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PSF3 (partner of Sld five 3)is a member of the tetrameric complex termed GINS, composed of SLDS, PSF1,
PSF2, and PSF3, and well-conserved evolutionarily. Previous studies suggested that some GINS complex
members are upregulated in cancer, but PSF3 expression in colon carcinoma has not been investigated.
Here, we established a mouse anti-PSF3 antibody, and examined PSF3 expression in human colon carci-
noma cell lines and colon carcinoma specimens. We found that PSF3 is expressed in the crypt region in
normal colonic mucosa and that many PSF3-positive cells co-expressed Ki-67. This suggests that PSF3-
positivity of normal mucosa is associated with cell proliferation. Expression of the PSF3 protein was
greater in carcinoma compared with the adjacent normal mucosa, and even stronger in high-grade malig-
nancies, suggesting that it may be associated with colon cancer progression. PSF3 gene knock-down in
human colon carcinoma cell lines resulted in growth inhibition characterized by delayed S-phase pro-
gression. These results suggest that PSF3 is a potential biomarker for diagnosis of progression in colon
cancer and could be a new target for cancer therapy.

Keywords:
PSF3
Colon carcinoma

© 2010 Elsevier Inc. All rights reserved.

Introduction

PSF3 { partner of Sld five 3) is a member of the highly evolution-
arily conserved tetrameric complex termed GINS, composed of
SLDS5, PSF1, PSF2, and PSF3. In yeast, the GINS complex associates
with the Minichromosome maintenance (MCM) 2-7 complex and
with CD(C45, and this “C-M-G complex” (CDC45-MCM-2-7-~GINS)
regulates both the initiation and progression of DNA replication
[1-6]. Thus, it has been suggested that GINS is involved in DNA
replication in Xenopus and human [7-10]. However, a recent study
suggested that PSF1/2 is associated with the response to replica-
tion stress and acquisition of DNA damage in untransformed
human dermal fibroblasts [11]. As it has been reported that DNA
replication-associated protein in yeast has diverse functions in dif-
ferent cells, e.g. origin recognition protein Orc1 has a role in deter-
mining centrosome copy number [12], the exact functions of GINS
components in mammalian ceils are not yet clear.

We have previously cloned the mouse ortholog of PSF1 (partner
of SLD5) from a hematopoietic stem cell (HSC) cDNA library [13]
and found that PSFI expression in mice was predominantly
observed in the adult BM and thymus, as well as the testis and
ovary, i.e. tissues in which stem cell proliferation is actively

Abbreviations: GINS, Go-ichi-nii-san; PSF, Partner of Sid five.
* Corresponding author. Fax: +81 6 6879 8314.
E-mail address: ntakaku@biken.osaka-u.acjp (N. Takakura).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/}.bbrc.2009.12.174

induced and continues after birth. Moreover, we reported that
PSF1 is strongly expressed in several immature cell lineages such
as cells in the inner cell mass during early embryogenesis, and
spermatogonia as well as HSCs after birth [13-15}. Loss of PSF1
led to embryonic lethality around the implantation stage caused
by the inability of cells of the inner ceil mass to proliferate [13].
Moreover, haploinsufficiency of PSF1 in PSF1*/~ mice resulted in
the delayed induction of HSC proliferation during reconstitution
of bone marrow after 5-FU ablation. These data strongly suggested
that PSF1 is required for acute proliferation of cells, especially
immature cells such as stem cells and progenitor cells. However,
the role of the other components of GINS in mammalian cells has
not been well determined.

Several recent reports have suggested a role for GINS compo-
nents in cancer cells. For example, all GINS components were
found to be overexpressed in intrahepatic cholangiocarcinoma tis-
sues [16]. In a Gene Expression Omnibus (GEO) database search,
PSF1 was identified as an estrogen target in MCF7 human breast
carcinoma cells {17]. In a comprehensive study, it was found that
PSF1 and SLD5 were upregulated in aggressive melanoma [18].

Although several studies have suggested that GINS components
play a role in cancer as described above, their expression in colon
carcinoma has not been examined. Among the GINS complex
members, the expression and role of PSF3 has not been well-docu-
mented because no appropriate antibody was available thus far.
Therefore, we generated such an antibody against PSF3 and
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Fig. 1. PSF3 expression in human colon carcinoma cell lines. (A,B) Western blotting of PSF3 expression in whole cell extracts of each cell line as indicated. A representative
result of Western blotting (A) and densitometric analysis for quantitative evaluation (B) are shown. (C) Cells as indicated were stained with anti-PSF3 antibody labeled with
Alexa488 (green) and co-stained with anti-PSF1 antibody labeled with Cy3 (red). DNA was counter-stained with Hoechst (biue). Arrows, mitotic cells. Bar, 10 um,

examined its reactivity with human colon carcinoma specimens.
Furthermore, we silenced the PSF3 gene by RNAi methodology to
determine the impact of PSF3 knock-down on the growth of
human colon carcinoma cell lines.

