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Epoxyeicosatrienoic acids enhance embryonic
haematopoiesis and adult marrow engraftment
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Haematopoietic stem and progenitor cell (HSPC) transplant is a
widely used treatment for life-threatening conditions such as leuk-
aemia; however, the molecular mechanisms regulating HSPC
engraftment of the recipient niche remain incompletely under-
stood. Here we develop a competitive HSPC transplant method
in adult zebrafish, using in vivo imaging as a non-invasive readout.
We use this system to conduct a chemical screen, and identify
epoxyeicosatrienoic acids (EETs) as a family of lipids"* that
enhance HSPC engraftment. The pro-haematopoietic effects of
EETs were conserved in the developing zebrafish embryo, where
11,12-EET promoted HSPC specification by activating a unique
activator protein 1 (AP-1) and runxI transcription program auto-
nomous to the haemogenic endothelium. This effect required the
activation of the phosphatidylinositol-3-OH kinase (PI(3)K) path-
way, specifically PI(3)Ky. In adult HSPCs, 11,12-EET induced
transcriptional programs, including AP-1 activation, which modu-
late several cellular processes, such as migration, to promote
engraftment. Furthermore, we demonstrate that the EET effects
on enhancing HSPC homing and engraftment are conserved in
mammals. Our study establishes a new method to explore the
molecular mechanisms of HSPC engraftment, and discovers a
previously unrecognized, evolutionarily conserved pathway regu-
lating multiple haematopoietic generation and regeneration pro-
cesses. EET's may have clinical application in marrow or cord blood
transplantation.

To our knowledge, a screen-based forward-genetic approach to
understand transplantation biology has never been attempted. In an
effort to quantify HSPC activity, we developed a competitive trans-
plantation system in a transparent mutant zebrafish, casperj, which
allows direct visualization of engraftment in vivo. We co-injected
whole kidney marrow (WKM) cells from two ubiquitous GFP and
DsRed2 transgenic donors into casper (Fig. 1a), and calculated relative
engraftment as the ratio of GFP/DsRed2 intensity (G/R) within the
same kidney region (Fig. 1b). We validated the quantitative potential of
this imaging-based approach by comparing with flow cytometry-based
analysis of WKM from the same recipient (Fig. 1c). The assay was also
sensitive to changes in the relative number of green-to-red donor cells
(Fig. 1d). Additionally, our system successfully detected the effects of
two known chemical modulators of HSPC engraftment: dmPGE,
(16,16-dimethyl-prostaglandin E,), a stabilized derivative of PGE,
(ref. 4), and BIO (6-bromoindirubin-3’-oxime), a GSK-3f inhibitor’.
We used our assay to screen 480 compounds with known bioactivities,
which had been selected to cover diverse signalling pathways
(Extended Data Fig. 1a). Ten compounds significantly increased the
G/R ratio reproducibly, including PGE, and Ro 20-1724, which acti-
vates the cAMP pathway downstream of PGE, (refs 4 and 5). The other

hits target pathways that previously have not been linked to HSPC
engraftment, including 11,12-EET and 14,15-EET (Fig. le). These are
arachidonic-acid-derived eicosanoids that are synthesized through the
cytochrome P450 epoxygenase pathway"? (Extended Data Fig. 1b).
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Figure 1 | Zebrafish whole kidney marrow competitive transplantation-
based chemical screen identifies EET's as enhancers of marrow engraftment.
a, Schematic of zebrafish whole kidney marrow (WKM) competitive
transplantation. b, Calculation of relative engraftment capability (G/R).
White dashed line denotes kidney. Gyia/Ryia, kidney fluorescence intensity;
Ghig/Rokg background fluorescence intensity. ¢, The G/R ratios from imaging
linearly correlated with flow cytometry analysis of the same recipients

(linear regression). wpt, weeks post-transplant. d, Serial dilution competitive
transplantation with varying donor GFP/DsRed2 ratios. e, Four-hour transient
chemical treatment increased WKM engraftment. 11,12- and 14,15-EET,

0.5 uM. Unpaired two-tailed t-test; mean and s.e.m. (d, e).
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A gene expression study previously reported mouse Cyp2j6, a cyto-
chrome P450 epoxygenase, as one of the 93 genes enriched in long-
term haematopoietic stem cells®.

