http://aammt. tmmu. edu. cn Bl 7222 155 R4, 2026, 48(18) 2561

W - LIRS v R ) AL

SGK3i#E 32 E PCK2 & B A= HEEE f {2 17 ER PH 4 ZL IR 7= 40 R 18 58 RO #L I A 32

AR ok ok R R R BKERRR AR S R R S
GRS i e S

(E] HM ZLARE G g R i 1 e 1 S LR s PR R (H H OGS 20 AL e P R
ZARPHME (estrogen receptor-positive, ER™) FLARJE TN IE A o ASWESY & FE 0T I3 FOBE B2 B 22 819
P B 3 (serum and glucocorticoid-regulated kinase 3, SGK3) il iz ¥ 455 Wl MR 4 B =X PN 1) iR 4R 8% g 2
(phosphoenolpyruvate carboxykinase 2, PCK2 ) 4+ 5 Iz fiff AH S A 15 e 78 S AiE E ER 2L R 8 20 it 134 4 1 1
ML, Jiik OMCF7 403455 51k £ SCGK3 DI RE SRAF B (Tet-On 5340 % 3K , +Dox vs —Dox) K T fig
BRI (siSGK3 ws siNC) o 43 HIHEATER 1 B4l 2% 5 AR R0 AR 2400 M (n=3) . @ il PEP  FLIR K&
ATP & 0 52 K 2-NBDG A 20 A5 IS 30 DA W I A A a e 5 JC-1 G (o R s (A B L 487 (AWm)
DCFH-DA #4609 35 1 4 (ROS) 7K F- . BFIFH TIMER2. 0, GEPIA2 & Kaplan-Meier plotter £(4f /%
A3 BT PCK2 76 FLAR I v 1 2SR FRAE L 5 SCK3 A AH M S TUS Ml . @ Western blot K 52 2 i it
PCR KGN PCK2 Ik 2 Ak, , I AERR BRUBS Al R Y v i — 25 95 1E SGK3 R AR PCK2 8 1 ARA IR H
(&3 o1 il 2k TR ( cycloheximide , CHX )i 5 52 56 35 7 B4 00 11 351 S0 (CQ ) S B P AR 10 1 35 MG 132
ARBR, 34T PCK2 25 (RS Ve K B i 5 . @S e LT HE (Co-1P) LB E 56 (TIF) S 43Xt 4550 B SGK3
5 PCK2 BMIEAEFH o QORI 40 i1 551) 2- B 42085 25 b ( 2-deoxy-D-glucose , 2-DG ) S S AL R £k 4101 i1 751) 55
% 2 (Oligomycin ) BUBE SZ 55 EAL SCK3-PCK2 Al Xt 21 i A& AR AAsE <X 10 B2 i), I 485 4 v BT ) S 56 1
WL A FERE T MIFE T . &5k O A S AU 22 43 /R SCK3 A K 22 40 F F B
A5 T WH I AR S5 A R I R A R 4% (FDR<0. 05) , Herp PCK2 Bl %5 5 by S5 i e 1R 45 40 1, HiAi Ak ™
Wy A R 78 SGK3 B I 1835 R & (P<0. 05) . @SGK3 Rk ik 35 [ A% PEP  FLIR K ATP /K-F-(P<0.01),
10 1) 5 50 AR 5 BCRE g, O Bl 2R (AR S EL A B B ROS ZKSF- T 57 5 SGK3 sk 2% 38 W) 52 A1 2 A8 4k
B TIMER2. 0 X Western blot 7 7 i 7% , PCK2 78 ER” L JIf 96 2H 21 K 40 0 2 v i 3% 55 26 3K (P<0. 05) ;
GEPIA2 FHOCHE 3 Al i — IR PCK2 5 SGK3 3Rk 12 1 2 1EAH G (r.=0. 11, P=0. 000 22) . Kaplan-Meier
AAF TR PCK2 3 I8 SR 22 0 B A7 1 (0S) K & & A (RFS) i A5 (P<0. 01) . @HL
HIBIF 9T 261, SGK3 A5 PCK2 mRNA ik (P>0. 05) , {H i 2 1E I8 4% H & /K P (P<0.05) . 7E R
SGK3 f 4 Bl o Fh A% RELR A AU v g 20 21 PCK2 2 /KPR RE B 35 IR (P<0. 01) , i — 2D AEAR N I iE
T SGK3Xf PCK2 & 1A IE [ = EH . ©CHX 8 BRSL K /R SCGK3 1B K PCK2 & 1> . iF— 2P
fiff 388 1% B R, CQ AT i % SGK3 I Air £ PCK2 R I, 1M MG 132 JE B S 52 1, $87R SGK3 = 2 3 4o 17
I TR e R A 443 PCK2 BB (ARG EME . ©Co-1P IF M2 4 T X245 R — B 52 SGK3 5 PCK2 174E
A EAEH o AR NE M 7R, SGK3 32k 2 15 3 5 240 f X 2-DG B BBURRE | I 2 i %o 25 85 2% 9 T
Z M PCK2 U0 EK i 2 W 55 LR 3% . DI RE L8 W /R, PCK2 R fIK T 35 43306 % SGK3 i 223K 15 T 1 78

