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. Microglia, a type ofimmune cell in the central nervous system, are involved in inflammation leading

. to neurodegenerative diseases. We previously identified oleamide from fermented dairy products as
a neuroprotective compound suppressing microglial inflammation. Oleamide is an endocannabinoid
and displays anti-inflammatory activity via the cannabinoid-2 (CB2) receptor; however, the mechanism
underlying this anti-inflammatory activity has not been fully elucidated. Here, we found that the
suppressive effect of oleamide on microglial tumor necrosis factor-o. (TNF-o) production was canceled
by inhibitors of G-protein-coupled receptor (GPCR) downstream signaling but not by a CB2 antagonist,
suggesting that GPCRs other than CB2 are involved in the anti-inflammatory effects of oleamide. An
extensive screen for GPCRs using a transforming growth factor-o. shedding assay system identified
P2Y1, P2Y4, P2Y6, P2Y10, and P2Y11 as candidates for the oleamide target. P2Y1 and P2Y10

. agonists suppressed microglial TNF-a production, while a pan P2 receptor antagonist canceled the

. suppressive effect. Furthermore, we observed a relationship between the P2Y1 agonistic activities
and the suppressive activities of oleamide and its analogs. Taken together, our results suggest that, in
addition to CB2, P2Y type receptors are the potential targets of oleamide, and P2Y1 plays a role in the
suppression of microglial inflammatory responses by oleamide. (200/200 words)

In neurodegenerative disorders, such as Alzheimer’s disease, Parkinson’s disease, and depression, chronic inflam-
mation featuring excessive activation of microglia is closely involved in the pathogenesis'. Microglia are a spe-

. cialized population of macrophages in the central nervous system (CNS) that maintain the CNS environment

. by removing apoptotic cells and by regulating synaptic plasticity and synaptic pruning*. However, an accumula-

. tion of amyloid-3 and chronic psychological stress result in overactivation of microglia, which release an excess
of inflammatory cytokines including TNF-a and reactive oxygen species (ROS), leading to neuronal cell death

. and neurodegenerative disease. Indeed, elevated levels of TNF-a in the CNS have been reported to promote the

. pathology of neurodegenerative disease’. Thus, regulation of microglial activation is thought to be an attractive

© strategy for treatment and prevention of these disorders.

: We have previously identified oleamide (cis-9-octadecanamide, OAD) as a compound in fermented dairy

. products such as Camembert cheese that is responsible for suppressing microglial inflammatory responses®.

. OAD, which is synthesized from oleic acid by Penicillium candidum during fermentation, suppresses microglial

. production of TNF-av in response to lipopolysaccharide (LPS) stimulation, as well as the expression of inflamma-

© tory cell markers, in vitro and in vivo. OAD was first reported as an agonist of cannabinoid receptors (CB1 and

. CB2) and is well known to induce sleep”?®.

' CB1 is expressed on neurons of the CNS, and CB2 is expressed mainly on immune cells including microglia’.
It is well established that microglial activation of CB2 suppresses the release of proinflammatory molecules in
vitro and in vivo, and thereby leads to neuroprotection®. In vitro, treatment with cannabinoids suppresses micro-
glial TNF-« production in response to LPS stimulation!?, and some of the anti-inflammatory effects of OAD
are dependent on CB2 activation''. However, treatment with antagonists of CB2 does not completely attenuate
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Figure 1. The effects of OAD and JTE907 on inflammatory responses in murine microglia and human

DCs. (A) Primary murine microglia were treated with 100 ng/ml of JTE907 for 1h, followed by 5uM OAD
overnight. They were then stimulated by 5ng/ml of LPS and 0.5 ng/ml of IFN-~ for 12 h. Extracellular TNF-o
was measured by ELISA. (B,C) Human DCs were treated with OAD for 24 h, followed by 1 ug/ml of LPS,

and 100 ng/ml of IFN-~ for 24 h. The expression of CD86 was then measured by FACS (B), and extracellular
IL-12p40 was measured by ELISA (C). The data represents mean £ S.E.M. (n=3) (*shows p < 0.05 tested by
Tukey-Kramer’s test).

the anti-inflammatory activity of OAD, and OAD displays a synergistic effect with other CB2 agonists''. These
reports have encouraged us to explore potential receptors for OAD other than CB2.

