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Study on the apoptosis-inducing effect of esculetin on acute myeloid leukemia HL-60 cells via regulating
the AKT/SKP2/MTH1 pathway

SONG Weihua', CHU Fuying', XIE Wei', CHEN Jinliang®, ZHAO Ping', QIU Hong’, TAO Jian', CHEN Xiang'
(1. Dept. of Laboratory, Nantong First People’ s Hospital, Southeast University, Jiangsu Nantong 226001,
China; 2. Dept. of Respiratory, Nantong First People’ s Hospital, Southeast University, Jiangsu Nantong
226001, China;3. Dept. of Pharmacy, Nantong First People’s Hospital, Southeast University, Jiangsu Nantong
226001, China; 4. Dept. of Hematology, Nantong First People’ s Hospital, Southeast University, Jiangsu
Nantong 226001, China)

ABSTRACT OBJECTIVE To investigate the apoptosis-inducing effect of esculetin (Esc) on acute myeloid leukemia (AML)
HL-60 cells by regulating the protein kinase B (AKT)/S-phase kinase-associated protein 2 (SKP2)/MutT homolog 1 (MTHI1)
pathway. METHODS AML HL-60 cells were randomly divided into control group (routine culture), Esc low-concentration group
(L-Esc group, 25 pmol/L Esc), Esc medium-concentration group (M-Esc group, 50 wmol/L Esc), Esc high-concentration group
(H-Esc group, 100 pmol/L Esc), and high-concentration of Esc+ SC79 (AKT agonist) group (100 pmol/L Esc+5 umol/L SC79).
Cell proliferation in each group was detected by MTT assay and colony formation assay. The level of reactive oxygen species
(ROS) in cells was measured by using the CM-H.DCFDA
ABLITE 7oA BRI CHARRIERE SO I EITH (No. fluorescent probe. Cell apoptosis was analyzed by flow
BK20191207) ; Bl i B0 H (No.MS22021001)
* E—EE Bl EAEB I, BEFE O m o PR e E . E-mail:
myaday@163.com
4 OEEIEE EIEEEN WL BESC 07« IR %% . E-mail: lymphoma 2 (Bcl-2) , Bcl-2-associated X protein (Bax) ,
ntchenx0520@163.com cleaved  caspase-3], = AKT/SKP2/MTH1  pathway-related

cytometry. Western blot assay was performed to detect the

expression levels of apoptosis-related proteins [B-cell
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proteins (p-AKT, AKT, SKP2, MTH1), along with the upstream and downstream proteins of AKT phosphatidylinositol 3-kinase
(PI3K) , cyclin-dependent kinase inhibitor 1 (P21) and cyclin-dependent kinase inhibitor 1B (P27). RESULTS Compared with

control group, the cell viability, colony number, and the phosphorylation levels of AKT and PI3K proteins as well as protein

expressions of SKP2, MTHI and Bcl-2 were significantly decreased (P<<0.05) , while ROS level, apoptosis rate, and the

expression levels of Bax, cleaved caspase-3, P21 and P27 proteins were significantly increased (P<<0.05). Moreover, the effects

of Esc exhibited concentration-dependence (P<<0.05). Compared with H-Esc group, above indexes of high-concentration of Esc+

SC79 group were reversed significantly (P<<0.05). CONCLUSIONS Esc may promote massive ROS production and induce
activation of apoptosis in HL-60 cells by inhibiting the AKT/SKP2/MTHI1 pathway, thus inhibiting the proliferation of HL-60 cells.
KEYWORDS esculetin; acute myeloid leukemia; HL-60 cells; protein kinase B; cell apoptosis; AKT/SKP2/MTHI pathway
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cleaved caspase-3 ---.- 17 kDa
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TR AT 3 TSR B FH AT FLT3 2878 0 AML IR Y 7K
B ARBFSE 45 B s, Ese A] 18 1 A2 7 HL-60 40 i
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Mathur Z£ RG240 — 80, AR, 4 Bttt
24878 T Esc WHTIMREVE T AR AR 272 1 iy BARAE
FHHLHI IR (R G HAR R FIESE .

5T 7R , AKT/SKP2/MTH 1 38 % Al 38 o 8 2 4 g
g T BB 422 AR S RS S MR 0 &
Az A 15 g AT 25 A A G X R A A0
PEIZE IS AT e A B T ok AMLIAY TS5 . Kuttikrishnan
FURBFICIER 75 S AKT B R AL SKP2 35 T, fE
B A 22 T e R A TR 1 B O TS S AR T A
PRIk EL A0 I R, SKP2 1 %58 5 MTHI 2L 1E A
&5 N IH SKP2 MIMTHI fy 2k , nl fE st S N 3075 T 1
DNA 505 FE T, 0 ebes 4 A K, AR 45 R

thEZ B 2026 4F45 37 4555 1 1



7, 28 Esc AL B , HL-60 ZH ] ' AKT 25 11 A BERR Tl /K-
FISKP2 MTHL K 1425k PRI, AKT 157 52
H H——p-PI3K kKPR, AKT R8N {5 5 8
FH——P21 P27 KKKV T, W] Esc i i 41

AKT/SKP2/MTH i A 11 ] AML 4 it pr) 2 =

F1oh o R AR R B Esc S&Ail_BIB AKT ¥#sh

I SCT9 HE— A58 & R, HL-60 40 P LA 2R A 223k

I R T Wi, H Esc il HL-60 40 B3 5 45 (14 A

Py T PR 32 BN [R) R B ) A TR 52 ) L 3X 5 Sanjiv 55

AIFTE B AR

25 LB id , Esc Al g 2 18 i3 410 ] AKT/SKP2/MTHI

i % , 23 HL-60 4I i 1 ROS Ay K=k R 4 g T

EI’JF‘ZﬁJ e A HL-60 20 i34 58 . SR, ARBITSE R
IS HAB 20 Mk A4 R A T 2030 , oA T R sh 4 5

BARWI AN, S Saa i it — AR AT

SE

[1] SHIMONY S, STAHL M, STONE R M. Acute myeloid
leukemia: 2025 update on diagnosis, risk-stratification,
and management[J]. Am J Hematol, 2025, 100 (5) :
860-891.

