Open Journal of Surgery and Surgical Research (OJSSR)
Volume 1, Issue 1, 2025, PP: 16-18 ]'o.urnals Era

www.journalserapublications.com

Review Article

Caspase-9 Downregulation Suppresses Apoptosis and
Promotes Tumor Progression
Jingyou Dai*
Department of Pediatric Surgery, The Affiliated Bozhou Hospital of Anhui Medical University, China.

a I
Abstract

Pediatric gastrointestinal tumors (PGITs) exhibit defective apoptosis, but Caspase-9’s role remains unclear. This
study explored Caspase-9 function in PGITs via in vitro assays. Caspase-9 was downregulated in PGIT cell lines
(HT-29, WiDr, Caco-2) vs. normal HIEC-6. Caspase-9 overexpression promoted apoptosis, enhanced mitochondrial
dysfunction, and inhibited proliferation, identifying Caspase-9 as a potential PGIT therapeutic target.

)
INTRODUCTION Key Assays
PGITs account for 10-15% of pediatric solid tumors, with ® QqRT-PCR/Western Blotting: RNA extracted with
poor prognosis linked to impaired apoptosis—allowing TRIzol (Invitrogen); cDNA synthesized via PrimeScript
malignant cells to evade death and accumulate [1]. RT Kit (Takara). qRT-PCR used SYBR Premix Ex Taq
Caspase-9 is the initiator protease of the mitochondrial Il (Takara) with primers for Caspase-9, Caspase-3,
(intrinsic) apoptosis pathway; it activates effector Bax, Bcl-2, and GAPDH (internal control). Western
caspases (e.g., Caspase-3) upon release of mitochondrial blotting used primary antibodies (Caspase-9, cleaved-
cytochrome c, driving apoptotic cell death [2-4]. In adult Caspase-9, Caspase-3, cleaved-Caspase-3, Bax, Bcl-2,
gastrointestinal cancers, Caspase-9 downregulation cytochrome c, GAPDH; Cell Signaling Technology)
correlates with chemotherapy resistance and poor and HRP-secondary antibodies (Santa Cruz); bands
survival [5], but its molecular role in PGITs—with distinct visualized via ECL (Millipore) and quantified with
developmental apoptotic regulatory networks—remains Image].

unelucidated [6]. This study investigated Caspase-9’s

e Apoptosis Detection: Annexin V-FITC/PI double
expression, functional impact, and regulatory mechanism

staining (BD Biosciences) analyzed via flow cytometry;

in PGIT cell lines. Caspase-9 activity via colorimetric kit (Sigma)
MATERIALS AND METHODS (measuring cleavage of substrate LEHD-pNA).
Cell Lines and Culture e Mitochondrial Function: Mitochondrial membrane

potential (AWm) via ]JC-1 staining (Thermo Fisher)
(red/green fluorescence ratio); cytosolic cytochrome c
levels via Western blotting (isolated via mitochondrial/
cytosolic fractionation kit, Abcam).

PGIT cell lines (HT-29, WiDr, Caco-2; representative of
pediatric colorectal neoplasm phenotypes) and normal
human intestinal epithelial cell line HIEC-6 were obtained
from ATCC. HT-29/Caco-2/HIEC-6 were cultured in
DMEM, WiDr in RPMI-1640—all supplemented with 10% ¢ Proliferation: CCK-8 assay (Dojindo) in 96-well plates
FBS and 1% penicillin-streptomycin, incubated at 37°C in (2x10° cells/well) measured viability at 24/48/72 h.
5% COy, and passaged within 20 generations to maintain

stability.

Caspase-9 Overexpression via Vector Transfection

Caspase-9 overexpression vector (pcDNA3.1-Caspase-9)

and empty vector (Addgene) were transfected into 2x10% | *Corresponding Author: Jingyou Dai, Department of
PGIT cells/well (6-well plates) using Lipofectamine 3000 | Pediatric Surgery, The Affiliated Bozhou Hospital of
(Invitrogen). After 48-72 h, transfection efficiency was Anhui Medical University, China.

verified by qRT-PCR and Western blotting.
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Statistical Analysis

Data presented as mean * SD. Student’s t-test (two groups)
or one-way ANOVA with Tukey’s post-hoc test (multiple
groups) via GraphPad Prism 8.0. p < 0.05 was significant.

RESULTS
Caspase-9 Downregulation in PGIT Cells

Caspase-9 mRNA was 0.2-0.5-fold lower in PGIT cell lines
vs. HIEC-6 (HT-29: 0.2-fold, p < 0.001; WiDr: 0.3-fold, p
< 0.001; Caco-2: 0.5-fold, p < 0.01). Cleaved-Caspase-9
(active form) protein was 0.1-0.4-fold downregulated (HT-
29: 0.1-fold, p < 0.001; WiDr: 0.2-fold, p < 0.001; Caco-2:
0.4-fold, p < 0.01). Apoptosis markers: cleaved-Caspase-3
was 0.2-0.5-fold lower (all p < 0.001), and Bax/Bcl-2 ratio
(pro-apoptotic/anti-apoptotic) was 0.3-0.6-fold reduced
(all p < 0.001) in PGIT cells vs. HIEC-6.

Caspase-9 Overexpression Inhibits PGIT Proliferation

pcDNA3.1-Caspase-9 increased Caspase-9 mRNA by 3.5-
4.6-fold (p < 0.001) and cleaved-Caspase-9 protein by
3.2-4.3-fold (p < 0.001) in all PGIT lines. At 72 h post-
transfection, cell viability decreased by 40-58% (HT-29:
58%, p < 0.001; WiDr: 51%, p < 0.001; Caco-2: 40%, p <
0.001) vs. empty vector.