In the present study, we explored whether G-protein-coupled receptors (GPCRs) play a role in the
anti-inflammatory activity of OAD, because GPCR signaling inhibitory assays suggested that multiple GPCRs
might be involved in OAD’s anti-inflammatory activity. A series of GPCR screens were conducted by using a
transforming growth factor-a (TGF-a) shedding assay'?, and the identified GPCRs were evaluated for their
involvement in the anti-inflammatory effects of OAD in primary murine microglia and human dendritic cells
(DCs).

Results

OAD partially suppresses TNF-a production by murine microglia via the CB2 receptor. To
investigate the involvement of CB2 in the suppressive effects of OAD on microglial TNF-o production, primary
murine microglia were treated with JTE907, a CB2-selective inverse agonist, before LPS treatment. Less suppres-
sion of microglial TNF-a production by OAD was observed for cells treated with JTE907 (Fig. 1A), showing that
CB2 is involved in the suppression of TNF-a by OAD; however, the difference between cells with and without
JTE907 (columns 2 and 4 in Fig. 1A) did not reach significance; in other words, treatment with JTE907 did not
completely attenuate the effect of OAD on microglia. These results suggest that receptors other than CB2 might
be involved in the mechanism underlying OAD’s suppression of microglial TNF-« production.

OAD suppresses the expression of inflammatory markers and cytokines in human DCs. To
elucidate the anti-inflammatory activity of OAD in human monocytes including DCs and microglia, human
DCs differentiated from peripheral blood mononuclear cells (PBMCs) were treated with OAD followed by LPS
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Figure 2. The effects of inhibitors of GPCR downstream signaling on the suppression of TNF-a production by
OAD in murine microglia. (A,B) Primary mice microglia were treated with 50 or 100 ng/ml of PTX for 6h (A),
0.1pM UBO-QIC for 1h (A), 10 or 50 uM Y27632 (A), or 0.4, 0.8, or 1 pM H-89 (Gs signal inhibitor) for 1 h
(B), followed by OAD treatment overnight. They were then stimulated by 5 ng/ml of LPS and 0.5 ng/ml of IFN-~
for 12h. Extracellular TNF-o was measured by ELISA. The data represents mean +S.E.M. (A,n=3; B,n=>5).
(*p <0.05, *¥*p < 0.01 vs 0uM control by Dunnett’s test).

stimulation. OAD dose-dependently suppressed both the expression of CD86 on human DCs, as measured by
flow cytometry (Fig. 1B), and the production of interleukin-12p40 (IL-12p40) (Fig. 1C). Thus, OAD suppresses
the inflammatory response of human monocytes as well as murine cells.

Inhibition of downstream signaling of GPCRs attenuates the suppression of microglial TNF-o
production by OAD. To identify receptors other than CB2 that might be involved in the anti-inflammatory
effects of OAD, the potential contribution of GPCRs was examined by using inhibitors of their downstream
signaling. After pretreatment with inhibitors of Gi (pertussis toxin, PTX), Gq (UBO-QIC), Gy, (Y-27632), and
Gs (H-89) downstream signaling, microglia were treated with OAD and then stimulated by LPS and interferon-~y
(IFN-~). The suppression of TNF-« production by OAD was significantly attenuated by pretreatment with PTX,
an inhibitor of the main downstream signaling pathway of CB2 (Fig. 2A). Pretreatment with other GPCR down-
stream inhibitors (UBO-QIC, Y-27632 and H-89) also attenuated the effects of OAD (Fig. 2A,B). Thus, these
results suggest that OAD has potential agonistic activities on GPCRs other than CB2 and mediates its activity to
suppress TNF-a production through these receptors.

P2Y1, P2Y4, P2Y6, P2Y10, and P2Y11 are potential receptors for OAD. The above inhibition
assays of GPCR downstream signaling demonstrated the involvement of other GPCRs in OAD’s suppression of
microglial TNF-a production, although no GPCR receptors for OAD other than CB1 and CB2 have been pre-
viously reported. Thus, to identify novel receptors for OAD, we screened 543 GPCRs using a TGF-o shedding
assay system'2. Supplementary Table 1 presents the results of TGF-« shedding responses from cells transfected
with each GPCR in the presence of 20 uM OAD, a concentration that displays anti-inflammatory activity in
human monocytes and murine microglia. Figure 3A shows the TGF-a shedding responses from cells transfected
with each P2Y receptor. Receptors indicating agonistic activity of OAD were further tested in the presence of
0.1-30uM OAD.

