
1 
 

MDM2-BCL-XL PROTACs enable degradation of BCL-XL and stabilization 

of p53 

Authors: Mengyang Chang, Feng Gao, Jing Chen, Giri Gnawali, and Wei Wang 

Graphical abstract 

 

Highlights 

1. The first MDM2-Bcl-XL PROTACs were developed. 

2. Compound BMM4 was identified showing potent degradation activity toward Bcl-XL and 

stabilization of p53. 

3. The combination of BMM4 with ABT-199 exhibited a synergic anticancer activity. 

In brief 

BMM4 is the first MDM2-Bcl-XL PROTAC, which showed unique antiproliferative activity and 

could serve as a potential anti-cancer agent for the further development. 
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Abstract 

Inhibition or degradation of anti-apoptotic protein BCL-XL is a viable strategy for cancer treatment. 

Despite the recent development of PROTACs for degradation of BCL-XL, the E3 ligases are 

confined to the commonly used VHL and CRBN. Herein we report the development of MDM2-

BCL-XL PROTACs using MDM2 as E3 ligase for degradation of BCL-XL. Three MDM2-BCL-

XL PROTACs derived from MDM2 inhibitor Nutlin-3, which can also upregulate p53, and BCL-

2/BCL-XL inhibitor ABT-263 with different linker length were designed, synthesized, and 

evaluated in vitro. We found BMM4 exhibited potent, selective degradation activity against BCL-

XL and stabilized tumor suppressor p53 in U87, A549 and MV-4-11 cancer cell lines. Moreover, 

combination of BMM4 and BCL-2 inhibitor ABT-199 showed synergistic antiproliferative activity. 

The unique dual-functional PROTACs offers an alternative strategy for targeted protein 

degradation. 
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1. Introduction 

A hallmark of cancer is the evasion of cellular apoptosis, largely mediated by pro- and 

antiapoptotic proteins.1 BCL-XL and BCL-2 are main participants of the anti-apoptotic BCL-2 

protein family.2-5 The upregulation of the antiapoptotic BCL-2 family proteins induces apoptosis 

evasion leading to tumor initiation, progression, and resistance to chemo- and targeted therapies. 
2-5 BCL-XL and BCL-2 are well validated cancer targets.6-7 Small-molecule inhibitors of these 

proteins promote Bax/Bak oligomerization, which leads to permeabilization of the mitochondrial 

outer membrane, cytochrome c release, and caspase activation, and ultimately leading to 

apoptosis.2  

Navitoclax (ABT-263) is an orally bioavailable small molecule drug that inhibits BCL-2/BCL-XL 

selectively and potently, resulting in single-agent efficacy in a preclinical small cell lung cancers 

(SCLC) model (Figure 1).8 ABT-263 inhibition of BCL- XL causing on-target and dose-limiting 

thrombocytopenia prevents it from its clinical usage.9-10 To address this issue, ABT-263 derived 

PROTACs using CRBN and VHL ligands as E3 recruitment components have been developed by 

Zhou and Zheng and showed reduced platelet toxic effects, and potent BCL-XL selective anti-

cancer activity.11-12 The studies imply that the E3 ligands play key roles in degradation activity 

and selectivity.13-15 Different E3 ligases may define a different band region of surface lysine to 

regulate PROTAC-induced target ubiquitination and degradation.16 Some E3 ligases have a 

narrower range of activity and a narrower lysine and substrate selectivity, while others have a 

broader range of activity and a less defined lysine and substrate selectivity.15, 17 Therefore, the 

development of new BCL-2/ XL degraders using different E3 ligases may have unique degradation 

capacity.18 
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Figure 1. Structures of Bcl-XL/Bcl-2 inhibitor ABT-263, MDM2 inhibitor Nutlin-3, and new 

MDM2-recrutiting, Bcl-xl-degrading PROTACs BMM. 

