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Abstract

Dysregulated receptor tyrosine kinadéet and its ligand HGF is valid and attractive
molecular target for therapeutic blockade in cantespired by the chemical structure of the
naturally occurring olive secoiridoid (-)-oleocaaltt{l) and its documented anticancer activity
against c-Met-dependent malignancies, a previawdyseported tyrosol sinapat4) @s a c-Met
inhibitor hit. This study reports additional senmiffyetic optimization and SAR dfto improve
its selective activity against c-Met-dependent br@&ancer by increasing its capacity to inhibit
c-Met phosphorylation. Forty-three compounds4) were synthesized, among which the
novel analog homovanillyl sinapatél{S-16) was distinguished for its remarkable activity.
HVS-16 substantially impaired c-Met-mediated proliferationigration, and invasion across
human breast cancer cell lines in two- and thresedsional culture systems, while similar
treatment doses were found to have effect neithethe non-tumorigenic human mammary
epithelial cell growth nor on the c-Met independergast cancer cell viabilitydVS-16 showed
a dose-dependent inhibition of ligand-mediated ¢-®tivation in human breast cancer cells.
Docking studies revealed thi/S-16 fits very well inside c-Met crystal structurestisgying
critical interactions at the ATP binding site. Thstudy identified important structural
pharmacophoric features iHVS-16 and correlated its postulated binding pose witklat-
kinase assay data that would guide future oliveiséoid bioisostere lead design. Results
presented herein suggeé$vS-16 as a promising c-Met inhibitor validated hit wibtential to

control invasive breast malignancies with abercaltet activity.
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1. Introduction

c-Met is the prototypic member of a unique subfgnuf receptor tyrosine kinases
(RTKs) which also contains the protein kinase Robrs the only known high-affinity receptor
for its ligand hepatocyte growth factor (HGF), alsmown as scatter factor [1]. Upon HGF
stimulation, c-Met induces several biological resges including cell proliferation, survival,
differentiation, motility, angiogenesis, and inv@si[2, 3]. c-Met dysregulated activation is
involved in the development and progression of mpl@ttumor types, such as hereditary
papillary renal cell carcinoma [4], lung cancer$, [Bead and neck cancers [6], breast and
prostate cancers [7, 8] as well as gastric carfilefThe overexpression of c-Met and/or HGF
has been associated with a metastatic phenotypepaod prognosis in breast and gastric
cancers [10, 11]. Activation of HGF/c-Met signalimg the tumor microenvironment may
confer resistance to anti-RTK cancer therapiesadiren clinical use, including EGFR and
BRAF anticancer kinase inhibitors [12, 13]. Givdre important role of aberrant HGF/c-Met
signaling in cancer progression and resistanceatear therapies, this signaling axis has
emerged as one of the most promising therapeutiet& in anticancer drug discovery [7].
Targeting the c-Met kinase domain with small molesuresulted in more than 240 c-Met
inhibitors reaching various clinical stagas cancer treatments [14, 15]. Pfizer's c-Met/ALK
dual inhibitor crizotinib and Exelixis’ VEGFR2/c-Menultikinase inhibitor cabozantinib are
the first small-molecule c-Met inhibitors approved far by the FDA for the treatment of late-

stage NSCLC and metastatic medullary thyroid carmiespectively [15].

The Mediterranean populations have reduced riskd@émce for particular types of
cancer, compared to other geographical populatiofisis may be attributed to the

Mediterranean diet rich in extra-virgin olive oEYOO), apart from possible genetic factors



[16]. EVOO is rich in other minor bioactive phergdj including simple phenols, phenolic
acids, flavonoids, lignans, and secoiridojdg]. (-)-Oleocanthal X) is a naturally occurring
secoiridoid from EVOO, which has recently attractessiderable attention due to its various
biological effects in inflammation, Alzheimer’'s dsse and cancer [18-22]. (-)-Oleocanthal has
been shown to mediate its anticancer effects thirabg disruption of c-Met kinase-related
pathways [20, 23]1 Competitively inhibited the c-Met kinase activatim a biochemical assay
[19, 20]. In addition, the intracellular mechanisinsolved in mediatingl’'s c-Met-related
anticancer effects in breast cancer cells and moase model have been characterized [23].
Recently,1 proved to target Hsp90, a chaperone protein #taigl a number of proteins
required for tumor growth, including c-Met [24]. dstroside aglycone?) is another olive
secoiridoid, which triggered apoptotic cell deattHER2-overexpressing breast carcinoma and
showed moderate cytotoxicity against a panel of dmrsancer cell lines [25]. Unliké&,
ligstroside aglyconedid not demonsrate c-Met inhibition despite showingoderate

antimigratory activity against human metastatiabteancer cells [19].

Chemically,1 is the elenolic acid ester of the common oliverytie alcohol tyrosol
(3). Based on the activity df as c-Met inhibitor, the synthesis of differentasol ester and
carbamate analogs was reported [19]. Design oktheslogs was based on replacing lise
elenolic acid moiety with different bioisosterescluding natural olive-derived phenolic acids,
synthetic heteroaromatic acids, and diverse ar@nedrbamates, to develdpbased c-Met
inhibitors. Among these analogs, tyrosol sinapd}esfiowed moderate ATP-competitive c-Met
phosphorylation inhibitory activity in cell-free sesys [19].4 Demonstrated antimigratory,
antiproliferative, and anti-invasive activities aga the highly metastatic human breast cancer
MDA-MB-231 cells consistent with its c-Met inhibitpactivity, without being toxic to the non-

tumorigenic human mammary epithelial cells [19]efiéfore, the main objective of this study is



to subject the initial hit4 to extensive structure-activity relationship (SARjudies via

optimization of its sinapic acid and tyrosol maagstias well as the ester linker.

2. Results and Discussion

2.1. Chemistry

Thirty-seven new7-9, 11-14 (Scheme 1)]16, 1839 and 41-47 (Scheme 2) and six
known analog$®, 6, 10, 15 (Scheme 1)17 and40 (Scheme 2) were synthesized. The ediéds
and 13-47 have been prepared by convenient synthesis usiaghitghly chemoselective
Mitsunobu esterification reaction (Scheme Sll1).afio acid amidation reaction of tyramine
has been used to synthesize andldgScheme SI2). Furthermore, condensation reaction of
tyramine with sinapaldehyde has been used to gentéra iminell (Scheme SI3). In a similar
fashion, the 1,2,4-oxadiazole anald@ has been synthesized via condensation reactions
involving sinapic acid and hydroxyl-benzamidine ragi (Scheme SI4). Most reaction yields
were in the range of 50-60%. Concerning the knowalays,tyrosol ferulate %) was first
isolated as a natural product frateracleum lanatum Michs. in 1982 [26]. Tyrosol coumarate
(6) was isolated fronfargentodoxa cuneata in 1988 [27]. Both5 and 6 have shown weak
cytotoxicity against the oral cancer cell lines S&®81 OEC-M1 (1G>100 uM) [28]. Tyrosol
sinapamide X0) was first isolated from the branches Rdrcelia macrocarpa and showed
moderate cytotoxicity against human myeloid leukefdi-60 and cervical cancer HelLa cell
lines [29-31]. Hydroxytyrosol ferulatel®) was patented in 2007 for dermatological care
purpose [32]. Homovanillyl ferulatel ) has been only reported as a natural product tieen
wood ofAlnus hirsuta in 1972 [33]. Finally, coniferyl ferulatet() was isolated from the aerial
parts of Coreopsis longula in 1985 [34]. Recently40 demonstrated a strong inhibition of

human placental glutathiorfeétransferase (GST) activity, with an 4 value of 0.3/M, and



therefore proposed as an antitumor adjuvant thet@pyprove drug sensitization and reverse
resistance [35]. Re-synthesizing these known comg®@aimed to assess their c-Met inhibitory
and anticancer activities against MDA-MB-231 cellfie identity of known compounds was

confirmed by comparison of thei and**C NMR data (Tables Sl1-4, SI9, SI12-15 and S120)

with literature [26, 27, 31, 34].

The structures of the new compounds were confirmetH NMR, *C NMR, and MS
spectra. For instance, the HRESIMS dat& ahowed a molecular ion peakratz 345.1336
[M-H]", suggesting a molecular formulag82,,0s and possible ester analog 2f'H and*°C
NMR data indicated that7 is 4-hydroxyphenethyl 3-(4-hydroxy-3,5-dimethoxgpiyl)-
propanoate (Tables SI1 and SI12). The NMR and PENDANT data of showed typical
patterns of aromatic signals fpara-substituted phenethyl moiety, in addition to arémand
methoxy signals for the sinapinic acid moiety. THé NMR data of 7 also revealed the
downfield shifting of the methylene H' to &, 4.24, compared to that of its parent tyrosol
moiety 3 (Ady +0.54), suggesting possible esterification of thenary alcohol C-1' (Table SI1).
Esterification was further confirmed in PENDANT spem through the characteristic
downfield ester carbonyl C-1&{173.1, Table SI12), in addition to the downfieldftsbf C-1'
(Aoc +4.20, Table SI12), and the upfield shift of G&o¢c -4.20). Additionally, esterification
was supported by H-HMBC correlation of the methylene tripletH1' with the ester carbonyl
C-1, confirming the identity of as tyrosol sinapinate. THel and**C NMR data of compounds
8-47 (Tables Sl1-22) as well as their HRESIMS data wesed to confirm their identity in a

similar fashion.
2.2. Biological Evaluation and Structure-Activity &ationship (SAR)

