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Figure S1. Anti-proliferative activity of KIST-G1. U87MG cells were treated with TMZ, KIST-G1, or 

colchicine at diverse concentrations. After 48 h, cells were stained with calcein-AM (green) and 

Hoechst (red) to determine cell viability and proliferation. Scale bar, 50 µm. 

 

Figure S2. Liver morphology of GBM xenograft models. Macroscopic image of livers from PBS-, TMZ-

, or KIST-G1 (3 mg/kg or 10 mg/kg)-treated subcutaneous U87MG-xenograft mice. Scale bar, 2 cm. 



 

 

Figure S3. Quantification of body weight and blood creatinine. (A,B) To evaluate drug-induced 

toxicity, body weights and blood creatinine levels were measured after the repeated injection of PBS, 

TMZ, or KIST-G1 to C57BL/6 mice for 28 days. (A) Body weights were measured every other day 

during PBS, or KIST-G1 (1 mg/kg, 4 mg/kg, or 20 mg/kg) administration. Data were represented as 

means ± SEM (n = 3/group). (B) After the repeated injection of PBS, TMZ (5 mg/kg), or KIST-G1 (5 

mg/kg) for 28 days, blood creatinine levels were quantified. In all groups, creatinine levels were 

normal, ranging 0.08 to 0.11 mg/dL levels [1]. Error bars indicate standard deviations from four 

animals in each group, * p < 0.05. 

 

Figure S4. Western blot analysis of apoptotic markers. (A) U87MG cells were treated with KIST-G1 (3 

nM), or TMZ (300 µM) for 24 h. Cytochrome C expression and PARP cleavage were evaluated by 

using anti-PARP and anti-cytochrome C antibodies. Anti-β-actin antibody was used for loading 

control. (B) Quantification of PARP cleavage and cytochrome C expression. Each bar represents the 

mean ± SD calculated from three independent experiments, * p < 0.05 and ** p < 0.01 compared with 

control. 



 

 

Figure S5. Caspase-3 analysis in GBM xenograft brain tissues. (A) Immuno-fluorescent images with 

anti-cleaved caspase-3 (Green). Nuclei were counter-stained with Hoechst (Blue). Scale bar, 100 μm. 

(B) Percentage of apoptotic cells in histological tumor regions of U87MG orthotopic xenografts. Data 

was expressed as the mean and the standard error of the mean, n = 4, ** p < 0.01. 

Table S1. Anti-proliferation effects (IC50) of aryloxazole derivatives. 

IC50 (nM) A172 U251 U373 T98G HS683 U87MG 

KIST-G1 

8 4 10 3 12 3 

KIST-G2 

48 30 121 45 64 46 

KIST-G3 

22 72 38 33 37 34 

KIST-G4 

24 10 41 16 42 33 

KIST-G5 

240 466 419 211 383 316 

KIST-G6 

36 132 45 32 36 42 

KIST-G7 

215 308 572 158 1,938 208 

Colchicine 16 13 14 33 33 13 

Temozolomide 256,743 451,380 109,138 473,631 121,468 392,267 



 

Table S2. PAMPA permeability assay. 

Test 
Pe (10−6 cm/s) 

1st 2nd 3rd Avg STDEV 

Progesterone 40.57 40.65 44.40 41.87 2.19 

Lidocaine 23.25 23.08 22.40 22.91 0.45 

Theophylline 0.24 0.26 0.25 0.25 0.01 

Colchicine 0.82 0.79 0.82 0.81 0.02 

KIST-G1 52.04 51.15 51.81 51.67 0.46 

Table S3. P-glycoprotein inhibition assay. 

Test Direction 
Papp (10−5 cm/s) 

Avg STDEV 
1st 2nd 3rd 

DMSO 
A to B 0.58 0.57 0.58 0.57 0.01 

B to A 4.26 5.35 6.02 5.21 0.89 

Verapamil 
A to B 4.38 3.98 4.45 4.27 0.26 

B to A 3.87 3.47 4.46 3.93 0.50 

Colchicine 
A to B 0.60 0.59 0.60 0.60 0.01 

B to A 6.56 6.40 6.46 6.47 0.08 

KIST-G1 
A to B 1.00 1.05 1.07 1.04 0.03 

B to A 5.74 5.28 6.00 5.67 0.37 

 

Scheme S1. Synthesis of aryloxazole derivatives (KIST-G1–G7). Reagents and conditions: (a) (i) 

HDNIB, CH3CN, reflux, 1 h; (ii) acetamide (or thioacetamide), microwave 80 W, 1 min; (b) (i) 1 N 

NaOH; (ii) 1 N HCl; (c) arylpiperazine, EDCI, HOBt, NMM, CH2Cl2. 