Despite years of research on the potent effects of EETs in numerous
physiological processes’ >, knowledge about their direct target(s) and
downstream pathway(s) is still very limited. To tackle this problem, a
robust system allowing easy genetic perturbation is crucial. As adult
regeneration often reactivates pathways important for development,
we decided to probe the effects of EETs on haematopoiesis during
embryo development. Analogous to mammalian development, zebra-
fish HSPCs form from a flkI1+ population, named haemogenic endo-
thelium, at 24 hours post fertilization (hpf), and become runxl+ at
36hpf in the evolutionarily conserved aorta-gonad-mesonephros
(AGM) region'*"2. HSPCs enter the circulation after they emerge from
the AGM'"", and seed the caudal haematopoietic tissue (CHT), a
secondary haematopoietic site equivalent to the mammalian fetal
liver'*'* (Fig. 2a). The 11,12-EET treatment between 24 and 36 hpf
strongly increased the HSPC marker runxI in the AGM, and surpris-
ingly induced runxl in a non-haematopoietic region of the tail
mesenchyme, where runxl is not normally expressed (Fig. 2b). This
indicates 11,12-EET might be inducing a conserved transcriptional
program. We confirmed this AGM phenotype with in vivo time-lapse
imaging of HSPC birth from the haemogenic endothelium.
Tg(CD41:GFP; flk1:DsRed2) embryos treated with 11,12-EET starting
at 24 hpf showed a significant increase in the number of double-pos-
itive HSPCs in the AGM from 30 to 46 hpf (Fig. 2c, d). Single-cell
analysis showed that this change is mainly due to a significant increase
in the frequency of HSPCs directly specified from the haemogenic
endothelium, while no increase in the rate of cell division or AGM
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Figure 2 | 11,12-EET enhances HSPC specification in the zebrafish
embryo AGM. a, Schematic of HSPC development in zebrafish embryos.
b, Representative images of whole-mount in situ hybridization showing
11,12-EET (24-36 hpf treatment) induced HSPC marker runxI in the AGM
and a tail non-haematopoietic tissue (8 independent experiments, # > 100).
¢, d, 11,12-EET (24-46 hpf) enhanced CD41:GFP/flk1:DsRed2 double-
positive HSPCs (white arrowheads) emerging in the AGM. Arrows indicate
blood flow. e, f, Same treatment increased the number of HSPCs in the
CHT. e, mCherry" HSPCs quantified in the Tg(RunxI+23:mCherry) CHT.
f, Representative montage images of RunxI+23:GFP HSPCs (white
arrowheads) engrafting CHT. flkI:DsRed2, endothelial cells. Unpaired
two-tailed t-test, mean and s.e.m. (d, e).
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retention was observed (Extended Data Fig. 2). The additional HSPCs
produced after 11,12-EET treatment successfully homed to their next
niche, resulting in increased numbers of HSPCs in the CHT, which was
verified by in situ hybridization for the HSPC marker cmyb (Fig. 2e and
Extended Data Fig. 3). Time-lapse imaging of Tg(RunxI+23:GFP)
zebrafish showed that 11,12-EET treatment between 24 and 48 hpf
increased the rate of arrival of GFP" HSPCs to the CHT (Fig. 2f and
Supplementary Videos 1 and 2), presumably owing to enhanced HSPC
specification in the AGM.

To dissect the molecular mechanism leading to runxl induction
further, we performed microarray analysis on 11,12-EET-treated 36-
hpf embryos (Supplementary Table 3). The upregulation of multiple
activator protein 1 (AP-1) family transcription factors, including fosl2,
and duplicated orthologues of human JUNB, junb and junbl, were
among the most prominent changes. Whole-mount in situ hybridiza-
tion confirmed the induction both in the AGM and the non-haema-
topoietic region of the tail mesenchyme (Fig. 3d, top two rows). AP-1
messenger RNA transcripts were detectable within 1h of 11,12-EET
treatment and insensitive to the protein translation inhibitor cyclohex-
imide (Extended Data Fig. 4a, b), indicating that AP-1 members are
immediate targets of EET signalling. By contrast, runxI induction
required at least 4h of 11,12-EET treatment and was completely
blocked by cycloheximide (Extended Data Fig. 4c). Therefore, we pro-
posed that EET-induced AP-1 expression is necessary for increasing
runxl transcription.

To test this hypothesis genetically, we globally knocked down AP-1
with anti-sense morpholinos targeting junb and junbl, which blocked
runx] expression without affecting endothelial cells of the AGM
(Extended Data Fig. 5), suggesting that AP-1 might be required for
HSPC specification from haemogenic endothelium. To test whether
AP-1 function is autonomous to the haemogenic endothelium, we
delivered a dominant-negative form of JunB protein (dnJUNB) spe-
cifically to the flk1+ endothelial cells, before the induction of runxI, to
functionally inhibit all AP-1 activity. Although flk1:dnJUNB did not
significantly reduce the expression of runxl in DMSO-treated
embryos, it suppressed the EET-induced increase of runxl in the
AGM (Fig. 3a, b). Combined with the gene expression data, these
genetic analyses showed that 11,12-EET activates an AP-1 and runxI
transcriptional cascade of cell-fate specification autonomous to the
haemogenic endothelium.

In an effort to define downstream signalling events for 11,12-EET,
we performed a chemical suppressor screen in zebrafish embryos by
examining the capability of various chemicals to suppress the 11,12-
EET-induced AP-1 and runxI gene signature (Fig. 3¢). Several PI(3)K
inhibitors completely blocked the signature without detrimental
effects to overall embryonic development (Fig. 3d, e and Extended
Data Fig. 6a). To interrogate specific PI(3)K catalytic subunits, we
assayed subunit-specific chemical inhibitors and morpholinos target-
ing individual class I PI(3)K subunits. Among o-, B-, y- and 8-subunits
of PI(3)K, only PI(3)Ky loss of function specifically abrogated the
runxl induction in the AGM and tail non-haematopoietic tissue
(Extended Data Fig. 6b, c). Furthermore, 11,12-EET enhanced
PI(3)K activity in immortalized human umbilical vein endothelial
cells, assayed by Akt phosphorylation (data not shown). No such
increase was seen in human umbilical cord blood CD34" HSPCs,
although EET-induced gene expression changes could be partially
blocked in these cells by co-treatment with PI(3)K inhibitors. This
indicates PI(3)K functions either directly downstream of 11,12-EET
or as a parallel pathway, depending on the cellular context. In either
case, PI(3)K activity is required for inducing the AP-1 and runxI
transcription cascade in the AGM.

To understand how 11,12-EET treatment leads to increased engraft-
ment in already-specified HSPCs, we performed RNA-sequencing in
human umbilical cord blood CD34" HSPCs and a human myeloid cell
line (U937), and used Ingenuity Pathway Analysis (IPA) to decipher
the biological pathways regulated by 11,12-EET in both cell types
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Figure 3 | 11,12-EET induces a PI(3)K-dependent AP-1/runxl
transcriptional program to increase HSPC specification. a, b, Stable
flk1:dnJUNB-2A-GFP expression blocking AP-1 function suppressed
11,12-EET-enhanced HSPCs in the AGM. Representative images of runxI
and cmyb in situ hybridization (a) and quantification (b) after 11,12-EET
treatment (24-36 hpf). Embryos scored as high, medium or low runxI and
cmyb, summed across 4 experiments. *P = 0.01, ***P < 0.0001, Chi-square.
NS, not significant; WT, wild-type. ¢, Schematic of chemical screen for EET
signalling pathway suppressors. d, e, 11,12-EET induced AP-1 family
transcription factors (fosl2, junb and junbl) (d) and runxI (e), suppressed by
cotreatment with the PI(3)K inhibitor LY294002 (LY), in the AGM and tail
(d, e) (three independent experiments, # > 40). Same images from Fig. 2b were
used as staining controls (e).