[(E&TH]

[BIE1EE]

B K A SRR S A TR LI (82373901) 5 5 BT F ARFH B4 G & IS BE4x (CSTB2022NSCQ-LZX0041) 5 H PRl F AR B2 5k
&1 B3 H (CSTB2025NSCQ-GPX1168)
JAHESE , E-mail : wyzhou0118@cqmu. edu. cn

2097-0927/Copyright © 2026, A2 K2 (5 =2 R %) o X RIFHORBCCE#EG CC BY ¥ 7] PMY (https: //ereativecommons. org/licenses/by/4. 0/)
SI AR TR, Bl , EOEIE, 4F . SCK3 il i 72 2 PCK2 85 1 WP MR I € 0 ER FHA:ZL AR A0 N3 A RO DL B T[T ] R ZE 42 12 224, 2026,
48(18):2561-2577. DOI: 10. 16016/j. 2097-0927. 202606067

Citation: Hu Q H, Chen B, Huang G X, et al. Mechanistics of SGK3 promoting proliferation in ER-positive breast cancer cells by stabilizing PCK2 protein to
regulate glycolysis[J]. ] Army Med Univ,2026,48(18) :2561-2577. DOI: 10. 16016/j. 2097-0927. 202606067.



2562 B 222 5 K224, 2026,48(18) http: //aammt. tmmu. edu. cn

B Y B RE 8 58, iF — 20 SCRE SGK3-PCK?2 il 76 5 1 ik A 15 5 2 A5 % 200 L 345 8 o) 92 v 1) SC B
518 SGK3 it 5 PCK2 AH B AR FH I 400 il L 37 (A A 1 Ko i, DT 4k 48 PCK2 88 IS 1, 1 AT SR )
ER 7L A5 40 BT RSO I A DG A I 2R B4 S A 1S 58 . SGK3-PCK2 %l ] BEAL 5 ER 7L R 48 F 2211
AR AT 0 B TETR YT 5

[K$#17 | SGK3;ER FHEZLIE s PCK2 ; MEREAR ; I BEHAR 12

[HhE%ESES] R343;R730.23;R737.9 [ XEAARERD ] A

Mechanistics of SGK3 promoting proliferation in ER-positive breast cancer cells

by stabilizing PCK2 protein to regulate glycolysis
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[Abstract] Objective Metabolic reprogramming in breast cancer is an important driver of tumor
progression, yet the key regulatory molecular mechanisms governing this process in estrogen receptor-positive
(ER") breast cancer remain unclear. This study aims to investigate the mechanism by which serum and
glucocorticoid-regulated kinase 3 (SGK3) maintains glycolysis-associated metabolic phenotypes and promotes
proliferation in ER" breast cancer cells by regulating phosphoenolpyruvate carboxykinase 2 (PCK2).
Methods (D MCF7 cells were used to construct SGK3 gain-of-function (Tet-On inducible overexpression,
+Dox vs — Dox) and loss-of-function (siSGK3 w»s siNC) models, followed by proteomics and untargeted
metabolomics analyses (n=3). @ Glycolytic metabolic activity was evaluated by measuring
phosphoenolpyruvate (PEP), lactate and ATP contents, together with 2-NBDG glucose uptake assay.
Mitochondrial membrane potential (AWm) and intracellular reactive oxygen species (ROS) levels were
assessed using JC-1 staining and DCFH-DA probe, respectively. (3TIMER2. 0, GEPIA2 and Kaplan-Meier
Plotter databases were used to analyze the expression profiles of PCK2 in breast cancer, its correlation with
SGK3, and its prognostic value in breast cancer. @) Western blotting and quantitative real-time PCR were
performed to determine PCK2 expression, and a nude mouse xenograft model was constructed to validate the
regulatory effect of SGK3 knockdown on PCK2 protein expression. () Cycloheximide (CHX) chase assay
combined with chloroquine (CQ, lysosomal inhibitor) and MG132 (proteasomal inhibitor) treatment were used
to analyze PCK2 stability and degradation pathways. (© Co-immunoprecipitation (Co-IP), immunofluorescence
(IF) assay and molecular docking were applied to examine the interaction between SGK3 and PCK2. (DSensitivity
assays with 2-deoxy-D-glucose (2-DG, glycolysis inhibitor) and oligomycin (oxidative phosphorylation
inhibitor) were used to evaluate the effect of the SGK3-PCK2 axis on metabolic dependency, and colony
formation assay was employed to evaluate its effect on cell proliferation. Results (D Proteomic and
metabolomic analyses revealed that SGK3-related differentially expressed proteins were predominantly
enriched in the glycolysis/gluconeogenesis and pyruvate metabolism pathways (FDR <0.05). PCK2 was
identified as a key candidate regulator, and its catalytic product, pyruvate, was significantly reduced after
SGK3 knockdown (P<0.05). @ SGK3 knockdown significantly decreased PEP, lactate and ATP levels (P<
0.01), suppressed glucose uptake, accompanied by reduced AWm and increased intracellular ROS levels,
whereas SGK3 overexpression produced the opposite effects. (3 TIMER2. 0 analysis and Western blotting
demonstrated that PCK2 was highly expressed in ER" breast cancer tissues and cell lines (P<0. 05). GEPIA2
correlation analysis further confirmed a significant positive correlation between PCK2 and SGK3 expression