 

Mouse double minute 2 homolog (MDM2) is an E3 ubiquitin ligase that binds to tumor suppressor 

p53, causing the subsequent degradation by ubiquitin.19-20 Compared to the other E3 ligases (von 

Hippel–Lindau (VHL), or cereblon (CRBN)) used in PROTACs, MDM2 is unique in that its 

endogenous substrate, the tumor suppressor p53, plays a major role in tumor suppression.21 In 

response to the cellular stress, DNA damage, and hypoxia, p53 is upregulated and induces 

pathways that cause cell cycle arrest, DNA repair, cellular senescence, differentiation, and 

apoptosis.22-23 Overexpression of MDM2 can reduce the expression of p53 through the negative 

feedback pathway.24-26 Inhibition of MDM2 protein blocks MDM2-p53 interaction, up-regulates 

the expression of p53 and thus exerts antitumor activity.27-29 Several small-molecule MDM2-p53 

inhibitors have entered clinical trials.30-31  

Considering the important roles of BCL-2 and BCL-XL and MDM2 played in cancer, we design 

PROTACs by incorporation of MDM2 inhibitor into a BCL-2/XL inhibitor (e.g., ABT-263) via a 

linker. Such unique PROTACs may be capable of degrading BCL-XL and/or BCL-2 and 

meanwhile inhibiting MDM2 and stabilizing the p53 expression. Herein we wish to report the 
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studies that lead to discover dual functional PROTACs, which can selectively degrade BCL-XL 

and stabilize p53. 

Results 

Chemistry 

Nutlin-3 (Fig 1b) is a potent MDM2 inhibitor.32 We have developed a homo-PROTAC by 

connecting two Nutlin-3 ligands through appropriate linkers for the degradation of MDM2.33 ABT-

263 as a ligand was used in the design of CRBN/VHL-based BCL-XL specific degraders.11-12 

Based on the structure information, we designed Nutlin-3 and ABT-263 derived PROTACs BMMs 

via a linear linker connecting two solvent exposure sites in the two structures (Figure 1). The 

degradation activity is affected by the structure particularly length of the linker. Therefore, 

different sized linkers will be synthesized and examined for bioactivity studies. 

The route for the synthesis of designed PROTACs is illustrated in Scheme 1. ABT-263 derivative 

12 was prepared by following literature procedures.34 Briefly, commercially available aspartic acid 

derivative 1 was reduced by NaBH4 to give alcohol 2, which was then converted to a thioether 3. 

The reduction of ester 3 to aldehyde 4 by DIBAL-H at –78 °C was followed by reductive amination 

with Troc-protected piperazine (5) to afford compound 6. Deprotection of Boc compound 6 led to 

compound 7, which underwent aromatic nucleophilic substitution with 4-fluoro-3-

((trifluoromethyl)sulfonyl)benzene sulfonamide 8 to give aniline 9. The key intermediate 12 was 

achieved via amide condensation with compound 10 followed by deprotection. Coupling of 

piperazine 12 with various length linkers ranging from 6 to 10 carbons and deprotection of Boc 

yielded amide 15. Finally, the amidation of the amine 15 with MDM2 inhibitor 16 delivered the 

target structures BMM-2-4. 
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Scheme 1. Synthesis of BMM-2-4. Reagents and conditions: (a) (1) N-methylmorpholine, isobutyl 

chloroformate, THF, –25 °C then −15 °C; (2) NaBH4, H2O, –15 °C; (b) Bu3P, diphenyl disulfide, toluene, 

80 °C; (c) DIBAL-H, toluene, –78 °C; (d) NaBH(OAc)3, TEA, DCM; (e) TFA, DCM; (f) TEA, acetonitrile, 

reflux; (g) EDCI, DMAP, DCM; (h) Zn, HOAc, THF; (i) HATU, TEA, DCM; (j) TFA, DCM; (k) HATU, 

TEA, DMF. 

