
 
 
 

TSRI MLSCN Probe Report for Inhibitors of ADAMTS-4: 
Piceatannol 

 
 
Project Title: High Throughput Screening of Selective Inhibitors of ADAMTS-4 
Grant Number:  MH078948-01 
Screening Center Name: The Scripps Research Institute Molecular Screening Center 
Principal Investigator of Screening Center: Hugh Rosen, PhD 
Assay Provider & Institution: Gregg B. Fields, Florida Atlantic University 
Assay or Pathway Target: ADAMTS-4 (aggrecanase 1) 
Probe PubChem Identifier (CID/SID): CID: 667639/ SID: 24278620. 
 
The following screen has been published in: Lauer-Fields JL, Spicer TP, Chase PS, Cudic 
M, Burstein GD, Nagase H, Hodder P, Fields GB. Screening of potential a disintegrin 
and metalloproteinase with thrombospondin motifs-4 inhibitors using a collagen model 
fluorescence resonance energy transfer substrate. Anal Biochem. 2007 Sep 15; PMID: 
17949675. 
 
Assay Provider Information 
Specific Aim: To identify selective exosite/active site inhibitors of A Disintegrin and 
metalloproteinase with thrombospondin motifs-4 (ADAMTS-4) 
 
Significance:  
Aggrecan breakdown leads to an increase in proteolytic susceptibility of articular 
collagen.  Due to their role in aggrecan degradation and differing substrate specificity 
profiles, the pursuit of inhibitors for both aggrecanase 1 (a disintegrin and 
metalloproteinase with thrombospondin motifs-4 [ADAMTS-4]) and aggrecanase 2 
(ADAMTS-5) is desirable.  However, few inhibitors have been described to date for the 
aggrecanase members of the ADAMTS family [2-4].   
 
Rationale: Selective inhibitors for ADAMTS-4 would allow a more definitive evaluation 
of this protease in osteoarthritis and also represent a potential next generation in 
metalloproteinase therapeutics.  Previously described assays for aggrecanases are not 
particularly convenient for HTS because all require antibodies and most are 
discontinuous [5-8].   To develop an improved HTS assay for aggrecanases, we examined 
fluorescence resonance energy transfer (FRET) collagen model substrates recently 
described by the laboratory of the assay provider [1].  Importantly, these substrates can 



interact with secondary binding sites (exosites) located outside the enzyme catalytic 
domain [1].  A potential application of ADAMTS exosite inhibitors is that they could be 
covalently linked to active site inhibitors to create high affinity and selective lead 
compounds.  In addition, the use of collagen model aggrecanase substrates in HTS 
represents an efficient means to identify active site- and/or exosite-binding inhibitors.  
Finally, this system is convenient in that it is continuous and uses an increase in 
fluorescence to monitor substrate hydrolysis.  
 
Screening Center information 
Assay Implementation and Screening 
 
PubChem Bioassay Name: N/A 
List of PubChem bioassay identifiers generated for this screening project (AIDS): 
N/A 
 
List of relevant AIDs that may be used as counterscreen information:  PubChem 
BioAssays that take advantage of blue fluorescence can provide a means to identify 
fluorescence artifacts in the primary screen.  These include β-lactamase (BLA) antagonist 
assays such as AID 467, and BLA agonist assays such as AID 843.  Additionally, 
fluorescence-based BioAssays to identify MMP-13 inhibitors (AIDs 570, 734, 735, and 
769) may be relevant counterscreens due to their fluorescence-based detection format and 
protease biochemistry.  In the general scientific literature, the use of synthetic FRET 
substrates with Mca fluorophore and Dnp quencher has been established for HTS for 
MMPs [9-11].   
 
Primary Assay Description as defined in PubChem: N/A.   
 