Materials and methods

Generation of anti-PSF3 antibody. For the generation of monoclo-
nal anti-PSF3 antibody, PSF3 cDNA, coding fuli-length amino acid
residues, was amplified by polymerase chain reaction (PCR), and
then DNA fragments were ligated into pGEX-2T vector (Pharmacia
Piscataway, NJ) for the preparation of glutathione S-transferase
(GST)-fusion proteins. Purified GST-fused protein was used as anti-
gen for mouse immunization, and hybridoma cells were estab-
lished by standard procedures. Finally, stable hybridoma cell
lines were obtained and cloned as aps3.2 and aps3.14. In this cur-
rent study, aps3.2 was used. The specificities of the antibodies
were analyzed by Western blotting and immunocytochemistry.

Cell lines. HCT116, colo320DM, SW837, HT-29 were maintained
in RPMI medium (Sigma, St. Louis, MO} with 10% fetal bovine ser-
um (FBS) (Sigma) and penicillin/streptomycin (GIBCO, Rockville,
MD). Human umbilical vein endothelial cells (HUVECs) were main-
tained in HuMedia EG2 (Kurabo, Osaka, japan).

Western blotting. Total cell jysates were heated for 3 min at
95°C and then loaded onto SDS-polyacrylamide gels. Proteins

were electrophoretically transferred onto polyvinylidene difluoride
membranes (Millipore, MA, USA), blocked with 5% nonfat dry milk,
then blotted with anti-PSF3 antibody or anti-beta actin antibody
(Sigma). Blots were developed with peroxidase-labeled anti-mouse
Ig antibodies (Dako, Carpinteria, CA) using enhanced chemilumi-
nescence (ECL detection system; Amersham, Buckinghamshire,
UK).

Immunocytochemistry. For staining of PSF1 and PSF3, 4% PFA in
phosphate buffer saline {(PBS) and cold methanol was used for fix-
ations. Following three washes with PBS, cells were incubated with
anti-PSF1 [15] and anti-PSF3 antibody, then washed with PBS and
incubated with goat anti-mouse IgG Alexa488 (for PSF3, Invitro-
gen, Carisbad, CA, USA) or anti-rat 1gG Biotin {for PSF1, Invitrogen)
followed by Streptavidin-Cy3 (Zymed). Nuclear DNA was counter-
stained with Hoechst (Sigma).

Immunohistochemistry. For human specimens, immnohisto-
chemistry was performed on formalin-fixed, paraffin-embedded
tumor samples. All specimens were obtained from the Department
of Gastroenterological Surgery, Graduate School of Medicine, Osaka
University. For the immunohistochemical analyses, mouse anti-
PSF3 antibody (aps3.2) or anti-Ki-67 antibody (Dako) was used
for primary antibodies. As a secondary antibody for anti-PSF3 or
anti-Ki-67 antibody, Biotin-conjugated goat anti-mouse Ig (Dako)
was used. After washing the slides three times with 0.05% Triton
X-100 in PBS, they are incubated with VECSTAIN ABC Standard
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Fig. 2. PSF3 expression in human colonic mucosa. (A) Immunohistochemical analysis of PSF3 (brown) expression in human colonic mucosa. Bar, 100 um. (B)
immunohistochemical analysis of Ki-67 (brown) and PSF3 {(brown) expression in serial sections of human colon mucosa. Bars, 50 um.

Kit {Vector Laboratories, Burlingame, CA, USA). For the visualiza-
tion of HRP, diaminobenzidine (Dojindo, Kumamoto, Japan) was
used. The slides were counter-stained with hematoxylin.

RNA interference. Small interfering RNA (siRNA) specific to
human PSF3 and negative control siRNA were purchased from
Invitrogen. The effect of siRNA transfection was optimized using
RNAIMAX (Invitrogen) according to the manufacturer's protocol.
The effect of siRNA on PSF3 expression was observed using Wes-
tern blotting with an anti-PSF3 antibody. Cell numbers were
counted by a hemocytometer.