This screening series revealed that OAD increased the concentration of TGF-« in the supernatant in a
dose-dependent manner in human embryonic kidney (HEK) cells transfected with human P2Y1, P2Y4, P2YS6,
P2Y10, P2Y11, CB1, and CB2; in addition, TGF-a levels were higher than in HEK cells transfected with mock
plasmid (Fig. 3B-H). TGF-a shedding responses were also increased in cells expressing murine P2Y1, P2Y4, and
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Figure 3. Improvement in the TGF-a shedding response to OAD in HEK293 cells expressing P2Y1, P2Y4,
P2Y6, P2Y10, P2Y11, CB1, and CB2. (A) Summary of the results of the TGF-a shedding response in cells
transfected with P2Y receptors during the screening series. Mock transfected cells (pCAGGS empty vector)
(white bar) (B-H) or HEK 293 cells expressing GPCRs (left) (P2Y1 (B,H), human P2Y6 (C, dark bar), mouse
P2Y6 (B, red bar), P2Y10 (D), P2Y11 (E,H), CB1 (F), CB2 (G), and human and mouse P2Y4 (H)) were treated
with OAD (right) or each receptor agonist (left) (ADP (B), UDP (C), LysoPS (D), ATP (E), CP-55940 (F,G)).
The TGF-a shedding response was then calculated. Data represent the mean (n=2) (A,B, D-F), mean + S.EM
(n=4) (C), or mean=+ S.E.M (n=3) (H).
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Figure 4. The effects of GPCR agonists and antagonist on microglial TNF-o production. (A,B) Primary mice
microglia were treated with CP-55940 (A), or LysoPS, a P2Y10-selective agonist, or MRS2365 (B) overnight.
The data represent mean & S.E.M (n = 3-6). (*p < 0.05 vs 0 pM control by Williams’s test in each agonist group.)
(C) Cells were treated with different concentrations of suramin for 30 min, followed by 20 .M OAD. Data
represents mean & S.E.M. (n=3). (*p < 0.05, **p < 0.01 vs 0 pM control by two-tail Dunnett’s test).

P2Y6, and the responses of the murine receptors were comparable to those of the human receptors (Fig. 3C,H).
Furthermore, the agonistic activity of OAD against human P2Y1 was detected in another assay based on the
(B-arrestin recruitment system (data not shown). Collectively, these results suggest that P2Y1, P2Y4, P2Y6, P2Y10,
and P2Y11, in addition to CB1 and CB2, are potential targets for OAD.

P2Y1 and P2Y10 agonists suppress microglial TNF-o production, and a P2 receptor antag-
onist attenuates the suppressive effects of OAD. To investigate the specific involvement of the
above-identified GPCRs in the microglial inflammatory response, microglia were treated with a selective agonist
of each GPCR before LPS stimulation, and the production of TNF-« was evaluated. Consistent with previous
results, CP-55940 (CB1/CB2 agonist) significantly suppressed the LPS-induced microglial production of TNF-«
(Fig. 4A)'°. Moreover, treatment with MRS2365 (P2Y1-selective agonist) and lysophosphatidylserine (LysoPS,
P2Y10 agonist) and a P2Y10-selective agonist also dose-dependently suppressed microglial TNF-« production
(Fig. 4B). On the other hand, MRS2957 (P2Y6-selective agonist) did not suppress TNF-a production (data not
shown).

Next, to investigate whether the suppressive effect of OAD on TNF-« production is dependent on these
GPCRes, the effect of suramin, a non-selective P2 receptor antagonist, on microglial TNF-« production was inves-
tigated. Previous studies showed that 10-100 uM suramin inhibited the response of P2Y1 receptor to 2-methyl
adenosine triphosphate!’. In addition, we confirmed that 10-100 pM suramin attenuated the suppression of
microglial TNF-a production by ATP (data not shown); therefore, we employed a concentration of 10-100 uM
suramin for this investigation. Pretreatment of suramin significantly attenuated the OAD-mediated suppression
of microglial TNF-a production (Fig. 4C). Collectively, these results suggests that activation of P2Y1 and P2Y10
suppresses the microglial production of TNF-« in response to LPS stimulation, and P2 receptors are involved in
the mechanism of OAD suppression of TNF-« production.