Center Summary of the Primary and Confirmation Dose Response Screens:  
ADAMTS-4 inhibition was assayed against a subset (n=960) of the Library of 
Pharmacologically Active Compounds1280 (LOPAC1280) (catalog no. LO1280, Sigma), 
using a collagen model FRET substrate (fSSPa).  Five compounds that inhibited 
ADAMTS-4 activity greater than the hit-cuttoff of 59.5% (calculated as the average % 
inhibition plus 3 times the standard deviation) at a concentration of 1 μM were identified 
(piceatannol; (R, R)-cis-diethyltetrahydro-2, 8-chrysenediol; (S)-(+)-camptothecin; IIK7; 
and 8-(p-sulfophenyl)theophylline.  Secondary dose response studies and reversed-phase 
high-performance liquid chromatography (RP-HPLC) assays were performed to eliminate 
compounds that inhibit nonspecifically (e.g., interact with the substrate) or interfere with 
substrate fluorescence.  Only piceatannol (CID: 667639/ SID: 24278620), a red wine 
polyphenolic compound and nonreceptor tyrosine kinase inhibitor, was confirmed as a 
novel inhibitor of ADAMTS-4, with an IC50 value of 1 μM.  Because collagen model 
FRET substrates such as fSSPa have distinct conformational features that may interact 
with exosites, nonactive site-binding inhibitors can be identified via this approach.   
 
 
 
 



Primary Assay Description 

A collagen model aggrecanase FRET substrate, fSSPa (C6-(Gly-Pro-Hyp-Pro-Hyp-Gly)2-
Gly-Pro-Hyp-Gly-Thr-Lys(Mca)-Gly-Glu Leu Glu Gly-Arg Gly-Thr-Lys (Dnp)-
Gly-Ile-Ser-(Gly-Pro-Hyp-Pro-Hyp-Gly)2-Gly-Pro-Hyp-NH2), was used for screening the 
library for ADAMTS-4 inhibitors.  This substrate interacts with exosites, and 
incorporates the aggrecan 1480-1481 cleavage site with a fluorophore/quencher 
(Mca/Dnp) pair to monitor ADAMTS-4 activity.  The screening campaign utilized a 
recombinant ADAMTS-4 variant, called ADAMTS-4-2, which is found during C-
terminal processing of ADAMTS-4 [12, 13], and has reasonable activity against fSSPa 
[1].  ADAMTS-4-2 contains a typical reprolysin-type zinc–binding motif, a disintegrin 
domain, a single thrombospondin domain, and a Cys-rich domain.  Inhibitor screening 
was performed in a 384-well plate format against a LOPAC library subset, which 
contains small organic compounds of known pharmacological activity, such as 
interaction with G protein-coupled receptors, and is designed to target various pathways 
of therapeutic interest, including cell signaling pathways, apoptotic pathways, and several 
different enzyme classes [14].  First, 20 μL per well of 40 nM ADAMTS-4 was added to 
test wells using a peristaltic bulk dispenser (Wellmate, Matrix Technologies), followed 
by the addition of 18 nL of compound or controls to the test wells via a 384-well pintool 
(Biomek FX, Beckman Coulter).  Then 20 μL of 20 μM substrate was added to the 
appropriate wells.  The assay was run in singlicate in a 40 μL total volume, resulting in a 
final test compound concentration of 1 μM.  Plates were spun at 200g for 1 min and then 
read immediately on a SpectraMax M2 (Molecular Devices) at λex = 324 nm and 
λem = 393 nm, followed by an 8 hour read.  Data were analyzed via HTS database 
software (MDL Assay Explorer, Elsevier).  Prior to normalization of screening data, the 
change in relative fluorescence units (ΔRFU) for each well was determined by the 
following equation: 

ΔRFU = (I393nm)8h – (I393nm)0h, 

where (I393nm)xh represents the measured fluorescence emission intensity at 393nm from 
the test well at the respective time point.  The percentage inhibition for each well in the 
Primary screen was then calculated as follows: 
 

 
 
where the high control is defined as wells containing an IC100 of Matrix Metallo-
Proteinase (MMP) inhibitor III (750 nM) and the low control is defined as wells 
containing dimethyl sulfoxide (DMSO) only.  

A mathematical algorithm was used to determine nominally inhibitory compounds 
(“hits”) in the primary screen.  Two values were calculated: (i) the average percentage 
inhibition of all compounds tested and (ii) three times their standard deviation.  The sum 



of these two values was used as a cutoff parameter; that is, any compound that exhibited 
greater percentage inhibition than the cutoff parameter was declared active [15]. 