BrdU-FACS. For BrdU detection, 10 nM BrdU was added to the
medium for 15 min prior to cell collection. Cells were fixed in
70% ethanol and washed in PBS, treated with 1 N HCI for 30 min
and incubated with anti-BrdU antibody (BD Bioscience

Pharmingen, SanDiego, USA), followed by anti-mouse IgG Alexa488
(Invitrogen).

Results
PSF3 expression in human colon carcinoma cell lines

We compared the expression of PSF3 in human colon carcinoma
cell lines and non-tumor cells (HUVECs). Overall, tumor cells ex-
pressed higher levels of PSF3 protein than HUVECs (Fig. 1A and
B). Next, we performed immunocytochemistry to localize PSF3 in
colon carcinoma cells. Nuclear accumulation of PSF3 was observed
during interphase, whereas during mitosis, it was almost exclu-
sively located outside the chromatin with a diffuse pattern

PSF3 positive cells (%) O

| $ S
&
R

Fig. 3. PSF3 expression in human colon carcinoma specimens. (A-C) PSF3 (brown) expression in human colon carcinoma specimens in different stages (A, stage |; B, stage Ii;
C, stage ll). Bars, 200 pm. (D) Percentages of tumor cells that are PSF3-positive. *P <0.05 (n = 6, mean + SEM).
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(Fig. 1C). These characteristics are similar to PSF1, one of the other
GINS components (Fig. 1C), suggesting colocalization of PSF3 and
PSF1 as a GINS component in human colon carcinoma cells.

PSF3 expression in human normal colonic mucosa and colon
carcinoma specimens

Several studies have suggested that GINS components play a
role in tumor progression [16-18]. To test whether PSF3 may also
be involved in human colon cancer progression, its expression in
colon carcinoma pathological specimens was investigated using
immunohistochemistry.

In adjacent normal large bowel mucosa, PSF3 expression was
confined to the base of the colon crypts, which corresponds to
the proliferative zone of the mucosa (Fig. 2A). Using serial tissue
sections, we compared expression of PSF3 with Ki-67, a marker
of proliferation. The majority of PSF3-positive cells was found to
co-express Ki-67 (Fig. 2B), indicating cell cycling. Our previous
study showed that PSF1 is also expressed in crypt base columnar
cells and that the number of such cells decreased in adult haploin-
sufficient PSF1*'~ mice compared with adult wild-type mice [15].
Based on these results, we suggest that the GINS complex may play
an important role in proliferation of colon crypt cells.

153

Additionally, in colon carcinoma specimens from patients,
higher levels of expression of PSF3 protein were found in the can-
cer cells than the adjacent normal mucosa. Moreover, the percent-
age of PSF3-positive cancer cells correlated positively with the
stage of cancer (Fig. 3). This further suggests that PSF3 protein
expression associates with colon cancer progression.

PSF3 knock-down results in growth arrest of human colon carcinoma
cells

To assess whether PSF3 is involved in colon cancer cell prolifer-
ation, we evaluated the silencing effect of PSF3 on cell growth
using RNAiI methodology to target three different coding regions
of the human PSF3 mRNA sequence. The efficiency of PSF3 knock-
down was examined by Western blotting, indicating that PSF3 pro-
tein expression in both HCT116 and colo320DM cells was greatly
attenuated, in particular by two different sequences (siPSF3-2, 3)
(Fig. 4A). PSF3 knock-down in either cell line resulted in inhibition
of proliferation (Fig. 4B). This inhibitory effect correlated with PSF3
expression silencing efficiency, because less effects on cell prolifer-
ation were observed with siPSF3-1. The relationship of cell cycling
to reduction of PSF3 expression was assessed by the incorporation
of nucleotide analogues. Results indicated that attenuation of PSF3
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Fig. 4. PSF3 knock-down results in growth inhibition in colon carcinoma cell lines. (A) Western blotting for PSF3 expression after silencing by three RNAis (siPSF3-1,2 and 3)
or a control RNAi (NC). Densitometric analysis was performed for quantitative evaluation (n = 4). *P < 0.05 vs control, (B) Cell growth after introduction of RNAI as described in
(A). *P < 0.05 (n = 8, mean + SEM). (C) Cellular BrdU incorporation assay was carried out 48 h after transfection with the indicated siRNA. BrdU was incorporated for 15 min,
BrdU intensity is represented in the logarithmic y-axis and DNA content on the linear x-axis. Gates define the percentage of cells in S-phase.
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expression reduced the percentage of cells in S-phase (Fig. 4C).
Thus, we conclude that PSF3 plays a role in cell cycling, especially
S-phase progression.

