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AAAH: aromatic amino acid hydroxylase
AADC: aromatic L-amino acid decarboxylase
COMT: catechol O-methyltransferase
DBH: dopamine B-hydroxylase
PNMT: phenylethanolamine N-methyltransferase

Supplementary Figure S1. Norepinephrine and dopamine which have similar structures to synephrine is

involved in phenylalanine metabolism.



Vanillin

Supplementary Figure S2. Synephrine and vanillin showed relatively weak binding to MAOB.
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Supplementary Figure S3. Danshensu alleviated cell death induced by IR. The effect of danshensu on
survival of MRC-5 and HFL-1 cells (normal lung cells) was confirmed by thiazolyl blue tetrazolium

bromide assay (a) and DNA fragmentation assay (b).



NF-«B activation in NSCLC cells.

Supplementary Table S1. A list of TOM-derived compounds which have inhibitory activity of IR-induced

(verbascoside)

PLoS One 8(12):e80873.
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Supplementary Table S2. A list of putative TOM-derived NF-«B inhibitors which are structurally similar to

human metabolites (Tanimoto scores greater than or equal to 0.5 and less than 1.0).
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Supplementary Table S3.

MAOB binding parameters determined by ITC.

Compounds Kq/pM AH/Kcal mol™ AS/cal mol™ degree™
synephrine 183+10.3 -3.9+1.4 -41.8
danshensu 16+0.8 -15.1+0.8 -18.7

vanillin 16549.1 -2.310.8 -52.7
selegiline 15+2.4 -18.442.2 -33.2
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Supplementary Table S4. Primers for determining levels of gene expression.

gene name Forward primer Reverse primer
MAOB 5-ATA TGG AAG GGT TCT ACG CC-3' 5-AAA CTG GTG AAA CAG AAC GC-3'
BIRC2 5-CCAGCC TGC CCT CAAACCCTCT-3 5-GGG TCATCT CCG GGT TCC CAAC-3'
BIRC3 5-ACATTT CCC CAG CTG CCCATT C-3' 5-CTCCTGCTC CGT CTG CTC CTC T-3'
BIRCS 5-CTGATT TGG CCCAGT GTT TT-3' 5-TCATCT GAC GTC CAGTTT CG-3'
CXCR4 5-AGC ATG ACG GAC AAG TAC C-3' 5-GAT GAT ATG GAC AGC CTT ACAC-3
IL1B 5-GAG AAC CAA GCA ACG ACA AAATAC C-3' 5'-GCA TTA GAA ACA GTC CAG CCC ATAC-3’
IL6 5-GAC AAC TTT GGC ATT GTG G-3' 5-ATG CAG GGATGA TGT TCT G-3’
CDH1 5-GGATTG CAAATT CCT GCCATT C-3' 5-AAC GTT GTC CCG GGT GTC A-3
VIM 5-GAC AAT GCG TCT CTG GCACGT CTT-3’ 5-TCC TCC GCC TCC TGCAGG TTC TT-3
FN1 5-TGACCT TTT CTG GCT CGT CT-3' 5-GTT CAG CAC AAA GGG CTC TC-3
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Supplementary Table S5. Primers used for ChlP assays.

gene name Forward primer Reverse primer
CXCL8 5-GGG CCA TCA GTT GCA AAT C-3' 5-TTC CTT CCG GTG GTT TCT TC-3
NFKBIA 5-GAC GAC CCC AAT TCA AAT CG-3 5-TCA GCT CGG GGA ATT TCC-3
CXCR4 5-ACA GAG AGA CGC GTT CCT AG-3' 5'-AGC CCA GGG GAC CCT GCT G-3'
IL1B 5-TCC CTG GAAATC AAG GGG TGG-3' 5-TCT GGG TGT GCATCT ACG TGC C-3'
IL6 5-AAG CACACTTTCCCCTTC C-3' 5-CTATCGTTC TTG GTG GGC TC-3'
ACTB 5-TGC ACT GTG CGG CGAAGC-3' 5-TCG AGC CAT AAAAGG CAA-3’

20



Supplementary Methods

Chemicals, antibodies, and reagents. Danshensu, selegiline, pyrrolidine dithiocarbamate, and TG101209
were obtained from Sigma (St. Louis, MO) or EMD-Calbiochem (La Jolla, CA). Antibodies specific for
MAOB, Tubulin, plkBa, p65, Lamin A/C, clAP1, clAP2, Survivin, CX-C chemokine receptor type 4,
interleukin (IL)-1p, IL-6, E-cadherin, vimentin, and fibronectin were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA), Abcam (AbCAM, Cambridge, UK) or Cell Signaling Technology
(Beverly, MA) for Western blot analysis. Cell culture medium (RPMI-1640), FBS, glutamine, penicillin,
streptomycin, and Trizol® were obtained from Sigma or Gibco (Grand Island, NY). Control siRNA and

MAOB-specific sSiRNA were purchased from Dharmacon (Lafayette, CO).

