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Abstract

ease with rapid progression and poor prognosis. OVCA2 expression and its prognostic significance were analyzed

This study investigates the role and regulatory mechanisms of OVCA2 in pancreatic cancer, a dis-

via immunohistochemistry. The effects of OVCAZ2 on cell proliferation, apoptosis, and mitochondrial function were
examined through colony formation, flow cytometry, and mitochondrial function assays. OVCA2 localization was
determined via immunofluorescence. IP sequencing and transcriptomic analyses explored molecular changes and
validated by Western blot. OVCA2 expression is low in multiple cancers but specifically correlates with pancreatic
cancer prognosis. OVCA2 overexpression reduced proliferation and colony formation, while increasing apoptosis.
OVCAZ2 localized to the outer mitochondrial membrane and inhibited mitochondrial function, reducing oxygen res-
piration, ATP production, and mtDNA levels, while increasing ROS and oxidative stress markers. OVCA2 knock-
down had the opposite effect. IP-seq revealed OVCA2 overexpression upregulated the TNF signaling pathway and
downregulated Wnt/B-catenin signaling, findings confirmed by transcriptomics and Western blot. High expression
of OVCAZ2 in pancreatic cancer cells inhibits cancer cell survival by promoting excessive accumulation of ROS (re-
active oxygen species) in vivo. This process further enhances cell apoptosis through the activation of TNF signaling
pathways, ultimately leading to cancer cell death. Conversely, low expression of OVCA2 suppresses TNF signaling
pathway-induced apoptosis, maintains intracellular OXPHOS (oxidative phosphorylation) function, and promotes

tumorigenesis. The elucidation of OVCA2’s regulatory mechanism in pancreatic cancer suggests that enhancing

OVCA2 expression could represent a novel therapeutic strategy for the treatment of this malignancy.
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OVCAIFI OVCA2AE FA5 3% (1) FifJeg 400 1) 2= IR 45
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AT, £15% OVCALFE R 1 /R I Kbl , O K
B TR, 11 OVCA2MINT 7U1# % I |2 A7 K&
25, OVCALEYHH A KA T R oy s B Ay
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Bax(60267-1-Ig). cleaved-caspase-3(66470)PLiA&NE T
RN A B ARG R AT Zobi iR E &bt
AR T JL[E Abcam A 7] ; TNF-0(TSC52746) Bcl-
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PBS, tH%k, fdf FH JCHE TG 75 35 7% 55 6 &) 5k R A
B A b R 3% B 4 R B IC N 5 mmol/LA &
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ASCHSE I o
1.6 HIERXZE(immunofluorescence, IF)
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4B I AR, Western blotfa il
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FTFFOxygraph-2k{X &%, Ye €, [A P MA2.5 mL
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rna-knockdown group, Si-1/Si-2), WA ALITIE, I
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1.13 WAL R BRI M — #% Hr BS 4 B2/128 [R Y (nico-
tinamide adenine dinucleotide phosphate/restore
form, NADP*/NADPH)#& 1

W AH L ITUE , ISR, H iR 500 xg B0
3 minfd B3E, AWM. — B &EIB 60 °C.
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1.15 ZitErEE

5K ] GraphPad Prismi# {7 4t it 041 11
2 7R LI B Hh5 i 1R (mean=SEM) R R ; P JHALAE
KGR R ISIREAR thr 30 LU 2 HFEA )
Gt P a FoR B R T Z 0. P<0.05%0R
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A.B: HPA \UALCANH#z P 4 OV 1BH 85 5y Normal 41, 41 €4y Tumor4l); C
D: GEPIAKHE P sROVCA2 AT 3k 72 5 1 RV AR L. B0 B Bl AR A7 0181, B HPA KGR R 2 OV C A2 JihRg AL 44 1 IE % JihRd 55 2HL 24 e )
Geth; F: 981 55 4123 (n=16)BUIRI L A (n=16) G e AL S Ar BT Bl . ™P>0.05; **#P<0.01; ****P<0.000 1.

A,B: expression in tumors based on HPA and UALCAN databases (light color represents the Normal group while dark color indicates the tumor group
in figure 1A, blue bars denote the normal group and red bars represent the tumor group in figure 1B); C,D: survival analysis of OVCA2 expression us-
ing GEPIA, including overall survival and disease-free survival curves; E: OVCA?2 staining in tumor tissues and adjacent normal tissues shown by the
HPA database; F: immunohistochemical analysis and quantification of OVCAZ2 expression in tumor-adjacent tissues (7=16) and tumor tissues (n=16).
"P>0.05; **P<0.01; ****P<(.000 1.

Ell OVCA2ERBREFRIET ARSI RIGEX

Fig.1 OVCA2 is underexpressed in pancreatic cancer and correlates with bad prognosis