Discussion

In this study, we found high levels of expression of PSF3 in sev-
eral colon carcinoma cell lines and overexpression of PSF3 in stage-
matched human colon cancer cells from higher grade tumors. Our
preliminary experiments showed that PSF3 is more highly ex-
pressed in cancer cells invading into muscle than in non-invasive
cancer {data not shown). it has been reported that several prerepli-
cative complex proteins are overexpressed in cancer and serve as
good tumor markers [19]. For example, MCM-2 (a member of the
C-M-G complex) was reported to be significantly associated with
Dukes’ stage, existence of lymph node metastasis, tumor histolog-
ical grade, presence of malignancy in adenoma, and venous inva-
sion in colon cancer [20]. Based on these findings, our present
data suggest that PSF3 might be a potential biomarker for diagno-
sis of progression and during the initiation of metastasis in colon
cancer. Comparison of PSF3 with other proliferation markers, such
as Ki-67 and PCNA, might support this hypothesis.

Previous studies have shown that DNA replication factors,
including GINS, are differently expressed in Xenopus, suggesting
that different factors are utilized in different developmental re-
gions [21]. Further studies of precise expression profiles and func-
tions of individual GINS components in mammalian tissues might
help us to understand how such individual components are in-
volved in tumor growth occurring in a wide variety of tissues
and organs. Here, we documented PSF3 expression in the base of
the crypts in normal colon and found that PSF3 expression was
co-localized with PSF1 in human colon carcinoma cell lines. More-
over, PSF3 knock-down resulted in growth inhibition of colon can-
cer cells by the suppression of S-phase progression, indicating that
PSF3 acts at least as a GINS complex and is essential for S-phase
progression in human colon carcinoma cells. Further studies are re-
quired to elucidate the contributions of individual GINS compo-
nents in the growth of other tumors.

Several studies have indicated that pre-RC proteins may poten-
tially have significant therapeutic value [19]. Interestingly, Orc6,
one such pre-RC protein, was reported to be associated with 5-flu-
orouracil (5-FU} resistance in human colon cancer cell lines [22],
and its downregulation sensitized colon cancer cells to 5-FU and
cisplatin {23]. These results suggest that pre-RC proteins may play
a role in chemoresistance. Based on these reports, our data suggest
that PSF3 might be a potential therapeutic target as well as a po-
tential diagnosis marker for colon carcinoma.
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Abstract

Sphingosine 1-phosphate (S1P) induces diverse biological responses in various tissues
by activating specific G protein-coupled receptors (S1P;-S1Ps receptors). The
biological signaling regulated by S1P; receptor has not been fully elucidated because of
the lack of a S1P; receptor-specific antagonist or agonist. We developed a novel S1P3

receptor antagonist,

1-(4-chlorophenylhydrazono)-1-(4-chlorophenylamino)-3,3-dimethyl-2-butanone

(TY-52156), and show here that the S1P-induced decrease in coronary flow (CF) is
mediated by S1P;receptor. In functional studies, TY-52156 showed sub-micromolar
potency and a high degree of selectivity for S1P; receptor. TY-52156, but not an S1P,
receptor antagonist (VPC23019) or S1P, receptor antagonist (JTEO013), inhibited the
decrease in CF induced by S1P i;l isolated perfused rat hearts. We further investigated
the effect of TY-52156 on both the S1P-induced increase in intracellular calcium
([Ca*"];) and Rho activation that are responsible for the contraction of human coronary
artery smooth muscle cells. TY-52156 inhibited both the S1P-induced increase in
[Ca®]; and Rho activation. In contrast, VPC23019 and JTEO13 inhibited only the
increase in [Ca®™]; and Rho activation, respectively. We further confirmed that
TY-52156 inhibited FTY-720-induced S1Ps3 receptor-mediated bradycardia in vivo.
These results clearly show that TY-52156 is both sensitive and useful as a S1P;
receptor-specific antagonist, and reveal that S1P induces vasoconstriction by directly
activating S1P; receptor and through a subsequent increase in [Ca®*}; and Rho activation