Note S1. Synthesis of aryloxazole derivatives 

Synthetic methods of aryloxazole derivatives in Table S1 were described in our previous study 

[2]. The oxazole core scaffold 2 was synthesized from commercially available ethyl 3-oxo-3-phenyl-

propanoate in the presence of HDNIB ([hydroxy(2,4-dinitro benzenesulfonyloxy)iodo]benzene) in 

one pot. The reaction mixture first formed an α-sulfonyloxyl ketone as the intermediate and then the 

treatment of acetamide in combination with a microwave irradiation at 80 W for 1 min, the 

heterocyclic core 4 was obtained over 20 % yield. Hydrolysis of 2 afforded the acid fragment 3 in 80% 

yield. The amide coupling reaction was carried out with various aryl piperazines by using EDCI (1-

Ethyl-3-(3-dimethylaminopropyl)carbodiimide) to obtain the desired aryloxazole derivatives (KIST-

G1–G7) over 60 % yield (Scheme S1). 

 

 

 



 

Note S2. NMR, HR-MS and HPLC characterization 

(4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(2-methyl-4-phenyloxazol-5-yl)methanone (KIST-G1) 

1H NMR (300 MHz, CDCl3) δ 7.75–7.72 (dd, J = 8.22 Hz, 1.62 Hz, 2H), 7.45–7.36 (m, 3H), 6.05–6.01 

(m, 3H), 3.91 (br, 2H), 3.76 (s, 6H), 3.42 (br, 2H), 3.23 (br, 2H), 2.89 (br, 2H), 2.17 (s, 3H); 13C NMR (75 

MHz, CDCl3) δ 161.67, 161.52, 159.85, 152.68, 140.40, 137.76, 130.40, 129.09, 128.77, 127.61, 95.68, 92.35, 

55.26, 49.42, 30.91, 14.04; mp 121–123 °C; HPLC purity 100%; HR-MS m/z [M + H]+ (ESI+) calcd. for 

C23H26N3O4 = 408.1918, found 408.1935. 

 

1H-NMR spectrum of KIST-G1. 



 

 

13C-NMR spectrum of KIST-G1. 

(4-(3-Chlorophenyl)piperazin-1-yl)(2-methyl-4-phenyloxazol-5-yl)methanone (KIST-G2) 

1H NMR (400 MHz, CDCl3) δ 7.75–7.73 (m, 2H), 7.41–7.36 (m, 3H), 7.15–7.13(m, 1H), 6.85–6.83 

(m, 1H), 6.81(s, 1H), 6.80(d, J = 2.00 Hz, 1H), 3.89 (br, 2H), 3.46 (br, 2H), 3.22 (br, 2H), 2.91 (br, 2H), 

2.59 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 161.74, 159.86, 151.74, 140.58, 137.69, 135.05, 130.38, 130.20, 

129.16, 128.80, 127.65, 120.33, 116.48, 114.52, 50.22, 48.80, 46.62, 42.13, 14.07; mp 191–193 °C; HPLC 

purity 99%; HR-MS m/z [M + H]+ (ESI+) calcd. for C21H21ClN3O2 = 382.1317, found 382.1328. 

(4-(3-Methoxyphenyl)piperazin-1-yl)(2-methyl-4-phenyloxazol-5-yl)methanone (KIST-G3) 

1H NMR (300 MHz, CDCl3) δ 7.77–7.73 (dd, J = 8.28 Hz, 1.65 Hz, 2H), 7.45–7.37 (m, 3H), 7.18 (t, J 

= 8.18 Hz, 1H), 6.50–6.45 (td, J = 5.94 Hz, 2.24 Hz, 2H), 6.41 (s, 1H), 3.92 (br, 2H), 3.78 (s, 3H), 3.43 (br, 

2H), 3.24 (br, 2H), 2.93 (br, 2H), 2.57 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 161.63, 160.64, 159.86, 152.10, 

140.40, 137.80, 130.42, 129.94, 129.06, 128.75, 127.61, 109.37, 105.35, 103.25, 55.21, 49.33, 46.25, 14.02; 

mp 162–165 °C; HPLC purity 97%; HR-MS m/z [M + H]+ (ESI+) calcd. for C22H24N3O3 = 378.1812, found 

378.1828. 