 

Biological evaluation 

BMM-2-4 PROTACs degradation activity in U87 glioblastoma cell lines 

The BMM PROTACs are designed for the degradation of Bcl-XL/Bcl-2. Their degradation ability 

in cancer cells was evaluated by immunoblotting. The glioblastoma cell line, U87, was selected 

for initial evaluation of BMM PROTACs given the roles of Bcl-XL/Bcl-2 in brain cancer.35 U87-

MG cells were treated with 1.0 and 10.0 μM of BMM for 24 h. Very limited degradation activity 

was observed at 1.0 μM for all three PROTACs (Figure 2). However, at 10.0 μM, BMM-3 and 

BMM-4 induced the significant degradation of Bcl-XL and BMM4 showed slightly higher activity. 

The results suggested that the linker is critical for degradation activity. Furthermore, BMM-3 and 
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BMM-4 displayed degradation selectivity toward Bcl-XL over BCL-2, but noticeable degradation 

for BCL-2 was also observed with BMM-4. The observations are consistent with VHL-based 

BCL-XL PROTACs.12, 36  

 

Figure 2. Degradation of Bcl-XL by BMM PROTACs in U87 cells. Representative western blot 

analysis of Bcl-XL, Bcl-2, and p53 protein levels in U87 after treatment with indicated 

concentrations of BMM-2-4 PROTACs for 24 h. 

 

The BMM PROTACs used Nutlin-3 as a ligand to recruit E3 ligase. Nutlin-3 is also a MDM2 

inhibitor.37 Inhibition of MDM2 protein blocks MDM2-p53 interaction, up-regulates the 

expression of p53 and thus exerts antitumor activity.27-29 Therefore we probed the p53 expression 

level. After 24 h, immunoblotting for p53 level in the U87 cells treated with BMM-2, BMM-3 or 

BMM-4 revealed a significant increase at 10.0 μM (Figure 2). These results suggest that our 

designed compounds are also inhibitors of MDM2 because the Nutlin-3 is not touched and the 

solvent exposed site for linker connection has limited impact on its activity. 
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Further optimization of protocols revealed the degradation activity of the PROTACs was 

concentration and time dependent. BMM-4 at 10.0 μM showed the best degraded ability and the 

stabilization of p53 (Figure 3a). We then studied the relationship of the degradation and the 

incubation time at 10 μM BMM-4. When the incubation time is more than 16 h gives more 

significant degradation (Figure 3c). Interestingly, the degradation activity did not lead to 

significant cell apoptosis (Figure 3d). 

 

Figure 3. U87 cells were treated with different concentration or incubation time of BMM-4. a) 

Representative immunoblots from U87 cells treated with BMM-4 at various concentrations. b) 

The structure of BMM-4. c) Representative immunoblots from U87 cells treated with 10.0 μM 

BMM-4 for increasing incubation time. d) The cell viability of U87 cells treated with BMM-3 and 

BMM-4. 

 

Degradation activity in A549 cells 

To demonstrate the sensitivity and generality of the BMM PROTACs, we explored the Bcl-XL 

degradation activity in A549 non-small cell lung cancer cell lines. The overexpression of Bcl-XL 

protein in A549 is the critical inhibitor of apoptosis, resulting in the poor prognosis.38-39 We also 
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found that BMM4 effectively degraded Bcl-XL in A549 cells with 10.0 μM (Figure 4a). 

Furthermore, increase of p53 level was observed. However, different with the results obtained 

from U87, deletion of Bcl-XL decreased the cell viability dramatically in the A549 cells (IC50 = 

4.99 μM, Figure 4b,). Taken together, these results indicated that BMM-4 degraded Bcl-XL largely 

in different cancer cell lines. 

 

Figure 4. a) Degradation of Bcl-XL by BMM-4 in A549 cells. b) The cell viability of A549 cells 

treated with BMM-4. 