2.2.1. ZLYTE™ c-Met kinase assay



The initial screening cascade used the Life Scencell-free Z'-LYTE™ enzymatic
assay as the screening assessment for designedowodsp Because all c-Met-mediated
functions are dependent on its kinase activity [B& in vitro ability of synthesized analofs
47 to inhibit c-Met phosphorylation (activation) wageattly testedon the purified kinase
domain of c-Met (amino acids 956-1390), that wasitno phosphorylated to achieve the
highest level of intrinsic kinase activity. In tregperiment, ZLYTE™ Tyr6 peptide was used
as a substrate; thus, the changes in its phosgltiorylcan directly reflect the c-Met kinase
activity. Meanwhile,1 and4 were used as positive controls for activity congzar. Table 1
shows the concentration that resulted in 50% c{Mheisphorylation inhibition (16 values) for
all compounds. The calculatedsy®f 1 in this assay was 5.2 uM, which was consistertt st
reported value 4.8 uM, validating the results o$ $tudy [19, 20]. The SAR study was based
upon investigating three moieties of the prelimynlait 4; the sinapic acid and tyrosol moieties
and their ester linker. The SAR study started wiploring the importance of methoxy groups
in the sinapic acid moiety ¢f for c-Met inhibition by synthesizing analo§sand 6. Tyrosol
ferulate ) has only one methoxy substituentartho-position to the C-7 phenolic hydroxyl
group. Analogb was able to inhibit c-Met kinase phosphorylatignnearly the same extent as
the parent tyrosol sinapatd)(with an 1Gy value of 12.9 uM. However, omitting bot#s
methoxy groups, as represented by tyrosol coum&@ategnificantly reduced the activity to an
ICs5p value of 20.2 uM (Table 1). Therefore, the presevicat least one methoxy group next to
the phenolic hydroxyl in the acid part 4fis essential for the kinase inhibitory activityhel
importance of the free C-7 phenolic hydroxyl grofgqw c-Met inhibition was previously
investigated via the remarkable activity differermsweend and its C-7 methyl ether, which
highlighted the hydrogen bond donating role (HBD)tlee acid part's phenolic hydroxyl for

binding [19]. Bioisosteric replacement of this goowith an amino group did not show a



significant improvement in the activity as represenby analo@8, which has an I§; value of
12.2 pM, suggesting the need for only one HBD graughe C-7 position for best c-Met
binding (Table 1). Reducing the sinapic acid’s deuibndA?? in 4, as inanalog?, abolished
the kinase inhibitory activity. Similarly, substitog the a-carbon of the olefinic double bond
with cyano or sulfhydryl groups significantly resutthe activity as in analogsand9. The
influence of changing the geometrical isomerigbiZ(isomers) around the olefinis®* has
been also studied through the synthesis oiZHamalogs34 and36 and comparing their c-Met
inhibitory activities with the correspondiriffanalogs33 and35 (Table 1). Thee-isomer, in all
analogs, proved to be significantly more poterthat ATP binding pocket of c-Met compared
to theZ-isomer, which clearly indicated that the c-Metibtory activity of this class resides in
the E-isomer. Concerning the ester linker, ester anatd@were previously shown to be more
active than carbamate and sulfonyl carbamate asakggesting the preference of the ester
pharmacophore for better c-Met inhibitory activify9]. However, the critical role of the ester
functionality in4 has been further explored by using different lmsisres, including the amide
10, the iminell, and the 1,2,4-oxadiazole moiet. The lack of c-Met kinase inhibitory
activity of 10-12 confirmed the important role of the ester functilily at the ATP binding
pocket (Table 1). The ester moiety was hypothesim#do contribute any binding role, based
on previous findings, yet it provided the properl@salar size and conformation for adequate
binding [19, 20]. The ester linker must have besguired to maintain the bioactive U-shaped
binding mode at the Met's ATP binding pocket ch&gastic for type-l binding and thus, it is
indispensable for the activity. Therefore, ferdind/or sinapic acid moieties were maintained as
appropriate scaffolds for c-Met inhibition whiletopizing the alcohol part. The alcohol moiety
optimization began with determining the activityer@f the tyrosol’'s C-6' phenolic hydroxyl

group of4 via its bioisosteric replacement with an aminougran analogd.8 and19 and with a



methoxy group in analog24 and 26. Compoundsl18 and 19 exhibited more than 2-fold
increase in the c-Met kinase inhibitory activityrses4, with 1Cso values of 5.2 and 6.1 puM,
respectively. On the other hand, replacing the @h&nolic hydroxyl group with a methoxy
group in24 and26 caused a drastic reduction in the activity, witgok20.0 uM (Table 1). This
clearly highlighted the importance of the HBD ralkC-6' phenolic hydroxyl group id for
maintaining potency, and suggests that an additidB® at this position, as represented by an
amino group, may offer better binding affinity BetATP binding pocket, improving the overall
bioactivity. This finding augmented previous prahiary binding mode study of in three
highly resolved c-Met kinase domain crystal struesuwhere the tyrosol's C-6' phenolic
hydroxyl group exhibited HBD interactions with thenge region’s essential amino acids
Met1160 or Pro1158 of the three c-Met crystal sties [19]. The chain extension/shortening
as a classical medicinal chemistry optimizatioatsiyy was adopted in order to investigate the
optimal length of the alkyl side chain linker inethyrosol moiety of4 for efficient c-Met
inhibition. Increasing the chain length by one carlatom, as represented by anal@gs21,
and 35 showed a slight improvement in the c-Met inhibjtactivity compared tdl, with 1Cs
values of 8.2, 9.1 and 8.0 uM, respectively (TableDecreasing the length of the alkyl side
chain linker by one carbon atom, as representednayog32, demonstrated a nearly similar
pattern of activity enhancement, with an,d@alue of 8.3 uM (Table 1). However, shortening
the chain length by an additional carbon atom regmed by analog®2 and 23 completely
diminished the c-Met inhibitory activity (Table I)his clearly indicates the important role of
the distance limit between the two aromatic ringanl B of the alcohol and the acid moieties
for optimal c-Met inhibition. The results suggesthdt retaining six to eight chemical bonds i.e.
five to seven atoms in the linker could afford apger spatial distance between the phenyl rings

A and B and thus maintain the c-Met inhibition. Bason these results, 4-hydroxybenzyl



alcohol and 3-(4-hydroxyphenyl)-1-propanol in adufitto tyrosol were considered as potential
scaffolds appropriate for further optimization dietalcohol moietyln order to explore the
effect of replacing the tyrosol's phenolic hydroxgioup with a catechol, the common olive
phenolic hydroxytyrosol was used in the esterifaratieactions, as represented by analiys
15 and 37. Replacing the tyrosol moiety i, 5 and 38 with hydroxytyrosol, as shown in
analogsl3, 15and37, improved the c-Met inhibitory activity by at légsfolds, demonstrating
ICs50 values of 5.8, 7.8 and 6.9 uM, respectively (Tdhlerhe binding role of this C-5' phenolic
hydroxyl group was investigated by replacing it lwidn amino group as in anal®&s.
Surprisingly, 28 was much less active (~2-fold) thdl, with an 1Gy value of 11.4 uM,
suggesting no HBD role for C-5' OH 3 for the c-Met inhibition (Table 1). Instead, C-5'
oxygen in13 is likely to play a better hydrogen bond accetdBA) role for c-Met binding
when compared to the aniline nitrogen28. The lone pair of th&8s nitrogen atom can
interact with the neighboringrsystem of the benzene ring to form various resoaatructures
and hence it is less likely to take part in a hgeém bond (HB). In contrast, the C-5' oxygen in
13 has an additional lone pair of electrons whichrareinvolved in resonance and more likely
to play a significant HBA role at the ATP bindinggket, improving the overall activity as
compared td28. In order to gain further insight on this positidhe C-5' phenolic hydroxyl
group in 13 15 and 37 was replaced with a methoxy group in analdgs 17 and 33
Interestingly, these analogs exhibited nearly sidfenhancement in the c-Met kinase
inhibitory activity, with 1G, values of 1.0, 1.3 and 1.2 uM, respectively (Tabld-igure 1).
This clearly indicated the preference of a smatirbphobic methoxy group, retaining the HBA
property, over the C-5' phenolic hydroxyl grougimg A. The binding affinity enhancement of
16, 17 and33 might be attributed to the ability of the C-5' im@ty group to exert hydrophobic

interactions at the ATP binding site of the c-Mattpin, since both the methoxy and hydroxyl



can act as HBA groups but the superior activityhef methoxy group at this position suggested
additional hydrophobic interactions with the c-Metase. Subsequently, a strategy of adding a
methoxy group at the same position, next to thenplhe hydroxyl group, in both 4-
hydroxybenzyl alcohol and 3-(4-hydroxyphenyl)-14paool was adopted to probe possible
activity improvement. Accordingly, 3-(4-hydroxyphg)i1l-propanol was replaced with 4-(3-
hydroxypropyl)-2-methoxyphenol in the esterificatijractions as represented by anal@gs
and30. Adding a methoxy group 89 and30 did not improve the activity as would have been
expected, compared to the unsubstituted an&0gsd21 (Table 1). This might be due to the
involvement of the methoxy group in unfavorableemction(s) or steric clashes with the target
receptor or its inability to demonstrate good tidgtiwithin the hydrophobic space as a result of
the alkyl side chain elongation by one carbon ationarder to solve this problem, a structural
rigidification strategy, via introducing a doublerd in the alkyl side chain of the alcohol part,
was adopted to confer a favorable effect on theopit (AS) component of the binding affinity
without adversely affecting the enthalpvH) component, if nearly the correct conformer can
be locked at the ATP binding pocket via this sggteHowever, this approach was not
successful, as theé\>** unsaturation in the alkyl side chain of 4-(3-hydmropyl)-2-
methoxyphenol totally eliminated the activity, ases in analogs31 and 40 (Table 1).
Encouraged by the promising c-Met inhibitory adinef analog32, compared to the parefita
methoxy group was sought to be placed next to tlenglic OH in ring A to gain potency,
which afforded compoundl. The methoxy substitution only resulted in appnaiely 4-fold
increase in the activity with the 5-atom linkerweén the phenyl rings A and B versus32)
compared to a 14-fold enhancement in the potencthi6-atom linkerX6 versus4, Table 1).

