+ 2046 -

doi 10.12122/j.issn.1673-4254.2026.09.05

J South Med Univ, 2026, 46(9): 2046-2055

CaMKKp/AMPK/HIF-10 5SS R BT ARELAABEE ST

ERRFAIEME AN

A, &

R RRAELBER, EFEHEE

L RML ! FoRE RN i

HAFFEHZRF PEGARAFR, PEFIR,HH 20 730030;° HF 4 AKRER T EZF,HHF 20

730030;* 7 B F IR E S, HR KA 734000

EE: BHH %9 CaMKKB/AMPK/HIF- 1o {5 5+ 2 75 0 1L A GobL Ik B W2 5 15 PRS00 (EMs) I8 A 1 43 1AL
il FiE o35SR EMs B AR A BRI B4 A (hEM 1S A) 53 EMs £ PRI 5 P IR 40 it (HESCs ) it CCK-8 % .
KV S92 56 % A A i 287 A G SIE B6 4 i) A6 00 240 PR ) 6 5 AR 22T B S B 1 o SR ] Western blotting Al qPCR £ A K )
CaMKKp,AMPK HIF-1a,BNIP3 ,LC3 ,VEGF } CD31 {J# H5 mRNA Fik /K. i MitoTracker Green ,MitoSOX Red 7
FCARE: P P Be e e o M BR LR ATE 25 . mtROS 7KF &% BNIP3/LC3 2 A5 AL o 3 b FH CaMKKP 8430 7 Al 3 47 T
T, LLBSIE 0 A T fiE . 53R 5 HESCs Ml HL , hEMI1SA Il 36 B H a8 (1 B8 78 1R 28 i F% Bl 3% A8 i BE 1 (P<0.01) , H.
CaMKKpB.AMPK HIF-10..BNIP3,LC3 2 VEGF .CD31 335 L i#(P<0.01). 2R {ATEAMER /R EMs 4 kA Ba it £ 45
Fo5E8E A BNIP3 5 LC3 (158 v 553458, [RIH mtROS 7K F-F+55 (P<0.01) . ML L, #fil CaMKKB T (. AMPK .BNIP3,LC3,
HIF-lo. VEGF .CD31 {121k (P<0.01) ; R Z , 32l CaMKKB W e i3 e TR0, 42 sk i [ 0 I 1175 5 1 45 A= i (P<0.01) o
4538 76 EMs (R AR, CaMKKB/AMPK ¥ TG L4 555 ¥ , S ECHIF- 1o AR iE T o i T i fE 5L A BNIP3 3%
K KT FE SRR A WY &A=, TS 5 55 8 I A2 B2, T i) CaMIKK B Y 235 U T ] EMs [ i A

IR T E ISR OLAE ; 1A A 1 s 2Rk A4 0 ; CaMKK B/AMPK/HIF- 10 {5 53 i

Activation of the CaMKKB/AMPK/HIF-1a signaling pathway promotes angiogenesis in

endometriosis by regulating mitophagy
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Abstract: Objective To investigate whether the CaMKKB/AMPK/HIF-1a signaling pathway participates in angiogenesis in
endometriosis by regulating mitophagy. Methods Human endometrial stromal cells (hnEM15A) isolated from endometriosis
patients and normal endometrial stromal cells (HESCs) from non-endometriosis women were tested for proliferation, invasion,
migration and tube formation abilities using CCK-8 assay, scratch assay and in vitro angiogenesis test. The protein and mRNA
expression levels of CaMKKp, AMPK, HIF-1«, BNIP3, LC3, VEGF and CD31 in the cells were detected by Western blotting and
qPCR. MitoTracker Green, MitoSOX Red fluorescent probes and immunofluorescence staining were used to observe
mitochondrial morphology, mtROS level and BNIP3/LC3 co-localization. CaMKK agonists and inhibitors were used to verify
the function of the CaMKKp/AMPK/HIF-1a pathway. Results Compared with HESCs, hEM15A cells showed stronger
proliferation, invasion, migration and angiogenesis abilities with significantly up-regulated expressions of CaMKKp, AMPK,
HIF-1a, BNIP3, LC3, VEGF and CD31. hEM15A cells showed increased number of mitochondria with intact structure, but the
localization signals of BNIP3 and LC3 and mtROS level increased significantly. Mechanistically, inhibition of CaMKKf
significantly reduced expressions of AMPK, BNIP3, LC3, HIF-1a, VEGF and CD31, while activation of CaMKKf increased
expressions these proteins, down-regulated mitochondrial autophagy and inhibited angiogenesis. Conclusion CaMKKf@/
AMPK is abnormally activated in endometriosis to result in excessive accumulation of HIF-1a, which in turn increases the
expression of its downstream target gene BNIP3, thus promoting mitophagy to trigger abnormal angiogenesis, which can be
inhibited by inhibiting abnormal activation of CaMKKf3.
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Fig.1 Assessment of cell proliferation ability of normal
endometrial stromal cells (HESCs) and human
endometrial stromal cells (hREM15A) from endometriosis
patients with different treatments (n=6). **P<0.01 vs
HESCs group, *P<0.01 vs hEM15A group.
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Fig.2 Assessment of cell migration ability of
HESCs and hEMI15A cells with different
treatments (Original magnification: x40, Mean+
SD, n=3). **P<0.01 vs HESCs group, “P<0.01 vs
hEM15A group.
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’3),

hEM15A+STO-609 hEMI5A+MCB-22-174

3 ZEMBIE R RE S RIEER
Fig.3 Assessment of HESCs and hEM15A
cells with different treatments (x100, Mean+
SD, n=3). ¥**P<0.01 vs HESCs group; “P<0.05,
#P<0.01 vs hEM15A group.
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Fig.4 Mitochondrial morphology and quality of HESCs
and hEM15A cells with different treatments (x200; Mean+
SD, n=3). **P<0.01 vs HESCs group, #P<0.01 vs hEM15A

group.

hEM15A+STO-609 hEM15A+MCB-22-174

E5 &AM mROS FEFR

Fig.5 Levels of mtROS in HESCs and hEM15A cells
with different treatments (x200, Mean+SD, n=3). *P<0.01
vs HESCs group, **P<0.01 vs hEM15A group.
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Fig.6 Localization of mitophagy marker proteins BNIP3 (A) and LC3 (B) in HESCs and hEM15A cells with different treatments (x200,
Mean=SD, n=3). **P<0.01 vs HESCs group, *P<0.01 vs hREM15A group.
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Fig.7 Expression of cell-related signaling pathways and key pr

oteins of angiogenesis in HESCs and hEM15A cells with

different treatments (Mean=SD, n=3). **P<0.01 vs HESCs group; ‘P<0.05, “P<0.01 vs hEM15A group.
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Fig. 8 Cell-related signaling pathways and mRNA expression of key molecules of mitophagy in HESCs and hEM15A cells
with different treatments (Mean+SD, n=3). **P<0.01 vs HESCs group, “P<0.01 vs hREM15A group.
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