(Extended Data Fig. 7 and Supplementary Table 4). Cell-to-cell sig-
nalling and cellular movement networks topped the list of activated
biological pathways, including the AP-1 members, which have been
shown to modulate cell migration in many cell types'®'”. AP-1 thus
seems to be a common target of EET signalling, which leads to the
induction of runx1 in the haemogenic endothelium (Fig. 3), and prob-
ably supports cell migration and cell-cell signalling of already-spe-
cified haematopoietic cells. By contrast, RUNXI is not upregulated
in already-specified HSPCs, which is consistent with previous studies
showing that RunxI is dispensable for HSPCs to engraft later haema-
topoeitic sites'®. Several cytokines, such as CXCL8, OSM and CCL2,
were also upregulated and involved in the cell migration network.
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Figure 4 | 11,12-EET enhances HSPC engraftment and homing in
mammals. a, Schematic of mouse WBM competitive transplantation. RT,
room temperature. b, ¢, Four hours of 11,12-EET treatment promoted short-
term WBM engraftment at 4 wpt (b) and long-term multilineage engraftment
at 24 wpt (c). B, B cells; M, myeloid cells; T, T cells; WBC, white blood cells.
Two independent experiments combined, # = 20 total. d, Schematic of
WBM competitive homing assay. DiD and DiO denote cell-labelling solutions.
e, 11,12-EET increased homing efficiency of Lin~ cells and Lin™ Kit™ HSPCs
(n=75). f, PI(3)K activation is required for EET-enhanced mouse WBM
engraftment (n = 10). LY, 10 pM LY294002. Recipients characterized as
engrafted or non-engrafted based on peripheral blood WBC chimaerism,
two-tailed Fisher’s exact test (b, f); unpaired two-tailed t-test (c, e), mean
and s.e.m.

These data show that besides promoting HSPC specification from
the haemogenic endothelium, 11,12-EET can also directly induce gene
expression programs beneficial for engraftment in already-specified
HSPCs. Similarly, 11,12-EET treatment of zebrafish embryos after
48 hpf, when AGM HSPC production has already completed, leads
to increased HSPCs in the CHT in a PI(3)Ky-dependent manner,
without affecting cell apoptosis or proliferation (Extended Data
Fig. 8). Our data strongly suggest that 11,12-EET modulates cell migra-
tion and cell-cell interaction during HSPC engraftment.

To test the evolutionary conservation of EET-induced haemato-
poietic phenotypes, we examined the effect of 11,12-EET on HSPC
engraftment in mammalian bone marrow competitive transplanta-
tion. Consistently, 11,12-EET promoted greater short-term chimaer-
ism by 4 weeks post-transplant compared to control-treated cells
(Fig. 4a, b). Even up to 24 weeks, EET-treated marrow maintained
greater multi-lineage contribution (Fig. 4c). Enhanced short- and
long-term engraftment suggests that 11,12-EET may affect both stem
and progenitor cells, perhaps by establishing a competitive advantage
at the early stage of engraftment. In a whole-bone-marrow (WBM)
homing assay, we found 11,12-EET promoted the initial seeding of
progenitor cells in the bone marrow (Fig. 4d, e). The early effect could
be due to an enhanced cell migration and cell-cell signalling program,
since assaying cell proliferation or apoptosis in whole marrow imme-
diately after 11,12-EET treatment did not show significant changes
(Extended Data Fig. 9). However, this does not exclude the possibility
of a later onset of anti-apoptotic effects on transplantation. Finally we
found transient inhibition of PI(3)K partially blocked EET-induced
enhancement of long-term, multi-lineage engraftment after mouse
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bone marrow transplant (Fig. 4f). Thus, the EET effect on enhancing
HSPC engraftment is evolutionarily conserved in fish and mammals.

Our unbiased chemical genetic studies establish a new eicosanoid
pathway for haematopoiesis, which increases HSPC specification in
the AGM by inducing AP-1 and runxI, and also enhances HSPC
engraftment by modulating several biological pathways, such as migra-
tion and cell-cell signalling. Previous work in our laboratory discovered a
different eicosanoid, PGE,, could also enhance marrow engraftment*”.
Both PGE, and EETs are arachidonic-acid-derived eicosanoids that are
locally produced near wounds, and may facilitate progenitor recruit-
ment, engraftment and proliferation. Despite their common origin, the
underlying molecular signalling mechanisms and activities of PGE, and
EETs are different (Supplementary Table 5). Although the direct recep-
tor for EETs is unknown, several studies have provided biochemical
evidence that EETs bind to a G-protein-coupled receptor (GPCR)"*.
GPCRs signal through various Go. subunits'. Previously, we showed that
PGE, signals through the cAMP-dependent Gas-coupled PGE, receptor
for its pro-haematopoietic effects’. Using chemical inhibition and genetic
loss-of-function approaches, we screened all families of zebrafish Go
subunits. Notably, we found that gnal2 and gnal3 are specifically
required for EET-induced AP-1 and runxI expression (Extended Data
Fig. 10). Inhibiting Gas did not suppress the EET phenotypes, indicating
that EETs and PGE, have different signalling mechanisms.