(4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(4-(2-fluorophenyl)-2-methyloxazol-5-yl)methanone (KIST-G4) 

1H NMR (300 MHz, CDCl3) δ 7.78–7.72 (td, J = 1.27 Hz, 7.51 Hz, 1H), 7.39–7.33 (m, 1H), 7.27–7.21 

(m, 1H), 7.15–7.09 (m, 1H), 6.05 (s, 3H), 3.79 (br, 2H), 3.77 (s, 6H), 3.53 (br, 2H), 3.21–2.96 (br, 4H), 2.58 

(s, 3H); 13C NMR (75 MHz, CDCl3) δ 161.56, 161.36, 159.38, 152.77, 140.19, 134.83, 130.78 (d, J = 33.9 

Hz), 130.30, 124.54, 118.75, 116.06, 115.78, 95.71, 92.34, 55.26, 49.30, 14.19; mp 221–222 °C; HPLC purity 

95%; FABMS (m/z): [M+ + H] calcd for C23H25FN3O4 = 426.1751, found 426.1829; HR-MS m/z [M + H]+ 

(ESI+) calcd. for C23H25FN3O4 = 426.1824, found 426.1841. 

(4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(4-(3-fluorophenyl)-2-methyloxazol-5-yl)methanone (KIST-G5) 

1H NMR (300 MHz, CDCl3) δ 7.58–7.52 (m, 2H), 7.39–7.37 (m, 1H), 7.03–7.06 (m, 1H), 6.05 (s, 3H), 

3.92 (br, 2H), 3.77 (s, 6H), 3.49 (br, 2H), 3.25 (br, 2H), 3.00 (br, 2H), 2.57 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 161.55, 161.49, 159.53, 152.64, 138.31, 132.22, 130.34, 123.25, 116.06, 115.77, 114.73, 114.42, 



 

95.74, 92.44, 55.27, 49.30, 46.70, 42.30, 30.91, 13.99; mp 182–184 °C; HPLC purity 96%; HR-MS m/z [M 

+ H]+ (ESI+) calcd. for C23H25FN3O4 = 426.1824, found 426.1841. 

(4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(4-(4-fluorophenyl)-2-methyloxazol-5-yl)methanone (KIST-G6) 

1H NMR (300 MHz, CDCl3) δ 7.83–7.78 (m, 2H), 7.14–7.07 (m, 2H), 6.05 (s, 3H), 3.90 (br, 2H), 3.77 

(s, 3H), 3.52 (br, 2H), 3.24 (br, 2H), 3.02 (br, 2H), 2.17 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 161.58, 

161.45, 159.67, 152.65, 140.08, 137.68, 129.68, 126.64, 115.86, 115.57, 95.73, 92.42, 55.26, 49.63, 48.56, 

13.97; mp 171–173 °C; HPLC purity 98%; HR-MS m/z [M + H]+ (ESI+) calcd. for C23H25FN3O4 = 426.1824, 

found 426.1841. 

(4-(3,5-Dichlorophenyl)piperazin-1-yl)(4-(3-fluorophenyl)-2-methyloxazol-5-yl)methanone (KIST-G7) 

1H NMR (300 MHz, CDCl3) δ 7.59–7.53 (m, 2H), 7.42–7.35 (m, 1H), 7.11–7.04 (tt, J = 0.97 Hz, 2.51 

Hz, 8.27 Hz, 1H), 6.85 (t, J = 1.57 Hz, 1H), 6.72 (d, J = 1.63 Hz, 2H), 3.91 (br, 2H), 3.49 (br, 2H), 3.27 (br, 

2H), 3.04 (br, 2H), 2.57 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 164.54, 161.55, 161.28, 159.55, 152.01, 

139.85, 138.12, 135.63, 132.49 (d, J = 33.3 Hz), 130.35 (d, J = 30 Hz), 123.31, 119.95, 116.16, 115.88, 114.81, 

114.46, 48.66, 47.96, 46.37, 42.05, 14.00; mp 138–139 °C; HPLC purity 96%; HR-MS m/z [M + H]+ (ESI+) 

calcd. for C21H19Cl2FN3O2 = 434.0833, found 434.0832. 

Note S3. P-glycoprotein inhibition assay  

P-glycoprotein (P-gp) inhibition assay was performed according to the LLC-PK1-MDR1 

monolayer efflux assay protocol as previously described [3]. For P-gp inhibition studies, LLC-PK1-

MDR1 cells expressing human P-gp were seeded onto polycarbonate transwell filter membranes at a 

density of 1.5 × 105 cells/well. Both the test compound (KIST-G1, colchicine or verapamil) and P-gp 

substrate (quinidine) were diluted for studies in transport buffer (10 mM glucose, 4 mM sodium 

bicarbonate, 1 mM HEPES in HBSS (pH 7.4)). Each compound was tested at 10 µM concentration in 

both the apical-to-basolateral (A→B) and basolateral-to-apical (B→A) directions for 1 hr at 37 °C. 