Synergic anticancer activity of BMM-4 in combination with Bcl-2 inhibitor ABT-199 

Previous studies have shown that most acute leukemias express wild-type p53, with defects in the 

p53 pathway preventing p53 from performing its tumor-suppressing tasks.40 Meanwhile, MV-4-

11, one of the commonly used acute myeloid leukemia cell lines, was sensitive to Bcl-2 inhibitor 

ABT-199.41 We questioned whether combining BMM-4 with ABT-199 could have more effective 

cytotoxic activity than BMM-4 alone in MV-4-11 cells. The western blot assay suggested BMM-

4 effectively degraded BCL-XL and increased the p53 level at 10.0 μM (Figure 5a). The cell 

viability assay revealed that significant synergistic effect was observed when co-administration of 

ABT-199 with BMM-4, resulting in significant cell apoptosis (Figure 5b). Given the Bcl-2 family 

proteins play an important role in inhibiting the tumor apoptosis, we performed flow cytometric 

analysis to evaluate the antitumor ability of BMM-4 (Figure 5c and 5d). It was found that 

compound BMM-4 induced 21.9% early apoptosis (Q3) in MV-4-11 cells at 10.0 μM after 48 h 

treatment. The early apoptosis (Q3) of control group is just 6.25%. In addition, ABT-199 and 
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BMM-4 in combination increased the early apoptosis (Q3) to 34.5% under the same conditions. 

These results suggested that BMM-4 induced MV-4-11 cells apoptosis and combining BMM-4 

with ABT-199 showed a more potent cytotoxic activity. 
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Figure 5. a) Degradation of Bcl-XL by BMM-4 in MV-4-11 cells. b) The cell viability of MV-4-

11 treated with BMM-4 or combined with 1.0 µM ABT-199. c, d) The characterization of 

apoptosis induced by compound BMM-4 or BMM-4 with ABT-199 in the MV-4-11 cell line. 

 

Discussion and Conclusion 

In consideration of the critical roles of Bcl family proteins and MDM2 in cancers, we developed a 

new class of PROTACs for targeting Bcl-XL. MDM2 was explored as E3 ligase for degradation 

of Bcl-XL for the first time. Three Nutlin-ABT-263 derived PROTACs were designed, synthesized 

and evaluated. Compound BMM-4 was identified as the most promising degrader. Furthermore, 

different from the reported Bcl-targeting PROTACs, MDM2 PROTACs BMM-4 exhibited unique 

dual activity. It selectively degraded Bcl-XL and stabilized and enhanced p53 activity despite the 

fact that ABT-263 is a potent inhibitor for both Bcl-2 and Bcl-XL. This suggests that BMM-4 not 

only functionalized as an E3 ligase recruiter but also a MDM2 inhibitor. In addition, BMM-4 

showed high and broad sensitivity toward cancer cells, as shown in U87, A549 and MV-4-11 

cancer cell lines. Furthermore, when compared to treatment with BMM-4 alone, combination of 

BMM-4 and BCL-2 inhibitor ABT-199 showed more potent antiproliferative activity. This may 

attribute to Bcl-2 and Bcl-XL proteins, which are both regularly involved in the survival of tumors. 

It was also found that the linker plays important roles in degradation activity. A recent study from 

Zhou et al.16 by changing the linker position generated the dual degradation of Bcl-2 and Bcl-XL 

instead of the single degradation of Bcl-XL. Further studies need to be conducted to find dual 

degradation PROTACs for both Bcl-2 and Bcl-XL via modification of the linker structures, which 

could influence the selectivity and activity toward Bcl-2 and Bcl-XL. This represents the our future 

direction in this research. 
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Experimental Methods 

General information 

Commercially available reagents were purchased from Sigma Aldrich, Matrix Chemical, AKSci, 

Alfa Aesar, TCI, and Chem Cruz, and used as received unless otherwise noted. Merck 60 silica 

gel was used for chromatography, and Whatman silica gel plates with a fluorescence F254 

indicator were used for thin-layer chromatography (TLC) analysis.1H and 13C NMR spectra were 

recorded on Bruker Advance 400. Chemical shifts in 1H NMR spectra are reported in parts per 

million (ppm) relative to residual chloroform (7.26 ppm) or dimethyl sulfoxide (2.50 ppm) as 

internal standards. 1H NMR data are reported as follows: chemical shift, multiplicity (s = singlet, 

d = doublet, m = multiplet), coupling constant in Hertz (Hz) and hydrogen numbers based on 

integration intensities. 13C NMR chemical shifts are reported in ppm relative to the central peak of 

CDCl3 (77.16 ppm) as internal standards. 