OAD analogs displaying high agonistic activity against P2 receptors more strongly suppress
microglial TNF-o production.  To investigate further the relationship between P2 agonistic activity and
the suppression of TNF-a production, the activity of several OAD analogs was investigated. Trans-OAD (tOAD),
oleoylethylamide(OEtA), oleic acid, and palmitoylethanolamide (PEA) displayed lower agonistic activity against
P2Y1, P2Y4, and P2Y11 as compared with OAD, whereas oleoylethanolamide (OEA) had agonist activity
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Figure 5. Comparison of agonistic activity and TNF-o suppressing activity between OAD and its analogs. (A)
Cells expressing human and murine P2Y1 and P2Y4, and human P2Y11 were treated with OAD, tOAD, oleic
acid, OEtA, PEA, or OEA, and AP-TGFa release was measured. (B) Primary microglia were treated with OAD
and its analog derived from oleic acid (B, upper), or PEA (B, lower) overnight, followed by LPS stimulation.
Bars with a different letter were statistically different by Turkey-Kramer’s test. Statistical analysis was performed
between a control 0 pM value and each concentration. The data represent mean +S.E.M (n=3).

comparable to that of OAD (Figs 3H and 5A). In addition, the TNF-a-suppressing activity of tOAD, oleic acid,
and PEA was lower than that of OAD, whereas the activity of OEA and OEtA was comparable to that of OAD
(Fig. 5B). Collectively, these results suggest that high agonistic activity against these GPCRs leads to high suppres-
sion of microglial TNF-« production.
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Discussion

Our group previously demonstrated that OAD obtained from Camembert cheese displays preventive effects on
Alzheimer’s disease by suppressing the microglial inflammatory response in vitro and in vivo. OAD suppresses the
production of microglial inflammatory cytokines in response to LPS stimulation and induces microglia to differ-
entiate into an M2 anti-inflammatory type. OAD is well known as a CB1 and CB2 agonist, and these activities of
OAD are partially dependent on CB2, although the involvement of other mechanisms has been suggested. In the
present study, an extensive GPCR screening assay identified P2Y receptors as novel receptors for OAD that are
involved in its anti-inflammatory activity. Among the P2Y receptors, P2Y1 and P2Y11 are particularly involved
in the activity of OAD in murine microglia and human DCs, respectively.

CB2 is primarily expressed in immune cells, including monocytes and microglia®, and its activation contrib-
utes to the suppression of microglial activation in vivo and in vitro'®'*15. Both CB1 and CB2 are expressed in qui-
escent microglia, but CB2 is abundant in inflammatory microglia'®. Furthermore, several studies have suggested
that the suppression of microglial inflammatory responses by cannabinoids is attenuated by CB2 blockade, but
not by CB1 blockade'®". Thus, it is considered that cannabinoids suppress microglial activation mainly via CB2.
A previous study has shown that the suppression of microglial inflammatory response by OAD is partially, but
not fully, attenuated by treatment with a CB2-selective antagonist (AM 630), and that OAD displays a synergistic
effect with other CB2 agonists'!, suggesting that OAD suppresses microglial inflammatory responses via CB2
either indirectly or via other receptors. Therefore, we employed a CB2-selective inverse agonist, JTE907 (EC50
for mouse CB2, 22nM") to block the indirect effects of OAD. We used a concentration of 100 ng/ml (228 nM)
JTE907, which is sufficient to work as an inverse agonist for CB2. We found, however, that JTE907 could not fully
attenuate OAD’s suppression of microglial TNF-a production. Collectively, these data suggest that GPCRs other
than CB2 are involved in the anti-inflammatory effects of OAD on microglia.