Samples were first taken from both the apical and basolateral compartments every 15 min throughout 

the test period and then the concentration of quinidine was analyzed by a LC-MS/MS method. The 

permeability coefficient (Papp) was calculated according to the following equation: Papp = dQ/dt/C0A. 

dQ/dt is the flux of the test compound across the monolayer, A is the surface area of the cell 

monolayer, and C0 is the initial concentration in the donor compartment. The Papp values were 

expressed as cm/sec. The permeability coefficient has been reported as ‘Degree of P-gp inhibition (%)’ 

of quinidine transport by the test compounds: P-gp inhibition (%) = {1 − (Ri − 1)/(R − 1)} × 100. Ri is the 

ratio of B to A permeability to A to B permeability of quinidine in the presence of the test compound. 

R is the ratio of B to A permeability to A to B permeability of quinidine in the absence of test 

compound. 

Note S4. PAMPA permeability assay  

PAMPA (parallel artificial membrane permeability assay) was performed according to Double-

sink PAMPA with direct UV detection protocol from pION, Inc. as previously described [4]. PAMPA 

experiment was carried out in a 96-well format. A 96-well microtiter plate and a 96-well filter plate 

were assembled into a ‘sandwich’ such that each composite well was separated by a 125 µm micro-

filter disc. Test compound (KIST-G1 or colchicine) and reference compound (progesterone, lidocaine 

or thophyline) were diluted in donor pION buffer, pH 7.4 at final concentrations of 50 µM. Acceptor 

wells at top of the sandwich were rehydrate with 200 µL of pION buffer, pH 7.4. The sandwich 

construct was then incubated at room temperature. After 4 hrs, the sandwich construct was 

dissembled. The solution in the acceptor wells and the donor wells were transferred to a disposable 

UV-transparent plate (pION, Inc, USA). UV absorptions were measured with a SPECTRAMax 

microplate spectrophotometer at absorption wavelengths between 250 and 498 nm. pION PAMPA 

Explorer Software (ver. 3.8) was used to process the data. 



 

Note S5. Molecular Modeling  

For P-gp, many X-ray crystal structures were available in protein data bank (PDB). However, for 

human P-gp, X-ray crystal structure remains yet to be solved. Primary sequences of human and 

mouse P-gp were taken from the Universal Protein Resource (http://www.uniprot.org) with the 

accession code P08183 and P21447, respectively. A Basic Local Alignment Search Tool (BLAST) was 

performed for the human P-gp sequence against PDB structures to identify suitable templates. Mouse 

P-gp structures were the topmost templates with a sequence identity of 87% and query coverage of 

99%. Binding site residues are mostly conserved among both the human and mouse. Thus, we 

decided to directly use the mouse P-gp structure in this study. We used a mouse X-ray crystal 

structure (PDB codes 4XWK) to further model and guide a docking study. Chemical structures of 

colchicine and KIST-G1 were sketched using ChemDraw Professional 15.0 program and saved as SDF 

format. Ligand structures were imported to the maestro and converted into 3D-format using default 

LigPrep setting at 7.4 pH value. OPLS2005 force fields were utilized for the preparation and 

minimization of the ligand conformations. 4XWK was prepared using protein preparation wizard 

with the default setting. Authors will release the atomic coordinates and experimental data upon 

article publication. 

Note S6. Docking study 

All the docking calculations were performed using Schrodinger’s GLIDE (Schrodinger 2015-1 

LLC, New York, NY) module. Information available in the literature about mutagenesis [5,6] and 

modeling [7,8] combined with the co-crystal ligands information and a binding site for docking study 

was defined. Glide standard precision (SP) docking algorithm was used and fifty poses were 

generated for each ligand and ranked according to a more negative Gscore value. The Gscore function 

is comprised of terms for H-bond, hydrophobic, van-der-Waals interaction energy, and ligand strain 

energy. All the figures were rendered using Discovery Studio Client 2017 R2 package. 

Note S7. Immunoblot analysis 

For immunoblot analysis of apoptosis-associated proteins, U87MG cells grown in a 6-well plate 

were treated with KIST-G-1 (3 nM), or TMZ (300 µM) for 24 h. Ten micrograms of cell lysates were 

analyzed with anti-PARP (Cell Signaling), and anti-cytochrome C (Cell Signaling) antibodies. Anti-

β-actin antibody was used for loading control. Band intensity was quantified using Image J software 

(NIH). 

Note S8. Creatinine assay  

For renal function monitoring, C57BL/6 normal mice were injected intraperitoneally with PBS, 

TMZ (5 mg/kg), or KIST-G1 (5 mg/kg) every other day for a period of 25 days. On the day of the 

sacrifice, blood was collected immediately, and serum levels of creatinine were measured with a 

creatinine colorimetric assay kit (Sigma-Aldrich, St. Louis, MO). 
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