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ML131 

CID/ML# Target 
Name 

IC50 (nM) [SID, 
AID] 

Anti-target 
Name(s) 

IC50 (μM) [SID, 
AID] 

Fold 
Selective 

Secondary 
Assay(s) Name: 
IC50 (uM) [SID, AID] 

44607580/
ML131 

S1P4 89 nM [87357351, 
2346] 

S1P1 >25 µM 
[87357351, 2351] 

>280 S1P2 IC50: >25 µM 
[87357351, 2354] 
S1P3 IC50: >25 µM 
[87357351, 2349] 
S1P5 IC50: >25 µM 
[87357351, 2350] 
Cytotoxicity: CC50 
>20 µM [87357351, 
489009] 
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Recommendations for scientific use of the probe: 

These probes are useful for assays aiming to modulate S1P4 signaling without affecting S1P1, 
and will be invaluable in research efforts designed to determine the effects of S1P4 signaling. 
The probe reported herein represents a significant milestone that will allow experiments 
designed to improve understanding of the role of the S1P4 receptor in fundamental immune 
system processes, such as dendritic cell function, T-cell migration and other S1P-mediated 
biology. The S1P4 antagonist probe has already been provided under MTA to an expert in 
lymphocyte trafficking, Professor Antal Rot, of the MRC Centre for Immune Regulation, 
University of Birmingham.
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1

 Introduction 

Pandemic influenza represents a significant public health threat, due in part to immune cell-
mediated lung tissue damage induced during viral infection. Sphingosine 1-phosphate (S1P) is 
a bioactive phospholipid released by activated blood platelets and serves to influence 
endothelial integrity, lung epithelial integrity (1, 2) and lymphocyte recirculation (3-6) through five 
related high affinity G-protein coupled receptors. Recently, modulation of S1P receptors locally 
in the lungs was shown to alter dendritic cell activation and accumulation in the mediastinal 
lymph nodes, resulting in blunted T-cell responses and control of immunopathological features 
of influenza virus infection (7). Reports showing that S1P5 expression is very low in dendritic 
cells, while S1P4 is highly expressed (8), suggest that chemical activation of the S1P4 receptor 
subtype in the airways could be efficient at controlling the immunopathological response to viral 
infection. S1P4 is coupled to Gαi and Gαo G-proteins and activates ERK MAPK and PLC 
downstream pathways (9), indicating that selective antagonists of S1P4 may also serve as 
useful tools for understanding S1P4 biological function. There are no reports of selective 
inhibitor S1P4 antagonists in the literature and S1P4 antagonist compounds are not available. 
With the exception of the PubChem AIDs for this project, no S1P4 antagonist HTS efforts have 
been reported to date. Exhaustive search of the published literature—including U.S. and 
International Patent literature—has not identified any S1P4 antagonist compounds. 

 

2 Materials and Methods 

The following reagents were obtained from Invitrogen: Tango EDG6-bla U2OS cells (K1622), 
Tango EDG-1-bla U2OS cells (K1520), Tango EDG8 bla U2OS cells (K1518), GeneBLAzer 
FRET B/G Loading Kit (CCF4-AM) (K1025), LiveBLAzer (K1096), Freestyle Expression Medium 
(Assay media; 12338-018), McCoy's 5A Medium (modified) (1X) (16600-082), Dulbecco's 
Modified Eagle's Media with phenol red (11965-092), Dulbecco's Modified Eagle's Media without 
phenol red (21063-029), Fetal Bovine Serum (26400-044), Fetal Bovine Serum, dialyzed 
(26400-036), NEAA (1114-050), Penicillin-Streptomycin-Neomycin antibiotic mix (15140-122), 
100X Penicillin-Streptomycin-Neomycin mix (part 15640-055), Sodium Pyruvate (11360-070), 
PBS without calcium or magnesium (14190-136), HEPES (15630-080), Trypsin/EDTA (25300-
054), Zeocin (R250-01), Hygromycin (10687-010), Geneticin (10131-027). 

Fatty Acid Free BSA was obtained from Calbiochem (NC9734015). Probenecid was obtained 
from Sigma (part P8761). S1P was obtained from Avanti Polar Lipids (860492P) and Biomol 
(SL-140). U2OS cells were obtained from ATCC (HTB-96). 1536-well plates were obtained from 
Greiner (789072). 384-well plates were obtained from Greiner (788092) and Corning (3570). 
T175 tissue culture flasks (431080) were obtained from Corning. Charcoal/dextran treated fetal 
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bovine serum was obtained from Hyclone (SH30068.03). Reagents for the Ricerca 
HitProfilingScreen + CYP450 were provided by Ricerca Biosciences, LLC. 