Key intermediate 12 was synthesized according to the procedures reported in literature.34 

tert-Butyl (R)-(7-(4-(3-((4-(N-(4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-

yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-((trifluoromethyl)sulfonyl)phenyl)amino)-4-

(phenylthio)butyl)piperazin-1-yl)-7-oxoheptyl)carbamate (14). To a solution of 7-((tert-

butoxycarbonyl)amino)heptanoic acid (13, 13.9 mg, 0.056 mmol) in DCM was added HATU (23.4 mg, 

0.062 mmol), TEA (15.6 mg, 0.154 mmol), and compound 12 (50 mg, 0.051 mmol). The reaction was 

stirred at room temperature for 1 h and quenched by water. The organic layer was collected, washed by 

brine, dried over Na2SO4 and concentrated under vacuum. The residue was purified by reverse phase 

chromatography to afford the title compound (44 mg, 71%). LC–MS (ESI): m/z 1200.4 [M + H]+. 

(R)-N-((4-((4-(4-(7-Aminoheptanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-

biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (15). To a solution of compound 14 (44 mg, 0.037 

mmol) in DCM was added TFA (1 mL) and the reaction was stirred at room temperature overnight. The 

resulting mixture was concentrated under vacuum and used directly for the next step without purification 

(quantitative). LC–MS (ESI): m/z 1100.4 [M + H]+. 

N-((4-(((2R)-4-(4-(7-(2-(4-(2-(4-(tert-Butyl)-2-ethoxyphenyl)-4,5-bis(4-chlorophenyl)-4,5-dihydro-

1H-imidazole-1-carbonyl)piperazin-1-yl)acetamido)heptanoyl)piperazin-1-yl)-1-(phenylthio)butan-

2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-
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tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (BMM-2). To a solution of 

compound 15 (n = 5, 10 mg, 0.016 mmol) in DMF was added HATU (7.2 mg, 0.019 mmol), TEA (4.8 mg, 

0.047 mmol) and compound 16 (19.0 mg, 0.17 mmol). The resulting mixture was stirred at room 

temperature for 4 h and then quenched by water. The aqueous layer was extracted by ethyl acetate and the 

combined organic layers were dried over Na2SO4 and concentrated under vacuum. The residue was purified 

by reverse phase chromatography to afford the title compound (14 mg, 52%). 1H NMR (500 MHz, 

Methanol-d4) δ 8.29 (d, J = 2.3 Hz, 1H), 8.05 (dd, J = 9.3, 2.3 Hz, 1H), 7.79 – 7.74 (m, 2H), 7.72 – 7.68 

(m, 1H), 7.41 – 7.36 (m, 2H), 7.36 – 7.30 (m, 4H), 7.28 – 7.23  (m, 2H), 7.22 – 7.17 (m, 4H), 7.17 – 7.11 

(m, 5H), 7.05 (d, J = 8.2 Hz, 2H), 6.98 (d, J = 9.1 Hz, 2H), 6.93 (d, J = 9.5 Hz, 1H), 6.27 (d, J = 11.2 Hz, 

1H), 6.04 (d, J = 11.2 Hz, 1H), 4.38 – 4.27  (m, 2H), 4.14 – 4.07 (m, 3H), 3.69 (s, 2H), 3.57 – 3.45 (m, 6H), 

3.37 – 3.32 (m, 3H), 3.25 – 3.10 (m, 7H), 3.06 – 2.76 (m, 9H), 2.74 – 2.68 (m, 1H), 2.43 – 2.37 (m, 2H), 

2.33 – 2.27  (m, 2H), 2.22 – 2.09 (m, 1H), 2.06 (s, 2H), 1.97 – 1.87 (m, 1H), 1.82 – 1.74 (m, 2H), 1.73 – 

1.66 (m, 2H), 1.62 – 1.53 (m, 4H), 1.52 – 1.45 (m, 4H), 1.41 (s, 9H), 1.35 – 1.27 (m, 4H), 1.06 (s, 6H). 