During marrow transplantation, the achieved chimaerism over time is
critical, and the time to adequate neutrophil engraftment is an important
milestone for treatment success. In addition to improving long-term
repopulation, EETs seem to have a prominent effect on progenitor
engraftment, as shown by increased chimaerism early after transplanta-
tion. Our studies highlight the importance of lipid mediators in regulat-
ing HSPC engraftment, and the manipulation of these pathways could
have clinical impact for patients undergoing transplantation.

Online Content Methods, along with any additional Extended Data display items
and Source Data, are available in the online version of the paper; references unique
to these sections appear only in the online paper.
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METHODS

Zebrafish strains. Zebrafish were maintained in accordance with Animal
Research Guidelines at Boston Children’s Hospital (BCH). The following
transgenic zebrafish were used in this study: Tg(f-actin:GFP)>, casper’,
RedGlo (ubiquitous DsRed2 transgenic)*, Tg(flk1:DsRed2)*, Tg(CD41:GFP)*,
Tg(Runx1+23:mCherry)" and Tg(Runx1+23:GFP)". The +23 enhancer region
of mouse Runx1 was used to drive HSPC-specific expression®’. Tg(flk1:dnJUNB-
2A-GFP) was constructed by cloning a human JUNBAN into a tol2 transgenesis
vector®.

Chemical treatment. The ICCB Known Bioactive Library was purchased from
BIOMOL (Enzo Life Sciences) and used for the adult zebrafish transplantation-
based chemical screen. Chemicals were diluted at a 1:200 ratio. Chemicals used for
the secondary round of screening for confirmation were from a different aliquot
of the library, independent of the primary screen plate. 11,12-EET (Cayman
Chemical, 50511) was resuspended in DMSO with original organic solvent eva-
porated. AS605240 (Sigma-Aldrich A0233) was resuspended in DMSO. The fol-
lowing chemicals were used for zebrafish marrow treatment: dmPGE, (Cayman,
14750), 10 uM; BIO (EMD), 0.5 uM. 0.5 uM 11,12-EET and 14,15-EET were used
for zebrafish WKM treatment (Fig. le); 2uM 11,12-EET for all mouse WBM
treatment (Fig. 4); and 5puM 11,12-EET for all zebrafish embryo treatment
(Figs 2 and 3). The concentrations were chosen based on dose titration pilot
experiments with doses spanning 0.1 to 50 M. For the chemical suppressor
screen, the suppressors were added 30 min before 11,12-EET. Zebrafish embryos
were incubated with inhibitors at three different concentrations. The highest
effective concentrations tested without causing general toxicity are listed in
Supplementary Table 1.

Adult zebrafish kidney marrow transplantation and chemical screen. Adult
zebrafish transplantation-based chemical screen was done at the human embro-
nyic stem cell core at BCH. Three-month-old casper recipients (both male and
female) received split-dose irradiation of 15 Gy each two days and one day before
transplantation. Adult zebrafish kidney marrow cells from multiple donors were
dissected, pooled together, processed into single-cell suspension and injected
retro-orbitally as described previously®. Tg(f3-actin:GFP) WKM cells were incu-
bated with DMSO control or chemicals in 0.9X DPBS plus 5% heat-inactivated
FBS for 4 h at room temperature, at a density of 1,000 cells pl ~". Chemicals were
washed off before 20,000 treated Tg(f-actin:GFP) WKM and 80,000 untreated
RedGlo WKM were mixed together and co-injected into irradiated casper recipi-
ents. The number of recipients per treatment condition in the chemical screen
(n = 10) was estimated based on preliminary experiments comparing the WKM
treated with DMSO or the positive control chemical, dmPGE,. In each experi-
ment, recipients were randomly assigned to each treatment group. All primary hits
were cherry-picked and tested in a secondary round of screening (n = 10 each).
Recipients that died before 4 wpt, mostly owing to infection, were excluded from
the analysis. No statistically significant association was observed between recipi-
ents’ survival rate and a particular drug treatment.

Adult zebrafish fluorescence imaging and quantification. All zebrafish WKM
transplantation results shown were obtained at 4 wpt. Transplanted adult casper
recipients were anaesthetized with 0.2% Tricaine and imaged using a Zeiss
Discovery V8 fluorescence stereomicroscope with GFP/RFP filters. To quantify
the relative engraftment level in adult zebrafish, the kidney region was manually
annotated for each fish, and the average fluorescence intensity of GFP and DsRed2
within the same region was measured (Gy;q and Ry;q) using Image]. The average
background fluorescence intensity (Guig and Rpig) was measured in a region
outside the fish and a mean from multiple images within an experiment was used
for all the background subtraction. The relative engraftment level was calculated as
G/R = (Giia — Gokg)/(Riia — Roig). The investigator analysing the data was
blinded to the chemical treatment conditions. For the chemical treatment and
screen results (Fig. 1e), the mean G/R in the DMSO group was normalized to 1, and
all other groups were normalized to the mean G/R of DMSO. Normalized results
from 2-3 independent experiments were pooled for the same chemical.
Zebrafish embryo live imaging. For live imaging, zebrafish embryos were
embedded in agarose as described before'"'>. Single-frame images or time-lapse
movies were taken on a spinning disk confocal microscope with an incubation
chamber. Images of HSPC birth in the AGM were taken every 10 min. Images of
the CHT engraftment process were taken every 2 min. Image post-processing and
the creation of the supplementary videos were done with Fluorender, Image],
and Imaris.

Zebrafish embryo whole-mount in situ hybridization, anti-sense morpholino
knockdown and mRNA overexpression. Whole-mount mRNA in situ hybrid-
ization experiments were performed based on the standard protocol with some
modifications (http://zfin.org/zf_info/zfbook/chapt9/9.8.html). Embryos were
scored blindly. All of the morpholinos were initially tested at 2, 4 and 6 ng to
decide the effective dosage. If the morpholino did not produce a phenotype at 6 ng,

additional higher doses were tested (8, 12 ng), until the morpholino caused tox-
icity. See Supplementary Table 2 for morpholino sequences. PtxA (pertussis toxin
A, Goi inhibitor) mRNA (Addgene, plasmid 16678)*° was in vitro transcribed with
SP6 RNA polymerase (Ambion, nMESSAGE mMACHINE SP6, AM1340) and
injected into one-cell stage zebrafish embryos at 3 pg per embryo, causing mor-
phological defects but no general toxicity.

