO
100 (Lta4h") mice were generated using the CRISPR/Cas9 system on a C57BL/6 background
101  and the details will be reported in another paper (Koga et al., submitted). All experiments
102 were performed using male mice. LTA4H-KO and BLT1-KO mice were compared with
103 their WT littermates. The mice were housed with free access to food (SD; CRF-1 [Oriental
104  Yeast, Itabashi, Tokyo, Japan] or a 60% HFD [D12492; Research Diets, NJ, USA]) and
105  drinking water in a specific pathogen-free facility. The body mass of the LTA4H-KO and
106  BLTI1-KO mice was measured every week. All animal experiments were approved by the
107  Ethics Committees for Animal Experiments of Juntendo University School of Medicine,
108  and were performed according to appropriate guidelines and regulations.
109
110  Measurement of food intake
111 Mice at 7 weeks of age were acclimated to the use of multi-feeders (Shinfactory, Higashi,
112 Fukuoka, Japan) for 1 week. Food intake was measured daily. During this measurement
113 period, mice were housed in individual cages.
114
115  Measurement of the nutrient energy in feces
116  Dried feces from mice fed the HFD were collected and used to measure the residual
117  nutrient energy content by direct calorimetry at the Chemicals Evaluation and Research
118 Institute, Japan.
119
120  Histological analysis
121~ Mouse tissues were dissected, rinsed with phosphate-buffered saline (PBS), fixed in 4%
122 formaldehyde or paraformaldehyde in phosphate buffer, and embedded in paraffin blocks.
123 Tissue sections (4 um thickness) were stained with H&E.
124
125  Body composition analysis using micro-computed tomography (CT)
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CT was performed under isoflurane anesthesia using a LaTheta micro-CT scanner (Hitachi,
Chiyoda, Tokyo, Japan). The abdominal region between the first and sixth lumbar vertebrae

was scanned, and the sizes of the fat and soft tissue compartments were measured.

Indirect calorimetry

VO> and VCO; were measured in individual mice at the indicated ages using an Oxymax
apparatus (Columbus Instruments, Columbus, OH, USA). The O, and CO> measurements
were performed every 18 min over a 3-day period, during both the light and dark phases,

and the data from the final day were analyzed.

Measurement of lipid droplet area in the liver and BAT
The size of the lipid droplets (um?) was measured using Image] software (NIH, Bethesda,
MD, USA).

qRT-PCR

RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and cDNA was
synthesized using the QuantiTect Reverse Transcription Kit (Qiagen, Hilden, Nordrhein-
Westfalen, GER). Real-time PCR analysis was performed using the LightCycler 96 (Roche
Diagnostics, Indianapolis, IN, USA) and FastStart Essential DNA Green Master Mix
(Roche Diagnostics), according to the manufacturer’s protocol. The sequences of primers

used are listed in Supplemental Table S1.

Bone marrow transplantation studies

Bone marrow cells were collected from the femora, tibiae, and humeri of donor mice, and
mature T-lymphocytes were depleted in these using biotinylated anti-CDS5 antibody
(BioLegend, San Diego, CA, USA) and streptavidin beads (Miltenyi Biotec, Bergisch
Gladbach, Nordrhein-Westfalen, GER), to prevent acute graft-versus-host disease.
Recipient mice (7-10 weeks of age) were irradiated (9 Gy) and transplanted with 6.5-8.0 x

10° of these bone marrow cells by injection into the retro-orbital venous plexus.
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Subsequently, the mice were fed the SD until they were 15 weeks of age, and then from 15
to 27 weeks of age they were fed the HFD and were weighed every week.