Real-time quantitative RT-PCR (gRT-PCR). Briefly, aliquots of a master mix containing all reaction
components and primers were added to a real time PCR plate (Applied Biosystems, Foster City, CA). All
PCR reagents were supplied with SYBR Green core reagent Kits (Applied Biosystems). The primers used for
gRT-PCR are described in Supplementary Table S4. MAOB gene expression was measured in triplicate.
gRT-PCR was performed using an Applied Biosystems-7900 HT gRT-PCR instrument using 40 cycles of 15
s at 95°C and 1 min at 60°C followed by thermal denaturation. Gene expressions versus GAPDH mRNA
were determined using the 2**°T method®. To simplify data presentation, relative expression values were

multiplied by 10°.

Western blot analysis and transient transfection. Whole cell lysates were extracted using RIPA lysis
buffer (50 mM Tris, pH 7.4, 150 mM NacCl, 1% Triton X-100, 25 mM NaF, 1 mM DTT, 20 mM EGTA, 1
mM NazVO,4, 0.3 mM PMSF, and 5 U/mL Aprotinin) and lysate protein concentrations were determined
using the Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, CA). To obtain the cytoplasmic extract
(CE), cells were suspended in buffer A (10 mM HEPES, pH 7.9, 50 mM NaCl, 1 mM DTT, 0.1 mM EDTA,
1 mM PMSF, 1 pg/mL Aprotinin, 5 ng/mL Leupeptin, and 1 pg/mL Pepstatin A) and then incubated for 20

min on ice. An equal volume of buffer B (buffer A + 0.1% NP-40) was then added and cells were placed on
21



ice for 20 min. Samples were then centrifuged at 5,000 g for 2 min at 4°C to remove cellular debris and the
CE was collected. Samples were then separated by SDS-PAGE, transferred to nitrocellulose membranes,
which were blocked with 5% skim milk in TBS containing Tween 20 (10 mM Tris, 100 mM NacCl, and 0.1%
Tween 20) at room temperature (RT) for 30 min. Membranes were subsequently probed with specific
primary antibodies and peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) and its binding was visualized using an enhanced chemiluminescence detection system (Roche Applied
Science, Penzberg, Germany). For transient transfection, cells were plated at a density of 5 x 10° cells/well
in 6-well dishes and then incubated for 4 h. Cells were then transiently transfected with SiRNA
oligonucleotides (10 nM) using DharmaFECT 1 (Dharmacon, Lafayette, CO) according to the

manufacturers’ instructions.

Molecular modeling. In order to determine the binding affinities of an inhibitor and its analogs, an in silico
substrate docking experiment was performed using AutoDock Vina®. A known MAOB inhibitor (selegiline)
and three structural analogs (danshensu, synephrine, and vanillin) were geometrically optimized using a
semi-empirical quantum mechanical method (AM1) and electronic Ligand Builder and Optimization
Workbench (eLBOW)?, prior to modeling docking. Optimized substrate and analogs were docked into the
Protein Data Bank (PDB) deposited crystallographic structure of MAOB (2VRM). Stochastic global
optimization scoring function was used to search for the active-site of MAOB. After confirming that the
located active-site and the previously identified site agreed, elaborated modeling was performed. Multiple (>
5,000) steps of conformation perturbation were followed by local optimization using the Broyden-Fletcher-

Goldfarb-Shanno algorithm.

Structural comparison. In order to select human metabolite mimetic NF-xB inhibitors, a large-scale
structural comparison of selected TOM-derived compounds and human metabolites was performed.
Structures of selected TOM-derived compounds were systematically compared with those of human

metabolites in a pairwise manner. For this, electronic files (CDX, SDF, or MOL) containing structural
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information of the selected compounds and human metabolites were downloaded from the TCM
Database@Taiwan2 and from the Kyoto Encyclopedia of Genes and Genomes, respectively*®. Structural
comparisons were conducted using the Small Molecule Subgraph Detector (SMSD) using its default settings
(bond sensitive, remove hydrogens, and stereo filter)°. This procedure was automated to provide pairwise
comparisons between selected TOM and human metabolites. TOM compounds were considered to be
structurally similar to human metabolites if they had similarity scores of >0.5 and <1.0 on the 0 to 1 SMSD

scale.