1274 WEFRIR L -
(A) (B)
MIA PaCa-2 ASPC-1 MIA PaCa-2 ASPC-1
Vector OE Vector OE Ctrl KDI KD2 Ctrl KD1 KD2
a——
©) (D)
MIA PaCa-2 5 mmol/L GLU AsPC-1 5 mmol /L GLU MIA PaCa-2 5 mmol/L GLU AsPC-1 5 mmol/L GLU
I i s i ity
-e Vector 15 sk 15 sokkk
ecto . Veet Cul cul
.gls = OE g = o8 ok § - KDI T % i .
s ol ork o104 kD2 ™ 2104 -+ KD2 -
: s s s
35 3 //’/. a :
0 1 2 3 4 ¢ 1 I 3 i A T
Time /d Time /d Time /d Time /d
(E)
MIA PaCa-2 i mmol/L GLU AsPC-1 5 mmol/L GLU
500
Vector OE 400: o Vector
5 300 oo g 4 == OE
2 = OF ‘é 300
MIA CaPa2 E E
s 200: g
3 g 200
= S
O 100; O 100
0 0
ASPC-1 Vector OE Vector OE
Ctrl KD1
(F) SD2 MIA PaCa-2 5 mmol/L GLU AsPC-1 5 mmol/L GLU
sokok *
800 e Cul 4009 S cul
MIA-PaCa-2 5 —_ il KD1 ]
8600 5 300 = KD1
g m= kD22 - KD2
E E]
> 400 £ 900
= o
2 8
AsPC-1 O 200 S 100
0
Ctrl KD1 KD2 Ctrl KD1 KD2
G)
15 MIA PaCa-2
Vector OE .
= Q22 & Q2 2 Vector
1 40% 1 8.97% 210 mm OE
@
=2 = 2 g
o o= 2
2. e . g s
£ 29 & 2 <
1Q23 Q24 123 Q24 0
2 191.14% 0.92% 2 185.69% 1.38%
S i - S T — Vector OE
H —10%4 10 104 10%¢ —1024 10° 10* 1056
( ) APC-H APC-H MIA PaCa-2
skokok
Ctrl KD1 KD2 e
53 b 2 5
= Q22 s Tt Q22 s Cul
1 .05% 1 4.63% - 1.67% L4 mm KDI
. 2l . £ == KD2
=2 SRR =2 23
o o o 8
Q. SN € 2.2
& =29 £ =7 &= 2.
: ; X <1
1Q23 Q2-4 1Q23 Q2-4 1Q23 Q24
g 91.93% 0.70% “_‘O 92.92% 0.78% é 91.94% 0.44% 0.
TaoY 100 100 10 10 100 106 105 10 100 104 10 Cul KDI KD2
APC-H APC-H APC-H

A. B: MIA PaCa-2id Fik .

T 7K F; C~F: MIA PaCa-2id ik .

AR MLAES mmol/LA & W 77 461 T B A M T 4 SR (C. D)

SR ELRE. F); G H: MIA PaCa-2id Rk . MURANMIA 455 . n=3; *P<0.05; **P<0.01; ***P<0.001; ****P<0.000 1; “P>0.05.
A,B: protein levels in MIA PaCa-2 OVCA2-OE and -KD models; C-F: cell counting (C,D) and colony formation results (E,F) under 5 mmol/L glucose
culture conditions for OVCA2-OE and -KD in MIA PaCa-2 cells; G,H: apoptosis analysis of OVCA2-OE and -KD cells. n=3; *P<0.05; **P<0.01;

*¥**P<(.001; ****P<0.000 1; "“P>0.05.

E2 OVCA2INFIBRARRRIEE . Rt RRARE AT

Fig.2 OVCA2 inhibits pancreatic cancer proliferation and promotes apoptosis
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A: validation of 293T OVCA2-OE model; B: immunofluorescence co-localization analysis of OVCA?2 in 293T cells; C: WB analysis after proteinase K
and TritonX-100 treatment, with HSP60, TOM20, and SDHA serving as markers for mitochondrial matrix, outer membrane, and inner membrane, re-
spectively; D: oxygen consumption rate; Basal: only basal respiration of endogenous substrates; ATP: respiration in the presence of oligomycin, an ATP
synthase inhibitor; MAX: respiration in the presence of uncoupling agent FCCP (5 umol/L); E: relative ATP levels; F: supercomplex levels in KD cells;
G: relative mtDNA levels; H: relative mRNA levels in KD cells; I: relative ROS levels; J: relative NADP'/NADPH levels. n=3; *P<0.05; **P<0.01;
**%P<(.001; ****P<0.000 1; "“P>0.05.
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Fig.5 OVCA2 inhibits mitochondrial function
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Fig.6 OVCA2 overexpression upregulates the TNF signaling pathway
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Fig.7 OVCA2 knockdown downregulates the TNF signaling pathway
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Fig.8 OVCA2 promotes TNF signaling-mediated apoptosis
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OVCA241#l] Wnt/B-cateninf5 5 18 % 71 1] Wnt, Wnt/]l
#illB-catenin i A A% #4572, FRARFLAR i 14, $71H]B-catenin
5 TCF/LEFAH HAEH, #01i|B-catenin5 TCF/LEFJE %,
R S s E AW, TS — £ 515 40 s 5
PGS B IE N R IE , W C-JUN. CD44% .
28, OVCA2iE I WA A% TNFIE 5 IE 8. ZRbiiATh
A+ ROSZERL. Bax/Bel-2°F1#7. caspaseZl I i DA

S Wnt/B-cateninfa 58 i, i b e 40 M 08 T 40
AR K, 2 T A e g gk — 0 Ok R (K18 G) o

iR P e 41 R H AT =R T TP53. CD-
KN2A4+ SMAD4. CDKN2A 24 fifd J& R 44 e
JEE A D RE OO P53 L 7T 40 53 R4 Dy b e 0 |
BRI, TPS3 AL 2 M #I Dy e, (22 i oeg gk e B,
SMAD44E 3 TGF-BfE S ¥ Rl R EN,
52 i) TGF-B/SMAD/E 5 il #% , il 5 3 4H o i
$U FH i R0 T Bl 3 R Y TGF-Biss 5 10 B Bz — 8] 78 i
44k, (epithelial-mesenchymal transition, EMT)IR
&7 TR B R R B T ERATEE SR, 1R
HN— NI AN IR R, OVCA23@ i #i 26 b A4
OXPHOSTJfe 1755 ROSHEK., e 2k i 762 40 Jfa (1) 9 1=
e &AM R R o BT e B R T IR T 24
Vi Rt sr 5 5 N T s TS Rt 1A,
IR Im PRAE FOHE S SERE A . 5 A RURIR YT 3R
EIT K
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