Zebrafish embryo proliferation and apoptosis assays. Zebrafish embryos were
chemically treated between 48 and 72 hpf, and fixed at 72 hpf. For proliferation
analysis, embryos were permeablized and stained with primary antibody against
phospho-histone H3, and FITC-conjugated secondary antibody. Embryos were
imaged and phospho-H3-positive cells in the CHT were manually counted.
Secondary antibody-only control showed no nonspecific staining. For apoptosis
analysis, embryos were stained using the colorimetric TUNEL staining kit
(Promega).

Cell culture. Human CD34 ™ cells were isolated from fresh umbilical cord blood
by Ficoll separation of mononuclear cells and subsequent positive selection of
CD34" cells using magnetic beads (Miltenyi). Cells were treated in serum-free
IMDM media (Sigma-Aldrich) with either DMSO or 5pM 11,12-EET for 2h at
37 °C. U937 cells® were cultured in RPMI-1640 Medium (Sigma-Aldrich) and
10% EBS at 5% CO, in air atmosphere according to the protocol (purchased from
ATCC without additional confirmation or examination for mycoplasma contam-
ination). For in vitro treatment, cells were serum-starved for 1 h and then treated
with either DMSO or 5 uM 11,12-EET for 2 h at 37 °C. The conditions for use of
human umbilical cord blood CD34™ cells are governed by the associated institu-
tion’s Internal Review Board (IRB) on behalf of the DF/HCC in accordance with
Department of Health and Human Services regulations at 45 CFR Part 46.
Informed consent was obtained from all subjects.

Mouse bone marrow transplant. All mice were maintained according to IACUC
approved protocols in accordance with BCH animal research guidelines. Nine-
week-old CD45.1 and CD45.2 (C57/BL6) male mice were purchased from Jackson
Laboratories and housed for 2-3 weeks before the experiments. All CD45.2 reci-
pients received an 11 Gy split dose of y-irradiation before transplantation, and
were randomly assigned to each treatment group. 20,000 CD45.1 WBM cells from
age- and gender-matched BL6 donors were treated in DMEM plus 2% FBS at room
temperature for 4 h with 2 uM 11,12-EET. For the suppressor experiment (Fig. 4f),
10 UM LY294002 was added to the cells 30 min before the addition of 11,12-EET.
Chemicals were washed off before cells were resuspended in PBS and mixed with
200,000 fresh CD45.2 mouse WBM cells. Donor cells were retro-orbitally injected
into CD45.2 recipients. Each treatment condition included 10 recipients per
experiment. The 12-week survival rate in each experiment was 90-95%, and
recipients that died before 12 wpt were excluded from the analysis.

Mouse peripheral blood chimaerism analysis. Peripheral blood was stained with
lineage-specific antibodies and analysed on LSRII (BD Biosciences) to assess
engraftment. The following antibodies were used: Grl (RB6-8C5), Macl (M1/
70), B220 (RA3-B2), CD3 (145-2C11) and Terl19 from eBioscience; CD45.1
and CD45.2 from BD Biosciences. The CD45.1 chimaerisms in non-irradiated,
untransplanted CD45.2 mice were used as a negative staining control. Recipients
with multi-lineage chimaerism above the average negative-control chimaerism
plus 3 standard deviations were considered to have multi-lineage engraftment
(Fig. 4f).

Mouse competitive homing assay. The mouse competitive homing experiment
was performed as described, with modifications®. In brief, CD45.1 mouse WBM
were treated with either DMSO or 2 pM 11,12-EET at room temperature for 3.5h
at a density of 2 X 10° cells per ml. DiO dye was added to the cell suspension
(1:200) and incubated at 37 °C for 30 min. At the same time, WBM from CD45.2
mice were incubated at room temperature for 3.5 h without chemical treatment,
then labelled with DiD dye (1:200) at 37 °C for 30 min. After the incubation and
labelling, the chemicals and dyes were washed off. The DiO-labelled CD45.1 bone
marrow and DiD-labelled CD45.2 WBM were mixed at a 1:1 ratio and competi-
tively transplanted into CD45.2 recipients (2.5 X 10° from each donor). Recipients
received total body irradiation of 11 Gy one day before transplantation. 16 h after
transplant, the recipients were euthanized and bone marrow was analysed by flow
cytometry for both DiO/DiD and surface lineage markers (Grl, Macl, B220, CD3,
Ter119, from Ebioscience) and c-Kit (2B8, BD Biosciences). The ratio between the
percentages of DiO" (donor) and DiD* (competitor) cells within different cell
populations was quantified. DiO and DiD are from Vybrant Multicolor Cell-
Labelling Kit (Molecular Probes, V-22889).

Mouse bone marrow apoptosis and proliferation assays. For apoptosis analysis,
mouse WBM cells were treated with DMSO or 2 uM 11,12-EET for 4 h in vitro and
stained using the AnnexinV apoptosis kit (BD Biosciences), together with anti-
bodies against lineage markers, Sca-1 (E13-161.7) and c-Kit (2B8). The 7-AAD "/
annexinV™" cells are the apoptotic population. For proliferation analysis, mouse
WBM were treated with DMSO or 2 pM 11,12-EET for 4 h in vitro, in the presence
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of 10 uM BrdU, then fixed, permeabilized and stained with anti-BrdU antibody
(BD Pharmingen BrdU Flow Kits)*, together with antibodies against lineage
markers, Sca-1 and c-Kit.