A possible explanation could be that the five-atmker is neither enough to provide the

optimal distance to form an intermolecular HB franprobable donor amino acid in the ATP



binding pocket to the CHDCH;s in 41 nor to perfectly accommodate this methoxy into the
hydrophobic space of c-Met kinase. Hence, the Gdioker provided by the 2-phenylethanol
(tyrosol) ester series was optimum and might flrnieovel promising c-Met inhibitors.
Therefore, the active homovanillyl alcohol moiety 16 was maintained and an additional
substitution with a methoxy group at C-7' positioh the phenyl ring A was attempted.
However, the additional C-DCH; substituent iMd2 and43 significantly eroded the potency,
resulting in a 3-fold loss of activity when compate 16 and17 (Table 1). This might be due
to a steric factor at the C-position or the involvement of the methoxy groupunfavorable
interaction(s) with the target receptor. At thisimipthe PDB deposited crystal structure of
crizotinib (PDB code: 2WGJ) was obtained as an A®Rypetitive c-Met inhibitor [37].
Crizotinib structure48) was analyzed and identified its 2-aminopyridin@ety bound to the c-
Met's hinge region via HB interaction of the pyndinitrogen with the Met1160 amide NH. On
the basis of this observation, a strategy of phaoplore hybridization was adopted in an
attempt to gain potency via introducing the typikalase hinge binding aminopyridyl group,
similar to that of48, to the six-atom and five-atom linker pharmacopisoas represented by
analogs 44-47. Interestingly, compound€4 and 45, with six-atom linker, were almost
equipotent tdl6 and17, against c-Met kinase enzyme, respectively, suggethe ability of the
2-aminopyridine moiety to make up for the lost atyi due to the absence of small
hydrophobic methoxy group at C-5' in the pyridyl ietg, possibly by offering additional
binding pharmacophore, C-6' amino group, in additmthe electron-poor pyridine ring which
might be advantageous to the potency (Table 1xh@wther hand, the five-atom linker analogs
46 and 47 were less active (>2-folds) th&9 and 41, with ICso values of 5.8 and 5.3 uM,
respectively (Table 1). This could be attributedh® inability of the five-atom linker to provide

the optimal distance to form an intermolecular H&wWeen the ATP binding pocket amino



acids with the amino pyridine nucleus d6 and 47, along with the lack of potential
hydrophobic interactions due to the absence of @Gi&thoxy group and thus negatively
influencing the activity. Taken together, the SARRgEnted herein afforded nine analog, (
17, 33, 39, and41-45) with better c-Met inhibitory activity than oleauhal (1, Figure 1, Table
1). ApparentlyHVS-16 proved to be the most potent inhibitor in this -¢ede assay, being able
to inhibit c-Met phosphorylation induced by the aideh of ATP in a dose-dependent manner
and demonstrating nearly fourteen-fold enhancennethe activity versus the parefhtind five-
fold activity improvement compared fo(Figure 1,Table 1). ThusHVS-16 can be considered

as a potential c-Met inhibitor hit appropriate forther validation.

2.2.2. HGF-induced cell proliferation MTT assay

The growth inhibitory effect of analogs47 on the c-Met-dependent, triple negative
human breast carcinoma (TNBC) MDA-MB-231 and MDA-MB8 cells was assessed using
MTT assay. HGF (40 ng/mL) was used in the growthdimeas a mitogen to induce cell
proliferation through activating the c-Met receptdn this assay, at least four different
concentrations per each analog were tested andtosessess the concentration that resulted in
50% cell growth inhibition (IG) (Table 2). Oleocanthal) and tyrosol sinapatell were used
as standard positive controls. The pareas well as the natural olive phenolizand3 showed
moderate to high micromolar antiproliferative aitfivagainst both breast cancer cell lines
(Table 2). In general, nearly all olive secoiridsemisynthetic bioisosteres demonstrated better
antiproliferative activity than the paresitas well as the natural phenol2snd3, highlighting
not only the importance of the moieties of testedlags that belong to acids and alcohols used
for the activity, compared t8, but also the significance of introducing particudabstituents at

the two aromatic rings A and B of the alcohol and &cid moieties, compared4pas well as



the impact of optimizing the distance limit betwettiese two rings. The antiproliferative
activity level of all synthesized analogs toward®MMB-468 cell line is parallel to the one
observed for MDA-MB-231 cells and thus the discassnainly focused on the latter cell line.
Analogs 16, 20, 21, 24-26 28, 37, 39, 41, 44 and 45 showed the most promising
antiproliferative activity in this assay with 4¢£values <10 uM (Table 2pbviously,21, 39 and
41 were among the most active compounds, inhibitelgwability with 1Cs values of 4.4, 4.2
and 6.3 uM, respectively, and demonstrating thirté® nineteen-fold enhancement in the
activity, compared td@ (IC5o 79.5 uM) and more than two to four-fold improvernearsusl
(ICs0 15 uM, Table 2, Figure 2This clearly indicates the significant impact otending the
tyrosol alkyl side chain linker i21 as well as chain shortening 3 and41 on improving the
antiproliferative activity.HVS-16, the most potent c-Met phosphorylation inhibitorthe Z-
LYTE™ assay, was also the most active analog id pebliferation assay.HVS-16
significantly inhibited MDA-MB-231 and MDA-MB-468 al growth in a dose-dependent
manner as compared to vehicle-treated cells, vty Values of 3.8 and 6 uM, respectively,
exhibiting nearly twenty-one-fold improvement iretantiproliferative activity versug parallel

to its c-Met kinase inhibitory potential (Table Benerally, the antiproliferative SAR observed
in this assay is parallel to the one discussed alfovthe c-Met inhibitory activity in the Z-
LYTE™ Kkinase assay, with only few exceptions to &ddressed. Firstly, although the
semisynthetic ester39 and41 were almost equipotent tdVS-16 in cell proliferation assay,
they were 2-fold less active tha#VvS-16 in the Z-LYTE™ kinase assay suggesting other
molecular target(s), in addition to c-Met, for thantiproliferative activity (Tables 1 and 2).
Secondly, analog20 and21 were active against the breast cancer MDA-MB-28lscwith
ICs5 values of 7.6 and 4.4 uM, respectively, wheredg mrarginally active against c-Met in the

Z-LYTE™ assay, with 1G values of 8.2 and 9.1 uM, respectively (Tablesnd &). This



clearly indicates that the chain extension strasmipgpted irR0 and21 was able tamprove the
antiproliferative activity, only partially througimhibition of c-Met activation. A possible
explanation could be that alkyl side chain elorgaty an additional carbon might allow the
phenyl ring A of the alcohol moiety to be involved n-r stacking with a molecular target
receptor other than c-Met, thus anchoring the nuidem a pose that allows for better ligand-
receptor interaction, and hence better antipralifee activity. Similarly, analo@8, with an
amino group at the C-5' of the alcohol part, waly @afold less potent thaklVS-16 in cell
proliferation assay, with an ¥gvalue of 8.6 uM, while being much less active (fdltls) than
HVS-16 against c-Met in the kinase assay, with ag M&alue of 11.4 uM (Tables 1 and 2). This
may suggest the ability of the C-5' amino grou2®to demonstrate strong HB interactions to
molecular target(s) involved in cell proliferationther than c-Met, offering better binding
affinity and improving the overall activity of thisompound in cell proliferation. Finally,
despite the fact that replacing the C-6' phenolidrbixyl group of the tyrosol part with a
methoxy group as well as changing the geometrscaherism [E/Z isomers) around the olefinic
double bond of the acid part proved detrimentat-tdet inhibitory activity in the Z-LYTE™
assay, the semisynthetic est2#s26 were still able to demonstrate promising antifeoéitive
activity against MDA-MB-231 cells, with I§ values of 7.3, 8.2 and 9.2 uM, respectively,
suggesting molecular target(s) different from c-Nbgttheir antiproliferative activity (Table 2).
The effect of various doses 21, 39, and41 on the viability of MDA-MB-231 cells after 72 h

culture period is demonstrated in Figure 2.
2.2.3. HGF-induced cell migration assay

Activation of the HGF/c-Met axis promotes cell nagon, which contribute to the

metastatic characteristics of malignant cells [23le in vitro wound-healing assay (WHA) is a



simple method to study directional cell migrationtwo dimensions [23, 38]. Thus, compounds
1-47 were evaluated for their antimigratory effect imetscratch WHA using the highly
metastatic MDA-MB-231 cells. HGF (40 ng/mL) was disas a mitogen to induce cell
migration via c-Met activation. The parehaind the natural phenoli@sand3 showed moderate
to highuM antimigratory activity (Table 2). Generally, akmisynthetic analogs excludibg?,

8, 10 and 34 showed better antimigratory activity than theirgra 4 (Table 2). Compared to
their effect on cell proliferation, nearly all cooymnds were more potent as MDA-MB-231 cell
migration inhibitors, with most analogs showingd®@alues <15 uM (Table 2). Compountk
13, 1517, 20, 21, 33, 35, 37, 39, 44 and45 showed the most promising antimigratory activity
with 1Csq values <5 uM (Table 2). Figure 3A shows the eftddhe most active analogtvS-
16, 44 and45 on cell migration across the wound inflicted in MBA-MB-231 cell monolayer
compared to the vehicle control as well as 10 pMedofl and 20 uM dose of as positive
controls [19]. ApparentlyHVS-16 was the most active compound, significantly supgire
HGF-induced cell migration in a dose-dependent raanmith an 1@y value of 2.5 uM,
demonstrating thirteen-fold enhancement in thevegti compared to4 (ICso 33.5uM) and
three-fold improvement versuds(ICso 7.5 uM) (Table 2, Figure 3). It is interestingriote that
HVS-16 was the most active c-Met phosphorylation inhibito the Z-LYTE™ assay,
suggesting a strong correlation between the restibeth assays. Similarly, analogg, 33, 44
and 45 were able to inhibit cell migration with g values of 4.6, 4.1, 3.6 and 3.9 uM,
respectively, parallel to their c-Met kinase inkily activities (Table 2, Figure 3However,
there was an exception related to the C-5' sulistituat the phenyl ring A with HBD
substituents in analogs3, 15, 28 and 37. Compoundsl3, 15 and 37, with C-5' hydroxyl
substituent, demonstrated comparable antimigradotiyities to17 and 33, with 1Cso values of