Separation of the SVF from BAT and its differentiation to yield brown adipocytes
Interscapular BAT was excised from mice, minced with scissors, suspended in 10 mL PBS
containing 1.5 U/mL collagenase D and 2.4 U/mL dispase II, and digested at 37°C, with
constant agitation at 150 rpm for 40 min. The cell suspension was then filtered through a 70
um cell strainer and centrifuged at 700 x g for 10 min. The cell pellet (the SVF) was re-
suspended in 10 mL DMEM/F12 (Gibco, Carlsbad, CA, USA) containing 10% fetal bovine
serum (FBS), seeded into a collagen-coated 10 cm dish (Iwaki, Haibara, Shizuoka, Japan),
and incubated for 5 days. The cells were then detached and seeded into a collagen-coated
12-well plate (1.6 x 10° cells/well) and differentiated into brown adipocytes by incubation
in induction medium (DMEM/F12 medium containing 10% FBS, 100 U/mL penicillin, 100
png/mL streptomycin, 861 nM insulin, 1 nM T3, 125 uM indomethacin, 2 pg/mL
dexamethasone, 500 uM isobutylmethylxanthine, and 0.5 uM rosiglitazone) for 2 days,
followed by incubation in maintenance medium (DMEM/F12 medium containing 10%
FBS, 100 U/mL penicillin, 100 pg/mL streptomycin, 861 nM insulin, I nM T3, and 0.5 uM
rosiglitazone) for a further 2 days. The cells were then maintained in a medium containing a
high concentration of rosiglitazone (DMEM/F12 medium containing 10% FBS, 100 U/mL
penicillin, 100 pg/mL streptomycin, 861 nM insulin, 1 nM T3, and 1 uM rosiglitazone) for
3 days. Seven days after the start of the differentiation process, fully differentiated brown

adipocytes were stimulated with 10 uM isoproterenol for 1, 6, or 24 hours.

Measurement of urine catecholamine concentration

Twenty-four-hour urine collection was performed using bottles containing 1.2 mL of 1N
HCI. The collected samples were filled up to 3 mL with deionized water and stored at
—80°C until analysis. Urinary catecholamine concentration was measured using high-
performance liquid chromatography at the Japan Institute for the Control of Aging, Nikken
SEIL Co., Ltd.

Measurement of plasma thyroid hormone concentration
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The plasma concentrations of TSH, T3, and T4 were measured using a Milliplex thyroid
hormone panel kit (Millipore, Billerica, MA, USA) and a Luminex 200 analyzer
(Millipore).

Flow cytometry

Peripheral blood leukocytes from WT and LTA4H-KO mice (Ly 5.2) transplanted with WT
bone marrow cells (Ly 5.1) were stained with allophycocyanin (APC)-conjugated anti-CD
45.1 and phycoerythrin (PE)-conjugated anti-CD 45.2 antibodies. These cells were
analyzed using a CytoFLEX flow cytometer (Beckman Coulter, Brea, CA, USA), and the
data were analyzed using FlowJo software (Becton, Dickinson, Franklin Lakes, NJ, USA).

Statistical analysis
All data were analyzed using GraphPad Prism software (GraphPad, San Diego, CA, USA).

The statistical tests used for each analysis are listed in the respective figure legends.

Data and code availability

This study did not generate datasets or codes.

Results

LTA,H deficiency protects mice from high-fat diet-induced obesity

To investigate the roles of LTA4H in metabolism, we first monitored the growth of wild-
type (WT) and LTA4H-KO mice. Because LTA4H-KO mice showed a slightly lean
phenotype compared with their WT littermates while eating a standard diet (SD) (Fig. 1A),
we challenged a group of mice with the HFD after weaning (4 weeks of age). Whereas WT
mice showed obvious gains in body mass, these gains were significantly lower in LTA4H-
KO mice (Fig. 1A). Next, we determined the effect of LTA4H deficiency in metabolic
tissues. In 27-week-old mice, HFD-induced liver hypertrophy was ameliorated by LTA4H-
deficiency (Fig. 1B, C). We analyzed the histology of the liver and BAT of LTA4H-KO
mice, and found that there were smaller lipid droplets in the liver and BAT in LTA4H-KO
mice than in WT mice (Fig. 1D, E). We next evaluated the body composition of 12-week-
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old mice using micro-CT. There was no significant difference in adipose tissue weight, and
body fat percentage between LTAsH-KO and WT mice fed the SD (Fig. 1F). Therefore, we
challenged a group of mice with the HFD and found that 12-week-old LTA4H-KO mice
were slightly leaner than WT mice of the same age when they had been fed the HFD.
Whereas the lean body masses of LTA4H-KO and WT mice were comparable, the body fat
percentage of LTA4H-KO mice was lower than that of WT mice (Fig. 1G).