 

2.1 Assays 

LC-MS/MS 

All analytical methods are in MRM mode where the parent ion is selected in Q1 of the mass 
spectrometer. The parent ion is fragmented and a characteristic fragment ion is monitored in 
Q3. MRM mass spectroscopy methods are particularly sensitive because additional time is 
spent monitoring the desired ions and not sweeping a large mass range. Methods will be rapidly 
set up using Automaton® (Applied Biosystems), where the compounds are listed with their name 
and mass in an Excel datasheet. Compounds are submitted in a 96-well plate to the HPLC 
autosampler and are slowly injected without a column present. A narrow range centered on the 
indicated mass is scanned to detect the parent ion. The software then evaluates a few pre-
selected parameters to determine conditions that maximize the signal for the parent ion. The 
molecule is then fragmented in the collision cell of the mass spectrometer and fragments with 
m/z larger than 70 but smaller than the parent mass are determined. Three separate collision 
energies are evaluated to fragment the parent ion and the largest three ions are selected. Each 
of these three fragment ions is further optimized and the best fragment is chosen. The software 
then inserts the optimized masses and parameters into a template method and saves it with a 
unique name that indicates the individual compound being optimized. Spectra for the parent ion 
and the fragmentation pattern are saved and can be reviewed later.  

Solubility 

The solubility of compounds was tested in phosphate buffered saline, pH 7.4. Compounds were 
inverted for 24 hours in test tubes containing 1-2 mg of compound with 1 mL of PBS. The 
samples were centrifuged and analyzed by HPLC (Agilent 1100 with diode-array detector). Peak 
area was compared to a standard of known concentration. In cases when the concentration was 
too low for UV analysis or when the compound did not possess a good chromophore, LC-
MS/MS analysis was used. 

Primary uHTS assay to identify S1P4 receptor antagonists (AIDs 1510) 

Assay Overview: The purpose of this assay was to identify compounds that act as antagonists 
of S1P4. This assay uses Tango S1P4-BLA U2OS cells which contain the human Endothelial 
Differentiation Gene 6 (EDG6; S1P4) linked to a GAL4-VP16 transcription factor via a TEV 
protease site. The cells also express a beta-arrestin/TEV protease fusion protein and a beta-
lactamase (BLA) reporter gene under the control of a UAS response element. Stimulation of the 
S1P4 receptor by agonist causes migration of the fusion protein to the GPCR, and through 
proteolysis liberates GAL4-VP16 from the receptor. The liberated VP16-GAL4 migrates to the 
nucleus, where it induces transcription of the BLA gene. BLA expression is monitored by 
measuring fluorescence resonance energy transfer (FRET) of a cleavable, fluorogenic, cell-
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permeable BLA substrate. As designed, test compounds that act as S1P4 antagonists will inhibit 
S1P4 activation and migration of the fusion protein, thus preventing proteolysis of GAL4-VP16 
and BLA transcription, leading to no increase in well FRET. Compounds were tested in 
singlicate at a final nominal concentration of 5 uM. 

Protocol Summary: U2OS cells were cultured in T-175 square cm flasks at 37 degrees C and 
95% relative humidity (RH). The growth media consisted of McCoy's 5A Medium supplemented 
with 10% v/v dialyzed fetal bovine serum, 0.1 mM NEAA, 25 mM HEPES (pH 7.3), 1 mM 
sodium pyruvate, 100 U/mL penicillin-streptomycin-neomycin, 200 ug/mL Zeocin, 50 ug/mL 
Hygromycin, and 100 ug/mL Geneticin. Prior to the start of the assay, cells were suspended at a 
concentration of 250,000/mL in Assay Medium (Freestyle Expression Medium without 
supplements). The assay was started by dispensing 4 uL of cell suspension to each well, 
followed by overnight incubation at 37 degrees C in 5% CO2 and 95% RH. The next day, 25 nL 
of test compound (5 µM final nominal concentration) in DMSO was added to sample wells, and 
DMSO alone (0.5 % final concentration) was added to control wells. Next, S1P prepared in 2% 
BSA (0.3 µM final nominal EC80 concentration) was added to the appropriate wells. Plates were 
then incubated at 37 degrees C in 5% CO2 for 4 hours. After the incubation, 1 uL/well of the 
LiveBLAzer FRET substrate mixture, prepared according to the manufacturer's protocol and 
containing 10 mM Probenicid, was added to all wells. After 2 hours of incubation at room 
temperature in the dark, plates were read on the EnVision plate reader (PerkinElmer 
Lifesciences, Turku, Finland) at an excitation wavelength of 405 nm and emission wavelengths 
of 460 nm and 535 nm. Assay Cutoff: compounds that exhibited greater than 29.02% inhibition 
of S1P4 receptor were considered active. 

Confirmation uHTS assay to identify S1P4 receptor antagonists (AID 1524) 

Assay Overview: The purpose of this assay was to confirm activity of compounds identified as 
active in the uHTS primary screen (AID 1510). This assay was as described above (AID 1510). 
Compounds were tested in triplicate at a nominal concentration of 5 uM. 

Protocol Summary: The assay was performed as described above (AID 1510). Assay Cutoff: 
compounds that exhibited greater than 29.02% inhibition of S1P4 receptor were considered 
active. 

Dose response uHTS assay to identify S1P4 receptor agonists (AID 1692) 

Assay Overview: The purpose of this assay was to determine dose response for compounds 
identified as active in the uHTS primary screen (AID 1510) and that confirmed activity in the 
uHTS confirmation screen (AID 1524). This assay was as described above (AID 1510). 
Compounds were tested in triplicate using a 10-point, 1:3 dilution series starting at a nominal 
concentration of 50 uM. 