4.2, 4.5 and 4.6 uM, respectively, while being fteeseven-fold less active thdrr and 33



against c-Met in the kinase assay (Tables 1 anddjitionally, analog28, with C-5' amino
substituent, was still able to show promising argnatory activity, with an g, value of 5.2
KM, despite being nine-fold less active tHahin the Z-LYTE™ assay (Tables 1 and 2).This
illustrates the important role of the HBD substittseat C-5' position for optimal antimigratory
activity, but only marginally through inhibition af-Met activation. In a similar fashion,
analogs20, 21 and 35 were almost equipotent 83 in the WHA, with 1G, values of 4.8, 4.1
and 4.3 uM, respectively, while being much lessvact~8-fold) than33 in the kinase assay
(Tables 1 and 2). Therefore, analogous to celifpraktion, the chain extension in these analogs
maintained the antimigratory activity, in spitetbé significant drop in c-Met phosphorylation
inhibition, compared t®83. A significant difference in the antimigratory &y between33
versus34 was observed upon changing the acid pat's geometry E/Z isomers), consistent
with the results of the Z-LYTE™ assay (Tables 1 @hdHowever, changing the geometry in
analogs with 7-atom linker between the phenyl riAgend B 85 versus36) did not exhibit the
same drop in antimigratory activity similar to thaiserved in the 6-atom linker analo@s (
versus34) (Table 2). This clearly augmented our earlieresbation that different molecular
targets, other than c-Met, are dictating the magsapotential of these semisynthetic esters with
7-atom linker. In contrast, the 5-atom linker agal@9 and 41 were 2-fold less active than
HVS-16 in WHA, with 1Cso values of 4.0 and 5.4 uM, respectively, paralketheir c-Met
kinase inhibitory activities (Table 2). Surprisipgthe iminell and the 1,2,4-oxadiazole analog
12 were active in this cell migration assay, withsd@alues of 4.6 and 16.3 uM, respectively,
whereas were nearly inactive in both Z-LYTE™ antl peoliferation assays (Tables 1 and 2).
Compoundsll and 12 appeared to enhance only the antimigratory agfibmpared to the
parent analog, by offering better binding affinity to migraticargets, other than c-Met, and

hence, improving the overall activity. Meanwhil@adgsl14, 22-27, 31 and40 demonstrated



promising antimigratory activities, with almost norresponding c-Met inhibitory potential in

the kinase assay, suggesting other molecular {ajdet their antimigratory activity (Table 2).
2.2.4. HGF-induced cell invasion assay

During the complicated process of cancer metastéise invasion of cancer cells is
among the most important and serious steps. TheHM8+16, 21 and 39, in addition to the
parent4, were further evaluated for their ability to inttiithe invasiveness of the aggressive
MDA-MB-231 cells using the CultréxBME cell invasion assay (Table 3, Figure 4) [38].3
Oleocanthal ) was used as a positive control and itggl@as calculated for activity
comparison (Table 3). HGF (40 ng/mL) was used m$t@gen to induce cell invasion via c-Met
activation. Compound selection for testing in @ssay was based on the overall performance in
previous assays$dVS-16 was the most active in Z-LYTE™ as well as cell pgevation and
migration assays while analog& and39 were among the most potent in cell proliferation a
migration assays (Tables 1 and 2). The three asatsp demonstrated varying activity levels
of c-Met inhibition in the cell-free assay, so thastrong correlation between their anti-invasive
and c-Met inhibitory activities can be establish€Bable 1). Four different subtoxic
concentrations (1, 5, 10 and 20 uM) per each analerg tested and used to determingyIC
values (Table 3, Figure 4).The pardnshowed moderatgM anti-invasive activity, with an
ICs50 value of 19.8 uM (Table 3). Generally, the threstéd analog$iVvVS-16, 21, and 39
demonstrated better anti-invasive activity protilan their parent$ and4 (Table 3, Figure 4).
This clearly highlighted the significance of inttaing small hydrophobic methoxy
substituents, retaining the HBA property, at thenaatic ring A inHVS-16 and39, compared
to 4, and the impact of optimizing the distance limgtween the aromatic rings A and B, as

represented bg21 and39. HVS-16 was the most active hit, significantynd dose-dependently



decreasing the level of HGF-mediated cell invaswith an 1G, value of 2.7 uMHVS-16
demonstrated seven-fold enhancement in anti-ineaasttivity, compared tth and4, parallel to
its c-Met inhibitory activity(Table 3, Figure 4). Analo§9 was 3-fold less active thahVvS-16
in cell invasion assay, with an d¢value of 7.1 uM, consistent with their activityéds in the
c-Met kinase assay (Table 3, Figure 4). Simila2lyexhibited a slight improvement in the anti-
invasive activity compared té, with an 1Go value of 14.2 uM, perfectly matching its c-Met
inhibitory activity (Table 3, Figure 4). There is abvious strong correlation between the
results of both Z-LYTE™ and cell invasion assagsnforcing the hypothesis that c-Met is the

primary target for the anti-invasive effects ofdbdested analogs.
2.2.5. HGF-induced 3D spheroid disaggregation model

It is well-known that cultures grovas 3D spheroids more accurately mimic the
natural tumor microenvironment and thus, more ¢josecapitulate the in vivo response to
drugs, compared to the traditional 2D monolayetucak [40]. Therefore, the aim of this study
was to characterize the effectsk¥S-16, 39, and41 on an implemented 3D spheroid culture
of the breast cancer cell line MDA-MB-231, stimeldtwith HGF, in an attempt to assess its in
vitro sensitivity to these analogs versus tumotscgtown as 2D monolayer cultures, which
might give a better prediction of the in vivo pitefof this class of compounds. After spheroid
formation, the drug responsiveness was evaluateahdnsuring the extent of spheroid growth
in response to either DMSO as vehicle control oraasing concentrations bVS-16 (1, 3 and
10 uM) or a single dose of eith&® or 41 (10 uM), for a treatment period of 72 h. Additidgal
1 has been tested at AM for activity comparison. Images were capturedrgveh using the
Incucyte real time imaging platform (Figures SlI68daS164). The three tested analogs

demonstrated much better activity tHarconsistent with their activity pattern in MDA-MB31



2D monolayer culture@igure 5).HVS-16 significantly reduced HGF-induced spheroid growth
in a dose dependent fashion, with 80% inhibitiord@tuM dose (Figure 5). Interestingl39
and 41 were also able to reduce spheroid growth by alB6d at 10 uM, parallel to their
antiproliferative activities in MTT assay, despieing 2-fold less active tha#VvS-16 in the Z-
LYTE™ kinase assay, suggesting other molecularetésy) in addition to c-Met, for their
activity. The results of this assay clearly demaatstl the ability of tested analogs to block
HGF-driven growth not only in 2D but also in 3D ks of the human triple negative breast

cancer (TNBC), which may in turn suggest a prongisimvivo profile for these analogs.
2.2.6. Selective cytotoxic activity evaluation

The selective cytotoxicity of the new olive seadaid bioisosteres was assessed in the
MTT assay using the immortalized non-tumorigenianan mammary epithelial cell line
MCF10A (Figure 6, Table SI123). The analdggS-16, 20, 21, 24-26 28, 37, 39, 41, 44 and45
showing the most promising activity in MTT proliggion assay, with 1§ values <10 puM,
were selected for testing in this assay at diffecemcentrations per each analog and thg IC
values were determinddr proper selectivity assessment (Table SI123).tadted compounds
were non-toxic to MCF10A cells, compared to the islehtreated control group, at
concentrations several-fold higher than theigl@alues in cell proliferation assay, suggesting
their good selectivity towards malignant cells (Fig 6, Table SI23). For instand#¢yS-16, the
most active c-Met phosphorylation inhibitor in tAeLYTE™ assay, was shown to have no
remarkable effect on the viability and growth ohAomorigenic MCF10A mammary epithelial
cells up to 80 puM in culture (kg = 226.4 uM, Table SI23)yhile it exhibited IG, values of 3.8
and 2.5 pM in proliferation and migration assagspectively, against the MDA-MB-231 cells

(Figure 6, Table 2). These results suggested tbellext selectivity oHVS-16 towards breast



cancerous cells, which renders this analog a patecéandidate for the control of invasive

breast cancer.

2.2.7. Biological characterization of HVS-16

The enzymatic and cellular results suggested thengial of homovanillyl sinapate
(HVS-16, Scheme 2) as the most potent synthesized c-Nhdtiiary hit (Table 1, Figure 1).
HVS-16 also showed the most potent anticancer activityifierent cell-based assays, without
discernable effects on the non-tumorigenic humammary epithelial cells (Figures 3-6).
Taken togetherHVS-16 was considered appropriate for further validatioh its c-Met
inhibitory activity at the molecular level. In ond® evaluate its off-target effectdvVS-16 was
tested against the c-Met-independent T-47D humaadbrcancer cells. This particular cell line
represents a completely different breast cancengilipe, compared to the TNBC phenotype
used throughout the study. EERone of the most important targets in human breaster
therapy, is expressed in T-47D cells, whereas thBT cells lack the expression of ERlue to
epigenetic silencing [41]. On the other hand, c-Mebverexpressed in the TNBC MDA-MB-

231 and MDA-MB-468 cells, while it is absent in T cells [42].

2.2.7.1. Effect of HVS-16 on c-Met phosphorylation

The human TNBC MDA-MB-231 cell line was chosen ssess the effect ¢1VS-16
on HGF-induced c-Met phosphorylation using Westelat analysis, to further validate the
initial biochemical data. Phospho-c-Met refers e phosphorylation of the kinase domain at
Y1234/1235. Cells were exposed to different doges5(and 10 uM) oHVS-16 and the
expression and phosphorylation levels of c-Met girotin these cell lysates were then
determined (Figure 7A). Results demonstrated sant dose-dependent inhibition of HGF-

induced c-Met phosphorylation after treatment wWiHNS-16 for 72 h, consistent with its



observed cell-free activity and matching the awolifgrative effects (Figure 7). Meanwhile,
HVS-16 treatment did not affect the total c-Met levelstlad tested concentrations in vitro

(Figure 7A).
2.2.7.2. Evaluation of HVS-16 off-target effects

The growth inhibitory effect oHVS-16 on human breast cancer cells with different c-
Met status was assessed using MTT assay. The d@ifg@pative effects of various doses of
HVS-16 on the HGF-mediated growth of the Met-dependentAWIB-231, MDA-MB-468,
and the Met-independent T-47D breast cancer cedkliafter 72 h culture period are shown in
Figure 7B. Treatment witiHVS-16 caused a dose-dependent suppression of HGF-induced
proliferation of human breast cancer cells from lines MDA-MB-231 ad®A-MB-468,
compared to their vehicle-treated control groupsgufe 7B). Interestingly, larger
concentrations oHVS-16 were required to significantly abolish the celawiity of both cell
lines when grown in HGF-free media after 72 h (dadashown). The 1§ values forHVS-16
treatment in HGF-supplemented media were 3.8 apil6n MDA-MB-231 and MDA-MB-
468 breast cancer cells, respectively (Figure Hwever, the Ig values forHVS-16
treatment in HGF-free media were >40 uM for both lbees (data not shown). This finding
indicated thatHVS-16 treatment is only dependent on the presence of,HB#firmingits
proposed molecular mechanism as a direct inhilmtdhe HGF/c-Met signaling. Importantly,
HVS-16 lacked activity against the Met-independent T-4iBast cancer cells, being several-
fold less active in this cell line compared to th#&let expressing breast cancer cellss{I€
109.8 uM, Figures 7B and SI65). This result confidrthat the differential sensitivity of the

human breast cancer cellsH¥S-16 is linked to its inhibitory effects on c-Met sidimay.



