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Research progress on the roles and inhibitors of deubiquitinase
USP28 in tumors
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Abstract: The deubiquitinases (DUBs), as the crucial peptidohydrolases in the ubiquitin system, can reverse
and strictly regulate ubiquitination and play key roles in various biological processes, including the regulation of
protein stability, cell signal transduction. Ubiquitin-specific protease 28 (USP28) involves multiple cancer-related
signaling pathways by enhancing the stability of various cancer-related proteins, and is closely associated with the
progression of colorectal, breast cancer, lung carcinomas, and pancreatic cancer. USP28 has been considered as a
promising drug target in anticancer therapy, and the development of USP28 inhibitors has made some progress. In
this article, we review the structure of USP28 and its interaction with substrates, discuss the research progress of
USP28 in cancers and summarize the development of USP28 inhibitors.
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Figure 1
(USP28). UBR: Ubiquitin-binding region; UBA: Ubiquitin-associated
domain; SIM: SUMO-interaction motif; UIM: Ubiquitin-interaction

Overall architecture of ubiquitin-specific protease 28

motif; CD: Catalytic domain; INS: Insertion site; CTD: C-terminal

domain

Figure 2  Structural and schematic overview of the USP28

catalytic domain dimer
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Figure 3 The effects of USP28 on c-MYC and FBW7. A: FBW7a-dependent/independent deubiquitination of c-MYC by USP28; B: Dual

regulation of FBW7 function by USP28

Table 1

Actions of USP28 on its substrates. FBW7: F-box and WD repeat domain-containing 7; HIF-1la: Hypoxia-inducible factor-1a;

TCF7L2: Transcription factor-7-like-2; MDM2: Murine double minute 2; KLHL2: Kelch like family member 2; FOXMI1: Forkhead box
protein M 1; LSD1: Lysine-specific demethylase 1; UCK1: Uridine-cytidine kinase 1; NBS1: Nijmegen breakage syndrome 1

Substrate Function of USP28 on the substrates Reference
c-MYC Deubiquitinating and stabilizing c-MYC by directly binding it or mediated by FBW7 [19,51,52]
FBW7 Antagonizing its autocatalytic ubiquitination and the ubiquitination of its substrates [53]
HIF-1la Revising the destabilization caused by FBW7 [54]
TCF7L2  Directly interacting with and deubiquitinating it by antagonizing FBW?7, further regulating the Wnt/f-catenin signalling [55]
P53 Deubiquitinating p53 through antagonizing MDM2 [52,56,57]
ANp63 Removing the K-48 linked ubiquitin chains induced by MDM2 [52,56,57]
FOXMI1 Directly interacting with it and promoting its stabilization [21]
LSD1 Deubiquitinating p53 through antagonizing MDM?2 [26]
H2A Decreasing the K119 ubiquitination level [52,58]
UCKI1 Antagonizing its ubiquitination caused by KLHL2 [59]
NBS1 Promoting its stabilization by deubiquitination [60]
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Table 2 Molecular mechanisms of USP28-associated pathways in various cancers. ASS1: Argininosuccinate synthetase 1; BRAF: V-Raf

murine sarcoma viral oncogene homolog B; MAPK: Mitogen activated protein kinase; CLDN7: Claudin-7; LDHA: Lactate dehydrogenase

A; NSCLC: Non-small-cell lung cancer; STAT3: Signal transducer and activator of transcription 3; PC: Pancreatic cancer; OV: Ovarian

cancer
Cancer  Expression level Mechanism/clinicopathological features Pro'tumoral/
type of Usp28 antitumoral
Colorectal Overexpressed  USP28 antagonizes the ubiquitin-dependent degradation of intestinal carcinogens c-MYC, c-JUN and  Protumoral
cancer Notchl, and promotes the proliferation of tumor cells.
Melanoma Overexpressed — USP28 stabilizes the c-MYC level and hence increases ASS1 transcription upon arginine deprivation,  Protumoral

and consequently leads to cell survival.
Deleted in a
proportion of
patients
Breast Overexpressed

Loss of Usp28 stabilizes BRAF enhancing downstream MAPK activation, promotes drug resistance of ~Antitumoral
tumor cells and reduces the overall survival rate of patients.

USP28 deubiquitinates and up-regulates LSD1, which can accelerate the formation of tumor stem cell- Protumoral

cancer like features and tumor formation; the indirect suppression function of USP28 in CLDN7, which is

mediated by LSD1, can promote the invasiveness of cancers; high serum epinephrine activates LDHA/

USP28/MYC/SLUG signaling, associated with poor prognosis of breast cancer, and promotes the

survival, proliferation and metastasis of breast cancer cells.

Overexpressed

Overexpression of Usp28 correlates with a better survival in patients with invasive ductal breast

Antitumoral

carcinoma; lack of Usp28 promotes a more malignant state of breast cancer cells.

Liver Overexpressed

The expression levels of USP28 inversely correlate with patient survival; USP28 promotes the activity ~Protumoral

cancer of the Wnt/f-catenin signaling pathway through maintaining the stability of TCF7L2; USP28

depletion or inhibition by a small molecule inhibitor leads to a halt of growth in liver cancer cells.

/ Lack of Usp28 results in advanced tumor development in a mouse xenograft model as well as in a

Antitumoral

chemically induced liver cancer mouse model.

NSCLC Overexpressed

Overexpression of Usp28 promotes NSCLC cells growth by increasing the stability of STAT3 and is

Protumoral

correlated with the poor prognosis and low patient survival rate.

Other Overexpressed
cancers

The overexpression of Usp28 is related to the degree of differentiation and metastasis of gastric cancer Protumoral
cells. Usp28 is highly expressed in PC and is significantly associated with the malignant phenotype

and shorter survival. USP28 mediates the activation of Wnt/f-catenin pathway through FOXM1 and
promotes the growth of PC. Overexpression of Usp28 can promote the malignant phenotype of OV.
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Figure 4 Chemical structure and biological activity of PR-619
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Figure 5 Chemical structures and biological activity of AZ1-AZ4
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Figure 6 Chemical structures and biological activity of com-
pounds 12 and 19
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Figure 7 2D binding models of compound 19 with USP28. The
- and 7-H interactions between 19 and key residues are high-

lighted with dashed lines in magenta and orange, respectively
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Figure 8 Chemical structures and biological activity of thienopyridine carboxamide derivatives
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Figure 9 Chemical structures and biological activity of vismodegib and its derivatives
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Figure 10 Crystal structure of USP28 in complex with vismo-
degib (PDB code: 8HJE)
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Figure 11 Chemical structures and biological activity of other USP28 inhibitors
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