To identify receptors for OAD, we used a recently developed TGF-« shedding assay'?, which is based on
GPCR-activated induction of ectodomain shedding of alkaline phosphatase-tagged TGF-a (AP-TGF-o) and can
detect multiple GPCR downstream signaling pathways via the use of chimeric G proteins. This assay has the
potential to detect the activation of almost all known ligand and orphan GPCRs, and thus was considered suitable
for exploring the stimulation of GPCRs by OAD.

In this study, P2Y1 was identified as a novel target for OAD. P2Y1 is a member of the P2Y purinergic metabo-
tropic receptor subfamily. It is expressed in neurons, astrocytes, and microglia, and is activated by ATP and ADP.
The inflammatory response mediated by P2Y1 in the CNS is induced by extracellular ATP released from cells
that have died owing to ischemia or brain damage; in addition, it has also been reported that blockade of P2Y1
modulates brain damage'®?’. Both protective and detrimental roles of astrocytic P2Y1 in brain pathology have
been reported in a mouse model of ischemia'®?*? and a neuron-glia co-culture model?’. On the other hand, the
activation of neuronal P2Y1 disrupts circuit excitability and might induce neuronal excitotoxicity?*. As compared
with astrocytes and neurons, there are few reports on the role of P2Y1 in microglia.

In primary microglia and in microglial cell lines, high concentrations of extracellular ATP (>1mM) activate
P2X7, the purinergic ionotropic receptor, and promote the production of pro-inflammatory molecules includ-
ing nitric oxide, interleukin-6 (IL-6), interleukin-13, and TNF-a*>-%°. By contrast, a low concentration of ATP
(<300 M) activates P2Y receptors and suppresses the production of pro-inflammatory cytokines®**!. The P2Y
family agonist 2MeSATP suppresses the production of pro-inflammatory cytokines, whereas the P2X7 agonist
BzATP promotes this production®. The present study confirmed that the P2Y1 agonist MRS2365 suppresses the
production of TNF-a in response to LPS stimulation. Furthermore, OAD analogs showing high agonistic activity
against P2Y1 more strongly suppressed TNF-a production. The OAD-mediated suppression of TNF-a produc-
tion was attenuated by UBO-QIC, a Gq signaling inhibitor, and suramin, a P2 receptor antagonist. Collectively,
these results suggest that the activation of P2Y1 is involved in the anti-inflammatory effect of OAD on microglia.

P2Y11 is not found in the murine genome® and is expressed on human immune cells such as DCs*2. In murine
cells, the role of P2Y11 might be compensated by P2Y1, which shares greatest homology with P2Y11%. The pres-
ent study showed that OAD also suppressed the production of both IL12p40, a pro-inflammatory cytokine, and
CD86, a costimulatory molecule, in human DCs. These cells are antigen-presenting cells that play key roles in
the regulation of immune responses. The endocannabinoid system including CB2 in DCs is involved in the sup-
pression of inflammatory response®*. It has also been reported that, upon activation by ATP, P2Y11 suppresses
the inflammatory response in DCs*>*. Extracellular ATP induces DCs to differentiate into an anti-inflammatory
type and suppresses the secretion of pro-inflammatory cytokines, including IL-12p70 and IL-6 via P2Y11;% in
addition, NF546, a P2Y11-selective agonist, suppresses IL-12p70 production®. Taken together, these observations
indicate that CB2 and P2Y11 on DCs are potentially involved in the anti-inflammatory effects of OAD. Further
studies using human DCs lacking P2Y11 are needed to evaluate fully the role of P2Y11 in the effects of OAD.

In the present study, we also identified P2Y4, P2Y6, and P2Y10, which are expressed on microglia, as OAD
targets. P2Y4 is activated by UTP and ATP, and P2Y6 is activated by UDP. It has been reported that P2Y4 is
involved in pinocytosis induced by ATP¥, and P2Y6 is involved in phagocytosis induced by UDP*® in microglia.
To our knowledge, however, there are no reports on the involvement of these receptors in modulating the produc-
tion of inflammatory molecules. On the other hand, P2Y10 coupling with G,,/,5 is activated by LysoPS, and it has
been previously reported that LysoPS modulates microglial morphology and suppresses the microglial inflam-
matory response®. Further studies are necessary to clarify the physiological and pathological roles of stimulation
of these receptors by OAD.

