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Ubiquitin signaling regulates virtually all aspects of eukaryotic biology and dynamic processes in
which protein substrates are modified by ubiquitin. To regulate these processes, deubiquitinating en-
zymes (DUBs) cleave ubiquitin or ubiquitin-like proteins from these substrates. DUBs have been im-
plicated in the pathogenesis of cancer, leading to the development of increasing numbers of small-mole-
cule DUB inhibitors. On the other hand, recent studies have focused on the function of DUBs in
metabolic diseases such as obesity, diabetes, and fatty liver diseases. DUBs play a positive or negative
role in the progression and development of metabolic diseases. Their involvement in cell pathology
and regulation of major transcription factors in metabolic syndrome has been examined in vitro and
in animal and human biopsies. UCH, USP7, and USP19 were linked to adipocyte differentiation,
body weight gain, and insulin resistance in genetic or diet-induced obesity. CYLD, USP4, and USP18
were found to be closely associated with fatty liver diseases. In addition, these liver diseases were
accompanied by body weight change in certain cases. Collectively, in this review, we discuss the
current understanding of DUBs in metabolic diseases with a particular focus on obesity. We also
provide basic knowledge and regulatory mechanisms of DUBs and suggest these enzymes as therapeutic

targets for metabolic diseases.
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Table 1. Classification Human of DUBs
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USPs OTUs UCHs JAMMs

(n=58) (n=18) (n=4) (n=12)
USP1 USP24 USP37 USP50 OTUB1 VCPIP UCHL1 CSN5
USP10 UsP25 USP38 USP51 OTUB2 OTULIN UCHL3 POH1
USP11 USP26 USP39 USP52 OTUD1 FAM105A UCHL5 BRCC3
USP12  USP27X  USP4  USP53  OTUD2  mcipips  BAP1 MPND
USP13  USP28  USP40  USP54  OTUD3 (n=7) MJDs MYSM1
USP14 USP29 USP41 USP6 OTUD4 MCPIP1 (n=4) EIE3H
USP15 USP3 USP42  USP6NL OTUD5 MCPIP2 ATXN3 CSN6
USP16 USP30 USP43 USP7 OTUD6A MCPIP3 ATXN3L PSMD7
USP17 USP31 USP44 USP8 OTUD6B MCPIP4 JOSD1 EIE3F
USP18 UsP32 USP45 USP9X ALG13 MCPIP5 JOSD2 AMSH
USP19  USP32P2  USP46 USP9Y HINTL MCPIP6 ZUFSP AMSH-LP
USP2 USP33 USP47 CYLD A20 MCPIP7 (n=1) PRPF8
USP20  USP34  USP48  USPL1 Cezanne ZUP1
USP21 USP35 USP49 Cezanne2
USP22 USP36 USP5 TRABID
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Table 2. DUBs connected with adipocytes and obesity
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DUB Target Pathophysiological phenotype Subject/Model References
UCH PPARy Adi oseAfilliﬁiZthdfizzﬁtlavtigf ht gain Mouse embryonic fibroblasts [23]
IR/IGFIR P 7S expansiof, g 8 Chow-fed adult mice
Insulin-responsiveness
PPAR Adipocyte differentiation 3T3-L1 adipocytes
Akty Adipose tissues expansion, weight gain Diet-induced obese mice [3]
USP19 Glucose homeostasis Human adipose tissues
RAR . . L. 3T3-L1 adipocytes
A fte 12
CORO2A dipocyte differentiation Mouse embryo fibroblasts [12]
Tip60 Mitotic clonal expansion .
T-3-L1
Cdc20 Early adipocyte differentiation 313 adipocytes [5]
USP7 PPAR
Y . . . . .
C/EBPa Adipocyte differentiation Adipose-derived stem cells [24]
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Fig. 1. General mechanisms of DUBs in adipogenesis.
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Table 3. Reported studies for DUBs in obesity-induced fatty liver diseases

Di iati .
DUB Target 1sea§es a55001at10n/ Subject/Model References
Pathophysiological phenotype

Akt . . Hepatosteatlosis . . . dl.)/db obese mice- [13]
FASN Adipose tissues expansion, weight gain Diet-induced obese mice
uspl4 Glucose homeostasis Mouse prime.lry hepatoc.:ytes
CBP without bodyweight change . .ER stress—mduce@ mlc.e [14]
Diet-induced obese mice (diabetes)
. Hepatocyte
g
Diet-induced obese mice
CYLD TRIM47 Hepatosteatosis . Diet-ind.uced obese min-: [9]
TAK1 Glucose homeostasis Gene-engineered obese mice
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Table 4. Reported studies for DUBs in obesity-related metabolic diseases

Diseases association/

DUB Target Pathophysiological phenotype Subject/Model References
RACI1 Cellular redox state

USP17 NADPH oxidase Vascular complications Vascular smooth muscle cells (1

USP36 Dock4 Diabetic pathology Renal epithelial cells [27]

Wnt/B-catenin Diabetic kidney disease-induced mice

GLUT4 stability
USP25 Glut4 Insulin-responsiveness 3T-3-L1 adipocytes [20]
(Disease no mentioned)
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