[2] SHORT N J, KONOPLEVA M, KADIA T M, et al. Ad-
vances in the treatment of acute myeloid leukemia: new
drugs and new challenges[J]. Cancer Discov, 2020, 10
(4):506-525.

[3] BROWN L K, KANAGASABAI T, LI G L, et al. Co-
targeting SKP2 and KDM5B inhibits prostate cancer pro-
gression by abrogating AKT signaling with induction of
senescence and apoptosis[J]. Prostate, 2024, 84 (9) .
877-887.

[4] SHAO Y,REN W L, DAI H, et al. SKP2 contributes to
AKT activation by ubiquitination degradation of PHLPP1,
impedes autophagy, and facilitates the survival of thyroid
carcinoma[J]. Mol Cells, 2023, 46(6) : 360-373.

[5] LICS,XUEYY,WU]JX,etal. MTHI inhibition syner-
gizes with ROS-inducing agents to trigger cervical cancer
cells undergoing parthanatos[J].
Mol Basis Dis, 2024 ,1870(5) : 167190.

[6] REZOAN HOSSAIN M, ZAHRA SHOVA F T, AKTER

M, et al. Esculetin unveiled: decoding its anti-tumor poten-

Biochim Biophys Acta

tial through molecular mechanisms: a comprehensive re-
view[J]. Cancer Rep (Hoboken),2024,7(1):e1948.

[7] MATHUR A, GANGWAR A, SALUJA D. Esculetin re-
leases maturation arrest and induces terminal differentia-
tion in leukemic blast cells by altering the Wnt signaling
axes[J]. BMC Cancer,2023,23(1):387.

[8] KUTTIKRISHNAN S, BHAT A A, MATEO J M, et al.

TEZD; 2026 455 37 5 1Y

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Anticancer activity of Neosetophomone B by targeting
AKT/SKP2/MTH1 axis in leukemic cells[J].
Biophys Res Commun,2022,601 : 59-64.

REN C, PAN R S, HOU L S, et al. Suppression of
CLEC3A inhibits osteosarcoma cell proliferation and pro-
motes their chemosensitivity through the AKT1/mTOR/
HIFla signaling pathway[J]. Mol Med Rep,2020,21(4) :
1739-1748.

YIN W, FU X, CHANG W W, et al. Antiovarian cancer

Biochem

mechanism of esculetin: inducing G/G. arrest and apopto-
sis via JAK2/STAT3 signaling pathway[J]. J Pharm Phar-
macol,2023,75(1) :87-97.
BT BT, B30 Z8 B L3R N B 9 SiHa 41 i 1Y
BH TR IR R B S MR AL [0]. ) P R, 2021, 43
(20):2430-2435.
Th3% . ZR e QN B WA e S 5 R AN R TR R
Wi [T]. i RIAPRAMBE AR RS, 2020, 1(11) : 44-48.
ZHU P,LI H, GE J, et al. Mechanism of USP11 regulated
SIRT3/ROS in drug resistance of acute myeloid leukemia
[J]. Clin Exp Med, 2025,25(1) : 267.
GERMON Z P, SILLAR J R, MANNAN A, et al. Bloc-
kade of ROS production inhibits oncogenic signaling in
acute myeloid leukemia and amplifies response to preci-
sion therapies[J]. Sci Signal, 2023 ,16(778) : eabp9586.
ZHOU H L, ZHOU L, GUAN Q, et al. SKP2-mediated
MLKL degradation confers cisplatin-resistant in non-
small cell lung cancer cells[J]. Commun Biol, 2023, 6
(1):805.
ZHANG H P,JIANG R Y,ZHU J Y, et al. PI3K/AKT/
mTOR signaling pathway: an important driver and thera-
peutic target in triple-negative breast cancer[J]. Breast
Cancer,2024,31(4) :539-551.
KUTTIKRISHNAN S, AHMAD F, MATEO J M, et al.
Neosetophomone B induces apoptosis in multiple
myeloma cells via targeting of AKT/SKP2 signaling path-
way[J]. Cell Biol Int,2024,48(2) : 190-200.
KUTTIKRISHNAN S, PRABHU K S, KHAN A Q, et al.
Thiostrepton inhibits growth and induces apoptosis by tar-
geting FoxM1/SKP2/MTHI1 axis in B-precursor acute
lymphoblastic leukemia cells[J]. Leuk Lymphoma, 2021,
62(13):3170-3180.
SANJIV K, CALDERON-MONTANO J M,PHAM T M,
et al. MTH1 inhibitor TH1579 induces oxidative DNA
damage and mitotic arrest in acute myeloid leukemia[J].
Cancer Res,2021,81(22) :5733-5744.

(ke A 399:2025-09-17 {101 F 457: 2025-12-17)

(Gl bk )

China Pharmacy 2026 Vol. 37 No. 1 <41