 

 

 

 
Primary Assay Results 

The results of the Primary screen are shown in Figure 1.  Primary actives for ADAMTS-
4 were selected based on a standard “average plus 3 standard deviations” inhibition cutoff 
algorithm.  This resulted in a cutoff of greater than 59.5% inhibition.  The five 
compounds with circled datapoints in Figure 1 passed these selection criteria:  
piceatannol (100% inhibition); (R,R)-cis-diethyl tetrahydro-2,8-chrysenediol (100% 
inhibition); (S)-(+)-camptothecin (77% inhibition); IIK7 (70% inhibition); and (8-(p-
sulfophenyl) theophylline (69% inhibition).  The structures of these compounds are 
shown in Figure 2. 

 

 

 

 

 

Figure 1.  Results of the 384-well screen for ADAMTS-4–2 inhibitors. Displayed are the 
results of test compounds (n = 960, yellow arrow), positive controls (100% inhibition, green 
arrow) and negative controls (0% inhibition, blue arrow). Circled are the inhibition results for 
the five active compounds (hits) identified in the screen. 



 

 

 

 

Dose Response Assay Description  
Following the primary screen, a secondary screen to determine compound potency was 
initiated.  Stock solutions of fSSPa were prepared at 100 μM concentration in Tris salt 
buffer (TSB: 50 mM Tris HCl[pH 7.5], 100 mM NaCl, 10 mM CaCl2, 0.05% Brij 35, and 
0.02% NaN3).  Inhibitors were prepared as 2 mM solutions in DMSO and then further 
diluted with TSB.  ADAMTS-4 assays were conducted by incubating 10 μM substrate 
with 10 nM enzyme for 24 hours in the presence and absence of inhibitors.  Final 
inhibitor concentrations were 0.1, 1.0, and 10 μM.  Fluorescence readings (λex = 324 nm 
and λem = 393 nm) were obtained at 0, 5, and 24 h.  The assay was performed in a 384-
well plate format.  Dose response curves were prepared using ΔRFU values calculated as 
follows: 

 ΔRFU = RFU (I393nm)24h – (I393nm)0h, 

where (I393nm)xh represents the measured fluorescence emission intensity at 393nm from 
the test well at the respective time point. 

Dose Response Assay Results  
The results of the dose response assay are shown in Figure 3.  Piceatannol and (S)-(+)-
camptothecin were found to inhibit ADAMTS-4-2, with IC50 values of 1.0 and 4.0 μM, 
respectively.  These findings confirmed the behavior of piceatannol and (S)-(+)-
camptothecin in the primary screen, where the former compound was found to be more 
active than the latter compound. 

Figure 2.  Structures of piceatannol ((E)-4-[2-(3,5-dihydroxyphenyl)ethenyl]1,2-benzenediol; trans-
3,3′,4,5′-tetrahydroxystilbene) (A); (R,R)-cis-diethyltetrahydro-2,8-chrysenediol (B); (S)-(+)-
camptothecin (4-ethyl-4-hydroxy-1H-pyrano[3′,4′:6,7]indolizino[1,2-b]quinoline-
3,14(4H,12H)dione) (C); IIK7 (N-butanoyl-2-(2-methoxy-6H-isoindolo[2,1-a]indole-11-
yl)ethanamine) (D); and 8-(p-sulfophenyl)theophylline (E). 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Secondary RP-HPLC Screen Description 
After the final RFU readings at 24 h were collected for the dose response curve, the 
reaction solution was analyzed by RP–HPLC for the five putative ADAMTS-4 inhibitors.  
Analytical RP–HPLC was performed on a Hewlett–Packard 1100 Liquid Chromatograph 
equipped with a Vydac 208TP5415 protein and peptide C8 column (10–15 μm particle 
size, 300 Å pore size, 150 × 4.1 mm).  Eluants were 0.1% trifluoroacetic acid (TFA) in 
water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0 to 50% B in 20 
min with a flow of 1 ml/min.  Detection was at λ = 220, 324, and 363 nm.  Reaction 
yields in the presence of inhibitors were evaluated by the integration of the HPLC peaks 
formed compared with the enzyme reaction without inhibitor present. Integrations were 
averaged from two injections.  Product identification was achieved by matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry (MALDI–TOF MS) on an 
ABD DE-STR Voyager mass spectrometer using α-cyano-4-hydroxycinnamic acid 
matrix. 
 