Isothermal titration calorimetry. Recombinant human MAOB was purchased from Sigma. Direct
interactions between MAOB and selected compounds were measured using a MicroCal VP-ITC instrument
(GE Healthcare, Pittsburgh, PA) at 25°C using a standard procedure. Recombinant MAOB was equilibrated
with 20 mM Tris buffer (pH 7.5) containing 150 mM NacCl. Protein was added to the calorimetric reaction
cell at 0.01 mM and titrated with 0.1 mM compound in the same buffer. Protein and ligand solutions were
degassed prior to use. Each titration experiment was performed with 29 injections of 10 pL at 300-s
equilibration intervals. Heats of dilution for ligands were determined by titrating the ligand in the same
buffer without protein and used to correct protein titrations. Data were fitted to a single site binding model
by non-linear least-squares regression using the Origin software package. Data fits yielded binding affinities

(Kg), enthalpy changes (AH), entropy changes (AS), and binding stoichiometries for the titration.

Thiazolyl blue tetrazolium bromide assay (cell viability assay). NSCLC cells were seeded and cultured in
a 24-well plate with or without danshensu at different conditions for 4 h. Media were then removed, 0.05%
thiazolyl blue tetrazolium bromide solution (Sigma) was added, and cells were incubated at 37°C for 2 h.
The thiazolyl blue tetrazolium bromide solution was then replaced with dimethyl sulfoxide and plates were
incubated for 10 min. After incubation, solutions were transferred to a 96-well plate in duplicate and

absorbances were measured.
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MAOB activity. MAOB activities were determined using the Amplex Red Monoamine Oxidase Assay kit
(Molecular Probes Inc., Eugene, Oregon) as previously described’ with several modifications. Briefly, 5 ug
of recombinant human MAOB (Sigma, St. Louis, MO) was incubated with 16 uM of the MAOB substrate
benzylamine with or without danshensu or selegiline for 30 min (drugs and substrate were dissolved in
deionized water). Activities were assessed by measuring amounts of H,O, generated with 10-acetyl-3,7-
dihdroxyphenoxazine in a horseradish peroxidase-coupled reaction. Fluorescences were measured using a
multiplate reader (CytoFluor 4000, PerSeptive Biosystems, Framingham, MA) at excitation/emission
wavelengths of 30/580 nm, respectively. The log(inhibitor) vs. response equation of nonlinear regression
parameters in GraphPad Prism Software (La Jolla, CA) was used to determine 1Cso values for MAOB

inhibition.

ChIP assay. After transfection, irradiation, and/or drug treatments, NSCLC cells (5 x 10%) were cross-linked
with 1% formaldehyde, quenched in 125 mM glycine, washed with PBS, lysed and sonicated. Extracts were
centrifuged, diluted in dilution buffer (0.01% SDS, 1.1% Triton X-100, 1 mM EDTA, 20 mM Tris-HCI, pH
8.1, and 200 mM NacCl), and precleared with protein A/G-agarose and calf thymus DNA at 4 °C for 1 h.
Next, immunoprecipitation was performed using anti-p65 or -IgG antibody. Immunoprecipitates were
collected and washed in low salt buffer (0.1% SDS, 1% Triton X-100, 2mM EDTA, 20 mM Tris-HCI, pH
8.1, and 150 mM NacCl), high salt buffer (same contents as low salt buffer but containing 500 mM NacCl),
and LiCl wash buffer (0.25 M LiCl, 1% Nonidet P-40, 1% deoxycholate, 1 mM EDTA, and 10 mM Tris-
HCI, pH 8.1). They were then washed twice in 10 mM Tris, 5mM EDTA. DNA was extracted from beads
using 100 uL of elution buffer (1% SDS and 0.1 M NaHCO) supplemented with 0.25 M NaCl. Following
overnight incubation at 65°C (to break cross-links), samples were incubated for an additional 1 h at 65°C
with 10 uM EDTA, 40 uM Tris, pH 6.8, and 2 ug of proteinase K. DNA was purified using the QIAquick
PCR purification kit (Qiagen, Valencia, CA). PCR was performed using primers encompassing the human
CXCL8, NFKBIA, CXCR4, IL1B, IL6 and ACTB promoters. The primers used are described in

Supplementary Table S5.
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DNA fragmentation assay. Cells were seeded at a density of 4 x 10° cells in 96-well plates, incubated
overnight, and then exposed to IR, drugs and/or siRNA. Apoptosis induction was determined by analyzing
cytoplasmic histone-associated DNA fragmentation using a cell death detection kit (Roche Applied Science,

Mannheim, Germany).

Colony forming assay. Cells were plated at a density of 300 cells in 6-well dishes. After treatment with IR,
drugs, and/or siRNA, cells were subsequently grown for 14 days, then fixed with 10% methanol/10% acetic
acid and stained with 1% crystal violet. Colonies containing more than 50 cells were counted using

densitometric software and scored as survivors®.