in vascular smooth muscie cells.
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Introduction
Sphingosine 1-phosphate (S1P) is a bioactive lysophospholipid mediator that is mainly
released from activated platelets and induces many biological responses, including
angiogenesis, vascular development and cardiovascular function (Siess, 2002; Takuwa
et al., 2008; Yatomi, 2006). A wide variety of biological cellular responses to S1P
have been ascribed to the presence of five S1P receptors, S1P;-S1Ps receptors, that
belong to the family of G protein-coupled receptors (GPCRs). Furthermore, a
variation of heterotrimeric G protein downstream of S1P receptors accounts for the
diversity of cellular responses to S1P (Rosen et al., 2009). In addition to the coupling
of S1P receptors and G proteins, the expression of the combination of SIP receptors
determines multiple cellular responses. To identify the signaling that is specific for
each receptor, S1P receptor antagonists have been develobed and have contributed to
our understanding of S1P-mediated signaling (Huwiler and Pfeilschifter, 2008).
S1P;-S1Ps receptors couple to different G proteins upon binding to S1P. While,
S1P;, S1P, and S1Ps receptors mainly couple to Gi‘, S1P; and S1P; receptors couple to
Gi, Gq and G213 (Rosen et al., 2009). The signal that converges from Gi-coupled S1P
receptors inhibits the activation of adenylate cyclase and induces the activation of
p44/p42 mitogen-activated protein kinase (MAPK). While S1P; receptor slightly
increases intracellular calcium ([Ca®*]}) through Gfy, S1P; and S1P; receptors mainly
increase [Ca”*}; through the activation of phospholipase C (PLCB) from Gq (Watterson
et al., 2005). The deletion of S1P3;, but not SI1P, receptor in mouse embryonic
fibroblasts (MEFs) led to the marked inhibition of S1P-induced PLC activation, which

suggests that S1P; receptor plays an important role in the S1P-induced increase in

[Ca®); (Ishii et al., 2002).
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S1P; and S1P; receptors also couple to Gjy13 protein to activate a small GTPase,
Rho, which is involved in the regulation of actin-cytoskeleton (Ryu et al., 2002;
Sugimoto et al., 2003).  Rho kinase is activated by Rho through the G;23-Rho guanine
nucleotide exchange factor family. S1P-induced Rho activation has been shown to be
significantly reduced in S1P,, but not SIP;, receptor-null MEFs (Ishii et al., 2002).
Meanwhile, an association between S1P; receptor and Rho activation has been reported
in cells expressing S1P; receptor (Sugimoto et al., 2003). An S1P-induced contraction
of vascular smooth muscle cells has been ascribed to an increase in [Ca**}; and Rho
activation (Ohmori et al., 2003; Watterson et al., 2005). S1P-induced vasoconstriction
is significantly inhibited in cerebral arteries isolated from S1P; receptor-null mice, but
not in those from S1P: receptor-null mice (Salomone et al., 2008). In addition,
Y-27632, a selective Rho kinase inhibitor, inhibits S1P-induced vasoconstriction in
canine cerebral arteries (Tosaka et al., 2001), indicating that S1P; receptor plays an
indispensable role in S1P-induced vasoconstriction mediated by Rho-Rho kinase
signaling. ~ Although SIP decreases coronary flow (CF) in isolated perfused canine
heart, the receptor subtype that is responsible for the S1P-induced reduction of CF has
not yet been fully identified. To distinguish S1P; receptor-dependent signal from S 1P,
receptor-dependent signal, a S1P; receptor-specific antagonist has been needed.

We have developed an S1Ps3 receptor antagonist,
1-(4-chlorophenylhydrazono)-1-(4-chlorophenylamino)-3,3-dimethyl-2-butanone
(TY-52156). By confirming that TY-52156 has a selective antagonistic effect toward
S1P; receptor, we can delineate the role of S1P; receptor-specific signaling in vascular
contraction. Moreover, the effectiveness of TY-52156 in vivo was bolstered by

evidence that S1P; receptor-dependent bradycardia was suppressed by the oral
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administration of TY-52156.
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Materials and Methods

Materials

TY-52156 was synthesized in our laboratories. Materials were purchased from the
following suppliers: S1P from BIOMOL International, L.P. (Plymouth Meeting, PA,
USA); SEW2871, FTY-720 and FTY-720 (S)-Phosphate from Cayman Chemical (Ann
Arbor, MI, USA); VPC23019 from Avanti Polar Lipids, Inc. (Alabaster, AL USA);
JTEO13 from Tocris Bioscience (Southampton, UK); U46619 from Calbiochem
(Darmstadt, Germany); HuMedia-EG2 and HuMedia-SG2 from Kurabo (Osaka, Japan);

and membranes containing human S1Py, S1P,, S1P3, or S1Ps receptors from Millipore

(Bedford, MA, USA).

