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The inhibitory effect and mechanism of MDM2-p53 inhibitor
nutlin-3 on wild-type p53 tumor cell lines
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Abstract: Nutlin-3 is a representative small molecule MDM2-p53 antagonist, which can stabilize the p53
state by disrupting the interaction between p53 and MDM?2, thereby inducing the p53 signaling pathway to exert
antitumor effects. In this study, six wild-type p53 tumor cell lines, HCT-116, H460, HepG2, MCF-7, A549 and
SJISA-1, were used as research objects, and the effects of nutlin-3 on the proliferation of six wild-type p53 cancer
cells were detected by methyl thiazolyl tetrazolium (MTT) method and plate cloning assay. The effects of nutlin-3
on H460 cell cycle and apoptosis were detected by flow cytometry. Western blot assay was used to detect ubiquitin-
specific protease 7 (USP7), death domain-associated protein (DAXX), murine double minute 2 (MDM2), murine

double minute 4 (MDMX/ MDM4), p53, to explore the anti-tumor mechanism of nutlin-3; co-immunoprecipitation

WcAe L H: 2024-10-11; 1181 F ¥ 2025-01-26.
FETH : LVEAHE TR EORTT LI E (G1J2400827, GJJ2400835).
#JEIAEH Tel: 18079426518, E-mail: 1145391702@qq.com;
Tel: 18279180552, E-mail: zhousiyu@jxutcm.edu.cn
DOI: 10.16438/7.0513-4870.2024-0988



- 1408 - 242224 Acta Pharmaceutica Sinica 2025, 60(5): 1407-1413

(Co-IP) assay was used to detect the effect of nutlin-3 on the interaction between MDM2, MDMX and p53. The
results showed that nutlin-3 inhibited the proliferation of H460 in a time- and concentration-dependent manner. The

results of cell cycle and apoptosis showed that nutlin-3 could block the H460 cell cycle in the GO/G1 phase, and

induce apoptosis by activating cleaved-PARP. Western blot results showed that nutlin-3 could up-regulate the
expression of USP7, DAXX, MDM?2, MDMX and p53 in H460 cells. Co-IP results showed that nutlin-3 inhibited
the protein interactions between MDM2 and p53 and MDM2 and MDMX. In conclusion, nutlin-3 can significantly

inhibit the proliferation of wild-type p53 cancer cells and induce cell cycle arrest and apoptosis, which may be
related to the disruption of MDM2/MDMX''s interaction with p53 to activate the MDM2-p53 signaling pathway.
Key words: nutlin-3; MDM2-p53 inhibitor; MDM?2; wild-type p53; anti-tumor
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Nutlin-3 inhibits cell proliferation in wild-type p53 cell lines. A: MTT was used to detect the effect of nutlin-3 on the

proliferation of MCF-7, HCT-116, H460, A549, HepG2 and SISA-1 cells; B: The clone formation rate assay was used to detect the effect of

nutlin-3 on the proliferation of H460 cells; C: Statistical analysis was performed on the results in B. n =3, X+ s. "P<0.05, "P < 0.01 vs control
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Figure 2 Nutlin-3 is able to arrest the cell cycle and induce apoptosis. A: Cell cycle analysis by flow cytometry. Cells were treated with

indicated concentrations of nutlin-3 for 12 h, followed by flow cytometry examination; B: Cell apoptosis analysis by flow cytometry. Cells

were treated with indicated concentrations of nutlin-3 for 24 h, followed by flow cytometry examination; C: The percent cells in each phase

presented graphically; D: The percentages of apoptotic cells were determined by expressing the numbers of Annexin V' cells as percentages

of all cells; E: Protein expression of cleaved-PARP and GAPDH in H460 cell after 24 h of DMSO or nutlin-3 treatment; F: Quantitative

analysis of the cleaved-PARP protein in H460 cells. The Western blot bands of cleaved-PARP in E were quantified by grayscale analysis. n =

3,x+s5. P<0.05""P<0.01, "P<0.001, P <0.000 1 vs control
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Figure 3 Western blot was used to detect the levels of related proteins of MDM2-p53 pathway in different cells. A: Protein expression of
USP7, DAXX, MDM2, MDMX, p53 and GAPDH in each cell after 24 h of DMSO or nutlin-3 (5 umol-L") treatment; B, C: Quantitative
analysis of the USP7, DAXX, MDM2, MDMX and p53 protein in cells. The Western blot bands of USP7, DAXX, MDM2, MDMX, p53 in

A were quantified by grayscale analysis. n = 3, x 5. P < 0.05, "P < 0.01, ""P < 0.001,