Concentration of media and Coomassie blue staining. A549 or NCI-H1299 cells were grown to
confluence in RPMI containing 10% FBS. After treatment, media were collected and centrifuged at 2,000 g
and 4°C for 10 min. Supernatants were concentrated 5-fold using Amicon Ultracell 10K filters (Millipore,
Billerica, MA) and proteins in the concentrated media were verified by SDS-PAGE followed by Western
blot analysis, which was performed as described above. To confirm equal loadings, sample-loaded gels were
stained using 0.25% Coomassie brilliant blue R-250 (Sigma), and then destained in methanol: acetic acid:

distilled water (3:1:6).

Cytokine-specific enzyme-linked immunosorbent assay (ELISA). Cells (8 x 10°) were plated in 6-well
plates and grown to 80% confluence. After treatments, amounts of IL-1p and IL-6 released into culture

media were determined using ELISA kits (R&D Systems, Abingdon, UK).

Cell assay (3D culture) and immunofluorescence (IF) staining. Matrigel (BD Biosciences, Franklin
Lakes, NJ) was thawed overnight at 4°C and mixed well using prechilled pipette tips before use. Cells were
cultured on eight-well chambered glass slides (Nunc, Naperville, IL) and they were incubated at 37°C for 30
min. Cells were harvested, counted, and resuspended as a suspension of 25,000 cells/mL in RPMI medium,

and 200 pL of this suspension was then mixed with 200 pL. of RPMI medium containing 4% Matrigel and
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this mixture was dispensed into each well of the glass slides, and incubated for 3 d. For drug treatment and
irradiation, medium was exchanged for 400 puL of RPMI containing 4% Matrigel and 50 uM danshensu, 2
uM selegeline or 20 uM TG101209. Cells were further incubated for 4 h, exposed to IR, and 24 h later, cells
and acini were analyzed by IF staining. Briefly, cells and acini were fixed with 2% paraformaldehyde for 20
min, permeabilized in 0.5% Triton X-100 for 10 min, washed three times with PBS and blocked in IF buffer
(PBS, 0.1% BSA, 0.2% Triton X-100, and 0.05% Tween-20) containing 10 % FBS at 37°C for 30 min. They
were then incubated with primary antibody against Tubulin overnight at RT and washed three times with IF
buffer. After probing with DyLight 488-conjugated secondary antibodies (Thermo Scientific) and
counterstaining with 4',6-diamidino-2-phenylindole, slides were mounted with VECTASHIELD Hard-Set
Mounting Medium (Vector Laboratories, Burlingame, CA). Fluorescent images were obtained using an

Olympus 1X71 fluorescence microscope (Olympus Optical Co. Ltd., Tokyo, Japan).

Transwell cell migration assay. To evaluate the migration capacity of NSCLC cells, a transwell cell
migration assay was conducted as previously described®. Cell migration assays were performed in a 24-well
Transwell chamber (Corning, Inc., Corning, NY). Cells (1 x 10* in serum-free RPMI-1640) cultured with or
without desired treatments for 72 h were seeded in the upper chambers which were each equipped with a 5-
um pore insert. Lower chambers were filled with 600 uL of RPMI-1640 containing 2% FBS. Upper
membrane surfaces were wiped with a cotton swab 6 h later to remove cells that had not migrated into the
lower chamber. Cells that had migrated and attached to the lower membrane surface were fixed with 4%
paraformaldehyde and hematoxylin stained for counting. Migration was normalized versus the number of

untreated cells that had migrated.

Wound healing assay. Monolayers of cells that had reached 80% confluency in RPMI-1640 medium
supplemented with 1% FBS were scratched using a 200 pL pipette tip. Cells were then incubated with fresh
medium with or without danshensu, selegiline, or TG101209 for 17 h. Photomicrographs were taken at 100x

using an Olympus 1X71 fluorescence microscope (Olympus Optical Co. Ltd.).
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Animal protocol and tumor xenograft in nude mice. Six-week-old male BALB/c athymic nude mice
(Central Lab Animals Inc., Seoul) were used for the in vivo experiments. The protocols used were approved
by the Institutional Animal Care and Use Committee of Pusan National University (Busan, Republic of
Korea) and were in accord with the provisions of the NIH Guide for the Care and Use of Laboratory
Animals. Mice were housed individually or in groups of up to five mice in sterile cages in an animal care
facility at 23+1°C under a 12 h light/dark cycle and quarantined for 1 wk prior to the study. Animals were
fed water and a standard mouse chow diet ad libitum. Initially, they were injected with 2 x 10° A549 or
NCI-H1299 cells in a flank and tumors were allowed to develop. Upon identification of a palpable tumor
(minimum volume 200 mm?®), DMSO or danshensu (200 pg/kg body weight) were administered
intraperitoneally every day for 30 d. Animals were also irradiated with 10 Gy once a week for 4 wk from the
day of treatment commencement. Tumor lengths (L) and widths (1), which were measured using a caliper,
were used to calcuate tumor volumes using (L x 1%)/2. At the end of the treatment period, animals were

sacrificed and tumor tissues were Western blotted.
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