Synthesis of TY-52156
5,5-Dimethyl-2,4-dihexanone (1)
0] o O

SIS — A

Diisopropyi ether (3 L) was placed in a 5 L 3-neck round-bottom flask and stirred
mechanically. Potassium terr-butoxide (324 g, 2.25 mol, 1.5 eq) was suspended in the
diisopropyl ether at 0 °C. Pinacolone (150 g, 1.50 mol, 1.0 eq) in ethyl acetate (440
mL, 4.50 mol, 3.0 eq) was slowly added dropwise so that the temperature would remain
beiow 10 °C under ice-bath cooling. The reaction mixture was then stirred for 20 h at
ambient temperature. Water (1 L) was added slowly so that the temperature would
remain below 10 °C under ice-bath cooling. The separated organic layer was extracted
with IN sodium hydroxide (150 mL). The basic aqueous layer was carefully acidified

with 6 N HCI (750 mL, 2.0 equivalents of base) at 0 “C and then extracted twice with
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petroleum ether (750 mL). The combined organic layer was washed with water (475
mL) and saturated brine (475 mL), dried over anhydrous sodium sulfate, filtered and
evaporated at 200 mm Hg and ambient temperature. The remaining liquid was distilled
under reduced pressure, with heating up to 80 °C. The title compound (1) was
obtained as a colorless oil (126 g, 0.89 mol, 59%); "H-NMR (300 MHz, CDCl ;) &:

1.17 (s, 9 H), 2.08 (s, 3 H), 5.61 (s, 1 H); bp.: 62-69 °C (20 mmHg).

3-Chloro-5,5-dimethyl-2,4-dihexanone (2)
0O O 0O O

SAI — S AL
Cl

5,5-Dimethyl-2,4-dihexanone (1) (354 g, 249 mmol, 1.0 eq) was dissolved in
chloroform (700 mL) and stirred mechanically. Sulfuryl chloride (260 mL, 324 mmol,
1.3 eq) in chloroform (130 mL) was slowly added dropwise so that the temperature
would remain below 5 °C under ice-bath cooling. The reaction mixture was then
stirred for 2 h at 25 °C, and then quenched with water (50() mL) at 0 °C. The separated
organic layer was washed three times with water (500 mL), dried over anhydrous
sodium sulfate, filtered and evaporated. The residue was purified by distillation under
reduced pressure, with heating to 70 °C. The title compound (2) was obtained as a
yellow oil (41.5 g, 235 mmol, 94%); "H-NMR (300 MHz, CDCI 3) &: 1.23 (s, 9 H),

2.38 (s, 3 H), 5.09 (s, 1 H); bp.: 67-69 °C (1.5 mmHg).

{1-Chloro-1-(4-chlorophenylhydrazono)]-3,3-dimethyl-2-butanone (3)
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0]
HoN
W+ 2\©\ ——*>EE,H
Cl

4-Chloroaniline (29 g, 226 mmol, 1.0 eq) was added to 6 N hydrochloric acid (158 mL,
951 mmol, 4.2 eq) and water (68 mL) and stirred for 15 min at 0 °C. Sodium nitrite
(17 g, 249 mmol, 1.1 eq) in water (90 mL) was slowly added dropwise so that the
temperature would remain below 5 °C under ice-bath cooling. The reaction mixture
was stired for 1 h at O °C to prepare a solution of diazonium salt.
3-Chloro-5,5-dimethyl-2,4-dihexanone (2) (40 g, 226 mmol, 1.0 eq) was dissolved in
pyridine (158 ml) and water (158 mL) at 0 °C. The previously prepared diazonium salt
solution was slowly added dropwise so that the temperature would remain below 10 °C,
and the resulting mixture was then vigorously stirred for 2 h, with warming from 0 to 25
°C. The reaction mixture was extracted with ethyl acetate (452 mL), washed twice
with 2N HC1 (1 L) and saturated brine (452 mL), dried over anhydrous sodium suifate,
filtered and evaporated. The resulting crude product was diluted with methanol (226
ml, 1M solution), refluxed for 1 h and then cooled to 0 °C. The precipitated crude
crystals were collected by filtration, washed with petroleum ether, and dried under
reduced pressure to give the title compound (3) as a yellow solid (24 g, 89 mmol, 39%);
"H-NMR (300 MHz, CDCI 3) &: 1.43 (s, 9H), 7.12 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.7

Hz, 2H), 8.34 (s, 1H); m.p.: 129-131 °C.