The in vitro assays clearly indicated tk8fS-16 significantly and specifically inhibited
HGF-dependent cell growth across c-Met-expressiNgT cell lines. TNBC is characterized
by a lack of the expression of the ER, progestereceptor and HER-2 [43]. It accounts for
about 17% of all breast cancers, representing gneagive clinical behavior and is generally
associated with poor prognosis; thus chemotheramains the only systemic treatment option
available for these patients [43]. Accordingly,rthés a need to develop new treatments for this
aggressive subtype, which currently lack targetetapy. The inhibition of mammary cancer
cell growth was associated with the ability ¥S-16 to disrupt c-Met receptor activation in
response to HGF in MDA-MB-231 cells. Collectivelizese data support the fact that c-Met

inhibition can be the primary therapeutic targetthe antitumor effects diiVS-16 in vitro.
2.3. HVS-16 Binding Mode at the c-Met Kinase Domain

The c-Met's ATP binding site includes: (1) Hingegi@n: Met1160 and Prol158.
Interaction at this site is highly characteristic &ll compounds targeting the ATP binding site
in kinase domains; (2) Central hydrophobic regi@®); Two smaller hydrophobic subpockets;
and (4) c-Met activation loop (Aspl222-Lys1245) J[4Zhe central hydrophobic region is
usually defined by three important amino acids Uyl Vall1092, and Metl211. The first
hydrophobic subpocket is aligned by 1le1084, Al81@&nd Leull57 while the second
hydrophobic subpocket is defined by Phel089. Tlere basically two classes of c-Met
inhibitors, ATP competitive and ATP non-competitivghibitors. About 20 c-Met crystal
structures have been disclosed to date, whethewmplex with a ligand or not, revealing two
distinct binding modes for the ATP competitive Initors [2]. The ATP competitive inhibitors
are further divided into two classes; class | irtbits, which are relatively selective and assume

an approximate U-shape geometry within the c-Mafl$-binding site through interactions



with the hinge region’s Metl1160 and the activatioop residue Tyr1230, while class Il

inhibitors are less selective, adopting more extdnadrientation [44]. Overall, a good binding
affinity for any c-Met inhibitor hit is hypothesized be through interactions with at least one of
Aspl222, Phel223, or Tyrl230 at the activation laod either Pro1158 or Met1160 at the
hinge region, along with a good fitting within ooe more of the aforementioned hydrophobic

regions [2].

A detailed in silico docking analysisas performed to further elucidate the binding
mode ofHVS-16 at the c-Met’'s ATP binding pocket. Docking studiesve been carried out
separately on different c-Met crystal structuresmimimize false positive results due to
conformational variations. Four highly resolved et\kinase domain crystal structures (PDB
codes: 3CE3, 3F82, 3U6l, and 4XYF) at a resolutidh A° were used to investigat&/S-16
possible binding modes within the catalytic domaih non-phosphorylated c-Met using
Schrodinger software (Figures 8, S166-67 and SE)-Ih some crystal structureslVS-16
assumed a shallow U-shaped binding mode at thetckMase domain with partial wrapping
around Met1211, which was the typical conformatdreclass | c-Met inhibitors [2]HVS-16
adopted an extended conformation similar to classMet inhibitors in other crystal structures.
Adopting either conformation could be due to difer shape and size of the binding cavity

existing in various c-Met crystal structures attex originally co-crystallized ligand is removed.

The visualization of the docked poseH¥S-16 emphasized its complete shape fitting
at the ATP binding pocket of c-Met kinase domaimgdiFes 8E and SI72). The two phenolic
hydroxyl groups on the aromatic rings A and BHWS-16 were virtually proposed to be the
main binding and anchoring pharmacophoric groupheatc-Met kinase domain (Figures 8B,

8C, SI66 and SI67). Detailed examinationthfS-16 binding pose revealed that the tyrosol’s



C-6' phenolic hydroxyl group is either participatim a critical single HB with the backbone of
Met1160 or forming a pair of bidentate HB interans with the backbone of both Met1160 and
Prol1158 in the hinge region of the four studied etMrystal structures (Figures 8B, 8C, SI66
and SI67). Alternatively, the C-©-methyl ether analog&4 and 26, which lack free C-6'
hydroxyl group, failed to satisfy such critical HBteractions within the hinge region and
subsequently showed poor activity in the c-Met beuical assay (Table 1). This docking
result clearly corroborated with the SAR data, whstiggested the need for at least one HBD
group at the C-6' position. In addition, the aramé&t-7 phenolic hydroxyl group of the sinapic
acid moiety formed a strong HB interaction eithathwthe backbone carbonyl oxygen of
Glul127in crystal structures 3F82 and 3CE3 (Figures 8B%i6d), or with Arg1208 in crystal
structure 4XYF (Figure 8C), thus hindering the ggration of these residues in catalysis. This
HB appeared to impart a substantial portion ofiheling affinity, as proven by the activity
lack of the previously reported CO-methyl ether analogs [19]. The C-7 amino group in
analog33 appeared to maintain this critical HB interactwith the kinase domain, and thus
retained the activity in the c-Met biochemical as§Bable 1). The docking results supported
the SAR data, which suggested the need for a HRDpgat the C-7 position. However, there
was an exception related to the lack of this C-7iktBraction to the phenolic hydroxyl group
of HVS-16 in crystal structure 3U6I (Figure SI66). Instedte aromatic C-6 methoxy oxygen
of sinapic acid was uniquegngaged in a HB interaction with the backbone arhyirogen of
Aspl222 at the activation loop’s DFG motif of tlrystal structure (Figure S166). Additionally,
the same C-6 methoxy group was buried within a ¢yhlobic pocket lined by Phel2P3FG
motif), Met1131, Vall1155 and Alal221 in both crysttuctures 3U6I and 4XYF (Figures SI66
and 8C). Despite C-6 methoxy group lacked HB irdigoas in crystal structures 3F82 and

3CES, it was able to occupy a hydrophobic pockéndd by Alal127, lle1145, Val1155, and



Phel124 (Figures 8B and SI6W§1145 demarcates the back of this pocket, whedbrred to

as the lle1145 pocket or the C-helix pocket [453]isTpocket has only been reported in a subset
of kinases and is present due to the uncharactepssition of the C-helix, which is further
away from the ATP binding site than it is in mostdses [36, 44]. The aromatic C-8 methoxy
group of sinapic acivas solvent exposed in all c-Met crystal structiaed therefore should
not have a significant impact on c-Met inhibitidrhese interactions underscore the importance
of at least one methoxy group in the sinapic aad pf HVS-16 for binding and subsequent
kinase inhibitory capacity, which is consistenttwthe generated SAR using the cell-free assay.
Interestingly, these observations could explain dbdity of analogl7 to retain the c-Met
inhibitory activity, compared télVS-16, as well as the significant reduction in the poteof

6, lacking both methoxy groups, verstisn the kinase assay (Table 1). In the lipophilack
pocket of the activation loop, the sinapic acid®naatic ring B is sandwiched between
Met1211 and Tyr1230, forming a strongr stacking interaction with Tyr1230, thus hindering
its autophosphorylation necessary for c-Met adowatand stabilizing the inhibitory
conformation of the activation loop (PDB 4XYF, Figu8C). TheE-configuration of the
sinapate moiety is presumably essential to mairtteem-n stacking interaction of ring B with
Tyr1230 as well as the HB interaction of the C-2ptlic OH and this might be the reason that
the E-configuration was critical for the c-Met inhibitian the cell-free assay. The terminal 2'-
phenethyl part irHVS-16 occupied a deep hydrophobic pocket defined by 1991 Leul157,
Alal108, Vall092 and Leul140 in all c-Met crystaustures (Figure 8). The lower c-Met
inhibitory activity of the benzyl derivative30 and41 and the 3’-phenylpropyl analo@® and

21 in the cell-free assay, relative HWVS-16, suggested that the phenethyl moiety might be

optimal for fitting into this hydrophobic pocket.



The key modification that led to improved potenggiast c-Met involved substitution
of the C-5' of4’s ring A with a methoxy group iHVS-16. This change resulted in 14-fold
activity increase in the kinase assay (Table 1)cKbDw studies further justified this activity
enhancement by showing the C-5' methoxy group,itdelirking HB interactions, is buried in
the binding pocket and exerting hydrophobic inteoas with the side chains of 11e1084,
Phel089, Val1092, and Leul140 at the c-Met kingsedphobic sub-pockets (Figures 8B, 8C,
SI66 and SI67). Typically, it resides between I|@40and the residue at the tip of the
phosphate-binding loop (P-loop), Phel089. Thesedmywbic interactions might explain, at
least in part, the significant activity improvementpact of this methoxy group iHVS-16,
compared to the unsubstituted anadpgs well as analogs3 and 15 with hydroxyl group at
this position (Table 1). However, the c-Met inhdoit activity of HVS-16 is still in the low
micromolar level, perhaps because the methoxy gi®uapt sufficiently bulky enough to fill the
hydrophobic pocket or lacks the potential to engageelectron interactions with the aromatic
residues comprising the pocket. The ester moiepeafed not to contribute any binding role,
yet it provided the proper molecular size and Upgltaconformation alignment necessary for
adequate fitting at the binding pocket (FigureS®6 and S167). Although the six-atom linker
tethered the two aromatic rings A and B did notehdirect binding role, it ultimately played a
crucial role in properly aligninglVS-16 binding pharmacophores at the c-Met kinase domain
and thus, maintained the critical HB interactionthvboth the hinge region and the activation

loop (Figures 8, SI66 and SI67).

