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Abstract Metabolic reprogramming is a hallmark of cancer and provides tumor cells with metabolic flex-
ibility to adapt to nutrient deprivation, oxidative stress, and therapeutic pressure. PCK2 (phosphoenolpyruvate
carboxykinase 2), a mitochondrial isoform of phosphoenolpyruvate carboxykinase, catalyzes the conversion of oxa-
loacetate to phosphoenolpyruvate and participates in the coordination of gluconeogenesis, tricarboxylic acid cycle
flux, glutamine metabolism, and redox homeostasis. Increasing evidence indicates that PCK2 is also involved in the

regulation of proteostasis, inflammatory signaling, ferroptosis, cuproptosis, epithelial-mesenchymal transition, and
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treatment resistance. Importantly, the biological role of PCK2 in cancer is highly context-dependent. In some tumor

types or stress conditions, PCK2 supports tumor cell survival and metabolic adaptation, whereas in other settings it

may be involved in malignant phenotypes such as tumor cell proliferation, migration, and invasion, or enhance sen-

sitivity to regulated cell death. This review summarizes the molecular characteristics and regulatory mechanisms of

PCK2, discusses its divergent functions across multiple cancer types, and evaluates its potential as a biomarker and

therapeutic target. A better understanding of the metabolic and molecular contexts that determine PCK2 function

may facilitate the development of precision strategies targeting cancer metabolism.
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iz, A EE fe B ACHKE 2 pLk B R

B, PCK2i@E e it 4 ot I RN § BRI A2 . ix e
KIL—BUERIR, PCK2 T M et RCCEIEIERE , 1
YA PCK2 Iy fg ml 8 i A 1 25 g A2 A0 P J5 X 7 38
R T A S It e Y
2.6 PCK25 E 1t T4 fhyE

BEH AT RN, AETRIE K BYHM I 8 (dif-
fuse large B-cell lymphoma, DLBCL)1 5} #5571, PCK2
AR R R AR S, 7R 5P 808 1, NACI
I PCK2 M ZRIB A B b e 2k, b i 10 22 S
B, IR G B R AL 06 R 4L ), fE
S o, PURaA 51 PCK2 b 18 1 38 55 28 b A S A i
FRALAN TR AR, ZRILIFESEZ (oxygen consump-
tion rate, OCR)FIAH I M L% (extracellular acidifica-
tion rate, ECAR) A0 TF 15y, M 2 4 i % ATPAIAE
VG B TR P2 ) 75 3R 90, FERT A e, PCK2Y)
AEEE AR A B | 1 SOX4/PCKENA S AP N 43
WAL G4k, A4S Py 24 i 5 A B s e R AT SR T

SR, 78 TBCA 97 B ORI 3 358 B B FE R
PCK2F I HH BN AR (1) sse MOt o 7E SR (na-
sopharyngeal carcinoma, NPC)H , PCK2{& KA #7 A
R TBT HPT A B ) R AR . 5 AR AL, dXh)
fit 5 PCK2Z 545 S MBRILT A ¢ 17 PCK2
FEIE W] e A BG SRR B (R SRR Y, IR
BEAH R b, PCK2 [AFE HA B A I D RE, 3R
1K7KF-5 PD-L1 A TR 4H il (dendritic cells, DCs)
Bl = AR DG, AT A IR e B T B 1 A ot 1
BRI, XN PCK2 1 RE A& S g% 8 3% AR T HE Bt
)T 7 1

1E Bk Z R0 (R GO0 S . SR . R
BEZH AR . A2 e AN 8 ), PCK2 2 g AL
a2 BN Y A G B IR R A
RIKBINREAH R SR, KRZE V1= T
GEiT RERZ I, S IR ARG E . R, PCK21E
Je BRI 1 FH TS 5 TRORE 50 U 42 1O 288 AR 75 S 4R 12k B
RUPE et — LW (R ).
2.7 PCK2EMEFHINEMER: ETRHER
KB RV HIEE S

PCK 24 ik Bl i) i Jed 26 B AR 22458, AR TR
FVRTHINRRER S E SR o X PR b 40 Y
YaT R A A BT SO 8] LR T IS 5 I8 IR
S FREED.
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Table 1 Summary of the prognostic relevance and functional roles of PCK2 in different cancers
iR Y FEEM AR [peZ:) Tilfa
Tumor type Main role Related mechanism Microenvironment Prognosis
HCC (hepatocel- Promoting PCK2 deficiency markedly accelerates fer- Glutamine deprivation High PCK2 expression is as-
lular carcinoma) roptosis or endoplasmic reticu- sociated with better survival
lum stress
CRC (colorectal Predominantly PCK2 regulates glutamine flux through the Glucose deprivation Unknown
cancer) promoting tricarboxylic acid cycle, thereby promoting
CRC cell survival
NSCLC (non Promoting PCK2 mediated metabolic alterations reduce ~ Glucose deprivation Unknown
small cell lung activation of the Caspase-9/Caspase-3/PARP
cancer) signaling pathway
Lung adenocarci- Suppressing Under copper overload, increased PCK2 af- Copper overload High PCK2 expression indi-
noma fects glucose and lipid metabolism cates a better prognosis
Breast cancer Promoting PCK2 promotes breast cancer progression Knockdown or overex-  Low expression is associated
by activating the mTOR and TGF-B/SMAD3  pression of PCK2 and with a better prognosis
signaling pathways SMAD?3 in cell lines
Renal cancer Suppressing Promotes endoplasmic reticulum stress in Endoplasmic reticulum  Low expression is closely as-
renal cell carcinoma stress sociated with poor prognosis
Ovarian cancer Promoting Enhances truncated gluconeogenesis and de Truncated gluconeo- High co-expression of NAC1
novo serine synthesis genesis and PCK2 is associated with
shorter overall survival
Glioblastoma Promoting Enables cancer cells to evade immune sur- Immune dysregulation High expression indicates