LTA,H deficiency protects mice from diet-induced obesity by stimulating energy
expenditure

To determine whether the lean phenotype of the LTA4H-KO mice is due to lower food
intake, we compared the food intake of HFD-fed LTA4H-KO and WT mice for 3 weeks,
and found that there was no difference (Fig. 2A). We also measured the energy lost in the
feces, and found that this was comparable between LTA4H-KO and WT mice (Fig. 2B). In
addition, we performed histological analysis of the small intestine, and found no detectable
morphological differences between WT and LTA4H-KO mice (Fig. 2C). Therefore, we
concluded that the lean phenotype of the LTA4H-KO mice is not due to lower food intake
or nutrient absorption. We next hypothesized that the lean phenotype might be the result of
higher energy expenditure. To test this hypothesis, we evaluated the basal metabolism of
LTA4H-KO mice. We found no significant difference in energy expenditure assessed using
oxygen consumption (VO2) and carbon dioxide production (VCO,), between LTA4H-KO
and WT mice fed the SD (Fig. 2D). On the other hand, the levels of VO,, VCO,, and
locomotor activity of LTA4H-KO mice were higher than those of WT mice fed the HFD
(Fig. 2E). These results suggest that LTA4H deficiency protects mice from diet-induced

obesity by increasing energy expenditure.

LTA,H deficiency stimulates BAT thermogenesis through neuroendocrine axis
According to the results of a previous study (18) and NCBI database
(https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd=DetailsSearch& Term=16993),

LTA4H is ubiquitously expressed, but its expression is particularly high in hematopoietic

cells. We found that LTA4H is also highly expressed in lymphoid organs, such as spleen
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and intestine, and that it is expressed in metabolic tissues, such as BAT (Supplemental
Fig. S1). To determine which LTAsH-expressing cells contribute to the metabolic
phenotype, we performed a bone marrow transplantation study. LTA4H-KO mice that
received WT bone marrow exhibited lower body mass gain upon the HFD feeding (Fig.
3A), whereas the body mass gains of recipient mice transplanted with WT or LTA4H-
deficient bone marrow were comparable (Fig. 3B). The body mass data are shown in
Supplemental Fig. S2A, B. Approximately 95% of the bone marrow was replaced in each
case (Supplemental Fig. S2C). These results show that LTA4H in non-hematopoietic cells
contributes to the metabolic phenotype. BAT is well known to be a diet-induced
thermogenic tissue; therefore, we measured the expression of thermogenesis-related genes
in the BAT of LTA4H-KO mice. The expression of brown adipocyte-specific markers, such
as Ucpl, Ppara, Cidea, and Pgclb, in BAT was higher in LTA4H-KO than in WT mice
(Fig. 3C), but the expression of adipocyte-specific markers, such as Adipog, in epididymal
white adipose tissue (eWAT) did not differ between the sets of mice (data not shown).
These data suggest that the thermogenic activity of BAT is higher in LTA4H-KO mice fed
the HFD than in WT mice, which may explain the lean phenotype of the LTA4H-KO mice.
The Ucpl expression in BAT was also higher in young LTA4H-KO mice (12 weeks of age)
fed the HFD, but not in those fed the SD (Fig. 3D). These data indicate that LTAsH
deficiency increases BAT metabolism in response to the HFD feeding. We next isolated the
stromal vascular fraction (SVF) of the BAT from LTA4H-KO and WT mice, induced its
differentiation into brown adipocytes, and measured the expression of thermogenesis-
related genes. We found no differences in the expression of Pparg, NdI, and CoxI between
primary brown adipocytes derived from LTA4H-KO and WT mice (Fig. 3E), which
indicates that LTAsH-deficiency does not affect the differentiation of brown adipocytes. To
evaluate the responsiveness of primary brown adipocytes to a beta-adrenergic receptor
agonist, we quantified the expression of the thermogenesis-related gene Ucp ! before and
after stimulation with the non-selective beta-agonist isoproterenol. We found no difference
in isoproterenol-induced Ucp! expression between LTAsH-deficient and WT brown
adipocytes (Fig. 3F). These results suggest that the high expression of thermogenesis-