Protocol Summary: The assay was performed as described above (AID 1509). Assay Cutoff: 
compounds with an IC50 equal to or less than 10 µM were considered active. 
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Counterscreen uHTS assay to identify S1P1 receptor antagonists (AID 1564) 

Assay Overview: The purpose of this assay was to determine whether compounds identified as 
active in the primary uHTS assay (AID 1510), and that confirmed activity in the uHTS 
confirmation screen (AID 1524), were nonselective antagonists due to inhibition of S1P1. This 
assay uses Tango S1P1-bla U2OS cells that express S1P1 (EDG1) linked to a GAL4-VP16 
transcription factor via a TEV protease site. The cells also express a beta-arrestin/TEV protease 
fusion protein and a beta-lactamase (BLA) reporter gene under the control of a UAS response 
element. Stimulation of the S1P1 receptor by agonist causes migration of the fusion protein to 
the GPCR, and through proteolysis liberates GAL4-VP16 from the receptor. The liberated VP16-
GAL4 migrates to the nucleus, where it induces transcription of the BLA gene. BLA expression 
is monitored by measuring fluorescence resonance energy transfer (FRET) of a cleavable, 
fluorogenic, cell-permeable BLA substrate. As designed, test compounds that act as S1P1 
antagonists will inhibit S1P1 activation and migration of the fusion protein, thus preventing 
proteolysis of GAL4-VP16 and BLA transcription, leading to no increase in well FRET. 
Compounds were tested in triplicate at a final nominal concentration of 5 uM. 

Protocol Summary: Cells were cultured as described above (AID 1510). Prior to the start of the 
assay, cells were suspended at a concentration of 250,000/mL in Assay Medium (Freestyle 
Expression Medium without supplements). The assay was started by dispensing 4 uL of cell 
suspension to each well, followed by overnight incubation at 37 degrees C in 5% CO2 and 95% 
RH. The next day, 25 nL of test compound in DMSO (0.5 % final DMSO concentration), DMSO 
alone, or S1P (10 nM final nominal EC80 concentration) prepared in 2% BSA was added to the 
appropriate wells. Plates were then incubated at 37 degrees C in 5% CO2 for 4 hours. After the 
incubation, 1 uL/well of the LiveBLAzer FRET substrate mixture, prepared according to the 
manufacturer's protocol and containing 10 mM Probenicid, was added to all wells. After 2 hours 
of incubation at room temperature in the dark, plates were read on the EnVision plate reader 
(PerkinElmer Lifesciences, Turku, Finland) at an excitation wavelength of 405 nm and emission 
wavelengths of 460 nm and 535 nm. Assay Cutoff: compounds that exhibited greater than 
40.0% inhibition of S1P1 receptor were considered active. 

Counterscreen dose response uHTS assay to identify S1P1 receptor antagonists (AID 
1821) 

Assay Overview: The purpose of this assay was to determine S1P1 antagonist dose response 
for compounds identified as active in the uHTS S1P1 receptor counterscreen assay (AID 1564). 
The assay was as described above (AID 1564), except that compounds were tested in triplicate 
using a 10-point, 1:3 dilution series starting at a nominal concentration of 50 uM. 

Protocol Summary: The assay was performed as described above (AID 1564). Assay Cutoff: 
compounds with an IC50 equal to or less than 10 µM were considered active. 
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Late-stage dose response assay to identify S1P4 receptor agonists with purchased 
compounds (AID 2332) 

Assay Overview: The purpose of this assay was to determine S1P4 antagonist dose response 
with purchased compounds. Compounds with S1P4 antagonist IC50 less than 1 µM in 
PubChem AID 1692 were selected based on presence of a tractable chemical structure and 
absence of known activities towards other targets. This assay was as described above (AID 
1510). Compounds were tested in triplicate using a 10-point, 1:3 dilution series starting at a 
nominal concentration of 50 uM. 

Protocol Summary: Cells were cultured as described above (AID 1510). Prior to the start of the 
assay, cells were suspended at a concentration of 1,000,000/mL in Assay Medium (Freestyle 
Expression Medium without supplements). The assay was started by dispensing 10 uL of cell 
suspension to each well in 384-well plates, followed by overnight incubation at 37 degrees C in 
5% CO2 and 95% RH. The next day, 50 nL of test compound in DMSO was added to sample 
wells, and DMSO alone (0.5 % final concentration) was added to control wells. Next, S1P 
prepared in 2% BSA (0.22 µM final nominal EC80 concentration) was added to the appropriate 
wells. Plates were then incubated at 37 degrees C in 5% CO2 for 4 hours. After the incubation, 
2.2 uL/well of the LiveBLAzer FRET substrate mixture, prepared according to the 
manufacturer's protocol and containing 10 mM Probenicid, was added to all wells. After 2 hours 
of incubation at room temperature in the dark, plates were read on the EnVision plate reader 
(PerkinElmer Lifesciences, Turku, Finland) at an excitation wavelength of 405 nm and emission 
wavelengths of 460 nm and 535 nm. Assay Cutoff: compounds with an IC50 equal to or less 
than 10 µM were considered active. 

Late-stage dose response assay to identify S1P4 receptor agonists with synthesized 
compounds (AID 2346) 

Assay Overview: The purpose of this assay was to determine S1P4 antagonist dose response 
with synthesized compounds. This assay was as described above (AID 1510). Compounds 
were tested in triplicate using a 10-point, 1:3 dilution series starting at a nominal concentration 
of 50 uM. 