In addition to P2Y receptors, other GPCRs such as G2A and EP3 were identified are possible targets of OAD
by a series of screens. However, we did not examine these receptors in detail in the present study. Further research
will elucidate whether or not OAD activates these receptors, and, if so, the physiological effects of stimulation of
these receptors by OAD.
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In conclusion, this is first report to identify P2Y1, P2Y4, P2Y6, P2Y10 and P2Y11 as novel targets for OAD.
Our findings also suggest that P2Y1 and P2Y11 are involved in the anti-inflammatory activity of OAD in murine
microglia and human DCs, respectively.

Materials and Methods

Animals. All animal care and experimental procedures were performed in accordance with the guidelines of
the Committee for Animal Experimentation at Kirin Company, Ltd. The studies were approved by the Committee
for Animal Experimentation at Kirin Company, Ltd (approval No; AN10108-Z00, AN10109-Z00, AN10110-Z00,
AN10173-Z00 and AN10315-Z00). For the assay using primary microglia, pregnant C57BL6/] mice were pur-
chased from Charles River Japan (Tokyo, Japan) and kept in a room maintained on a 12-h/12-h light/dark cycle at
a temperature of 23 & 1 °C with free access to standard mouse chow (CE-2; CLEA Japan, Tokyo, Japan) and water.
All efforts were made to minimize animal suffering.

Primary microglia cell culture. Brain cells were obtained from new born mice (<2-week-old) using a
Neural Tissue Dissociation Kit (P) (Milteny Biotec, Cologne, Germany), treated with CD11b antibody-conjugated
microbeads (Milteny Biotec), and then isolated by magnetic cell sorting as CD11b" cells, as previously described®.
The isolated cells were plated on poly-D-Lysine (PDL)-coated 96-well plates (BD Biosciences, CA, USA), and
then cultured in DMEM/F12 (Gibco, CA, USA) with 10% fetal bovine serum (FBS; Gibco) containing 100 U/ml
of penicillin/streptomycin (Sigma-Aldrich, MO, USA).

In vitro microglial TNF-o production assay. Isolated microglia were plated at density of 3 x 10* cells
per well on PDL-coated plates. For the assays using inhibitors or antagonists, microglia were pretreated with
H-89 (protein kinase A, downstream inhibitor of Gas; Sigma-Aldrich), UBO-QIC (Gq inhibitor)*, Y-27632
(Rho-associated coiled-coil-forming kinase; downstream inhibitor of Ga,,3; Sigma-Aldrich), and JTE907
(CB2-selective antagonist; TOCRIS, Bristol, UK) for 1 hour; with PTX (Gi inhibitor; Wako, Tokyo, Japan) for
6hours; or with suramin (P2 receptor antagonist; Sigma-Aldrich) for 30 min. After pretreatment, microglia were
treated with OAD (Sigma-Aldrich) overnight, and then stimulated with 5ng/ml of LPS (Sigma-Aldrich) and
0.5ng/ml of IFN-~ (R&D Systems, MN, USA) for 12 hours. CP-55940 (Sigma-Aldrich), MRS2365 (TOCRIS),
LysoPS (P2Y10 agonist'?), P2Y10-selective agonist*’ or OAD analogs, including tOAD (Toronto Research
Chemicals, Toronto, Canada), oleic acid (Wako, Osaka, Japan), OEtA (Cayman Chemical, MI, USA), OEA
(Cayman Chemical), and PEA (Cayman Chemical), were tested as agonists for each GPCR. The concentration of
TNF-« in the culture supernatant was quantified by enzyme-linked immunosorbent assay (ELISA) using Mouse
TNF-a ELISA Ready-SET-Go (eBioscience, CA, USA).

