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Cathepsin A maintains the characteristics of tumor stem cells and
promotes the occurrence and development of triple-negative
breast cancer
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Abstract: Triple-negative breast cancer (TNBC) is a subtype of breast cancer known for the poor prognosis
due to its strong invasiveness, high recurrence rate, and lack of effective treatment. Therefore, there is an urgent
need to find targeted therapy for TNBC. Cathepsin A (CTSA) is an acidic serine carboxypeptidase that is highly
expressed in various tumor tissues. However, the role and molecular mechanism of CTSA in TNBC are still
unclear. This study found that the expression of CTSA was upregulated, and the high expression of CTSA was
positively correlated with the poor prognosis of TNBC. The results further showed that knocking down CTSA4
inhibited the proliferation, invasion, and colony formation of TNBC cells, improved drug sensitivity of cells, and
inhibited the progression of TNBC. Mechanistically, CTSA inhibited the ubiquitination and degradation of the
promyelocytic leukemia protein (PML) protein by blocking the interaction between PML and its E3 ubiquitin
ligase RNF4, thus maintaining the stability of PML nuclear bodies (PML-NBs). The inhibitor of CTSA had a
positive therapeutic effect on inhibiting the characteristics of TNBC stem cells. In conclusion, this study
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demonstrates that inhibiting CTSA to decrease the stability of PML protein may be a promising therapeutic strategy

for TNBC. All animal experiments in this experiment were approved by the Ethics Committee of Institute of

Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College (approval

number: IMB-20240326D502).
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Figure 1 The subtype-specific high expression of cathepsin A (CTSA) in triple-negative breast cancer (TNBC). A: Immunohistochemistry

(IHC) analysis revealed the expression of CTSA in the tumor tissue and normal tissue of breast cancer (BC) patients (n = 30). Scale bar,

40 pm; B: The GEPIA database showed expression of CTSA in normal and different subtypes of BC patients; C: Western blot validation of

CTSA expression in different subtypes of BC cells; D-G: Kaplan-Meier survival curves stratified by CTSA expression were generated for

different subtypes of BC patients. In A, statistical significance between two groups was determined with two-tailed student's ¢ test. In B and

C, statistical significance among groups was determined by one-way ANOVA. In D to G, statistical significance was determined with

log-rank test. Mean = SEM. "P < 0.05 """P < 0.000 1
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Figure 2 CTSA promotes development and progression of TNBC by supporting cancer stem cell traits. A: The relative viability of MDA-
MB-231 and MDA-MB-468 cells was measured by a CCK-8 assay at the indicated times (n = 4); B: Representative images and
quantification of the invasion assay results for MDA-MB-231 and MDA-MB-468 cells transduced with saNTC, shCTSAI, and shCTSA2 are
shown. Scale bar, 40 um; C: Quantification of tumor spheres formed by MDA-MB-231 and MDA-MB-468 cells with shANTC and shCTSA4;
D, E: The effect of shCTSA on Taxol and doxorubicin (Dox) sensitivity in MDA-MB-231 and MDA-MB-468 cells. The data are a summary
of the IC, values for Taxol and Dox in the shCTSA cell lines (n = 4); F: Effects of CTSA on tumor formation from transplanted MDA-MB-
231 and MDA-MB-468 cells with sANTC and shCTSA in nude mice were examined (n = 6). Images of tumors are provided; G, H: Effects of
CTSA deletion on tumor growth (G) and weight (H) in nude mice; I: 5-Ethynyl-2'-deoxyuridine (EDU) in tumor were evaluated by
immunofluorescence analysis (IF). Scale bar, 30 pm; J: IHC analysis revealed the expression of MMP-9 in the sANTC and shCTSA tumor
tissue. Scale bar, 40 um; K: Effects of CTSA on the tumor incidence. In A to E, statistical significance among groups was determined by one-
way ANOVA. In F to J, statistical significance between two groups was determined by two-tailed student's ¢ test. In K, the P value was

obtained by Pearson's ” test using extreme limiting dilution analysis (ELDA) software. Mean = SEM. “"P < 0.001,
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Figure 3 CTSA maintains protein stability by blocking RNF4-mediated ubiquitination degradation of PML. A: Gene set enrichment
analysis (GSEA) was performed to identify the pathways of CTSA target genes. All gene sets showed a positive normalized enrichment
score (NES) and false discovery rate (FDR) g-values of less than 0.25; B: The mRNA levels of CTS4 and PML were analyzed by reverse
transcription quantitative PCR (RT-qPCR) in s2CTSA4 and shNTC MDA-MB-231 cells; C: Western blot validation of CTSA, PML, HIF-1a,
and MYC expression in shCTSA, and shNTC MDA-MB-231 cells; D: The effect of CTSA on PML ubiquitylation in vivo was assessed in
HEK 293T cells; E: Effect of CTSA on PML degradation was investigated in HEK 293T cells treated with cycloheximide (CHX, 10 ug-mL™).
The PML relative quantification is shown; F, G: The interaction between CTSA and PML in HEK 293T cells (F) and MDA-MB-231 cells
(G) was evaluated with CO-IP assay; H: PML-NBs in MDA-MB-231 cells was evaluated by IF. Scale bar, 5 pm; I: The interaction of RNF4
and PML was evaluated with CO-IP assay; J: The effect of CTSA and RNF4 on PML ubiquitylation in vivo; K: Effect of CTSA and RNF4
on PML degradation in HEK 293T cells tread with CHX (10 pg-mL™). The PML relative quantification is shown. In A and E, statistical
significance among groups was determined by one-way ANOVA. In F to H, Statistical significance between two groups was determined by
two-tailed student's # test. In B, C, H, and K, statistical significance among groups was determined by one-way ANOVA. Mean = SEM. P <
0.05, "P<0.01, P <0.001, P <0.000 1
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Figure 4 Effect of lactacystin and As,O, on the expression of PML and cancer stem cell traits of TNBC cells. A, B: Western blot validation
of CTSA and PML expression by lactacystin with different concentrations (A) and time (B); C: Western blot validation of CTSA, PML, HIF-
la, and MYC expression by As,O, (5 pmol-L™") and lactacystin (10 pmol-L"); D: PML-NBs in MDA-MB-231 cells was evaluated by IF
analysis, scale bar, 5 um; E: Relative viability of MDA-MB-231 cells with As,O, (5 pmol-L™") and lactacystin (10 pmol-L™") was measured

by a CCK-8 assay at different time; F: Representative images and quantification of the invasion assay results for MDA-MB-231 cells treated

with As,0, (5 pmol-L™") and lactacystin (10 pmol'L"); G: Quantification of tumorspheres treated with As,0, (5 pmol-L™") and lactacystin

(10 pmol-L™). Scale bar, 40 pm. In A to G, statistical significance among groups was determined by one-way ANOVA. Mean + SEM. P <

Ak *krk

0.05, "P<0.01, P <0.001, ""P<0.000 1
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