2-(4-Chlorophenylhydrazono)-2-(4-chlorophenylamino)acetophenone (TY-52156)
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Ci
[1-Chloro-1-(4-chlorophenylhydrazono)]-3,3-dimethyl-2-butanone (3) (224 g, 82.1

mmol, 1.0 eq) and 4-chloroaniline (11.5 g, 90.4 mmol, 1.1 eq) were dissolved in ethanol
(274 mL), and triethylamine (13.7 mL, 98.6 mmol, 1.2 eq) was then added at 0 °C.
The resulting mixture was stirred for 3 h at ambient temperature. The reaction mixture
was evaporated, quenched with water (82 mL), and diluted with ethyl acetate (165 mL).
The organic layer was washed with water (165 mL) and saturated brine (165 mL), dried
over anhydrous sodium sulfate, filtered and evaporated. The resulting crude crystals
were washed with a solvent mixture of hexane-ethyl acetate (20:1) and dried under
reduced pressure to obtain the title compound (TY-52156) as a yellow powder (24.8 g,
68.1 mmol, 83%); ' H-NMR (300 MHz, CDCl;) §: 1.48 (s, 9H), 6.55 (d, J = 8.4 Hz,
2H), 6.76 (s, 1H), 6.98 (d, J = 8.8 Hz, 2H), 7.19-7.26 (m, 5H); MS (ESI) m/z = 362

(M-H)’; mp.: 90-91 °C.

Cell Cuiture

Chinese hamster ovary (CHO-K1) cells that stably expressed human S1P; (S1P-CHO),
S1P, (S1P,-CHO) or S1P; (S1P;-CHO) receptors were maintained as described
previously (Koide et al., 2007). A human recombinant S1P4 receptor-expressing cell
line (S1P4;-Chem) was purchased from Millipore. Human umbilical vein endothelial
cells (HUVECs) purchased from DS Pharma Biomedical (Osaka, Japan) were cultured

on collagen-coated dishes in HuMedia-EG2. Human coronary artery smooth muscle

10
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cells (HCASMC:s) purchased from Kurabo were cultured in HuMedia-SG2.

Measurement of the Intracellular Calcium Concentration

[Ca2+]i in S1P;-, S1P,-, S1P;-CHO, and S1P4;-Chem was measured using the
calcium-sensitive dye Fura-2 AM, as described previously (Koide et al., 2007). The
fluorescence (excitation at 340 and 380 nm; emission at 510 nm) was measured with a
FLEXStation I (Molecular Devises). The ratio of the fluorescence intensity at two
wavelengths (FR340/380) was calculated. The Ki value for TY-52156 was estimated

from Ca®* responses as described previously (Ohta et al., 2003).

[*H]-S1P Binding Assay

A [PH]-S1P binding assay was performed as described by Lim et al. (2003) with minor
modifications. The cell membrane (60 ug/mlL) was incubated with binding buffer
containing [*H]-S1P (1 nM, about 40,000 dpm per well) and vehicle or each
concentration of TY-52156 (uM) for 30 min at 25°C. Radioactjvity was measured by a
liquid scintillation counter after the addition of scintillation cocktail solution.
Nonspecific binding was defined as the amount of radioactivity bound to the cells in the
presence of unlabeled S1P (3.0 uM). Specific binding was calculated by subtracting

nonspecific binding from total binding.

GTP-binding Assay
Europium-GTP (Eu-GTP) binding was determined using a DELFIA GTP Binding Assay
Kit (Perkin-Elmer Life Sciences, Wallac, Turku, Finland). Samples were incubated in

AcroWell filter plates (PALL, Ann Arbor, MI, USA) for 60 min (S1P; and S1Ps) or 90

11
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min (S1P, and S1P;) at 30°C. The reaction was started by adding membranes (48
pg/mL) containing human S1P;, S1P,, S1P3 or S1Ps receptors to the assay buffer (20
mM HEPES, pH7.4, 5 mM MgCl,, 100 mM NaCl, 1.2 mg/mL Saponin, 10 yM GDP
and 10 nM Eu-GTP at 30°C) including S1P (0.1 pM) and vehicle or the desired
concentration (UM) of the test drug (TY-52156 or VPC23019). The reaction was
terminated by rapid filtration and the filter was washed five times with 200 pL of
ice-cold washing solution in a vacuum manifold. The plate was measured by
time-resolved fluorescence (340 nm excitati;)n/615 nm emission) using a EnVision

(Perkin-Elmer Life Sciences).