 
Secondary RP-HPLC Screen Results 
The results of the secondary screening obtained by the fluorescence and RP-HPLC 
methodologies for piceatannol were compared.  Piceatannol showed inhibition of 
ADAMTS-4 by both methods (Figures 4 and 5).  However, the other four compounds 
did not inhibit ADAMTS-4 activity when product formation was analyzed by RP–HPLC 
(Figure 6), suggesting that they are likely fluorescence artifacts. 

Figure 3.  Inhibition of ADAMTS-4-2 by piceatannol (closed triangles) or (S)-(+)-camptothecin 
(closed circles).  The ΔRFU for 10 nM ADAMTS-4-2 hydrolysis of 10 μM fSSPa was monitored over 
an inhibitor concentration range of 1 nM to 10 μM.  IC50 = 1.0 and 4.0 μM for piceatannol and (S)-
(+)-camptothecin, respectively. Assays were performed in triplicate. Bars indicate standard deviations.  



Figure 4.  RP–HPLC elution profiles of 
ADAMTS-4-2 hydrolysis of fSSPa in the 
absence (blue) and presence (magenta) of 
piceatannol. ADAMTS-4–2 (10 nM) 
hydrolysis of 10 μM fSSPa was examined 
24 h after the addition of 0 or 10 μM 
piceatannol. The intact substrate eluted at 
14.667 min, whereas cleavage products 
were observed at 12.069, 12.361, and 
13.410 min. The identities of the cleavage 
products were described previously [1]. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Inhibition of ADAMTS-4–2 
by piceatannol, as monitored by RP–
HPLC and fluorescence. The change in 
RP–HPLC peak areas (closed circles) or 
the ΔRFU (closed triangles) for 10 nM 
ADAMTS-4–2 hydrolysis of 10 μM 
fSSPa was monitored over a piceatannol 
concentration range of 0.1 to 10 μM. 
Assays were performed in duplicate. 

Figure 6.  Inhibition of ADAMTS-4–2 by 
piceatannol (open circles), (R,R)-cis-
diethyltetrahydro-2,8-chrysenediol (closed 
squares), (S)-(+)-camptothecin (closed 
diamonds), IIK7 (closed circles), and 8-(p-
sulfophenyl)theophylline (closed 
triangles), as monitored by RP–HPLC. The 
change in RP–HPLC peak areas for 10 nM 
ADAMTS-4-3 hydrolysis of 10 μM fSSPa 
was monitored over an inhibitor 
concentration range of 0.1 to 10 μM. 
Assays were performed in duplicate.  



 
Probe Optimization 
 
Chemical name of probe compound 
piceatannol, (E)-4-[2-(3, 5-dihydroxphenyl)ethynyl]1, 2-benzenediol 
 
Draw probe chemical structure and show stereochemistry if known 
see Figure 2a. 
   

Comparative data on probe, similar compound structures and information on 
existing probes available to the public 
Piceatannol has structural similarities to the green tea antioxidant (–)-epigallocatechin 
gallate (EGCG), which inhibits ADAMTS-4 and ADAMTS-5 with IC50 values of 100 to 
150 nM, and inhibits ADAMTS-1 with an IC50 value of 200 to 250 nM [4].  EGCG 
inhibition of aggrecanases is not due to zinc chelation [4].  A previous report has 
demonstrated that a related compound, trans-resveratrol, decreased secretion of MMP-2 
in cultured human liver myofibroblasts [16], suggesting that red wine and green tea 
antioxidants with structures similar to piceatannol merit further study. 
 

Mode of action for biological activity of probe 
The precise mode of action of piceatannol has not been investigated, although many 
studies have identified cellular targets.  Piceatannol is a red wine polyphenolic, 
nonreceptor Tyr kinase inhibitor [17]. Unlike most aggrecanase inhibitors [2, 3], 
piceatannol does not possess a zinc-chelating hydroxamic acid.  It is reported that 
piceatannol can inhibit the lymphoid cell lineage-specific protein tyrosine kinase p56lck 
[18, 19], which would make piceatannol a promising tool for modulating lymphocyte 
proliferation and immune function.  Piceatannol can reduce lipopolysaccharide (LPS)-
induced septic shock, tissue damage, inflammatory cascade, and coagulation pathway in 
human U373 astrocytoma cells and mice [20].  Future experiments will evaluate the 
mode of ADAMTS-4 inhibition by piceatannol and determine the key functional groups.  
It should be noted that piceatannol itself has a wide range of activities, including down-
regulation of the transcription factor STAT-3 [21], which has been associated with 
cytotoxic effects primarily in tumor cells [22] but potentially other cell types as well.  
Piceatannol also stimulates osteogenesis through effects on bone morphogenetic protein-
2 production [23] and up-regulates endothelial heme oxygenase-1 expression [24]. 
 