related genes in LTA4H-deficient BAT in vivo is not a brown adipocyte-autonomous
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phenomenon. Next, we compared the concentrations of hormones with metabolic effects in
the plasma and urine of WT and LTA4H-KO mice. In particular, pituitary and thyroid
hormones, and catecholamines, are known to increase Ucpl expression in BAT (19). The
plasma thyroid-stimulating hormone (TSH) and thyroxine (T4) concentrations in LTAsH-
KO mice were higher than those in WT mice, but the plasma triiodothyronine (T3)
concentrations were comparable (Fig. 3G). These results suggest that LTA4H deficiency is
associated with higher TSH secretion, which stimulates the release of T4, causing the
greater energy expenditure. Next, we compared the effect of switching the mice from the
SD to HFD on their urinary noradrenaline concentration, and found that this was greater in
LTA4H-KO mice (Fig. 3H). Catecholamine secretion from the adrenal gland is regulated
by sympathetic nerves; therefore, these findings suggest that greater energy expenditure in
LTA4H-KO mice may be caused by greater secretion of adrenal hormones, secondary to

sympathetic nerve activation.

LTA,H deficiency protects mice from diet-induced obesity independently of LTB+/BLTI
axis

To determine whether this lean phenotype is caused by defective LTB4 synthesis and a
resultant reduction in BLT1 activation, we monitored the growth of WT and BLT1-KO
mice. To our surprise, the BLT1-KO mice did not show a lean phenotype under either the
SD or HFD fed conditions (Fig. 4A). We could not find any significant difference in liver
and BAT between BLT1-KO and WT mice. (Fig. 4B, C). Furthermore, there was no
significant difference in body composition between HFD-fed BLT1-KO and WT mice (Fig.
4D). These data indicate that the lean phenotype of the LTA4H-KO mice is not dependent
on the LTB4/BLT]1 axis.
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Discussion

In contrast to the numerous reports on the phenotypes of BLT1-KO mice in various
disease models (11, 20), almost nothing is known about in vivo roles of LTA4H. The study
of LTA4H commenced with protein purification and cDNA cloning as early as the 1980s
(15, 21). LTA4H-KO mice were reported to exhibit milder peritonitis than WT mice
following zymosan A injection in 1999, but no further investigations were conducted until
2010. In addition to its LTB4 biosynthetic activity, LTA4H has an aminopeptidase activity
that was demonstrated using synthetic peptides (22-24). However, the endogenous substrate
for this aminopeptidase activity was not identified for a long time. Snelgrove et al. reported
that acute lung injury in LTA4H-KO mice is exacerbated by impaired degradation of the
collagen-derived inflammatory peptide proline-glycine-proline (PGP), which suggested that
PGP is an endogenous substrate of the LTA4H aminopeptidase (25, 26). However, these
studies used LTA4H-KO mice on a 129/SvEv background, which is not suitable for the
study of various disease models. Therefore, we created LTA4H-KO C57BL/6 mice for the
study of the in vivo roles of LTA4H (Koga et al., submitted). During the maintenance of
these LTA4H-KO mice, we noticed that aged LTA4H-KO mice were slightly leaner than
their WT littermates, which prompted us to analyze the roles of LTA4H in metabolism.

This is the first study to show the involvement of LTA4H in diet-induced obesity.
Because the lean phenotype of LTA4H-KO mice was not observed in BLT1-KO mice, we
hypothesized that the aminopeptidase activity of LTA4H is important in diet-induced
obesity, and we tried to generate mice that were deficient only in the aminopeptidase
activity of LTA4H. According to previous reports, the amino acid residue Glu-297 of
LTA4H is crucial for its aminopeptidase activity but not for its LTB4-synthesizing activity.
In vitro studies showed that the LTA4H mutant E297Q was still capable of generating LTB4
but did not possess an aminopeptidase activity (27, 28). Therefore, we established two lines
of LTA4H E297Q-knock in (LTA4H E297Q-KI) mice to determine the roles of the LTAsH
aminopeptidase activity in vivo. We were able to confirm the loss of the aminopeptidase
activity of LTA4H in these LTA4H-KI mice and to reproduce the lean phenotype (data not
shown). However, the LTB4 synthesis in the bone marrow-derived dendritic cells (BMDCs)
from these LTA4H-KI mice was only 10% of that in WT BMDCs (data not shown), and
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therefore we could not conclude that the loss of the aminopeptidase activity of LTA4H is
responsible for the lean phenotype of the LTA4H-KO and LTA4H E297Q-KI mice.