Protocol Summary: The assay was performed as described above (AID 2332). Assay Cutoff: 
compounds with an IC50 equal to or less than 10 µM were considered active. 

Late-stage counterscreen dose response assay to identify S1P1 receptor agonists (AID 
2351) 

Assay Overview: The purpose of this assay was to determine antagonist activity of powder 
compounds against S1P1 receptor. This assay was as described above (AID 1564). 
Compounds were tested in triplicate using a 10-point, 1:3 dilution series starting at a nominal 
concentration of 25 uM. 

Protocol Summary: Cells were cultured as described above (AID 1510). The assay was 
performed as described above (AID 2332). Assay Cutoff: compounds with an IC50 equal to or 
less than 10 µM were considered active. 
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Late-stage counterscreen dose response assay to identify S1P2 receptor agonists (AID 
2354) 

Assay Overview: The purpose of this assay was to determine antagonist activity of powder 
compounds against S1P2 receptor. A Chinese Hamster Ovary (CHO) cell line stably transfected 
with the human S1P2 receptor and a cAMP Response Element-beta lactamase (CRE-BLA) 
reporter construct was used to measure S1P2 antagonism. Under normal conditions, S1P2 has 
low basal activity and therefore cells express low BLA levels. In this assay, cells have been 
stimulated with the S1P agonist, which stimulates the S1P2 receptor, hence increasing BLA 
gene transcription. An antagonist is identified as a compound that prevents activation by 
exogenously added S1P. Therefore, in the presence of a potential S1P2 antagonist, 
transcription of the BLA gene will decrease. This decrease is monitored by measuring 
fluorescence resonance energy transfer (FRET) of a cleavable fluorogenic cell permeable BLA 
substrate. As designed, test compounds that act as S1P2 antagonists will inhibit BLA 
transcription and cleavage of the fluorogenic substrate, leading to no increase in well FRET. 
Compounds were tested in triplicate using a 10-point, 1:3 dilution series starting at a nominal 
concentration of 25 uM. 

Protocol Summary: Cells were cultured in T-175 square cm flasks at 37 degrees C and 95% 
RH. The growth media consisted of Dulbecco's Modified Eagle's Media supplemented with 10% 
v/v heat inactivated dialyzed fetal bovine serum, 0.1 mM NEAA, 1 mM Sodium Pyruvate, 25 mM 
HEPES, 5 mM L-Glutamine, 2 mg/mL Geneticin and 1X antibiotic mix (mix of penicillin, 
streptomycin and neomycin). Prior to assay, cells were suspended to a concentration of 
1,250,000/mL in assay media, which consisted of phenol red-free Dulbecco's Modified Eagle's 
Media supplemented with 2% charcoal/dextran-treated fetal bovine serum, 0.1 mM NEAA, 1 
mM Sodium Pyruvate, 25 mM HEPES, 5 mM L-Glutamine and 1X antibiotic mix (mix of 
penicillin, streptomycin and neomycin). The assay began by dispensing 4 uL of cell suspension 
to each test well of a 384-well plate (5000 cells/well) followed by incubation at 37 degrees C in 
5% CO2 for 16 hrs. To the appropriate wells were then added 26 nL of test compound in DMSO 
(final nominal concentration of 5 uM, final DMSO concentration of 0.5%) or DMSO only (for high 
control wells) followed directly afterwards by 1 uL of S1P in 2% BSA (final concentration of 750 
nM, a concentration that resulted in 80% activity). The high control (EC80 challenge) and low 
control (100% antagonism) were added to the appropriate control wells and plates were 
incubated again at 37 degrees C in 5% CO2 for 2 hrs. The fluorogenic LiveBLAzer substrate 
mixture with 10 mM Probenicid was prepared according to the manufacturer's protocol and 1 uL 
of this mixture was then added to each well. After a further 2 hours of incubation at room 
temperature, plates were read on the EnVision plate reader (PerkinElmer Lifesciences, Turku, 
Finland) at an excitation wavelength of 405 nm and fluorescence emission wavelengths of 535 
nm & 460 nm. Assay Cutoff: compounds with an IC50 equal to or less than 10 µM were 
considered active. 
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Late-stage counterscreen dose response assay to identify S1P3 receptor agonists (AID 
2349) 

Assay Overview: The purpose of this assay was to determine antagonist activity of powder 
compounds against S1P3 receptor. In this assay, a CHO cell line containing human S1P3 and 
the beta-lactamase (BLA) reporter-gene under control of the nuclear factor of activated T-cells 
(NFAT) promoter was used to measure S1P3 antagonism by test compound. Stimulation of 
S1P3 by S1P induces transcription of NFAT-BLA via a G-alpha16 protein coupled signaling 
cascade, and an increase in BLA activity. BLA activity is measured using a fluorescent BLA 
substrate. As designed, a compound that acts as a S1P3 antagonist will decrease NFAT-BLA 
transcription and decrease well fluorescence. Compounds were tested in triplicate using a 10-
point, 1:3 dilution series starting at a nominal concentration of 25 uM. 