To validate the docking results, the original ligawf each c-Met crystal structure used
was docked into its ATP binding pocket by using slaene parameters which have been used
for dockingHVS-16 (Figures 8D, SI68-70). The bound conformation & do-crystal ligand

was generated with a good root mean square dispite(RMSD) of 0.2 A, showing the



robustness of the docking protocols. Figure 8D shthw docking model dflVS-16 in the co-
crystal structure ofi9 bound to the c-Met kinase (PDB code: 3F32y.S-16 almost overlaid
the original co-crystallized ligandld, demonstrating the same critical interaction wiité hinge
region’s Met1160 [46]. Howeve#d9 engaged in two HB interactions with the backbomgda
hydrogen of Asp1222 and the side chain of Lys11h0edHVS-16 participated in a single HB
interaction with Glul127 (Figure 8D). Despite m@strts of the two molecules overplayed
perfectly, the terminal 4-fluoro-phenyl ring #9 extended to occupy a deep hydrophobic
pocket defined by Phel134, Leul195, and Phel20Reutile aromatic C-8 sinapate methoxy
group inHVS-16, which adopted a different conformation and missesl pocket (Figure 8D).
These observations might explain, at least in plaet moderate activity level #fVS-16 in the
c-Met biochemical assay comparedi®{46]. The docking studies suggested the good @ttih
HVS-16 in the c-Met kinase. The binding modeH¥S-16 within the catalytic c-Met domain
is consistent with the kinase assay data, suggesim potential oHVS-16 as a promising c-

Met inhibitory hit.

3. Conclusion

The present study validated thealiscy ofHVS-16 as a novesmall-molecule c-Met
inhibitory hit inspired by the olive secoiridoidedlcanthal with therapeutic potential for the
control of c-Met-dependent breast cancer. The &tracsimplicity and synthetic feasibility of
the olive secoiridoid analogs render them approprieandidates for future preclinical
optimization. The in vitro cellular potency bfVS-16 in 2D and 3D breast cancer cultures was
well-correlated with its cell-free c-Met phosphatybn inhibitory activity coupled with high
selectivity to cancerous cells. The novel structofdHVS-16 provides new opportunities to

chemically improve the binding affinity, as showy diocking studies. Collectively, the present



study supported the potential of olive secoiridoidsinspire the discovery of novel c-Met

inhibitory entity appropriate for future use to tah c-Met-dependent malignancies.
4.Materials and Methods

4.1. General Experimental Procedures

TLC analysis was carried out on precoated Si geFg 500 um TLC plates (EMD
Chemicals), using-hexane-EtOAc (5:5) as a developing systEor. column chromatography,
Si gel 60 (Natland International Corporation, 23 41m)and Sephadex LH-20 were used with
gradientn-hexane-EtOAc as a mobile pha¥¢.and**C NMR spectra were recorded in CRCI
using tetramethylsilane (TMS) as an internal steshdaon a JEOL Eclipse-ECS NMR
spectrometer operating at 400 MHz fas4 NMR and 100 MHz for*C NMR. HRESIMS
experiments were conducted using a JEOL JMS-T108¢d TOF LC-Plus, equipped with an
ESI source (JEOL Co. Ltd., Tokyo, Japan). ESI-M&ckon was set using negative ion mode

as described previously [38]. Results were obtaussdg Mass Center software, MS-56010MP.
4.2. Chemicals, Reagents, and Antibodies

All chemicals were purchased from Sigma-Aldrich. (Stuis, MO), unless otherwise
stated. (-)-Oleocanthal) and ligstrosided) were isolated from EVOO as previously described
[19]. 4-Hydroxy-3,5-dimethoxybenzyl alcohol, 4-(3-hydrgxgpyl)-2-methoxyphenol, and (6-
amino pyridin-3-yl)methanol were purchased from V\&uwanee, GA). All antibodies were
purchased from Cell Signaling Technologies (BevehA) and used at a dilution of 1:1,000.

Human recombinant HGF growth factor was acquirechfPeproTech Inc. (Rocky Hill, NJ).
4.3. Chemical Synthesis

4.3.1. Preparation of analogs 5-9 and 13-47 by closelective Mitsunobu esterification



Triphenylphosphine (TPP) (280 mg, 1.07 mmol) wadeadn portions to a freshly
prepared solution of the designated alcohol (1.0othand the specified phenolic acid (1.0
mmol equivalent) in anhydrous THF (3.5 mL) at 0 ®iisopropylazodicarboxylate (DIAD)
(208 pL, 1.0 mmol) was then added dropwise to the¢ure. The reaction mixture was stirred
at 0 °C for 30 minutes. The mixture was then waraed stirring was continued for 48 h at rt
[19]. Reactions were monitored till completion blyd. The reaction mixture was then worked
up by removal of the solveninder reduced pressure, saturated solution of NaHO®mML)
was added, and then the mixture was extractedBt{@Ac (3 x 20 mL). The combined organic
layers were washed with brine, dried over anhydiasSO,, filtered, and the filtrate was
evaporatedinder reduced pressure to dryness. The crude gradisccollected and purified by
column chromatography (CC) on Sephadex LH-20 ugsugratic CHCI, followed by
chromatography on Si gel G8ingn-hexane-EtOAc system, gradient elution, to aff6r@ and

13-47 (Supplementary Information).
4.3.2. Preparation of analog 10

Sinapic acid (224.2 mg, 1.0 mmol) and triethylam{i&€A) (1.5 equivalents) were
mixed in DMF (3.5 mL) and then tyramine (137.2 Md) mmol) was added to the mixture.
BOP (1.5 mL) in anhydrous GBI, was then added and the resulting mixture wasestiiwr 30
min in ice bath. The reaction mixture was keptristyy at rt for 24 h. Once the reaction
completed, evidenced by TLC monitoring, the crudedpct waspurified by CC on Sephadex

LH-20 using gradient C¥Cl,-MeOH system to afford0 (Supplementary Information).

4.3.3. Preparation of analog 11



A mixture of sinapaldehyde (208.2, 1.0 mmol) an@nyine (137.2 mg, 1.0 mmol) in 10
mL MeOH was stirred at rt for 1 h to give a redqgipéate. The precipitate was filtered and

washed twice with MeOH to affortil (Supplementary Information).
4.3.4. Preparation of analog 12

Sinapic acid (44.8 mg, 0.2 mmol) was mixed in 15 @H,Cl, with 4-hydroxy-
benzamidine oxime (30.4 mg, 0.2 mmol) and EDCIX98g, 0.6 mmol) was then added as a
coupling reagent. The mixture was stirred undduxefor 24 h. The mixture was cooled to rt,
diluted with HO (10 mL) and extracted with EtOAc (3 x 20 mL). Theyanic phases were
combined, dried over anhydrous #8&, and then concentrated under vacuum. The residue was
subjected to Si gel CC using gradienthexane-EtOAc to affordl2 (Supplementary

Information).
4.4.In Vitro Assays
4.4.1. Biochemical kinase assay

The Z-LYTE™ Kinase Assay-Tyr6 Peptikle (Life Sciences) was used to assess the
ability of synthesized analogs to inhibit the cgial activity of c-Met kinase (Product#
PV3143). Briefly, 2QuL/well reactions were set up in 96-well plates eamhg kinase buffer,
200uM ATP, 4 uM Z-LYTE™ Tyr6 Peptide substrate, 2500 ng tt-Met kinaseand tested
compound as an inhibitor. After 1 h of incubatidntalOuL development solution containing
site-specific protease was added to each well. htcub was continued for 1 h. The reaction
was then stopped, and the fluorescent signal r&t#d nm (coumarin)/520 nm (fluorescein)
was determined on a plate reader (BioTek FLx800Which reflects the peptide substrate

cleavage status and/or the kinase inhibitory agtini the reaction.

4.4.2. Cell lines and culture conditions



The human breast cancer cell lines and the non+igemac human mammary epithelial
MCF10A cells were purchased from the ATCC (Manas¥ay). All cancer cell lines were
maintained in RPMI-1640 (GIBCO-Invitrogen, NY) su@mented with 10% fetal bovine serum
(FBS) (Gemini Bio-Products), 100 U/mL penicillin GQ0 pg/mL streptomycin and 2 mmol/L
glutamine. The MCF10A cells were cultured in DMENIZF supplemented with 5% horse
serum, 0.5ug/mL hydrocortisone, 20 ng/mL EGF, 100 U/mL peticilG, 100 ng/mL cholera
toxin, 100 pg/mL streptomycin, and L@/mL insulin.All cells were maintained at 37°C in a
humidified incubator under 5% GOA stock solution was prepared by dissolving etested
analog in sterilized DMSO at a concentration ofriM for all assays. Working solutions at
their final concentrations for each assay were gmegp in appropriate culture medium
immediately prior to use. The vehicle control waspared by adding the maximum volume of
DMSO, used in preparing test compounds, to thegp@ate media type such that the final
DMSO concentratiorwas maintained as the same in all treatment grougsn a given
experiment and never exceeded 0.1%was used as a positive control at 10 uM based on

earlier studies [19, 23].
4.4.3. Measurement of viable cell number

Viable cell count was determined using the MTT cdobetric assay. The optical density
of each sample was measured at 570 nm on a SyBarggroplate reader (BioTek, VT, USA).
The number of cells per well was calculated againstandard curve prepared at the start of
each experiment by plating various concentrationsedls (1,000-60,000 cells per well), as

determined using a hemocytometer [23].