Western Blot Analysis for p44/p42 MAPK

S1P;-, S1P,- and S1P3;-CHO (2.0)<IO5 cells) were plated on 6-well plates and cultured
with Nutrient Mixture F-12 Ham (Sigma) containing 1% FBS for 4 h before the
experiments. The cells were treated with vehicle, TY-52156 (TY) (10 pM), VPC23019
(VPC) (10 pM) or JTE013 (JTE) (1.0 uM) for 10 min and then with vehicle or S1P (0.1
uM) for 5 min at 37°C. The cells were lysed in CellyticM containing Protease
Inhibitor Cocktails and Phosphatase Inhibitor Cocktails (Sigma) for 10 min at 4°C.
The lysate was centrifuged at 13,000xg for 15 min at 4°C and supernatant was
transferred to a fresh tube. The protein concentration was determined using the
Bradford method. Equal amounts of proteins were resuspended in 4xSample Buffer
(Wako Pure Chemical Industries), boiled for 5 min and separated by 10% SDS-PAGE.
After being transferred to a polyvinylidene fluoride (PVDF) membrane, the membranes
were blocked in Block Ace (DS Pharma Biomedical) and immunoblotted with

antibodies of phospho-p44/p42 MAPK or p44/p42 MAPK (1:1000, Cell Signaling

12
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Technology). The signals were visualized by an Amplified Alkaline Phosphatase Goat
Anti-Rabbit Immun-Blot Assay Kit (Bio-Rad) according to the manufacturer’s
instructions. Quantitative analyses of immunoblots were performed using Quantity
One version 4.2.2 software (Bio-Rad). The relative percentage compared with the

vehicle was calculated and expressed as the mean+S.E.M.

Measurement of Coronary Flow

All animal experiments were reviewed and approved by the Experimental Animal
Committee in our laboratories. Male Sprague-Dawley (SD) rats (300-350 g; Nihon
SLC) were anesthetized by the injection of pentobarbital (50 mgkg i.p.). After
thoracotomy, their hearts were rapidly excised and perfused at 37°C in a Langendorff
manner with Krebs-Henseleit bicarbonate buffer (constant perfusion pressure of 70+5
mmHg) of the following composition (in mM): NaCl 118; KCI 4.7; KH,PO4 1.2;
MgSO, 1.2; CaCl, 2.5; NaHCO; 24.9; EDTA/2Na 0.027; ascorbic acid 0.057 and
glucose 11.1, pH 7.4 at 37°C, bubbled with 95% O;and 5% CO, (pO,>550 mmHg). A
modified water-filled latex balloon (LB-2, Technical Service Corporation) was inserted
into the left ventricle via the left atrium with a pressure transducer (DX-360, Ohmeda)
connected to an amplifier (AP-601G, Nihon Kohden). Left ventricular end-diastolic
pressure was adjusted to about 5-10 mmHg. To measure coronary flow (CF), a
Cannulating-type Flow Probe (FF-030T, Nihon Kohden) connected to an
electro-magnetic blood-flow meter (MFV-3700, Nihon Kohden) was inserted to the
perfusion line that was connected to the heart. After a 15-min period for equilibration,
vehicle, TY-52156 (TY) (0.1 pM), VPC23019 (VPC) (0.1 pM) or JTEO13 (JTE) (0.1

uM) was infused for 10 min by an infusion pump (Harvard Apparatus) through a

13
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drug-infusion line connected to the main perfusion line at a flow rate of 1/100 the CF
rate. After drug treatment, vehicle or the indicated concentration of SI1P (uM) or
U46619 (0.1 uM) was added to the same line. CF was measured before and 10 min

after the infusion of SIP or U46619. The relative percentage compared to the vehicle

was calculated from the CF rate.

Contractile Response in Cerebral Arteries

Beagle dogs (Oriental Yeast) were anesthetized by the injection of pentobarbital (30
mg/kg i.p.). The cerebral arteries were rapidly excised and mounted in organ
chambers containing Krebs buffer of the following composition (in mM): NaCl 118.0,
KC14.7, CaCl, 2.5, KH,PO4 1.2, MgSO,4 1.2, NaHCOs 25.0 and glucose 11.0, pH 7.2 at
37°C, bubbled with 95% O, and 5% CO,. After equilibration, cerebral arteries were
exposed to 60 mM KClI until the contractile responses were stabilized. After washout
and recovery, contractile responses to S1P were measured every 10 min after the
addition of the indicated concentration of S1P (uM). In another experiment, the
cerebral arteries were contracted by S1P (5.0 pM), and then an increasing amount of
vehicle or TY-52156 (up to 10 pM) was applied to the organ chambers. Relaxation
responses were measured every 10 min after addition of the indicated concentration of
vehicle or TY-52156 (uM). The degree of contraction compared to vehicle was
calculated with PRISM version 4 statistical software (GraphPad) and expressed as the

percent contraction compared to that induced by S1P.

Immunoprecipitation and Western Blot

HCASMCs were seeded at 5x10° cells in a culture dish. After they reached

14

— 168 —