Gene expression profiling and IPA analysis. Gene expression profiling data are
available in GEO (accession numbers GSE39707 and GSE66767). For the zebrafish
embryo gene expression study, total RNA was extracted from 36 hpf zebrafish
embryos treated with DMSO or 5uM 11,12-EET between 24 and 36 hpf, with
three biological replicates each and n = 25 in each group. Microarray hybridiza-
tion was performed with the Affymetrix GeneChip Zebrafish Genome Array.
Hybridized microarray was background-corrected, normalized and multiple-
tested using Goldenspike (http://www2.ccr.buffalo.edu/halfon/spike/) in R/Bio-
conductor®. Genes with ¢<<0.1 by SNR test were considered differentially
expressed (Supplementary Table 3). For RNaseq analysis on human cells, total
RNA was extracted from treated CD34™ and U937 cells with the RNeasy mini plus
kit from Qiagen. After quality control on the Bioanalyzer (Agilent), total RNA was
depleted of ribosomal RNA with the RiboZero gold kit (Epicentre). Enriched
mRNA was applied to library preparation according to manufacturer’s protocol
(NEBNext Ultra). After repeated quality control for average DNA input size of
300 base pairs (bp), samples were sequenced on a HiSeq Illumina sequencer with
2 X 100-bp paired-end reads. Quality control of RNA-Seq data sets was performed
by FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and
Cutadapt™ to remove adaptor sequences and low quality regions. The high-quality
reads were aligned to UCSC build hg19 of the human genome using Tophat 2.0.11
without novel splicing form calls®. Transcript abundance and differential express-
ion were calculated with Cufflinks 2.2.1 (ref. 37). FPKM values were used to
normalize and quantify each transcript. log,(fc) (log, fold change), P and g values
were calculated. As the experiment was not performed in biological replicates, the
P and g values were not taken into consideration for further analysis of the data.
Results are listed with a cutoff of log,(fc) > 0.5 for upregulated genes and log,(fc)
< —0.5 for downregulated genes in Supplementary Table 4. Analysis of overlap-
ping upregulated genes in both cell types after EET treatment was done using
Venny (http://bioinfogp.cnb.csic.es/tools/venny/index.html). The list of overlap-
ping genes was analysed using IPA (QIAGEN) to map enriched bio-functions.
Statistics. The comparison of multi-lineage engraftment in Fig. 4b and f were done
by two-tailed Fisher’s exact test by comparing the number of engrafted versus non-
engrafted recipients. Using the mean chimaerism plus 2X s.e.m. in the DMSO
control group as the cutoff, recipients with a chimaerism higher than the cutoff
were considered engrafted (Fig. 4b). Embryos in the in situ hybridization experi-
ments were scored blindly and analysed by Chi-square tests or two-tailed Fisher’s
exact test in the case of small sample sizes. The rest of the statistics were done with
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unpaired two-tailed t-test. Graphs show mean with s.e.m. No statistical methods
were used to predetermine sample size. All the zebrafish embryos, adult zebrafish
and mice for transplantation were randomized into each treatment group.
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Extended Data Figure 1 | Zebrafish WKM competitive transplantation-
based chemical screen identifies EETs as enhancers of marrow engraftment.
a, WKM from Tg(f-actin:GEP) donors were dissected, dissociated as single-cell
suspension, and incubated with chemicals at room temperature for 4h in a
round-bottom 96-well plate. Meanwhile, WKM were dissected from RedGlo
zebrafish, counted and kept on ice. After the drug treatment, chemicals were
washed off and cells were resuspended in 0.9X PBS plus 5% FBS.
Approximately 20,000 treated green WKM and 80,000 untreated red WKM
were co-injected retro-orbitally into sublethally irradiated casper zebrafish

(n =10 per chemical). For every independent screening day, negative control

(DMSO) and positive control (10 uM dmPGE,) treatments were used for
normalization and quality assurance. The engraftment was measured at 4 wpt
by fluorescence imaging and Image] quantification as described in Fig. 1b.

b, EET metabolic pathway: arachidonic acid is released by phospholipase A,
(PLA;) from the membrane lipid bilayer. EETs are synthesized directly from
arachidonic acid by the cytochrome P450 family of epoxygenases, especially 2C
and 2] in human®, and get degraded by soluble epoxide hydrolase (sEH),
generating dihydroxyeicosatrienoic acids (DiHET). Four isomers of EET exist
in vivo: 5,6-, 8,9-, 11,12- and 14,15-EET.
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Extended Data Figure 2 | 11,12-EET enhances HSPC specification in the EET-treated AGM. Graph shows HSPCs born by direct specification/budding

AGM in zebrafish embryos. Tg(CD41:GFP/flk1:DsRed2) embryos were only, excluding cells born by division of an already-budding cell. b, ¢, 11,12-
treated with DMSO or 5 uM 11,12-EET starting at 24 hpf, then mounted for EET does not influence the rate of HSPC division in the AGM, shown by
spinning disc confocal timelapse imaging from 30-46 hpf in the presence per movie, percentage of budding HSPCs that divide at least once (b) and
of the chemicals. Data are mean and s.e.m., unpaired two-tailed ¢-tests, divide twice or more (c) before leaving the AGM or before the end of

n =10 for DMSO, n = 7 for EET. a, More HSPCs are directly specified in timelapse recording.
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Extended Data Figure 3 | 11,12-EET treatment between 24 and 48 hpf
increases the number of HSPCs in the CHT. a, Embryos were treated between
24 and 48 hpf with either DMSO or 5 uM 11,12-EET. Chemicals were washed

—_— —
HSPC develop HSPC colonize
in AGM CHT
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off at 48 hpf, and embryos grew in drug-free environment for another 24 h.