HhEk

P <0.000 1 vs control. MDM2: Murine double

minute 2; MDMX: Murine double minute 4; USP7: Ubiquitin-specific protease 7; DAXX: Death domain-associated protein
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Figure 4 Western blot was used to detect the levels of related proteins of MDM2-p53 pathway in different cells. A: Protein expression of
USP7, DAXX, MDM2, MDMX, p53 and GAPDH in H460 cell after 24 h of DMSO or nutlin-3 treatment; B, C: Quantitative analysis of the

USP7, DAXX, MDM2, MDMX, p53 protein in H460 cells. n =3, x £ s. "P<0.05,
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Figure 5 Nutlin-3 can disrupt the interaction between MDM2-MDMX and MDM2-p53. A: H460 cells were treated with DMSO or

compound nutlin-3 for 8 h, and analyzed by co-immunoprecipitation assays using anti-MDM2 antibody; B: Quantitative analysis of p53 and

MDMX protein in different IP groups. The Western blot data of A were quantified by grayscale analysis. n =3, x £ s.
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P <0.000 1 vs control

%A 80K pS3 12 F AL AR B ARG AAR A 50 pS3 1 B AR
KARAEVERH . B MDM2 76845 pS3 BIFe i 1 A 1t
3 TH ) S B A FH R O IE 5, H pS3 PRI 15 = A&
% 5% 2 MDMX, ‘B 5 MDM2 B A & (1 A V5 %,
R B R R 2 HA 4+ . MDMX — J7 i 5 MDM?2
FRAL, A B0 5L s v, L Rk 2 5 B0 e A
P53 JRIE 5 K IR, 53 41— 77 TH MDMX A] BL S [
T pS3, e iy A0 A T2

LAk, BRI 72 3R B pS3 AN 52 MDM2,
MDMX i) 4%, H Al & A Bt 2 5 H o, W1 USP7.
DAXX%H&EIE%EEIE%%”H p53 1 Dy e
USP7 0] DL 3 1 44 5C 8 JiS ) MDM2, {i2 1 Jif 98 41 i



l

L

!

LA 6 4%: MDM2-p53 $01H11 57 Nutlin-3 X5 857 A= % p53 fil I8 240 A 28 16 30 76 FH B LA (R wF 7

1413

Rl T pS3 (M BEME . DAXX 2 —FE T2 T & A, #A
N pS3 1T B 1 DR, T DA ) pS3 a2k AN
P53 K 14 I8 I R N 5 ) 4 B AE T2, 5 MDM2
p53 % VIM K . AW 7R Y], MDM2.DAXX Hl USP7
MEAERE R =LA XM E AR T
MDM2 (1] H &7z Rk, TEAE MBI T 48R T MDM2
PR XS pS3 TG M . 7E 41 B IO DNA 35475 i 72
ol AR 29403A 77 IS, DAXX-MDM2-USP7 £ &
YIBEREIR, (23 T MDM2 [ H iz R AR fF, M 3 5
T p53 B RR e MR, 7E B AR B pS3 iR Al i &R
MDM2 5 pS3 1156 & Je 3= T PR X} g 1 R R AR T A
FE B, K, BLMDM2 5% p53 A #E S 254
W 5E 0T e R0 7 A 6 B R S

AR 1t H AT i WL i LR S5 B
ot S5 B A2 T pS3 A MR EAT BIE AT, UESE T nutlin-3 & —
1R 1% B 1) MDM2-p53 A EBLAE B 35 B3, 6 % 2 2 41
i1l 6 Foh AN [F] B A5 B pS 3 e 240 A Ft 149 7, G o %o it g 4
Ffl H460 FIHTIE G 5P B 5k (IC,, = 1.23 +0.05 pmol-L™).
Ak, nutlin-3 i B8 38 i BH Vi 20 i R 1, S0 4 i R T
5 & H cleaved-PRAP MM 75 40 8 -« Nutlin-3
i i B 2R MDM2-p53. MDM2-MDMX 41 B AE H I
W B AE Y psS3 4l ig HF DAXX.MDM2.MDMX. p53 ]
AR, B4R W, SR E T . AT BN
7 nutlin-3 i# & B K MDM2-p53 . MDM2-MDMX ] #
A FH 520 USP7-MDM2-p53 15 5 38 % AL, 9 3=
B U 25 A B DL A RR S P MDM2-p53 4
B FH A1) 70 1) I R 32 3 S50 S RF 5 38 A, ik —
A HES) nutlin-3 Bt R 1E FH BT 5 .

