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Cathepsin X in human diseases: Novel roles and therapeutic implications

MENG Rui, NI Jun-Jun"

(School of Life Sciences, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Cathepsin X (Cat X), a unique lysosomal cysteine protease encoded by the CTSZ gene, distinguishes itself
through exclusive carboxypeptidase activity and a specialized protein architecture. Unlike other family members, Cat
X possesses an exceptionally short propeptide, which facilitates non-proteolytic interactions with integrins alongside
its traditional enzymatic functions. This review clarifies the molecular hallmarks of Cat X, emphasizing how its
structural insertions dictate substrate specificity towards critical signaling molecules. Recent evidence underscores the
pivotal role of Cat X dysregulation in driving the progression of various human pathologies. In neurodegenerative
disorders such as Alzheimer’s and Parkinson’s diseases, Cat X modulates neuroinflammation and neuronal survival by
proteolytically inactivating neurotrophic factors or processing toxic protein fragments. Within the oncology
landscape, Cat X promotes epithelial-mesenchymal transition, cell invasion, and tumor microenvironment remodeling
across diverse malignancies, including glioblastoma and hepatocellular carcinoma. Beyond these, Cat X is implicated
in autoimmune conditions and inflammatory fibrotic diseases. We further evaluate the development of small-molecule
inhibitors, transitioning from irreversible probes like AMS36 to highly selective, reversible agents such as Compound
25, which demonstrate substantial therapeutic potential in preclinical models. By integrating structural biology with
clinical pathology, this review positions Cat X as a versatile molecular hub. Ultimately, deciphering the upstream
regulatory networks and the dynamic balance of Cat X activity between the central nervous system and peripheral
circulation will be essential for validating Cat X as a robust diagnostic biomarker and a precision therapeutic target.
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The Multifaceted Roles of Cathepsin X in Human Pathologies: From Structure Determinants to Therapeutic Targeting
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Figure 1 Protein structure of Cat X
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Figure 2 Substrates of Cat X
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% 2 L 11 0L 25 1L R 9 S I v — R R E P 1)
Ar PR s 032 FEHCT 11640 MU v it
FRKMT2A 2 53 Cat X mRNAZKF S8 1 F B 2
TR AR T Y B B R N — B x—
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R A B, HEW Cat X5 #04 55E 1Y & A2 R J 2 ) AR
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protein domain associated protein 3,NLRP3) % E /|y
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P14, Gordon 4 it FE A FITUC 52 1O 45 i it
FTREI 2 B, UCHR 2 1 Cat XIEIN ik B G, H:
FEARFARAT R S LU L A DG : (1) H L G R )
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3 3 4 PR 2H SCHR I 93 A B, 7 SEE At P 52 5 A B
51C/D(negative elongation factor complex member C/
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ML 288, 15 B AT A9WT9E n] AR Cat XS 510
PERIZERAE /NG T A LT A6 LA SR 28 TT G 55

= {L % (Huntington disease , HD ) J&—Fh 17
P B Y H R M R B e R AT PR R
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I AR e B P R Catiis SRR L7000
Pislar% V% B, 1E6-FE 3L L (6-OHDA ) i F-HY
PDAEAI T, Cat XAYmRNA KR ik i % i,
Rt Z MR Re M 2T TR 2K, BRI T Cat XAE
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Figure 3 Cat X and neurodegenerative diseases
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