(r=0. 11, P=0. 000 22). Kaplan-Meier survival analysis showed that high PCK2 expression was significantly
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associated with poorer overall survival (0S) and relapse-free survival (RFS) (P<0.01). @ Mechanistically,
SGK3 did not affect the mRNA expression of PCK2 (P>0. 05) but significantly positively regulated its protein
level (P<0.05). In the nude mouse xenograft model with SGK3 knockdown, PCK2 protein levels were also
markedly decreased in tumor tissues (P<0. 01), further validating the positive regulation of PCK2 by SGK3 in
vivo. (5 CHX chase assays demonstrated that SGK3 prolonged the half-life of PCK2 protein. Further
degradation pathway analysis showed that CQ, but not MG132, restored the reduction of PCK2 induced by
SGK3 knockdown, indicating that SGK3 maintains PCK2 protein stability primarily by suppressing lysosome-
dependent degradation. (© Co-IP, IF and molecular docking consistently confirmed the interaction between
SGK3 and PCK2. (@ Metabolic dependency analysis demonstrated that SGK3 overexpression enhanced
cellular sensitivity to 2-DG while increased tolerance to oligomycin; these effects were markedly attenuated by
PCK2 silence. Functional assays further showed that PCK2 knockdown partially reversed the enhancement of
clonogenic formation induced by SGK3 overexpression, supporting the critical role of the SGK3-PCK2 axis in
glycolytic metabolic reprogramming and cell proliferation. Conclusion SGK3 drives glycolysis-related
metabolic phenotypes and promotes cell proliferation in ER" breast cancer cells by interacting with PCK2
and inhibiting its lysosome-dependent degradation, thereby maintaining PCK2 protein stability. The SGK3-
PCK2 axis may represent an important metabolic regulatory node and a potential therapeutic target in ER"
breast cancer.
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A: KEGG enrichment analysis of differentially expressed proteins in SGK3-overexpressing cells; B: Pathway impact analysis of differential

metabolites in SGK3-knockdown cells; C: Heatmap of metabolism-related differential proteins; D: Volcano plot of differential metabolites
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Figure 1 Multiomics analysis to screen core metabolic pathways and candidate molecules regulated by SGK3 in ER" breast

cancer cells
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A to C: Phosphoenolpyruvate (PEP) , lactate and ATP levels after SGK3 knockdown in MCF7 and T47D cells (n=3) ; D: Mitochondrial
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F: Glucose uptake after SGK3 knockdown in MCF7 and T47D cells

B2 BESGK3 I H ERZL IR 20 B AE B AR 43 (7 e AR Th g

Figure 2 SGK3 knockdown suppresses glycolysis and impairs mitochondrial function in ER" breast cancer cells
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Figure 3 SGK3 overexpression promotes the glycolysis-related metabolic phenotypes in ER" breast cancer cells
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Figure 4 High expression of PCK2 is associated with poor prognosis in ER" breast cancer
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Figure 7 SGKa3 physically interacts with PCK2
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A and B: Protein levels and quantitative analyses of SGK3, p-SGK3 and PCK2 across groups of MCF7 and T47D cells (n=3, X+s); C: Colony
formation assay across groups of MCF7 and T47D cells
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Figure 9 PCK2 mediates SGK3 to promote the proliferation of ER" breast cancer cells
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