Has this compound been provided to the MLSMR 
The compound is available from the MLSMR as CID667639/ SID 24278620. 
 
Commercial vendor information if available for probe or analogs that have been 
purchased 
(E)-4-[2-(3,5-dihydroxyphenyl)ethenyl]1,2-benzenediol (piceatannol): Sigma Chemical 
(catalog # P0453). 
 



Reduced-to-practice detailed synthetic pathway for making probe 
Piceatannol is naturally synthesized in grapes during the ripening process or during 
fungal infection, via the action of the stilbene synthase gene [25, 26].  It was first isolated 
in 1984 from the bark of the spruce Euphorbia lagascae [26].  A protocol for piceatannol 
synthesis from 3,5-dihydroxyphenylacetic acid and protocatechualdehyde can be found at 
http://www.rsc.org/ejarchive/JR/1963/JR9630002875.pdf.  Additionally, Scheme I 
below, taken directly from [27], describes piceatannol synthesis:  
 

 
 
 
 
Known Probe Properties as listed in PubChem 
Molecular Weight: 244.24268 g/mol  Molecular Formula: C14H12O4 
Hydrogen Bond Donor Count: 4  Hydrogen Bond Acceptor Count: 4 
Rotatable Bond Count: 2   Tautomer Count: 80 
Topological Polar Surface Area: 80.9  XLogP: 1.8 
Exact Mass: 244.073559   MonoIsotopic Mass: 244.073559 
Heavy Atom Count: 18   Charge: 0 
Complexity: 282    Isotope Atom Count: 0 
Defined Atom StereoCenter Count: 0  Undefined Atom StereoCenter Count: 0 
Defined Bond StereoCenter Count: 1  Undefined Bond StereoCenter Count: 0 
Covalently-Bonded Unit Count: 1 

 
 
 



Probe Solubility  
The reported solubility data on piceatannol powder, provided by Sigma, (catalog # 
P0453) are:  H2O: 0.5 mg/mL, DMSO: 10 mg/mL,  Ethanol: 10 mg/mL 
 
Probe Absorbance/Fluorescence 
Four false positives were observed in the screening protocol.  One problem with FRET-
based assays is that compounds being screened may have absorption maxima that 
coincide with the emission wavelength of the fluorophore.  However, the RP-HPLC study 
demonstrated that the inhibitory effect observed for piceatannol is real, i.e. not due to an 
absorbance or fluorescence issue. 

Probe Reactivity  
No data available 
 
Probe Toxicity  
The ChemIDPlus database at the Toxicology Data Network (TOXNET, found at  
http://toxnet.nlm.nih.gov/cgi-bin/sis/search) lists a normalized intraperitoneal LD50 of 
piceatannol in mice as 217 mg/kg activity [28].  This information is found by following 
the NLM Toxicology links to ChemIDPlus from the PubChem compound site for 
piceatannol (CID 667639.)  
 
Previous reports reveal that piceatannol is cytotoxic in acute leukemia and lymphoma 
cells and that it has antiproliferative activity in colorectal cancer cell lines [29-31].  An 
additional study showed that piceatannol induces apoptosis in melanoma cells [32].  
Additional study is needed to identify the mechanism of action of piceatannol and its 
cytotoxicity profile in normal (unchallenged) cells. 
 
Recommendations for the scientific use of probe as a research tool 
Piceatannol was identified and validated as a potent inhibitor of ADAMTS-4 in the 
present campaign.  Subsequent  (unpublished) experiments have examined the individual 
components of piceatannol, and found that some regions of the molecule participate in 
competitive inhibition while other regions are non-competitive inhibitors. Available 
toxicity data suggest that piceatannol can be cytotoxic in cell and animal systems, so the 
intact compound may not be suitable for human use.  Further assays will identify the 
selectivity of piceatannol components for other ADAMTS family members and evaluate 
the cytotoxicity of these components. 
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