veillance and clearance
NPC (nasopharyn-  Context-depen-
geal carcinoma) dent

noma

PCK2 downregulation enhances the radiore-

poor prognosis

After radiotherapy Unknown

sistant phenotype of nasopharyngeal carci-

VR ARE B SOM AL AT o I (A7 2 e A5 1)
OAAREAL N PEP, PCK2 W] i 13 £ 4 A4 73 A 1 v 1]
YA, AR TR SE 2 BT Ko T AR & R4
R JF S o %0 R SRR R 40 P B R R
TERCE R TR A EE . SR1, 7EAS A A B 55
G0 s 2H 2 SRR R R R Y B, PCK2 3R
35 T A A U 36 A ) A b A . R, PCK2
AT Y G TS A I A 8] P ) 545 PT Warburg 28
PRI T TE S A

7E TNBCE-Z 22 PEMIR o, PCK2R I H AR R 2
e, nIENE E SR REER . PCK2AHI E3iZ
FIEREE TRIM67 R SMAD3 ) P fif , MM d i 4 48
BOE TGE-PIE SEHFEMT. 7ERIBSEAE T, PCK2iE
Z 5 AR MM BOFERFE RS e,
PCK2 AT 1 R AN H BB T f Bl AR 555 SRTM0, 76
W BORAES TR, AR R A, ATl ok AR E HE
B S8 S, TR 21 FF 555 T ARG 4 20
FET, RI4RAET .

%, PCKTEMR H (1R FH R Bh A 1Y, FRE R

TRAER R H I8 RN, RKI PR S
ANBERHL <TI0 B 5 2, i AR R A
PRI AR R AL AT #E 1 90, R 7890 25 8 R mI A
e G JE B TR EE VL& KRAS TP53% BRI 5%
AIRZS o X PCK2BE [A) 67 HEAT IX P Bt ™, x
TARAC AL i 7 S R S M H .

3 PCK2RIEE[E);ATT

R PCK2AE NIGITHE S BB 77, (H PCK24)
FIFUATE R AT IR AT B 400 = Bk 2 —
J2 WHAT 75 AS B2 25 DA 5% [7] TR PCK % Il R ik
PEVERL [ PCK2. TR AW IR E AR AW D,
HENTHRMEEERER AR, CRHH
A W] PCK2TE PR 7 DB /NGy 7. IX
AW RTT R AR RA U . 58 ARG T TR 52 R 5 1)
BT T MMERR M. SR 25T R0 3 B
SUTE T a0 ] SERL R TR e i #E . BT PCK2 5
Lt B PCK 1 5 40 A AL RS2 2 v, 300A 400 i 7)ot AT
X7 =%
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‘ ( Acetytion || Lactytation ﬂ Suocinylaci.m][ Phosphorylation

K491 acetvlation stabilizes PCE2
\ A KN 7 K100 lactylation regulates activity
lwmg q"‘ﬂ JI‘* K100 succinviation stabilizes PCK2
ACSL4 T679 phosphorylation links lipid remodeling

e
[ Transcription and o s\a‘vi
Il_~ translation ; voi", g

- o - !/'4— . —-y‘r—»

—_— =
\
| Endop]asrmc reticulum stress :|

( ( Ferroptosis )
\ )

‘ Caspase-9 ‘PA-RF | Caspase-3 ‘

‘ TRIM67 ‘

| TGF-p/SMAD3 ‘

1&&*ff P3G e B 2 AR AU S R 3 T PR PCR I e . B SR IR S 8. PCR2JE 1 ACSLAWT | caspaseZ Ik [ . X TGF-B/SMAD3
T, AT SRR T b IR SR AL, AR EA AL AU S .

Factors such as low glucose, glutamine deprivation, and hypoxia can regulate PCK2 transcription, translation, and post-translational modifications. By

regulating ACSL4 activity, the caspase cascade, and the TGF-/SMAD3 signaling pathway, PCK2 modulates ferroptosis, mitochondrial apoptosis, and

epithelial-mesenchymal transition, respectively, and its effects are tissue- and context-dependent.

Ell PCK2AENEILAAMMHFZ M THIFEMLE

Fig.1 Regulatory network of PCK2 across different tissues and stress conditions
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Mitochondrial PCK2 participates in phosphoenolpyruvate production and related carbon flux regulation, and affects ferroptosis, mitochondrial apopto-

sis, proteostasis, and TGF-B/SMAD3 signaling, thereby regulating tumor cell proliferation, migration, invasion, and treatment response. The direction

of PCK2 action depends on tumor type, substrate availability, and stress state.

E2 PCK2EIEMENSE . ML TAEMRE S KBS

Fig.2 Context-dependent mechanisms by which PCK2 regulates tumor metabolism, cell death, and malignant phenotypes
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