4.4.4. MTT proliferation assay



MDA-MB-231, MDA-MB-468, and T-47D cells, in exponial growth, were seeded at
a density of 1x1bcells per well (6 wells/group) in 96-well cultuptates and maintained in
RPMI-1640 media supplemented with 10% FBS and atbt adhere overnight at 37°C under
5% CQ in a humidified incubator. The next day, cells evavashed with phosphate buffer
saline (PBS), divided into different treatment gyswand then fed serum-free defined RPMI-
1640 media containing HGF (40 ng/mL as a mitogeiciwimduced maximum growth in the
three cell lines after 72 h) or no HGF (0.5% FBSsvealded to the media to maintain the
viability of the cells throughout the experiment)daexperimental treatments (containing
designated concentrations of the tested compouadsjehicle-treated control media and
incubation resumed at 37°C under 5%,G&@ 72 h. Cells in all groups were fed fresh tneamt
media every other day during the 72 h treatmenbgeControl and treatment media were then
removed, replaced with fresh media, and 50 pL fid3A solution(1 mg mL?) was added to
each well and plates were re-incubated for 4t I37 °C. The color reaction was stopped by
removing the media and adding 100 pL DMSO in eaeh @ dissolve the formed formazan
crystals. Incubation at 37°C was resumed for upOtoninutes to ensure complete dissolution of
crystals. Absorbance was determined &70 nm using an ELISA plate microreader (BioTek,
VT, USA) [47]. The % cell survival was calculated #&llows: % cell survival = (Cell

No.treatmeréce” NODMSO) X 100

The cytotoxic effect of synthesized laga was evaluated against the non-tumorigenic
human mammary epithelial cell line MCF10A. Cellsdarponential growth were seeded at a
density of 1x16cells per well into 96-well plates, maintaineddMEM/F12 media containing
5% horse serum, and allowed to attach overnigheu®do CQ. The next day, cells were
washed with PBS, divided into different treatmendups and then treated widppropriate

control or tested compounds in fresh serum-freenddfmediacontaining 40 ng/mL HGF, each



in triplicate, and re-incubated for 24 h. Viabldl ceumber was determined using the MTT

assay.
4.4.5. Wound healing assay (WHA)

MDA-MB-231 cells were plated in steril4-well plates and allowed to form a
confluent monolayer per well overnight. Wounds w#ren inflicted in each cell monolayer
using a sterile 20QL pipette tip. The media were removed and cellseweashed twice with
PBS and once with fresh RPMI medium to remove @eliris. Test compound concentrations
were prepared in fresh serum-free defined mediataoting 40 ng/mL HGF as a mitogen, and
were added to wells in triplicate. Cells were inatdal for 24 h after which, the medium was
removed and cells were washed, fixed, and staisgtguGiemsa stain. Wound healing was
visualized at 0 and 24 h by a Nikon ECLIPSE TE20@aldroscope and digital images were
captured using Nikon NIS Elements software (Nikastiuments Inc., Melville, NY) (Figure
3B). The distance traveled by the cells was deteethby measuring the wound width after 24

h. Percentages cell migration were calculated usiadollowing formula:

Percent cell migration = p¥T-Tgmsd X 100
O'Tdmso
Where, T is wound thickness at zero timeyml, is wound thickness in DMSO-treated control

wells and Tis wound thickness in treated wells.
4.4.6. CultreX BME cell invasion assay

The Cultrék BME cell invasion assay (Trevigen, Inc., Gaithersh MD) was
conducted according to the vendor’'s protocol [4Bje top invasion chambenserts were
coated with 50 pL/well of 1X BME solution and in@atbd overnight at 37°C under 5% £0O
The coating solution was then aspirated off an@@D'50uL of MDA-MB-231 cells suspended

in fresh RPMI-1640 medium were then seeded to emelh in the top chamber. Tested



compounds were prepared, in serum-free medium soppited with 40 ng/mL HGF, at 6X the
desired concentrations and @0 of each tested concentration was added in tapido the
wells of the top chamber to achieve the final tesicentrations (1, 5, 10 and gM). About
150 uL of RPMI-1640medium, containing 10% FBS and penicillin/streptomyas well as
fibronectin (1uL/mL) andN-formyl-Met-Leu-Phe (10 nM) as chemoattractantss ween added
to each well in the lower chamber. Plates were egath and re-incubated at 37°C under 5%
CO, for 24 h after which the both chambers were célsefaspiratedand washed with 100
pL/well washing buffer supplemented with the kitbbaut 100uL of cell dissociation/calcein-
AM solution was added to each well in the bottorarnber and the plate was incubated at 37°C
under 5% CQ@for 1 h. The cells internalize calcein-AM, and th&acellular esterases cleave
the acetomethyl ester (AM) moiety to generate fcaéein. Fluorescence of samples was
measured akexcitation 485 NM andhemission 28 Nm using an ELISA plate reader (BioTek, VT,
USA). Relative fluorescence units (RFU) were usedadlculate the number of cells invaded
through the BME coat using a standard curve preplayeplating various numbers of cetisor

to the experiment. Mean percent invasion of difierieeatments was calculated in relative to

the DMSO-treated control wells.
4.4.7. 3D-Spheroid disaggregation assay

MDA-MB-231 cells were collected afteygdsinization and resuspended in phenol-red
free DMEM supplemented with 10% FBS. Cells werenttabeled with CellTracker Red (Life
Technologies) for 5 min. After labeling, cells wemashed with PBS and seeded into 96-well
Corning 7007 ULA round bottom low cell attachmerates at a density of 1,000 cells/well
suspended in 10QL phenol-red free media, supplemented with 10% RB8 5% Matrigel.

This protocol resulted in the formation of a singlegheroid in the center of each well of



identical size, after 24 h. Spheroids were supplgateeither with DMSO as vehicle control or

with designated concentrations ld¥/S-16, 39 and41. Spheroids were incubated at 37°C and
5% CQ in IncuCyte ZOOM Real Time Imaging System (Essévs@ience) and images were

automatically acquired every 4 h for a period oft7post-treatment. The software associated
with the IncuCyte was designed to identify the obgect in each well and calculate the average
area of each spheroid. The data were expressamdamérease in spheroids size at the end of
the experiment using the average red object areadh well. The assay was repeated twice and

performed with 8 spheroids per treatment group.
4.4.8. Western blot analysis

MDA-MB-231 human breast cancer cellsevaitially plated and prepared for Western
blot analysis according to the method previouslgcdbed [23]. The whole-cell extracts were
prepared in RIPA buffer (Qiagen Sciences Inc., Weile, CA). Protein concentration was
determined by the BCA assay (Bio-Rad Laboratoridercules, CA)according to the
manufacturer's instructions. Equivalent amountspaitein were electrophoresed on SDS-
polyacrylamide gels. The gels were then electrodtbonto PVDF membranes. These PVDF
membranes were then blocked with 2% BSA in 10 miM-RCI containing 50 mM NaCl and
0.1% Tween 20, pH 7.4 (TBST) and then, probed théindicated specific primary antibodies
overnight at 4°C. Membranes were then washed aextdnsvith TBST and incubated with
respective horseradish peroxidase-conjugated abhiHror anti-mouse secondary anti-bodies in
2% BSA in TBST for 1 h at rt followed by rinsing ti TBST for 5 times. Blots were then
visualized using an enhanced chemiluminescencediogoto the manufacturer’s instructions
(Pierce, Rockford, IL, USA). Images of protein baricbm all treatment groups were acquired

using Kodak Gel Logic 1500 Imaging System (CaresireHealth Inc, CT, USA). The



visualization off-tubulin was used to ensure equal sample loadiegah lane. The experiment

was repeated three times and a representative éxdte image is shown in Figure 7A.
4.5. Molecular Modeling

The in silico experiments were carried out usindwr8dinger molecular modeling
software package installed on an iMac 27-inch Z@fRgekstation with a 3.5 GHz Quad-core
Intel Core i7, Turbo Boost up to 3.9 GHz, processmal 16 GB RAM (Apple, Cupertino, CA,

USA).
4.5.1. Protein structure preparation

Four X-ray crystal structures of the c-Met tyroskiease domain; (PDB codes: 3CE3
[49], 3F82 [46], 4XYF [50] and 3U6I [51]) were ragved from the PDB_(www.rcsb.org). The
Protein Preparation Wizard was implemented to peefie kinase domain of each protein. The
protein was reprocessed by assigning bond ordddin@ hydrogens, creating disulfide bonds
and optimizing H-bonding networks using PROPKA gmmnResearch Group, Denmark) [52].
Finally, energy minimization with RMSD value of 08 was applied using an Optimized

Potentials for Liquid Simulation (OPLS_2005, Schnggr, New York, USA) force field.
4.5.2. Ligand structure preparation

The chemical structure diVS-16 was sketched on the Maestro 9.3 panel interface
(Maestro, version 9.3, 2012, Schrodinger, USA). ThePrep 2.3 module (Lig Prep, version
2.3, 2012 Schrodinger, USA) was implemented to generate etBucture and to search for
different conformers. The OPLS (OPLS_2005, Schrgelin USA) force field was applied to
geometrically optimize the ligand structure anctéonpute partial atomic charges. Finally, 32

poses per ligand were generated with differentcsfeatures for subsequent docking studies.



4.5.3. Molecular docking

The prepared X-ray crystal structures of c-Met weased to generate receptor energy
grids applying the default value of the proteinnaim scale (1.0°A) within the cubic box
centered on the co-crystallized ligand of eachtatystructureHVS-16 was then docked using
the Glide 5.8 module (Glide, version 5.8, 2012, r8dinger, USA) in extra-precision (XP)

mode [53].
4.6. Statistics

The results are presented as the means + SEMedsdtthree independent experiments.
Differences among various treatment groups weresrgebted by ANOVA followed by
Dunnett’s test using PASW statisficsersion 18 (Quarry Bay, Hong Kong). A difference o
p<0.05 was considered statistically significant paned to the vehicle-treated control group.
The 1Go values were determined using a non-linear regyassurve fitting analysis using

GraphPad Prism software version 6 (La Jolla, CAAUS
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Scheme Legends

Scheme 1Chemical structures of natural olive secoiridadsl semisynthetic analogsl5s.
Scheme 2Chemical structures of analof)§-47, crizotinib @8), and BMS-77760740).

Figure Legends

Figure 1. c-Met phosphorylation inhibition by various dosgghe most active analods, 17,
33, 39 and 41-45 using Z-LYTE assay kit. Error bars indicate the SEM of Nddse;
Compoundd and4 were used as positive controls at 5 angu¥) respectively [19, 20].