LTA4H deficiency resulted in an amelioration of HFD-induced obesity, which was
accompanied by greater energy expenditure and higher expression of thermogenesis-related
genes. A bone marrow transplantation experiment showed that LTA4H expression in non-
hematopoietic cells is responsible for this metabolic phenotype. We next measured the
expression of LTA4H in various tissues in mice, and found the highest level of expression
in the spleen and intestine, followed by BAT (Supplemental Fig. S1). Therefore, we
explored the roles of LTA4H in BAT using LTA4H-KO mice. We isolated the SVF from
interscapular BAT, differentiated the cells into brown adipocytes in vitro, and measured the
expression of brown adipocyte differentiation markers and the response to catecholamines.
The expression of brown adipocyte differentiation markers (Pparg, NdlI, and CoxI) and the
isoproterenol-induced upregulation of Ucpl mRNA were comparable between WT and
LTA4H-KO mice (Fig. 3E, F). Because an analysis of brown adipocytes alone could not
explain the difference in phenotype between the WT and LTA4H-KO mice, we measured
the concentrations of several hormones that regulate energy expenditure in BAT. The
plasma concentrations of TSH and T4 were higher in LTA4H-KO than in WT mice (Fig.
3G), and the secretion of noradrenaline was greater in HFD-fed LTA4H-KO than WT mice
(Fig. 3H). Although LTA4H is expressed in the hypothalamus, pituitary, thyroid, and
adrenal gland (https://www.proteinatlas.org/ENSG00000111144-L TA4H/tissue), no reports

are available on the relationship between the neuroendocrine axis and LTA4H. Elevated
levels of TSH, T4, and noradrenaline can explain the lean phenotype of LTA4H-KO mice.
In summary, we identified a novel role for LTA4H in metabolism, although the
detailed molecular mechanism involved has yet to be determined. Considering the fact that
this enzyme is widely expressed in tissues and cells, there are several experiments that
would provide additional information regarding its roles in metabolism and energy
expenditure. First, the generation of cell type-specific LTA4H-KO mice would be of
interest. Second, a denervation study to clarify the relationships between the thyroid gland,
adrenal gland, and sympathetic nerves would also clarify the mechanisms involved. Third,

experiments aimed at determining the roles of the aminopeptidase activity of LTA4H in
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obesity would be of great interest. LTA4H inhibitors are currently being developed (29-31),
and LTA4H inhibition might increase HFD-induced thermogenesis, which would make it a

promising therapeutic target for obesity.
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Figure legends
Figure 1. LTA4H deficiency protects mice from diet-induced obesity. A) Growth curve
of LTA4H-KO and WT mice fed a standard diet (SD) or a high-fat diet (HFD) (n = 10-16
mice per group). B) Macroscopic appearance of livers from 27-week-old LTA4H-KO and
WT mice fed the HFD. C) Liver masses of LTA4sH-KO and WT mice (n = 6-9 mice per
group). D, E) Representative images of hematoxylin and eosin (H&E)-stained histological
sections from LTA4H-KO and WT mice fed the HFD until 27 weeks of age (D, liver; E,
BAT; upper panels). Quantification of the lipid droplet area ratio (lower left) and lipid
droplet size (lower right) (n = 69 mice per group). Scale bars, 100 um. F) Body
composition of 12-week-old control (Ctrl; WT and LTA4H-hetero) and LTA4H-KO mice
fed the SD (n = 9—10 mice per group). G) Body composition of LTA4sH-KO and WT mice
fed the HFD until 12 weeks of age (n = 7—10 mice per group). Graphs represent means +
SEMs (A, C, and D-G). Statistical analysis was performed using two-way ANOVA (A) or
. p<0.0001;

kokesk

unpaired Student’s ¢-test (C—G): ,p <0.001;", p<0.01; n.s., not

significant.

Figure 2. LTA4H deficiency protects mice from diet-induced obesity by stimulating
energy expenditure. A) Food intake by LTA4H-KO and WT mice fed the HFD at 8—11
weeks of age (n = 6 mice per group). B) Residual energy in the feces of LTA4H-KO and
WT mice fed the HFD (n = 3 mice per group). C) Representative images of H&E-stained
small intestinal sections from LTA4H-KO and WT mice fed the HFD until 12 weeks of age.
Scale bars, 100 um. D) Energy expenditure and locomotor activity of 12-week-old Ctrl and
LTA4H-KO mice fed the SD (n = 9—10 mice per group). E) Energy expenditure and
locomotor activity of LTA4H-KO and WT mice fed the HFD until 12 weeks of age (n = 7—
10 mice per group). The graphs show the means + SEMs (A, D and E) and means + SDs
(B). Statistical analysis was performed using two-way ANOVA (A) or unpaired Student’s
t-test (B, D and E): *, p < 0.05; n.s., not significant.