Protocol Summary: Cells were cultured in T-175 square cm flasks at 37 degrees C and 95% 
relative humidity (RH). The growth media consisted of Dulbecco's Modified Eagle's Media 
(DMEM) containing 10% v/v heat inactivated bovine growth serum, 0.1 mM NEAA, 1 mM 
sodium pyruvate, 25 mM HEPES, 5 mM L-Glutamine, 2 mg/mL Geneticin, 0.2 mg/mL 
Hygromycin B, and 1x penicillin-streptomycin-neomycin. Prior to the start of the assay, cells 
were suspended at a concentration of 1,250,000/mL in phenol red-free DMEM supplemented as 
above, except with 0.5% charcoal/dextran-treated fetal bovine serum and no antibiotics. The 
assay was started by dispensing 4 uL of cell suspension to each well followed by overnight 
incubation at 37 degrees C in 5% CO2 and 95% RH. The next day, 25 nL of test compound (5 
µM final nominal concentration) in DMSO was added to sample wells, and DMSO alone (0.5 % 
final concentration) was added to High Control wells. Next, S1P prepared in 1% BSA (0.8 µM 
final nominal concentration, corresponding to the EC80 of S1P) was added to the appropriate 
wells. After 4 hours of incubation, 1 uL/well of the GeneBLAzer fluorescent substrate mixture, 
prepared according to the manufacturer's protocol and containing 10 mM Probenicid, was 
added to all wells. The plates were then incubated for 2 hours at room temperature. Plates were 
read on the EnVision plate reader (PerkinElmer Lifesciences, Turku, Finland) at an excitation 
wavelength of 405 nm and emission wavelengths of 535 nm and 460 nm. Assay Cutoff: 
compounds with an IC50 equal to or less than 10 µM were considered active. 

Late-stage counterscreen dose response assay to identify S1P5 receptor agonists (AID 
2350) 

Assay Overview: The purpose of this assay was to determine antagonist activity of powder 
compounds against S1P5 receptor. This assay uses Tango S1P5-BLA U2OS cells which 
contain the human Endothelial Differentiation Gene 8 (EDG8; S1P5) linked to a GAL4-VP16 
transcription factor via a TEV protease site. The cells also express a beta-arrestin/TEV protease 
fusion protein and a beta-lactamase (BLA) reporter gene under the control of a UAS response 
element. Stimulation of the S1P5 receptor by agonist causes migration of the fusion protein to 
the GPCR, and through proteolysis liberates GAL4-VP16 from the receptor. The liberated VP16-
GAL4 migrates to the nucleus, where it induces transcription of the BLA gene. BLA expression 
is monitored by measuring fluorescence resonance energy transfer (FRET) of a cleavable, 
fluorogenic, cell-permeable BLA substrate. As designed, test compounds that act as S1P5 
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antagonists will inhibit S1P5 activation and migration of the fusion protein, thus preventing 
proteolysis of GAL4-VP16 and BLA transcription, leading to no increase in well FRET. 
Compounds were tested in triplicate using a 10-point, 1:3 dilution series starting at a nominal 
concentration of 25 uM. 

Protocol Summary: Cells were cultured as described above (AID 1510). The assay was 
performed as described above (AID 2332). Assay Cutoff: compounds with an IC50 equal to or 
less than 10 µM were considered active. 

Luminescence-based cell-based dose response assay to determine cytotoxicity of 
antagonist compounds (AID 489009) 

Assay Overview: The purpose of this assay was to determine cytotoxicity of a powder sample 
of probe compound ML131. In this assay, U2OS cells are incubated with test compound, 
followed by determination of cell viability. The assay utilizes the CellTiter-Glo luminescent 
reagent to measure intracellular ATP in viable cells. Luciferase present in the reagent catalyzes 
the oxidation of beetle luciferin to oxyluciferin and light in the presence of cellular ATP. Well 
luminescence is directly proportional to ATP levels and cell viability. As designed, compounds 
that reduce cell viability will reduce ATP levels, luciferin oxidation and light production, resulting 
in decreased well luminescence. Compound ML131 was tested in six replicates in a 7-point 1:3 
dilution series starting at a nominal test concentration of 20 uM. 

Prococol Summary: This assay was started by dispensing 20 uL U2OS cells (200,000 
cells/well) in McCoy’s 5A medium plus 10% FBS, penicillin 100 U/ml and streptomycin 100 
ug/ml into the wells of a 384-well plate. Eight 1:3 serial dilutions of compound (100 µM in growth 
media) were made. 5 uL of diluted compound or media were added to wells, giving final 
compound concentrations of 0-20 uM. The plate was spun for 1 minute at 1000 rpm, then 
incubated at 37 degrees C in a humidified incubator for 6 hours, then equilibrated to room 
temperature for 30 minutes. 25 uL CellTitre-Glo reagent was added to each well, followed by 
incubation of the plate in the dark for 10 minutes. Well luminescence was measured on the 
Envision plate reader. Assay Cutoff: Compounds with a CC50 value of less than 10 µM were 
considered active (cytotoxic). Compounds with a CC50 value greater than 10 µM were 
considered inactive (non-cytotoxic). 

Ricerca HitProfilingScreen + CYP450 Counterscreen assay (AID 489017) 

Assay Overview: The purpose of this panel of binding assays performed by Ricerca 
Biosciences, LLC, was to identify a subset of potential receptors, transporters, ion channels, etc. 
for which probe ML131 displays affinity. 