Generation and culture of human PBMC-derived DCs.  CD14" cells were isolated from human PBMCs
(Lonza Japan, Tokyo, Japan) using a Monocyte Isolation kit (Milteny Biotec). Cells were cultured for 6 days in
RPMI 1640 medium containing 10% FBS (Invitrogen, CA, USA), 50 U/ml of penicillin, 50 pg/ml of streptomycin
(Invitrogen), 50 uM 2-mercaptoethanol (Invitrogen), 50 ng/ml of granulocyte macrophage colony-stimulating
factor (GM-CSF, R&D systems), and 20 ng/ml of interleukin-4 (IL-4, R&D systems). On day 6 of culture, cells
were re-suspended and plated at density of 1.2 x 10° cells per well. Cells were treated with OAD for 24 hours.
Next, cells were stimulated with 1 pg/ml of LPS (Sigma-Aldrich) and 100 ng/ml of IFN-~ (R&D Systems) for
24 hours. The supernatant was then collected for the quantification of IL-12p40, and the cells were collected for
flow cytometry. The amount of IL-12p40 in the supernatant was measured by ELISA using a Mouse IL-12p40
ELISA kit (BD Pharmingen). Cells were stained with anti-CD86-PE (eBioscience, CA, USA), anti-CD11¢-PE-Cy7
(BD Pharmingen), anti-HLA-DR-PerCP (BD Bioscience), and 7AAD (BD Bioscience), and the expression of
CD86 and I-A/I-E in CD11c" and 7AAD cells was assessed. This experiment was done in accordance with the
guidelines of Kirin Company, Ltd and approved by the clinical research ethics committee of Kirin Company, Ltd.

TGF-ashedding assay. HEK 293 A cells were maintained in DMEM containing 10% FCS, penicillin, strep-
tomycin, and glutamine. The TGF-« shedding assay was performed as previously described with a slight mod-
ification'2. In brief, HEK 293 A cells were seeded in 6-well plates at a density of 2 X 10° cells/ml. After 24 hours,
the cells were transfected with a plasmid encoding AP-TGF-a (0.5 pug/well) and a plasmid encoding a GPCR (0.2
pg/well). In the screening series, eight pCAGGS plasmids encoding chimeric Ga proteins (Gag/s, Gaq/il, Gag/
i3, Gag/o, Gagq/z, Gagq/12, Gag/13, Gal6) were also transfected into the cells (0.01 pg each per well). For P2Y1,
only the plasmid encoding Gaq/s was transfected (0.05 pg/well); for CB1 and CB2, only a plasmid encoding Gag/
i1 was transfected (0.05 pg/well). For P2Y4, P2Y6, P2Y10, and P2Y11, no plasmids encoding Ga proteins were
introduced.

After 24 hours, the cells were suspended in Hank’s balanced salt solution with 5mM HEPES (pH 7.4) plus
Ca?* and Mg”". Next, the cells were mixed with either 20 uM OAD (in the screening series) or various concentra-
tions of OAD (for P2Y1, P2Y4, P2Y6, P2Y10, P2Y11, CB1, and CB2) or its analogs (for P2Y1, P2Y4, and P2Y11),
and incubated at 37 °C for 1 hour. Next, the supernatant was transferred to another 96-well plate, and 80 pL of
p-nitrophenylphosphate solution*? was added to both supernatant and cells. Absorbance at 405 nm (OD405) was
read before and after 1 or 2hours incubation at 37 °C using a microplate reader. The following formula was used
to calculate AP-TGF-« release (%):

AP activity = 60OD(1 hour—0 hour)

AP-TGF-« in supernatant (%) = AP supernatant/(AP supernatant + AP cell) x 100
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AP-TGF-« release (%) = AP-TGF-« mixed in supernatant with agonist (%) — AP-TGF-a
in supernatant mixed with vehicle (%)

For the screening series, all GPCRs were tested in duplicate. P2Y1, P2Y10, P2Y11, CBI, and CB2 were further
tested in duplicate, and P2Y6 was tested in quadruplicate.

Statistical analysis. All statistical analyses were performed by using the Ekuseru-Toukei 2012 software
program (Social Survey Research Information, Tokyo Japan). For the CB2 antagonist assay, data were analyzed
by two-way ANOVA, followed by Tukey-Kramer’s test. For the assay using human PBMC-derived DCs, GPCR
inhibitor assay, and P2 receptor antagonist assay, data were compared against control values (0 uM) by Dunnett’s
test. For the GPCR agonist assay, data in each agonist group was compared against control values (0 M) by
Williams’ test. For the OAD analog assay, data were analyzed by Turkey-Kramer’s test for multiple comparisons.

Data Availability
The datasets generated during the current study are available from the corresponding author on reasonable re-
quest.
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