Figure 3. LTA4H deficiency stimulates BAT thermogenesis through neuroendocrine

axis. A, B) Body mass gain of mice that had undergone bone marrow transplantation and
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the HFD feeding between 15 and 27 weeks of age. LTA4H-KO and WT mice (Ly 5.2)
reconstituted with WT (Ly 5.1) bone marrow (A, n = 9—12 mice per group), and WT mice
(Ly 5.1) reconstituted with WT or LTA4H-KO (Ly 5.2) bone marrow (B, n = 8-9 mice per
group), were studied. C) Expression of brown adipocyte-specific marker genes in
interscapular BAT from LTA4H-KO and WT mice fed the HFD until 24 weeks of age.
Gene expression relative to that of Actb is shown (n = 4 mice per group). D) Expression of
Ucpl in BAT from LTA4H-KO and WT mice fed the SD or HFD until 12 weeks of age.
The relative expression of Ucpl to Rpsi8s is shown (n = 4 mice per group) E) Expression
of brown adipocyte-specific marker genes in primary brown adipocytes harvested from
LTA4H-KO and WT mice at 8 weeks of age. The expression relative to that of Rpsi8s is
shown (n = 3). F) Time course of Ucp!/ expression in primary brown adipocytes harvested
from LTA4H-KO and WT mice before and after isoproterenol stimulation (n = 7 for every
time point). G) Plasma TSH, T4, and T3 concentrations in HFD-fed LTA4H-KO and WT
mice (n = 89 mice per group) H) 24-hour urinary noradrenaline excretion by LTA4H-KO
and WT fed the SD or HFD (n = 8-9 mice per group). The graphs show the means + SEMs
(A, B, and F-H) and means + SDs (C-E). Statistical analysis was performed using two-
way ANOVA (A, B and F), unpaired Student’s t test (C, E and G), paired Student’s t test
(H), or one-way ANOVA (D): *™*, p <0.0001; ™", p <0.001; ™, p <0.01; ", p < 0.05; n.s.,

not significant.

kokok

Figure 4. BLT1-KO mice do not show the lean phenotype. A) Growth curve of BLT1-
KO mice and WT mice fed the SD or HFD (n = 24-31 mice for the SD group; n = 8-10
mice for the HFD group). B, C) Representative images of H&E-stained histological
sections (B, liver; C, BAT) from 29-week-old BLT1-KO and WT mice fed the HFD. Scale
bars, 100 um. D) Body composition of BLT1-KO and WT mice fed the HFD until 12
weeks of age (n = 7 mice per group). Graphs represent means £ SEMs (A and D).
Statistical analysis was performed using two-way ANOVA (A) or unpaired Student’s t test

(D): n.s., not significant.
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Supplemental Figure
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Relative expression to Rps18s

Figure S1. Gene expression of Lta4h in various tissues
Expression of the Lta4h gene in tissues from 10-week-old WT mice.
Expression is shown relative to that of Rps18s (n = 3 per mice).
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Figure S2. LTA,H expressed in non-hematopoietic cells
contributes to the metabolic phenotype

A, B) Growth curves of bone marrow-transplanted mice fed the HFD.
LTA4H-KO and WT mice (Ly 5.2) reconstituted with WT (Ly 5.1) bone
marrow cells (A, n = 9—-12 mice per group), and WT mice (Ly 5.1)
reconstituted with WT or LTA4H-KO (Ly 5.2) bone marrow (B, n = 8-9
mice per group), were studied. The body masses of these mice were
measured between 15 and 27 weeks of age. C) Representative flow
cytometric data for peripheral blood leukocytes from WT (left) and
LTA4H-KO (Ly 5.2) mice (middle) transplanted with WT bone marrow
cells (Ly 5.1). The right panel shows the leukocytes from WT (Ly 5.2)
mice.