Figure 2. Effect of various doses of analog4, 39, and41 on the viability of the highly
metastatic MDA-MB-231 breast cancer cells, upon HsBmulation, compared to DMSO as a
vehicle control. Viable cell count was determinesing MTT assay. Error bars indicate the
SEM of N=3/dosel was used as a positive control atudd [23].

Figure 3. (A) Effect of various doses of analog/S-16, 44 and45 on HGF-induced MDA-
MB-231 breast cancer cell migration in WHA, comghte DMSO as a vehicle control. Error
bars indicate the SEM of N=3/dose. Compouhdsid4 were used as positive controls at 10
and 20uM, respectively [19]. (B) Antimigratory activity oflVS-16 against MDA-MB-231
cells in WHA at a single concentration(d), compared to DMSO as a vehicle control.

Figure 4. Effect of various doses of analog¥S-16, 21 and39 on HGF-induced MDA-MB-
231 breast cancer cell invasion in CulfteRME assay, compared to DMSO as a vehicle
control. Error bars indicate the SEM of N=3/dos@nd4 were used as positive controls at 20
uM [19].

Figure 5. Effect of analog$1VS-16, 39 and41 on the growth of MDA-MB-231 cells cultured
as 3D spheroids, upon HGF stimulation, compareBDMSO as a vehicle control. Spheroids
were grown at 37°C and 5% G@&r 72 h in IncuCyte ZOOM. Images were acquiredrgw h
and the data were expressed as fold increase era@ph size at the end of the treatment using
the average red object area in each well as detethby the IncuCyte software analysis. Error
bars indicate the SEM of N=3/dodewas used as a positive control atu0.

Figure 6. Cytotoxic activities of analogks, 20, 21, 24-26, 28, 37, 39, 41, &4d45 against the
non-tumorigenic human mammary epithelial cell lIMECF10A, compared to DMSO as a
vehicle control. Error bars indicate the SEM of Nke.

Figure 7. (A) Effect of HVS-16 treatment on HGF-induced c-Met activation in hurbagast
cancer cells using Western blot analysl¥.S-16 treatment caused a dose-dependent inhibition
of HGF-induced c-Met phosphorylation in MDA-MB-23Ells without any effect on total c-
Met levelsafter treatment for 72 h, compared to vehicle-a@atontrol group. The visualization
of B-tubulin was used as a loading control. (B) EffeitHVS-16 treatment on HGF-stimulated
growth of MDA-MB-231, MDA-MB-468, and T-47D breasancer cells after 72 h. Viable cell
count was determined using MTT assay. Vertical lradgcate the mean cell count + SEM of
N=3/dose.

Figure 8. In silico binding mode oHVS-16 at the ATP binding site of c-Met kinase domain.
(A) Overview of HVS-16's binding pose at the c-Met crystal structure 3FE) Important
interactions oHVS-16 at the c-Met crystal structure 3F82. (C) Importameractions oHVS-

16 at the c-Met crystal structure 4XYF. (D) Structoreerlay forHVS-16 (tube) with ligand49
conformations (thin tube) obtained from c-Met caysstructure 3F82 and from a docking
simulation. (E)Left panel, in silico binding pose offVS-16 at the ATP binding site of the c-
Met kinase domain (PDB 4XYF) to show the U-shapafaonation; Right panel, the



transparent protein surface, in aquamarine cotat,the solidHVS-16 surface, inyellow green
color, are shown to emphasize th€S-16's shape fitting within the target pocket.

Table 1.c-Met inhibitory activity of compounds-47in Z'-LYTE™ kinase assay.

Compound IC 50 (UM) £ SEM
1 52+04
2 >20
3 >20
4 13.7+0.6
5 12.9+0.2
6 20.2+0.5
7 >20
8 >20
9 >20
10 >20
11 >20
12 >20
13 5.8+0.3
14 >20
15 7.8+0.9
16 1.0+£0.2
17 1.3+04
18 52+0.3
19 6.1+0.8
20 8.2+0.8
21 9.1+0.7
22 >20
23 >20

N
S

>20




Table 1.Continued

Compound ICs0 (M) + SEM
25 >20
26 >20
27 >20
28 11.4+£0.9
29 7.6 +£0.9
30 85x1.2
31 >20
32 83zx11
33 1.2+0.1
34 >20
35 8.0x0.2
36 >20
37 6.9+0.3
38 12.2+0.3
39 2101
40 >20
41 23205
42 3.2+04
43 3.5+£05
44 1.1+£04
45 1.2+0.8
46 58+1.2
47 53+£0.2




Table 2. Antiproliferative and antimigratory activities obmpoundsl-47 against TNBC
human breast cancer cell lines in 2D monolayeucedt

Antiproliferative activity
ICs¢ (UM) + SEM

Antimigratory activity
ICs0 (UM) + SEM

Compound =y 5A-MB- MDA-MB- VIDAMB.231
231 468

1 15+1.4 19112 75+1.1
2 80.4+21 93715 13.8+0.6
3 >100 >100 >50
4 795411 88814 335+0.9
5 87.6+09 955+19 44.3+4.3
6 59.9+23 64.2%2.1 30.5+3.2
7 913431 92211 >50
8 832+11 89.2+14 40.6 +5.1
9 688+21 745409 30.4 +1.1
10 728406 80.2+06 >50
11 80.9+21 911419 4.6+0.6
12 723407 79.1+13 16.3+2.2
13 189+03 21107 42+19
14 160+32 20311 12717
15 127+28 14221 45+13
16 38+08 607 2.5+0.5
17 105+04 13309 4.6+0.3
18 130+14 15212 7.5+1.0
19 101+12 141+19 5.6+ 0.8
20 76+15 9411 48+0.4
21 4413  74+14 41+0.8
22 106+11 14212 8.3+ 1.7
23 118+09 15903 8.1+1.4
24 7305  89+15 5.4+2.1

& Consistent with the reportedd§of 1 in MTT assay [20].



Table 2.Continued

Antiproliferative activity
ICs0 (UM) + SEM

Antimigratory activity
ICs¢ (UM) + SEM

Compound T upA-MB- MDA-MB- VDAMB.231
231 468

25 8221  9.9+13 6.2+ 2.2
26 9.2+23 8614 78406
27 101407 105409 81+14
28 86+0.6  10.1%2.3 5.2+ 0.5
29 122+04 15521 11.8+1.1
30 147+11 172417 13.3+0.6
31 279408 31.2+12 18.8+2.1
32 253406 27.6+14 21.6+4.1
33 103+11 13216 41+14
34 174402 191413 >50
35 158+12 161418 43+0.6
36 193+21 23412 8.7+0.7
37 9.2+22  104+14 46+1.2
38 405+14  462+2.4 31.2+0.8
39 42+04  69+12 40+0.7
40 223432 25609 19.8+1.1
a1 63t15 8205 5.4+ 3.2
42 137407 172409 8.2+0.7
43 151+12 16811 9.3+0.2
44 9308 10715 3.6+0.2
45 95+0.6 11.5+1.2 3.9+0.9
46 154+22 15903 142432
47 133409 17.6+0.7 12.6+2.3




Table 3. Anti-invasive activity of analog46, 21 and 39 against the highly metastatic MDA-
MB-231 human breast cancer cell line. Meanwhilenpoundsl and4 were used as positive
standard controls and theirgsalues were calculated for activity comparison.

Anti-invasive activity

Compound ICs0 (MLM) + SEM
MDA-MB-231
1 182+1.6
4 198+1.1
16 2.7x0.8
21 142+ 0.6
39 7.1x0.7

LIST OF ABBREVIATIONS

c-Met, mesenchymal-epithelial transition factor; RFSAstructure-activity relationship; RTK,
receptor tyrosine kinase; RON, recepteur d’orightentais; HGF, hepatocyte growth factor;
EGFR, epidermal growth factor receptor; BRAF, v-RAkurine sarcoma viral oncogene
homolog B1; ALK, anaplastic lymphoma receptor tymes kinase; VEGFR, vascular
endothelial cell growth factor receptor; NSCLC, rsmall cell lung cancer; EVOO, extra-
virgin olive oil; Hsp90, heat shock protein 90; HERwuman epidermal growth factor receptor
2; ATP, adenosine triphosphate; GST, glutathioneaBsferaseHRESIMS, high-resolution
electron spray ionization mass spectrometry; PENDAINolarization enhancement during
attached nucleus testing; HMBC, heteronuclear mpleltibond correlation; MTT, 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium broda; WHA, wound-healing assay; TNBC,
triple-negative breast cancer; BME, basement menebextract; 3D, three-dimensional; 2D,
two-dimensional; 16, 50% inhibitory concentration; HBD, hydrogen boddnor; HBA,
hydrogen bond acceptor; HB, hydrogen bond; A, Amgst PDB, protein data bank; DMSO,
dimethyl sulfoxide; ER, Estrogen receptar; RMSD, root mean square displacement; TLC,
thin layer chromatography; EtOAc, ethyl acetate; GIJD deuterated chloroform; TMS,
tetramethylsilane; TPP, triphenylphosphine; THRrateydrofuran; DIAD, diisopropylazo-
dicarboxylate; TEA, triethylamine; DMF, dimethylfaamide; BOP, benzotriazol-1-yloxy-tris
phosphonium hexafluoro phosphate; LLH, dichloromethane; MeOH, methanol; EDCI, 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide; FB$etal bovine serum; EGF, epidermal
growth factor; PBS, phosphate buffer saline; AMgtamethyl ester; RFU, relative fluorescence
units; SDS, sodium dodecyl sulfate; PVDF, polyvidghe fluoride; BSA, bovine serum
albumin; TBST, tris-buffered saline with Tween ZDPLS, optimized potentials for liquid
simulation; XP, extra-precision; SEM, standard eafca mean; ANOVA, analysis of variance.
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Figure. 4
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Figure. 5
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Figure. 6
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Figure. 7
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Figure. 8
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Figure. 8E
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Highlights
+ Inspired by (-)-oleocanthal, HV S-16 was discovered as a novel c-Met inhibitor hit.
« HVS-16 impaired Met-mediated cellular events across 2D & 3D breast cancer cultures.

« HVS-16 had no effect on both non-cancerous and Met-independent breast cancer cells.
« Inhibition of c-Met activation was confirmed by Western blot and docking studies.