Protocol Summary: Assays for CYP450, 1A2; CYP450, 2C19; CYP450, 2C9; CYP450, 2D6; 
and CYP450, 3A4 were enzyme assays using human recombinant insect Sf9 cells with 5 µM 3-
cyano-7-ethoxycoumarin as substrate (except for CYP450, 3A4, which used 50 µM 7-
benzyloxy-4-(trifluoromethyl)-coumarin as substrate). Detection was based on 
spectrofluorimetric quantitation of the enzymatic product produced. Assays for the other targets 
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were radioligand binding assays. Assay Cutoff: A response of at least 50% inhibition or 
stimulation was considered “active”. Negative inhibition represents a stimulation of binding. 

 

2.2 Probe Chemical Characterization 

 

 

CID 44607580 

SID 87357351 

ML131 

 

 

The probe structure was verified by NMR (proton and carbon) and LC-MS (Figure 1). 

1H NMR (300 MHz, CDCl3): δ 8.43 (s, 1H), 8.00 (d, J = 2.50 Hz, 1H), 7.36 (d, J = 8.52 Hz, 1H), 
7.25 (m, 2H), 7.22-7.17 (m, 2H), 7.11 (m, 2H), 2.62 (q, J = 7.56 Hz, 4H), 1.16 (t, J = 7.12 Hz, 
6H); 13C NMR (75 MHz, CDCl3) δ 157.12, 150.66, 147.50, 142.06, 133.29, 132.20, 129.63, 
129.12, 128.34, 126.46, 116.77, 113.95, 25.10, 14.63. 
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Figure 1. LC-MS results for probe ML131. 

 

 

Solubility in PBS (137 mM NaCl, 2.7 mM KCl, 10 mM sodium phosphate dibasic, 2 mM 
potassium phosphate monobasic, pH 7.4) at room temperature (23 degrees C) was determined 
to be 0.036 µM by dilution of 10 mM stock solution in DMSO into PBS. Solubility was too low to 
determine stability or Michael Acceptor reactivity. Properties for probe ML131 are listed in Table 
1. 
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Table 1. Probe Properties for ML131 

PubChem CID 44607580 

PubChem SID 87357351 

MLS MLS002699003 

IUPAC Name 5-(2,5-dichlorophenyl)-N-(2,6-diethylphenyl)furan-2-carboxamide 

MW 388.28706 [g/mol] 

MF C21H19Cl2NO2 

H Donor 1 

H Acceptor 2 

Rotatable Bond Count 5 

Exact Mass 387.079284 

MonoIsotopic Mass 387.079284 

Topological Polar surface area 42.2 

Heavy Atom Count 26 

Formal Charge 0 

Complexity 463 

Isotope Atom Count 0 

Defined Atom Stereo Center Count 0 

Undefined Atom Stereo Center Count 0 

Defined Bond StereoCenter Count 0 

Undefined Bond StereoCenter Count 0 

Covalently-Bonded Unit Count 1 

Vendor None 

Vendor Catalog Number None 

 

The following compounds have been submitted to the SMR collection. Compound numbers 
refer to the SAR Table 2. 

Designation 
Compound 

Number  
CID SID SRID MLS  

Probe 1 44607580 87357351 SR-02000000248-1 MLS002699003

Analog 1 2 44607581 87357343 SR-02000000240-1 MLS002698999

Analog 2 3 1007755 87357344 SR-02000000241-1 MLS002699000
Analog 3 4 44607576 87357347 SR-02000000244-1 MLS002699001
Analog 4 5 44607573 87357341 SR-02000000238-1 MLS002699002

Analog 5 6 44607577 87357349 SR-02000000246-1 MLS002699004
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2.3 Probe Preparation 

Figure 2. Synthesis scheme for ML131. 

 

 

A solution of 5-(2,5-dichlorophenyl)furan-2-carbonyl chloride (0.070 g, 0.25 mmol) in 
dichloromethane (4 mL) was treated with 2,6-diethylaniline (0.037 g, 0.25 mmol) and N,N-
diisopropylethylamine (0.1 mL). The mixture was stirred at ambient temperature for 6 hours. The 
mixture was diluted with dichloromethane (5 mL) and washed with 5% NaHCO3 solution (5 mL), 
water (5 mL) and brine (5 mL). The organic phase was dried over sodium sulfate and 
concentrated under reduced pressure. The residue was purified by column chromatography 
(25% EtOAc/Hexane) to afford 5-(2,5-dichlorophenyl)-N-(2,6-diethylphenyl)furan-2-carboxamide 
(0.078 g, 81%) as a white solid. MS (EI) m/z 388, 400 (M+). 

3 Results 

Probe ML131 satisfies the goals for the probe characteristics identified in the CPDP: 1) probes 
should selectively inhibit S1P4 in cell-based TANGO-format assays, and 2) probes should not 
inhibit S1P1, S1P2, S1P3 and S1P5 in cell-based assays. Probe ML131: 

 Inhibits S1P4 receptor in a cell-based TANGO-format assay with an IC50 of 89 nM (AID 
2346). 

 Does not inhibit other members of the receptor family in cell-based assays, with IC50s > 
25 µM against S1P1 receptor (AID 2351), S1P2 receptor (AID 2354), S1P3 receptor 
(AID 2349), and S1P5 receptor (AID 2350). 