LC–MS (ESI): m/z 1718.5 [M + H]+. 

N-((4-(((2R)-4-(4-(9-(2-(4-(2-(4-(tert-Butyl)-2-ethoxyphenyl)-4,5-bis(4-chlorophenyl)-4,5-dihydro-

1H-imidazole-1-carbonyl)piperazin-1-yl)acetamido)nonanoyl)piperazin-1-yl)-1-(phenylthio)butan-

2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-

tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (BMM-3). The preparation of 

BMM-2 was similar to compound BMM-3. 1H NMR (500 MHz, Methanol-d4) δ 8.29 (d, J = 2.2 Hz, 1H), 

8.06 (dd, J = 9.3, 2.3 Hz, 1H), 7.77 (d, J = 8.7 Hz, 2H), 7.68 (d, J = 8.1 Hz, 1H), 7.42 – 7.37 (m, 2H), 7.36 

– 7.30 (m, 4H), 7.25 (d, J = 8.3 Hz, 2H), 7.23 – 7.17 (m, 4H), 7.17 – 7.11 (m, 5H), 7.04 (d, J = 8.2 Hz, 2H), 

6.98 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 9.5 Hz, 1H), 6.26 (d, J = 11.2 Hz, 1H), 6.00 (d, J = 11.2 Hz, 1H), 4.36 

– 4.29 (m, 2H), 4.14 – 4.07 (m, 3H), 3.69 (s, 2H), 3.51 – 3.37 (m, 6H), 3.29 – 3.13 (m, 8H), 3.12 – 3.06 (m, 

2H), 2.88 – 2.50 (m, 10H), 2.43 – 2.37 (m, 2H), 2.30 (t, J = 7.4 Hz, 2H), 2.16 – 2.04 (m, 3H), 1.91 – 1.81 

(m, 1H), 1.80 – 1.73 (m, 2H), 1.72 – 1.66 (m, 2H), 1.62 – 1.53 (m, 4H), 1.50 (t, J = 7.0 Hz, 4H), 1.47 – 1.44 

(m, 1H), 1.41 (s, 9H), 1.34 – 1.25 (m, 8H), 1.06 (s, 6H). LC–MS (ESI): m/z 1746.6 [M + H]+. 

N-((4-(((2R)-4-(4-(11-(2-(4-(2-(4-(tert-Butyl)-2-ethoxyphenyl)-4,5-bis(4-chlorophenyl)-4,5-dihydro-

1H-imidazole-1-carbonyl)piperazin-1-yl)acetamido)undecanoyl)piperazin-1-yl)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-((4'-chloro-4,4-

dimethyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (BMM-4). The 

preparation of BMM-4 was similar to compound BMM-2. 1H NMR (500 MHz, Methanol-d4) δ 8.28 (d, J 

= 2.2 Hz, 1H), 8.06 (dd, J = 9.3, 2.3 Hz, 1H), 7.77 (d, J = 8.6 Hz, 2H), 7.67 (d, J = 8.1 Hz, 1H), 7.42 – 7.37 

(m, 2H), 7.35 – 7.29 (m, 4H), 7.28 – 7.23 (m, 2H), 7.23 – 7.17 (m, 4H), 7.17 – 7.11 (m, 5H), 7.03 (d, J = 
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8.1 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 9.5 Hz, 1H), 6.25 (d, J = 11.3 Hz, 1H), 5.99 (d, J = 11.2 

Hz, 1H), 4.35 – 4.28 (m, 2H), 4.14 – 4.07 (m, 3H), 3.69 (s, 2H), 3.49 – 3.36 (m, 6H), 3.25 – 3.14 (m, 8H), 