PEE TUAK: 250 2R VBT 0 LA R AR S SR IR BT LB
B PRI FE 28 B, R0 T 5 AR SO AR B ST 58
JRCSCHR BT 55 20 M SR B0 B 5 05 25 5 R SR B0 Mot R AR S
MR SCEE 5B

FF A oA s R .

References

[1] Han B, Zheng R, Zeng H, et al. Cancer incidence and mortality
in China, 2022 [J]. J Natl Cancer Cent, 2024, 4: 47-53.

[2] LiuY, Gu W. p53 in ferroptosis regulation: the new weapon for
the old guardian [J]. Cell Death Differ, 2022, 29: 895-910.

[3] Allende-Vega N, Saville MK. Targeting the ubiquitin-proteasome
system to activate wild-type p53 for cancer therapy [J]. Semin
Cancer Biol, 2010, 20: 29-39.

[4] Crunkhorn S. Anticancer drugs stapled peptide rescues p53 [J].
Nat Rev Drug Discov, 2011, 10: 21.

[5] Shadfan M, Lopez-pajares V, Yuan Z. MDM2 and MDMX:

alone and together in regulation of p53 [J]. Transl Cancer Res,

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

2012, 1: 88-99.

Fan C, Wang X. MDM2 splice isoforms regulate the p53/MDM2/
MDM4 regulatory circuit via RING domain-mediated ubiquitina-
tion of p53 and MDM4 [J]. Cell Cycle, 2017, 16: 660-664.

Wang W, Albadari N, Du Y, et al. MDM2 inhibitors for cancer
therapy: the past, present, and future [J]. Pharmacol Rev, 2024,
76: 414-453.

Zhao Y, Yu H, Hu W. The regulation of MDM2 oncogene and its
impact on human cancers [J]. Acta Biochim Biophys Sin, 2014,
46: 180-189.

Gansmo LB, Romundstad P, Birkeland E, et al. MDM4 SNP34091
(rs4245739) and its effect on breast-, colon-, lung-, and prostate
cancer risk [J]. Cancer Med, 2015, 4: 1901-1907.
Buyukpinarbasili N, Gucin Z, Ersoy YE, et al. p53 expression
and relationship with MDM2 amplification in breast carcinomas
[J]. Ann Diagn Pathol, 2016, 21: 29-34.

Gilinther T, Schneider-Stock R, Hickel C, et al. MDM2 gene
amplification in gastric cancer correlation with expression of
MDM2 protein and p53 alterations [J]. Mod Pathol, 2000, 13:
621-626.

Bill K, Garnett J, Meaux I, et al. SAR405838: a novel and potent
inhibitor of the MDM2:p53 axis for the treatment of dedifferentiated
liposarcoma [J]. Clin Cancer Res, 2022, 28: 431.

Ladds MJGW, Lain S. Small molecule activators of the p53
response [J]. J Mol Cell Biol, 2019, 11: 245-254.

Yee-lin V, Pooi-fong W, Soo-beng A. Nutlin-3, a p53-MDM2
antagonist for nasopharyngeal carcinoma treatment [J]. Mini Rev
Med Chem, 2018, 18: 173-183.

Wu Q, Wang X, Liu J, et al. Nutlin-3 reverses the epithelial-
mesenchymal transition in gemcitabine-resistant hepatocellular
carcinoma cells [J]. Oncol Rep, 2016, 36: 1325-1332.

Kim M, Lozano G. Mutant p53 partners in crime [J]. Cell Death
Differ, 2018, 25: 161-168.

Hanfner A, Bulyk M, Jambhekar A, et al. The multiple
mechanisms that regulate p53 activity and cell fate [J]. Nat Rev
Mol Cell Biol, 2019, 20: 199-210.

Manfredi J. MDM2 and MDMX: partners in p53 destruction [J].
Cancer Res, 2021, 81: 1633-1634.

Zhang X, Gu L, LiJ, et al. Degradation of MDM2 by the interac-
tion between berberine and DAXX leads to potent apoptosis in
MDM2-overexpressing cancer cells [J]. Cancer Res, 2010, 70:
9895-9904.

Tavana O, Gu W. Modulation of the p53/MDM2 interplay by
HAUSP inhibitors [J]. J Mol Cell Biol, 2017, 9: 45-52.

Tang J, Qu L, Pang M, et al. DAXX is reciprocally regulated by
MDM2 and HAUSP [J]. Biochem Biophys Res Commun, 2010,
393: 542-545.

Zhao L, Liu J, Sidhu G, et al. Negative regulation of p53 func-
tions by DAXX and the involvement of MDM2 [J]. J Biol
Chem, 2004, 279: 50566-50579.