b, 11,12-EET treatment increased the number of mCherry+ HSPCs inthe CHT

72 hpf c CHT (72 hpf)
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P
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v VoY
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in Tg(Runx1+23:mCherry) embryos (see also Fig. 2e). Representative images
of the CHT from the two groups. ¢, The same chemical treatment increased
the staining of cmyb, a HSPC marker, by whole-mount RNA in situ
hybridization. Representative images from each group (a total of n > 60 from
three independent experiments).
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Extended Data Figure 4 | EET signalling pathway activates AP-1 family
members as primary transcriptional targets, and runxI as a secondary
transcriptional target. a, Wild-type embryos were incubated with 300 uM
cycloheximide, a translation blocker, for 30 min before the addition of 5 uM
11,12-EET at 24 hpf. Embryos were fixed for in situ hybridization at 25 hpf or
28 hpf. b, AP-1 transcription was induced after 1 h treatment with 11,12-EET,
insensitive to cycloheximide inhibition. This means AP-1 induction does

not depend on de novo protein synthesis, indicating AP-1 members are primary
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transcriptional targets of the EET signalling pathway. ¢, runxI transcription
was induced after 4 h treatment with EET (two columns on the left) and
cycloheximide completely blocked EET-induced runx1 expression (two
columns on the right). This suggests runx1 transcription depends on de novo
protein synthesis of an upstream factor(s) upon EET stimulation, indicating
that runx1 is a secondary transcriptional target of the EET signalling pathway.
Representative images from each group (a total of n > 30 from two
independent experiments).
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Extended Data Figure 5 | Knocking down junb and junbl inhibits HSPC By contrast, knocking down c-jun did not block the increase of runxI (bottom
specification in the AGM. a, Wild-type embryos were injected with antisense  row), consistent with the lack of c-jun upregulation in EET-treated embryos
morpholinos at the one-cell stage, and treated with DMSO or 5 uM 11,12-EET  (data not shown). ¢, junb morphants still developed normal vascular structure
starting from 24 hpf. Embryos were fixed at 36 hpf for in situ hybridization in the AGM at 28 hpf, as shown by endothelial marker fIkI. Representative
of runxI. b, Knocking down junb completely blocked runx1 expression at images from each group (a total of n > 40 from three independent

36 hpf both in the AGM and the tail non-haematopoietic tissue (middle row).  experiments).
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Extended Data Figure 6 | PI(3)Ky activation is specifically required for
EET-induced gene expression signature. a, Similar to LY294002 (Fig. 3d-e),
another pan-PI(3)K/AKT inhibitor, wortmannin (1 uM), blocked EET-
induced runxl expression both in the AGM and tail. Representative images
from each group (a total of #n > 60 from three independent experiments).

b, Morpholinos specific to PI(3)Ky, but not o, B and 6 subunits (data not
shown), prevented EET-induced runxI in the AGM and tail. Embryos were
injected at 1-2-cell stage with the indicated amount of morpholino and treated
with DMSO or 5 uM 11,12-EET from 24-36 hpf. In situ hybridization for runx1
performed at 36 hpf and percentages of embryos having high, medium or

low expression in the AGM and present or absent expression in the tail are
shown. Graph summarizes three experiments, # = 10 embryos for each
condition (0, 1 and 2 ng, data are mean and s.e.m.) or one experiment n =9
for all conditions (4 and 6 ng). ¢, The PI(3)Ky-specific inhibitor AS605240
(AS6) recapitulates the morpholino phenotype. Embryos treated from 24 to
36 hpf with DMSO or 5 uM 11,12-EET, with or without 0.3-1.0 uM AS6,
then fixed and stained for runxI at 36 hpf. DMSO, n = 23; EET, n = 33;
EET+0.3 uM AS6, n = 35; EET+1.0 uM AS6, n = 38. *P < 0.05,

*#kP < 0.001, two-tailed Fisher’s exact test.
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Extended Data Figure 7 | 11,12-EET upregulates genes involved in cell-to-
cell signalling and cellular movement in haematopoietic progenitors.

a, Venn diagram showing a common set of 54 genes upregulated (log,(fc) > 0.5)
after 2h of 11,12-EET treatment (5 pM), both in human myeloid U937 cells
and human umbilical cord CD34™ HSPCs (see also Supplementary Table 4 for
lists of up- and downregulated genes). b, ¢, Ingenuity Pathway Analysis (IPA) of
the overlapping gene set between the two cell types for enrichment of bio-
functions. b, Biological processes, such as cell-to-cell signalling and cellular
movement, were highly enriched, supporting the capability of EETs in

10.25
20.04

0.43
7.08

1.43

] cytokine
O Enzyme

D Growth Factor
e (> Transcription Regulator
O Transmembrane Receptor

enhancing engraftment (see also Supplementary Table 4 for a comprehensive
list of all biological functions predicted to be activated or suppressed based on
the same gene set). ¢, Activation of recruitment of blood cells is caused by
upregulation of chemokines and cytokines such as CXCL8 and OSM after
EET treatment, as well as by upregulation of transcription factors, such as AP-1
genes (FOS). Orange dashed arrows depict activation. Shades of red represent
the level of activation. Numbers underneath factors show RNaseq FPKM
(fragments per kilobase of exon per million reads mapped) values in U937 cells.
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Extended Data Figure 8 | 11,12-EET treatment after HSPC specification
still enhances the number of HSPCs in the CHT. a, Embryos were treated
with DMSO or 5 pM 11,12-EET between 48 and 72 hpf to bypass the HSPC
specification process in the AGM. 72-hpf embryos were fixed and tested on the
following assays. b, In situ hybridization for cmyb, a marker for HSPCs. EET
treatment significantly increased the staining, while LY294002, a pan-PI(3)K
inhibitor, suppressed the effect. Representative images from each group (a total
of n > 60 from four independent experiments). ¢, A PI(3)Ky-specific inhibitor
AS605240 (AS6) also blocked the EET-induced increase of cmyb staining.
Percentage of embryos having high, medium or low expression in the CHT is