In addition, ML131 is nontoxic to U202 cells with a CC50 of > 20 µM (AID 489009). 
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Figure 3. S1P4 antagonist HTS overview. 

3.1 Summary of Screening Results 

In the uHTS primary assay (AID 
1510), 218K compounds were 
screened at 5 uM. A total of 569 
compounds (0.26%) were active, 
passing the set threshold of 29.02% 
S1P4 receptor antagonism. For the 
uHTS confirmation assay, (AID1524), 
569 active compounds were retested 
in triplicate, and 366 compounds 
(71.07%) were confirmed as active. In 
a uHTS counterscreen assay against 
the S1P1 receptor (AID 1564), 179 of 
these compounds were found to be 
inactive against the S1P1 receptor. Of 
the top 128 confirmed S1P4 hits, 100 
were available from the NIH small 
molecule repository. These 100 
compounds were tested in uHTS dose 
response assay for S1P4 receptor 
antagonism (AID 1692) and for S1P1 
receptor antagonism (AID 1821), and 
51 were found to be selective for S1P4 
receptor—having an IC50 of less than 
10 µM for S1P4 receptor and an IC50 
of greater than 10 µM for S1P1 receptor. 

The four most potent hit compounds confirmed following the HTS screening effort, representing 
four unique chemical scaffolds, were purchased as powders and profiled against all of the S1P 
receptor family. Results of these assays are summarized in Table 2. Based on potency towards 
S1P4, selectivity, and chemical tractability, SID 87241457 was chosen as the hit compound. 
Analogs were synthesized and tested in dose response assays against S1P4. In collaboration 
with the assay provider’s lab, selected compounds were profiled against the remaining 
members of the S1P family, S1P1-3 and S1P5; the results are listed in Table 3. These efforts 
led to the identification of the probe compound SID 87357351 belonging to the 5-phenylfuran-2-

arylcarboxamide scaffold. The probe and analogs span an IC50 range of 78 nM to 2 M, while 
having no significant antagonist activity toward the other members of the S1P family at 25 µM 
concentrations. The probe compound is one of the most potent S1P4 antagonists. The original 
screening hit SID 87241457 can be conceptualized as two components, A and B. In region A 
(Table 3), both chlorines 2 and 5 are fundamental for the binding, as evidenced by the fact that 
the appropriate monochlorines 10 and 16 were less potent than SID 87357351. Replacement of 
2,5-dichlorine in region A by polar substituents such as fluorine and small alkoxy groups (5, 17, 
18) was detrimental to the potency. Replacement of the 2,5 dichlorophenyl moiety by a tiophene 
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bioisotere (2) was successful. In the arylcarboxamide region (region B), replacement of ethyl by 
methyl, methoxy or isopropyl moieties at the 2, 6 positions produced minor impact on the 
potency (2, 4, 6). Shifting or removing a methyl group in position 2 (7, 8 compared to 2), as well 
as addition of substituents (14) in the phenyl ring is permitted without significant loss of activity.  

 

Table 2. Potency and selectivity of lead scaffolds from HTS screen. 

Structure SID CID
S1P4 IC50 
(nM) [AID 

2332]

S1P1 IC50 
(uM) [AID 

2351]

S1P2 IC50 
(uM) [AID 

2354]

S1P3 IC50 
(uM) [AID 

2349]

S1P5 IC50 
(uM) [AID 

2350]

87241457 1363299 39.3 >25.0 14.0 25.4 9.6

87241471 706322 339 >25.0 >25.0 >25.0 >25.0

87241467 2328694 82.7 >25.0 2.3 1.7 1.3

87241466 6217704 342 0.351 0.610 0.494 0.034
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3.2 Dose Response Curves for Probe  

Probe ML131 is a potent, dose-dependent S1P4 antagonist, displaying a dose-dependent 
inhibition with a calculated IC50 of 89 nM for S1P4 receptor (Figure 4). 

 

3.3 Scaffold/Moiety Chemical Liabilities 

No scaffold or moiety chemical liabilities are observed with probe ML131. 

 

 3.4 SAR Table 

The original screening hit SID 87241457 can be conceptualized as two components, A and B. 
Table 3 shows structures of compounds used for probe optimization. 

  

Figure 4. Dose response curve for probe ML131 assayed against the S1P4 receptor. 
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Table 3. SAR Table for S1P4 receptor antagonist probe optimization.  

 

  

1 (Probe)

44607580 87357351

SR‐
02000000

248‐1
S 89 >25 >25 >25 >25 >280

2 (Analog 1)

44607581 87357343

SR‐
02000000

240‐1
S 286 >25 >25 >25 >25 >87

3 (Analog 2)

1007755 87357344

SR‐
02000000

241‐1
S 182 >25 >25 >25 >25 >137

4 (Analog 3)

44607576 87357347

SR‐
02000000

244‐1
S 417 >25 >25 21 10 >60

S1P1 
IC50/S1P4 
IC50 Fold 
Selectivity

SAR Analysis for S1P4 ANT IC50 89 nM

Entry CID SID

Center 
Internal 
Number P/S* A

S1P4 IC50 
(nM)

S1P5 IC50 
(uM)