3.11 – 3.07 (m, 2H), 2.80 – 2.43 (m, 10H), 2.42 – 2.38 (m, 2H), 2.30 (t, J = 7.5 Hz, 2H), 2.14 – 2.04 (m, 

3H), 1.90 – 1.82 (m, 1H), 1.80 – 1.74 (m, 2H), 1.73 – 1.67 (m, 2H), 1.62 – 1.55 (m, 4H), 1.50 (t, J = 7.0 

Hz, 3H), 1.47 – 1.44 (m, 1H), 1.41 (s, 9H), 1.31 – 1.24 (m, 12H), 1.06 (s, 6H). LC–MS (ESI): m/z 1774.5 

[M + H]+. 

Cell Culture 

U87-MG cells and A549 were maintained in Dulbecco’s modified Eagle’s medium (DMEM, Cat. 

No. 10-013-cv) containing 10% FBS, 100 units/mL of penicillin, and 100 μg/mL streptomycin 

(Cat. No. 30-002-CI). The cells were grown at 37 °C with 5% CO2. MV-4-11 was maintained in 

RPMI 1640 containing 10% FBS. 

Cell Viability Assay 

Tumor cells were plated in 96-well plates with 6.0 × 103 cells in each well and subsequently 

incubated for 24 h in a moist atmosphere of 5% CO2 and 37 ℃. Then, different concentrations of 

test compounds or vehicles were added to triplicate wells. After incubation for an additional 72 h, 

10 µL CCK-8 solution (Dojindo Molecular Technologies, Cat. No. CK04-11) was added to each 

well, then the plates were incubated for 4 h at 37 ℃. The absorbance was read at 450 nm on a 

Microplate Reader (Molecular Devices). The values of IC50 were calculated by the Logit method 

with the GraphPad software. 

Antibodies 

Anti-Bcl-xl antibody was purchased from Thermo Fisher Scientific (Cat. No. 66020-1-IG). Anti-

Bcl-2 antibody was purchased from Thermo Fisher Scientific (Cat. No. MA5-11757). Anti-

GAPDH antibody was purchased from Sigma-Aldrich (Cat. No. G8795). Anti-p53 antibody was 

purchased from Sigma-Aldrich (Cat. No. P6874). All primary antibodies were used at a suggested 

dilution in 5% non-fat milk in Phosphate-buffered saline with 0.1% Tween-20 (PBST) buffer for 

western blot assay. All secondary antibodies were used at a 1:4000 dilution in 5% non-fat milk in 

Phosphate-buffered saline with 0.1% Tween-20 (PBST) buffer for western blot assay. 

Immunoblot Assay 
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Cells were lysed in RIPA buffer supplemented with protease inhibitors. The lysates (40-60 μg 

protein) were then resolved by 4%-12% Mini Protein Gel (Thermo Fisher, Cat. No. NP0322BOX) 

at 70 V for 10 mins and 150 V for 40 mins. Then the proteins were transferred from the gel to 

PVDF membrane (Bio-Rad, Cat. No. 1620177) at 20 V for 120 mins. The membrane was 

incubated with primary antibody at 4 °C overnight, washed 3 times with PBST, incubated 

secondary antibody in 5% nonfat milk for 60 mins at room temperature and then washed 3 times 

with PBST.  

Apoptosis Assay  

MV-4-11 cells (5 × 104 cells/well) were placed in 6-well transparent plates and then treated with 

test compounds and vehicle in a moist atmosphere of 5% CO2 at 37 C for 48 h. After that, Annexin 

V-fluorescein isothiocyanate (FITC, 5 μL, BioLegend) was added to the resuspended cell solution, 

which was then incubated for 15 min at room temperature. After adding 10 μL PI (BioLegend), 

the treated cells were incubated for another 15 min in the dark at room temperature. The analysis 

of stained cells was performed by a flow cytometer. 
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