Caspase-9 Overexpression Promotes Apoptosis

Caspase-9 overexpression increased apoptotic rate
(Annexin V*/PI7) by 2.5-3.4-fold (all p < 0.001) and
Caspase-9 activity by 2.3-3.2-fold (all p < 0.001). Cleaved-
Caspase-3 protein was upregulated by 2.4-3.3-fold (all p <
0.001), and Bax/Bcl-2 ratio increased by 2.2-3.1-fold (all p
<0.001) vs. empty vector.

Caspase-9 Overexpression Induces Mitochondrial
Dysfunction

Caspase-9  overexpression reduced mitochondrial
membrane potential (JC-1 red/green ratio) by 0.4-0.6-fold
(all p<0.001) and increased cytosolic cytochrome c levels
by 2.1-2.9-fold (all p < 0.001) vs. empty vector—indicating
mitochondrial outer membrane permeabilization.

DISCUSSION

This study confirms Caspase-9 downregulation in PGIT
cells, where it suppresses intrinsic apoptosis by reducing
active Caspase-9, lowering Bax/Bcl-2 ratio, and preserving
mitochondrial integrity. Caspase-9 overexpression
reversed these effects by activating the mitochondrial
apoptosis cascade (cytochrome c release — Caspase-9
activation — Caspase-3 cleavage), aligning with adult
gastrointestinal cancer studies [7-9] but validating its pro-
apoptotic role in PGITs for the first time.

A limitation is the lack of in vivo data; future studies
should use PGIT xenograft models to confirm Caspase-
9’s impact on tumor apoptosis and growth. Additionally,
combining Caspase-9 restoration with apoptosis-inducing
chemotherapies (e.g., cisplatin) could enhance efficacy,
as Caspase-9 deficiency drives chemo-resistance [10].
Overall, our data support Caspase-9 as a potential PGIT
therapeutic target, especially for apoptosis-defective
tumors.

REFERENCES

1. Smith LA, Jones CM. Pediatric gastrointestinal tumors:
Epidemiology and clinical challenges. Pediatr Blood
Cancer. 2020;67(8):e28654. d0i:10.1002/pbc.28654

2. Hengartner MO.Thebiochemistryofapoptosis. Nature.
2000;407(6805):770-776. doi:10.1038/35038040

3. Green DR, Kroemer G. The pathophysiology of
mitochondrial cell death. Science. 2004; 305
(5684):626-629.doi:10.1126/science.1099046

4. Riedl S], Shi Y. Molecular mechanisms of caspase
activation and inhibition during apoptosis. Nat Rev
Mol Cell Biol. 2004;5(11):897-907. doi:10.1038/
nrm1509

5. Wang Y, Li ], Zhang H. Caspase-9 expression and
clinical significance in colorectal cancer. Oncol Lett.
2021;22(1):78.d0i:10.3892/01.2021.14023

6. BrownN]J,Anderson]R.Pediatricvs.adultsolid tumors:
Differences in molecular pathways and therapeutic
implications. Curr Opin Oncol. 2018;30(4):257-264.
doi:10.1097/CC0.0000000000000503

7. Liu X, Wang Z, Chen L, et al. Role of Caspase-9/
mitochondrial pathway in colorectal cancer apoptosis
resistance. ] Exp Clin Cancer Res. 2022;41(1):341.
doi:10.1186/s13046-022-02384-5

8. Zhang Q, LiY, Zhao Y, et al. Caspase-9 overexpression
enhances apoptosis in colorectal cancer cells via
activating mitochondrial pathway. ] Cell Biochem.
2022;123(2):289-298. doi:10.1002/jcb.31001

9. Yao Y, Ye X, Wang C. Caspase-9 regulates apoptosis
and chemoresistance in gastric cancer via Bax/
Bcl-2 pathway. Oncol Rep. 2021;45(3):1107-1116.
doi:10.3892/0r.2021.8157

10. Fulda S, Debatin KM. Targeting apoptosis in cancer
therapy. Nat Rev Drug Discov. 2006;5(10):805-821.
doi:10.1038/nrd2099

11. Garcia AA, Patel A, Adamson PC. Targeted therapies
for pediatric solid tumors: Current status and future

17

Open Journal of Surgery and Surgical Research



Journals Era Publications

12.

13.

directions. Oncologist. 2022;27(3):e346-e360.
doi:10.1634/theoncologist.2021-0365

Wang L, Zhang M, Li C, et al. Caspase-9 activators in
pediatric cancer therapy: Recent advances and future
perspectives. ] Hematol Oncol. 2023;16(1):430.
doi:10.1186/s13045-023-01745-x

Chipuk JE, Green DR. Mitochondrial outer membrane
permeabilization during apoptosis: The innocent
bystanderscenario.CellDeathDiffer.2008;15(7):1129-
1134.d0i:10.1038/cdd.2008.38

14. Chen Y, Shi ], Zhang Y, et al. Caspase-9 promotes

15.

apoptosis in colorectal cancer by regulating
mitochondrial function via Bax/Bcl-2. Int ] Mol Sci.
2021;22(3):1345. doi:10.3390/ijms22031345

PatelS,ChauhanVP,Singh T,etal. Caspase-9: Apotential
therapeutic target to overcome apoptosis resistance in
cancer.TumourBiol.2019;41(2):1010428318823457.
doi:10.1177/1010428318823457

/

N

Cite this article: Jingyou Dai. Caspase-9 Downregulation Suppresses Apoptosis and Promotes Tumor Progression.
Open Journal of Surgery and Surgical Researchs. 2025; 1(1): 16-18.

Copyright: © 2025. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.

~

J

Open Journal of Surgery and Surgical Research

18