S1P1 IC50 
(uM)

S1P2 IC50 
(uM)

S1P3 IC50 
(uM)B
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5 (Analog 4)

44607573 87357341

SR‐
02000000

238‐1
S 308 >25 >25 >25 >25 >81

6 (Analog 5)

44607577 87357349

SR‐
02000000

246‐1
S 105 >25 >25 >25 13 >238

7

1114196 87357345

SR‐
02000000

242‐1
S 165 >25 >25 >25 >25 >151

8

779010 87357346

SR‐
02000000

243‐1
S 393 >25 >25 >25 >25 >63

9

44607575 87357348

SR‐
02000000

245‐1
S 163 9.3 4.8 9.9 11.2 57

10

878124 87357342

SR‐
02000000

239‐1
S 497 >25 >25 >25 >25 >50

11

44607574 87357352

SR‐
02000000

249‐1
S 253 >25 >25 >25 >25 >99
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*P = Purchased; S = Synthesized 
†N.D. = Not Determined; this compound was not tested in counterscreen assays because its S1P4 ANT IC50 was unacceptably high. 

12

1363299 87457330

SR‐
01000669

308‐3
S 2030 N.D.

†
N.D.

†
N.D.

†
N.D.

†
N.D.

†

13

4492589 87457331

SR‐
02000000

251‐1
S 78 >25 7.9 19.5 >25 >320

14

44607582 87357350

SR‐
02000000

247‐1
S 302 >25 13.8 15.8 >25 >82

15

44607579 87357353

SR‐
02000000

250‐1
S 169 >25 9.5 >25 >25 >145

16

7275219 87357338

SR‐
02000000

235‐1
S 269 >25 >25 >25 >25 >92

17

44607572 87357339

SR‐
02000000

236‐1
S 513 >25 >25 >25 >25 >55

18

44607578 87357340

SR‐
02000000

237‐1
S 414 >25 >25 >25 19.2 >60
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3.5 Cellular Activity  

All the assays employed in the development of probe ML131 were cell-based assays. 

ML131 was evaluated for cell toxicity (AID 489009) and its CC50 was determined to be >20 uM. 
This result is expected since cytotoxic compounds would disrupt signaling. The ligand binding 
domain of S1P4 receptor is extracellular and an antagonist is not required to cross the plasma 
membrane.  

 

3.6 Profiling Assays 

To date, the lead hit (CID 1363299) has been tested in 420 other bioassays deposited in 
PubChem, and has shown activity in only 18 of those assays, five of which are for the S1P4 
receptor antagonist project. The other 13 assays give a hit rate of 3.1%, indicating that this 
series is not generally active across a broad range of cell-based and non-cell based assays.  

Compound ML131 was submitted to Ricerca Biosciences, LLC for HitProfilingScreen + CYP450 
(AID 489017). The purpose of this panel of binding assays was to identify any potential 
receptors, transporters, or ion channels for which compound ML131 displays affinity. Out of 35 
targets tested, only one resulted in ≥50% inhibition or stimulation of activity; ML131 inhibited 
CYP450 (2C9) by 51%. These data suggest that compound ML131 is generally inactive against 
a broad array of off targets and does not likely exert unwanted effects. 

 

4 Discussion 

Probe ML131 inhibits S1P4 receptor in a cell-based TANGO-format assay (AID 2346) with an 
IC50 of 89 nM; and is inactive against other members of the receptor family, with IC50s >25 µM 
against S1P1 receptor (AID 2351), S1P2 receptor (AID 2354), S1P3 receptor (AID 2349), and 
S1P5 receptor (AID 2350), and is nontoxic to U2OS cells (AID 489009), with a CC50 of >20 uM. 

 

4.1 Comparison to existing art and how the new probe is an improvement 

There are no S1P4 antagonist compounds currently available. Dose response assays against 
all five S1P receptors demonstrate that ML131 is the first submicromolar, completely selective 
S1P4 receptor antagonist to be identified. This probe will be invaluable in research efforts 
designed to determine the effects of S1P4 signaling. 
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4.2 Mechanism of Action Studies 

The S1P5 receptor counterscreen assay is in the same TANGO format as the S1P4 receptor 
assay used for the primary screening based upon arrestin recruitment to activated receptor. 
From this we infer that the probe compound directly interacts and activates the S1P4 receptor. 
Work is ongoing in the assay provider’s lab with this probe to elucidate the signaling pathway 
activated in native, S1P4 receptor-expressing cells. 

 

4.3 Planned Future Studies 

Medicinal chemistry to enhance solubility and potency are planned. In the extended probe 
development period, our aim will be to develop these further using traditional MedChem 
techniques and scaffold hopping methods to produce an increase in potency while maintaining 
selectivity. The pharmacokinetic (PK) properties of the lead compounds will also be optimized 
using a series of in vitro and in vivo (mouse) PK studies to identify a compound that is suitable 
for use in animal studies. The most promising compounds will be tested for selectivity against 
the panel of off-target proteins including GPCRs and ion channels.  

Compounds with improved solubility and potency will be useful for mechanism of action studies 
planned by Dr. Oldstone, including the role of S1P4 receptor in dendritic cell migration, 
production of pro-inflammatory cytokines, and the role of S1P4 receptor in the response to 
influenza in mice. 
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