shown. n =11 for all conditions. Chi-square analysis. d, The increase of
HSPCs in the CHT is not due to effects on proliferation. Immunofluorescence
staining for phospho-histone H3 (pH3) as a marker for proliferating cells.
The number of pH3-positive cells was manually counted. Two-tailed ¢-test
showed no significant difference between DMSO- versus EET-treated embryos.
n =9 for DMSO, n = 10 for EET. e, TUNEL staining as an assay for apoptotic
cells. Apoptosis was minimal in the CHT at 72 hpf. As a staining control,
obvious apoptosis was detected in the same embryos in the brain region, and
was comparable between DMSO- and EET-treated embryos (data not shown).
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Extended Data Figure 9 \ 11,12-EET treatment of mouse WBM does not
lead to immediate changes in cell proliferation or apoptosis. a, In vitro
apoptosis assay on WBM treated with DMSO or 2 uM 11,12-EET for 4 h. The
7-AAD-negative and annexinV-positive population are the cells undergoing
apoptosis. No significant differences between the two groups were observed
eitherin Lin~Sca~Kit™ or Lin~ Sca™Kit " progenitor populations (n = 4 each),

BrdU proliferation assay _ Lin-Sca-Kit+

BrdU proliferation assay _ Lin-Sca+Kit+
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mean and s.e.m. b, ¢, In vitro proliferation assay on WBM treated with DMSO
or 2 uM 11,12-EET for 4h, in the presence of 10 uM BrdU. No significant
differences between the two groups were observed either in Lin~Sca™ Kit"
(b) or Lin~Sca*Kit" populations (c) for any cell cycle stage. Unpaired two-
tailed #-test, n = 4 each, bar denotes the mean. D, DMSO; E, EET.
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Extended Data Figure 10 | Ga12/13 is specifically required for EET-induced
phenotypes in zebrafish embryos. All embryos were treated with DMSO or
5uM 11,12-EET between 24 and 36 hpf. Chemical inhibitors were added

30 min before EET. mRNA or morpholinos (MO) were injected at the one-cell
stage. a, b, Inhibiting Gas or Goi had no effect on EET-induced runx1
expression. Embryos were categorized into two groups with either normal or
increased runxI expression level (n > 20 each). PtxA, pertussis toxin A, 3 pg,
inhibiting Gai (ref. 30); H89, 5 uM, PKA inhibitor downstream of Goss®; SQ,
$Q22536, 50 UM, adenylate cyclase inhibitor downstream of Gos®.
Representative images from each group (b) (a total of #n > 40 from two
independent experiments). c—f, Synergistic effects of gnal2/13a/13b

knockdown on suppressing runxI expression. Knocking down gnal3a/b or
gnal2alone partially inhibited EET-induced runxI expression in the AGM and
tail (c). gnal2 MO: 2 ng; gnal3a/13b MOs: 1 ng each. Triple morpholinos
against gnal2, gnal3a and gnal3b (0.67 ng each) completely blocked EET-
induced multiple gene expression, including runxI, genes in regeneration
(fosl2) and cholesterol metabolism (hmges1) (d), while other major tissue
development processes were not significantly affected, such as notochord (shh),
muscle (myoD), and blood vessels (flk, ephrinB2) (e). f, The results were
quantified. Embryos were categorized as having decreased, normal or increased
runx1 expression. The bar graph represents the percentage of embryos in
each group (n > 30).

©2015 Macmillan Publishers Limited. All rights reserved



	Title
	Authors
	Abstract
	Figure 1 Zebrafish whole kidney marrow competitive transplantation-based chemical screen identifies EETs as enhancers of marrow engraftment.
	Figure 2 11,12-EET enhances HSPC specification in the zebrafish embryo&nbsp;AGM.
	Figure 4 11,12-EET enhances HSPC engraftment and homing in mammals.
	Figure 3 11,12-EET induces a PI(3)K-dependent AP-1/runx1 transcriptional program to increase HSPC specification.
	References
	Methods
	Zebrafish strains
	Chemical treatment
	Adult zebrafish kidney marrow transplantation and chemical screen
	Adult zebrafish fluorescence imaging and quantification
	Zebrafish embryo live imaging
	Zebrafish embryo whole-mount in situ hybridization, anti-sense morpholino knockdown and mRNA overexpression
	Zebrafish embryo proliferation and apoptosis assays
	Cell culture
	Mouse bone marrow transplant
	Mouse peripheral blood chimaerism analysis
	Mouse competitive homing assay
	Mouse bone marrow apoptosis and proliferation assays
	Gene expression profiling and IPA analysis
	Statistics

	Methods References
	Extended Data Figure 1 Zebrafish WKM competitive transplantation-based chemical screen identifies EETs as enhancers of marrow engraftment.
	Extended Data Figure 2 11,12-EET enhances HSPC specification in the AGM in zebrafish embryos.
	Extended Data Figure 3 11,12-EET treatment between 24 and 48 hpf increases the number of HSPCs in the CHT.
	Extended Data Figure 4 EET signalling pathway activates AP-1 family members as primary transcriptional targets, and runx1 as a secondary transcriptional target.
	Extended Data Figure 5 Knocking down junb and junbl inhibits HSPC specification in the AGM.
	Extended Data Figure 6 PI(3)Kg activation is specifically required for EET-induced gene expression signature.
	Extended Data Figure 7 11,12-EET upregulates genes involved in cell-to-cell signalling and cellular movement in haematopoietic progenitors.
	Extended Data Figure 8 11,12-EET treatment after HSPC specification still enhances the number of HSPCs in the CHT.
	Extended Data Figure 9 11,12-EET treatment of mouse WBM does not lead to immediate changes in cell proliferation or apoptosis.
	Extended Data Figure 10 Ga12/13 is specifically required for EET-induced phenotypes in zebrafish embryos.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


